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Part II.

PREFATORY NOTES.

VARIOUS FEATURES OF THE RESEARCH.

The routine laboratory studies included in Part II were made, as stated in

the Introduction (page 14), by Dr. Elizabeth E. Clark and Miss Martha Bunting.
The former carried out aU of the observations herein recorded except those of a

group comprising Vicia, Lathyrus, Quercus, Castanea, Lilium, Tulipa, ConvaUaria,

Amaryllis, Crinum, Sprekelia, Hcemanthus, Hymenocallis, Leucoium, Crocus, Spar-

axis, Curcuma, Maranta, and Zamia, together with the temperature reactions. Miss

Bunting made all of the studies included in this group as well as the important
determinations of the temperatures of gelatinization.

The methods employed in this research are described in ChapterVI (page 295) ,

in which portion of the memoir is also explained the scheme of construction of the

Curves of Reaction-Intensities, which constitute a very important feature of this

part of the report. Additional charts of a different character, which show compara-

tively the reaction-intensities of all of the starches studied with each agent, a table

of the temperatures of gelatinization of all of the starches, and also statements

relating to the comparative values and individual peculiarities and certain other

matters pertaining to these methods, will be found in Chapter VII (page 303).

According to the literature available at the inception of this investigation it

seemed questionable as to what data of value in indicating stereochemic differences

in different starches, different starch-grains, and parts of grains were to be gained

by such gross histological investigations as were recorded especially by Fritzsche,

Schleiden, and Nageli, and by such refined methods as those pursued by Kraemer,

Dcnniston, and others. The gross histological properties of starches have been

shown to be so readily affected by various incidental conditions that starches

from genera of a given family (as now constituted by the data of the systematic

botanist) may have very unlike gross histological features, while on the other

hand those from genera without the remotest relationship may be so much
alike microscopically as to lead to the belief that they had a common plant-origin.

While it seemed probable that the refined methods by which the minute structure

of the starch-grain is analyzed would elicit data of importance in correlating histo-

logical and stereochemic relationships, it seemed equally likely that they would

not in general yield results so valuable, on the whole, as could be obtained by other
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methods far less exacting in technical skill and time. Hence, the histological ex-

aminations have been limited to the grosser characters of the grains, with especial

reference to their application to the sciences, arts, and trades. It would have been

well worth the time and labor, as was discovered rather late in the research, had

these examinations been carried out in extenso, because there are very many more

or less inconspicuous characteristics pertaining to the form of the grain, the size

and form and exact location of the hilum, the fissuration, the primary lamellse,

the positions and the general and special characters of the secondary lamellse, the

characters of the grains as regards isolation and aggregation and compoundness,

etc., which are of undoubted importance not only in the identification of the source

of the starch but also in expressing biological peculiarities of the starch-forming

plastids, and hence of the peculiar constitutional form of the starch.

HISTOLOGICAL AND STEREOCHEMIC TYPES.

Notwithstanding the very superficial character of the records included under

Histological Characteristics, it will be found that definite relationships can be traced

between the histology of the starch-grain and the curve of reaction-intensity, or

in other words between histological type and stereochemic type. Thus, in the

starch of a member of a given genus (such as Convallaria, page 616), having two

entirely different types of starch-grains, there are corresponding differences in the

types of reaction-intensities. The starches obtained from members of a genus,

such as Lilium (page 474), have the same histological and reaction types; likewise

starches from closely related genera, such as those of the tribe Tulipece (page 613),

have histological and reaction types which are in entire harmony. On the other

hand, where starches of the same gross histological type occur in genera of unrelated

families, as in Arum (plate 13, fig. 77, chart 92), Colchicum (plate 51, fig. 301,

chart 206), and Crocus (plate 75, fig. 441, chart 289), or as in Canna (plate 83, fig.

497, chart 338) and Solanum (plate 100, fig. 595, chart 389), the reaction curves

are so different that the starches could not be confounded, although histologically

it might be difficult to differentiate one positively from the other.

Moreover, when grains of the same histological type are found in different

genera which at present are assigned by the systematic botanist to a given family,

as Tigridia (plate 68, fig. 405, chart 306) and Gladiolus (plate 68, fig. 407, chart

307), both of which are classed among the Iridaceoe, the reaction-curves may
exhibit such marked differences as to indicate misclassification on the part of the

one, if there is a correspondence of one with the family prototype, which we assume

to be that of Iris.

Then again, when starches of different genera of a family, as constituted upon
the data of the systematic botanist, exhibit different histological types, as in Aroi-

dece, where the Dieffenbachia type is entirely different from that common to Arum,
Arisccma, Dracunculus, and Richardia, corresponding differences may not be found

in the reaction types, there being merely a modification of a family prototype, so
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that the erratic form of the Dieffenhachia grain is an expression more of differences

in incidental conditions than of the constitution of the plastids and the starch.

It will also be noticed that in a given family, such as Iridacece, there may be

represented among the various genera many entirely different types of starch-

grains, with generally corresponding differences in the types of the reaction curves,

as is represented for instance in Iris (plates 63 to 67, figs. 373 to 397, chart 303)

and Freesia (plate 73, figs. 433 and 435, chart 310), in which both histological and

reaction types indicate an absence of generic relationship and suggest that Freesia

should not be classed with Iris (see Chapter VIII, page 340). Such instances as

the latter are of frequent occurrence, not only among Iridacece but also throughout
the research. Owing to the generally tentative character of botanical classification

and the very limited range and preliminary nature of this research further con-

sideration of the problem of correct classification must be postponed.

QUANTITATIVE AND QUALITATIVE METHODS.

The methods used in this investigation are both quantitative and qualitative,

and in effect chiefly the former, although considerable and even disproportionate

time and space have been given to the latter. The greater importance associated

with the quantitative side is, however, not to be taken as a measure of its relative

value, but as an indication of conditions which at the inception of the work misled

to the belief that comparatively Uttle was to be gained by the strictly qualitative

method unless the studies were carried out to a degree of refinement that seemed

absolutely prohibitory in a preliminary investigation of such scope as that of the

present. In all of the experiments, except a few with the latest starches studied,

very little attention was given to qualitative phenomena beyond the grossest

kinds of observations, and even in the latter really not more than is sufficient to

indicate how much is available by detailed examinations. Thus, in comparing

the records generally with those of the group made by Miss Bunting (which repre-

sent the later work) it will be found that phenomena are recorded in the latter

which have not had corresponding notice in the former. Subsequent to the com-

pletion of this report investigations have been made with a number of starches

in very much more detail, especially with starches from closely related species

and varieties, and particularly with the chemical reagents, with the result of find-

ing qualitative variations which often are of considerable importance, especially

in the differentiation and grouping of members of a genus.

In the studies of each genus the qualitative reactions of each reagent with

one representative of that genus was taken as a type, and when the term "quali-

tatively the same," or a synonymous expression, is recorded it is intended to sig-

nify that the reactions qualitatively are of the same generic type, and not to imply

that there are not finer differences that may be expressive of individuahties of

species and varieties. In fact, as intimated, such differences can in most cases

be made out without difficulty, and oftentimes of a surprisingly distinctive char-
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acter. Occasionally, in a given reaction of a given starch, phenomena wiU be noted

which were not found in others of the same genus, or they may be variations from

the generic type, but such records are so sporadic and the observations generally

so superficial that it was not deemed advisable to attempt the presentation of the

qualitative peculiarities in tabular form, as was done with the quantitative records.

A few, however, have systematically been included in the quantitative tables.

The qualitative observations, notwithstanding their superficial and generally very

inadequate character, will nevertheless be found to be very valuable in a number

of directions: for instance, in showing differences in the characters of the starch

of the capsular and intracapsular parts of a given grain, a given starch, and different

starches; general relationships between the type of grain and the tj'^pe of qualita-

tive reaction with each chemical reagent; the lack of uniformity of composition of

different lamellae, and of primary and secondary lamellae and other deposits at

different periods; and the existence of more or less pronounced generic types of

reaction.
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PART II.

THE DIFFERENTIATION AND SPECIFICITY OF STARCHES.

IN RELATION TO

CERTAIN CLASSES, ORDERS, FAMILIES, GENERA, SPECIES, VARIETIES, AND HORTICULTURAL FORMS.





THE STARCHES.

STARCHES OF GRAMINACE/E.

Class, Monocotyledones. Order, Graminales. Family, Graminacese. Genera repre-
sented: Zea, Andropogon, Panicum, Oryza, Triticum, Secale, Hordeum, Avena,
Arrlienatherum .

The Graminacese ninkc up an enormous family, including about 300 genera and 3,000 species,

and comprises not only the various grasses which serve as the main or sole food of graminivorous

animals, but also the cereals which constitute, directly or indirectly, the most important single class

of plant foodstuffs consumed by man. Representatives of nine of these genera were studied.

GENUS ZEA.

The genus Zea, as now limited, is founded on the single polymorphous cultivated species Z.

mays, whose place of origin is probably Mexico and whose parentage is still a matter of specula-

tion. According to some authors, it is a true species of an unkno^vn wild prototype; others regard
it as an offshoot of Euchlwna mexicana Schrad. (teosinte) ;

and others as a hybrid of E. mexicana

with some unknown species or variety. The varieties or horticultural forms are quite numerous;

they have been classified by Sturtevant (U. S. Dept. Agriculture, Office Experiment Stations

Bulletin 57, 1899) into seven "species groups" in accordance with peculiarities of the ears and ker-

nels: (1) Z. tunicala, the pod corns; (2) Z. everta, the pop corns; (3) Z. indurata, the ffint corns;

(4) Z. indentata, the dent corns; (5) Z. amylacca, the soft corns; (6) Z. sacchnrata, the sweet corns;

and (7) Z. a?iiyka-saccharala, the starchy sweet corns, of which latter very little is known.

According to Sturtevant's data, in the species group Zea rnay.s var. tunicata (Z. mays tunicala

Sturtevant) "each kernel is inclcsed in a pod or husks, and the ear thus formed is inclosed in husks."

The species group Z. mays var. everta "is characterized by an excessive proportion of the corneous

endosperm and the small size of the kernels and ear. The best varieties have a corneous endo-

sperm throughout. This gives the property of popping, which is the complete eversion or turning

inside out of the kernel through the explosion of the contained moisture on the application of heat.

A small deposit of starchy endosperm does not greatly interfere with this property of popping, but

when the starch endosperm is in excess, as in flint corn, the kernel does not evert, but the corneous

portion only explodes or splits, leaving the starchy portion unchanged." Z. mays var. indurata

is recognized by "the occurrence of a starchy endosperm inclosed in a corneous endosperm, as

shown in the split seed. The corneous endosperm varies in thickness with varieties. When very

thin at the summit of the kernel the shrinkage of the starchy endosperm may cause a depression,

thus simulating externally a dent from which its structure at once differentiates it." The group

Z. mays var. indentata is "recognized by the presence of corneous endosperm at the sides of the

kernel, the starchy endosperm extending to the summit. By drying and shrinkage of the starch

matter the summit of the kernel is drawn in or together, and indented in various forms. In different

varieties the corneous endosperm varies in height and thickness, thus determining the character of

the indented surface." The group Z. mays var. amylacea "is recognized by the absence of corneous

endosperm. Through the uniformity of the shrinkage in ripening there is usually no indentation,

yet in some varieties an indentation may more or less frequently disappear, but splitting the kernel

invariably determines the class." Z. mays var. saccharata "is characterized by the translucent,

horny appearance of the kernels and their more or less crinkled, -rtTinkled or shriveled condition."
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In Z. mays var. aniylea-saccharata "the external appearance of the grain is that of a sweet, but exami-

nation sliows that the lower half of the kernel is starchy, the upper half horny and translucent."

East has recently pointed out (Science, 1909, xxix, 465) that the "sweet corn varieties do not

belong to a unit group, but consist both of dent corns and of flint corns which have lost their original

starch-forming power." It is of interest to note that it has been shown by Correns (Bibliotheca

Botanica, 1901; quoted by East) that the presence or absence of the starch-forming property acts

as an independent character pair in inheritance.

The specimens of starch studied in this research fall, according to the foregoing data, under the

following heads:

Z. mays var. everta (Golden Queen and White Rice).

Z. mays var. indurata (North Dakota, and Compton's Early).

Z. mays var. indentata (Early Leaming, and Hickory King).

Z. mays var. saccharata (Stowell's Evergreen, a dent sweet corn; and Black Mexican and

Golden Bantam, both/i?ii sweet corns).

STARCH OF ZEA MAYS VAR. EVERTA (GOLDEN QUEEN). (Plate 1, figs. 1 and 2. Chart 1.)

Histological Characteristics. Inform all of the grains are simple and isolated, with the excep-

tion of components of a few small aggregates and many clumps. The grains are more or less angular,

owing to mutual pressure, and many have three or four or more pressure facets. The surface is usually

irregular owing to the pressure facets. The conspicuous forms are polygonal, with sharp or rounded

angles, u.sually 4- to 6-sided; oval, roimd to nearly round, both sometimes faceted. There are some

ovoid, hemispherical, and triangular forms.

The hilum, when it can be made out, appears either as a small or large, usually centric or occa-

sionally slightly eccentric, round or irregularly shaped cavity which in most grains has radiating

from it three small, regular, narrow fissures. The presence of the cavity may be due to the begin-

ning of gelatinization caused by the heat of grinding the seeds. In many of the grains extensive

and irregular fissures nearly divide the grain into two or more pieces.

The lamellce are not demonstrable.

The size varies from the smaller, which are 4 by in, to the larger, which are 18 by 18;i or 18

by 14/i in length and breadth. The common size is 12/i.

Polariscopic Properties. The^gure is usually centric,

distinct, fairly clear-cut, and usually regular. The lines

are generally straight and at right angles.

The degree of polarization is fairly high. It varies

somewhat in different grains, but not much in different

aspects of the same grain.

With selenite the quadrants are generally well defined,

irregular in shape, and unequal in size. The colors are

usually pure.

Iodine Reactioiis. With a 0.25 per cent Lugol's solu-

tion, the grains all color a fair violet; with a 0.125 per

cent solution they color lightly, and the shade does not

deepen rapidly. After heating in water until all the

grains are completely gelatinized, the solution colors

fairly and the gelatinized grains very deeply on the addi-

tion of iodine. After boiling for 2 minutes the solution

colors very deeply, but the gelatinized grain-residues not

at all. The capsules become a reddish-violet color with

an excess of iodine.

Staining Reactions. When viewed in masses, the grains show a slight tint of violet at once with

gentian violet. After remaining in the solution for 30 minutes they are lightly and unevenly stained.

With safra7iin the grains, when viewed in masses, show a slight tint of pink at once. After

remaining in the solution for 30 minutes they are very lightly and unevenly stained. The color

is generally deeper at the hilum or the fissures at this point.

Tempei-alure Reaction. The temperature of gelatinization is 62.5 to 64 C., mean 63.25.
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Effects of Various Reagents. The grains begin to react at once with chloral hrjdrate-iodine.
Most are gelatinized in 30 seconds and all in 4 minutes. The grains color an old-rose at once, and
a dark spot or line appears at the hilum. The color deepens at one or more points on the margin
and spreads towards the hilum, around which a lighter area persists for some time; finally, the
entire grain is colored a deep purple, the area around the hilum having a slightly lighter tint.

During gelatinization the swelling is usually uniform, so that the gelatinized grain commonly retains

the general shape of the untreated grain.

The grains begin to react at once with chromic acid. A few are dissolved in 20 seconds and all

in 75 seconds. The starch around the hilimi becomes clear, and delicate stride radiate from this

central mass. The grain swells imiformly and gradually becomes gelatinized. The envelope is

finally ruptured, and with the extruded contents is completely dissolved.

The reaction with pyrogalUc acid begins at once. A few grains are gelatinized in 20 seconds

and all in 35 seconds. The hilum appears as a clear spot, or a deep fissure at this point becomes

clearly marked. The clear space around the hilum enlarges, and fine striae radiate from this central

mass towards the margin. The grain swells uniformly, and the starch-substance, with exception of

the capsule and possibly an outermost lamellar layer, becomes entirelj^ gelatinized. The gela-
tinized grain is slightly WTinkled, but it retains the general shape of the untreated grain.

With ferric chloride the reaction begins at once. A few grains are gelatinized in a minute, most in 4

minutes, and all in 10 minutes. The hilum, or the cleft at this point, becomes very distinct. The
hilum or cleft enlarges, a bubble is formed, and fine striae radiate from hilum or cleft or from the

gelatinized portion around the hilum towards the margin. The gi-ain swells, the bubble collapses,

there is an invagination at one end, and all of the gi-ain becomes gelatinized, with the exception, ap-

parently, of a marginal layer and a few refractive granules. Sometimes an irregular striated border

of more clearly defined lamellae appears, which may be ruptured at one or more points, and the grain
then swells rapidly at these places. Gelatinization proceeds until the entire grain is involved. The

gelatinized grain is swollen and somewhat irregular in shape, but retains in general the form of the

untreated grain.

The reaction begins at once with Purdy's solution. A few grains are gelatinized in a minute

and about one-third in 30 minutes, and there is little further reaction in an hour. The hilum or

the cleft at this point becomes more distinct, and usually two and sometimes three or four clear,

prominent lines, as well as numerous fine striae, pass from the hilum or cleft towards the margin.
The lamelte become sharply defined and the grain swells, but there is no further change in most

of the grains even when kept under observation for 30 minutes. In a few grains in which gelatini-

zation is practically completed the space around the hilum gradually clears until the entire grain is

gelatinized; or if there is a cleft at the hilum with three or more deep, radiating fissures, the solution

of the two proceeds along their course. When the cleft at the hilum is very deep a bubble is some-

times formed here which increases in size with the swelling of the grain and then suddenly collapses.

The gelatinized grains are swollen, but retain in general the shape of the untreated grain.

STARCH OF ZEA MAYS VAR. EVERTA (WHITE RICE). (Plate 1, figs. 1 and 2. Chart 2.)

Histological Characteristics. In form the grains are simple and isolated, excepting a few that

occur in small aggregates and clumps. The surface of the grains is generally irregular, owing to

pressure facets. The conspicuous forms are the polygonal, with sharp or roimded angles, and having

usually four or five facets; the oval, and the round or nearly round, both sometimes faceted. There

are also some ovoid, triangular, and hemispherical grains. There are usually one or more pressure

facets on each of the grains.

The hilum, when not fissured, may appear as a small or rather large round spot or cavity,

which is usually centric or slightly eccentric. It is generally fissured, and commonly there is an

arrangement of three rather small, narrow, regular fissures extencUng from a central ca\'ity. There

are grains which are nearly divided into two or more pieces by large, deep, irregular fissures.

The lamellce are not demonstrable.

The grains vary in size from the smaller, which are 4 by 4//, to the larger, which are 17 by 16^.

The common size is 12/i.

Polariscopic Properties. The figure is usually eccentric, distinct, and generally clear-cut. In

some of the grains the lines grow broader and less well defined at the margin. They are commonly

straight and at right angles to one another.
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The gi-ains vary in size from the smaller, which are 4 bj- in, to the larger, which are 20 by IGju
or 20 Ijy 20ju. The common size is 14^.

Polai-iscopic Properties. The figure is usually centric, distinct, regular, and fairly clear-cut.
The lines become broader near the margin, not infrequently slightly curved, and generally placed
at right angles to one another.

The degree of polarization is fairly high. It does not vary much in different grains, nor in dif-

ferent aspects of the same grain. It is higher in Golden Queen.
With scknite the quadrants are usually well defined, irregular in shape, and unequal in size.

The colors are generally pure.
Iodine Rcactio7is.With a 0.25 per cent Lugol's solution the grains all color a fairly deep violet;

and with a 0.125 per cent solution they color lightly and the shade does not deepen rapidly. The
color is a little deeper than in Golden Queen. After

heating in water until all the grains are completely gel-

atinized, the solution colors fairly and the gelatinized

grains very deeply on the addition of iodine. After boil-

ing for 2 minutes the solution colors very deeply, but the

gelatinized grain-residues not at all. The capsules all

color red-violet with an excess of iodine.

Staining Reactions. With gentian violet the grains
when viewed in masses show a slight tint of violet at

once. After remaining in the solution for 30 minutes

they are unevenly and still lightly stained. If the fis-

sures at the hilum are quite broad the color is deeper at

this point. The color is the same as in Golden Queen.
The grains, when viewed in masses, show a slight

tint of pink with safrani7i. After remaining in the solu-

tion for 30 minutes they are unevenly and still lightly
stained. The color is deeper than in Golden Queen.

Temperature Reaction. The temperature of gela-
tinization is 6G to 67 C., mean GG.5.

Effects of Various Reagents. With chloral hydrate-
iodine the grains begin to react at once; most of them are gelatinized in 2}^ minutes and all in 10

minutes. The reaction is qualitatively the same as in Golden Queen.
The reaction begins at once with chroynic acid. A few grains are dissolved in a minute and all in

Z]/2 minutes. The reaction is qualitatively the same as in Golden Queen.
The reaction with pyrogallic acid begins at once. A few grains are gelatinized in 30 seconds, and

all in 2 minutes with the exception of a few scattered grains (one in several hundred) in which the

reaction is complete in 33^4 niimites. A bubble is formed in many of the grains at the hilum during
the process of gelatinization. The reaction is qualitatively the same as in Golden Queen.

With ferric chloride the reaction begins at once. A few grains are gelatinized in a minute,
most in 5 minutes, and all in 12 minutes. The reaction is qualitatively the same as in Golden Queen.

The reaction begins at once with Purdy's solution. A few grains are gelatinized in 2 minutes
and about one-fifth in 30 minutes, and there is little further change in an hour. The reaction is

qualitative!}- the same as in Golden Queen.

STARCH OF ZEA MAYS VAR. INDENTATA (HICKORY KING). (Plate 1, figs. I and 2. Chart 6.)

Histological Characteristics. Inform the grains are simple and isolated, with the exception of a

number of small aggregates consisting of from two to six or seven components, and some clumps.
There are usually from one to five or six pressure facets on each of the grains. The grains are gener-

ally irregular in outline, owing to irregularities caused by variation in the size, number, and position of

the facets. The conspicuous forms are the jjolygonal with usually five to six facets, round, oval,

and ovoid. There are some triangular and hemispherical or dome-shaped grains.

The liilian is a rather indistinct, small or large round spot or irregularly shaped cavity, cen-

trally or slightly eccentrically situated. It is often fi.ssured either by a large, irregular fissure, or

by a single short, straight line; or bj^ three straight radiating lines.

The lamellw are not demonstrable.

s
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The grains vary in size from the smaller, which arc 2 by 2/li, to the larger, which are 10 by 12ju.

The common size is 8;u.

Polariscopic Properlies. The figure is usually centric, distinct, regular, and for the most part

fairly clear-cut. The lines composing it are straight, as a rule, and commonly placed at right angles,

but in a few grains at varying angles.

The degree of polarizalion is fair. It varies somewhat in different grains, but not in dif-

ferent aspects of the same; grain. It is less than in Golden Queen.
With selcniie the quadrants are generally well defined, irregular in form, and usually unequal

in size. The colors are not ordinarily so pure as in Early Leaming.
Iodine Reactions. With a 0.25 per cent Lugol's solution the grains all color a fairly deep violet;

with a 0.125 per cent solution tliey color lightly. The color is slightly deeper than in Golden

Queen and the same as in Earl.y Leaming. After heat-

ing in water until all the grains are completely gelatinized,

the solutioji colors fairly and the gelatinized grains very

deeply on the addition of iodine. After boiling for 2

minutes the solution colors very deeply, but the gelati-

nized grain-residues not at all. The capsules all color

red-violet wdth an excess of iodine.

Staining Reactions. -With gentian violet the grains

are lightly stained at once. After remaining in the solu-

tion for 30 minutes there is very little change. The
color is deeper at the fissure. The color is about the

same as in Golden Queen and in Early Leaming.
The grains are lightly stained at once with safrani.n.

After remaining in the solution for 30 minutes there is

very little change. The color is deeper than in Golden

Queen and al)out the same as in Early Leaming.

TemjJeralure Reaction. The temperature of gela-

tinization is 66 to 67.5 C., mean 66.75.

Effects of Various Reagents. With chloral hydrate-

iodine the grains begin to react at once. Most of them are

gelatinized in a minute and all in 7 minutes. The reaction is qualitativolj' the same as in Golden Queen.
The reaction begins at once with chromic acid. Some grains are gelatinized in 35 seconds and

all are dissolved in a minute. The reaction is qualitatively the same as in Golden Queen.
The reaction with pyrogallic acid begins at once. A few grains are gelatinized in 30 seconds

and all in a minute. The reaction is qualitatively the same as in Golden Queen.
The grains begin to react at once with ferric chloride. A few grains are gelatinized in a minute,

most in 3 minutes, and all in 8 minutes. The reaction is qualitatively the same as in Golden Queen.
With Purdy's solution the reaction begins at once. A few small grains are gelatinized in 1}4

minutes, about one-fifth in 30 minutes, and gelatinization is very incom]ilete in an hour. The re-

action is qualitatively the same as in Goltlen Queen.

STARCH OF ZEA MAYS VAR. SACCHARATA (STOWELL'S EVERGREEN, A DENT SWEET CORN).

(Plate 1, figs. 1 and 2. Chart 7.)

Histological Characteristics. In /or? the grains ai'e simple and isolated, with the exception of a

few aggregates and clumps. The surface is generally irregular, owing to pressure facets which vary
in number, form, and position. The conspicuous forms are polygonal which usually have five or

six facets, oval, and round, both of which are often faceted. There are also some hemispherical and

triangular grains, and ilome-shaped to hemispherical.

The hiluin, when not fissured, is a fairly small or large round spot or irregularly shaped cavity

which is c(>ntrally or slightly eccentrically situated. It is often fissured and there is usually an

arrangement of three straight, narrow lines which proceed from a connnon center. There are some

grains which are very deeply and irregidarly fissured.

The lamella: are not demonstrable.

The grains \ar}- in size from the smaller, which are 4 by 4/(, to the larger, which are 20 liy HV.
The common size is 14/.1.

Curve of Reaction-Intensities of Starch of Zea mays
var. indentata (Hickory King).
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Tho grains vary in size from the smaller, which are 2 bj' 2//, to the larger, which are 16 bj' lli^u.

The common size is lO/i.

Poluriscopic Properties. The figure is usually centric, distinct, regular, and fairly clear-cut.

Sometimes the lines composing it are broad and not sharjily defined. The lines are also often curved

and generally placed at right angles to one another.

The ilegree of polarization is low to fair. It does not vary much in different aspects of the same

grain, but in the same asjiect of a grain it is sometimes lower between one of the facets and the hilum

than elsewhere. It is nuich less than in Golden Qiicen and Stowell's Iilvergrecn.

^Vith selenite the quadrants arc not well defineil, and are ordinarily irregular in shape and com-

monly unequal in size. The colors are less jjure than in Ciolden Queen and St<jweir.s Evergreen.
Iodine Reactions. With a 0.25 per cent Lugol's solution tiie grains all color a fairly deep

violet; with a 0.125 per cent solution they color lightly. The color is slightly deeper than in Golden

Queen, but the same as in Stowell's Evergreen. After

heating in water until all the grains are completely gel-

atinized, the solution colors fairly and the gelatinized

grains very deeply on the addition of iodine. After boil-

ing for 2 minutes the solution colors very deeply, but

the gelatinized grain-residues not at all. The capsules all

color red-violet with an excess of iodine.

Staining Reactions. With gentian violet the grains

are very slightly stained at once, and after remaining in

the solution for 30 minutes there appears to be no change.
The color is lighter than in Golden Queen and Stoweir.s

Evergreen.
With safranin the grains are very lightly but unev-

enly stained at once, and after remaining in the solution

for 30 minutes there is very little if any change. The
color is less than in Golden Queen and about the same
as in Stowell's Evergi-een.

Temperature Reaction. The temperature of gelati-

nization is 64 to 66 C., mean 65.

Effects of Various Reagents. With chloral hydrate-
iodine the grains begin to react at once; all but a few scattered grains are gelatinized in 30 sec-

onds, and these scattered grains (one in several hundred) in 8 minutes. If the pressure facets are

strongly marked the deeper color appears first at the angles, or along one flattened siurface, and

gradually spreads over the grain. The reaction is qualitatively the same as in Golden Queen.
The reaction begins at once with chromic acid. Some are dissolved in 20 seconds and all in 50

seconds. The reaction is qualitatively the same as in Golden Queen.
The reaction with pyrogallic acid begins at once. A few grains are gelatinized in 20 seconds and

all in 40 seconds. The reaction is qualitatively the same as in Golden Queen.
With ferric chloride the reaction begins at once. A few grains are gelatinized in a minute,

most in 4 minutes, and all in 10 minutes. The lamelliform layers are ruptured at more points at the

margin than in Stowell's Evergreen, and the gelatinized grain is more irregular in outline than

those of Stowell's Evergreen. The reaction is qualitatively the same as in Golden Queen.
The reaction begins at once with Purdy's solution. A few grains ai-e gelatinized in 2 minutes,

and four-fifths in 30 minutes, but incomplete in an hour. The reaction is qualitatively the same

as in Golden Queen.

STARCH OF ZEA MAYS VAR. SACCHARATA (GOLDEN BANTAM, A FLINT SWEET CORN).

(Plate 1, figa. 1 and 2. Chart 9.)

Histological Characteristics. In form the grains are simple and isolated, with the exception of

a few small aggi-egates and clumps. Pressure fa(;ets appear on practically all (f th(^ isolated grains.

The surface of the grains is usually irregular, owing to pressure facets which dilTer in size, position,

and number on the different grains. The conspicuous forms are polygonal which usually have from

four to six facets, oval, and round to nearly round. Tliere are also a few dome-shaped to hemi-

spherical, triangular, and indefinite forms.

s
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The hilum is centric or slightly eccentric, and when not fissured it appears as a rather indistinct,
small or largo round spot. In some grains there is a distinct, comparatively large, rovmd or irreg-

ularly shaped cavity. In many there is a single straight, narrow lino through the hilum, and in

others there is an arrangement of three lines proceeding from a common center.

The lamellce are not demonstrable.

The grains vary in size from the smaller, which are 3 by Zfx, to the larger, which are 20 by 20^.
The common size is 12^.

Polariscopic Properties. The figure i.s usually centric, distinct, regular, and generally clear-cut.

The lines are for the most part straight, but may be curved and are sometimes broken, and tliey are

commonly placed at right angles to one another.

The degree of polarization is high. It does not vary much in different grains nor in different

aspects of the same grain. It is much higher than in Golden Queen, slightly higher than in Stow-
ell's Evergreen, and distinctly higher than in Black Mexican.

With selenite the quadi-ants are fairly well defined, usually irregular in shape, and commonly
unequal in size. The colors are purer than in Golden Queen and Stowell's Evergreen.

Iodine Reactions. With a 0.25 per cent Lugol's solution the gi-ains all color a fairly deep violet;
with a 0.125 per cent solution they color very lightly. The shade is slightly more than in Golden

Queen and less than in Stowell's Evergreen. After heat-

ing in water until all the grains are completely gelatin-

ized, the solution colors fairly and the gelatinized gi-ains

very deeply on the addition of iodine. After boiling for

2 minutes the solution colors very deeply, but the gela-
tinized grain-residues not at all. The capsules all color

red-violet with an excess of iodine.

Staining Reactions. With gentian violet the grains
stain very slightly at once, but after remaining in the solu-

tion for 30 minutes there is no further change. The color is

lighter than in Golden Queen and in Stowell's Evergreen.
With safranin the grains stain unevenly and lightly

at once, but after remaining in the solution for 30 minutes
there is no further cliange. The color is less than in

Golden Queen and in Stowell's Evergreen.

Tenipcrature Reaction. The temperature of gelati-

nization is 66 to 67 C., mean 66.50.

Effects of Various Reagents. With chloral hydrate-
iodine the grains begin to react at once. Most are gela-
tinized in 30 seconds and a few scattered grains (one in

several hunthed) not until 10 minutes. The reaction is qualitatively the same as in Golden Queen.
With chromic acid the reaction begins at once. Some grains are dissolved in 25 seconds and all

in 70 seconds. The reaction is qualitatively the same as in Goklen Queen.
The reaction begins at once with pyrogallic acid. A few grains are gelatinized in 30 seconds

and all in a minute. The reaction is qualitatively the same as in Golden Queen.
The reaction with feme chloride begins at once. A few grains are gelatinized in 132 minutes,

most in 4 minutes, and all with the exception of a few scattered grains (one in several hundred)
in 10 minutes. The reaction is qualitatively the same as in Golden Queen.

With Purdy's solution the reaction begins at once. A few grains are gelatinized in 13^ minutes,
and about half in 30 minutes, but incomplete in an hour. The reaction is qualitatively the same as

in Golden Queen.
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Differentiation of the Starches of the Genus Zea.

Histological Chauactbbistics. Histological Characteristics. Continued.

Conspicuous Forms.

Z. mays var. everla:

Golden Queen. Simjile, usually isolated, surface

irregular, pressure facets common. Polygonal
usually 1- to O-sided, oval and round to nearly
round, both sometimes faceted.

White Hice. Essentially the same as in GoldenQueen.
Z. mays var. iiidurata:

North Dakota. Essentially the same as in Golden

Queen.
Comptou's Early. Essentially the same as in Golden

Queen.
Z. mays var. indentata:

Early Learning. Essentially the same as in Golden

Queen.
Hickory King. Essentially the same as in Golden
Queen.

Z. mays var. saccharaia:

Stowell's Evergreen. Essentially the same as in

Golden Queen.
Black Mexican. Essentially the same as in Golden

Queen.
Golden Bantam. Essentially the same as in Golden

Queen.

Hilum Form, Number, and Positio?i.

Z. mays var. everla:

Golden Queen. Form small or large, round spot or

irregularly shaped cavity; commonly 3 small regu-

lar, narrow, radiating fissures. Position usually
centric, occasionally slightly eccentric.

White Rice. Form essentially the same as in Golden

Queen. Position same as in Golden Queen.
Z. mays var. indurala:

North Dakota. Form essentially the same as in

Golden Queen. Position same as in Golden Queen.
Compton's Early. Form essentially the same as in

Golden Queen. Po.sition same as in Golden Queen.
Z. mays var. indeidata:

Early Learning. Form essentially the same as in

Golden Queen. Position same as in Golden Queen.
Hickory King. Form essentially the same as in

Golden Queen. Position same as in Golden Queen.
Z. mays var. saccharaia:

Stowell's Evergreen. Form essentially the same as in

Golden Queen. Position same as in Golden Queen.
Black Me>dcan. Form essentially the same as in

Golden Queen. Position same as in Golden Queen.
Golden Bantam. Form essentially the same as in

Golden Queen. Position same as in Golden Queen.

Lamellce General Characlerislics.

Z. mays var. everla:

Golden Queen. Not demonstrable.
White Rice. Not demonstrable.

Z. mays var. indurala:
North Dakota. Not demonstrable.

Compton's Early. Not demonstrable.
Z. mays var. indenlala:

Early Leaming. Not demonstrable.

Hickory King. Not demonstrable.
Z. mays var. saccharaia:

Stowell's P^vergreen. Not demonstrable.
Black Mexican. Not ilemonstr.able.

Golden Bantam. Not demonstrable.

Size.

Z. mays var. cverta:

Golden Queen. From 4 to 18m, usually 12^.
White Rice. From 4 to 17m, usually 12^.

Z. mays var. indurala:

North Dakota. From 2 to 22m, usually 12m.

Compton's Early. From 4 to 22m, usually 14m.

Size. Continued.

Z. mays var. indenlala:

Early Leaming. From 4 to 20m, usually 14m.

Hickory King. From 2 to IGm, usually Sm.

Z. mays var. saccharaia:

Stowell's Evergreen. From 4 to 20m, usu.ally 14m.
Black Mexican. From 2 to 16m, usually 10m.
Golden Bantam. From 3 to 20m, usually 12m.

POLARISCOPIC PbOPEKTIES.

Figure.

Z. mays var. everla:

Goklen Queen. Usually centric, sometimes slightly

eccentric, distinct, fairly clear-cut, commonly
regular, lines generally straight and at right angles.

White Rice. Essentially the same as Golden Queen.
Z. mays var. indurala:

North Dakota. Essentially the same as in Golden

Queen.
Compton's Early. Essentially the same as in Golden

Queen.
Z. mays var. indenlala:

Early Learning. Essentially the same as in Golden

Queen.
Hickory King. Essentially the same as in Golden

Queen.
Z. mays var. saccharaia:

Stowell's Evergreen. Essentially the same as in

Golden Queen.
Black Mexican. Essentially the same as in Golden

Queen.
Golden Bantam. Essentially the same as in Golden

Queen.

Degree of Polarizalion.

Z. mays var. everla:

Golden Queen. Fairly high.
White Rice. Fairly high, slightly less than in Golden

Queen.
Z. mays var. indurala:

North Dakota. Fairly high, slightly higher than in

Golden Queen.
Compton's Early. Fairly high, higher than in

Golden Queen, and the same as in North Dakota.
Z. mays var. indenlala:

Early Leaming. Fairly high, higher than in Golden

Queen.
Hickory King. Fair, less than in Golden Queen, and

not so high as in Early Leaming.
Z. mays var. saccharaia:

Stowell's Evergreen. High, higher than in Golden

Queen.
Black Mexican. Low to fair, much less than in

Golden Queen, and much less than in Stowell's

Evergreen.
Golden Bantam. High, much higher than in Golden

Queen, slightly higher than in Stowell's Evergreen,
and distinctly higher than in Black Mexican.

Polarization ivilh Selenile Quadranls and Colors.

Z. mays var. everla:

Golden Queen. Quadrants usually well defined,

irregular in shai)e, unequal in size. Colors usually

pure.
White Rice. Quadrants the same as in Golden

Queen. Colors usually i)ure.

Z. mays var. indurala:

North Dakota. Quadrants not very well defined,

fairly regular in form, usually equal in size. Colors

usually pure.

Compton's Early. Quadrants essentially the same
as in North Dakota. Colors usually pure.
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Differentiation of the Starches of the Genus Zea. Coiitiuueil.

PoLAKisconc Properties. Continued.

Polarization with Sdenile Quadrants and Coiors. Cont'd.

Z. ma!/.i var. indcntata:

Karly licaiiiinp;. (Juadrants rs.srntially the same as

in Goldon (juecn. Colors usually pure.

Hickory King. Quadrants essentially the same as in

Golden Queen. Colors not so pure as in Early
Leaming.

Z. mays var. saccharata:

Sto\^el^s Evergreen. Quadrants essentially the same
as in Golden Queen. Colors quite pure.

Black Mexican. Quadrants not well defined, usually
irregular in shape and unequal in size. Colors less

pure than Golden Queen and Stowell's Evergreen.
Golden Bantam. Quadrants not well defined, usually

irregular in shape, and unequal in size. Colors

purer than Golden Queen and Stowell's Evergreen.

Iodine Reactions.

Inlensily and Color.

Z. mays var. evcrta:

Golden Queen. Fairly deep, violet.

White Kice. Same as in Golden Queen, violet.

Z. mays var. indurata:

North Dakota. Fairly deep, more than in Golden

Queen, about the same as Stowell's Evergreen,
violet.

Compton's Early. Fairly deep, more than in Golden
Queen and the same as in North Dakota, violet.

Z. mays var. indcntata:

Early Leaming. Fairly deep, more than in Golden

Queen, violet.

Hickory King. Fairly deep, more than in Golden

Queen and Early Leaming, violet.

Z. mays var. saccharata:

Stowell's Evergreen. Fairly deep, slightly more than
in Golden Queen, violet.

Black Mexican. Fairly deep, slightly more than in

Golden Queen, violet.

Golden Bantam. Fairly deep, slightly more than in

Golden Queen, violet.

Staining Reactions.

With Gentian Violet.

Z. mays var. everla:

Golden Queen. Light.
White Rice. Light, less than in Golden Queen.

Z. mays var. indurata:
North Dakota. Light, same as in Golden Queen.
Compton's Early. Light, same as in Golden Queen
and North Dakota.

Z. mays var. indcntata:

Early Leaming. Light, same as in Golden Queen.
Hickory King. Light, same as in Golden Queen and

Early Leaming.
Z. mays var. saccharata:

Stowell's Evergreen. Very light, le.ss than in Golden

Queen.
Black Mexican. Very light, less than in Golden

Queen and Stowell's Evergreen.
Golden Bantam. Very light, less than in Golden

Queen and Stowell's Evergreen.

With Safranin.

Z. mays var. evcrta:

Golden Queen. Very light.
White Rice. Very light, slightly less than in Golden

Queen.
Z. mays var. indurata:

North Dakota. Light, more than in Golden Queen.
Compton's Early. Light, more than in Golden

Queen, the same as in North Dakota.

Stainino Reactions. Continued.

With Safranin. Continued.

Z. mays var. indcntata:

Early Leaming. Light, more than in Golden (Jueen.
Hickory King. Light, more than in Golden Queen,
same as in Early Leaming.

Z. mays var. saccharata:

Stowell's Evergreen. Very light, less than in Golden
Queen.

Black Mexican. Very light, less than in Golden
Queen, and the same as in Stowell's Evergreen.

Golden Bantam. Very light, less than in Golden
Queen, and the same as in Stowell's Evergreen.

Temperature of Gelatinization.

Z. mays var. evcrta:

Golden Queen. 62.5 to 64 C, mean 63.25.
White Rice. 6L5 to 63 C, mean 02.25.

Z. mays var. indurata:

North Dakota. 67 to 69 C, mean 68.
Compton's Early. 68 to 69 C, mean 68.5.

Z. mays var. indcntata:

Early Leaming. 66 to 67 C, mean 66.5.

Hickory King. 66 to 67.5 C, mean 66.75.
Z. mai/s var. saccharata:

Stowell's Evergreen. 66.2 to 67.5 C, mean 66.85.
Black Mexican. 64 to 66 C, mean 65.
Golden Bantam. 66 to 67 C, mean 66.5.

Effects of Various Reagents.

Reaction with Chloral Hydratc-Iodinc.

Z. mays var. evcrta:

Golden Queen. Begins immediately; complete in

most in 30 seconds, in all in 4 minutes.
White Rice. Begins immediately; complete in most

in a minute, in all in 5 minutes.
Z. mays var. indurata:

North Dakota. Begins immediately; complete in

most in 5 minutes, in practically all in 10 minutes.

Compton's Early. Begins immediately; complete
in most in 4,V^ minutes, in practically all in 10
minutes.

Z. mays var. indcntata:

Early Leaming. Begins immediately; complete in

most in 2y> minutes, in all in 10 minutes.

Hickory King. Begins immediately; complete in

most in a minute, in all in 7 minutes.
Z. mays var. saccharata:

Stowell's Evergreen. Begins immediately; complete
in most in 2 minutes, in all in 6 minutes.

Black Mexican. Begins immediately; complete in

most in 30 seconds, in all in S minutes.

Golden Bantam. Begins immcfliately; complete in

most in 30 seconds, in all in 10 minutes.

Reaction with Chromic Acid.

Z. mays var. evcrta:

Golden (Juccn. Begins immediately; complete in a
few in 20 seconds, in all in 75 seconds.

White Rice. Begins immediately; complete in a few

in 25 seconds, in all in 80 seconds.

Z. ?Hays var. indurala:

North Dakota. Begins immediately; complete in a

few in 40 seconds, in all in S'-j minutes.

Compton's Early. Begins inmiediatcly; complete in

a few in a minute, in all in 3J2 minutes.

Z. mays var. indcntata:

Early Leaming. Begins immediately; complete in

a few in a minute, in all in 3,1-^ minutes.

Hickory King. Begins immediately; complete in a

few in 35 seconds, in all in a minute.
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Differenlialion of the Starches of the Genus Zea. Continued.

Effects of Various Reagents. Continued. Effects of Various Reagents. Continued.

Reaclion with Chromic Add. Continued.

Z. mays var. saccharala:

Stowell's Evergreen. Begins immediately; complete
in a few in a minute, in all in 3 minutes.

Black Mexican. Begins immediately; complete in

.some in 20 seconds, in all in 50 seconds.

Golden Bantam. Begins immediately; complete in

some in 25 seconds, in all in 70 seconds.

Reaction with Pyrogallic Acid.

Z. 7nays var. everla:

Golden Queen. Begins immediately; complete in all

in 35 seconds.

White Rice. Begins immediately; complete in all in

45 seconds.

Z. mays var. indurata:

North Dakota. Begins immediately; complete in

some in 30 seconds, in all in 1}^ minutes.

Compton's Early. Begins immediately; complete in

a few in 30 seconds, in all in 2 minutes.

Z. mays var. indentata:

Early Learning. Begins immediately; complete in

a few in 30 seconds, in all in 2 minutes.

Hickory King. Begins immediately; complete in a

few in 30 seconds, in all in a minute.

Z. mays var. saccharala:

Stowell's Evergreen. Begins immediately; complete
in many in 30 seconds, in all m 2 minutes.

Black Mexican. Begins immediately; complete in

all in 40 seconds.

Golden B.antam. Begins immediately; complete in

a few in 30 seconds, in all in a minute.

Reaction xoith Ferric Chloride.

Z. mays var. everta:

Golden Queen. Begins immediately; complete in

most in 4 minutes, in all in 10 minutes.

White Rice. Begins immediately; complete in most
in Z\i minutes, in all in 10 minutes.

Z. mays var. indurata:

North Dakota. Begins immediately; complete in

most in 6 minutes, in .all in 15 minutes.

Comjiton's Early. Begins immediately; complete in

most in 5 minutes, in all in 12 minutes.

Reaction wilh Ferric Chloride. Continued.

Z. mays var. indentata:

Early Learning. Begins immediately; complete in

most in 5 minutes, in all in 12 minutes.

Hickory King. Begins immediately; complete in

most in 3 minutes, in all in 8 minutes.
Z. mays var. saccharala:

Stowell's Evergreen. Begins immediately; complete
in most in 5 minutes, in all in 10 minutes.

Black Mexican. Begins immediately; complete in

most in 4 minutes, in all in 10 minutes.

Golden Bantam. Begins immediately; complete in

most in 4 minutes, in all in 10 minutes.

Reaction with Purdy's Solution.

Z. mays var. everla:

Golden Queen. Begins immediately; complete in

one-tliird in 30 minutes; but little further reaction
in an hour.

White Rice. Begins immediately; complete in one-
tliird in 30 minutes, but little further reaction in

1 hour.

Z. mays var. indurata:

North Dakota. Begins immediately; complete in

rare grains in 30 minutes, in vei-y few in an hour.

Compton's Early. Begins immediately; complete
in rare grains in 30 minutes, in very few in an
hour.

Z. mays var. indentata:

I'larly Leaming. Begins immediately; complete in

one-fifth in 30 minutes, little further change in

an hour.

Hickory King. Begins immediately; complete in

one-fifth in 30 minutes, very incomplete in an
hour.

Z. mays var. saccharala:

Siowell's Evergreen. Begins immediately; complete
in one-tenth in 30 minutes, but very incomplete
in 1 hour.

Black Mexican. Begins immediately; complete in

four-fifths in 30 minutes, but incomplete in an
hour.

Golden Bantam. Begins immediately; complete in

half in 30 minutes, but incomplete in 1 hour.

NOTES ON THE STARCHES OF ZEA.

The corn starclics differ so little and so indefinitely in their gross microscopical characteristics

that it is not possilile to differentiate one from another in this way, and it is doubtful if even de-

tailed histological examination, unless possibly with the assistance of reagents, would be of real

service. The curves of the reaction-inteiLsities, on the other hand, show not only specific differen-

tiatioas of one variety from another, but also a more or less positive grouping that is in accord

with that of the agriculturist. Inasmuch as all of the corn starches are products of varieties or forms

of a single species, but little differences, upon general principles, should be expected to be found

among the different specimens; yet it will be noted that not only are no two curves identical, even

in members of the same agricultural group, but also that the composite curves of each group must

differ in characteristic ways from those of the others. While some of the differences are slight and

fall within the limits of error of experiment, they are as a whole distinctly diagnostic. In the polar-

ization reactions there are small and unimportant differences, except in the Black Mexican variety,

in which polarization is distinctly lower than in the others, but this may be accounted for in the

presence of dark coloring matter which clung tenaciously to the starch-grains. The intensities of

the iodine reactions are the same throughout, except in the case of the evertce, in both of which the

reaction is slightly less than in the other groups. In the gentian-violet reactions there is distinct

evidence of grouping, the reactions of all of the saccharatcc being distinctly lower than the others,

which are about the same. With safranin there is an obvious grouping, the reactions with the
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snccharalw hoing very low, those of the evcrbr on the whole IukIht, uihI Iho indurakc and indoilata;

(he highest and the same. Likewse is there groiijiing in the teni])erature reactions, the evcrlce

having the same and the lowest temperature of gelatinization (03.25"), the induralm the highest

(G8 and 68.5), and the indentatce and saccharata; about the same and of an intermediate standard

(00.5, 06.75, 66.85, 65, and 66.5; mean 66.31), with perhaps the sacchnratw having a somewhat
lower temperature than the indentatce. Grouping is also indicated in the chloral hydrate-iodine

reaction, the everta being the most sensitive, and then in order the saccharata;, the indentatce, and
indiiratce. In both the chromic acid and pjTogallic acid reactions the evcrtce and saccharatce appear,
on the whole, to be more sensitive than the induralce and indentatce, and a corresponding condition

is suggested in the ferric chloride records. With Purdy's so]iiti<in the reactions are slow, so much so

that at the end of an hour gelatinization is incomplete in all of the starches; Init if the relative in-

tensities of the reactions are taken at the end of 30 minutes, there wll be found clear evidences of

grouping: about 33 per cent of the evertcc starches being gelatinized, onl.y a few grains of the induratce,
about 20 per cent of the hidentatce, and an average of 47 per cent (10, 80, and 50 per cent, respec-

tively) of the saccharatce. From the foregoing data it seems clear that by careful experimentation
and by extension of the methods there should be no difficulty in not only distinguishing one form
of Zea starch from another, but also in positively specifj-ing the group to which it belongs.

GENUS ANDROPOGON.
The polymorphous genus Andropogon contains a number of species that have been found

useful for forage, ornamental, medicinal, textile, or other economic purposes. Included here are

the various cultivated forms of sorghum, which are regarded by some authorities as having been
derived from Andropogon halpensis Brot., and by others as having come from A. sorghum Brot. {Sor-

ghum vidgarc Linn.). The sorghums, Hitchcock notes, fall into three classes, in accordance with their

uses: (1) Broom corn, used in the manufacture of brooms; (2) sugar or saccharine sorghum, culti-

vated for the sweet juice, etc.; and (3) non-saccharine sorghum, growii for forage and seed. Starches

were prepared from three forms, all of which belong to the non-saccharine group.

STARCH OF ANDROPOGON SORGHUM VAR. (WHITE KAFFIR CORN).

(Plate 1, figs. 3 and 4. Chart 10.)

Histological Characteristics. In form there are both simple and comjjound grains, almost solely

the former. The simple grains are isolated, excepting a few that are found in aggregates. The

conspicuous forms of the single grains are polygonal, round, and rounded oval. Triangular grains,

with a rounded apex and curved base, and lenticular forms are rarely observed. Among the aggre-

gates there is often one large grain having a globular grain fitted into a slight depression. There
are also doublets formed of components of equal size. The isolated grains arc usually dome-shaped
with either a flattened or a pointed base. There are a number of partially gelatinized grains in the

preparation.
The hilum is a fairly refractive, round spot, which is centric in most of the grains and very

slightly eccentric in some of the oval forms. Multiple hila, without lines of separation, are observed

in some of the grains. Generally there is at the hilum either a cavity or one or more clefts which

usually form a cross or a Y, although sometimes there is a clean-cut, slightly curved, transverse

cleft, and occasionally a much-branched fissure. The last-named type of fissuration is probably
due to the beginning of gelatinization of the grain.

The lamellcE are not generally visible, and neither the character nor number can satisfactorily

be determined.

The grains vary in size from the smaller, which are 2 by 2yu, to the larger, which are 22 by 26/n,

and 26 by 26^ in length and breadth. The common size is 16 by 16/i.

Polariscopic Properties.- The figure is usually centric, very distinct, regular, and fairly clear-

cut. The lines of the figure are thick and generally straight, broadening towards the margin. In

some grains a large central area is dark.

The degree of polarization is high, but varies sometimes in one aspect and in different aspects

of a grain.

With selenite the quadrants are clearly defined, but often irregular in shape and imequal in

size. The colors are pure.
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With Purdy's solution t,lu; rcaciion, wliicli consists in a little golatinization about the hiliim,

iiegins in some grains in a minute, hut the change docs not proceed much farther even at the end of

an lioiu".

STARCH OF ANDUOl'OC.ON SORGHUM VAR. (YELLOW BRANCHING SORGHUM).
(Plate 1, figs. 3 and 4. Chart 11.)

Histological Characteristics. In form both simple and compound grains are present, almost

solol.v the former. There arc a hwv aggregates. Some of the grains have pressure facets. The con-

spicuous forms of the simph' grains are polygonal, round, and rounded oval. The isolated grains

are often dome-shaped or sugar-loaf-shajied. The aggregates frequentlj^ consist of one large grain

and one minute gi'ain. The grains very closely resemble those of White Kaffir sorghum.
The hilum is a clear, rather refractive spot, which is centric in the round grains and slightly

eccentric in some of the oval and jiolygonal forms. There may be more than one hilum without

lines of separation. Sometimes three are arraiigcd at the angles of an imaginary triangle. Deep
clefts are usually foimd at the hihun, frequently ragged in character, and usually in the form

of a Y or diagonal cross. If but one cleft is found it is more often either slightly arched or

diagonally placed. The arrangements of the clefts are very similar to those noted in AVhite Kaffir

sorghum.
The lamelloe are not usually visible, and neither their structure nor number could be determined,

as was also the case with White Kaffir sorghum.
The grains vary in size from the smaller, which are 2 by 2ix, to the larger, which are 22 by 24;u

in length and breadth. The common size is 16 by IG/x.

Fohiriscopic Properties. The figure is usually centric, regular, and very (.listinct. The lines are

thick, commonly straight, and broailening towartls the margin. There is a greater proportion of

figures with lines slightly bent than in White Kafhi- corn.

The degree of polarization is high, occasionally vary-

ing slightly in the same aspect of a grain. It is a very
little higher than in White Kaffir corn.

With selcnite the quadrants are well defined, and

usually unequal in size and irregular in shape. The colors

are pure. There is a greater variation among the quad-
rants as to size antl shape than in White Kaffir corn.

Iodine Reactions. With a 0.25 per cent Lngol's solu-

tion all the grains color a fairly deej) violet; with a 0.125

per cent solution they all color lightly, but the shade does

not deepen rapidly. It is slightly less than that of the

grains of White Kaffir corn. After heating in water until

all the grains are completely gelatinized the solution colors

lightly and the g(>latinized grains very deeply on the ad-

dition of iodine. After boiling for 2 minutes the solution

colors very deeply, but the gelatinized grain-residues not

at all. The capsules all color red or violet with an excess

of iodine.

Staining Reactions. With gentian violet the grains

begin to stain at once. In 30 minutes they are lightly stained, some more than others. The

staining is slightly less than that of the grains of White Kaffir corn.

With safranin the grains begin to stain at once; in 30 minutes they are lightly stained, some

more than others. The staining is slightly less than that of the grains of White Kaffir corn.
^

Temperature Reaction. The temperature of golatinization is 09.1 to 70.8 C, mean 69.95 .

Effects of Varions Reagents. With chloral hydrate-iodine the reaction begins in most of the

grains in 30 seconds. It is complete in nearly all in 10 minutes, and in all in 15 mmutes. It is the

same qualitatively as that of the grams of White Kaffir corn.

The reaction with chromic acid begins in some grains in 20 seconds and m all m 45 seconds,

and is over in 4 minutes. It is the same qualitatively as that of the grains of White Ivaffircorn.

With pyrogallic acid the reaction begins in 30 seconds and is over in 3^ minutes. It is the

same qualitatively as that of the grains of White KafBir corn.

25
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The reaction begins in some of the grains in 1^ minutes with ferric chloride. It is over in most

of tlie grains in 10 minutes and in all in 15 minutes. The reaction is the same qualitatively as that

of the grains of White Kaffir corn.

The reaction with Piirdy's solution begins in some of the grains in a minute, but it does not

advance appreciably further even during an hour.

STARCH OF ANDROPOGON SORGHUM VAR. (SHALLU). (Plate 1, figs. 3 and 4. Chart 12.)

Histological Characteristics. In form both simple and compound grains are found, chiefly the

former. There are a few aggi-egates. The conspicuous forms are the polygonal, round or rounded

oval. Grains arc occasionally observed that are broadly triangular, with a curved base and rounded

angles; also, some that are lenticular and diamond-shaped. Among the aggregates, the type most

frequently found is one large grain, usually broadly triangular in sliape, with a small one closely

attached to it. Some of the isolated grains are dome-shaped, with either pointed or flattened base,

or finger-shaped, or polygonal. The grains are rather more angular and more varied in form than

those observed in White Kaffir corn.

The hilum is a clear, refractive spot which is centric in the round forms and slightly eccentric

in the oval and polygonal grains. More than one hilum is occasionally observed in a grain. There

may be either a cavity, or one or more clefts, at the hilum. One short, transverse cleft may be

present; but more often two are arranged in the form of a cross, or three in a Y-shaped figure. The

clefts have the same character and shape as noted for White Kaffir corn.

The lamellm are generally invisible. Their character and number could not be determined, as

is the case of the other sorghums.
The grains vary in size from the smaller, which are 2 by 2|U, to the larger, which are 24 by 24/i.

The common size is 15 by 15ju.

Polariscopic Properties. The figure is centric, reg^ilar, and very distinct. The lines are rather

thick and generally straight and broadening towards the margin. The figure is more often irregular

in size and shape than in White Kaffir corn.

The degree of polarization is high. There is a slight

variation among the grains, and also occasionally in the

same aspect of a grain. It is about the same as in White

Kaffir corn.

With selenite the quadrants are well defined, and

vary less in size and shape than in White Kaffir corn.

The colors are pure.
Iodine Reactions.- With a 0.25 per cent Lugol's solu-

tion the grains all color a fairly deep violet; and mth a

0.125 per cent solution they color lightly, but the shade

does not deepen rapidly. The color is the same as that

of the grains of White Kaffir corn. After heating in

water until all the grains are completely gelatinized, the

solution colors lightly and the gelatinized grains very

deeply on the addition of iodine. After boiling for 2

minutes the solution colors very deeply, but the gelatin-

ized grain-residues not at all. The capsules all color

red or red-violet with an excess of iodine.

Staini7ig Reactions. With gentian violet the grains

begin to stain at once, and in 30 minutes they are lightly stained, some more than others

is less than that of the grains of White Kaffir corn.

With safranin the gi-ains begin to stain at once and in 30 minutes they are lightly stained,

some more than others. The stain is slightly less than that of the grains of AVhite Kaflu- corn.

Temperature Reaction. The temperature of gelatinization is 66 to 67.8 C, mean 66.9.

Effects of Various Reagents. With chloral hydrate-iodine the reaction begins in 30 seconds.

It is over in two-thirds of the grains in 6 minutes, in nearly ail in 15 minutes, and in all in 20 min-

utes. It is the same qualitatively as that of the grains of White Kaffir corn.

The reaction with chromic acid begins in all the grains in 30 seconds and is over in 3 minutes.

It is the same qualitatively as that of the grains of White Kaffir corn.

I GV T P I r,v

Chart No.
T a



GENUS ANDROPOGON. 361

With pyrognllic acid the reaction bogiiis in some of the grains in 15 seconds and in tdl in 45 sec-

onds. It is over in 3 minutes. It is the same qualitatively as that of the grains of White Kaffir corn.
The reaction begins in some of the grains in 45 seconds with ferric chloride. It is over in most

of them in 7 minutes and all in 15 minutes. It is the same quahtatively as that of the grains of
AVhite Kaffir corn.

The reaction with Purdy's solution Ijcgins in a minute, but d(jes not advance ajjpreciably fur-

ther even in an hour.

Differentiation of the Staixhes of the Genus Andropogon.

Staining Reactions.

With Oentiau Violet.

Histological Characteristics.

Conspicuous Forms.

White Kaffir corn: Simple, few compound. Polygonal,
round, rounded oval.

Yelhw Branching sorghum: Same as in White Kaftir corn.
iShallu: Same as in White Kaffir corn, but rather more

angular and varied in form.

Hihim Form, Number, and Position.

White Kaffir com: Form fairly distinct, round; sometimes
more than one hilum; a spot or usually a cavity;
often fissured, clefts usually form a cross or a
3-armed figure. Position centric or slightly
eccentric.

Yellnw Branching sorghum: Same a,s in Wliitc Kaffir corn.
Shallu: Same as in White Kalfir corn.

Lamellm General Characteristics.

White Kaffir corn: Usually not visible.

Yellow Branching sorghum: Usually not visible.

Shallu: Usually not visible.

Size.

White Kaffir corn: From 2 to '2G/i, usually KIm.
Yellow Branching sorghum: From 2 to 2i/i, usually IG/ji.

Shallu: From 2 to 24/j, usually 15m.

PoLAiuscopic Propektiks.

Figure.

White Kaffir corn: Usu.ally centric, very distinct, fairly
clear-cut, regular, commonly straight.

Yellow Branching sorghum: Same as in White Kaffir corn,
but the figure and lines are less often regular and
straight.

Shallu: Same as Yellow Branching sorghum.

Degree of Polarization.

While Kaffir corn: High.
Yellow Branching sorghum: High, slightly higher than in

White Kaffir corn.
Shallu: High, same a.s in White Kaffir corn.

Polarization with Selenite Quadrants and Colors.

White Kaffir corn: Quadrants well defined, usually irreg-
ular in shape and unequal in size. Color pure.

Yellow Branching sorghum: Quadrants same as in While
Kaffir corn, but vary more in size and shape. Color
pure.

Shallu: Same as in White Kaffir corn, but less u-regular
in size and shape. Color pure.

Iodine Reactions.

Intensity and Color.

White Kaffir corn: Fairly deep; violet.

Yellow Branching sorghum: Fairly deep, slightly less than
in ^\^lite Kaffir corn; violet.

Shallu: Fairly deep, same as in White Kaffir corn; violet.

White Kaffir corn: Light.
Yellow Branching sorghum: Light, slightly less than in

White Kaffir corn.

Shallu: Light, less than in White Kaffir corn.

With Safranin .

White Kaffir com: Light.
Yellow Branching sorghum: Light, slightly less than in

V\'hite Kai^iir corn.

Shallu: Light, slightly less than in \Vhite Kaffir corn.

TEMPERATtTRE OF GeLATINIZATION.

While Kaffir corn: 07 to ("O" C, mean 68.
Ydlow Branching son/hum: 09.1 to 70.8 C, mean 69.95.
Shallu: 00 to 07 8 C., mean 66.9.

Effects of Various Reagents.

Reaction with Chloral Hydrate-Iodine.

While Kaffir corn: Begins in all in -15 seconds; complete
in nearly all in 8 minutes and in all in 15 minutes.

Yellow Branching sorghum: Begins in all in 45 seconds;
complete in nearly all in 10 minutes and in all in

15 minutes.
Shallu: Begins in all in 45 seconds; coin])lete in nearly

all in 15 minutes and in all in 20 minutes.

Reaction with Chromic Aciil.

White Kaffir corn: Begins in .some in 20 seconds; com-
plete in all in 2'^ minutes.

Yellow Branching sorghum: Begins in some in 20 seconds;

complete in alt in 4 minutes.
Shallu: Begins in all in ',iO seconds; complete in all in 3

minutes.

Reaction with I'yrogallic .\cid.

While Kaffir corn: Begins in all in 30 seconds; complete
in all in 2 minutes.

Yellow Branching sorghum: Begins in all in 30 seconds;

complete in all in 3J^ minutes.
Shallu: Begins in all in 45 seconds; complete in all in

3 minutes.

Reaction with Ferric Chloride.

White Kaffir corn: Begins in many in 1 minute; complete
in most in 10 minutes and in all in 20 minutes.

Yellow Branching sorghum: Begins in some in 1 J 2.
min-

utes; complete in most in 10 minutes and in all

in 15 minutes.
Shallu: Begins in some in 45 seconds; complete in most

in 7 minutes and in all in 10 minutes.

Reaction with Purdy's Solution.

White Kaffir corn: Begins in some in a minute; no further

progress in an hour.

Yellow Branching sorghum: Begins in some in a minute;
no further progress in an hour.

Shallu: Begins in some in a minute; no further progress
in an hour.
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NOTES ON THE STARCHES OF ANDROPOGON.

The starches of the three forms of Andropogo?i are so alike in their gi'oss histological characters

that ciiffcroiitiation by this means is not possible. They arc also very much alike in their polariza-

tion, iodine, and aniline reactions, the differences being within the limits of error of experiment.
In the temperature of gelatinization they show distinct differences, the order being, shallu (66.9 C),
White Kafhr corn (68 C), and Yellow Branching sorghum (70 C). In the chemical reactions there

arc only minor differences, and such as to suggest very closely related botanical forms.

GENUS PANICUM.

Panicum is an immense genus of grasses, comprising al)out 300 species that are world-wide in

distribution, Ijut especially abundant in the tro])ics. The specimen studied as a tj'pe of the genus
is the cultivated form of Panicum crus-galli Linn., known as the Japanese or barnyard millet.

STARCH OF PANICUM CRUS-GALLI VAR. (JAPANESE OR BARNYARD MILLET).

(Plate 1, figs. 5 and 6. Chart 13.)

Histological Characteristics. In form the grains are simple ami occur isolated, excejiting a few

in aggregates which consist of two or more comjionents. The conspicuous forms are polygonal and

spherical, the former predominating.
A cavity is usually found at the hilum, and sometimes radial fissures pass out from it.

The lamcllcB are not visible.

The grains vary in size from the smaller, which are 1..5 by 1.5yu, to the larger, which are 10 by
IOai. The common size is l/i.

Polariscopic Properties. The figure is usually centric, Init owing to the smallness of the grain
is oliscure. The lines of the figure appear to be fairly thick and are generally straight and some-
times bisected.

The degree of polarization is low to fair. In some grains there is a variation in the same aspect
of the same grain.

With selenile the quadrants are distinct, and in some grains are equal in size and regular in

form. They are so minute that it is impossible to state the peculiarities with accuracy in the ma-

jority of the grains. The blue and yellow colors vary in brightness and purity, the blue being
less bright than the yellow. The yellow is generally not

quite pure, but the blue appears to be pure.
Iodine Reactions. With a 0.2.5 per cent Lugol's so-

lution most of the grains color a light violet at once, and
the color deepens rather slowly; with a 0.125 per cent

solution they do not color immediately, but gradually
assume a very light violet tint, some grains staining
more deeply than others. After heating in water until all

the grains are completely gelatinized, the solution be-

comes a light bluish-violet, and the majority of the grains
color a deep blue, while others have a reddish tint. After

boiling for 2 minutes the solution colors very deeply on
the addition of iodine, but most of the gelatinized grain-

residues are not colored. With an excess of iodine, the

capsules become an old-rose to a wine-red tint.

Staining Reactions. With gentian violet the grains

begin to stain very lightly at once, and in 30 minutes

they are but lightly stained.

With safranin the grains begin to stain very lightly

at once, and in 30 minutes they are but lightly stained.

Temperature Reaction. The temj^erature of gelatinization is 74.5 to 76 C, mean 75.25.

Effects of Various Reagents. With chloral hydrate-iodine the reaction begins in most of the

grains in 30 seconds to a minute, and is over in nearly all of the grains in 15 minutes. The reac-

tion begins at the corners and angles of the facets and the starch at these points darkens and swells

slightly, and the process spreads inward over the whole grain. The marginal starch is affected
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first, ancl then the central portions of tlic griiin. The gelatinized grains are not verj' large and

retain inucli of the original forms. They usually appear to consist of a light central portion sur-

rounded by a fairly broad, dai'k, marginal band.

The reaction \vith chromic acid begins in a few seconds and is over in 2 minutes. The hilum

becomes clear and is connected \vith the corners of the facets by clear lines that are formed probably

l)y the gt>Iatinization of the less resistant starch. The grain swells, and the more resistant starch is

divided into several parts which lie along the margin. As the grain continues to swell these pieces

of ungelatinized starch are forced further jmtl further apart and are gradvudly gelatinized and trans-

formed into a thin, transparent envelope. This envelope is dissolved at one or two points, and the

contents flow out anil dissolve, followed by solution of the rest of the envelope.

With pyrogaUic acid the reaction begins in most of the grains in 30 seconds to a minute, and

is over in 8 minutes. The reaction starts at the hilum, which grows clearer. The less resistant

stai-ch of the grain becomes gelatinous and occupies the central part, and the more resistant starch

is jiushed peripherally and forms a fairly liroad, dense band. This band becomes rather slowly

less broad and less dense until finally it is quite transparent. The gelatinized grains are fairly

large and retain much of their original form.

The reaction with ferric chloride begins in a few grains in 2 minutes and is over in 25 minutes.

The hilum becomes clear, and the less resistant starch is gelatiiiized and occujiies the central part

of tlie gi-ain, while as the grain swells the more resistant starch is pushed out to form a fairly broail,

dense, marginal band. This band becomes less broad and dense, until it is only a thin transparent

capsule. The gelatinized grains are large, but they do not retain much of their original form. The

capsules are often much folded and wrinkled.

With Purdy's solution there is a slight reaction in a few grains in 4 minutes and but little fur-

ther change in an hour.

GENUS ORYZA.

According to Hitchcock, Oryza is a tropical genus of six species. 0. saliva Linn, is originally

native to the Old World tropics, but now natin-alized in Brazil and cultivated extensively in China

and India and in the coast region of the southern United States. It yields the rice of commerce.

Starch fiom an uimamed agiicultural form of 0. saliva was studied as a type of the genus.

STARCH OF ORYZA SATIVA VAR. (Plate 2, figa. 7 and 8. Chart 14.)

Histological Characteristics. In form the grains are simple, but frequently observed either in

oval or rounded aggi-egates which consist of from two to many components. Pressure facets, vari-

able in number, are present on the isolated grains. The conspicuous form of the isolated grains is

sharply polygonal and even crystalline in character. The number of angles varies, but the pentag-

onal type rather predominates. Rarely oval grains with one margin rounded and the other flat-

tened or concave are found. The conspicuous forms of the aggregates are somewhat rounded or

ovoid. They closely resemble those found in the oats, but the angular character of the component

grains is more marked and the aggregates break up more readily into individual grains.

The hiluyn is usually centric and may appear either .as a round central spot or as a cleft, but

generally it can not be distinguished.

The kimcllw are not visible.

The simple grains vary in size from 1 by l/i to 8 by Qii. The common size is 5/u. The aggre-

gates are as large as 30 by 20/i.

Polariscopic Properties. The figure is usually centric, but so small that its details can not be

determined. The lines appear to be straight and at right angles, so as to form a cross.

The degree of polarization is low to fair. The grains are so minute that it is impossible to de-

termine clearly whether there are any variations in the same aspect of a grain.

With .'ielenite the quadrants are so very small that it is impossible to det(;rmine in mo.st cases

f heir relative shape and size. They appear, as a rule, to be irregular in shape and unequal in size.

The colors are usually not pure.

Iodine Reactions. With a 0.25 per cent Lugol's solution, the grains are colored a light violet

with a slight reddish tint, and the color deepens rather slowly; with a 0.125 per cent solution they

stain a light reddish-violet, the color deepening rather slowly. After heating in water vmtd the

grains are completely gelatinized, the solution colors a deej) blue with a rciddish tint ami the grains
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on edge they are lenticular, spindle-shaped, or occasionally either elliptical or plano-convex. In

addition, there are rarely some bean-shaped or reniforni and liemisi)horical grains. The minute

grains are usually globular or ovoid, but occasionally hemispherical (perhaps broken grains) or

spindle-shaped. The outline of the large grains is often slightly irregular, which is chiefly due to

indentations on the surface which probably have been caused by the adherence and pressure of

small globular grains. A few of the grains are partially gelatinized, i)robably by the heat of grinding.

These two classes of grains represent non-identical forms of starch. In the photograph extremely
few of the small grains, which are very abundant, are shown.

The hilum is not usually visible, but occasionally in the rather small, round grains it can be

seen as a clear spot. It is centric or slightly eccentric. There is in the center of the grains some-

times either a cavity or a cleft, and rarely there are several fissiues which radiate from the center.

When the large grains are viewed on edge, a light, mesial longitudinal line is observed which has

somewhat the appearance of a cleft.

The lamellce are rarely visible, but occasionally they can be determined on a part of the grain

as fine regular circles or parts of circles. In a few grains 8 to 10 were counted.

The grains vary in size from the smaller, which are 2 by 2^, to the larger, which are 38 by 34/i.

The common size is 20ix.

Polariscopic Properties. The figure is usually centric, although occasionally slightly eccentric,

and while fairly distinct in the majority of the grains, it is very indistinct in many. The lines of

the figure are generally broad, and they broaden towards the margin of the grain. In a few grains

they are sharply defined, but in most they ai-e very broad and diffused. The lines are commonly
straight ;

but they may be curved, or vary in thickness, or be bisected.

The degree of polarization is low in the large grains to fair in the medium to smaller forms. It

is high when the large grains are observed on edge. There is usually some variation in the same

aspect of a grain.

With selenite, in a great many of the grains, consisting chiefly of the largest, the quadi-ants are

not clearly marked and are generally somewhat irregular in shape and unequal in size. In the

small grains the quadrants are equal in size and regular in shape. The colors in the large grains

are usually not pure, but in the small grains they are pure.

Iodine Reactions. With a 0.25 per cent Lugol's solution all of the grains color a fair blue-

violet to a reddish-violet; with a 0.125 per cent solution they color lightly. After heating in water

until all the grains are completely gelatinized, the solu-

tion colors fairly and the gelatinized grains very deeply
on the addition of iodine. After boiling for 2 minutes the

solution colors very deeply, but most of the gelatinized

grain-residues very lightly. The capsules, which are

much twisted and folded, color a red-violet with an excess

of iodine.

Staining Reactions. With gentian violet the grains

begin to stain very lightly at once, and in 30 minutes they
are very lightlj^ stained.

With safranin the grains begin to stain very lightly

at once, and in 30 minutes they are lightly stained.

Temperature Reaction. The temperature of gelatini-

zation is 63 to 65 C, mean 64.

Effects of Various Reagents. With chloral hydrate-

iodine the reaction begins in some of the grains in 45

seconds, and in most of the grains in 3 minutes. In 30

minutes nearly all are affected, and one-fifth are com-

pletely gelatinized, \vith but little fm-ther change in an

hour. The reaction begins at one or at several points on

the margin. The starch at these places becomes dark and swells, often in the form of little rounded

protuberances. If several are.'is are affected the process spreads along the margin from each point

until all of the marginal starch is affected. Then the process sj^reads inward over the rest of the

grain, often more rapidly from one or two points than from others. If the reaction begins at but

one part on the margin, the starch here darkens and swells, and the process spreads centrally,
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and then over all parts. The gelatinized grains are not very large, they are of a uniform dark indigo

color, and retain much of their original form.

The reaction with chromic acid begins in some of the grains in 1.5 to 30 seconds and is over in

2% minutes. The hilum becomes more distinct, and coarse strise appear which radiate from the

hilum in all directions. The less resistant starch is transformed into a semiliquid mass which occu-

pies the central portion of the grain, thus causing the whole grain to swell gradually and equally

in all directions and forcing the more resistant starch into the form of a fairly broad, coarsely striateit,

marginal ring which shows two or three concentric refractive and non-refractive bands, the remains

of the lamellar structure. These bands fade gradually as the marginal ring grows thinner and clearer,

until there is a thin, homogeneous-looking, clear envelope. This envelope or capsule is now intlented

at one point, solution occurring at the bottom of the indentation. The semiliquid contents flow out

through this opening and dissolve, followed by solution of the envelope.

The reaction with pyrogallic acid begins in most of the grains in 30 seconds and is over in 3

minutes. The hilum and lamellse often become more distinct, and stride appear radiating from the

hilum throughout the grains. The less resistant starch passes rapidly into a gelatinous mass which

occupies the center of the grain, causing the grain to swell rapidly. The more resistant starch is

forced to the margin, where it forms a striated band, which, as the grain swells rapidly, becomes a

thin and clear envelope. The resulting swollen grain is very large, and the envelope is often invagin-

ated, folded, and wi'inkled, the folds sometimes being concentric and seeming to follow the lines

of the prominent lamella.

The reaction begins in a few grains in a minute with ferric chloride. About half are completely

gelatinized in 30 minutes, and three-fom-ths in an hour. The central portion of the grain assumes

a granular appearance; the starch at one or two points on the mai-gin begins to gelatinize, and the

process spreads from these points either about the margin, leaving the central portion for a time

ungelatinized, or it spreads over the whole grain, the margin not being gelatinized before the adjacent

central portion. The gelatinized grains are very large, with wrinkled and folded capsules.

With Purdy's solution the reaction begins in a few grains in 20 seconds, about two-thirds are

gelatimzed in 5 minutes, nine-tenths in 10 minutes, and all in 25 minutes. The reaction is the same

in ajjpearance as that to pyrogallic acid.

STARCH OF TRITICUM SATIVUM VAR. DICOCCIIM. (Plato 2, figs. 9 and 10. Chart 16.)

Histological Characteristics. In form the grains are simple and for the most part isolated. A few

have pressure facets. The grains vary rather more in form and are more irregular in outline than in

the specimen of T. sativum var. vulgare. The conspicuous forms are the same as T. sativum var. vid-

gare, but there are more of semicirculai- forms and grains having their outline flattened at various

points. A larger proportion of grains of this preparation were partially gelatinized than in the first

specimen. One gi-ain of T. sativum var. vulgare was deeply fissured in the process of breaking apart

in the middle, and since aggregates in the form of doublets with grains of equal size were not observed

it is quite possible that the large hemispherical grains referred to are half grains. There are a few

minute globular and ovoid grains, but they are not nearly so numerous as in T. sativum var. vulgare.

More of the small grains are spindle-shaped, and the aggregates usually consist of clusters of rather

larger grains than those noted in the other variety, and the components appear to be mostly of the

pointed type. The grains are usually broader than thick.

The hilum and cleft have the same characters and structure as noted for T. sativum var. vulgare.

The lamella are visible in a larger portion of grains than in T. sativum var. vulgare. Since the

lamellse are usually more cleai-ly marked in grains which are undergoing gelatinization or solution,

it is probable that the relative prominence of the lamellre in this specimen is to be attributed to this

cause. There were ten to fourteen lamelUe counted on some of the large grains.

The grains vary in size from the smaller, which are 2 by 2/j, to the larger, which are 40 by SO/x

and 32 by 32/i. The common size is 22^.

Polariscopic Properties. The figure is usually centric, but occasionally slightly eccentric. The

lines of the figure are similar to those noted in T. sativum var. vulgare, but in a gieater number of

grains they are very indistinct, and more often either bent or bisected.

The degi-ee of pularizution is very low in the large grains to fair in a few of the smaller grains.

Variations ai-e usually observed in the same aspect of a grain. It is high when the grains are viewed

on edge. It is lower on the whole than in T. sativum var. vulgare.
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With selenite the quadrants arc rarely well defined, and generally niicqual in size and irregular
in shape. The colors in the large grains are commonly not pure, and this lack of purity occurs in a

greater jiroportion of grains than in the previous i)reparation.
Iodine Reactions. With a 0.25 per cent Lugol'-s solution the grains all color a fair hlue-violet

to reddish-violet; and with a 0.125 per cent solution they color lightly, and the culor deepens slowly.
Tilt? color is slightly deeper than that of tins grains of T.

solimim var. vulgare. After heating in ^^'ater until all the

gi-ains are completely g(>latinizod the solution colors fairly

and the gelatinizetl grains very deeply on the atklition of

iodine. After boiling for 2 minutes the solution colors

very deeply and most of the gelatinized grain-residues

very lightly. The capsules, which are much twisted and

folded, all color violet with an excess of iodine.

Staining Reactions. With gentian violet the grains

begin to stain very lightly at once and in 30 minutes they
are very lightly stained. The color is the same as that of

the grains of T. sativum var. vulgare.

With safranin the gi-ains begin to stain very lightly
at once and in 30 minutes they are lightly stained. The
color is the same as that of the grains of T. sativum var.

vulgare.

Temperature Reaction. The temperature of gelatini-

zation is G2 to 03.8 C, mean 62.9.

Effects of Various Reagents. With chloral hijdrate-

iudine the reaction begins in some of the grains in 15 to

45 seconds, and in most of the grains in 5 minutes. About one-fifth are fully gelatinized in 20 minutes,
without much further reaction in an hour. The reaction is the same qualitatively as that of the

grains of T. sativum var. vulgare.

The reaction with chromic acid begins in from 10 to 20 seconds and is over in 2 minutes. It is

the same qualitatively as that of the grains of T. salirum var. vulgare.

The reaction begins in 20 seconds and is over in 2 minutes with pyrogallic acid.

qualitatively as that of the grains of T. sativum var. vulgare.

With ferric chloride the reaction begins in a few gi-ains in a minute. Nearly all are completely

gelatinized in 50 minutes and all in an hour. The reaction is qualitatively the same as that of the

grains of T. sativum var. vulgare.

The reaction with Purdy's solution begins in some of the grains in 20 seconds, and in many in

a minute. About four-fifths are completely gelatinized in 5 minutes, nearly all in 10 minutes, ami
all in 15 minutes. The reaction is qualitatively the same as that of the grains of T. .sativum var.

vulgare.
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Curve of Reaction-Intensities of Starch of Triticum
sativum var. dicoccutn.

It is the same

Differentiation of the Starches of the Genus Triticum.

Histological CnAHACTERisTics. Histoloqical Characteristics. Continued.

Conspicuous Forms.

T. salinitn var. vulgare: Simple, large grains are nearly
round, oval, and irregularly ovoid; minute grains
globular and ovoid.

T. salwum var. dicoccum: Same a.'" in T. sativum var.

vulgare, but minute grains are very much less

numerous and the larger grains vary more in form
and are more irregular in outline.

Hiluni Form, Number, and Position.

T. sativum var. vulgare: Form usually not vi.sible; in

large grains there may l)e a cavity or cleft and

occasionally radial fissures; in minute grains a
clear spot. Centric or slightly eccentric.

T. sativum var. dicoccum: Same as in T. sativum var.

vulgare. Position (ciiliic or .slightly eccentric.

Lamellce General Characteristics and Number.

T. sativum var. vulgare: Rarely visible; fine, regular,

continuous rings. Occasionally 8 to 10 on the

larger grains.
T. sativum var. dicoccum: Same as in T. sativum var.

tmtgare, but they are visible on a larger proportion
of grains. Occasionally 10 to 14 on the larger

grains.

Size.

T. sativum var. vulgare: From 2 to 3S;i, usually 20/i.

T. sativum var. diaiccum: From 2 to 40/j, usually 22^.

PoLARiscopic Properties.

Figure.

T. sativum var. vulgare: Usually centric, commonly fairly

distinct, generally regular, lines usually straight.
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Differentiation of the Starches of the Genus Triticum. Continued.

PoLARiscopic Properties. Continued. I Temperature of Gelatinization.

Figure. Continued.

T. sativum v:ir. dicoccum: Same a.s in T. satirum var.

vidgare, but the lines are on the whole less distinct

and show more tendency to be bent or bisected.

Degree of Polarization.

T. sativum var. vulgare: I,ow in the larger grains to fair

in meiliuni to small grains.
T. sativum var. dicoccum: Same as in T. sativum var.

vulgare, but lower on the whole.

Polarization with Selenitc Quadrants and Colors.

T. sativum var. vulgare: Quadrants in tlie large grains
usually not well defined, irregular in shape, and
unequal in size; small grains, well defined, regular,
and equal. Color in large grains impure, in small

grains pure.
T. sativum var. dicoccum: Quadrants in large grains less

well defined, more irregular, and more unequal
than in T. sativum var. vulgare; in small grains the
same. Color in large grains more impure tlian in

2'. sativum var. vulgare, same in small gi'ain.s.

Iodine Reactions.

Intensity and Color.

T. sativum var. vulgare: Fair; blue-violet to reddish-violet.

T. salivian var. dicoccum: Fair, slightly deeper than in T.
sativum var. vulgare; blue-violet to reddish-violet.

Staining Reactions.

With Gentian Violet.

T. sativum var. vulgare: Very light.
T. sativum var. dicoccum: Very light, same as in T. sativum

var. vulgare.

With Siifranin.

T. sativum var. vulgare: Light.
T. sativum var. dicoccum' J^ight, same as in T. sativum

var. vulgare.

T. sativum var. vulgare: 63 to 05 C, mean 04.
T. sativum var. dicoccum: G2 to 63.8 C, mean 62.9.

Effects of Various Reagents.

Reaction with Chloral Hydrate-Iodine.

T. sativum var. vulgare: Begins in some in -1.5 seconds;
partial in lialf and complete in one-fifth in 30

minutes; incomplete in an hour.

T. sativum var dicoccum: Begins in some in 30 to 45

seconds; partial in most and complete in one-fifth

in 20 minutes; incomplete in an hour.

Reaction with Chromic Acid.

T. sativum var. vulgare: Begins in 15 to 30 seconds;
complete in all in 2Ji minutes.

T. sativum var. dicoccum: Begins in 10 to 20 seconds;
complete in all in 2 minutes.

Reaction with Pyrogallic Acid.

T. sativum var. vulgare: Begins in most in 30 seconds;
complete in all in 3 minutes.

T. sativum var. dicoccum: Begins in all in 20 seconds;
complete in all in 2 minutes.

Ferric Chloride.

T. sativum var. vulgare: Begins in a few in a minute;
complete in three-fourths in an hour.

T. sativum var. dicoccum: Begins in a few in a minute;
com)jlete in all in an hour.

Reaction with Purdy's Solution.

T. sativum var. vulgare: Begins in a few in 20 seconds;
complete in all in 25 uxinutes.

T. sativum var. dicoccum: Begins in some in 20 seconds,
in many in 1 minute; complete in all in 15 minutes.

NOTES ON THE STARCHES OF TRITICUM.

The wheat starches are closely alike in all respects. Apart from the fact that in T. sativum

var. vulgare the grains are somewhat less irregular and less variable in form, that the lamellae are

visible in a less numljer of grains and fewer in number, and the slightly smaller size of the grains,

all of which differences are minor and may be incidental, there are no noticeable differences in the

gross histological characteristics. In the reactions, in this starch polarization is slightly higher,

the iodine reaction slightly lower, the temperature of giilatinization higlier (1.1), and the .sensitivity

less to all of the chemical reagents. While the differences are not marked they are sufficient to

permit of a positive differentiation.

GENUS SECALE.

Secale cereale Linn., which is the only cultivated rye, is regarded liy Hackel as originating from

S. monlanum, a native of the region between the Black Sea and tiie Caspitm. Two agricultural

forms of this species, Mammoth Winter rye and Spring rye, were studied as types.

STARCH OF SECALE CEREALE VAR. (MAMMOTH WINTER).

(Plate 2, figs. 11 and 12. Chart 17.)

Histological Characteristics. In form the grains are simple and generally isolated. Aggregates
are frequently observed which consist usually either of numerous minute grains or of one large

grain with several very small ones adhering to it. There are, as in Triticum, two classes of grains,

large and small, which represent different forms of starch. The conspicuous forms among the large
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grains are round, oval, and ovoid. In addition, there arc occasional bean-shaped, slightly poly-
gonal, triangular with rounded angles, and hemispherical grains. When viewed on edge the grains
are elUiitical, spindle-shaped, or lenticular. The conspicuous forms of the small grains are globular
to oval, but since so many of them were jiarts of aggregates they vary cousideraijjy in shape and tend
to have angular and somewhat irregular forms, such as triangular, i)oIygoual, dome-shaped, and

spintlle-shaped. The grains of Secnle closely resemble those of Triticum, but the largest grains are

of greater size, and the small gi-ains teiid to be more angular and variable in shape.
The hilum is not usually visible. It is rarely observed as a small, clear, round spot which is

centric in position. Either an irregular cavity or clefts are often found at the position of the hilum,
and the clefts are clean-cut and arrangetl so as to form a cross, a star, or a Y-shaped figure. When
viewed on edge, a mesial line or groove similar to that noted under Triticum may be present. The
grains of Secale differ from those of Triticum in having the central clefts, but in general the resem-
blance is well marked.

The lamellw are usually indistinct, but occasionally fine, concentric, regular rings can be ob-

served, the number of which on large grains is from 12 to 16.

The gi-ains vary in size from the smaller, which are 2 bj- 2/(, to the larger, which are 48 by 44/^

and 44 by 44u. The common size is 2S/i.

Polariscopic Properties. The figure is usually centric. It usually is distinct in the medium and
small grains, but not in the larger grains. The lines in case of a distinct figure are generally rather

thick and straight, broadening towai-ds the margin of the grain. In the indistinct figure of the

large grains the lines are diffused and more clearly defined

at the margin of the grain. A large central dark space
is frequently ob.served. The lines are sometimes either

bent or bisected.

The degree of polarization is low to fairly high when
the grains are viewed on the flat, and quite liigh when
viewed on edge. It is lowest in the largo grains, and
often varies in the aspect of a grain, being higher at the

margin than at the center of the large grain. Polariza-

tion is higher in a larger proportion of grains than in

Triticum. On the whole it is low.

With sdeiiite the quatlrants are not well defined, are

slightly irregular in shape, and unequal in size in most
of the grains. In a few grains they are regular in shape
and equal in size. The colors in most of the grains are

not quite pure.
Iodine Reactions. With a 0.25 per cent Lugol's solu-

tion the grains all color a fairly deep blue to reddish-

violet; with a 0.125 per cent solution they color lightly,

and the color deepens fairly rapidly. After heating in

water until all the gi-ains are completely gelatinized the solution colors fairly antl the gelatinized

grains very deeply on the atldition of iodine. After boiling for 2 minutes the solution colors very

deeply and most of the gelatinized grain-residues very lightly. The capsules, which are much
folded and crumpled, all color red-violet with an excess of iodine.

Staining Reactions. With gentian violet the gi-ains begin to stain lightly at once, and in 30

minutes they are very lightly to lightly stained.

With safranin the gi-ains begin to stain lightly at once, and in 30 minutes they are very lightly

to lightly stained.

Temperature Reaction. The temperature of gelatim"zation is 60 to 62 C, mean 01.

Effects of Various Reagents. With chloral hydrate-iodine the reaction begins in most of the

grains at once. About half .are gelatinized in 5 minutes, nearly all in 10 minutes, and all in 20

minutes. The reaction starts at one or more points on the margin, or on the margin generally,

and the process moves inward from all parts, and as a rule more rajiidly from certain are:is. The

gelatinized grains are not very large and retain much of their original form.

The reaction with chromic acid lu'gins in from 10 to 20 seconds and is over in 2M minutes.

The hilum and lamelhe sometimes become more distinct, and in some grains the starch at one or

two points on the margin, wiiere erosion or gclatinization has i)robably started, begins to gelatinize

s
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and dissolve. In normal grains fine striae appear, radiating from the hilum in all directions towards

the periphery. The less resistant starch passes into a semiliquid mass which occupies the central

part of the grain, and the more resistant starch forms a marginal ring which is finely striated, and
becomes a thin, transparent, homogeneous-looking capsule as the grain swells. This capsule is

dissolved at one or two points, and the semiliquid inclosed starch flows out and is dissolved, followed

by solution of the capsule.

With pijrogallic acid the reaction begins in all the grains in from 30 to 45 seconds and is over

in IM minutes. The hilum and lamella; become very distinct, and fine stria; ajipear radiating from

the hilum in all directions. The grain swells, but the less resistant starch, whose early gclatiniza-

tion is the i^rimary cause of the swelling, does not collect in the center, but remains ilistriliutetl

throughout the grain, and the more resistant starch also remains in place, so that there are in the

swollen grains several striated, concentric bands separated by clear spaces. These bands become

clearer, until in manj' grains it is very difficult to distinguish them. The gelatinized grains are

large, clear, and often retain much of their original form and some of their lamellar markings, while

the capsules of others are folded and wrinkled.

The reaction with ferric chloride begins in a few grains in ^^ minutes. In 30 minutes about

half of the grains are completely gelatinized, and in an hour nearly all are completely gelatinized.

The reaction begins at several points on the margin. The starch at these parts gelatinizes and swells

irregularly, and the process extends inward over the rest of the grain. In some cases tlie process
at first affects all the starch of the margin, and then proceeds inward. The central starch mean-
while becomes granular and rather clear. The swollen grains are large and do not retain much of

their original form. The capsule is usually much wrinkled and folded.

The reaction begins in some of the grains in a minute with Purdy's solution. A few grains are

partially gelatinized in 20 minutes, but there is not much further change in an hour. The reaction,

as far as it goes, is much like that with pyrogallic acid, the main difference Ijeing that with Purdy's
solution the marginal starch appears more sensitive to the reagent than the central starch.

STARCH OF SECALE CEREALE VAR. (SPRING). (Plate 2, figs. 11 and 12. Chart 18.)

Histological Characteristics. In form the grains are usually simple and for the most part iso-

lated. There are some aggregates which consist usually either of numerous minute grains, or of

one large grain with several very small ones adhering to it. The conspicuous forms, lioth of the

large grains and small grains, are the same as those noted

for Mammoth Winter rj'e.

In some of the medium-sized grains the hilum may be

distinguished as a clear spot which is centric or slightly

eccentric in position. Usually the hilum is not visible.

Quite often either an irregular cavity or clefts are found

in the region of the hilum similar to those noted under

Mammoth Winter rye.

The lamellce, both as to number and character, closely

resemble those of Mammoth Winter rye.

The grains vary in size from the smaller, which are

2 by 2ju, to the larger, which are 48 by 48^ and 40 by 40/j.

The common size is 28^1.

Polariscopic Properties. The figure is usually centric

and is distinct in the medium-sized and small grains. It

is distinct in a larger proportion of large grains than in

Mannnoth Winter rye. The figure and lines are the same
as noted for Mannnoth Winter rye.

The d(;gree of polarization is low to fairly high when

grains are vii:wed on the (lat, and quite high when viewetl

on edge. It is on the whole low, but somewhat higher in a greater proportion of grains than in

]\Iammoth Winter rye.

With selenite the quadrants and the colors are the same as those noted for Mammoth Winter rye.

Iodine Reactions. With a 0.25 per cent Lugol's solution, the grains all color a fairly deep blue

to a reddish-violet; with a 0.125 ptT cent solution they are lightly colored. The coloration is the
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same as that of the grains of RIanimotli Winter rye. After heating in wat<'r until all the grains are

completely gelatinized, the solution colors fairly and the gelatinized grains very deeply. After boil-

ing for 2 minutes the solution colors very deeply and most of the grain-residues very lightly. The

capsules, which are nnicli crumjjled and folded, are colored a red-violet with an excess of iodine.

^tainiitg Reactions. With gentian violet the grains begin to stain lightly at once and in 30

minutes they are lightly stained. The color is a little deeper than that of the grains of Manmioth

Winter rj'e.

With safranin the grains begin to stain lightly at once and in 30 minutes they are lightly

stained. The color is slightly deeper than that of the grains of Mammoth Winter rye.

Temperature Reaction. The t^-mperaturc of gelatinization is 61 to 63 C, mean 62.

Effects of Various Reagents. With chloral hydrate-iodine the reaction begins in many of the grains

immediately. About nine-tenths are gelatinized in 5 minutes, and all in 10 minutes. The reaction

is the same qualitatively as that of the grains of Mammoth Winter rye.

The reaction with chromic add begins in from 20 to 30 seconds and is over in 2 minutes. It

is the same qualitatively as that of the grains of Mammoth Winter rye.

With pijrogallic acid the reaction begins in some of the grains in 10 to 15 seconds and in the rest

in 30 minutes. It is over in IJ^ minutes. It is the same qualitatively as that of the grains of Mam-
moth Winter rye.

The reaction begins in a few grains in a minute with ferric chloride. In 30 minutes about

two-thirds of the grains are completely gelatinized, and in an hour practically all are completely

gelatinized. The reaction is the same qualitatively as that of the gi-ains of IMammoth Winter rye.

The reaction with Purdy's solution begins in some of the grains in a minute and in most in 3

minutes. There is but little change after this, even at the end of an hour.

Differentiation of the Starches of the Genus Secale.

Histological Characteristics. Polabiscopic Pkoperties. Continued.

Conspicuous Forms.

Mammoth Winter rye: Simple. Large grains round, oval,

ovoid; small grains globular to oval.

Spring rye: Same as in Mammoth Winter rye.

Hilum Form, Number, ami Position.

Mammoth Winter rye: Form not u.sually visible; clear,

rotmd spot, or irregular cavity or clefts. Position

centric or slightly eccentric.

Spring rye: Form same as for Mammoth Winter rye.

Position centric or slightly eccentric.

Lamcllw General Characteristics and Number.

Mammoth Winter rye: Usually indistinct; fine concentric,

regular rings. From 12 to 16 on the larger grains.

Spring rye: Same as in Mammoth Winter rye. From
12 to 16 on the larger grains.

Size.

Mammoth Winter rye: From 2 to 48/i, usually 28;u.

Spring rye: From 2 to 48;i, usually 28m.

Polabiscopic Properties.

Mammoth Winter rye: Usually centric, not distinct in

large grains, but distinct in medium and small-

sized grains; central dark area in large grains;
lines usually rather thick and straight.

Spring rye: Same .as for Mammoth Winter rye, but the

figure is distinct in a larger proportion of the

larger grains.

Degree of Polarization.

Mammoth Winter rye: Low to fairly high, on the whole

low.

Spring rye: I^ow to fairly high, on the whole somewhat

higher than in Mammoth Winter rye.

Polarization with Selcnile Quadrants and Colors.

Mammoth Winter rye: Quadrants not well defined, slightly

irregular in shape and unequal in size. Color not

pure.

Spring rye: Quadrants same as in Mammoth Winter

rye. Color not pure.

Iodine Reactions.

Intensity and Color.

Mammoth Winter rye: Fairly deep; blue lo reddish- violet.

Spring rye: l''airly deep, the same as in Mammoth Winter

rye; blue to reddish-violet.

Staining Reaction.s.

With Gentian Violet.

Mammoth Winter rye: Very light to light.

Spring rye: Light, slightly deeper than in Mammoth
Winter rye.

With Safranin.

Mammoth Winter rye: Very light to light.

Spring rye: Light, slightly deeper than Mammoth Winter

rye.

Temper.\ture of Gelatinization.

Mammoth Winter rye: 60 to 62 C, mean 61.

Spnng rye: 61 to 63 C, mean 62.

Effects of Various Reagents.

Reaction with Chloral Hydrate-Iodine.

Mammoth Winter rye: Begins in most in 2 minutes;

complete in all in 20 minutes.

Spring rye: Begins in most in 2 minutes; complete in

all in 10 minutes.
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Differentiation of the Starches of the Genus Secale. Continued.

Effects of Various Reagents. Continued. Effects of VAnions Reagents. Continued.

Reaction with Chromic Acid.

Mammoth Winhr rye: Begins in 10 to 20 seconds; com-

plete in all in 2)4, minutes.

Spring rye: Begins in 20 to 30 seconds; complete in all

in 2 minutes.

Reaction with Pyrogallic Add.

Mammoth Wiiiler rye: Begins in 30 to 45 seconds; com-

plete in all in P4 minutes.

Spring rye: Begins in 10 to 30 seconds; complete in all

in IJ^ minutes.

Reaction with Ferric Chloride.

Mammoth Winter rye: Begins in a few in 1 3^ minutes; com-

plete in half in 30 minutes, and in nearly all in an hour.

Spring rye: Begins in a few in a minute; complete in about
two-thirds in 30 minutes, and in nearly all in an hour.

Reaction with Purdy's Solution.

Mammoth Winter rye: Begins in some in a minute; a
few jiartially gelatinized in 20 minutes, and but
little further change in an hour.

Spring rye: Begins in some in a minute; Uttle further

change during an hour.

NOTES ON THE STARCHES OF SECALE.

The two starches examined do not exhibit any appreciable differences in their gross histo-

logical characters. In the reactions it is seen that the Mammoth Winter rye has a lower degree of

polarization, lower reactions with the aniline dyes, a lower temperature of gclatinization (1), a

higher sensitivity to chloral hydrate-iodine and Purdy's solution, and a lower sensitivity to chromic

acid, pyrogallic acid, and ferric chloride.

GENUS HORDEUM.
This genus comprises about twelve known species. The origin of Hordeum sativum Jess., the

cultivated barley which occurs in various agricultural forms, is yet imknown, but according to

Hackcl it originated from //. spontaneum C. Koch, "which gi-ows wild from Asia Minor and Cauca-

sian countries to Persia and Beloochistan, as well as in Syria, Palestine, and Arabia Petraea." An

agricultural form of //. sativum known as Champion barley was used as a type of the genus.

STARCH OF HORDEUM SATIVUM VAR. (CHAMPION). (Plate 3, figs. 13 and 14. Chart 19.)

Histological Characteristics. In form the grains are simjilo and isolated, with the exception

of a few in the form of aggregates and clumiis. The aggregates consist generally either of numerous

grains of variable size, or of one largo grain with very small grains closely adherent. The conspicu-

ous forms of the large grains are round, oval, ovoid, and reniform. When viewed on edge they are

spindle-shaped, elliptical, or occasionally plano-convex. In addition, triangular forms with rounded

angles and sides may be observed. The minute grains are usually glolnilar, but are sometimes

spindle-shaped or oval. Hemispherical and dome-shaped grains are also present among lioth the

large and small grains. The starch of Ijarley closely resembles that of wheat, Init the grains are

not so large, and more reniform or bean-shaped forms are found. The large and small grains respec-

tively represent different forms of starch.

The hilum is not usually visible, Init it may occasionally be observed as a clear, round spot,

which is centric or slightly eccentric. Either a cavity or one or more clefts are rarely found in the

region of the hilum. When viewed on edge the longitudinal medial cleft or groove similar to that

noted in T. sativum var. vulgare is sometimes observed.

The lamellw are often invisible, but when observed they are rather coarse and complete con-

centric rings. On grains of common size from 6 to 8 lamellae have been counted.

The grains vary in size from the smaller, which are 2 by 2fi, to the larger, which are 28 by 26/^.

The common size is 19/i.

Polariscopic Properties. The figure is usually centric. It is distinct in the small grains, but

not well marked in tlie large ones. In the small grains the lines of the figure are rather thick and

commonly straight. In the large grains they are generally more distinct towards the margin, and

for the most part straight, although they may be bent and also bisected. The figure resembles

closely that of Triticum sativum var. vulgare, but is not quite so distinct in the large and more

irregular grains.

The degree of polarization is low in the large grains to fairly high in the small grains. It is

higher at the margin than at the center in the large grains; and in some gi-ains there is a variation

in the different quach-ants. Polarization is fairly high when the grains are viewed on edge. On the

whole it is low. In some grains only parts of the extreme margin are anisotropic.
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GENUS AVENA.
lucliKlcd in tiliis goiuis aro about 50 species which are native to the temperate regions of the

01(1 and New Worlds. The most important species is ^4. saliva Linn., of which there are riuite a

niunber of cultivated forms. The agricultural variety or form known as Clydesdale oats was used

as a type of the genus.

STARCH OF AVENA SATIVA VAR. (CLYDESDALE). (Plate 2, figs. 15 and 16. Chart 20.)

Histological Characteristics. In form the grains are usually simiile and are in part isolated,

and in part in aggregates which consist of two or more componcTits, and in clumps. The conspicu-
ous forms of the aggregates, which are very i^rominent in oat starch, are oval, ovoid, and pyriform.
The component grains vary in number from two to very manj^ The conspicuous forms of the

isolated grains are polygonal, spindle-shaped, oval, ovoid, round, and irregular oval with one side

either flattened or concave. The large round grains resemble those of Triticum.

The hilurn is frequently invisible. It is occasionally observed as a clear round spot, centric

or slightly eccentric. Either a nearly roimd cavity or a longitudinal cleft may sometimes be found.

Spindle-shaped grains arc often doublets having a cavity at the region of each hilum.

The lamdlce are not visible.

The isolated grains vary in size from the smaller, which are 2 by 2/x, to the larger polygonal,
wdiich are 12 by lOyu, and to the large ovoid and roimd grains, wdiich are about 20 by 18/j. The
common size of the isolated grains is 8/i. The aggregates may be as large as 40 by 30/x.

Polariscopic Properties. The figwc in the smaller grains appears to be centric, but it is so

small and polarization so low that the details of its form can not Ixb acciu-ately determined. The

figure in the larger grains is centric or slightly eccentric. The lines of the figure aro usually not

distinct, excepting towards the margin; and they are rather thick and sometimes straight, but often

either bent or bisected.

The degree of "polarization is low in most of the gi'ains, but rather high in a few. It frecpiently

varies in the same aspect of a grain. The different quadrants in the small grains often show a vari-

ation, and in the majority of the larger grains the

polarization of the margin is higher than of the central

portion, and it may be entirely or almost entirely

absent. Occasionally it is rather high throughout the

grain. It is higher when the grain is viewed on edge.

On the whole, it is low.

AVith selenitc, in the small gi'ains the quadrants are

well defined, somewhat irregular in shape, and unequal
in size. In the larger grains the quadrants are seldom

well defined, and they are irregular in shape and miequal
in size. The colors arc not pure; the yellow is propor-

tionately brighter than the blue. In a few grains the

colors are quite bright and almost pure.
Iodine Reactions. With a 0.25 per cent Lugol's

solution, most of the grains color a very light old-rose

to a light reddish-violet; a few do not color at all, while

a few color deeply. The color gradually deepens until

in 30 minutes most of the grains are cither of a rather

dark i-cddish-violet or a fairly deep old-rose. With a

0.125 per cent solution the grains color a light reddish-

violet, which becomes fairly deep in 5 minutes, and quite deep in 30 minutes. After heating in

water until the gi'ains are completely gelatinized, the solution does not color, but the grains assume
a deep purple tint on the addition of iodine. After boiling for 2 minutes the solution colors a very

deep purple and the grain-residues a light r(>ddish-violet. The capsules assume a deep old-rose or

wine color when an excess of iodine is added.

Staining Reactions. AVith gentian violet the grains begin to stain very lightly at once and in

30 minutes they are lightly stained.

AVith safra7iin the grains liegin to stain very lightly at once and in 30 minutes they are lightly stained.

Temperature Reaction. The temperature of gelatinization is 62 to 64 C, mean 63.

p
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EJh'cts of Vurious haujcntg. With chloral hydndc-iodinc the reaction begins in oO seeonds to

a minute and is over in 8 minutes. The reaction originates at the jiromineut angles and edges of

tlie facets, whicli dari<en and swell slightly, and from these jioints it spreads inward evenly and
without much swelling over the rest of the grain. The gelatinized grains are not very large and retain

much of the original form of the grain. They have a central light jwrtion surrounded bj^ a broad

mai'ginal band of dark starch.

The reaction ^vith chromic acid begins at once and is over in 40 seconds. It is so rapid that it

was impossible to distinguish the different steps.

With pyrogalUc acid the reaction begins in 15 to 30 seconds and is f)ver in 13^9 minutes. The
hihan becomes distinct and clear, and clear lines often extend from the liihun nearly to the angles
of the facets. The grain swells as the less resistant starch becomes gelatinous, forming a large mass
which is clear in the central portion and has a fairly broad, dense marginal band formed by the more
resistant outer starch. This band is less dense and not so liroad at the angles of the facets, and it

becomes transparent and less broad and dense, until finally there remains only a thin, transparent

capsule. The gelatinized grains are large and retain some of their original form. The capsules
are often A\Tinkled, crumpled, and folded. The components of the aggregates often separate or

partially separate from one another during the process of gelatinization.

The reaction with ferric chloride begins in many grains in a minute and is over in 10 minutes.

The reaction starts at the angles and edges of the facets, and the starch at these points becomes

gelatinous and swells out irregularlj'. The hilum now becomes distinct, and the less resistant starch

of the inner part of the grain gelatinizes, causing the grain to swell. The resistant marginal starch

is gelatinized at first only at the angles and edges of the facets, but later all parts become gelatinous.
The gelatinized grains are very large and retain some of the original form of the grain. The cap-
sules are often wTinkled anil crumpled.

The reaction with Purdy's solution begins in some of the grains in a minute and in 20 minutes about
one-fourth are partially or completely gelatinized. The reaction is very incomjilete at the end of an
hour. The reaction, as far as it goes, presents the same appearances as that with pyrogallic acid.

GENUS ARRHENATHERUM.
This is a genus of pasture grasses. One member, commonly known as Avena elatior Beauv.,

is of agricultural importance, the seed being sold as a cereal under the same name.

STARCH OF ARRHENATHERUM ELATIUS VAR. (Plato 3, figs. 17 and IS. Chart 21.)

Histological Characteristics. In form the grains are usuallj' simple, l.)ut there are manj- aggre-

gates consisting of from two to many components. Pressure facets are well markeil on the separated

grains. The conspicuous forms of the aggregates which characterize this starch are round, oval,
and ovoid, and resemble those of Arena, l)ut arc of smaller size. The conspicuous forms of the simple

gi'ains which consist of the "filling-in grains" (Fiillstarke, Tschirch) and the separated-grains are

usually polj'gonal, but there are a few round, oval, ovoid, and dome-shaped. These gi-ains resemble

those of Avena, but there are more separated-grains, and these are more crystalline in appearance
because of the more marked angularities caused by the pressure facets.

The hilum may be found as a round central spot, but generally there is either a cavity or cleft

at the position of the hilum. From the cavity small radiating fissures occasionally emerge.
No lamcllce can he seen.

The simple grains vary in size from the smaller, which are 2 liy 2n, to the larger, which are 14

by \2n. The common size of the isolated grains is 8 bj' 8/i. The aggregates are as large as 18 by lOyu.

Polariscopic Properties. The figure appears usually to be centric. In grains in which the figure

can be distinguished the lines are rather thick and mostly straight. The majority of the grains are

so small and the polarization so low that it is impossible to satisfactorily determine the details of

the figure, but as far as can be determined the figure and lines are about the same as in Avena.

The degree of polarization is low to fair and varies in a majority of the grains in the same aspect
of the grain. On the whole it is low. In the large grains it may be almost or entirely absent.

With selenite the quach-ants are sometimes fairly well defined, and in the majority in which

they can be distinguished they are slightly unequal in size and irregular in shape. The blue is gen-

erall}- pure, but the yellow not quite pure. The colors appear to be purer in a larger proportion
of grains than in Avena.

26
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Iodine Reactions. With a 0.25 per cent Liigol's solution the most of the grains color a very

Hght old-rose, a very few take on a deep reddish-purple, while some do not color at all; with a

0.125 per cent solution the grains color a light old-rose, which in 5 minutes has become fairly deep.
It is lighter and much redder than in grains of Arena. After heating in water until all are gelatin-

ized, the solution does not color at all, but the gelatinized grains color a very deep purple, rather

darker than in Avena. After boiling for 2 minutes, the

solution colors a very dark bluish-purple and the grain-

residues a very light old-rose tint. When an excess of

iodine is added the capsules assume a deep wine-red color.

Staining Reactions. With gentian violet the grains

begin to stain very lightly at once and in 30 minutes

they are lightly stained, the color being the same as

that of Avena.

With safranin the grains begin to stain very lightly

at once and in 30 minutes they are lightly stained, the

color being the same as that of Avena.

Temperature Reaction. The temperature of gelatin-

ization is 59.5 to 61 C, mean 60.25.

Effects of Various Reagents. With chloral hydrate-

iodine most of the grains begin to react in 45 seconds and

the reaction is over in 10 minutes. It is the same quali-

tatively as that of Avena.

The reaction begins at once with chromic acid and
is over in 40 seconds. It is so rapid that it is not pos-
sible to distinguish the separate steps.

The reaction with pTjrogalUc acid begins in 30 to 45 secontis, and is over in 5 minutes. It is

the same qualitatively as that of Avena.

Withfeiric chloride the reaction begins in a few grains in IJ^ minutes and is over in 10 minutes.

It is the same qualitatively as that of Avena.

With Purdy's solution there is a slight reaction in a few grains in 2 minutes. Aliout one-fifth

are completely gelatinized in 15 minutes and about two-fifths in 40 minutes. There is little further

change in an hour. It is the same qualitatively as that of Avena.
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STARCHES OF LEGUMINOS/E.

Class, Dicotyledoncs. Order, Rosales. Family, Legumiiiosff . Genera rei^reseiited : Vicia,

Phaseolus, Dolichos, Mucuna, Lens, Lathyrus, Pisuni, Wistaria, Aracliis.

The Lcguminosw, or pulse family, or legumes, are distributed over almost every country of

the earth, and include about 430 genera and 7,000 species, many of which are of considerable im-

portance, serving a great tliversity of purposes. Of this large number of genera we had the oppor-

tunity of studying the starches of only nine representatives.

GENUS VICIA.

The genus Vicia is closely relateil to Phasculus, Dolichos, Mucuna, and Glycine. Lens jjrobably

serves as a connecting link between them and Lathyrus and Pisum. Vicia is stated to comprise about

200 species, of which about 120 arc well defined. They are widely distributed in North and South

America and Europe, and to some extent in Central America. The starches of the following five

species in common cultivation were studied: Vicia saliva Linn, (spring vetch or tare) is cultivated

in both the Old and New Worlds as a fodder crop or cover crop, or for its seeds, which are rich in

starch and yield a starchy flour, etc. V. villosa. Roth, (sand, winter, or hairy vetch) is cultivated

chiefly as a cover crop. V.faba Linn. {Faba vulgaris Moonch., F. saliva Bernh.) is gro^\ai for forage

and for the seeds. This s]iecics has been cultivated since prehistoric times and is known as the field,

horse, broad, tick, and Windsor bean. V. fulgens Batt and V. gerardi Vill. are garden species that

are cultivated for their pca-shai)ed flowers.

According to the agi'iculttn-ist the beans in common cultivation may be grouped in five classes:

(1) the broad Itcan, of which Vicia faba is the type, as instanced in the well-known English horse

bean above referred to; (2) the kidney bean (Phaseolus vulgaris), including the many varieties of

the string and snap beans of the garden antl field; (3) the flat, kidney-shaped beans (Phaseolus

lunalus), which include the lima beans; (4) the small flattened or rouniled beans of Dolichos, well

knowii as the velvet bean, asparagus bean, etc.
; (5) the small, pea-like l)eans of Glycine, and typi-

fied by the common soy or soja bean, Avhich contains little or no starch.

STARCH OF VICIA SATIVA. (Plate 4, figs. 19 and 20. Chart 31.)

Histological Characteristics. In fonn the grains are simiile and isolated, with the exception of

a few in aggregates. The grains arc most connnonly bean-sliapeil, elongated oval, o^oid, lenlicular

and broadly lenticular, pyriform, and round to nearly round. There are some polygonal with rounded

corners, and rarely triangiilar or heart-shaped. Thei'c are many irregularities of the siu'face in these

forms caused by bulgings and indentations. Most of them show also deep, branching cracks run-

ning along the median line. The central part of such a grain apjiears to be a more or less homo-

geneous mass. This part is surrounded liy a lamellated portion which is often fissured radially.

Many of the grains in this preparation were partially gelatinized, owing probably to heat generated

during gi'inding. The grains are not as thick as broad.

In some of the rountled forms a hihmi may be observed in the form of a central clear, slightly

refractive spot; but in other of these gi-ains, and in the elongated grains, the position of the hilum

is marked by a mesial fissm-e which often has branches which run to the sides and end. The central

mass, when not fissiu'ed, appears more or less finely granular and occupies a large area, and in some

grains is surrounded by a fissure.

The knnellcB are very distinct. In some of the forms they are coarse, concentric rings, and in

others those adjacent to the central mass follow the irregtilarities of its margin, while the outer

rings tend to follow the irregularities of the margin of the grain. Those nearer the central part

are coarser and more prominent than those near the margin. They vary in number from foiu- to

twelve.

The grains vary in size from 6 to 42^1. The common size is 26/u.

Polariscojnc Properties. The figure is varial)le in accordance with the shape of the grain and

other conditions. In most of the grains there is a central dark area from whicli lour or more lines

radiate. The presence of fissuration gives rise to more or less modification. In the unfissured grains
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it was in the form usually of a Ions, broad line with bisected ends occupying the long diameter

of the grain, or a cross, commonly with a large ilark area at the intersection of the lines. Tlie lines

are generally broad and not clear-cut. The mesial line with bisected ends is very conspicuous and

may be referred to as the bean ty]3e.

The degree of polarization is high, as a rule, although it is absent in some places because of

irregularities, such as depressions and fissures on the surface of the grains. It is iiigher when the

grain is viewed from etlge or end.

With selenite the quach-ants are well defined, but irregular in shape, very unequal in size, and

often subdivided. The colors as a rule are pure or fairly pure.

Iodine Reactions. With a 0.2.5 per cent Lugol's solution, the grains color a fairly deep blue-

violet; with a 0.125 jier cent solution, the grains are at first tinteil ligliMy and the color deepens

somewhat. After heating in water until all the grains

are completely gelatinized, the solution is quite deeply

colored and the capsules very deeply on the addition of

iodine. The grains are much swollen and distorted.

After boiling for 2 minutes tlie solution becomes more

deeply colored, but the grain-residues much less deeply.

With an excess of iodine most of the capsules become a

violet color, and usually inclose some blue-reacting

starch.

Staining Reactions. With gentian violet the reac-

tion begins immethately in some of the grains, while

otliers are only very lightly stained after 114 minutes.

In 30 minutes the color is scarcely deeper than at the

beginning. The partially gelatinized grains are more

deeply stained than the uninjured grains.

With safranin the reaction begins in IJ^ minutes,

but after 30 minutes the color is light.

Temperature Reaction. The temperature of gelatini-

zation is 72 to 73 C, mean 72.5.

Effects of Various Reagents. With chloral hydrate-

iodine the reaction begins in some of the grains in 30 seconds. About half are gelatinized in 30

minutes, two-thirds in 15 minutes, three-fourths in 30 minutes, and nine-tenths in an hour. Both

tlie hilum or tlie fissures or spaces representing tlie hilum and the lamella' are rendereil very distinct.

Gelatinization begins by tlie darkening of one end, the process spreading rapidly over the wliole grain

and attended l^y slight and uniform swelling. When the whole grain has darkened, swelling con-

tinues evenly. The gelatinized grains are in the form of an irregular mass in which the center is

separtited more or less completely from the dark marginal ring by a lighter space. The marginal

ring shows alternate light and dark concentric bands. The swollen grains are not much distorted,

nor very large.

The reaction with chromic acid begins immediately in some of the grains, and in 30 seconds in

all. It is over in 5 minutes. Botli hilum and Jamelke are very distinct. The reaction begins by

fissuring of tlie liilum or region of tlie hilum, and frequently by an extension of radial fissures tlirough-

out the grain. The region of the liiluni swells, and the more resistant stai-ch of the outer part of

the grain is formed into a ring which shows fine strise and concentric, alternate, refractive and

non-refractive lines, and also occasionally irregular granules on the inner side. This ring becomes

clear and thinner as the grain continues to swell, until a large, ovoid, thin-walled mass is formed.

All parts of the gelatinized grain dissolve with the same readiness.

The reaction with pijrogallic acid begiiLS in all in 30 seconds and it is over in 5 minutes. Both

hilum and lamellai are rendered very distinct. The reaction begins in a swelling of the hilum; the

inner part of the grain becomes a finely granular mass; and the marginal jiortion is changed to a

distinctly striated ring that is marked with concentric light and dark lines. Tiiis ring may become

invaded Ijy deep, stellate fissures as the grain continues to swell. The gelatinized grain is very large

and much distorted by many rounded, small, saccular projections at the margin.

With ferric chloride the reaction begins in a few grains in a minute and about two-fiftlis are

completely gelatinized in 13 minutes. Other grains are not affected at all even after an hour. Both
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hilum and lamellae are very prominent. The reaction begins with gelatinization, great swelling
and protrusion at one end, and it advances slowly over the whole grain, proceeding more rapidly
in the central part. The reaction reaches the other end, at which point the grain may be divided

by fissures, and the pieces suddenly separate, and then undergo swelling independently. The
swollen grains are very large and irregular, and much distorted by lobulations.

The reaction with Purdy's solution liegins in some of the grains in 30 seconds. About three-

fourths are affected and about half are fully gelatinized in 1.5 minutes. The reaction is not complete
in an hour. Both hilum and lamellae are very jirominent. The character of the reaction is identical

with that with pyrogallic acid, with the exception that very often the grains are not greatly swollen.

STARCH OF VICIA VILLOSA. (Plate 4, figs. 21 ami 22. Chai-t 32.)

Histological Characteristics. In form the grains are simple and isolated, with the exception of

a few found in some closely fitting aggregates. The surface of the grains is frequently rather irregu-

lar, owing either to incidental elevations or indentations at various points. The conspicuous forms

are the bean-shaped, elongated, irregular oval and regular oval, and small rounded forms. There
are some polygonal, triangular with rounded angles, and irregular heart-shaped grains. The grains
are usually not so thick as broad.

In some of the small, simple, rounded forms the hilum appears to be round, and centric or

slightly centric, but in other rounded forms and in the bean-shaped and other larger forms, the

position of the hilum is represented by a fissure. The central non-lamellated portion of the grain
is frequently fissured. A conspicuous fissure, which is long, broad, and deep and extends along the

middle of the grain, is quite often observed. It may be clear-cut, but frequently is rather ragged,
and usually has branches extenchng on each side into the

substance of the gi'ain almost to the margin. There is in

some grains a central granulated mass which may be sur-

rounded by a branched wi-eath-hke fissure.

In the round forms the lamella are distinct, rather

coarse, continuous, concentric lines. In many of the

elongated grains they are coarse, continuous bands, the

outermost following the outline of the margin, and there-

fore showing irregularities of the contour of the grain. In

some of the grains the lamellae are more distinct centrally
than peripherally, but in others the revei-se. They vary
in number from fom- to ten, and resemble those observed

in Vicia saliva.

The grains vary in size from the smaller, which are

6 by 6ju, to the larger, which are 44 by 24/i in length and
breadth. The common sizes are 28 by 2lfi or 30 by 26yu

in length and breadth.

Polariscopic Properties. The figure is centric or

slightly eccentric. In the majority of the grains there

is a large, central dark space from which several dark

lines pass at irregular intervals. The lines of the figure of the small grains are rather thick, and

may be either straight or bisected. Peculiarities of the figures and lines, as a whole, are the same
as those observed in Vicia saliva.

The degi-ee of polarization is high, although it is absent from a considerable space in the medial

part of most of the larger grains, and it sometimes varies in the same aspect of a grain. It is higher
when the grain is viewed from the side. It is scarcely as high, and the mesial non-illuminated area

is larger, than in Vicia sativa.

With sele7iite the quadrants in some grains are well defined throughout, while in others they
are only distinct near the margin of the grain. They arc usually irregiilar in shape and unequal in

size, and often subdivided. The colors are commonly jiure and about the same as in Vicia sativa.

Iodine Keactimis. Witii a 0.25 per cent Lugol's solution the grains are colored a fairly tleep

violet; with a 0.125 per cent solution they color a very light violet, and the color deepens fairly

rapidly. The tint is deeper than in V. sativa. After heating in water until all the grains are gela-

tinized, the solution colors an indigo-blue and the gelatinized grains a blue-black on the addition of
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iodine. After boiling for 2 minutes the solution colors a deep indigo-blue and the grain-residues a

bright blue of much lighter color. The capsules are colored a deep reddish-purple with an excess

of iodine.

Staining Reactions. With gentian violet the grains begin to stain in a minute and in 30 minutes

they are very lightly stained, slightly less than the grains of V. sativa.
'

With safranin the grains begin to stain at once and in 30 minutes they are lightly stained,

slightly less than the grains of V. sativa.

Temperature Reaction. The temperature of gelatinization is 05 to G7 C, mean 66.

Effects of Various Reagents. With chloral hydrate-iodine some of the grains begin to react in

20 seconds. About one-third are gelatinized in 5 minutes, two-thirds in 15 minutes, four-fifths in 30

minutes, and nine-tenths in an hour. The reactions are the same qualitatively as those of V. saliva.

The reaction with chromic acid begii\s in some grains in 15 seconds and in all in 45 seconds. It is

over in most in 1% minutes and in all in 2,1 i minutes. It is the same qualitatively as that of V. sativa.

With pyrogallic acid the reaction begins in most of the grains in 15 seconds and is over in all

in 1,1-2 minutes. It is the same qualitatively as that of the grains of V. sativa.

The reaction -with ferric chloride begins in a few grains in a minute. About two-thirds are com-

pletely gelatinized in 15 minutes and practically all in 40 minutes. It is the same qualitatively as

of V. sativa.

The grains begin to react in a minute with Purdy's solution. About three-fourths are completely

and all Init a few are partially gelatinized in 8 minutes, and all are completely gelatinized in 20

minutes. The reaction is the same qualitatively as of V. sativa.

STARCH OF VICIA FABA. (Plate 4, figs. 23 and 24. Chart 33.)

Histological Characteristics. In form the grains are simple and isolated. In a few grains well-

marked depressions chvide the grain into several distinct portions, each of which has its central

cavity, irreg-ular fissures, or hilum, thus suggesting a compound grain. The conspicuous forms are

the ovoid to oval and elliptical. There are in addition reuiform, pjTiform, triangular, and quad-

rangular -nith rounded angles, and spherical forms, the latter especially among the smaller grains.

The grains are in many cases about two-thirds as thick as they are broad.

Most of the grains are so subdivided by cavities and irregular fissures that no hila can be demon-

strated. Characteristically the fissm-ation in the ovoid to elliptical grains takes the form of a very

prominent single fissure which runs the length of the grain, with many side fissures Iwanching from it.

The lamellcB are not visible in most of the grains, but in some they may be seen to be rather

coarse, continuous rings which follow closely the outline of the grain. The absence of demonstrable

hila and of multiple systems of lamella indicate that the grains are simple. There are from six to

eight lamellse on the larger grains.

The grains vary in size from the smaller, which are 5 by 4;u in length and breadth, to the larger,

which are 42 by 28m in length and breadth. The common size is 29 by 22yu in length and breadth.

Polariscopic Properties. The figure is centric or slightly eccentric. It is distinct, but not

clear-cut. The lines composing it are usually straight, but on account of the fissures and cavities

in most of the grains its exact character can not be determined. In general characters it agrees

with that of V. villosa.

The degree of polarization is high, as a rule. It varies somewhat in different grains, and it is

higher in the same grain when seen on end or edge. It is higher than that of V. saliva. Very often

there is a large dark area corresponding to the point of intersection of the lines.

With selenife the quadrants, which often can scarcely be recognized as such, are not well defined,

irregular in shape, and unequal in size, and sometimes subdivided. The colors are generally pure,

particularly the blue.

Iodine Reactions. With a 0.25 per cent Lugol's solution the grains all color a fairly deep blue

or pinkish-violet; with a 0.125 per cent solution they all color fairly. The color is deeper than that

of V. sativa. After heating in water until all the grains are completely gelatinized, both the solu-

tion and the gelatinized grains color deeply on the atldition of iodine. After boiling for 2 minutes

the solution colors very deeply and the gi-ain-residues fairly. The capsules all color a violet with

an excess of iodine.

Staining Reactio7is.With gentian violet the grains begin to stain very lightly at once and in 30

minutes they are rather lightly stained. The stain is deeper tlian that of V. sativa.
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i Vicia faba.

With safranin the grains begin to stain very lightly at once and in 30 minutes they are lightlj-
stained. The stain is more than that of V. satiua.

Temperature Reaction. The temperatui-e of gelatinization is 64 to 66 C, mean 65.
Effects of Various Reagents. With chloral hydrate-iodine some of the grains which are probably

injured or partly eroded Ijegin to react at once, but other

grains which appear to be normal begin to react in 20

seconds. About one-fifth of the grains are gelatinized in

5 minutes, two-thirds in 15 minutes, three-fourths in 'M)

minutes, and seven-eighths in an hour. The proc(;ss may
begin at one or both ends. If it begins at one end, the

starch at this point becomes of a dark indigo color and
swells slightly, and the process spreads gradually over the

whole grain, more rapidly in the central portion than near

the mai-gin. If it begins at both ends, the starch at these

points becomes of a dark indigo color and swells slightlj',

and the process spreads gradually from over the whole

grain. The starch in the central portion is gelatinized
more rajjidly than that at or near the margin, so that the

processes spreading from the two ends become united

through the central part of the grain, and later spreads over

the sides. The gelatinized grains are fairly large, but not

much distorted, and retain much of their original form.

With chromic acid many of the grains begin to react

in 15 seconds and are dissolved in l}/2 minutes. The
remainder begin to react in 30 seconds to a minute, and are dissolved in 3 miiiiites. The central

fissure or group of fissiu'es and hila becomes distinct, and the starch surroimding it is seen to be

finely striated. Then as the starch nearest the mesial fissure is transformed into a semiliquid mass
the whole grain begins to swell, and most of the remaining ungelatinized starch is also rapidly trans-

formed into a semiliquid gelatinous mass, except the most resistant outer portion, which forms a

capsule. This capsule is now dissolved at one point and the semiliquid contents flow out and pass
into solution. Other parts of the capsule are ilissolved later.

The reaction with pyrogalUc acid begins in from a few seconds to 1,1^ minutes and is over in

6 minutes. It appears to consist of the gradual leduction of the less resistant starch to a semiliquid

mass, accompanied by slow swelling of the entire grain. The grain gi-adually becomes larger and

clearer, and the inner portion assumes the appearance of semitransjiarent masses of gelatinous
starch surrounded by numerous clear channels, while the marginal jjortion appears to consist of a

fairly broad, translucent, homogeneous-looking band of resistant starch which is often of very irreg-

ular form because of folds and indentations of the margin.
With ferric chloride some of the grains begin to react in 1^ minutes. About one-third are

gelatinized in 15 minutes and two-thirds in 50 minutes. The reaction is comjilete in an hour. The
process may begin at one or both ends of the grains. If the formei-, the starch at this point becomes

gelatinous and swells irregularly, and the reaction spreads over the rest of the grain about as rapidly
over one part as over another. If the reaction begins at both ends, the starch at these points becomes

gelatinous and swells irregularly, and then spreads over the rest of the grain until often only a

small, central, unswollen portion is left that is surrounded or nearly surrounded by gelatinized
starch. This center is also finally gelatinized. The gelatinized grain is very lai'ge and irregularlj'

shaped, and the capsule is wi'inkled, sacculated, and crumpled.
Most of the grains become clearer with Pui'dy's solution, and the central fissure, or fissures, or

hila, or cavities become very distinct and somewhat larg(!r in a minute. In 10 minutes the majority
of the grains are nearly completely gelatinized, and in 15 minutes all ai-e nearly completely gelatinizetl.

STARCH OP VICIA FULGENS. (Plate 5, figs. 25 .ind 20. Chart 34.)

Histological Characteristics. In form the grains are simple antl isolated, with the exception of

a few which occur in aggregates. The surface of the grains is sonu^what irregular, owing to indenta-

tions and elevations. The consjiicuous forms are bean-shai)ed, elongated, ii'regular and regular

oval, ovoid, and rounded. There are also forms which are irregular rhomboidal, polygonal with
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rounded eornors, round, irrogular heart-shaped, and triansular with rounded angles. There is a

larger ])roi:)ortion of roundeil forms than in Vicia saliva.

The hilum may be oljser\'ed in the round or rounded grains as a clear, slightly refractive, rountl

spot that is located in a depression in the central part of the grain. In other forms the position of
the hilum is frequently marked by a deep fissure, which in the elongated grains extends along the
middle of the grain. This fissure may be clear-cut, but is more often ragged, and from it num-
erous lateral branches may i)roceed through the substance of the grain almost to the margin.
Often it is bisected at both ends. There is sometimes a central, non-lamellated, graiuilar area
which is surrounded by an irregularly branched, wreath-like fissure.

The lamella; in the round forms are coarse, distinct, concentric rings. In the elongated grains
they are continuous, coarse bands which for the most part tend to follow the margin of the grain,
and therefore have the same irregularities as noted in the contour of the grain. They liave the same
characters as recorded for V. saliva. They vary in number from 5 to 12.

The grains vary in size from the smaller, which are 4 by 4ju, to the larger, which are 40 by 28m or 30

Ijy 20fi in length and breadth. The common sizes are 27 by 23// and 26 by ]4yu in length and breadth.

Polariscopic Properlies. The figure is centric or slightly eccentric, and in all essential respects
corresponds with that observed in V. saliva.

The degree of polarization varies from high to very high. There is often a variation in the
same aspect of a grain. It is liigher when the grain is viewed from the edge or (>nd. It is higher and
there is greater range than in T'. saliva.

With selenite the jx'culiarities of the quadrants are es-sentially the same as those observed in

V. saliva. The colors are generally pure, but the yellow is sometimes not quite pure throughout
the entire quadrant. There is a sHghtly greater variation in the purity of the colors than in the

grains of V . saliva.

Iodine Reactions. With a 0.25 per cent Lugol's solution the grains color a fairly deep blue-
violet at once; with a 0.125 per cent solution they color a rather lighter violet, and the color deepens
fairly rajiidly. The color of the gi-ains is deeper than that

of V. saliva. After heating in water until all the grains
are comjjletely gelatinizctl, the solution colors a greenish-
blue anil the gelatinized grains a very deeji rctldish-blue

on the adtlition of iodine. After boiling for 2 minutes
the solution colors a deep indigo-blue, but most of the

grain-residues color veiy lightly. With an excess of

iodine the capsules become a deep reddish-jiurple.

Staining Reactions. With gentian violet the grains

begin to stain in a minute and in 30 minutes they are very
lightly stained. The stain is very slightly less than that

of F. saliva.

With safranin the grains begin to stain at once and
in 30 minutes they ai-e lightly stained. The stain is very
slightly less than that of V. saliva.

Temperature Reaction. The temperature of gelatin-
ization is 71 to 73 C, mean 72.

Effects of Various Reagents. With chloral hydrate-
iodine the reaction begins in a few grains in 20 seconds.

About one-fifth are gelatinized in 5 minutes, one-half in

15 minutes, two-thirds in 30 minutes, and five-sixths in an hour. The reaction is qualitatively the

same as that of the grains of V. saliva.

The reaction with chromic acid begins in most of the grains in 15 seconds, and in all in a minute.

It is over in most of the grains in 1 minute and in all in 2^4 minutes. It is the same qualitatively
as that of the grains of V. saliva.

The reaction with pyrogaUic add begins in most of the grains in 15 seconds and is over in all

in 1}4 minutes. It is the sauK; qualitatively as that of the gi-ains of V. saliva.

With ferric chloride the reaction begins in a few grains in a minute. About one-half are com-

pletely gelatinized in 20 miiuites and nearly all in an hour. The reaction is the same qualitatively
as that of the gi-ains of 1'. .saliva.

Chart No. 34.
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The reaction with Purdy's solution begins in nearly all the grains in a minute. A few are com-

pletelj" gelatiniz(>d and man}' partially gelatinized in 4 minutes, and two-thirds are ('omjiletely

gelatinized and one-thinl partially gelatinized in 25 minutes. The reaction is not fully completed
in an hour. It is the same qualitatively as that of the grains of V. saliva.

STARCH OF VICIA GERARD!. (Plate 5, figs. 27 and 28. Chart 35.)

Histological Characteristics. Inform the grains are simple and with the exception of a few are

isolated. The surface of the grains is frequently irregular, owing to elevations or indentations. The

conspicuous forms are bean-shaped, elongated irregular and regular oval, and ovoid. There are

also some round, triangular with rounded angles, irregularly heart-shaped, and broadly lenticular.

The hilum may be observed in some of the round forms as a clear, slightly refractive, some-

what irregularlj' outlined spot which is centric or slightly eccentric. The position of the hilum in

the elongated forms is usually marked by a long, deep mesial fissure. This fissure may be clean-

cut, but is frequently ragged and generally much broadened and may have bisected ends. Lateral

fissures from it may extend almost to the margin of the grain. There is sometimes a central, granu-
lated non-lamellated area which may or may not he surrounded by a branched, wreath-like fissure.

The lamella in the round forms are distinct, rather coarse, concentric rings ;
and in the elongated

gTains they are continuous, coarse bands which tend for the most part to follow the contour of the

grain, and therefore show corresponding irregularities. The lamelliB are more distinct throughout
the grain, and more distinct in a greater majority of grains than in those of T'. saliva. They vary
from 5 to 12 in number.

The grains vary in size from the smaller, which are 4 by 4,u, to the larger, which are 40 by 28/i

or 36 by 33;u in length and breadth. The common sizes are 28 by 22yu and 24 by 22,u in length

and breadth.

Polariscopic Properties. The figure is centric in some of the grains, while in others it is slightly

eccentric. In the majority of the grains there is a large, dark, central space from which several

dark lines proceed. The lines of the figure in the small

simple gi-ains are rather thick and broaden towards

the margin. They may be straight or bisected. The

peculiarities of the figure are essentially the same as those

observed in V. saliva.

The degree of polarization is high, as a rule. It is

absent from the central part of most of the grains, and

it sometimes varies in the same aspect of a grain. It is

higher when the grain is viewed from the edge or side.

It is about the same as or higher than in V. saliva, and

there is a larger number of grains in which it is high.

With selenite the quadrants in some grains are well

defined throughout, while in others they are only dis-

tinct in the marginal parts of the grain. They are gener-

ally irregular in shape and unequal in size, and they may
be subdivided. The colors are usually pure. In some

grains the yellow is not quite pure. The colors, on the

whole, are slightly purer than in V. saliva.

Iodine Reactions. With a 0.2.5 per cent Lugol's solu-
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Effects of Various Reagen's. With chloral hydrate-iodine the reaction begins in some of the grains
in 20 seconds. Aliout one-fifth are conii)letel.v gelatinizetl in 5 niiiuifes, one-half in 15 minutes, two-

thirds in 30 minutes, and five-sevenths in an hour. It is the same qualitatively as tliat of tlie grains
of V. sativa.

The reaction with chromic acid b(>gins in most of the grains in 30 seconds and in all in 50 seconds.

It is over in 134 minutes. It is the same (lualitatively as that of the grains of V. sativa.

The reaction with pyrogallic acid liegins in all of the grains in 30 seconds and is over in 13^
minutes. It is the same qualitatively as that of the grains of V. sativa.

With ferric chloride the reaction l)(>gins in a few grains in 2 minutes. About three-fifths are

gelatinized in 25 minutes and nearly all in three-fourths of an hour. It is the same qualitatively as

that of the grains of V. satirn.

The reaction with Purdy's solution begins in nearly all the grains in a minute. A few are com-

pletely and many partially gelatinized in 4 minutes, and most are completely gelatinized in 25 min-

utes. It is the same qualitatively as that of the grains of V. sativa.

Differentiation of Certain Starches of the Genus Vicia.

Histological Characteristics.

Conspicuous Forms.

V. saliva: Simple. Bean-shaped, elongated oval, ovoid,
lenticular and broadly lenticular, pyriforni, round
to nearly round.

V. villosa: Essentiallj' the same as in V. saliva.

V. faba: Essentially the same as in V. satiiia.

V.fulgens: Essentially the same as in F. saiina, but with
a larger proportion of rounded forms.

r. gerardi: Essentially the .same as in V. saliva.

Hilum Form, Number, and Position.

V. sativa: In rounded forms it may be a small, clear, round,
slightly refractive spot; in elongated forms it is usu-

ally represented by a median fissure which tends to

have bisected ends. Position centric or slightly ec-

centric.

V. rillosa: Essentially the same as in V. saliva. Position
centric or slightly eccentric.

V. faba: Essentially the same as in V. saliva. Position
centric or slightly eccentric.

T'. fulgens: Essentially the same as in V. sativa. Position
centric or slightly eccentric.

V. gerardi: Essentially the same as in V. sativa. Position
centric or slightly eccentric.

Lamellae General Characteristics and Number.

V. sativa: Very distinct, coarse, continuous; tending gen-
erally to follow the margin of the grain. 4 to 12.

V. villosa: Essentially the same as in V. sativa. 4
to 10.

V. faba: Essentially the same as in V. saliva. 6 to 8.

V. fulgens: Essentially the same as in V. sativa. 5 to 12.

Size.

V. sativa: 6 to 42m, commonly 26fi.

V. villosa: 6 to 44^, commonly 28^.
V. faba: 4 to 42^, commonly 29/i.

V. fulgens: 4 to 40m, commonly 27fi.

V. gerardi: 4 to 40^, commonly 28^.

PoL.\Riscopic Properties.

Figure.

V. saliva: Centric or slightly eccentric, variable in form;
in the round grains a cro.ss; in the elongaled grains

chiefly a long, broad mesial line with lii.soctod

ends.
r. villosa: Essentially the same as in V. saliva.

V. faba: Essentially "the same as in V. sativa.

V. fulgens: Essentially the same as in V. saliva.

V. gerardi: Essentially the same as in V. saliva.

PoLARiscopic Properties. Continued.

Degree of Polarization.

V. saliva: High, as a rule.

F. villosa: High, but lower than in F. sativa.

V.faba: High, higher than in F. saliva.

V.fulgens: High, higher than in F. saliva, with greater
range.

T'. gerardi: High, about the same or higher than in F.
sativa.

Polarizalion with Selcnite Quadrants ayid Colors.

V. sativa: Quadrants well-defined, irregular in shape, im-

equal in size, often subdivided. Colors usually pure.
F. villosa: Quadrants same as in F. sativa. Colors usually

pure.
F. faba: Quadrants same as in F. sativa. Colors usually

pure.
F. fulgens: Quadrants same as in V. sativa. Colors usu-

ally pure, but greater variation than in F. saliva.

V. gerardi: Quadrants same as in F. sativa. Colors usu-

ally pure, slightly purer than in F. saliva.

Iodine Reactions.

Intensity and Color.

V. sativa: Fairly deep; blue-violet.

F. villosa: Fairly deep, deeper than in V. saliva; violet.

V.faba: Fairly deep, deeper than in F. sativa, pinkish
violet.

F. fulgens: Fairly deep, deeperthan inF. saliva; blue-violet.

F. gerardi: Fairly deep, the same as in F. saliva; violet.

Staining Reactions.

With Gentian Violet.

V. saliva: Very light.

V. villosa: Very light, slightly less than in F. sativa.

V. faba: Light, deeper than in F. sativa.

V. fulgens: Very light, slightly less than in F. sativa.

V. gerardi: Very light, slightly less than in F. sativa.

With Safranin.

V. sativa: Light.
V. villosa: Light, slightly less than in F. sativa.

V. faba: Light, slightly more than in F. saliva.

V. fulgens: Light, slightly less than in F. sativa.

V. gerardi: Light, slightly less than in F. sativa.

Temperature op Gelatinization.

F. saliva: 72 to 73 C, mean 72.5.

F. villosa: 6^ to 67 C, mean 00.
F. faba: 64 to 66 C, mean 6.5.

F. fulgeris: 71 to 7.3 C, mean 72.
F. gerardi: 70 to 72 C, mean 71.
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Differentiation of Certain Starches

Effects of Various Reagents.

Reaction with Chloral Hydrate-Iodine.

V. sativa: Begins in some in 30 seconds
; complete in three-

fourths in 30 minutes, and in nine-tenths in an
hour.

r. villosa: Begins in some in 20 seconds; complete in

four-fiftlis in 30 minutes, and in nine-tenths in an
hour.

V. faha: Begins in some in 20 seconds; complete in three-

fourths in 30 minutes, and in seven-eightlis in an
hour.

V.fulgeus: Begins in some in 20 seconds; complete in

two-thirds in 30 minutes, and in five-sixths in an
hour.

V. gerardi: Begins in some in 20 seconds; comj^lete in two-
thirds in 30 minutes, and in five-sevenths in an hour.

Reaction with Chromic Acid.

V. saliva: Begins in all in 30 seconds; complete in all in

5 minutes.

V. villosa: Begins in all in 45 seconds; complete in all in

234 minutes.

V. faha: Begins in all in 30 to 00 seconds; complete in all

in 3 minutes.

V.fulgcns: Begins in all in 60 seconds; complete in all in

2^2 minutes.

V. gerardi: Begins in all in 50 seconds; complete in all in

80 seconds.

Reaction with Pyrogallic Acid.

V. sativa: Begins in all in 30 seconds; complete in all in

5 minutes.
V. villosa: Begins in most in 15 seconds; complete in all

in l)-2 minutes.

of the Genus Vicia. Continued.

Effects of Vahious Reagents. Continued.

Reaction with Pyrogallic Acid. Continued.

V. faha: Begins in a few seconds to 134 minutes; complete
in all in 6 minutes,

r. fulgens: Begins in most in 15 seconds; complete in all

in 1}4 minutes,
r. gerardi: Begins in all in 30 seconds; complete in all in

1 3-2 minutes.

Reaction with Ferric Chloride.

V. saliva: Begins in a few in a minute; complete in two-
fifths in 13 minutes; incomjjlete in all in an hour.

F. villosa: Begins in a few in a minute; comi)lete in nearly
all in 40 minutes.

V. faha: Begins in a few in 1 ^4 minutes; complete in two-
thirds in 50 minutes, but incomplete in all in an
hour.

V.Julgens: Begins in a few in a minute; complete in

nearly all in an hour.
T'. gerardi: Begins in a few in 2 minutes; complete in

nearly all in three-fourths of an hour.

Reaction tvith Purdy's Solution.

V. saliva: Begins in some in 30 seconds; complete in one-
half and partial in one-fourth of the grains in 15
minutes.

V. villosa: Begins in some in a minute; complete in all in

20 minutes.

V.faba: Begins in most in a minute; complete in nearly
all in 15 minutes.

V. fulgens: Begins in nearly all in a minute; complete in

two-thirds and partial in one-third in 25 minutes.

V. gerardi: Begins in nearly all in 1 minute; coriiplcte in

nearly all in 25 minutes.

NOTES ON THE STARCHES OF VICIA.

The Vicia starches show so close a correspondence in their histological properties and polari-

scopic reactions and in their reactions with iodine and the anilines that whatever differences exist

may fall within the limits of error, or at all events are insignificant. The differences in the tem])er-

atures of gelatinization are, however, quite marked, the lowtjst being 65 and the highest 72.5^,

those of V. sativa, V. fulgens, and V. gerardi being about the same (72.5, 72, and 71), and those

of V. villosa and V.faba nearly the same (66 and 65). With the chemical reagents the order of

sensitivity is different in the case of each starch witli each reagent, making diagnosis easy.

GENUS PHASEOLUS.

The genus Phaseolus, which is so well known because of the large number of agricultural forms,

comprises about 60 well-defined species and perhaps over 100 garden anil field varieties or forms.

Some botanists make many types and subtypes of the cultivated beans, but all may be resolved

into two fundamental types the kidney-bean type, which is exemplified in the common kidney or

wax bean; and the sieva or civet-bean tj^pe, or the small, flat bean which is familiar in the Lima
beans. Representatives of these were examined in the forTU of the red kidney liean {Phaseolus

vulgaris Linn.), and Henderson's bush Lima bean {Phaseolus lunatus Linn.), both of which are

agricultural varieties.

STARCH OF PHASEOLUS VULGARIS VAR. (RED KIDNEY BEAN).

(Plate G, figs. 31 and 32. Chart 30.)

Histological Characteristics. In form the grains are simple, and are with a few exceptions

isolated. The surfaces of the grains are often somewhat irregular, owing to lai'ge rountled ])ro-

jections or to well-marked, sharp depressions. The conspicuous forms are ovoid, oval, elliptical,

reniform, and round; a few triangtdar forms have roundeil corners and various modifications of the

foregoing. The grains an> in many cases from one-half to two-tliirds as Uiiek as they are broad.
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The hila are almost. invariaMy oliscured or absent because of fissures and cavities. In most

of the sraiiis thcTC is a largo, ragp^ed, mesial fissure which extends the length of the grain, from which

short, irregular, side fissures extend. Tlu- hiluni is centric in the small unfi.ssurcd grains.

The lamella arc usually fairly distinct, rather fine, continuous rings which follow closely the

outline of the grain. There are 8 to 12 on the larger grains.

The grains vary in size from the smaller, which are 8 by S/x, to the larger, which are 16 by 30^
or 40 by 30n in length and breadth. The common sizes are 30 by 24ju and 34 by 26/i in length and

breadth.

Polariscopic Properties. Thefigure is centric or slightly eccentric, distinct, and usually clear-cut.

In the unfissured grains it consists of a single central line bisected at each end. In the other grains

the figure is confused by the fissures. The lines composing the figure are usually broad and regular.

The degree of polarizalioti is high, not varying much in difTerent aspects of the same grain.

With seknile tlie quadrants arc well defined, commonlj- irregular in form, unequal in size, and

sometimes subdivided. The colors are generally pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains all color a fairly deep blue

to a pinkish-violet; with 0.12.5 per cent solution they color fairly. After heating in water until all

the grains are completely gelatinized, the solution and the

gelatinized grains color deeph' on the addition of iodine. Chart No. 36.

After boiling for 2 minutes, the solution colors very deeplj'

and the grain-residues fairly. The capsules all color violet

or pinkish-violet with an excess of iodine.

Staining Reactions. With gentian violet and with saf-

ranin the grains all begin to stain very lightly at once

antl in 30 minutes they arc lightly stained.

Teinperatnre Reaction. The tenii)erature of gelatin-

ization is 74 to 75 C, mean 74.5.

Effects of Various Reagents. With chloral hydrate-

iodine a few grains begin to react in 20 seconds. About
one-tenth are completely gelatinized in 5 minutes, one-

fifth in 30 minutes, and two-fifths in an hour. The effects

are the same qualitatively as in Vicia.

With chromic acid some grains begin to react in 15

seconds and are dissolved in a minute. Most of them

begin to react in from 1 to 2V2 minutes and all are dis-

solved in 8 minutes. The effects are qualitatively the

same as in Vicia.

The reaction with prjrogallic acid begins in a minute and is over in 5 minutes. The effects

are qualitatively the same as in Vicia.

With /erne chloride a few grains begin to react in 2^ minutes and a very few are gelatinized in

30 minutes, with no further reaction in an hour. The reaction is qualitatively the same as in Vicia.

The reaction with Purdy's solution begins in some in a minute and a few are partially gelatinized

in 20 minutes, with no further reaction in an hour. The effects are qualitatively the same as in Vicia.

STARCH OF PHASEOLUS LUNATUS VAR. (HENDERSON'S BUSH LIMA BEAN).

(Plate 6, figs. 33 and 34. Chart 37.)

Histological Characteristics. In form the grains are simple and isolated. The surface is some-

times irregular, owing to rounded projections. The conspicuous forms are ovoid, oval, reniform

or bean-shapecl, elliptical, and round. There are also a few triangular and quadrangular grains

with rounded corners. The grains are about one-half to two-thirds as thick as they are broad.

The hilum in most of the grains is obscured or absent, owing to fissures. In many grains the

fissuring is very irregular, but in the majority it consists of a single ragged fissure, which may bo

straight or bent, extending along the middle line to the margin and having a number of irregular

fissures branching from it. In small unfissured grains the hilum is centric.

The lamellw are usually distinct, rather fine rings, which are discontinuous only when broken

by the fissures; they follow the outline of the grain. They are more distinct than in P. vulgaris.

There are about 8 to 12 on the larger gi-ains.
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The grains vaiy in size from the smaller, which arc 8 by 8/.1, to the larger, which are

48 by 34/^ and 42 by 27fi in length and breadth. The common size is 30 by 20/i in length and

breadth.

Polariscopic Properties. The figure is centric or slightly eccentric, distinct, and usually clear-

cut. It appears generally to consist of a single mesial line which is l)isected at each end. Some of

the grains show what appears to be a confusion of figures, probably caused by the fissures. The

lines composing the figures are broad, clear-cut, sometimes bent and otherwise irregular.

The degree of polarization is high and does not vary much in different aspects of the same

grain. It is slightly less than in P. vulgaris.

With selenite the quadrants are, as a rule, well defined, irregular in form, unequal in size, and

sometimes subdivided. The colors are commonly pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains all color a fairly deep blue

to a pinkish-violet; with 0.125 per cent solution they all color fairly. The color is slightly less than

in P. vulgaris. After heating in water until all the grains

are completely gelatinized, the solution and the gelatin-

ized grains color deeply on the addition of iodine. After

boiling for 2 minutes the solution colors very deeply and

the grain-residues fairly. The capsules all color a violet

with an excess of iodine.

Staining Reactions. VfWh gentian violet and safranin

the grains begin to stain very lightly at once and in 30

minutes are very lightly stained, slightly less than in

P. vulgaris.

Temperature Reaction. The temperature of gelatin-

ization is 79 to 80.5 C, mean 79.75.

Effects of Various Reagents. With chloral hydrate-

iodine a few small grains begin to react in 30 seconds.

About one-fifth of the total number are completely gela-

tinized in 10 minutes, two-fifths in 30 minutes, and one-

half in an hour. The reaction is qualitatively the same

as in Vicia.

With chromic acid some grains begin to react in 30

seconds and are completely dissolved in 2 minutes. The
other grains begin to react in 1 to 2 minutes, and the reaction is over in all in 8 minutes,

reaction is qualitatively the same as in Vicia.

The reaction with pyrogallic acid begins in most grains in a miimte and is over in 4 minutes.

The reaction is qualitatively the same as in Vicia.

The reaction begins in a few grains in 2 minutes with ferric chloride, and a few are gelatinized

in 5 minutes, about one-fifth in 25 minutes, and one-third in 50 minutes, with no further reaction

in an hour. The reaction is qualitatively the same as in Vicia.

With Purdy's solution some grains begin to react in a minute. About one-sixth are nearly

completely gelatinized in 15 minutes and about one-fourth in 45 minutes, with no further reaction.

The reaction is qualitatively the same as in Vicia.

P 1 GV T F



GENERA PHASEOLUS AND DOLICHOS. 389

Differentiation of Certain Starches

POLARISCOPIC PUOI'EKTIES.

Figure.

P. vtitddria: Contric, or sliRhfly crrentrio, distinrt, usually
clear-cut, regular, coininonly a single mesial line
bisected at each end.

P. lunatus: Same as in P. vulgaris.

Degree of Polarization.

P. vulgaris: High.
P. lunatus: High, slightly less than in P. vulgaris.

Polarization with Sdeiiite Qiinilranls and Colors.

P. vulgaris: Quadrants well-defined, generally irregular,
unequal in size, and sometimes subdivided. Colors
usually pure.

P. lunatus: Same as in P. vulgaris. Colors usually pure.

Iodine Reactions.

Intensity and Color.

P. vulgaris: Fairly deep; blue to pinkish-violet.
P. lunatus: Fairly deep, slightly less than in P. vulgaris;

blue to pinkish-violet.

Staining Reactions.

With Gentian Violet.

P. vulgaris: Light.
P lunatus: Light, slightly less than in P. vulgaris.

With Safranin.

P. vulgaris: Light.
P. lunatus: Light, slightly less than in P. vulgaris.

Temperature op Gelatinization.

P. vulgaris: 74 to 75 C, mean 74.5.
P. lunatus: 79 to S0 C, mean 79.76.

of the Genus Phaseolus. Continued.

Effects of Various Reagents.

Reaction with Chloral Hydrate-Iodine.

P. vulgaris: Begins in a few in 20 seconds; complete in

one-fifth in 30 minutes, and in two-fifths in an
hour.

P. lunatus: Begins in a few in 30 seconds; complete in

two-fifths in 30 minutes, and in half in an hour.

Reaction with Chronic Acid.

P. vulgaris: Begins in most in 1 to 2}4 minutes; com-
plete in all in 8 minutes.

P. lunatus: Begins in most in 1 to 2 minutes; complete
in all in 8 minutes.

Reaction with Pyrogallic Acid.

P. vulgaris: Begins in all in a minute; com|)lcte in all

in 5 minutes.
P. lunatus: Begins in most in a minute; comiilete in all

in 4 minutes.

Reaction with Ferric Chloride.

P. vulgaris: Begins in a few in 2J^ minutes; complete
in a very few in 30 minutes; no further reaction
in an hour.

P. lunatus: Begins in a few in 2 minutes; complete in

one-third in 50 minutes; no further reaction in an
hour.

Reaction with Purdy's Solution.

P. vulgaris: Begins in some in a minute; a few are

partially gelatinized in 20 minutes, no further
reaction in an hour.

P. lunatus: Begins in some in 1 minute; about one-fourth
are nearly comijletely gelatinized in 45 seconds,
no further reaction.

NOTES ON THE STARCHES OF PHASEOLUS.

These starches do not exhibit any notable differences in their gross histological characters

except that in P. vulgaris fissuration appears to be more marked and the lamella; somewhat less

distinct than in P. lunulus. In comparing the reaction-curves it will be seen that P. vulgaris has a

higher degree of polarization, greater responsivity with iodine, anilines, and heat; somewhat less

responsivity to chloral hydrate-iodine, pyrogallic acid, ferric chloride, and Purdy's solution; and
the same reactiveness with chromic acid. The most marked differences are in the temiieratiu'cs
of gelatinization, the starch of P. vulgaris being gelatinized at 74.5 C, and that of P. lunatus at

79.75, a difference of 5.25. The differences apart from the temperature reactions arc unimportant.

GENUS DOLICHOS.

The genus Dolichos, which is closely related to Pliaseolus, includes about 50 species, several of

which are in common cultivation. The best knowai is D. lablab Linn. (D. cuUratus Thumb., D. pur-

purcus Lindl.), the hyacinth, EgyiJtian, or black bean. The starch of this species was studied as the

type of the genus.

STARCH OF DOLICHOS LABLAB. (Plate 6, figs. 35 and 36. Chart 38.)

Histological Characteristics. In form the grains are simple, although peculiarities of fissuration

make some of them appear as compounds. The surface of the grains is usually somewhat regular,

the irregularities being due to low, rounded prominences or slight depressions of the margin. The

conspicuous forms are the ovoid to oval and elliptical, and nearly round, with some triangular

with rounded angles and rounded base, a few bean-shaped, quadrangular with rounded angles,

and various modifications of the foregoing. The grains are generally about two-thirds as thick

as they are broad.
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Chart No. 38.
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There may be si^vcral hila in each grain, grouiied ratlicr irregularly in a central non-lamcllated

space of the same general outline as the margin of the grain. These hila arc small and indistinct and

their number can not be exactly determined. This space is often fissured. Frequently there is a

single, long, fairly straiglit fissure extending in the longitudinal axis. In some grains the fissure

extends the length of the grain and it may be ragged or curved or variously modified.

The lamellcE are not, as a rule, very distinct. They appear as continuous, rather fine rings which

follow closely the marginal outline. There are 8 to 10 on the larger grains.

The grains vary in size from the smaller, which are 10 by 6yu in length and breadth, to the

larger, which are 32 by 26m a'lfl 32 by 32^ in length and breadth. The common size is 20 by 18ju in

length and breadth.

Polariscopic Properties. The ficjurc is usually decidedly eccentric. The lines almost invari-

ably intersect obliquely. They are broad, generally not clear-cut, more or less modified by fissures,

and sometimes bisected. Rarely a bean typeof figure (single line with bisected ends) is observed.

The degree of polarization is high to very high,

varying more or less in different parts of the same aspect

of a given grain. In some grains only small parts of the

quadrants are light.

With selenitc the quadrants are usually fairly well

defined, unequal in size, and irregular in shape. The

colors are generally pure; the yellow is sometimes not

pure throughout the entire grain.

Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains color a very light violet, some more deeply

than others, and in 5 minutes they become a deep lilue-

violet; with 0.125 per cent solution the grains show

at once a faint trace of red-violet, which in 5 minutes

deepens to a light reddish-violet; the color is deeper in

some grains than in others. After heating in water until

all the grains are completely gelatinized, the solution

colors a deep indigo-blue and the grains a bright indigo-

blue on the addition of iodine. When the grains arc

l)oiled for 2 minutes and then treated with iodine, the

solution becomes a deejjcr indigo-l)Iue; some of the

grain-residues not coloring at all, while others become a light liluc with a reddish tint or a red-

violet. With an excess of iodine the grain-residues color a deep reddish-purple and the capsules

a wine-red.

Staining Reactions. AVith gentian violet most of the grains show a faint trace of violet at once

and in 30 minutes they are lightly stained, some more deeply than others.

With safranin most of the grains exhibit a faint trace of pink at once, and in 30 minutes they

are lightly stained. There is a fairly deep pink color in the delicate fissures of the grains, but none

in the deep fissures.

Temperature Reaction. The temperature of gelatinization is 73 to 75 C, mean 74.

Effects of Various Reagents. With chloral hydrate-iodine a few grains, which arc either injured

or partially digested or eroded, begin to react at once and a small number are gelatinized in a rninute.

About one-third are gelatinized in 10 minutes, one-half in 15 minutes, two-thirds in 30 minutes,

and three-fourths in CO minutes. Tlie reactions are the same qualitatively as in Vicia.

The reaction with chromic acid begins in 30 seconds to Ij^ minutes and is over in 7 minutes.

The reaction is qualitatively the same as in Vicia.

The reaction with pyrogallic acid begins in many of the grains in Ij^ minutes and practically

all are completely gelatinized in 20 minutes. The effects are qualitatively the same as in Vicia.

With ferric chloride the reaction begins in a few grains in 5 minutes and is over in one-fifth

in 30 minutes and in nearly one-fourth in an hour. The effects are qualitatively the same as in

Vicia.

The reaction with Purdy's solution begins shghtly in a few in 3 minutes, about one-fourth are

partially gelatinized in 30 minutes, and about three-fifths are partially gelatinized in an hour. The

effects are qualitatively the same as in Vicia.

MINUTES

Curve of Reaction-Intensities of Starch of Dolichos lablab.
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GENUS MUCUNA.
The genera Mucuna, Vicio, Phasculus, and Dolichos arc closely allied. Mucuna includes over

20 species. ,1/. pruricns DeCand. (Dolichos pruricns Linn., D. iniihifloru.t Hort.) is a variable species,
and the most prominent rejiresentative of the genus. It is popularly known as cow-itch or cow-

hago, l^ccause of the very markctl itching i^roduced when the hairs of the pods penetrate the skin.

Starch from this species, probably an agricultural variety, was examined.

STARCH OF MUCUNA PRURIENS. (Plate 5, figs. 29 and 30. Chart 39.)

Histological Characteristics. In form the grains are usually simple, and are isolated, except a

small number which occur either in aggregates or as compound grains of few components. The
surface of the grains is occasionally marked by a protuberance which is located generally at or

near the proximal end. The conspicuous forms are ovoid to oval, nearly round, pyriform, some-

times with distal end squared, broadly triangular with curved base and rounded angles. There

are some ellipsoidal, bean-shaped, and various incidental forms.

The hilum is usually fissurcil, but is sometimes observed as a clear, round or lenticular, refrac-

tive spot which is generally about one-sixth eccentric of the longitudinal axis. It may be slightly

eccentric or centric in the nearly round grains. At the region of the hilum a very deep, dark cleft

often occurs, from which either one oblique, very coarse, dark fissure, or two or more irregularly

branched oblique fissures may proceed. Groups of short, irregularly placed, oblique fissures are

frequently foimd, and sometimes the fissuratioii is of a very diffuse character.

The lameUce are frequently not demonstrable near or in the region of the hilum, but occasion-

allj' they may be observed as fine, complete circular or elliptical rings. Those near the margin and

distal end are coarse and have the form of the outline of

the grain, and in some instances appear to be incomplete.

There is frequently one quite coarse, refractive lamella at

varying distances from the hilum, which sometimes

forms a line of demarcation between the delicate lamel-

la; near the hilum and the comparatively coarse lamella)

near the margin. On large grains 32 to 40 lamellte can

be counted.

The grains vary in size from the smaller ones, which

are 10 by 6^, to the larger, which arc 36 by 24/li in length

and breadth. The common size is 24 by 14^ in length

and breadth.

Polariscopic Properties. The figure is centric, and

usually distinct, but not clear-cut. In the unfissured,

elongated grains it consists of a long line bisected at each

end and occupjing the greater part of the longitudinal

axis of the grain. In the fissured grains it is so con-

fused by the fissures that there appear to be parts of

many figures. In the rounded forms the figure is in the

form of a cross. The lines are for the most part thick

and straight. Sometimes they are slightly curved and may vary in width between the center of

the figure and the margin.
The degree of polarization is low to high in different grains. It varies also in different aspects

of the same grain, being more when the grain is viewed on end or edge. It varies also in some grains

in difTerent parts of the same aspect of a grain.

With selenite the quadrants are generally not sharply defined and are usually unequal in size

and irregular in form. In some grains the portions of the quadrants seen are very small. The

colors are generally not pure.

Iodine Reactions. With. 0.25 per cent Lugol's solution the grains color a fairly deep pinkish-

violet; with 0.125 per cent solution they color lightly. After heating in water until all of the grains

are gelatinized, both the solution and the grains color deeply. After boiling for 2 minutes, the

solution colors very deeply and the grain-residues rather fightly. The capsules all color a violet or

red-violet with an excess of iodine.

27
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Stnining Reactions. With gentian violet and with safranin the grains all begin to stain very

lightly at once and in 30 minutes are still lightly stained.

Temperature Reaction. The temj^crature of gelatinization is 79 to 80 C, mean 79.5.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in a very few grains in

45 seconds. It is complete in aliout one-fifteenth in 5 minutes, in about one-fourth in 15 minutes, in

half in 30 minutes, and in about seven-eighths in an hour. The lamelli3e become more sharply defined,

and the hilum, or the cleft, at this region swells and often becomes very irregular in outline. Gelatini-

zation begins at the distal end and proceeds graduallj' over the grain, accompanied by uniform swell-

ing. The gelatinized starch at the distal end colors a deep blue and the remainder of the grain an

old-rose color. During gelatinization the blue coloration sweeps towards the proximal end, obscuring
the cleft at this point. Finally the entire grain is gelatinized and deeply colored. Sometimes the gela-

tinized portion of the grain is sharply differentiated from the ungelatinized, and as the reaction pro-
ceeds towards the proximal end, the blue-colored starch pushes before it a colorless, imgclatinized mass.

The gelatinized grain is much swollen, but retains the shape of the untreated grain. The color is a

deep blue with light areas which correspond with the positions of the clefts in the normal grains.

Reaction with chromic add begins immediately. A few are dissolved in 2 minutes, all but a

few resistant grains in 5 minutes, and all in 7 minutes. The hilum, or the cleft at this point, swells,

and frequently a bubble is formed which enlarges and then suddenly collapses. The lamellse become

very sharply defined and striated. Longitudinal branched fissures, if not already present, are formed
and extend obliquely from the region of the hilum towards the distal margin. Solution of the grain
occurs first around the hilum and proximal end, and then advances between the fissures, many
refractive particles resisting the reaction for some time. During gelatinization the grain often

swells slowly and uniformly until it has become a large, clear, ellipsoidal body before the capsule

rujjtures at the proximal end, when the extruded mass and the capsule pass into solution. The
lamella' at the distal margin and for a short distance at the sides of the grain are the last to be

gelatinized, and frequently appear as a transient, serrated, inner lining of the capsule. The starch at

the distal end may be so resistant that it remains after the rupturing at the proximal end and the

outflow of the semi-liquid gelatinized starch, but it soon disappears.
The reaction with pyrogcdlic acid begins in a few grains in 30 seconds. It is complete in a few

in 2J^ minutes, in about two-thirds in 5 minutes, in nine-tenths in 10 minutes, and in all but a few

very resistant grains in 15 minutes. The latter may show very little effect, even after treatment

for an hour. The hilum or the cleft located at this point begins to swell and a bubble often appears
which is expelled before general gelatinization begins. If not already present, two main, longitu-

dinal, branched fissures are formed which pass obliquely from the hilum towards the distal margin.
The lamelhe become very sharply defined and striated, gelatinization begins at the region of the

hilum, and the lamella; at the proximal end are gelatinized. As the starch is gelatinized along the

fissures the lamella; are often affected in such a manner as to form a serrated lining to the capsule.

During the gelatinization of the lamella? refractive bodies remain which are often arranged irregu-

larly, but sometimes in a row, at about the region of the highly refractive lamella which is found
on some grains. Usually some of the lamella; remain at the distal end. If the fissures are very deep,
the grain is sometimes divided into two parts, which may separate at one or both ends of the cleft;

the lamellse are thrown into folds in which the refractive bodies are collected. The gelatinized grain
is much swollen and distorted.

Gelatinization with /erne chloride begins in a small number of grains in 33^^ minutes. A few are

gelatinized in 10 minutes, about one-sixth in 30 minutes, and about one-fifth in an hour. A narrow
border of gelatinized starch is formed, the hilum or the cleft at this region begins to swell, and the

lamelkc become sharply defined and striated. Eadiating fissures, if not already present, are formed
and pass from the hilum or cleft at that region towards the distal end; and delicate fissures are

also formed which pass through the lamellae at the distal end. Gelatinization with distension of

the capsule usually starts at one end and may spread gradually over the grain, and a similar swelling

appears at the opposite end and spreads in the opposite direction. During the reaction small par-
ticles are detached from the main body of the grain and gelatinizetl separately, and near the com-

pletion of the process the most resistant starch is separated forcibly into two or three rather large

fragments, which are finally gelatinized. The gelatinized grains are much swollen and distorted.

The reaction with Purdy's solution begins in a few grains in 1 3^ minutes and only gradual changes
are noted for about 30 minutes, at which time the central portion of only about one-tenth of the
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grains is gelatinized. In an hour tiiere is little if an}- progress in the reaction. The hiliim, or eieft

at this region, at the outstart of the reaction begins to swell, and if not already present, two large,

longitudinal, branched fissures are formed which pass obliquely from the hilum or cleft to the distal

margin. The lamella^ become very sharjily defined and striated and delicate lines pass from the

distal end towards the hilum. The grains in which the fissures are not very dark gelatinize more

quickly. Rarely a grain gelatinizes partially quite rapidly, and a number of refractive particles

become apparent during the process. The gelatinized grains are usually not much swollen, and

only a limited area becomes gelatinized. Very rarely in an hour gelatinized grains are obser\-ed

which are much swollen and almost all of the starch has been gelatinized, but it is quite probable

that such grains were partially gelatinized ijy the heat of grinding before treatment with the reagent.

GENUS LENS.

The small genus Lens, which according to some botanists comprises only 2 species and accord-

ing to others 8, is native to the region of the Mediterranean and the Orient, and has been placed

by Bentham and Hooker between Vicia and Lathyriis. The species L. esculenta is one of the oldest-

kno^xTi plants cultivated by man for food purposes, and the seeds have an especial interest because

of their constituting the mess of pottage which figured in the sale of the birthright of Esau to Jacob.

The specimen from which we obtained the starch was an unknown variety in common cultivation.

STARCH OF LENS ESCULENTA VAR. (Plate 7, figs. 37 and 38. Chart 40.)

Histological Characteristics. In form the grains are usually simple and they are isolated, except

a small number which occur either in compound grains or in aggregates of few components. Some
of the grains are irregular in outline, which is chiefly due to one or more rounded elevations on

the surface. The conspicuous forms are ellipsoidal, rounded-oval, and reniform. There are some

ovoid, shield-shaped, heart-shaped, round, pyriform, and irregular grains of indefinite form.

The hilum is usually obscured or destroyed by fissures, but rarely it may be observed as a clear

centric or slightly eccentric spot in the round grains of medium size and of elongated form in the

unfissured, elongated grains. There is commonly an elongated mesial, somewhat ragged cleft from

which frequently radiating fissures proceed. The cleft and fissures are generally very dark, but

often delicate and less opaque than the remainder of

the grain. Rarely an eccentric fissure may be observed

which intersects the main cleft either at a right or

slightly oblique angle.

The lamellcB are not demonstrable in the mesial part
of the grains, but over at least two-thirds of the grain

they are seen to be complete and coarse and to follow

closely the outline of the grain. On the elongated grains

there are from 8 to 14 lamellae and on the rounded

grains from 6 to 10.

The grains vary in size from the smaller, which are

4 by 6ju, to the larger, which are 22 bj' 38/^ in length and

breadth. The common size is 13 by 24;u in length and

breadth.

Polariscopic Properties. The figure may be in the

form of a cross or of the bean type (a mesial line with

bisected ends). It is centric or slightly eccentric. The
lines are thick and usually more or less ragged.

The degree of polarization is high to very high, with

frequent variations in the same aspect of a given grain.

With selenite the quadrants are not usually sharply defined, and are unequal in size and irreg-

ular in shape. The colors are pure.
Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a very light violet with

a reddish tint, which in 5 minutes becomes a deep blue-violet; with 0.125 per cent solution they show

a slight trace of red-violet, which becomes deeper in 5 minutes. After heating in water until the

grains are gelatinized, both the .solution and the grains color a deep indigo-blue on the addition of

iodine. After boiling for 2 minutes and then treating with iodine, the solution colors more deeply

Chart No. 40.
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and the graiii-rrsidncs a less deep blue. When an excess of iodine is atltled the capsules color a

red-violet to red-purple.

Stainivg Reactions. With gentian violet a few {grains color slightly immcxliatcly and in 30

minutes some of them are stained a light violet. The grains in which the mesial cleft is not deep
or is absent are more quickly stained.

With safranin a few grains color slightly at once and in 30 minutes they are all lightly stained.

Temperature Reaction. The temperature of gelatinization is 71.5 to 73 C, mean 72.25.

Effects of Various Reagents. With chloral hydrate-iodine the reaction begins in a few grains

in a minute and gelatinization is complete in a small number in 5 minutes. About one-fifth are

gelatinized in 10 minutes, about two-fifths in 30 minutes, and about two-thirds in an hour. The
lamella? become sharply defined, but the mesial cleft is not so well marked, although a thorn-like

transparent structure is sometimes formed in the mesial, non-lamellated portion of the grain.

Occasionally either a dark ring or slit-like formation appears in the central part of the grain,

which becomes irregular in outline and is finally obscured as gelatinization and the accompanying

deep-blue coloration advance towards this region. Gelatinization usually begins at one end and pro-
ceeds gradually over the grain, accompanied by uniform swelling. The gelatinized starch colors a

deep l^lue and the rest of the grain an old-rose. In reniform grains and indented forms, gelatiniza-

tion may start at the depression or indentation and be followed by another focus of reaction at a

point on the opposite side. The grains which are not completely gelatinized become granular in

appearance and of an old-rose to a light reddish-brown tint, with a lighter central area and sur-

rounded by a clearer border. The gelatinized grains are much swollen, but retain the general shape
of the untreated grain. They are deep blue in color and frequently with clear lines which are

located at the region of the clefts in the untreated grain.

The reaction with chromic acid begins in 20 seconds. A few grains arc dissolved in a minute,
the majority in 3 minutes, about six-sevenths in 5 minutes, and practically all in 13 minutes. The
refractive and non-refractive lamella; become very sharply defined, and fine stria; appear in the

former. The clefts, or hilum if demonstrable, become very distinct, liut if a cleft is not present a

thorn-like fissure is quickly formed in the mesial non-lamcUated portion of the grain. Gelatiniza-

tion proceeds along the course of the branched fissures and the grain swells uniformly, assuming
an oval shape. During the solution of the lamellfe, irregularly distributed, refractive bodies appear
which remain for some time embedded in the dissolved starch. These grains become clearer until

finally the entire mass is in solution. In the very resistant grains, as the refractive bodies pass into

solution, the capsule becomes distorted and rujitures simultaneously at two or more points.

Reaction with pyrogallic acid begins in a few grains in 30 seconds and jiractically all are in

various stages of dissolution in Ij^ minutes. The reaction is complete in a few in a minute, in nearly

all in 23^ minutes, and in practically all in 5 minutes. The clefts, hilum, and lamcike become very
distinct. If clefts were not present at the position of the hilum, they are quickly formed, and deli-

cate branches pass from them to all parts of the grains. The lamelhe become striated, and as they
are gelatinized, refractive bodies appear which remain embedded in the altered starch. In many
of the gelatinized grains the structure of the lamelhe can be detected, the lamella? being thrown into

folds and held in place by refractive bodies. A deep, elongated cleft frequently passes through
the center of the gelatinized grains, completely dividing the grains at one or both ends. A small

number of the grains are completely gelatinized, except a few refractive bodies embedded in the

gelatinized starch. The gelatinized grains are so swollen and distorted that they do not resemble

the shape of the imtreated grain.

With ferric chloride swelling liegins in a few grains in 2 minutes. It is complete in a very small

number in 18 minutes, in about one twenty-fifth in 30 minutes, and one-tenth in an hour. A luir-

row, transparent border is formed around the grain and the lamella; become striated and sharjily

defined. Gelatinization accompanied by distension of the capsule usually begins at one point and

may proceed gradually over the entire grain, or swelling may also appear at the opposite end of the

grain. The central part of the grain is the last to undergo gelatinization. In some grains the trans-

parent, narrow border becomes broader and irregular in outline, followed by simultaneous gela-

tinization at several points. In the reniform grains the swelling frequently begins at the depression
at one side of the grain. During the reaction small particles of ungelatinized starch may from time

to time be broken from the main mass and be gelatinized separately, this breaking up going on

until near the completion of the process, when the more resistant starch is forcibly divided into
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two or three rather large fragments, which are finally gelatinized. The gelatinized grains are so

mnch swollen and distorted that the}' do not retain the shape of the untreated grains.

The reaction with Purdy's solution begins in a few grains in 2 minutes; about one-tenth are

gelatinized in 5 minutes, one-fifth in 15 minutes, one-third in 30 minutes, and one-half in an hour.

The hilum and the clefts enlarge, and the lamellae become sharply defined and striated. In the body
of the grain delicate fissures form which radiate from the clefts or the hilum. Gelatinization in

ellipsoidal grains that have mesial, elongated clefts often proceeds more rapidlj' towards one end of

the grain. As gelatinization progresses along the course of the radiating fissures, the lamelte are

often broken dowTi in such a manner as to form a serrated lining to the capsule. During the solu-

tion of the lamelliE, refractive bodies appear embedded in the gelatinized starch. If a mesial, elon-

gated cleft is not present in the untreated grain, a gelatinized area with embedded refractive bodies

is more quickly formed. The gelatinized grains, as a rule, are not much swollen, and the reaction

is chiefly limited to a central area which represents about one-third of the grain. A few grains,

possibly one-fiftieth, are swollen, and all the starch within the capsule is gelatinized, but no grains
in good condition were observed to reach this stage previous to the addition of the reagent. Since

several grains in the preparation are partially gelatinized, probably from the heat generated during

grinding, such a result may be reached only in these grains.

GENUS LATHYRUS.

Lathyrus is a genus of about 120 species, which are natives of the Northern Hemisphere and

South America; this includes both annuals and perennials, some of the latter being cultivated as

annuals. Both wild and cultivated forms are known as variously designated kinds of peas, the

most familiar being the sweet pea (Lathyrus odoratus Linn.) of common garden cultivation. The
starches of 4 species or their representatives were studied as types of the genus: L. odoratus var.

shahzada, the sweet pea, which is an annual and a native of Sicily; L. sylvestris Hort., the flat pea,

a perennial and a native of Europe; L. latifolius var. albus Hort., or everlasting pea, also a

perennial and a native of Europe; and L. magellanicus var. albus Hort., a perennial and a native

of the Straits of Magellan, and a maritime plant.

STARCH OF LATHYRUS ODORATUS VAR. SHAHZADA. (Plate 7, figs. 39 and 40. Chart 41.)

Histological Characteristics. In form the grains are simple and isolated. The surface is often

irregular, owing to depres.sions or rounded protuberances. The conspicuous forms are the ovoid,

ellipsoidal to elliptical, oval, reniform or bean-shaped,
and round; there are also irregularly quadrilateral, tri-

angular with rounded corners, and various modifica-

tions of the foregoing forms. The grains are usually

not so thick as broad.

A central, rather indistinct hilum may be observed

in the unfissured, round, or rounded forms; in others maj'
be seen a number of small, granular, slightly refractive

bodies, whose exact number can not be determined.

Whether these represented hila is doubtful. Quite fre-

{juently the grains are fissured and the fissure is usually

long, broad, and deep, extending through the middle of

the grain. It may be straight and clean-cut, but com-

monly is more or less ragged, and it may have very deep
branches extending out on each side almost to the mar-

gin. In some grains the fissuration is quite difi'use.

The lamella: are very distinct, coarse, continuous

bands, which quite regularly follow the outline of the

grain. There are from 10 to 12 on the larger grains.

The grains vary in size from the smaller ones, which

are 6 by G/j, to the larger, which are 38 by 25/u in length and breadth. The common size is 25 by

20/t in length and breadth.

Polariscopic Properties. The figure is centric or sfightly eccentric, distinct, but usually not

clear-cut. In the least fissured antl in the unfissured grains there maj^ be observed a cross or a

Chart No. 41.
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figure which appears as a thick line, bisected at the ends and located in the longitudinal axis. The
lines are generally broad, irregular, and not clear-cut.

The degree of polarization is fair to high, in most grains fairly high. It does not vary much in

different aspects of the same grain, but sometimes varies in the same aspect of a grain. Some-
times only very small ijortions of the grain are observed.

With selenite the quadrants are, as a rule, not well defined, irregular in shape, and unequal in

size. The colors are p>u'e to fairly pure.
Iodine Reaclions. With 0.25 per cent Lugol's solution most grains color a rather light violet;

with 0.125 per cent solution they color a very light-violet. After heating in water until the grains
are completely gelatinized, the solution colors a deep blue and the gelatinized grains a fairly deep
blue on the addition of iodine. After boiling for 2 minutes, the solution colors very deeply and the

grain-residues rather lightl}'. The capsules all color violet when an excess of iodine is added.

Staining Reactions. With gentian violet and with safranin when viewed in masses, the grains

appear slightly stained at once and after remaining in the solution for 30 minutes they are lightly
colored.

Temperature Reactio7i. The temperature of gclatinization is 68 to 09 C, mean 68.5.

Effects of Various Reagents. With chloral hijdrate-iodine the reaction begins in a few grains
in a minute, gclatinization is complete in a small number in 3 minutes, about one-fifth are gelatin-
ized in 5 minutes, and about one-half in 30 minutes. After an hour very little further gclatinization
is noted, but the grains that are not gelatinized have Ijecome a golden-brown color and are finely

granular, the center being lighter in color and less granular, while the entire grain appears to be

surrounded by a clear capsule. The grains that are soon affected take on a very light violet color,

and the lamellae and the hilum become more distinct. Gclatinization frequently begins by the dark-

ening of one end of the grain, which spreads over the entire grain accomijanied by uniform swelling.
The formation of protuberances during this reaction, which is observed in grains of so many otlier

sources, is absent. In the bean-shaped grains gclatinization often starts at the depression located about
the middle of one side of the grain and proceeds slowly both forward and laterally, a clear, irregular
line being pushed ahead of the advancing gclatinization. Occasionally one or more strands of color

extend from the deeply stained, gelatinized mass through the grain. In round forms, a ring of

more deeply stained substance appears around a light, unstained central mass and slowly advances

over the grain.

Reaction with chromic acid begins immediately. A few grains are gelatinized and dissolved

in 25 seconds and all in 10 minutes. The lamellae become very distinct, the refractive and non-

refractive lamellae lieing sharply defined, and fine strite appear on the refractive lamellie. One or

more branched clefts are formed in the central non-lamellated area, and fine fissures penetrate

every part of the grain, which now swells uniformly and assumes an oval shape, gradualh' becoming
very clear and then collapsing suddenly. A round grain with a distinct hilum is occasionally ob-

served, in which the hilum as well as the lamella; become distinct, followed by the process already
noted. A few refractive granules are sometimes formed during the reaction. These are dissolved

with the rest of the grain.

The reaction with pyrogaUic acid begins in a few grains immediately. It is complete in some
in a minute, in the majority in 3 minutes, and in all in 5 minutes. The hilum in the round forms

swells and becomes more distinct. In the elongated forms the hihnn is not oliserved, Ijut there are

oval granular masses which may be deeply fissured and surrounded by sharply defined refractive

and non-refractive lamellae. The irregular clefts when present increase in size, and the smaller

fi.ssures radiating from them penetrate to all parts of the grain. If clefts are not present in the

untreated grain at the position of the hilum, either irregularly branched ones are formed there,

or the central mass is gelatinized with the formation of many refractive granules, and delicate

fissures radiate from this region towards the margin. The gelatinized grains are much swollen and
the outline is quite irregular. Some of the grains are completely gelatinized, except a few refractive

granules embedded in a gelatinous mass surrounded by the outermost laj'ers. In other grains,

more layers of lamelhe have partly resisted gclatinization, and these are much convoluted, anil a deep

longitudinal cleft frequently passes through the center of the mass. Occasionally the cleft divides the

grain at one or both ends. There are refractive granules in the folds of the gelatinized grain.

With ferric chloride the grains begin to react in 4 minutes. A few are gelatinized in 7 minutes,
about one-tenth in 30 minutes, and about one-fifth in an hour. The hilum if unfissured becomes
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distinct; lines dividing the grains as well as the lamella; are more clearly defined; the striated border

appears more transparent and darker than the central opaque mass, and a clear line borders the

entire grain. An invagination occurs and the grain begins to swell at this point. In the rounded
forms this usually appears at one place, often followed later by swelling at one or more such invagi-
nated parts. In the bean-shaped grains the swelling frequently occurs at the depression on one

side of the grain and gradually spreads around the margin. During the process the gelatinized part
of the grains shows light lines of division, which frequently fly apart at these points, the segments
later breaking into pieces and becoming gelatinized.

With Purdy's solution reaction begins in a few grains in 30 seconds and all are affected in 4

minutes. About one-third are gelatinized in 15 minutes and one-half in 30 minutes. There is very
little if any further change in an hour. The hilum in the round grains, if unfissured, swells and
becomes more distinct, and delicate radiating lines pass from it towards the margin. When
clefts are present at the hilum before the addition of the reagent, both clefts and refractive and
non-refractive lamellte become very sharply defined. The appearances of the phenomena of this

reaction are similar to those observed when the grains are treated with pyrogallic acid, but during

gelatinization the lamellae are more distinct, and as they are dissolved rows of bodies having a

crystalline appearance are more frequently observed. The remains of the lamellae are generally less

convoluted and the gelatinized grain more regular in shape than when treated with pyrogallic acid.

STARCH OF LATHYRUS SYLVESTRIS. (Plate 7, figs. 41 and 42. Chart 42.)

Histological Characteristics. In form the grains are simple and isolated. The surface is gener-

allj' somewhat irregular. The grains are marked very irregularly by fissures which often appear to

border a non-lamellated space in the central part of the grain and separate it from the rest of the

grain. The conspicuous forms are the ovoid, oval, ellip-

soidal, and elliptical, with a few reniform, small, round

or nearly round grains, Avhich may be quite regular in

form, pyriform, and various modifications of the forego-

ing. The grains are usually not so thick as broad.

The hila are so indistinct, even in the grains in which

the central portion is unfissured, that it is impossible to

determine anything definite about them. In some such

grains a number of faintly refractive granules may be

seen in the central, non-lamellated space. Many of the

grains have fissures extending through them in various

directions, but some have a single, long, clear-cut line

located mesiallj'.

The lamellw are not verj' distinct, rather coarse, con-

tinuous bands which follow quite regularly the outline

of the grain. There are 10 or 12 on the larger grains.

The grains vary in size from the smaller, which are 8 by

8yu, to the larger, which are 28 by 28// in length and breadth.

The common size is 24 by 19^ in length and breadth.

Polariscopic Properties. The figure is centric or

slightly eccentric, distinct, and usually not clear-cut. In the unfissured or slightly fi.ssured, elongated

grains it consists of a single broad line extending along the longitudinal axis of the grain and divided

at each end into two lines. In rounded forms the figure is in the shape of a cross. The lines may be

curved, ragged, and otherwise distorted.

The degree of polarization is low to fairly high, usually fairly high. It does not vary much in

different aspects of the same grain, but in the same aspect of some grains it is commonly lacking

centrally in a large area, and in others it is lower in different parts. It is lower than in L. odoratus

var. shahzada.

With selenite the quadrants arc generally not well defined, irregular in shape, and unequal

in size. The colors are as a rule fairly pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains all color a fairly deep l)lue-

violet; with 0.125 per cent solution they stain rather lightly and the tint deepens rather rapidly.

The color is much deeper than in L. odoratus var. shahzada. After heating in water until all the grains

il
Curve of Reaction-Intensities of Starch of

Lathyrus sylvestris.
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are gelatinized, the solution and the gelatinized grains color deeply on the addition of iodine. After

boiling for 2 minutes the solution colors very deeply, but the grain-residues not at all, with iodine.

If an excess is added all of the capsides color violet.

Staining Reactions. With gentian violet the grains when viewed in masses show a very slight

tint of violet at once, but there is scarcely any change after remaining in the solution for 30 min-

utes. The color is the same as in L. odoratus var. shahzada.

With safranin the grains when viewed in masses show a very slight tint of red at once, but

after remaining in the solution for 30 minutes there is scarcely any change. The color is the same
as in the grains of L. odoratus var. shahzada.

Temperature Reaction. The temperature of gelatinization is 57 to 59 C, mean 58.

Effects of Various Reagents. With cidoral hydrate-iodine the grains begin to react at once. A
few are gelatinized in 30 seconds, about three-fourths in 5 minutes, seven-eighths in 10 minutes,
nine-tenths in 15 minutes, and all but rare resistant grains in 30 minutes. The ungelatinized grains

have the same peculiar color as the ungelatinized grains observed in this reaction in L. odoratus var.

shahzada. Protuberances are formed at one or more points on the margin during gelatinization,

so that the outline of the gelatinized grain is scalloped. The process is qualitatively the same as

in L. odcrratus var. shahzada.

The reaction with chromic add begins in 20 seconds. Many are dissolved in 30 seconds and

all in 2 minutes. During solution the outlines of the majority are distorted, while in those which

resist solution longest it is regular. The process is cjualitatively the same as in L. odoratus var.

shahzada.

The reaction with pyrogallic add begins at once. A few grains are gelatinized in 30 seconds,

the majority in a minute, and all in 1% minutes. The gelatinized grain is rather more irregular in

outline than in L. odoratus var. shahzada, but the reaction is qualitatively essentially the same.

With /errjc chloride the grains begin to react in 30 seconds. Several are gelatinized in 2 minutes,
one-third in 5 minutes, nine-tenths in 30 minutes, and all, with the exception of about 1 in 500,

in an hour. The lamella; are not so distinct as in L. odoratus var. shahzada. The swelling usu-

ally begins at one point, but is almost instantly followed by reaction in several others, until the

entire margin is involved. The reaction is qualitatively essentially the same as in L. odoratus

var. shahzada.

Reaction with Purdy's solutioti begins at once. A few are gelatinized in a minute, the majority
in 10 minutes, and all in 30 minutes, with the exception of a few scattered grains, possibly 1 in 300,

in which the reaction is not complete. The reaction is qualitatively essentially the same as in L.

odoratus var. shahzada. The bodies of crystalline appearance, which are arranged in rows during

gelatinization of the lamellse, are not usually observed, and the gelatinized grain is more irregular

in shape and gelatinization proceeds farther than in L. odoratus var. shahzada.

STARCH OF LATHYRUS LATIFOLIUS VAR. ALBUS. (Plate 8, figs. 43 and 44. Chart 43.)

Histological Characteristics. Inform the grains are simj^le and isolated, often widely and deeply

6ssured, the surface commonly much wrinkled. A central non-lamellated area is sometimes marked
from the rest of the grain by circular or semicircular fissuration. Many of the grains show a long,

mesial, witle, clean-cut or ragged fissure. A number of rather fine but irregular fissures often extend

from this in various directions. In some grains there are disseminated fissures. The outlines of

the grains are usually somewhat irregular. The conspicuous forms are the ovoid, oval, ellipsoidal,

and round to nearly round. There are also many irregularly elliptical, quadrilateral, pyriform,

reniform or bean-shaped, and many irregular forms.

A central hilum is faintly visible in a few of the round grains, but generally the hila are obscured

or destroyed by Assuring.

The lamella are fairly distinct, rather coarse, continuous bands which follow quite regularly

the outline of the grain. They are often made discontinuous by the fissures. There are about

10 on the larger grains.

The gi-ains vaiy in size from the smaller, which are 4 by 4//, to the larger, which are 36 by 28;u

in length anil l)reatlth. The common size is 23 by 20;u in length and l^reatlth.

Polariscopic Properties. The figure is centric or slightly eccentric, distinct, but usuallj' not

clear-cut. It is often difficult to ilistinguish the lines composing the figure from those of the fissures.

In the rounded forms the figun> is in the form of a cross with a large ilark area at the point of inter-
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The reaction witli Piirdi/s solution l)cgins in 30 seconds. All of the grains are affected in 5

minutes, one-fifth are gelatinized in 15 minutes, about one-third in 30 minutes, and one-half in an

liour, with little further change. The refractive granules noted in L. odoratus var. shahzoda during
the reaction are freciuently observed. The reaction is qualitatively the same as in the latter.

Differentiation of Cnlain Starches of the Goms Lathynis.

Histological Ch.\racterist:cs.

Conspicuous Forms.

L. odoratus var. shatizadu: Simple and isolated; surface

irreguhir. Ovoid, ellipsoidal to elliptical, oval,
reniform or bean-shaped, round.

L. si/lvestris: Essentially the same as in L. odoralus var.

shahzada.
L. latifolius var. albus: Essentially the same as in L.

odoratus var. shahzada.
L. magellanicus var. albus: Essentially the same as in

L. odoratus var. shahzada, but more irregular.

HUum Form, Number, and Position.

L. odoratus var. shahzada: When not fissured a number
of small indistinct spots grouped together in a

non-lamellated space. Usually deeply and exten-

sively fissured; single longitudinal fissure promi-
nent. Centric or slightly eccentric.

L. sylvestris: Form essentially the same as in L. odoratus

var. shahzada. Position centric or slightly ec-

centric.

L. latifolius var. albus: Form essentially the same as in

L. odoratus var. shahzada. Position centric or

slightly eccentric.

L. 7)iagellariicus var. albus: Form essentially the same as

in L. odoralus var. shahzada, but fissuration more

pronounced. Position centric or slightly eccentric.

Lamellce General Characteristics and Number.

L. odoratus var. shahzada: Very distinct, coarse, continu-
ous bands, following outhne of grain. 10 to 12 on

larger grains.
L. sylvestris: Same as in L. odoralus var. shahzada, but

not quite so coarse. 10 to 12 on larger grains.
L. latifolius var. albus: Same as L. odoratus var. shahzada,

but not quite so coarse. 10 on larger grains.
L. 7nagellanicus var. albus: Same as in L. odoratus var.

shahzada but not quite so coarse. 12 to 14 on

larger grains.

Size.

L. odoratus var. shahzada: From 6 to 38;i, commonly 25m-
L. sylvestris: From 8 to 38^, commonly 24^.
L. latifolius var. albus: From 4 to 36ji, commonly 23^.
L. rnagellanicus var. albus: From to 50;i, commonly 34^.

PoLARiscopic Properties.

Figure.

L. odoratus var. shahzada: Centric or slightly eccentric,

distinct, generally not clear-cut, lines usually
broad and irregular, cross or bean type.

L. sylvestris: Same as in L. odoralus var. shahzada.
L. latifolius var. albus: Same as in L. odoralus var.

shahzada.
L. magellanicus var. albus: Same as in L. odoralus var.

shahzada.

Degree of Polarization.

L. odoralus var. shahzada: Fair to high, usually fairly

high.
L. sylvestris: Low to fairly high, less than in L. odoralus

var. shahzada.
L. latifolius var. albus: Low to high, slightly less than

in L. odoratus var. shahzada.
L. magellanicus var. albus: Low to fairlj- liigh, less than

in L. odoralus var. shahzada.

PoL.ARiscopic Properties. Continued.

Polarization with Seleniie Quadrants and Colors.

L. odoratus var. shahzada: Quadrants usually not well-

defined, irregular in shape and unequal in size.

Colors pure or fairly pure.
L. sylvestris: Quadrants same as in L. odoratus var.

shahzada. Coloi's fairly pure.
L. latifolius var. albus: Quadrants same as in L. odoralus

var. shahzada. Colors fairh' pure.
L. magellanicus var. albus: Quadrants same as in L.

odoratus var. shahzada. Colors fairly pure.

Iodine Reactions.

Intensity and Color.

var. shahzada: Rather light; violet.L. odoralus

L. sylvestris: Fairly deep, much deeper than in L. odoratus
var. shahzada; blue-violet.

L latifolius var. albus : Fairly deep, much deeper than in

L. odoralus var. shahzada; blue-violet.

L. magellanicus var. albus: Light, slightly more than in

L. odoratus var. shahzada; violet.

Staining Reactions.

Wilh Gentian Violet.

L. odoratus var. shahzada: Light.
L. sylvestris: Light, same as in L. odoratus var. shahzada.

L. latifolius var. albus: Light, same as in L. odoratus

var. shahzada.
L. magellanicus var. albus: Light, slightly more than in

L. odoratus var. shahzada.

With Safranin.

L. odoratus var. shahzada: Light.
L. sylvestris: Light, same as in L. odoratus var. shahzada.

L. latifolius var. albus: Light, same as in L. odoralus var.

shatizada.

L. magellanicus var. albus: Light, slightly more than in

L. odoralus var. shahzada.

Temperature of Gelatinization.

L. odoralus var. shahzada: 68 to 69 C, mean 68.5.
L. sylvestris: 57 to 59 C, mean 58.
L. latifolius var. <dbus: 62 to 61 C, mean 63.
L. magellanicus var. albus: 68 to 70 C, mean 69.

Effects of Various Reagents.

Reaction with Chloral Hydrate-Iodine.

L. odoratus var. shahzada: Begins in a few in a minute
;

complete in half in 30 minutes, little further change
in an hour.

L. sylvestris: Begins in all at once; complete in nine-

tenths in 15 minutes and practically all in 30 min-

utes, little further change in an hour.

L. latifolius var. albus: Begins in all at once; complete
in nine-tenths in 30 minutes, little further change
in an hour.

L. magellanicus var. albiis: Begins in a few at once; com-

plete in half in 15 minutes, little progress in 30

minutes, complete in two-thirds in an hour.

Reaction with Chromic Acid.

L. odoratus var. shahzada: Begins at once; complete in

all in 10 minutes.

L. sylvestris: Begins in all in 20 seconds; complete in all

in 2 minutes.
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Differentiation of Certain Starches of the Genus Lathyrus. Continued.

Effects of Various Reagents. Continued.

Reaction with Chromic Acid. Continued.

L. latifolius var. aWus: Begins at once; complete in all

in 3J4 minutes.
L. magcllanicus var. albus: Begins at once; complete in

all in 4J2 minutes.

Reaction with Pyrogallic Acid.

L. odoralus var. s}iahzadn: Begln.s in a few at once; com-
plete in all in 5 minutes.

L. syhestris: Begins at once; complete in all in IJ^
minutes.

L. latifolius var. albus: Begins at once; complete in all

in 2 minutes.
L. magellanicus var. albus: Begins at once; complete in

all in 4 minutes.

Reaction with Ferric Chloride.

L. odoralus var. shahzada: Begins in all in 4 minutes;
complete in one-fifth in 1 hour.

Effects of Various Reagents. Continued.

Reaction u'ith Ferric Chloride. Continued.

L. sijlveslris: Begins in all in 30 seconds; complete in nine-
tenths in 30 minutes and in practically all in an
hour.

L. latifolius var. albus: Begins in all in a minute; com-
plete in nine-tenths in an hour.

L. magellanicus var. albus: Begins in a few in 1 minute;
complete in two-fifths in 30 minutes and incomplete
in an hour.

Reaction with Purdy's Solution.

L. odoralus var. shahzada: Begins in a few in 30 seconds,
in all in 4 minutes; complete in one-half in 30

minutes, but incomplete in an hour.

L. syhestris: Begins at once; complete in all in 30 minutes.
L. latifolius var. albus: Begins at once; complete in prac-

tically all in 30 minutes.
L. magellanicus var. albtts: Begins in some in 30 seconds,

in all in 5 minutes. Complete in half in an hour.

NOTES ON THE STARCHES OF LATHYRUS.

It will be noticed from the photograjihs that the starches of the fir.st three Lathyri are almost

identical in general appearances, and that such differences as are detectable are to be found in vari-

ations in the degree of regularity of the grains, the extent of fissuration, and the visibility of the

lamellae, all of which may be merely incidental and due to transient conditions, and therefore of no

real value in differentiation. But the starch of L. magellanicus var. alhus stands by itself, the grains

being on the whole distinctly larger, more irregular, and more fissured. In the reactions more or less

marked differences are observed, the sum of which in the case of each starch is diagnostic. The range

of variation is particularly noticeable in the polarization, iodine, and temperature records, and in all

of the records of the chemical reactions. The wide range in the temperature reaction is very striking,

the lowest record being observed in L. syhestris (58 C), and the highest in L. magellanicus var. albus

(69), a (.lifference of 11. In general, L. syUestris and L. lalifolius var. albus are closely in accord

in their reactions, while L. odoralus var. shahzada and L. magellanicus are in correspondence.

GENUS PISUM.

The small genus Pisiim is allied to Vicia, Phaseolus, Lens, and Lathyrus, especially the latter,

and is composed of about a half a dozen species of climbing plants which are native chiefly to the

Mediterranean region and Asia. P. sativum Linn., the common garden pea, of which a considerable

number of agricultural forms are cultivated, is the best known of the genus. Apart from the members

of this genus, there are a large number of plants or seeds which are known as peas, some of which,

however, have not even a family relationship. Starches were prepared from five garden varieties

of P. sativum, the selection being based upon external characteristics of the seeds, including Eugenie

(a large, yellow or green wrinkled seed, the larger proportion being yellow anil the remainder vari-

ous tints of green, mostly light) ;
Thomas Laxton (a large yellow, wrinkled pea) ;

Electric Extra Early

(a small, green, round, indent) ; Mammoth Grey Seeded (a large, brown, or greenish-brown, or gray, with

minute black specks, pitted, sugar pea); and Large White Marrowfat (a large yellow, smooth, round).

The Eugenie, Large White Marrowfat, and Mammoth Grey Seeded are late blooming varieties;

Thomas Laxton and Electric Extra Early are early blooming. Great importance was attached to

the properties expressed by the terms round and wrinkled, and green and yellow, in the experiments

l)y Mendel, which laid the foundation for the present-daj' Mendelism. (See Part I, page 72, for

starch in relation to Mendelism.)

STARCH OF PISUM SATIVUM VAR. (EUGENIE, GREEN). (Plate 8, figs. 47 and 48. Chart 45.)

The starch was prepared from the greenest of the separated green grains.

Histological Characteristics. In form the grains appear to be simple and chiefly as rosette and

linear aggregates. They may be tlivided into two groups; those appearing to be the original grains

and those apjiearing to be pieces of broken-down originals. The former are of round, ovoid, oval, or

linear types, but all are divided by deep, wide, often irregular fissures into from two to eight parts.
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generally five or six, which give the round, ovoid, and oval forms a rosette-like appearance. Some
of the linear forms arc aggregates of the round and oval forms. Extension of the fissuration sepa-
rates these grains into part-grains, which are generally somewhat triangular, quadrangular, cres-

eentic, or hemispherical in form. Whether or not these part-grains arc individual grains and
therefore parts of grains that are aggregates could not he determined in the normal grains because
of an absence of hila and lamella^ but by means of Purdy's solution lamella; were demonstrated
in the part-grains to be discontinuous lines, indicating that these part-grains are broken-oiT com-

ponents of primary grains. There are a few grains resembling those of Vicia, Phaseolus, and Lathy-
riis, but with these exceptions they are quite unlike the bean starches. The marked dissimilarity

may, however, be more apparent than real, since it may be due to peculiarities of Assuring, although
the histological differentiation is borne out by the results of the other methods of stud.y. In some
of the grains of reniform shape there was a long longitudinal fissure, with deep lateral branches,
almost entirely separating the several parts of the grain from one another. The fissuration of the

round, ovoid, and oval types is merely a modification of this.

No hila are demonstrable.

There are no lamellce visible in normal grains. When treated with Purdy's solution, lamellae

appear as discontinuous lines on each of the part-grains, showing that these part-grains are seg-
ments of the normal simple grains. They are regular,

rather coarse, and have the outline of the margin. There
are about 6 or 7 on the larger part-grains.

The grains vary in size, from the part-grains, which
are 10 liy lO/i, to the larger rounded grains, which are 38

bj' oSyu, and the larger oval grains, which are 44 by 32/^

in length and breadth. The connnon size is 28 by 28/^.

Polariacopic Properties. No definite figure can be

made out. The oval and round forms show a large dark

area with usually a half dozen or more short, radial lines

which border small bright spots. The part-grains appear
as bright spots without a figure.

The degree of polarization is low. It does not vary
much in different grains, but in most of the grains it is

obscured or largely obliterated by the deep fissuration.

In the grains of the beau type it is fairly high. It does

not vary much in different aspects of the same grain.

With sclenite there is no definite division into quad-
rants, but spaces of blue and of yellow may be seen

which are not very definitely outlined ami which are

grouped with others of the same color. Sometimes the blue and sometimes the yellow spaces pre-

dominate, according to the position of the grains in the field. The colors arc not pure.
Iodine Reactions. With 0.25 per cent Lugol's solution the grains are colored a fairly light

violet; with 0.125 per cent solution they color a lighter violet and the color deepens fairly rapidly.

After heating in water until all the grains are completely gelatinized, the solution is colored a deep

blue-green and the gelatinized grains a deep bluish-purple on the addition of iodine. After boiling

for 2 minutes, the solution colors a very deep indigo-blue and the grain-residues a deep purplish-

blue, the latter coloring a dark reddish-purple when an excess of iodine is added. The grain-residues

were again boiled for 5 minutes, and even then the capsules nearly ahvajs contained some gelatinized

starch which on addition of iodine became a deep-purple. Very rarely grains are seen which resem-

l)le those of Lathyrus odoratus var. shahzada, and the capsules of these grains stain a reddish-violet.

Staining Reactions. The grains when viewed in masses show with gentian violet a slight tint

of violet at once; with safranin, a slight tint of red at once. After remaining in the solution 30

minutes they are very lightly stained. The color of the grain is not uniform in tint and usually

deeper along the course of the fissures.

Temperature Reaction. The temperature of gelatinization is 73 to 74 C, mean 73.5.

Effects of Various Reagents. With chloral hydrate-iodine a few grains take on a deep indigo-

blue color immediately. The majority are gelatinized in 2 minutes and all but about 1 in 200 in

5 minutes; after an hour a few are still not gelatinized; these are the grains of the bean type. They

s
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gradually assume a golden-brown color. The grains which Ijccome gelatinized are stained either

a light violet or light rose tint, and the lamellae become very distinct and have delicate strise, espe-

cially in unfissured grains. In the forms with deep stellate clefts, this color is a golden-brown at

once, but later the blue color starts centrally and spreads throughout the grain, accompanied by
uniform swelling. Gelatinization usually starts at one end, or at the lines of separation of the aggre-

gates or part-grains, and advances slowly. The gelatinized grain, while much swollen, retains in

general the form of the untreated grain. There is a central light space from which light lines extend,

dividing the grain into segments which sometimes are practically separated from one another.

The grains begin to react at once with chromic acid. The grains with stellate fissures are fre-

quently dissolved in 20 seconds, except a refractive mass of granules which do not pass into solution.

The grains, which resemble those of Lalkyrus, are all dissolved in 3 minutes. The former swell

rapidly, sometimes breaking into segments or part-grains during the reaction, and are dissolved,

except the mass of refractive substance referred to. In the few grains which resemble those of

Lalhyrus the mesial fissure becomes very distinct; the lamellse are sharply differentiated into refrac-

tive and non-refractive lamellfe, the refractive lamella? exhibiting strife; and delicate radiating
fissures pass from the central fissure to every part of the grain. The grain swells uniformly, becomes

very clear, and then suddenly collapses and passes into solution.

Reaction with pyrogaUic acid begins in some grains at once. A few are gelatinized in 2 minutes

and all are more or less affected in that time. There is verj^ little further change even after an hour.

Tlic lamellrt" become very distinct and exhibit striae. In the forms with stellate fissures bubbles

collect in the fissures and disappear as the grains swell. In some grains the starch immediately

surrounding the fissures becomes gelatinized, while most of the grain continues unaffected after the

first steps of the process. In other grains a clear spot apjjears at the apex of each part-grain of the

grain, and these part-grains occasionally separate antl the parts swell independently. A number
of refractive granules are found along the course of the clefts in all swollen grains. The gelatinized

grain, though much enlarged, retains the general shape of the untreated grain. A few grains similar

to those observed in Lathyrus odoralus var. shahzada are completely gelatinized in 2 minutes. The
reaction and the shape of the gelatinized grain are the same as in L. odoratits var. shahzada.

The grains begin to react in 30 seconds with ferric chloride, the lamella^ becoming distinct.

In 15 minutes practically all are partially gelatinized, and the reaction is complete in a few in 20

minutes. Nearly all are gelatinized in 30 minutes, but after remaining in the reagent for an hour
there is little if any further change in the few remaining ungelatinized grains. The lamellae become

distinct, the stellate fissure swells and bubbles usually form in it. If the fissure is very deep, the

grain freciuentlj' separates into segments. Some of the outer lamelUe appear to break as the gelat-

inized starch expands. Some of the grains do not separate into parts, in which case the gelatinized

grain retains much of the shape of the untreated grain.

With Purdy's sohdion the grains begin to react in 30 seconds. A few are gelatinized in 5 min-

utes, all of the grains are in process of reacting in 15 minutes, and the reaction is complete in 30

minutes. The phenomena of the reaction are similar to those noted for pyrogallic acid, but gelati-

nization proceeds somewhat further in the fissured forms. The few grains resembling those of

Lathyrus odoralus var. shahzada are completely gelatinized. The gelatinized grain still retains

much of the shape of the untreated grain, and parts of the outermost lamellae are ungelatinized.

STARCH OF PISUM SATIVUM VAR. (EUGENIE, YELLOW). (Plate 8, figs. 47 and 48. Chart 46.)

Histological Characteristics. In form, as in the green Eugenie peas, these grains appear to be

simple. There are few aggregates. Most of the grains are partially divided, usually into four to

nine parts, commonly five or six, by very deep, wide, and somewhat irregular fissures. The grains
are of the round, ovoid, and oval tj'pe, but the marginal outline is so broken up, owing to the fissur-

ing of the grain, that they have a rosette-like appearance. Many jiart-grains also arise from the

breaking up of the primary grain, and these pieces are irregularly wedge-shaped, crescentic, tri-

angular, or quadrangular. Grains of the type common to Vicia and Phaseolus, which have but one

long fissure extending down the middle, are rarely to be found.

No hiiuni is demonstrable.

The lamellw are not demonstrable except by treatment, as with Purdy's solution. When the

grains are so treated the lamellae appear as rather coarse, regular lines, which are made discontinuous

by the fissuring. There are about 8 or 9 on the larger grains.
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hour there is very Httle if any further change. The phenomena of the reaction are identical with

those observed when the grains are treated with pyrogallic acid. Tlie reaction is qualitatively

the same as that noted for the green peas.

STARCH OF PISUM SATIVUM VAR. (THOMAS LAXTON). (Plate 9, figs. 49 and 50. Chart 47.)

Hidological Charadcristics. In form the grains arc probably simple, although practically all

are divided into from four to nine parts, commonly five or six, by very deep, broad fissures which

reach to the outer margin of the grain. They very closely resemble the Eugenie pea in all respects.

In some cases the grains have split entirely into many pieces or part-grains. The grains are evi-

dently roiuid, ovoid, and oval in typo, though the Assuring causes the margin to have a fairly regular

scalloped appearance, the whole grain looking somewhat like a rosette and suggestive of aggregates

of distorted spherical grains. The parts of the broken grains are wedge-shaped, triangular, irregu-

larly quadrangular, and crescent-shaped. There are rarely grains of the bean type common to Vicia

and Phaseol'us. The grains usually are not so thick as they are broad.

No hila could be distinguished.

No lamella can be distinguished, except when the grains are treated, as with Purdy's solution,

and then they appear as rather coarse, regular lines, following the outline of the margin and broken

by the fissures. There are eight to nine on the larger grains.

The grains vary in size from the smaller, which arc 8 by 8/i, to the larger, which are 32 by 32ju.

The common size is 24 by 24/j.

Polariscopic Properties. The characteristics of the figure can not be satisfactorily determined,

owing to the confusion of its lines with those of the fissures. In the few grains of the bean type

present the figure corresponds with the peculiarities de-

scribed under Vicia.

The degree of "polarizalion is low. It does not vary
much in different aspects of the same grain, but is lower

in some grains than in others. It is in general less than

that of the grains of the Eugenie peas. In the grains of

the bean type polarization is fairly high.

With selenite there is no division into definite quad-

rants, but into small spaces of blue and of yellow not very

definitely defined and grouped in each case with others of

the same color. In some grains blue is the predominating

color, but the yellow usually predominates. The colors

are not pure.
Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains all color a fairly light violet; with 0.125

per cent solution they color a lighter violet, and the

color deepens fairly rajiidly. The color is not quite so

deep as in Eugenie peas. After heating in water until all

of the grains are completely gelatinized, the solution

colors a deep blue-green and the gelatinized grains a deep

purjilish-blue on the addition of iodine. After boiling for 2 minutes the solution colors a very deep

indigo-blue and the grain-residues a bright, rather light blue. The gelatinized grains all color a deep

puri)lish-blue when an excess of iodine is added, and even when the grains are boiled for 5 minutes

the results are the same as for Eugenie peas, showing great resistance to breaking dowai and extru-

sion of the inner, less resistant starch from the cajisule.

Staining Reactions. With gentian violet the grains when viewed in masses show a slight tint of

violet, the color being somewhat deeper along the course of the stellate fissure. After remaining in the

solution for 30 minutes they are still very lightly stained. The color is the same as in Eugenie peas.

With safranin the grains are slightly stained at once, the color being deeper along the course

of the stellate fissure. After remaining in the solution for 30 minutes they are still only very lightly

stained. The color is the same as in Eugenie peas.

Temperature Reaction. The temperature of gelatinization is 72.5 to 74 C, mean 73.25.

Effects of Various Reagents. With chloral hydrate-iodine the grains begin to react at once. A
few are gelatinized in a minute, the majority in 2 minutes, and all in 5 minutes, except about 1 in
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200, these being of the bean type. The latter are not gelatinized in an hour. The reaction is quali-

tatively the same as that noted for Eugenie i)eas.

The grains begin to react at once with chromic acid, and all parts of the grains arc almost wholly
dissolved in 30 seconds and completely in 5 minutes. The reaction is qualitatively the same as for

Eugenie peas.

Reaction with pyrogallic acid begins at once. In 5 minutes all the grains are affected, but

there is little further change in an hour. The lamellae become very distinct and the fissures very
refractive. Verj' rarely a grain of the bean type is observed which is completely gelatiiuzed, the

others are slightly affected. The reaction is qualitatively the same as that observed for Eugenie peas.

With ferric chloride the grains begin to react in a minute. A few are gelatinized in 4 minutes,

the majority in 'SO minutes, and nearly all in an hour. The reaction is qualitatively the same as

that observed for Eugenie peas.

With Purdy's solution the reaction begins at once, the grains are swollen in 3K minutes, and

gelatinization is complete, except in the outermost lamclhe, in 30 minutes. After remaining in the

solution for an iiour the general shape of the normal grain is retained, but most of the lamella; are

gelatinizixl, and there are many refractive granules of ungelatinized starch. The reaction is quali-

tatively the same as that observed in Eugenie peas.

STARCH OF PISUM SATIVUM VAR. (ELECTRIC EXTRA EARLY). (Plate 9, figs. 51 and 52. Chart 48.)

Histological Characteristics. In form the grains are simple and isolated, and there are no pres-

sure facets. The grains are frequently somewhat irregular in outline, owing usually to slight depres-

sions. The conspicuous forms are ovoid, oval, elliptical, and reniform. There are in addition round

to nearly round grains, and some incidental forms. The

grains are not so thick as they are broad. They corre-

spond in general characteristics with the Iwan type, as,

for instance, those of Vicia, Phaseolus, Lathyrus, etc.

When an elongated form of grain is not fissured the

hilum may be regarded as represented by a granular,

non-lamellated space appearing in the middle, and in the

round or nearly roimd grains by a small, rather obscure

spot. When the grains are fissured this mesial space is

either not visible or is divided into many parts.

The lamella; are very distinct, rather coarse, continu-

ous lines which follow the outline of the grain. There

are from 7 to S on the larger grains.

The grains varj' in size from the smaller, which are

6 by G/x, to the larger elongated forms, which are 44 by
24m in length and breadth. The common size is 32 by 20/i

in length and breadth.

Polariscopic Properties. The figure is centric or

slight)}' eccentric, distinct, and in most cases fairly clear-

cut. In the unfissured grains it is of the bean type, hav-

ing the form of a single line extending down the middle of the grain, with each end bisected. When
fissures are present the figure is more or less broken up and distorted. Sometimes the lines or parts

of lines composing it are bisected and occasionally curved or bent.

The degree of polarization is fairly high to high, not varying much in different a.spects of a grain,

but sometimes less at some points than at others. It is much higher than that of Eugenie peas.

With selenite the quadrants are fairly well defined, irregular in shape, and unequal in size. The

colors are usually pure.
Iodine Reactions. With 0.25 per cent Lugol's solution the majority of the grains color at once

a fair violet, which deepens gradually to a deep l)lue-violet; with 0.125 per cent solution they color

a very delicate violet, deeper than that of the grains of Eugenie peas. After heating in water until

the grains are completely gelatinized, the solution colors a deep blue-green and the grains a blue-

black on the addition of iodine. After boiling for 2 minutes the solution colors a deep indigo-blue

and the grain-residues a bright, light blue. The capsules all color a deep reddish-purple with an

excess of iodine.
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Qari No. 49

Staining Reactions. The grains when viewed in masses show a slight tint of violet with gentian
violet and of red with safranin. After remaining in the solution for 30 minutes they are Ughtly
stained. The grains are more stained than those of Eugenie peas.

TemjKrature Reaction. The temperatiire of gelatinization is 69 to 71 C, mean 70.

Effects of Various Reagents. With chloral hydrate-iodine the reaction begins at once. A few

grains are gelatinized in 2 minutes, about one-fourth in 15 minutes, and two-thirds in 30 minutes.

After remaining in the reagent for an hour very few if any more grains are gelatinized, but they have
the same golden-brown color already mentioned in connection with Eugenie peas. The reaction is

qualitatively the same as in the Large White Marrowfat peas.

Reaction with chromic acid begins at once; a few grains are dissolved in 2 minutes, the majority
in fiVi minutes, while an occasionally resistant grain may take 12 minutes to pass into solution. The
reaction is qualitatively the same as in the Large White Marrowfat peas.

Reaction with pyrogallic acid begins at once and a few grains are gelatinized in 50 seconds;
most are gelatinized in 2)^ minutes, and practically all in 4 minutes. The reaction is qualitatively
the same as in the Large White Marrowfat peas.

With ferric chloride the grains begin to react in 30 seconds, the lamellae becoming very distinct.

A few are gelatinized in 15 minutes, and about one-sixth in an hour. The reaction is qualitatively
the same as in the Large White Marrowfat peas.

With Purdy's solution some of the grains begin to react in about 30 seconds. A few are gelatin-
ized in 5 minutes, about one-tenth in 30 minutes, and two-thirds in an hour. The reaction is quali-

tatively the same as in the Large White Marrowfat peas.

STARCH OF PISUM SATIVUM VAR. (MAMMOTH GREY SEEDED). (Plate 9, figs. 53 and 54. Chart 49.)

Histological Characteristics. In form the grains are simple, and are isolated except a few aggre-

gates in the form of doul)lets. There are no pressure facets. The grains are usually somewhat

irregular in outline, owing generally to slight depressions. The conspicuous forms are ovoid to

oval, elliptical, and rcniform. There are also round and

nearly round, especially among the small grains, and some

incidental irregular forms. The grains are not so thick as

broad and correspond in general characters with those of

Vicia, Phaseolus, etc.

The hiluni is probably represented by a small mesial,

granular non-lamellated space when the grain is not fis-

sured. In the small round grains there is a small central

hilum. Many of the grains show very extensive Assuring,

usually in the form of a deep, ragged, longitudinal fissure.

The lamellw are distinct, rather coarse, continuous

lines which follow the outline of the grain, usually not so

coarse or distinct near the margin as in other parts and

not so distinct as in Electric Extra Early. There are 7 to

10 on the larger grains.

The grains vary in size from the smaller, which are

4 by 4/:, to the larger, which are 40 by 28/u in length and

breadth. The common size is 29 by 22;u in length and

breadth.

Polariscopic Properties. The figure is centric or

slightly eccentric, usually distinct, but not clear-cut; it is often impossible to determine the exact

characteristics of the figure, owing to interference of the fissures; in grains not fissured it generally

appears as a broad line along the longitudinal axis of the grains that is bisected at each end.

The degree of polarization is fair, ranging from low to fairly high, not varying much in different

aspects of the same grain; sometimes lower at some points than others, and in many grains com-

pletely lacking in the central parts. It is higher than that in Eugenie peas.

With selenite the quadrants are commonly fairly well defined, irregular in form, and unequal
in size. The colors are, as a rule, pure.

loditie Reactions. With 0.25 per cent Lugol's solution the grains color a fairly deep violet,

some having a more reddish tint than others; with 0.125 per cent solution they color a light violet
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.111(1 the color deepens rather slowly. It is deeper than that of the grains of Eugenie pe.as. After

heating in water until all the grains arc completely gelatinized, the solution colors a blue-green

and the gelatinized grains a deep violet-blue on the addition of iodine. After boiling for 2 minutes,
the solution colors a deep indigo-blue and the grain-residues a reddish-blue. With an excess of

iodine the capsules stain a deep violet.

Staining Reactions. When viewed in masses the grains are at once very lightly stained with

gentian violet, and show a tint of red with safranin. After remaining in the solution for 30 minutes

they are still very lightly stainetl. The color is slightly deeper than in Eugenie peas.

Temperature Reaction. The temperature of gelatinization is 70 to 71 C, mean 70.5.

Effects of Various Reagents. With chloral hydrate-iodine the grains begin to react at once.

Swelling starts in a minute in a few grains and a few are gelatinized in 2 minutes. About half are

gelatinized in .30 minutes, with but little further change in an hour. Those which are not stained

a deep indigo-blue have cither a golden or a reddish-brown color. The reaction is qualitatively

the same as that in the Large White Marrowfat peas.

The grains begin to react at once with chromic acid. A few are gelatinized in 45 seconds,

nearly all in 4 minutes, and all in 12 minutes. The reaction is qualitatively the same as in

the Large White Marrowfat peas.

Reaction with pyi-ogallic acid begins at once. A few grains are gelatinized in a minute and all

in 3 minutes. The reaction is qualitatively the same as in the Large White Marrowfat peas.

With ferric chloride the grains begin to react in a minute. A few are gelatinized in 6 minutes,
about one-tenth in 30 minutes, and about one-sixth in an hour. The reaction is qualitatively the

same as in the Large White Marrowfat peas.

With Purdy's solution the grains begin to react in 30 seconds. A few are gelatinized in 3 minutes,

practicallj- all are affected in 10 minutes; about one-sixth are gelatinized in 30 minutes, and about

one-third in an hour. The reaction is qualitatively the same as in the Large White Marrowfat peas.

STARCH OF PISUM SATIVUM VAR. (LARGE WHITE MARROWFAT). (Plate 10, figs. 55 and 56. Chart 50.)

Histological Characteristics. In fmm the figures are simple and isolated. There are no pres-

sure facets. The outlines of the grains are usually somewhat irregular, owing to depressions. The

conspicuous grains are ovoid, oval, elliptical, and reniform; there are also round or nearly round,

triangular and quadrangular grains with rounded angles,

lenticular, and various irregular incidental forms. The

grains are net so thick as wide. They correspond in gen-

eral characteristics with the grains of Vicia and Phaseolus.

There is a small central hilum in the small round

grains. If the grain is unfissured there is seen a central

non-lamellated, granular space which is probably to be

considered as the hilum.

The lamellw appear as distinct, regular, rather coarse,

continuous lines, which have the form of the outline of

the grain. Those near the margin are less distinct than

those of other parts. They are not so distinct or coarse

as in Electric Extra Early. There are 10 to 12 on the

larger grains.

The grains vary in size from small, which arc 6 by

6ju, to the larger elliptical, which are 50 by 28^ in length

and breadth, and the ovoid and oval, which are 42 by
28ju in lengtli and breadth. The common size is 34 by
2-iii in length and breadth.

Polariscopic Properties. The figure is usually fairly

distinct, but sometimes the lines composing it are confused because of the fissures. In the unfissured

grains it commonly has the form of long, longitudinal, dark lines with liisected ends. The lines are

thick but fairly clear-cut, and not, as a rule, bent.

The degree of polarization is fair to high, not varying much in different aspects of the same

grain, but often lower at some points than at others of the same aspect of a grain; it is much higher

than in Eugenie peas.
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^^'itll sclcnite the quadrants in tlic unfissured grains are fairly well defined, irregular in

form, and unequal in size. The fissured grains have many areas of each color grouped together,

antl in some grains the hlue predominates, but in most there is more yellow. The colors are

usually pure.
Iodine Reactions. AVith 0.25 per cent Lugol's solution the grains all color a fairly deep violet;

with 0.125 per cent solution they color a light violet, and the color deepens rather slowly. The
color is deeper than that in Eugenie peas. After heating in water until all the grains are com-

pletely gelatinized, the solution colors a deep blue-green and the grains a very dark blue on the

addition of iodine. After boiling for 2 minutes, the solution colors a deep indigo-blue and most

of the grain-residues a bright blue. The capsules stain a reddish-violet when an excess of iodine

is added.

Staining Reactions. With gentian violet and with safranin the grains when viewed in masses

show a light tint of violet at once; after remaining in the solution for 30 minutes they are lightly

stained. The color of the grains is slightly deeper than in Eugenie peas.

Temperature Reaction. The temperature of gelatinization is 68 to 09 C, mean 08.5.

Effects of Varions Reage7its. With chloral hydrate-iodine a few grains begin to react at once.

About one-eighth are gelatinized in 5 minutes, one-third in 15 minutes, and two-thirds in 30 minutes.

After remaining in the solution for an hour no more appear to be gelatinized, but they are changed to

a golden-brown color by the reagent. The grains on adding the reagent at once assume a light violet

tint, which soon becomes of a light rose color. The refractive and non-refractive lamella? are sharply

differentiated, and strise are clearly observed on the refractive lamelte. Gelatinization begins
either at one end or at the clear line of division in the reniform grains, as a mass of deeply stained

starch, sometimes irregular in shape. From this mass strands of color often pass, but eventually
the mass of color advances over the entire grain. The gelatinized grain is usually regular in outline,

but occasionally broken and ragged at some points. The reaction resembles those observed in the

starches of Vicia, Phaseolus, and Lathyrus.

Reaction liegins at once with chromic acid. A few grains are dissolved in 2 minutes, the majority
in 5 minutes, while an occasional resistant grain may take 12 minutes before it passes completely
into solution. The reaction is qualitatively the same as in the bean starches generally.

The reaction with -pyrogallic acid begins at once. A few gi'ains are gelatinized in 40 seconds,
the majority in VA minutes, and all in 2 minutes. The reaction is qualitatively the same as noted

in the bean starches generally.

With ferric chloride the grains begin to react in 30 seconds by the hilum and lamella; becoming
distinct. A few are gelatinized in 15 minutes, and about one-fourth are gelatinized in an hour.

The reaction is qualitativclj' the same as noted in the bean starches generally.

Reaction with Purdy's solution begins in 30 seconds. A few grains are gelatinized in S minutes

and about nine-tenths in 30 minutes. Rows of brilliant granules, which seem to be remains of

lamella>, appear during solution of the grain. The phenomena of this reaction are similar to those

observed with pyrogallic acid, but the remains of the lamclkc are generally less convoluted and the

outline of the gelatinized grain is more regular. The reaction is qualitatively similar to those

observed in bean starches generally.

Differentiation of Certain Starches of the Genus Pisuni.

Histological Characteristics.

Conspicuous Forms.

Eugenie (green): Simple and isolated, much fissured.

Round, ovoid, and oval rosettes, linear aggre-

gates; part-grains triangular, and quadrangular,
crescentic, hemispherical. Few grains of bean

Histological Cuaracteristics. Continued.

Hilum Form, Number, and Position.

Eugenie (green): Not demonstrable. Position probably
centric or slightly eccentric.

Eugenie (yellow): Same as in Eugenie (green). Position

probably centric or slightly eccentric.

type. Thomas Laxlon: Same as in Eugenie (green). Position

Eugenie (yellow): Same as in Eugenie (green).
Thomas Laxlon: Same as in Eugenie (green).
Electric Extra Early: Simple and isolated, often fissured.

Ovoid, oval, elliptical, reniform.

Mammoth Grey Seeded: Essentially the same as in Elec-
tric Extra Early.

Large White Marrowjal: Essentially the same as in Elec-
tric Extra Early.

probably centric or slightly eccentric.

Electric Extra Early: Hilum probably a granular non-
lamellated space, usually fissured. Position cen-

tric or slightly eccentric.

Mammoth Grey Seeded: Same as in Electric Extra Early.
Position centric or slightly eccentric.

Large While Marrowjal: Same as in Electric Extra Early.
Position centric or slightly eccentric.
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Differentiation of Certain Starches of the Genus Pisum. Continued.

Histological Characteristics. Continued. Iodine Reactions. Continued.

Lamella; General Characteristics and Number.

Eugenie {green): Regular, rather coarse, lines discon-

tinuous on account of fi.ssuring. 6 to 7 on parts
of large grains.

Eugenie (yellow): Same as in Eugenie (green). S to 9

on parts of large grains.
Thomas Laxlon: Same us in Eugenie (green), but not so

coarse. S to 9 on parts of large grains.
Electric Extra Early: Very distinct, rather coarse, regu-

lar and continuous, following outline of grain. 7 to

S on larger grains.
Mammoth Grey Seeded: Same as in Electric Extra Early,

but not so distinct. 7 to 10 on the larger grains.

Large White Marrowfat: Same as in Electric Extra Early,
but not so distinct or coarse. 10 to 12 on the

larger grains.

Size.

Eugenie (green): From 10 to 44^, commonly 28m.

Eugenie (yelloxo): From 8 to 38^, commonly 20m.
Thomas Laxton: From 8 to 32m, commonly 24m.
Electric Extra Early: From 6 to 44m, commonly 32m.
Mammulh Grey Seeded: From 4 to 40m, conununly 29m.

Large White Marroxofat: From G to 50m, commonly 34m.

PoLARiscopic Properties.

Figure.

Eugenie (green): Not definite.

Eugenie (yellow): Same as in Eugenie (green).
Thomas Laxton: Same as in Eugenie (green).
Electric Extra Early: Centric or slightly eccentric, usually

distinct but not clear-cut, and of bean type.
Mammoth Grey Seeded: Essentially the same as in Electric

Extra Early, but less distinct.

Large White Marrowfat: Essentially the same as in Elec-

tric Extra Early, but less distinct.

Degree of Polarization.

Eugenie (green): Low.

Eugenie (yellow): Low, slightly higher than in Eugenie
(green).

Thomas Laxton: Low, slightly lower than in Eugenie
(green).

Electric Extra Early: Fairly high to high, much higher
than in Eugenie (green).

Mammoth Grey Seeded: Low to fairly high, higher than
in Eugenie (green).

Large White Marrowfat: Fair to high, much higher than
in Eugenie (green).

Polarization ivith Selenile Quadrants and Colors.

Eugenie (green): Quadrants not defined; poorly defined

spaces of same color grouped together. Colors not

pure.

Eugenie (yellow): Quadrants same as in Eugenie (green).
Colors not pure.

Thomas Laxton: Quadrants same as in Eugenie (green).
Colors not pure.

Electric Extra Early: Quadrants usually fairly well defined,

irregular in shape and unequal in size. Colors usu-

ally pure.
Mamnwlh Grey Seeded: Quadrants same as in Electric Ex-

tra Early. Colors usually pure.

Large While Marroufat: Quadrants same as in Electric

Extra Early. Colors usually pure.

Iodine Reaction.'^.

Intensity and Color.

Eugenie (green): Fairly light; violet.

Eugenie (yellow): Fairlj' light, same as in Eugenie (green) ;

violet.

Intensity and Color. Continued.

Thomas Laxton: Fairly Ught, less than in Eugenie (green);
violet.

Electric Extra Early: Fair, more than in Eugenie (green) ;

violet.

Mammoth Grey Seeded: Fairly deep, decidedly more than
in Eugenie (green); violet.

Large White Marroivfat: Fairly deep, decidedly more than
in Eugenie (green); violet.

Staining Reactions.

With Gentian Violet.

Eugenie (green): Very light.

Eugenie (yellow): Very light, same as in Eugenie (green).
Thomas Laxlon: Very light, same as in Eugenie (green).
Electric Extra Early: Light, more than in Eugenie (green).
Mammulh Grey Seeded: Light, more than in Eugenie

(green).

Large White Marrowfat: Light, slightly more than in Eu-
genie (green).

With Safranin.

Eugenie (green): Very light.

Eugenie (yelloiv): Very light, same as in Eugenie (green).
Thomas Laxton: Very light, same as in Eugenie (green).
Electric Extra Early: Light, more than in Eugenie (green).
Mammoth Grey Seeded: Light, slightly more than in Eu-

genie (green).

Large While Marrowfat: Light, slightly more than in Eu-
genie (green).

Temperature op Gelatiniz.wion.

Eugenie (green): 73 to 74 C, mean 73.5.

Eugenie (yelloxo): 74 to 75 C, mean 74.5.
Thomas Laxton: 72.5 to 74 C, mean 73.25.
Electric Extra Early: 09 to 71 C, mean 70.
Mammoth Grey Seeded: 70 to 71 C, mean 70.5.

Large White Marroivfat: 08 to 09 C, mean 08.5.

Effects of Various Reagents.

Reaction with Chloral Hydrate-Iodine.

Eugenie (green): Begins in a few at once; complete in

most in 2 min\ites and in practically all in 5

minutes; bean type not gelatinized in an hour.

Eugenie (yellow): Begins in a few at once; complete in

most in 2 minutes and in practically all in 5

minutes; bean type not gelatinized in an hour.

Thomas Laxton: Begins in a few at once; complete in

most in 2 minutes and in practically all in 5

minutes; bean type not gelatinized in an hour.

Electric Extra Early: Begins in a few .at once; complete
in two-thirds of the grains in 30 minutes; little

change after an hour.

Mammoth Grey Seeded: Begins in a few at once; com-

plete in half of the grains in 30 minutes; with
little further change in an hour.

Large White Marroxofat: Begins in a few at once; com-

plete in two-thirds of the grains in 30 minutes;
Uttle further change in an hour.

Reaction with Chromic Acid.

Eugenie (green): Begins at once; complete in all in 3

minutes.

Eugenie (xjellow): Begins at once; complete in all in b}i
minutes.

Thomas Laxton: Begins at once; complete in all in 5
minutes.

Electric Extra Early: Begins at once; complete in prac-

tically all in 53^ minutes.

Mammoth Grey Seeded: Begins at once; complete in prac-

tically all in 4 minutes.

Large White Marroxofat: Begins at once; complete in prac-

tically all in 5 minutes.
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Differentialion of Certain Starches of the Genus Pisum. Continued.

Effects of Various Reagents. Continued.

Reaction with Pyrogallie Acid.

Eugenie (green): Begins in some at once; all slightly
affected and a few gelatinized in 2 minutes; very
little change after an hour.

Eugenie (yellow): Begins in some at once; all affected

and a few gelatinized in 2} 2 minutes; very little

change after an hour.

Thomas Laxlon: Begin.s in some at once; all affected in

5 minutes; very little change in an hour.

Electric Extra Early: Begins in all at once; complete in

most in 2J2 minutes, in all in 4 minutes.

Mammoth Grey Seeded: Begins in all at once; complete
in all in 3 minutes.

Large White Marrowfat: Begins in all at once; complete
in all in 2 minutes.

Reaction with Ferric Chloride.

Eugenie (green): Begins in all in 30 seconds; complete
in nearly all in 30 minutes.

Eugenie (yellow): Begins in all in 30 seconds; same as

Eugenie (green).

Effects of Various Reagents. Continued.

Reaction with Ferric Chloride. Continued.

Thomas Laxton: Begins in all in a minute; complete in

nearly all in 30 minutes; incomplete in an hour.

Electric Extra Early: Begins in all in 30 seconds; com-

plete in one-si.\th in an hour.

Mammoth Grey Seeded: Begins in all in a minute; com-

plete in one-sixth in an hour.

Large White Marrojvfol: Begin.s in all in 30 seconds; com-

plete in one-fourth in an hour.

Purdy's Soluiio?i.

Eugenie (green): Begins in some in 30 seconds; all nearly
completely gelatinized in 30 minutes.

Eugenie (yellow): Begins in some in 30 seconds; same as

Eugenie (green).
Thomas Laxton: Begins in some at once

;
same as in Eugenie

(green).
Electric Extra Early: Begins in some in 30 seconds; com-

plete in two-thirds in an hour.
Mammoth Grey Seeded: Begins in some in 30 seconds;

complete in one-third in an hour.

Large White Marrowfat: Begins in some in 30 seconds;
complete in nine-tenths in 30 minutes.

NOTES ON THE STARCHES OF PISUM.

The members of Pisu7n may be grouped in accordance with the pecuharities of the seeds into

the vrrinkled, smooth, and indent, and further distinguished by color, sweetness, and other incidental

properties. The six specimens of starches studied were prepared from five garden varieties two

wrinkled, one smooth, and two indent forms. Upon examination of text and photographic data

it will be seen that there are two conspicuous types of starch-grains present those of the rosette

type and those of the bean type and that in the Eugenie and Thomas Laxton peas, which are

of the wTinkled kind, the starch is typically of the rosette tjT3e, with very few grains of the bean

type; while in the Electric Extra Early and Mammoth Grey Seeded, both indent peas, and in the

Large White Marrowfat, a smooth pea, the grains are of the bean type. These differences in the

starch-grains, coupled with peculiarities of the surface of the seeds, were so striking as to have led to

an examination of a number of garden varieties to determine if all wrinkled peas are characterized

by the rosette type and all smooth and indent peas by the bean type. The following were selected

for comparison in addition to those named:

Wrinkled: Heroine, Surprise, Early Morn, Sutton's Excelsior, Admiral Dewey, Gradus.
Smooth: Alaska, Black Eyed Marrowfat, Tall White Sugar.
Indent: Lightning, Small P>en(^h Canner, Extra Early Pioneer, Giant Sugar, Blue Imperial, Eai'ly June,

Bountifully Early, Michell's Special Extra Early, Dandy Extra Early, Eureka Extra Early.

Smooth, Inderd, and Wrinkled, Vilmorin Marrow.

It was found in all of the wrinkled peas that the starch is of the rosette type; in the smooth

and indent peas, of the bean type; and in the Vilmorin Marrow, which was made up of a mixture

of the three kinds of seeds, that there was mixture of the rosette type and bean type, and that

those of the first type were derived from the wrinkled seeds. This differentiation is most striking.

Verj' interesting results have been recorded by Gregory (Part I, page 72) on the effects of

hybridization in case of peas bearing seeds distinguished by having these different types of grains.

The green and yellow Eugenie seeds do not, as might be expected, show any marked differences

in either their histological properties or reactions, the only noticeable variations being shown by
the green-pea starch having a slightly lower polarization, a lower temperature of gelatinization (1), a

greater sensitiveness to chromic acid, and slightly more sensitivity to pyrogallie acid. The close cor-

respondences of the starch of the Thomas Laxton variety to the Eugenie starch are as marked as those

between the green and yellow Eugenie seeds, suggesting extremely close botanical forms of plants.

The likenesses of the starches of the second group (the round and indent peas) is equally marked.

These starches are readilj' distinguished from those of the first group (wrinkled peas) by the bean

type of grains, the distinctly higher degree of polarization, the more marked iodine and aniline reac-

tions, the lower temperature of gelatinization, the less sensitivity to chloral hydrate-iodine, a much

greater sensitivity to pyrogallie acid, and the less sensitivity to ferric chloride and Purdy's solution.
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GENUS WISTARIA.

This is a small and imperfectly understood genus which consists of four definite and two doubt-
ful .speci(>s, all natives of China and Japan. W. chincnsis, the commonest species in cultivation,
was studied as a representative of the genus.

STARCH OF WISTARIA CHINENSIS. (Chart 51.)

Histological Characteristics. In form the grains are simple and nearly always isolated. The
surface of the grains is usually quite regular. The conspicuous forms are oval, rounded oval, and

ovoid, with some polygonal, some approaching the reniform type, and some small round grains.

(This preparation is very unsatisfactory, as most of the grains are contaminated with so much for-

eign material.)

The hilum may appear in the .small round grains as a centric or slightly eccentric circular cav-

ity, but the more numerous elongateil forms have a longitudinal cleft, from which short, radiating
fissures sometimes run.

The lamellce are not usually visible, but in some of the large rounded oval forms 12 rather

coarse concentric rings were counted.

The grains varj' in size from the small, which are 4 by 4//, to the elongated, which are 12 by 10/n

in length and breadth. The size of the greater number of grains is about 8 by G/i in length and breadth.

Polariscopic Properties. -The figure is centric or

slightly eccentric, and distinct. Its lines are usually
rather thick and fairly clear-cut, may be in the form of

a cross, or more commonly of the bean type a longitu-
dinal line with bisected ends.

The degree of polarization is fairly high to high. It

often varies in the same aspect of a grain and differs in

different aspects of the grain.

With selenite the quadrants are well defined and com-

monly irregular in shape and unequal in size. The colors

are fairly bright and generally pure. The blue is occa-

sionally not quite pure. The grains of the preparation
are so small as to be unsatisfactory for detailed study.

Iodine Reactions. With 0.25 per cent Lugol's solution

the grains color a deep blue-violet, which deepens rapidly;
with 0.125 per cent solution most of the grains color

immediately a rather light blue-violet, which deepens
rather quickly. After heating in water until all the grains

are gelatinized, the solution assumes a light olive tint and
the grains become a very deep blue on the addition of

iodine. If the grains are boiled for 2 minutes ami then treated with iodine, the solution becomes
a deep indigo-blue and most of the grain-residues a deep blue, while some are a reddish-blue. When
an excess of iodine is added the grain-residues become blue with a retklish tint, while the capsules
become a reddish-purple to deep wine color.

Staining Reactions. With gentian violet and with safranin the grains all begin to stain at once

and in 30 minutes they are lightly stained.

Temperature Reaction. The temperature of gelatinizatlon is 71 to 72 C, mean 71.5.

Effects of Various Reagents. With chloral hydrate-iodine the reaction begins at once and is

over in practically all in a minute. It begins usually at the marginal starch at each end of the grain,

the starch becoming dark and swelling slightly. The reaction spreads to other points, from which

it advances throughout the grain. It usually proceeds more rapidly in the central than in the mar-

ginal portion. The gelatinized grains are not very large and they retain their original form. They
are of a uniform dark color, except those portions which have been fi.ssured, where there are light

lines of the same shape and size as the fissures. In unfissured grains there arc one or more indistinct

light spots which represent the hila.

With chromic acid reaction begins in a few seconds. It is over in most of the grains in 30 seconds

and in all in a minute. The hila or fissures in the region of the hilum become very distinct, and the
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less resistant starch passes into a semifluid mass, whicli occupies the central part of the grain. The
more resistant starch forms a band at the margin which is l:)road and dense at the sides and rather

thin and not very dense at the ends. This band l^ecomes thinner and less dense, and finally dis-

solves at the ends. The semifluid mass within flows out and is completely dissolved, followed by
solution of the remaining portions of the band.

The reaction with pyrogallic acid begins in all the grains in 30 seconds and is over in 7 minutes.

The hila or the fissures in the region of the hila liecome more distinct, and the less resistant starch

is changed into a semifluid, swollen mass whicli occupies the central part of the grain. The
more resistant starch forms a marginal band that is very broatl and dense at the sides, and
rather thin and not very dense at the ends. This starch also gradually becomes gelatinous.
The gelatinized grains are large and retain some of the original form. The capsules are often

WTinkled and crmnpled.
Reaction with ferric chloride begins in some grains in 30 seconds and is over in 20 minutes.

The reaction originates at one or both ends of the gi-ain. The starch at these points becomes gela-
tinous and swells out irregularly', and the reaction proceeds over the whole grain until the opposite
end or the center is reached, when portions of ungelatinized starch are often split by fissures into

two or more pieces and are gelatinized independently of one another. This splitting off is probably
due to the great strain on the ungelatinized parts of the grain caused by the swelling and gelatiniza-

tion of the broken down portions. The gelatinized grains are large and do not retain much of

their original form. The capsule is often much wrinkled and folded.

With Purdy's solution a few grains show some reaction in 3 minutes, and about half are gela-

tinized completely in 20 minutes. The reaction is incomplete at the end of an hour, and it has the

same appearance as that with pyrogallic acid.

GENUS ARACHIS.

Arachis is a small genus with 7 known species, all but one of which are natives of Brazil. A.

hypogcea is the best knowii and is now cultivated in many warm climates, especially in some of the

southern United States, and commonly known as the peanut or ground-nut. The seeds are rich

in a limpid oil and contain much starch. The specimen of the Virginia peanut which served as

our source of starch is jirobably an agricultural variety of A. Jiypogoea, known as the Jumbo peanut.

STARCH OF ARACHIS HYPOG<EA (JUMBO PEANUT). (Plate 10, figs. 57 and 58. Chart 52.)

Histological Characteristics. In for7n the grains are simple and usually isolated. Aggregates
are present which consist of two or more components not pressed so firmty together as in many
such masses observed in the starches from other sources, hence the separated components have not

clearly marked pressure facets, but merely slight flattening here and there. The aggregates may
be foimd as triplets or quadruplets, but more often they ajipear either in chains or irregular elongated
masses. The most conspicuous forms of the isolated grains are spherical and ovoid. Rarely rounded-
oval to elliptical grains are found, which somewhat resemble the more conspicuous grains of Vicia,

Phaseulus, etc. Dome-shaped and slightly triangular grains with rounded angles and incidental

forms are occasionally obsei'vetl.

The hiluni frequently appears as a clear spot, centric or nearly centric, with sometimes one or

more fissures, or a rounded cavity, at this point. When two fissures are present they may form a

cross; and if several, they are usually arranged as a stellate figure. The rounded-oval to elliptical

forms usually have an elongated, central cleft, from which short, radiating fissures sometimes emerge,
this arrangement resembling that of tyjiical bean-type grains.

The laniellw are usuallj' not distinct. In some grains to 8 rather fine, concentric rings were fount!.

The spherical grains vary in size from G to 18//, the common size being 12fi. The rounded oval

are commonly 10 by 12/i, and the elliptical forms commonly 8 by 12/i.

Polariscopic Properties. The figure is centric or slightly eccentric and very distinct. The lines

are rather thin and usually straight; the figure is in the form of a cross.

The degree of polarization is high, with some variation in the different grains.

With selenite the quadrants are well defined, connnonly equal in size and regidar in shape.
The colors are pure.

Iodine Reactions. With 0.2.5 per cent Lugol's solution the grains color a rather deep violet,

which deepens rather quickly, becoming a deep purple in 5 minutes; with 0.125 per cent solution
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Chart No. 52.
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In gross general appearances the starches of Vicia, Phaseolus, Lens, and Lathyrus do not differ

materially, but those of Mticuna, Dolichos, Pisiim, Arachis, and Wistaria exhiljit more or less dis-

tinctive peculiarities; and in the case of Pisum, Arachis, and Wistaria certain decided individualities.

Comparing the photographs, the departure of the grains of these genera from those of the Vicia-

Phaseolus type is especially noticeable in the marked tendency to smoothness of outline and to

roundness; to the less conspicuous fissuration, especially as regards the longitudinal fissure; and to

the more evident lamellation. Very much the same differences appear in Dolichos.

The starches of Pis^un are, as stated under that head, divided into two very different groups,
those of the \vrinkled jjeas being of the rosette type, antl those of the round and indent peas being
of the bean type or Vicia-Phaseolus type. The starch of Wistaria, while having general resemblances

in shape to the Vicia-Phaseolus type, is conspicuously lacking in the marked fissuration so dis-

tinct in the latter, and the grains are only from a fourtli to a third as large. In Arachis a type
is observed entirely different from those noted in the other Legumiriosce. From the foregoing it is

obvious that there is no single type of grain characteristic of this family, and that to speak of a

leguminous type of grain is absolutely vague and misleading.
In polariscopic, color, temperature, and chemical reactions the different genera show specific

peculiarities. It will be observed that there is throughout the members of the family a common
type of reaction-curve, and that each genus is characterized by peculiar modifications of this curve.

Striking variations will be noted in the case of each of the agents emploj'ed. Thus, in the degree
of polarization, it is high to very high in Lens, high in Vicia, a trifle lower in Phaseolus and Arachis,
below fair to fairly high in Lathyrus and also in the second group of Pisum and in Wistaria, fair in

Dolichos, and low in the first group of Pisum, and so on, with the other records. It is of interest to

note that the histological departures recorded in the starches of Arachis and Wistaria are accom-

panied by corresponding departures in the reaction curves. It is probable, considering the wide

range of botanical peculiarities observed in the Lcguminosw, that a large varietj' of histological

types of starches will be found which will show related peculiarities in their physical, physico-

chemical, and chemical properties.
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Chart No. 33. Chart No. 54.
P I GV T P

S

H
S;

60' ^

CI CA PA FC PS CI PA CA
PC PS

VL VL 80'

P 1 GV IP



418 STARCHES OF POLYGONACE^.

STARCHES OF POLYGONACE/E.

Class, Dicotyledones. Order, Polygonales. Family, Polygonaceae. Genus

represented. Polygonum.

GENUS POLYGONUM.
The starch of only one representative of one genus of this familj"^ was studied. Polygonum fago-

pyrum Linn., usually designated Fagopyrnm esculentim Moench., the common buckwlieat of the

agriculturist and of commerce, is a native of Central Asia, and cultivated chiefly in the northern and
central parts of the United States. From the seeds is made a conunercial flour rich in starch. The
starches from two agricultural varieties, known as American and Japanese buckwheat, respectively,
were examined.

PS CI FA~
PCP3

STARCH OF POLYGONUM FAGOPYRUM VAR. (AMERICAN). (Plate 10, figs. 59 and 60. Chart 62.)

Histological Characteristics. -In fovTn the grains are probably solely simple and for the most

part isolated, and in part in aggregates of two or more components. Pressure facets are foimd on

many of the grains. The conspicuous forms of the simple grains are polygonal, either with sharp
or generally much-rounded angles, and round. The consj^icuous forms of the aggregates are several

grains arranged linearly, straight or curved, or in oval or irregularly shaped masses.

A cavity is usually found at the hilimi, from which radiating fissures emerge. The hilum some-
times appears as a clear spot, centric or slightly eccentric

in position.

The lamellie are not visible.

The grains vary in size from the smaller grains, which
are 2^, to the larger, which are 14;u. The common size

is about 7/x.

Polariscopic Properties. The figure is centric or

slightly eccentric, and distinct. The lines are rather

fine and generally straight, but may be bi;nt and rarely
bisected. The figure is in the form of a cross.

The degree of polarization is fair to rather high, with

frequent variation in the same aspect of a grain and also

in different grains.

With selenite the quadrants are clearly defined, anfl

in some grains of about equal size and regular in shape;
but they mostly vary slightly in size and shape. The
colors are generally pure.

Iodine Reactions. With 0.2.5 per cent Lugol's solu-

tion most grains color a light violet, a few rather deeply,
and the tint deepens slowly; with 0.125 per cent solution

the grains assume a light reddish-violet tint, some rather deeper than others, and the color deepens
within 5 minutes. After heating in water until all the grains are gelatinized, the solution colors a

deep indigo-blue and the gelatinized grains a deep blue-violet on the addition of iodine. After boil-

ing for 2 minutes, the solution colors a still deeper indigo-blue and the grain-residues either only

very lightly or not at all. The capsules assume a deep reddish-purple or heliotrope tint when an
excess of iodine is added.

Staining Reactions. With gentian violet and with safrani^i the grains begin to stain very lightly

at once and in 30 minutes they are still only lightly colored.

Temperature Reaction. The temperature of gelatinization is 03 to 04 C, me.an 63.5.

Effects of Various Reagents. With chloral hydrate-iodine the reaction begins at once in all

the grains. All but rare resistant grains are gelatinized in a minute, and all in 8 minutes. The
reaction begins at the corners and edges of the facets, the starch at these points becoming dark and

swelling slightly, and the process proceeds from these points all over the grain quite evenly. The
gelatinized grains are not very large and retain much of their original form. The}' have a central,

round, light space surrounded by a broad, marginal band of starch that is colored dark indigo.

P 1 GV T
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Reaction with chrom ic acid begins at once and is over in a minute. The hilum becomes clear, and
the less resistant starch, occnpyinu: the central part of the grain, swells evenly in all directions. The
more resistant starch forms a fairly broad, dense liand at the margin, which ra])idly is transformed into

a thin and trans])arent envelope or capsule. This cajisule is dissolved at one point, and the inclosed

semiliquid starch flows out and is rapidly dissolved, solution of the rest of the capsule following.
The reaction with pyrogallic acid begins in ] 5 to 30 seconds and is over in 3 minutes. The hilum

becomes clear, and the less resistant starch is gelatinized and swells and occupies the central portion of

the grain. The more resistant starch forms a broad, dense marginal band which becomes less broad

and dense until it forms a rather thick but nearly transparent capsule. The gelatinized grains are

large and retain some of their original form. The capsules are somewhat folded and wrinkled.

With ferric chloride reaction begins in a few grains in a minute. It is over in two-thirds of the

grains in 10 minutes, in nearly all in 25 minutes, and in all in 35 minutes. The reaction begins at

the corners and edges of the facets, and the starch at these jioints becomes gelatinous and swells

out irregularly. The less resistant starch becomes gelatinized and occupies the central part of the

grain, while the more resistant starch forms dense but not very broad masses at the margin, separ-
ated bj' the gelatinized starch of the corners and edges of the facets. Gradually the more resistant

starch is gelatinized. The gelatinized grains are large and do not retain much of the original form.

The capsules are often much WTinkled and crumpled.
The reaction with Purdy's solution starts in many grains in 30 seconds. Two-fifths are partially

gelatinized in 20 minutes, mth an incomplete reaction in an hour. The reaction appears to be the

same qualitatively as that with pjrogallic acid.

STARCH OF POLYGONUM FAGOPYRUM VAR. (JAPANESE). (Plate 10, figs. 59 and 60. Chart 63.)

Histological Characteristics. In form the conspicuous shapes and other features of the gross

microscopical characters of the grains arc identical with those of American buckwheat.
The hihan or cavity with radiating fissures in this region is practically identical with that

of American buckwheat.

Lamcllcc are not visible.

The grains vary in size from the smaller, which are

2ix, to the larger, which are 12;u. The common size is 8^-

Polariscopic Properties. The figure is centric or

slightly eccentric and identical in its characters with that

of American buckwheat.

The degree of polarization is fair to rather high. In the

specimen studied there was a larger proportion of grains in

which polarization is high than in American buckwheat.

With selenite the character of the quadrants and

colors are identical with those already described for

American buckwheat. The yellow appeared slightly

brighter and purer in a greater proportion of the grains
than in American buckwheat.

Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains color a light vnolet and darken very slowly.

The color is lighter and slightly more reddish in tint than

in American buckwheat; ^\ith 0.125 per cent solution

the grains color slowly a light old-rose which deepens

slightly in 5 minutes. The grains, with this weaker reagent, also show more of a reddish color than

those of American buckwheat. After heating in water until all the grains are completely gelatinized,

the solution colors a deep blue-violet and the gelatinized grains a rather deep reddish-violet on the

addition of iodine. After boiling for 2 minutes, the solution colors a very deep reddish-blue, but the

grain-residues do not color at all. When an excess of iodine is added the capsules color a deep red-

violet to ^vine-red. There is more of a reddish tint in the Japanese than in the American buckwheat.

Staining Reactions.'With gentian violet and with safranin the grains begin to stain very lightly

at once and in 30 minutes they are still very lightly stained. The color is the same as that of American

buckwheat.

Temperature Reaction. The temperature of gelatinization is 04.5 to 65 C, mean 64.75.

Chart No. 63.
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Effects of Various Reagents. With chloral hydrale-iodine the reaction begins at once. All l^ut

rare resistant grains arc gelatinized in a minute, and all in 5 minutes. It is the same qualitatively

as that of the grains of American buckwheat.

The reaction with chromic acid begins at once and is over in 45 seconds. It is the same quali-

tatively as that of the grains of American buckwheat.

The reaction with pyrogallic acid begins in 15 seconds and is over in 1% minutes. It is the same

qualitatively as that of the grains of American buckwheat.

With ferric chloride reaction begins in a few grains in a minute. It is over in nearly all in 10 min-

utes and in all in 20 minutes. It is the same qualitatively as that of the grains of American buckwheat.

Eeaction with Purdy's solution begins in many grains in 30 seconds to 1 minute and is over

in four-fifths in 15 minutes, with an incomplete reaction in an hour. It is the same qualitativelj' as

that of the grains of American buckwheat.

Differentiation of Certain Starches of the Genus Polygonum.

Histological Characteristics.

Conspiawiis Forms.

American: Probably solely simple, mostly isolated, iso-

lated grains polygonal, sharp or generally much-
rounded corners, round; aggregates rod or club-

like, oval and irregular in shape.

Japanese: Same as in American buckwheat.

Hilum Form, Number, and Position.

American: Form usually a cavity from which radiating
fissures pass. Position centric or slightly eccentric.

Japanese: Form same as in American buckwheat. Posi-

tion centric or slightly eccentric.

Lamella; General Characlerislics.

American: Not visible.

Japanese: Not visible.

Size.

American: From 2 to 14;i, commonly 7m-

Japanese: From 2 to 12^, commonly S/i.

PoLARiscopic Properties.

Figure.

American: Centric or slightly eccentric, distinct, usually
a cross, lines rather fine, generally straight.

Japanese: Same as in American buckwlieat.

Degree of Polarization.

American: Fair to rather high.

Japanese: Fair to rather high, usually slightly higher
than in American buckwheat.

Polarization with Selenite Quadrants and Colors.

American: Quadrants clearly defined, commonly slightly

irregular in shape and size. Colors generally piu-e.

Japanese: Quadrants same as in American buckwheat.
Colors generally somewhat purer than in American
buckwheat.

Iodine Reactions.

Intensity and Color.

American: Light; violet.

Japanese: Light, less than in American buckwheat;
violet, more reddish than in American buckwheat.

Staining Reactions.

With Gentian Violet.

American: Very light.

Japanese: Very light, same as in American buckwheat.

With Safranin.
American: Light.

Japatiese: Light, same as in American buckwheat.

TEMPER.\TnRE OF GeLATINIZATION.

American: 63 to 04 C, mean 63.5.

Japanese: 64.5 to 05 C, mean 64.75.

Effects of Various Reagents.

Reaction with Chloral Hydrate-Iodine.

American: Begins immediately; complete in all but rare

resistant grains in a minute, and in all in 8 minutes.

Japanese: Begins immediately; complete in all but rare

resistant grains in a minute, and in all in 5 minutes.

Reaction nrith Chromic Acid.

American: Begins at once; comjilete in a minute.

Japanese: Begins at once; complete in 45 seconds.

Reaction with Pyrogallic Acid.

American: Begins in 15 to 30 seconds; complete in 3
minutes.

Japanese: Begins in 15 seconds; complete in IJ^ minutes.

Reaction with Ferric Chloride.

American: Begins in a few in a minute; complete in all

in 35 minutes.

Japanese: Begins in a few in a minute; complete in all

in 20 minutes.

Reaction with Purdy's Solution.

American: Begins in many in 30 seconds; two-fifths

partially gelatinized in 20 minutes, with an

incomplete reaction in an hour in the grains as a
whole.

Japanc.-ic: Begins in many in 30 to 60 seconds; four-

fifths completely gelatinized in 15 minutes, with

incomplete reaction in an hour in the grains as a
whole.

NOTES ON THE STARCHES OF POLYGONUM.

The two buckwheat starches were obtained from agricultural varieties which differ very little.

In general histological features the grains of the two specimens are not distinguishable from each

other, and the differences noted in the degree of polarization and in the reactions with the reagents

are slight and fall witliin the limits of error of experiment. However, that the two starches are not

identical is suggested especially in the difference in the temperature of gelatinization (1.25) and in

the less sensitivity of the American form to all the chemical reagents.
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STARCHES OF CUPULIFER/E.

Class, Monocotyledones. Order, Fagales. Family, Cupuliferse. Genera

represented: Quercus, Castanea.

The Cupuliferce include a number of important exogenous trees such as the oak, chestnut, and

beech. The family embraces 10 genera and 368 recognized species.

GENUS QUERCUS.
The oaks are widely distributed in the temperate and cool temperate regions of the Northern

Hemisphere, in the mountainous i^arts of Mexico and Central America, and in the mountains of

Central and Eastern Asia. They are absent south of the Mediterranean region, and also south of

the equator in the New World. The genus includes about 300 species, about 40 of which are found

in the United States 25 east of the Rocky Mountains. A number of hybrids have been recorded.

The species have been divided into subgenera, but except Q. dcnsiflora (peach oak of California) all

the American and European species belong to the subgenus Lepidobalanus. The acorns, or fruits,

of 5 species were used as sources of starches, as follows: Q. alba Linn., the white oak; Q. muehlenhergi

Engelm. (Q. castanea Willd.; Q. acuminata Sarg.; Q. prinus var. acuminata Michx.), the yellow
chestnut oak; Q. prinus Linn. {Q. prinus var. monticola Michx.; Q.montana WiWd.), the chestnut

oak or rock chestnut oak; Q. rubra Linn. {Q. ambigua Michx.), and the red oak, Q. texana Buckl.,

the Texan red oak or Spanish oak.

STARCH OF QUERCUS ALBA. (Plate 11, figs. 61 and 62. Chart 64.)

Histological Characteristics. In form the grains are generally simple, and they are isolated,

except some which occur in clumps, small aggregates, or compounds which usually consist of two

components. A few of the isolated grains have clearly

marked pressure facets. The conspicuous forms are ellip-

soidal, somewhat bean-shaped, pyriform, ovoid, and len-

ticular. There are some triangular with rounded angles,

hemispherical, sugar-loaf, nearly round, finger-shaped,

and indefinite forms. The surface of the grains is fre-

quently irregular, owing chiefly to wart-like excrescences

at one or more points. These additional growths are

generally located at either end of an ellipsoidal or nearly
round grain, and are usually less resistant to reagents
than the main portion of the grain.

An elongated cleft, with or wthout radiating fissures,

is most frequently found at the hilnm. Occasionally in

the ellipsoidal, pyriform, and nearly round grains the

hilum appears as a clear, round eccentric spot, from which

one longitudinal fissure often proceeds. There may also

be present at the hilum in such grains a nearly round

cavity, a cross, or a Y-shaped figure. The hilum may
rarely be observed as a clear, round, or lenticular cavity,

usual!}' two-fifths to one-third eccentric.

The lamella are not visible in most of the grains, but when seen are rather coarse, complete

rings which, even near the hilum, have the form of the margin of the grain. In grains of common
size eight to ten have been counted. In some of the most irregular grains secondary sets of lamellae,

more indistinct than the primary lamellae, may be observed.

The grains vary in size from the small, which are 4 by 3yu, to the larger, which are 32 by 14^

in length and breadth. The common size is 22 by 12^i.

Polariscopic Properties. The figure is usually more or less eccentric. In most grains it is either in

the form of a longitudinal line having bisected ends, or a cross having lines which intersect at right or

oblique angles. The figure is distinct, and frequently irregular, and the lines are often bent or bisected.
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The degree of polarizalion is fair to quite iiigh. It varies considerably in the different grains
and sometimes in the same aspect of a given grain.

Witli selenite the quadrants are usuallj' well defined, irregular in shape, and unequal in size.

The colors are fairly bright to quite bright. The yellow is commonly proportionately brighter

than the blue, but more often varies in degree of brightness and purity, even in a given quadrant.
The colors are generally pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a blue-violet, which

deepens fairly rapidly; with 0.125 per cent solution the grains color a very light blue-violet, which

also deepens fairly rapidly. When the grains are heated in water until gelatinized, the solution

colors a light indigo-blue and the grains a dark blue on the addition of iodine. When the grains

are lioiled for 2 minutes and then treated with iodine the solution is colored a deeper indigo-blue
and the grain-residues a fairh' deep, bright blue. With an excess of iodine, the grain-residues become

deeper in color and sometimes have a slight reddish tint. The capsules usually color a light blue

with a slight reddish tint, or rarely an old-rose color.

Staimng Reactions. With gentian violet the grains stain a very light violet immediately, and
the color deepens slightly in 30 minutes. Some grains stain more deeply than others.

AVith safranin some of the grains show a very slight trace of pink immediately, and the color

deepens slightly in 30 minutes. Considerable variation is found in the tint among the grains, some
not staining at all.

Temperature Reaction. The temperature of gelatinization is 60 to 61.5 C, mean 60.75.

Effects of Various Reagents. AVith chloral hydrate-iodine reaction Iwgins in a few grains at once.

A few are gelatinized in 30 seconds, about one-half in a minute, practically all in 4 minutes, and all

in 7 minutes. The entire grain is immediately colored a light reddish-violet, which gradually deepens
to a light old-rose tint. Either a dark line or a ring appears at the region of the hilum, and in some

grains a bubl^le is formed at this jjoint. In the ellipsoidal, bean-shaped, and related forms, swelling

and deepening of color usually begin at both ends and proceed towards the center, which is the

last to become gelatinized. If excrescences are foimd upon the grains, gelatinization begins at

these points, and when the entire grain is gelatinized these protul^erances are lighter in tint. In

the grains in which a hilum is demonstraljle, a clear area forms around the dark ring at the hilum

and also a delicate granular layer near the margin of the grain. In the pyriform grains, swell-

ing and deepening of color start at the distal end, and are soon followed by the same changes at

the proximal end, gelatinization then proceeding towards the center until the entire grain is in-

volved. The gelatinized grains are de(^ply colored and imiformly swollen, and retain somewhat
the shape of the untreated grain. The grains which have not become gelatinized have a golden-
brown tint. When the gelatinized grains remain in the solution for 3 hours they become a bright

indigo-blue.

The reaction with chromic acid begins immediately and all grains are dissolved in 25 seconds.

The grains swell rapidly, gelatinization is almost instantaneous, the capsules burst, and all parts are

dissolved. The reaction is so rapid that details of the process can not be determined.

With pyrogalUc acid the grains begin to react immediately and all are gelatinized in 35 seconds.

Both hilum and lamellse become more distinct and fine stria? ajjpear upon the latter. Swelling
occurs at the cleft found in so many of the grains, and a bubble forms in it, which bubble after

expanding rapidly is expelled, usually accompanied by a temporary invagination of the capsule
at one point. From the large central cleft fine channels of gelatinization penetrate to all parts of

the grain until all is changed. If an eccentric hilum is demonstrable in a grain, this part swells,

and a longitudinal channel of gelatinization with delicate branches extends from it towards the

distal end and gelatinization proceeds as already described. Separate centers of gelatinization

form in the wart-like excrescences found in some grains, but finally merge with the body of the

grain. The gelatinized grain is much swollen and somewhat distorted, but the general shape of

the untreated grain is occasionally retained.

Reaction with ferric chloride begins in many grains in a minute. A number are gelatinized in

5 minutes; about one-half in 10 minutes; a gradual change in 15 minutes; all but a few scattered

grains (one in several hundred) in 30 minutes; and all in an hour. The reaction begins at the margin,
which becomes less opaque and hence resembles a dark border encircling a lighter mass. Later,

either the hilum or both the hilum and the lamellae become more distinct. A bubble which slowly

expands and then collapses is often formed when either a very deep cleft or a cavity is present at
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the region of the hilum. Gclatinization and a rapid distension of the capsule now begins, usually
at both ends of the bcan-shajiod and lenticular forms and at the distal end of the pyriform and
other grains having a demonstrable, eccentric hilum. The central portion is the last to undergo

gelatinization. Gradually, however, pieces are broken off from this more resistant starch and gelat-

inized, until the entire grain is gelatinized. The swollen grain is much distorted and therefore

does not retain the shape of the untreated grain.

The reaction with Purdy's solution begins immediately. A few grains are gelatinized in 30

seconds, the majority in a minute, nine-tenths in 2 minutes, and all but a very few resistant forms

(one in several hundred) in 3 minutes, most of the latter being gelatinized usually in 5 minutes,

extremely few as late as 15 minutes. The cleft at the hilum, or the hilum, swells, and the lamellae be-

come sharply defined and striated. From the central cleft numerous delicate lines radiate, along the

course of which gelatinization proceeds. When an eccentric hilum is demonstrable, a longitudinal

refractive line with nimierous branches extends from it towards the distal end of the grain, and the

starch is gelatinized along this root-like fissure until most of the grain is gelatinized. If a grain
has one or more excrescences, a focus of gelatinization occurs in each of these portions, as well as in the

body of the grain, and a line of demarcation may remain between the separate sections of the grain,

which sections subsequently become gelatinized. When the line of division does not gelatinize it

may indicate the presence of a compound grain, even though separate hila were not demonstrable

in the untreated grain. This separation is not so sharply marked as in doublets, because here a

common lamellar covering incloses the divisions. The large grains mth irregular outline gelatinize

more rapidlj' than the others, and the contents of the capsule usually become completely gelatin-

ized; while the grains in which the reaction is slower retain many refractive granules and often

a few remnants of ungelatinized lamella?. The gelatinized grain is large and somewhat distorted,

but retains the general shape of the untreated grain.

STARCH OF QUERCUS MUEHLENBERGI. (Plate 11, figs. 63 and 64. Chart 65.)

Histological Characteristics. In form nearly all of the grains are simple. Doublets and triplets

and also compound grains, consisting usually of two components, are rarely observed. The simple

grains are isolated, except a few which occur either in small aggregates or clumps. The conspicuous
forms are the same as those noted for Q. alba, but ovoid, ellipsoidal, and pyriform shapes constitute a

lai'ger percentage of the grains. On the other hand, the

grains with protuberances of characters similar to those

noted under Q. alba, while present, are not so numerous,
and hence the surface of the grains, as a whole, appears
less irregular. Fewer aggregates are found than in Q. alba.

The hilum is often observed as a round, rarely len-

ticular, cavity, usually about one-third to two-fifths

eccentric. From the hilum a longitudinal cleft frequently

proceeds. This cleft is usually single and clear-cut, but

occasionally ragged or double, and a few radial fissures

may emerge from it. Just below the hilum a crescentic

or a straight transverse fissure may be found, which with

the longitudinal fissure already described forms a cross.

In the bean-shaped grains a cleft similar in character to

that noted under Q. alba is observed, but the central

clefts of the grains are not so deep, and the hilum is

more often demonstrable than in Q. alba.

The lamellce are not demonstrable in all the gi-ains,

and when observable are less easily traced near the hilum

than when near the periphery, on account of the cleft

at the hilum. The lamellae appear as rather coarse, concentric layers with an outline similar to that

of the margin of the grain. The number counted on different grains varies from 6 to 10.

The size varies from the small, globular grains, which are 4 by 3ai, to the larger elongated forms,

which are 30 by 19/n in length and breadth. The common size is 16 by 10/i.

Polariscopic Properties. The figiire is usually eccentric, distinct, and fairly clear-cut. Several

grains show the pecuUar bean type of figure noted in Q. alba. The lines of the figure are often

29
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straight and at oblique angles, but more often at right angles than in Q. alba, and the lines are not

so often bent or bisected as in the Q. alba.

The degree of polarization is fair to quite high. It often varies in the same aspect of a grain.
There is a smaller percentage of grains with quite high polarization than in Q. alba, and therefore,
on the whole, somewhat lower than in Q. alba.

With selenite the quadrants are commonly well defined, slightly irregular in shape, and unequal
in size. They are usually regular in shape and equal in size in the smaller grains, and are therefore

more clearly defined than in the larger grains. The colors are about the same in brightness, vari-

ability, and purity as in Q. alba.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a blue-violet; with
0.125 per cent solution they slowly color a light blue-violet. After heating in water until all are

gelatinized and then adding iodine, the solution colors a deep blue and the gelatinized grains a bright
blue. When boiled for 2 minutes and then treated with iodine, the solution colors very deeply and
the grain-residues a bright blue. With an excess of iodine, the grain-residues color a deep blue

with a reddish tint, and most of the capsules a blue-violet, while a few are more of an old-rose tint.

The colors have slightly more of a reddish tint than in the grains of Q. alba so treated.

Staining Reactions. With gentian violet some grains show a slight trace of violet immediately,
and in 30 minutes the color has deepened slightly. Some grains stain more than others. The vari-

ations and the depth of tint are about the same as in Q. alba.

With safranin many grains stain a very light pink immediately, and in 30 minutes the color

deepens slightly. Some grains stain more than others. The color is deeper at the central cleft

and at the protuberances. The tint and the variations are about the same as in Q. alba.

Temperature Reaction. The temperature of gelatinization is 62.5 to 64 C, mean 63.75.

Effects of Various Reagents. With chloral hydrate-iodine the reaction begins in a few grains in

20 seconds. A few are gelatinized in 45 seconds, about five-sixths in 5 minutes, practically all in 7

minutes, and all in 15 minutes. The ungelatinized grains are of a deep golden-brown color, while

the gelatinized grains are of a fairly bright reddish-blue. This blue is not quite so reddish a tint

as in Q. alba. The reaction is qualitatively the same as in Q. alba.

Reaction with chromic acid begins at once. It is complete in the majority of the grains in 40
seconds and in all in 60 seconds. The hilum or the region of the cleft at this region swells, and the

lamellae become very distinct. One line passes from the hilum in the ovoid forms, while small lines

pass out from the central cleft in the laterally extended grains. Gelatinization of the grain proceeds

rapidly. The capsule is finally ruptured, with extension of the contents of the capsule and solution

of both. The process appears to be qualitatively the same as in Q. alba, but it is much slower, so

that certain details can be observed.

With pyrogallic acid reaction begins in about half at once and is complete in all the grains in

60 seconds. The process is qualitatively the same as in Q. alba.

The reaction with ferric chloride begins in a few grains in 45 seconds. In 5 minutes a few have

begun to swell; in 10 minutes a very few are gelatinized; and in 15 minutes all the grains are in vari-

ous stages of gelatinization. The reaction is complete in one-fifth of the grains in 30 minutes, and
four-fifths are gelatinized and only a few scattered grains have resisted the reagent in 45 minutes.
No further change occurs in an hour. The reaction is qualitatively the same as in Q. alba.

The reaction with Purdy's solution has begun in most grains in a minute. Only a very few

(perhaps 1 in 500) are gelatinized in 5 minutes, about 1 in 100 in 10 minutes, about one-tenth in

15 minutes, about nine-tenths in 30 minutes, and all but a few scattered grains in an hour. The
process is qualitatively the same as in Q. alba, but in most grains more lamellte remain ungelatinized
than those that are completely gelatinized.

STARCH OF QUERCUS PRINUS. (Plate 11, figs. 65 and 66. Chart 66.)

Histological Characteristics. Inform the grains are generally simple. A few doublets or compound
grains, usually of two components, are occasionally present. The simple grains are isolated, except a

few which occur in small aggregates and in clumps. The separate components of the aggregates have

clearly marked pressure facets. The conspicuous forms, as well as the non-conspicuous, are the same
as those noted for Q. alba, liut the ellipsoidal, ovoid, and lenticular grains are more numerous than
the somewhat bean-shaped grains. Grains with irregular surfaces due to the same cause as noted for

Q. alba are present, but the percentage of grains with regular surfaces is higher in this species.
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in about nine-tenths in 15 minutes and in all in 30 minutes. The reaction is qualitatively the same
as in Q. alba, but the process is not so complete. Not so many of the lamellfe become gelatinized

as in the grains of Q. miiehlenhcrgi, but the resemblance to this grain is closer than to Q. alba.

STARCH OF QUERCUS RUBRA. (Plate 12, fig. 67. Chart 67.)

Histological Characteristics. In form nearly all of the grains are simple; the compound grains

are usually of two components. The simple grains are isolated, except a few which occur in small

aggregates and many in clumps. The conspicuous forms are the same as those of Q. alba, except
that the ellipsoidal, ovoid, pyriform, and nearly round are relatively much more ninnerous. Grains

with wart-like excrescences are noted, but, as a rule, the surfaces of the grains are much less irreg-

ular than those of Q. alba.

The hilum is usually one-third to two-fifths eccentric. From the hilum there proceeds in some

grains a longitudinal cleft which becomes divided near the distal end into two or three divisions,

resemljling a 2- or 3-pronged fork. In other grains two fissures may start from the hilum or from

a small transverse fissure just below the hilum. In the

bean-shaped and also in some of the ellipsoidal grains a

cleft like that noted under Q. alba is observed. In the

round grains the hilum appears as a small centric, round

cavity. In the pyriform grains a transverse or diagonal
cleft is sometimes present at the hilum, and if the longi-

tudinal cleft is single the two form a cross.

The lajnelhe are not demonstrable.

The size varies from the smaller forms, which are 4

by 3n, to the larger, which are 18 by 10m 'u length and

breadth. The common size is 12 by 7m in length and

breadth.

Polariscoyic Properties. The figure is usually ec-

centric and the bean type so often fountl in Q. alba is

sometimes observed. The lines of the figure generally

intersect obliquely and are more often straight than in

Q. alba.

The degree of polarization is low to fairly high, fre-

quently varying in the same aspect of a given grain; some-

times quite low at both ends and very often in one end

it is very low or absent. This condition is prol)al)ly causeil by the forked cleft at the distal end.

With sclcnilc one of the quadrants is frequently not well defined in the larger grains, but the

appearance noted in Q. alba is sometimes observed. They arc usually irregular in shape and unequal
in size. The colors are fairly bright, but less so than in Q. alba. The colors are gcneralh' pure.

Iodine Reactions.- With 0.25 per cent Lugol's solution most grains color a very light red-violet,

and most of them deepen in tint very little; with 0.125 per cent solution a few of the grains color

either a very light red-violet or light old-rose, and the color deepens slightly and rather slowly.

When the grains are heated in water until all are gelatinized, the solution does not color at all on

the addition of iodine, but the grains change to a deep reddish-purple. If the preparation is boiled

for 2 minutes and then treated ^vith iodine, the solution colors a deep bluish-violet, but most of the

grain-re.sidues do not color at all, while some become a light reddish-violet tint. With an excess

of iodine all the grain-residues color a deep red-violet to purple, while the capsules assume an old-

rose to a wine-color. The colors throughout the iodine reactions have more of a reddish tint than

in Q. alba.

Staining Reactions. With gentian violet the grains at once stain a very light violet and in 30

minutes the color has slightlj' deepened. The stain acts more upon the grain at the cleft than at

the margin. There is considerable variation in the tint of the dilTerent grains. The depth of color-

ation is about the same as in Q. alba.

With safranin the gi-ains stain very faintly at once and in 30 minutes they deepen slightly in

color, particularly at the central cleft. There is consideral:>le variation in the depth of tint in the

different grains. The color is very light, but slightly deeper than in Q. alba.

Temperature Reaction. The temperature of gelatinization is 02.5 to (33.5 C, mean 63.
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Effects of Varioiis Reagents. With chloral hydrate-iodine the reaction begins at once. A few-

grains are gohitinizotl in 30 seconds, about nine-tentiis in 2 minutes, practically all in 3 minutes,
and all in 5 minutes. The grains are much swollen and deeply colored, but retain the general shape
of untreated grains. The reaction is qualitatively the same as in Q. alba.

The reaction w-ith chromic add begins immediately and all (except one in several hundred) are

dissolved in 25 seconds. These few scattered grains may resist solution for 50 seconds. The reaction

is qualitatively the same as for Q. alba.

With pyrogallic acid the reaction begins at once and is complete in 30 seconds. The gelatinized

grains are so much swollen and wrinkled that they do not usually resemble the shape of the untreated

grain. The reaction is qualitatively the same as in Q. alba.

The reaction with fei-ric chloride begins in a few grains in a minute and all are in various stages
of gelatinization in 5 minutes. About half are gelatinized in 10 minutes and all but a few resistant

grains (one in several hundred) in 15 minutes. The reaction is generallj^ complete in the latter in

30 minutes. The gelatinized grain is much swollen, but often retains the general shape of the un-

treated grain. It is more regular in outline than in Q. alba. The reaction is qualitatively the same
as in Q. alba, but during gelatinization small particles are not broken off ^dth so much force from

the larger ungelatinized mass as in Q. alba.

With Ptirdij's solution the hilum and central fissure swell slightly at once, but the subsequent

change is very gradual during 15 minutes. In 30 minutes much of the central portion of only a

very small percentage of the grains is gelatinized and there is little further progress in an hour.

Gelatinization proceeds along the main cleft, which is divided at the distal end into two or three

large branches. Radiating lines pass from the main fissure. Lamellie unnoticeable in an untreated

grain may be seen, but do not become very distinct. The reaction resembles that observed in the

grains of Q. texana, but the lamellae are not so well defined and gelatinization does not proceed so

far. When protuberances are present a separate center of gelatinization is found in each. The

gelatinized grains are swollen, but retain the shape of the untreated grain. The reaction is quali-

tatively the same as that noted for Q. alba, but does not proceed nearly so far.

STARCH OF QUERCUS TEXANA. (Plate 12, fig. 68. Chart 68.)

Histological Characteristics. In foi'm the grains are usually simple; a few compounds present

consist usually of two components. The grains are isolated, except a few found in small aggregates
and many in clumps. The most conspicuous forms are

ellipsoidal, ovoid, and pyriform. Other shapes, also noted

in Q. alba, are present. The grains exhibit the same types
of irregular surface as those noted for Q. alba.

The hilum is usually fissured, but occasionally it maj^
be a round ca\itj', which is centric or usually eccentric,

about one-third to two-fifths of the longitudinal axis. The

longitudinal cleft which proceeds from the region of the

hilum usually resembles a 2- or 3-pronged fork. If but one

cleft starts from the hilum it usually soon divides into the

two or three main branches. There is quite often a short,

tran.sverse fissure at the hilum or a little below it. The

arrangement of the clefts is practically identical with that

found in the grains of Q. rubra, but they are usually deeper
and more often have radiating fissiu'es. In the somewhat

bean-shaped, and in the triangular grains, a single fissure

similar to that of Q. alba is usually present.

The lamella are not generally demonstrable. Rarclj'

8 have been counted, which are seen to be identical in curve of Reaction-intensities of starch of Quercus texana.

character to those of Q. alba.

The .^ze varies from the smaller, which are 4 by Sfi, to the larger elongated grains, which are 20 by

14ju, and the bean-shaped, which are 26 by W/i in length and l)ri"adth. The common size is 12 by 7/j.

Poluriscopic Properties. The figure is usually ec(U'ntric, and the bean type seen in Q. alba is

also found. The lines usually intersect obliquely and are more often bent or bisected than in Q.

riibra, but not so frequentlj' as in Q. alba.
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The degree of polarization is fair to fairly high. It frequently varies in the same aspect of a

given grain, one quadrant being much lower than the others. This difference may be caused by
fissuration at the distal end. Polarization is slightly higher than in the grains of Q. rubra, but not

so high as in Q. alba.

With sclenite one of the quadrants is frequently not well defined, but the general appearances noted

in Q. alba are present. They are usually irregular in shape and unequal in size. The colors are slightly

brighter than in Q. rubra, but not so bright or so pure as in Q. alba. The colors are generally pure.

Iodine Reactions. With 0.25 per cent Lugol's solution most grains color a light rcildish-violet.

In 5 minutes the color becomes fairly deep and in 10 minutes it is a very deep purple; with 0.125 per
cent solution many grains color a very light red-violet, which deepens in 5 minutes and in 10 minutes

becomes quite deep. Some of the grains in each preparation do not color. After heating in water

until all are gelatinized, the solution does not color at all, but the grains assume a very deep blue-

violet on the addition of iodine. When the solution is boiled for 2 minutes and then treated with

iodine, the solution takes on a deep-violet color, but the grain-residues remain colorless. With an ex-

cess of iodine the solution changes to a deep bluish-purple, while the capsules color a deep rose-violet.

Staining Reactions. With gentia?i violet the grains stain a very light violet at once and in 30

minutes have become fairly deeply colored. Some grains stain much more deeply than others.

The coloration is about the same as in Q. alba.

With safranin the grains stain a light pink immediately and in 30 minutes they deepen slightly.

Some of the grains stain much more deeply than others. The stain is deeper than in Q. alba. The
color is slightly deeper than in Q. rubra.

Temperature Reaction.- The temperature of gelatinization is 64 to 04.5 C, mean 64.25.

Effects of Various Reagents. With chloral hydrate-iodine the reaction begins at once. A few

are gelatinized in 40 seconds, practically all in 2 minutes, and all in 6 minutes. The color of the

gi-ains when observed after 3 hours is blue with a reddish tint. This more resembles the color of

Q. rubra than of Q. alba. The reaction is qualitatively the same as in Q. alba.

Reaction with chromic acid begins at once and the grains are dissolved in 20 seconds. The
reaction is qualitatively the same as in Q. alba.

The reaction with pyrogallic acid begins at once and is complete in all the grains in 28 seconds.

The reaction is qualitatively the same as in Q. alba.

With ferric chloride reaction begins in a few grains in 45 seconds. Practically all are in various

stages of gelatinization in 5 minutes, about two-thirds are gelatinized in 10 minutes, and all in 15

minutes, excepting a very few resistant grains (one in several hundreds) in which gelatinization is

usually complete in 30 minutes. The gelatinized grain is much swollen, but often retains the shape
of the untreated grain. It is more regular in outline than those of Q. alba. The reaction is quali-

tatively the same as that of Q. alba, but during the process particles are not broken off from the

larger resistant mass of starch with so nmch force as in Q. alba.

The reaction with Purdy's solution begins at once in a few grains and practically all are in vari-

ous stages of gelatinization in 5 minutes. Gradual changes occur, but even in an hour quite a broad

border of resistant starch remains around the central gelatinizetl portion. The reaction is quali-

tatively the same as in Q. alba, but gelatinization is not so complete as in this species. It proceeds
somewhat further than in Q. rubra.

Differentiation of Certain Starches of the Genus Quercus.

Histological Characteristics.

Conspicuous Forms.

Q. alba: Simple, few compound, isolated except a few
small aggregates and clumps. Ellipsoidal, some-
what bean-shaped, ovoid, lenticular, and irregular
of indefinite form.

Q. muehlenhcrgi: Same as in Q. alba, but fewer aggregates
and iiTL'gular grains. A larger percentage of ovoid,
elli])soidal antl pyriform.

Q. prinus: Same as in Q. alba, but fewer aggregates and
irregular grains. A Larger percentage of ellipsoidal,

ovoid, and lenticular grains.

Q. rubra: Same as in Q. alba, e.xcept fewer aggregates and
irregular grains, but more clumps; a larger percent-
age of ellipsoidal, ovoid, pyriform, and nearly round.

HiSTOLOQicAL Chakactebistics. Continued.

Conspicuous Forms. Continued.

Q. lexana: Same as in Q. alba, but fewer aggregates and
the grains are not quite so irregular in outline.

A larger percentage of ellipsoitlal, ovoid, and
pyriform.

Hilum Form, Number, and Position.

Q. nlba: Hilum usually deeply and extensively fissured;
when not fissured, a clear round or lenticular spot.
Position usually eccentric 0.4 to 0.3.

Q. muehlenbergi: Same as in Q. alba, but the liilum more
often demonstrable and the fissure when pres-
ent not so deej). Position usually eccentric 0.3

to 0.4.
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Differentiation of Certain Starches

Histological Characteristics. Continued.

Hitum Form, Number and Position. ContiiiueJ.

Q. prinits: Same as in (^. alba, but the hilum more often

demonstrable and the fissure when present not
so deep. Position usually eccentric 0.3 to 0.4.

Q. rubra: Occasionally the same as in Q. alba, but hilum
is more often demonstrable from which 1 longi-
tudinal cleft with 2 to 3 pronged divisions, or 2
to 3 parallel longitudinal clefts proceed; a short

transverse cleft through or just beneath the liilum

sometimes pre.sent. Position usually eccentric

0.3 to 0.4.

Q. texana: Occasionally the same as Q. alba, but more
often there are 2 to 3 parallel longitudinal fissures

or one proceeding from the hilum, which divides

into 2 or 3 pronged branches. A transverse cleft

through or just beneath the hilum sometimes

present. Position usually eccentric 0.3 to 0.4.

Latnellw General Characteristics and Number.

Q. alba: Not always distinct, when seen are rather coarse

continuous rings, following the outline of the grain;

secondary sets of lamellae more indistinct than

primary observed on most irregular grains. 8 to

10 on common-sized grains.

Q. muehlenbergi: Same as in Q. alba. 6 to 10 on common-
sized grains.

Q. prinus: Same as in Q. aiba, but demonstrable in smaller

percentage of grains. S counted on common-sized

grains.

Q. rubra: Not demonstrable.

Q. texana: Rarely demonstrable, when observed similar

in character to those of Q. alba. 8 counted on the

conmion-sized grains.

Size.

Q. alba: From 4 to 32m, commonly 22^.

Q. muehlenberg^i: From 4 to 30m, commonly 16^.

Q. prinus: From 4 to 24^, commonly 16^.

y. rubra: From 4 to ISm, commonly 12/1.

Q. texana: From 4 to 20m, very rarely 26m, commonly 12m.

PoLARiscoPic Properties.

Figure.

Q. alba: Sometimes centric, but usually eccentric, and
commonly in the form of a cross or of the bean

type; distinct, frequently irregular.

Q. muehlenbergi: Same as in Q. alba, but more regular, and
fewer bean type.

Q. prinus: Same as in Q. alba, but more regular, and less

of the bean type.
Q. rubra: Same as in Q. alba, but more regular, and the

bean type is very rare.

Q. texana: Same as in Q. alba, but slightly more regular,
and fewer of the bean type.

Degree of Polarization.

Q. alba: Fair to quite high.

Q. muehlenbergi: Fair to quite high, smaller percentage
of grains in which they are quite high than in

Q. alba.

Q. priniLs: Fair to quite high; the percentage of grains
in which they are quite high is not so great as in

Q. alba.

Q. rubra: Low to fairly high, frequent variation in the
same aspect of a given grain.

Q. texana: Fair to fairly high; frequent variation in the

same aspect of a given grain.

Polarization with Selenite Quadrants and Colors.

Q. alba: Quadrants usually well-defined, irregular in

shape, miequal in size. Colors generally pure.

Q. muehlenbergi: Quadrants same as in Q. alba. Colors

generally pure.

of the Genus Quercus. Continued.

Polariscopic Properties. Continued .

Polarization with Selenite Quadrants and Colors. Con'd.

Q. prinus: Quadrants same as in Q. alba. Colors gener-
ally pure.

Q rubra: One of the quadrants is frequently not well-

defined; occasionally the same as in Q. alba.

Colors generally pure.
Q. texana: Quadrants same as in Q. rubra. Colors gener-

ally pure.

Iodine Reactions.

Intensity and Color.

Q. alba: Fair; blue-violet.

Q. muehlenbergi: Fair, the same as in Q. alba; blue-violet.

Q. prinus: Light, lighter than in Q. alba; violet, more
reddish in tint and deepens more slowly than in

Q. alba.

Q. rubra: Very fight, much Ughter than in Q. alba; red-
violet.

Q. texana: Light, fighter than in Q. alba; red-violet.

Staining Reactions.

With Gentian Violet.

Q. alba: Very fight.

Q. muehlenbergi: Very light, the same as in Q. alba.

Q. prinus: Very fight, less in the majority of the grains
than in Q. alba.

Q. rubra: Very fight, the same as in Q. alba.

Q. texana: Very fight, the same aa in Q. alba.

With Safranin.
Q. alba: Very fight.

Q. muehlenbergi: Very fight, about the same as in Q. alba.

Q. prinus: Very light, less than in the majority of the

grains of Q. alba.

Q. rubra: Very light, sUghtly deeper than in Q. alba.

Q. texana: I,ight, sUghtly deeper than in Q. alba.

Temperature op Gelatinization.

Q. alba: 60 to 61.5 C, mean 60.75.

Q. muehlenbergi: 62.5 to 64 C, mean 63.75.

Q. prinus: 64 to 65.8 C, mean 64.75.
Q. rubra: 62.5 to 63.5 C, mean 63.
Q. texana: 64 to 64.5 C, mean 64.26.

Effects of Various Reagent-s.

Reaction ivilh Chloral Hydrate-Iodine.

Q. alba: Begins at once; complete in practically all in

4 minutes.

Q. ?miehlenhergi: Begins in 20 seconds; complete in prac-
ticaUy all in 7 minutes.

Q. prinus: Begins in 30 seconds; complete in practically
aU in 5 minutes.

Q. rubra: Begins at once; complete in practicaUy all in

3 minutes.

Q. texana: Begins at once; complete in practically all in

3 minutes.

Reaction with Chromic Acid.

Q. aiba: Begins immediately; complete in 25 seconds.

Q. muehlenbergi: Begins immediately; complete in ma-
jority in 40 seconds, aU in 60 seconds.

Q. prinus: Begins immediately; complete in majority in

35 seconds, all in 60 seconds.

Q. rubra: Begins immediately; complete in all but a
rare resistant grain in 25 seconds, in aU in 50
seconds.

Q. texana: Begins immediately; complete in all in 20
seconds.

Reaction with Pyrogallic Acid.

Q. alba: Begins immediately; complete in 25 seconds.

Q. muehlenbergi: Begins immediately in half of the grains;

complete in 60 seconds.
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Differentiation of Certain Starches of the Genus Quercus. Continued.

Effects of Various Reagents. Continued.

Readion with Pyrogallic Acid. Continued.

Q. prinus: Begins immediately; complete in 45 seconds.

Q. rubra: Begins immediately; complete in 30 seconds.

Q. texana: Begins immediately; complete in 28 seconds.

Readion with Ferric Chloride.

Q. alba: Begins in many in a minute; complete in all but
rare resistant grains in 30 minutes, all in an hour.

Q. muehletibergi: Begins in a few in 45 seconds; complete
in all but I'are resistant grain in 45 minutes.

(j. prinus: Begins in a few in a minute; complete in all but
rare resistant grains in 30 minutes, all in 1 hour.

Q. rubra: Begins in a few in a minute; complete in all

but rare resistant grains in 15 minutes; complete
in these usually in 30 minutes.

Q. texana: Begins in a few in 45 seconds; complete in

all but rare resistant grains in 15 minutes, com-

plete in these in usually 30 minutes.

Effects op Various Reagents. Continued.

Reaction with Purdi/s Solution.

Q. alba: Begins immediately; complete in all but rare re-

sistant grains in 3 minutes, usually complete in

these in 5 minutes, rarely in 15 minutes.

Q. muehlcnbergi: Begins in majority in a minute; com-

plete in nine-tenths in 30 minutes, all but a few
scattered grains in an hour.

Q. prinus: Begins in a few immediately; complete in 30
minutes.

Q. rubra: Begins in a few imm(>diately; complete in the
central portion in a small percentage of grains in

30 minutes, not so complete as in Q. alba. Incom-

])lete in an hour.

Q. texana: Begins in a few immediately; complete in the
central portion of a larger percentage of grains in

30 minutes than in Q. rubra; some resistant starch

remaining in 60 minutes; not so complete as in Q.
alba.

NOTES ON THE STARCHES OF QUERCUS.

Some minor differences are noted in the histological characteristics of the five oak starches.

In the case of the reactions, except of those with gentian violet, the differences in each starch are

diagnostic in relation to the others. The starches which correspond most closely in their reactions

are those of Q. rubra and Q. texana, which are closely related species. Q. rubra has the lower degree
of polarization; lower sensitivity to iodine, chromic acid, and Purdy's solution; and a lower tem-

perature of gelatinization (1.25). In the gentian violet, chloral hj'drate-iodine, pyrogallic acid,

and ferric chloride reactions they are practically identical.

GENUS CASTANEA.
Several species of Castanea are largely cultivated in certain parts of Europe, Asia, Northern

Africa, and America, and from these and from the trees or shrubs growing wild, large quantities

of edible fruit or nuts are gathered. In this country the cultural forms are referred to the common
American sweet chestnut {Castanea americana) ;

the European chestnut {Castanea saliva), which is

also known as the Italian, Spanish, and French chestnut, the fruit of which is much larger, but

less sweet and of inferior flavor; the Japanese chestnut {Castanea crenata), wliich has a large fruit,

but of rather poor quality; and the chinkapin {Castanea pumila; C. alnifolia), the fruit of which

is small. There are many cultural varieties of Castanea, and much has been done in the cultivation

of selected forms, especially by grafting on species of either Castanea or Quercus in the case of the

latter, especially Q. iwinus or the chestnut oak. Starches from four sources were studied: C. ameri-

cana Raf. (C. dentata Bokh.), C. saliva var. minibo, C. saliva var., and C. pumila Mill.

STARCH OF CASTANEA AMERICANA. (Plate 12, figs. 69 and 70. Chart 69.)

Histological Characteristics. Inform the grains are usually simple, and are isolated, except some
which occur in clumps and in small aggregates, lliere are a few compoimd grains of usually two or

three components. Some of the isolated grains have well-marked jDressure facets. The surface of the

grains is frequently irregular, owing chiefly to wart-like protuberances at one or more points. These

growths are generally located at either end of an ellipsoiilal grain and appear less dense than the

main portion of the grain. The conspicuous forms are ovoid, somewhat bean-shaped, ellipsoidal, club-

shaped with pointed end, and pyriforni. There are also triangular with rounded angles, lenticular,

dome-shaped, napiform, pyriform with curved distal end, and irregular grains of indefinite shape.

The hilum is not usuallj' demonstrable. Occasionally it may be observed as a clear, round spot,

which may be centric, but is usually eccentric about two-fifths to about one-third of the longitudinal

axis. Rarelj' a .small irregular cavity is found at the hilum. A single longitudinal cleft, with or with-

out radiating fissures, sometimes proceeds from the hilum. Either a short transverse or diagonal cleft is

occasionally found, which may pass through or be located just beneath the distal margin of the hilum.

The lamella: are rarely demonstrable, but when observed are rather coarse, complete rings

which follow the outline of the grain. The lamellae of the main body of the grain do not pa.ss into

the wart-like excrescences above referred to, and in \vhich no lamelhe are demonstrable.
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Chart No. 70.

which latter are nearly always completely gelatinized in 8 to 12 minutes; very rarely a grain may
resist gelatinization for 28 minutes. A narrow translucent border is formed around the entire grain,

which appears darker than the main body of the grain, and a dark spot is observed at the hilum.

Gelatinization, accompanied by a rapid distension of the capsule, usually begins at the distal end,
followed quickly by gelatinization at the proximal end, then spreading around the margin of the

grain. The central part of the grain is the last to undergo gelatinization. When the process is

near completion the most resistant starch is broken into rather large fragments which are finally

gelatinized. These fragments do not fly asunder forcibly in grains in which gelatinization is rapid,

while they do in the resistant grains. The gelatinized grains are so much swollen and distorted

that they do not retain the shape of the mitreated grain.

Reaction with Purdy's solution begins at once and a few grains are gelatinized in 20 seconds.

About half are gelatinized in a minute, about four-fifths in 2 minutes, and all but a few resistant

grains in 3 minutes, the latter perhaps taking 5 minutes, rarely 10. The hilum, if demonstrable,

swells, and a single longitudinal cleft, which may have a few radial fissures, is formed, along which

gelatinization proceeds. When the gi'ain has one or more excrescences, a separate center of gelat-

inization is formed in each, and sometimes a partition persists between these and the main body
of the grain after the reaction is complete. The grains are completely gelatinized, except the

outermost layers, and are swollen, but the general shape of the untreated grain is retained.

STARCH OF CASTANEA SATIVA VAR. NUMBO. (Plate 12, figs. 71 and 72. Chart 70.)

Histological Characteristics. In forin the grains are usually simple and isolated, except some
which occur in clumps and in small aggregates. There are a few compound grains, usually of two
or three components. A few isolated grains have well-

marked pressure facets. The irregularity of the surface

and the location and structure of the protuberances are

the same as in C. americana. The conspicuous forms are

imperfect bean-shaped, ellipsoidal, ovoid, club-shaped
with pointed distal end, and triangular with rounded

angles. There are some pyriform, napiform, dome-

shaped, lenticular, conical, finger-shaped, and irregular

grains of indefinite form.

The hilum is not usuallj' demonstrable, but occasion-

ally it may be observed as a round, fairly refractive spot,

which is occasionally centric, but usually two-fifths to

one-fifth eccentric of the longitudinal axis. A small irreg-

ular cavity, a diagonal, or a short transverse fissure is

occasionally found at the hilum. A rather deep, central

cleft is often noted in grains with excrescences at either

end. A single longitudinal fissure frequently proceeds
from the hilum. Fissures are more often present and are

deeper than in the grains of Castanea americana.

The lamelloe are not very distinct, but are more often

demonstrable than in grains of C. americana. They have the same structure and character as in C.

americana. Occasionally 8 to 10 may be counted on the larger grains.

The grains vary in size from the smaller, which are 3 by 2|i, to the larger, which are 22 by 12/i,

rarely 30 by 12/i, in length and breadth. The common size is 1-t by 8/i in length and breadth.

Polariscopic Properties. The figures are the same as in C. americana. The proportion of grains

in which the figure is of the bean type, consisting of an elongated line with bisected ends, is greater

than in C. americana.

The degree of polarization is fair to quite high, but sometimes varying in the same aspect of

a given grain. The proportion of grains in which polarization is high is greater than in C. americana.

With seleniie the quachants are well defined and are more clear-cut than in C. americana;

usually unequal in size and irregular in shape. The colors are generally pure; more often jDure than

in the grains of C. americana.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a fairly deep blue-

violet, which deepens rapidly; with 0.125 per cent solution they color a very light blue-violet, which

p 1 r.v i p
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deepens rapidly. The tint in each case is about the same as in C. americana. After heating in water

until all the grains are gelatinized and then treating with iodine, the solution colors a deep helio-

trope and the grains a fairly deep blue with a reddish tint, slightly more of the red than in C. ameri-

cana. When the grains are boiled for 2 minutes and then treated with iodine, the solution becomes
a deep bluish-purple and the grain-residues a very light blue, some with reddish tint. When an
excess of iodine is added, the grain-residues and the solution deepen in tint and the capsules color

a deep heliotrope to a wine-red, more reddish than in C. americana.

Staining Reactions. With gentian violet the grains show a very faint trace of violet at once

and in 30 minutes the}' are very lightly stained. The coloration is about the same as in C. americana.

With safranin the grains do not stain immediately, and in 30 minutes there is simply a trace

of the stain. The coloration is about the same as C. americana.

Temperature Reaction. The temperatiu'e of gelatinization is 59 to 61 C, mean 60.

Effects of Vaiiovs Reagents. With chloral hydrate-iodine reaction begins immediately. Several

grains are gelatinized in 10 seconds, the majority in 30 seconds, all but a few resistant grains in 45

seconds, and all in a minute. The reaction is qualitatively the same as in C. americana.

The reaction with chromic acid begins at once and practically all the grains are dissolved in 5

seconds, and all in 10 seconds. The reaction is qualitatively the same as in C. a7nericana.

Reaction with pyrogallic acid begins immediately. The reaction is complete in practically all the

grains in 10 seconds, and in all in 15 seconds. The reaction is qualitatively the same as in C. americana.

With ferric chloride reaction begins in a few grains in 30 seconds. About half are gelatinized

in a minute, two-thirds in 2 minutes, nearly all in 3 minutes, and all but rare resistant grains in 5

minutes. The latter may take from 8 to 10, rarely 15, minutes for the completion of the reaction.

The reaction is qualitatively the same as in C. americana.

The reaction with Purdy's solution begins immediately. A few grains are gelatinized in 20

seconds, the majority in 30 seconds, four-fifths in a minute, and all but rare resistant grains in 5

minutes. The reaction is usually complete in the latter in 8 minutes, but rarely takes 30 minutes.

The grains in which reaction is slow are those of rather small size with a regular outline. The reac-

tion is qualitatively the same as in C. americana.

STARCH OF CASTANEA SATIVA VAR. (Chart 71.)

The preparation was made from a large "Italian chestnut," which was not identified.

Histological Characteristics. Inform the grains are usually simple, and are isolated, except some
which occur in clumps and a small number in aggregates. There are a few compound grains of few

components. Some isolated grains have well-marked pressure facets. The irregularity of the sur-

face and the locations and structure of the protuberances are identical with those of C. americana.

The conspicuous forms are the same as those noted under C. americana, but a greater proportion of

grains are large or have irregular outlines.

The hilum is not usually demonstrable. Occasionally an irregular cavity or elongated cleft may
be distinguished at its position, and very rarely it is observed as a round spot, usually two-fifths

to one-fifth eccentric of the longitudinal axis; it may be centric. A single longitudinal cleft with or

without radiating fissures may proceed from the hilum. Sometimes the hilum may be pierced by
a short transverse or diagonal cleft, or these fissures may be located slightly distal to the hilum.

The lamellae are not usually demonstrable, but when observed are of similar structure to those

noted under C americana. Occasionally 6 to 8 lamellse may be counted on the large grains.

The grains vary in size from the smaller, which are 4 by 3;ti, to the larger, which are 22 by 12ju

in length and breadth. The common size is 12 by 7/u in length and breadth.

Polariscopic Properties. The figure is in all essential respects identical with that observed

in C. americana.

The degree of polarization is fair to high. The proportion of grains in which it is high is greater

than in C. americana.

With selenite the definition, size, and shape of the quadrants is identical with that noted for

C. americana. The purity of the colors is the same as in C. americana.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a deep blue-violet,

which becomes very deep in 2 minutes; with 0.125 per cent solution the grains color a fairly deep

blue-violet, which becomes quite deep in 2 miimtes. After heating the grains in water until all

are gelatinized, the solution becomes a deep blue and the grains a bright blue with a slightly reddish
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Differentiation of Certain Starches of the Genus Castanea. Continued.

Histological Characteristics. Continued.

Hilum Form, Numher, and Position. Continued.

C. saliva var.: Form same as in C. saliva var. numho.
Position tiip same as in C. saliva var. numho.

C. pumila: Form same as in C. saliva var. nunibo. Posi-

tion usually eccentric about 0.3 to 0.25 of the

longitudinal axis.

LamellcB General Characterislics and Number.

C. americana: Rarely demonstrable, rather coarse com-

plete rings. Number not determined.

C. saliva var. ?iumbo: Same as in C. americana, except
more often demonstrable. 8 to 10 on the larger

grains.
C. saliva var.: Same as in C. americana. 6 to 8 on the

larger grains.
C. pumila: Same as in C. saliva var. numbo. 8 to 10 on

the larger grains.

Size.

C. americana: From 3 to 16m, commonly 9m.

C. saliva var. numbo: From 3 to 30m, commonly 14m.
C. saliva var.: From 4 to 22m, commonly 12m.
C. pumila: From 3 to 18m, commonly 16m.

PoLARiscopic Properties.

Figure.

C. americana: Usually eccentric, not always distinct, in

some grains of bean type.
C saliva var. numho: Same as in C. americana, but bean-

type figure more common.
C. saliva v.ar. : Same as in C. americana.

C. pumila: Same as in C. saliva var. numbo.

Degree of Polarization.

C. americana: Fair to high.
C. saliva var. numbo: P'air to quite high, the proportion

of grain in which polarization is high is greater
than in C. americana.

C. saliva var. : Fair to high, higher on the whole than in

C. americana.

C. pumila: Fair to high, the proportion of grains in

which polarization is high is lower in C. americana.

Polarizalion with Selenile Quadrants and Colors.

C. americana: Quadrants fairly well-defined, usually un-

equal in size, and irregular in shape. Colors fairly

pure.
C. saliva var. numbo: Quadrants better defined and more

clear-cut than in C americana; usually unequal
in size and often irregular in shape. Colors

commonly pure.
C. saliva var. : Quadrants same as in C. americana. Colors

fairly pure.
C. pumila: Quadrants less well defined than in C. ameri-

cana, otherwise essentially the same. Colors less

pure than in C. americana.

Iodine Reactions.

Intensily and Color.

C. americana: Fairly deep; blue-violet.

C. saliva var. numbo: Fairly deep, same as in C. ameri-

cana; blue violet.

C. saliva var. : Deep, deeper than in C. americana; blue-
violet.

C. pumila: Fairly deep, slightly deeper than in C. ameri-

cana; blue-violet, more reddish than C. americana.

Staining Reactions.

With Gentian Violet.

C. americana: Very light.

C. saliva var. numbo: Very Ught, same as in C americana.
C. saliva var. : Very light, same as in C. americana.

C. pumila: Light, slightly deeper than in C. americana.

With Safranin.

C. americana: Faint.

C. saliva var. numho: Plaint, same as in C. americana.
C. saliva var. : Faint, same as in C. americana.

C. pumila: Very light, slightly more than in C. americana.

Temper.^ture of Gelatinization.

C. americana: 58.5 to 60 C, mean 57.25.
C. saliva var. numho: 59 to 61 C, mean 60.
C. saliva var.: 60 to 62 C, mean 61.
C. pu7nila: 59 to 60 C, mean 59.75.

Effects of Various Reagents.

Reaction with Chloral Hydrate-Iodine.

C. americana: Begins immediately; complete in practi-

cally all in 60 seconds.

C. saliva var. numho: Begins immediately; complete in

practically all in 45 seconds.

C. saliva var.: Begins immediately; complete in all in

60 seconds.

C. pumila: Begins immediately; complete in practically
all in 60 seconds.

Reaction with Chromic Acid.

C. americana: Begins immediately; complete in practi-

cally all in 10 seconds.

C. saliva var. numho: Begins immediately; complete in

practically all in 5 seconds.

C. saliva var. : Begins immediately; complete in practi-

cally all in 10 seconds.

C. pumila: Begins immediately; complete in all in 15

seconds.

Reaction with Pyrogallic Acid.

('. americana: Begins immediately; complete in practically
all in 10 seconds, and in all in 15 to 20 seconds.

C. saliva var. numho: Begins immediately; complete in

practically all in 10 seconds, and in all in 15 seconds.

C. saliva var.: Begins immediately; complete in most in

15 seconds, and in all in 20 seconds.

C. pumila: Begins immediately; complete in all in 10
seconds.

Reaction with Ferric Chloride.

C. americana: Begins in a few grains in 30 seconds; com-

plete in practically all in 5 minutes.

C. saliva var. numbo: Begins in a few grains in 30 seconds;

complete in practically all in 5 minutes.

C. saliva var.: Begins in a few in 30 seconds; complete
in practically all in 5 minutes.

C. pumila: Begins in a few grains in 20 seconds; com-

plete in practically all in 4 minutes.

Reaction with Purdy's Solution.

C. americana: Begins immediately; complete in practi-

cally all in 3 minutes.

C. saliva var. numho: Begins immediately; complete in

practically all in 5 minutes.

C.saiiva var.: Begins immediately; complete in practi-

cally all in 2 minutes.

C. pumila: Begins immediately; complete in practically
all in 1 minute.
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NOTES ON THE STARCHES OF CASTANEA.

Such differences as have been recorded in the histological characteristics of these starches are

so trifling as to be practically useless in diagnosis. In the reactions the differences are in no case

marked, thus indicating a very close botanical relationship. Excepting the starch of Caslanea

saliva var., which is of unknown source, it will be observed that there is close correspondence between
these starches, and that C. ptimila stands a little apart, a distinction that is to be expected upon
the basis of the recognized botanical differences.

NOTES ON THE STARCHES OF CUPULIFERiE. (Charts 73 and 74.)

The starches of the two genera representing this family show manifest relationships in their

various peculiarities. The histological likeness is quite apparent, but in Quercus are exhibited

larger grains, less irregularity in form, a relatively less abimdance of nipple-like processes, and more
evident hilum and lamella. There are also close correspondences in the reactions, but the composite
reaction curves of the two genera are sufficiently different to distinguish one from the other: In

Qvercus the average degree of polarization is lower, the sensitivity to iodine greater, the temperature
of gelatinization higher, and the sensitivities to safranin, chloral hydrate-iodine, chromic acid,

pjTogallic acid, ferric chloride, and Purdy's solution in most instances are different from those of

Castaiiea. While, therefore, the histological differences are trifling, the reaction differences are in

the aggregate marked.

Qart No. 73. Chart No. 74.
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STARCH OF SAPINDACE/E.

Class, Dicotyledones. Order, ^sculiuales. Family, Sapindaceae. Genus

represented, ^Esculus.

GENUS /ESCULUS.

About a dozen species of the genus ^senilis are recorded, all said to be native to North America,
Eastern Asia, and the Himalayas to Northern Greece. ^'Esculus includes the well-known horse

chestnut or buckeye, which is cultivated extensively as a shade tree, and in some countries also

for the fruit or seed, which is used for food for sheep and other animals. The native American

species are represented chiefly by /E. octandra Marsh (the sweet buckeye), M. glabra Willd. (the

fetid buckeye), and xE. californica, Nutt. The .starch used was obtained from the fruit of Ai. hippo-
caslanmn Linn., the common horse chestnut, which is native of the region from the Himalayas to

Northern Greece, but grown quite largely elsewhere.

Chart No. 73.
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STARCH OF .ESCULUS HIPPOCASTANUM. (Plate 13, figs. 75 and 76. Chart 75.)

Histological Characteristics. In form the grains are simple and isolated. The surface of the

grains is somewhat irregular, the irregularities being due to slight rounded elevations and depres-
sions and to small and large rounded prcjtuljerances from the margin. The distal end usually

appears thinner than the rest of the grain and sometimes is not lamellated. Tiie conspicuous forms

are the elongated oval, having a narrow, pointed, distal end, ellipsoidal, pyriform, and spherical or

nearly spherical. The grains are narrower at the distal than at the jiroximal end.

The hilum is a fairly distinct, rather small round spot, sometimes centric in the lenticular

and spherical forms, but eccentric in most of these and in other forms. The eccentricitj'^ is commonly
one-third to one-fifth of the longitudinal diameter and is

usually about one-fourth. The hilum is sometimes fis-

sured, the fissure usually being single and in the form of

a straight but rather broad and irregular transverse cleft,

or a transverse line having a double curve resembling the

lines of the outstretched wings of a flying bird. Some-
times a longitudinal fissure extends from the hilum nearly
to the distal margin.

The lamella; are fairly distinct in the large grains, but

indistinct in the medium to smaller grains ; they are rather

coarse, somewhat irregular, continuous bands, circular

near the hilum, but elsewhere tending to follow the out-

line of the margin. They often vary much in size in

different parts of the grain. There are about 20 on the

larger grains.

The grains vary in size from the smaller, which are In,

to the larger, which are 32 by 16;u in length and breadth.

The common size is 20 by 12ju in length and lireadth.

Polariscopic Properties. The figure is eccentric ex-

cept in some lenticular and spherical forms. It is fairly

distinct and usually fairly clear-cut. Frequently one or more lines composing it may not be visible

on account of the low or absent polarization in some parts of the grain. The lines are generally

curved and occasionally bisected.

The degree of polarization is fair, varying somewhat in different grains, and is higher in the

same grain when viewed on end. It is low or absent in some parts of some grains.

With selenite the quadrants are generally well defined, irregular in form, and unequal in size.

The colors, while not very bright, may be quite pure, though the yellow is often mixed with red.

Iodine Reactio7)s. With 0.25 per cent Lugol's solution the grains are all colored a deep blue-

violet; with 0.125 per cent solution they are colored fairly, but the color does not deepen rapidly.

s

VH VD 50"



GENUS ^SCULUS. 439

After heating in water until all the grains are completely gelatinized, the solution colors fairly and
the gelatinized .urains dcojil^' on addition of iodine. After boiling for 2 minutes the solution colors

very deeply and most of the grain-residues lightly. The capsules color pinkish-violet with an
excess of iodine.

Stairnng Reactions. With gentian violet the grains begin to stain at once and in 30 minutes

are fair to lightly stained.

With safranin the grains begin to stain at once and in 30 minutes are lightly stained.

Temperature Reaction. The temperature of gelatinization is 68.5 to 70 C, mean 69.

Effects of Various Reagents. With chloral hijdrate-iodine reaction begins in the small grains
in 20 seconds and in the large grains in 45 seconds. All the small grains are gelatinized in a minute

and all the large grains in 8 minutes. The reaction begins in all the grains at the pointed distal

end, which grows dark but does not swell very much. Then the reaction progresses about the mar-

gin and over the rest of the surface into the interior. The grain does not swell very much imtil

the hilum is reached, at which point a bubble is usually seen to be present. The bubble increases

very greatly in size as the starch surrounding the hilimi darkens and swells rapidly, and then de-

creases and finally disappears. The gelatinized grains are fairly large and retain much of their

original form. They usually show a light center surrounded by a thick, dark band.

The reaction with chromic acid begins in 15 seconds and is over in a minute. The reaction

begins at the distal end, which protrudes in the form of a large, thin-walled mass; then the grain
becomes largely covered by fine striae, which grow coarse, and the interior is broken up into coarse

granules, while the margin is transformed into a fairly thick band, which is striated and shows

remains of lamelljB. This band is discontinuous at the distal end. The granules melt down into a

gelatinous mass and the marginal band becomes thinner and homogeneous in appearance as the

whole grain swells. Then the capsule at the distal end dissolves, and the gelatinous starch in the

interior flows out and is dissolved, and the marginal band is dissolved later from the distal end

upward.
Reaction with pyrogallic acid in some grains begins in a few seconds, in all in 30 seconds, and

is over in 2 minutes. It begins at the distal end, which swells greatly; then the starch about the

hilum becomes gelatinous, the grain is marked by fine striae, and the starch in the center of the

area between the hilum and the distal end is broken up into granules, while the marginal portion
forms a thick band, which is striated and marked by the remains of the lamellae and is discontinuous

at the distal end. The granules break down into a gelatinous mass, the grain swells, and the marginal
band becomes fairly thin and homogeneous in appearance. The gelatinized grains are large and

have a convoluted and twisted, thin-walled distal end and a smooth, thick-walled proximal end.

They retain some of their original form.

With ferric chloride most of the smaller grains begin to react in 30 seconds, and some of the

larger grains in 45 seconds. The reaction is over in practically all in 5 minutes. The distal end is

the first to show change. It becomes gelatinous and swells out irregularly. If the grains are much

pointed at the proximal end this also becomes gelatinized, swells out in the same way, and then

the process advances from both ends to the central part, which frequently is the first part to split

into several pieces which gelatinize separately. In grains not pointed at the proximal end the distal

end is affected; then the process moves upward over the rest of the grain, and frequently before the

starch around the hilum and at the proximal end is gelatinized it is split into several pieces which

gelatinize later. The gelatinized grains are very large and much convoluted and irregular at the

distal end, but smooth in the rest of the grain.

The reaction with Purdy's solution begins in most of the small grains and in some of the large

grains in 30 seconds. Many small grains and some medium-sized grains are gelatinized in 3 minutes,

and all of the small and large grains are nearly or completely gelatinized in 20 minutes.

NOTES ON THE STARCH OF ^SCULUS HIPPOCASTANUM.

A relationship is commonly associated in the popular mind between the common chestnut

and the horse chestnut, both on account of the similarity of the names and the gross general like-

ness of the seeds. It will be seen by an examination of the text and photographs that the starches

of the seeds of these two genera are quite different. In histological characteristics the two kinds

of starches could not be confounded, and in the reactions the differences are diagnostic, most notice-

ably in the temperature of gelatinization (9 difference).
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STARCHES OF AROIDE/E.

Chart No. 76.

Class, Monocotyledoiies. Order, Arales. Family, Aroidea?. Genera repre-

sented: Arum, Aristema, Dracunculus, Richardia, Dieffenbachia.

The AroidecE constitute a large group of tuberous, herbaceous plants, mostly acaulescent, and

including about 100 genera and 1000 species. We have studied starches from representatives of

5 of these genera. An acrid principle is present in various degrees of abundance or intensity through-
out the family, and in some species it is so developed as to render the juice of parts of the plant

more or less markedly poisonous.

GENUS ARUM.
The genus Anmi is a recognized type of the family of which a number of members are grown

under the common name of Calla, though they are not the true Callas, the latter constituting another

genus. There are about 50 species, mostly natives of temperate and semitropical Asia. Preparations
of starch were obtained from three sources: Anan palccstinvni Boiss. {A. sandutn Hort.), the black

calla or Solomon's \\\y;A.cornutuni, a doubtful species; and A. italiann Miller, one of the most variable

species.

STARCH OF ARUM PAL^STINUM. (Plate 13, fige. 77 and 78. Chart 76.)

Histnlogical Characteristics. In form the grains are simjile, mostly isolated and faceted. They
occur rarely in small aggregates, more frequently in large clumps. The facets are very distinct and

clear-cut, and somewhat concave. The most conspicuous forms appear to be the dome-shaped
and hemispherical, with two or three, or even four, j^ressure facets at the distal end, triangular

and spherical. When three or more facets exist thej' are groupetl around a common center. Ovoid,
with or without facets, quadrangular, and multiangular
forms are seen, and the last are usually very irregular in

shape. There are also grains, spherical or ovoid, having
both ends flattened by facets.

The hilmn is a small, fairly distinct, non-refractive

spot, usually situated slightly eccentrically; rarely fis-

sured, and if a fissure is present, it is neither deep nor

wide. At times there is an appearance at the hilum of

the existence of a smooth hole.

The lavK'llod are concentric rings, not very distinct.

Sometimes all follow the outline of the margin, and some-

times only those near the margin do so. One is, as a rule,

much more prominent than the others, and it outlines a

small area near by the hilum
; only 8 on one grain could

be counted with certainty.

The grains vary in size from 2 to 20yLi ;
common size

is 14;;i.

Polariscopic Properties. The figure is distinct, clear-

cut, and regular in shape, and generally slightly eccen-

tric. The figure is altered in accord with changes to the

shape of the grain. The lines may broaden out as they approach the margin, and become less dis-

tinct; or they may be of the same size and distinctness throughout their length.

The degree of polarization is fair; absent or very low in some of the grains, and in other grains

ab.sent only at the facets, where there is a depression. It is lower than in the other Arum starches.

With selenite the quadrants are well defined, and of nearly the same shape and equal in size

in most grains. The colors are not pure.
Iodine Reactions. With 0.25 per cent Lugol's solution the grains color blue-violet readily

and deeply; with 0.125 per cent solution they color less than in A. cornutum. After heating the

preparation until all the grains were completely gelatinized, the solution is not colored at all on the

addition of Lugol's solution. The gelatinized grains are colored deeply and much distorted and
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crumpled. After boiling the preparation for 2 minutes, the solution is colored deeply, but the

grain-residues lightly or not at all upon the addition of iotline. On the addition of a slight excess

of Lugol's solution the capsules color a violet.

Slaining Reactions. With genlinn violet the staining begins in .5 minutes and in 30 minutes
it is light.

With safranin the staining begins in 1}/^ minutes, but at the end of 30 minutes the grains are

only lightly colored. With this stain the color of the grains is not as deep as that of A. cornutum,
but deeper than that of A. italicum.

Temperature Reaction. The temperature of gelatinization is 70 to 71 C, mean 70.5.

Effects of Various Reagents. With chloral hydrate-iodine the reaction begins in a minute and
all the grains are darkened and the reaction over in 8 minutes. The hilum becomes prominent,
but the lamelljp, except those especially distinct, are obscured. The grains are colored violet and

begin to darken, especially at the edges and corners of the facets. The whole margin becomes dark,
and this color spreads inward until the entire grain is colored. The grains swell somewhat during
this process and become gelatinous. The gelatinized grains formed are not very large; they are

rounded, and retain much of the original form. The color is uniformly a dark indigo, except for

a clear, light, round space at or near the swollen hilum.

The reaction with chromic acid begins in 30 seconds and is over in 10 minutes. The hilum is

very distinct, but the lamellae not especially so. The hilum swells slightly, and fine stria; radiating
from the hilum appear on all throughout the grain. These striae become larger and more distinct,

often in a stellate form, as the hilum continues to swell. The undissolved part of the grain is pushed
out to the mai'gin, and there is formed a marginal band consisting of two layers, the inner being a

single layer of large, distinct, mdely separated granules, and the outer a comparatively thin, finely

striated band, which does not show the alternate refractive and non-refractive lines so plainly as in

some of the starches of other genera; this band becomes thinner and clearer as the grain continues to

swell, often growing much distorted by invaginations. P'inally, the capsule dissolves at one point,

allowing the inner granular matter to flow out and dissolve, followed by the solution of the cajisule.

Reaction with pyrogallic acid begins slightly in 2 minutes and is over in 15 minutes. The hilum

becomes prominent, liut the lamella^ are not rendered more distinct. The hilum swells slightly

and fine striae appear, radiating from the hilum and becoming larger and more distinct. The non-

refractive lines radiating from the hilum to the corners of the facets now become very clear. The
hilum continues to swell slowly, the mass of the grain swelling at the same time. The more resistant

starch at the margin forms a band of two layers, one being in the form of a single row of granules,

the other a rather thin, homogeneous band which shows fine strife and indistinct, alternate refrac-

tive and non-refractive lines. The gelatinized grains are fairlj' large, not much distorted, folded,

or crumpled, and retain much of the original shape of the grain.

With ferric chloride reaction begins in 2 minutes and is over in 30 minutes. The hilum is quite

distinct, but tlie lamellae are invisible. The margin becomes clear and darker, but the inner por-
tion of the grain appears lighter and opaque. The hilum begins to swell and two lines appear,
which run to the corners of the facets. The hilum swells slowly and fine striae arise throughout
the substance of the grain. A band formed at the margin consists of an inner single row of coarse

granules and an outer striated part formed of ungelatinized starch. This band becomes thinner,

clearer, and quite homogeneous. Or the grain may gelatinize quicklj^ and the hilum may swell

without becoming very prominent. The gelatinized grains are not much distorted. When the

process is slower, there is some sign of preliminary gelatinization of the margin, but this mode of

dissolution is rare.

With Purdy's solution the reaction begins very slightly in 10 minutes. After 2 hours onl}^ about

half the grains are at all affected anfl very few are completely gelatinized. The hilum and lamellae

become very distinct. Often the only change noted was the swelling of the hilum and the appearance
of fine striae throughout. As this process progresses, the inner portion of the grain is gelatinized, and

the more resistant marginal portion forms a thick band, but the reaction does not go any further.

ST.\RCH OF ARUM CORNUTUM. (Plate 14, figs. 79 and 80. Chart 77.)

Histological Characteristics. In form the grains are simple and for the most part isolated;

nearly all show one or more facets. Small aggregates of two or three or more grains are seen, and

also rare larger aggregates. The pressure facets are not usually so sharply defined as in other Arum
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Chart No. 77.

starches. The most conspicuous forms arc the spherical and the ovoid, with one or more small,

not very clearly defined facets; dome-shaped and hemisijherical grains, with one, two, or three

facets, or quite typically three at the base grouped triangularly ahout a common center. Polyg-
onal forms are not uncommon, cspeciallj' among the smaller grains, which usually are irregular

in shape, owing to the differences in size, mmiber, and jxisition of the facets.

The hilum is a fairly distinct, round, non-refractive spot, eccentrically or nearly centrally

placed. It is very rarely fissured, and if so the fissures are not deep or broad, and may be single
lines placed transversely or diagonallj^, or consist of three lines variously arranged.

The lamellw are very distinct, regular, concentric rings, which may or may not follow the outline

of the margin; they follow it if the grain is of the dome-shaped type and the facets large. Some show
an irregularity of outline which does not seem to depend on the form of the grain. Two arc ustially

more distinct than the others, one rather near the hilum

appears to outline a definite area about the hilum, and

the other is about midway between this and the periphery.
The numljcr of the lamellie varies between 10 and IG.

The grains vary in size from 2 to 24yu. The common
size is 15^.

Polariscopic Properties. The figure is clear-cut, dis-

tinct, and regular in shape, usually slightly eccentric.

The lines are generally of the same size and distinctness

throughout their length. The figure is sometimes ren-

dered pecidiar by the facets, so that one line may appear
to have two branches, etc. Lines indicating the posi-

tions of lamellae could be distinguished on one or two of

the larger grains. The figure is typically in the form

of a cross.

The degree of -polarization is fairly high. Inasmuch as

the grains are of or closely approach the spherical form,
there is not much variation according to the aspect viewed.

Owing to the fact that there are concavities in the faceted

surfaces, polarization is often low at these points.

AVith selenite the quadrants are well defined and usually of nearly the same shape and size.

The colors are quite ])ure.

Iodine Reactions: With 0.25 per cent Lugol's solution the grains color at once and quite deeply.

With 0.125 per cent solution they tint lightly at once, but the color deepens quickly. This starch

is the most sensiti\'e to iodine of the Arum starches. After heating the solution until the grains

are completely gelatinized, the solution is colored slightly and some of the grains deeply and others

lightly on the addition of iodine. Some of the colored capsules or jjortions of capsules are colored

violet on adding more iodine. After boiling 2 minutes, the solution colors more deeply, but the

grain-residues less deeply and some not at all, many being reduced to mere granular masses. All

the uncolored capsules or portions of capsules are colored violet with a slight excess of iodine.

Staining Reactions. With gentian violet the grains begin to stain in 2 minutes and after 30

minutes are stained fairly deeply to deeply.

With safranin the grains begin to stain in a minute, but at the end of 30 minutes are stained

fairly deeply.

Tevipcrature Reaction. The temperature of gelatinization is 09.5 to 70.5 C, mean 70.

Effects of Various Reagents. W\th chloral liydralc-iodine the reaction begins in 30 seconds

and all the grains are darkened and the reaction is practically over in 5 minutes. The hilum is often

prominent as a dark spot. The lamelhe are not obscured. The grain is colored violet; then the mar-

gin begins to darken, especially aboxit the corners of the facets, from here it spreads all around the

margin, and then inward until the whole grain is dark. This is accompanied by very little and very

gradual swelling. Quite commonly some of the marginal starch is gelatinized and protrudes, a

reaction that appears to be characteristic of this species as compared ^\'ith the other Arums. The

capsules are uniformly dark, except for the lighter swollen hilum, and are not large or much distorted.

The reaction with chromic acid liegins in 30 seconds and is over in 6 minutes. The hilum and
lamella; become prominent; fine striae appear first about the hilum and then radiate throughout

p
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the srain, becoming more .iiid more distinct, and the hilum is seen to swell. A clear iimer space

ilevel()|)s, which increases in size. The swelling is cominunicated to the entire grain, and the striae

open wider and become more distinct, and a band of two layers is formed at the margin of the large,

clear, inner space. The inner layer of the band appears to be composed of one or two layers of

granules formed by the widely separated striae. The outer layer is more compact and presents

the appearance of two or three alternate refractive and non-refractive layers crossed radially by
fine striae. The layers are very distinct in this starch. The grain continues to swell from the inside,

the margin becomes thinner, clearer, and quite homogeneous. One part of the capsule protrudes
and dissolves, permitting the contents of the capsule to stream out and be dissolved. The other

parts of the cap.sule pass into solution slowly.

Reaction with pyrogaUic acid begins in 30 seconds. After 30 minutes all the grains are affected

and nearly all are fully gelatinized. In the reaction the hilum and lamella; become prominent, fine

striiE appear which radiate from the hilum, the hilum swells, the inner starch is converted into a

gelatinous mass, and the more resistant marginal starch is formed into a band of two layers, the inner

granular, the outer striated, but not so plainly marked bj' the refractive and non-refractive bands as

in the reaction with chromic acid. This marginal starch, as the grain continues to swell, becomes

smaller, clearer, and quite homogeneous. The gelatinized grains are fairly large and not much dis-

torted, crumpled, or folded.

With ferric chloride reaction begins in a minute and is over in 12 minutes. The hilum becomes

very prominent as a dark s]5ot or bubble. Some of the coarser and more distinct lamellae appear
more clearly. The margin of the grain becomes clearer and darker, while the inner portion appears

lighter and more opaque. In some of the more quickly reacting grains this clear appearance spreads
over the whole grain, there is a Uttle swelling, and the inner portion dissolves quickly; the

margin is distinct, but very light and homogeneous. In the more slowly reacting grains the grain

becomes divided by fine striae and the inner portion dissolves and swells, causing general swelling.

The undissolved portion at the margin forms a very broad, distinct ring marked with fine striae

and refractive and non-refractive bands. Only in the less sensitive grains can preliminary gelatin-

ization of the margin be seen. A bubble forms at the hilum in some cases which gradually disappears
as the grain swells. As the grains continue to enlarge the margin becomes thinner, lighter, and quite

homogeneous, and invagination of one portion will often take place. The gelatinized grains are

large and somewhat distorted by invtigination, and are not much folded and crumpled, but retain

much of the original shape of the grain.

The reaction with Purdy's solution begins very slightly in 30 seconds and is over in 15 minutes,

about half of the grains being affected. The hilum and lamellaj, especially the latter, become very

prominent. The hilum swells slightly and fine striae appear which radiate from the hilum. As
the hilum swells, the striae become more distinct and concentric fissures appear in the lines of the

more prominent lamellae, thus forming apparently concentric rows of granules; while out towards

the margin there is the usual appearance of fine striae and refractive and non-refractive bands.

As the grain continues to swell, this margin becomes thinner and homogeneous, until finally it is a

thin, non-refractive line. The gelatinized grains are fairly large, and while some invagination may
occur, especially at the faceted surfaces, they are not much crumpled or folded or otherwise distorted.

STARCH OF ARUM ITALICUM. (Plate 14, figs. 81 and 82. Chart 78.)

Histological Characteristics. In form the grains are simple and for the most part isolated.

They occur in part in small clumps or pseudo-aggregates, rarely in aggregates. The grains are

usually marked with one or more pressure facets, usually very sharply defined and situated at the

distal end of the grain. Facets may be on the sides also, but there is always some portion of the

outside not so marked. There may be from one to five or six on a grain, and the presence of three

at the distal end is not uncommon. The most conspicuous forms are the dome-shaped and hemi-

spherical (marked by two or three facets), triangular, and spherical. There are a few quadrangular
and irregularly polygonal forms, and some ovoid grains. They vary in shape according to the

aspect viewed, becau.se of differences in size, form, number, and position of the pressure facets.

The hilum is not distinct; it is a comi)aratively large round spot, usually very slightly eccen-

trically placed and always in or near the median line; lines extend on each side, continuing to the

edges of the facets. The hilum is rarely distinctly fissured, and if so the fissure is generally regular,

clean-cut, single, 3-armed, or stellate. There are no multiple hila.
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Curve of Reaction-Intensities of Starch of
Arum italicum.

The lamellce are indistinct; only some near the hilum are visible. They are coarse, regular,

concentric rings, invisible in many grains.

The grains vary in size from 2 to l(j/i. The common size is 10^.

Polariscopic Properties. The figure is usually clean-cut, in the form of a cross; generallj' very

slightly eccentric. The lines are broad antl straight, tending to widen centrifugally.

The degree of polarization is fair, varying somewhat in different grains, being higher in the

larger grains, and about the same in different aspects of the grains. It is higher than in A. palcestinum.
With sclenile the quadrants are well defined, com-

monly regular in shape, and, as a rule, about equal in size.

The colors are fairly pure.
Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains color deeplj' a blue-violet. The depth of

color is about the same as that of the grains of Arum
palcestinum. Using 0.125 per cent solution the grains are

colored lightly at first, the tint soon deepening, the reac-

tion lieing the same as that oi A. pakvstinum. After heat-

ing until all the grains are completely gelatinized, the

solution is colored deeply, but the grains not very deeply,

upon the addition of iodine. After boiling for 2 minutes

the solution is colored more deeply, the grain-residues

faintly. All of the capsules contain some blue-reacting

starch, and it is therefore often difficult to demonstrate

the reaction of the capsule, but capsules devoid of blue-

reacting starch become of a violet color with an excess

of iodine.

Staining Reactions. W\th gentian wofei the grains be-

gin to stain lightly in 2 to 3 minutes, and after 30 min-

utes they are not much more stained. The color is the same as that in the grains of A. palcestinum.
With safranin the grains begin to stain very lightly in 30 seconds to a minute, but after 30

minutes the color has not deepened. The stain is lighter tlian that of A. palcestinum.

Temperature Reaction. The temperature of gelatinization is 71 to 73 C, mean 72.

Ejfects of Various Reagents. With chloral hyclrate-iodirie reaction begins in many grains in

30 to GO seconds. About half are darkened in 5 minutes, all but a few in 15 minutes, and the reaction

is over in practically all in 27 minutes. The hilum becomes more prominent, the edges and corners

of the facets begin to darken and swell, the rest of the margin grows darker, and the process spreads
inward over the whole grain. There is not much swelling connected with this reaction, and the

line of demarcation between the swollen and unswollen portions is not marked. The gelatinized

grains often sliow a central light space surrounded by a dark ring, and as they are not much swollen

they retain much of the original form of the grain.

The reaction with chromic acid l>egins immediately and is over in 4 to 5 minutes. The hilum is

not very prominent and it jirotrudes. The grain becomes divided by striae which soon are enlarged into

coarse fissures. The central, less resistant starch is changed into a gelatinous mass, and the outer,

more resistant portion forms a ring at the margin, which at first is thick and coarsely striated, but later

becomes thin and transparent. The ring or capsule dissolves at the proximal end, the contents pass
out and are dissolved, and the capsule undergoes solution, the distal end being the last to disappear.

With pyrogallic acid there is a general reaction in 30 seconds. Most grains are gelatinized in

5 minutes and all in 7 minutes. The hilum becomes very prominent and then begins to swell.

The grain is divided by fine strise, and the less resistant portions pass into a gelatinous mass as the

grain swells. The more resistant starch forms a finely striated ring at the margin, which ring becomes

thinner and clearer as the grain swells. The gelatinized grains are fairly large and smooth and

retain much of the original shape of the grain.

The reaction with ferric chloride begins in some grains in a minute; most are gelatinized in 5

minutes and all in 10 minutes. The reaction consists in the gelatinization and swelling of the less

resistant central ]iortion and the gathering of the more refractive ]^orti(jns at the margin in a more
or less homogeneous ring. This ring grows thinner and transj^arent as gelatinization proceeds.

The gelatinized grains are large and smooth and retain much of the original form of the grain.
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The reaction with Piirdy's solulion begins in some grains at once and is general in 30 seconds.

About half are gelatinized in 8 minutes and the others are in all stages of gelatinization. The reac-

tion is similar to that with pyrogallic acid.

Differentiation of Certain Starches of the Genus Ariini.

Histological Characteristics.

Conspicuous Forms.

A. palceslinum: Simple, mostly isolateil. Dome-shaped
and hemispherical, with two or tliree or more
facets at distal end, triangular and splierical.

A . comutum: Essentially the same as in ^-1 . palcedinum but
the conspicuous forms are spherical, ovoid, dome-
shaped, hemisplierical, and triangular.

A. italicum: Essentially the same as in A. palmstinum.

Hitum Form, Number, and Position.

A. pahestinum: Form fairly distinct, small, round, single;

rarely fissured. Position usually slightly eccentric.

A. comutum: Form same as in .4. paloestinum. Position

usually shghtly eccentric.

A. italicum: Form not distinct, large round, single; rarely
fissured. Position usually slightly eccentric.

Lamella General Characteristics and Number.

A. palceslinum: Not very distinct, concentric rings; may
or may not follow outline of margin, one prominent
in region of hUum. 8 appro.\imately on larger grains.

A. comutum: Very distinct, coarse, concentric rings, may
or may not follow outline of margin ;

two lamellae

usually very distinct
;
sometimes two sets of lamel-

lae. 10 to IG on larger grains.
A. italicum: Indistinct; only some near hilum visible;

coarse, regular, concentric rings. Number not
determinable.

Size.

A. palcestinum: From 2 to 20m, commonly 14/i.

A. comutum: From 2 to 24^, commonly 15/^.

A. italicum: From 2 to 16;i, commonly 10^.

PoLARiscopic Properties.

Figure.

A. palcestinum: Usually eccentric, clear-cut, regular in

shape, in form of a cross.

.4. comutum: Same as in /I. palcestinum.
A. italicum: Same as in A. palcestinum.

Degree of Polarization.

A. palcestinum: Fair.

.4. comutum: Fairly high.
A. italicum: Fair, higher than in A. palcestinum, and lower

than in .4. cornutum.

Polarization ivith Selenite Quadrants and Colors.

A. palcEstinum: Quadrants well-defined, and generally reg-
ular in size and shape. Colors not pure.

A. comutum: Quadrants same as in^.patesfwium. Colors

quite pure.
A. italicum: Quadrants same as in .4. pates(mu(i. Colors

fairly pure.

Iodine Reactions.

Intensity and Color.

A. palcestinum: Deep; blue-violet.

A. cornutum: Deep, deeper than in other .4rum starches;
blue-violet.

Iodine Reactions. Continued.

Intensity and Color. Continued.

.4. italicum: Deep, the same as in /I. palcestinum; blue-

violet.

Staining Reactions.

With Gentian Violet.

A. palcestinum: Light.
A. comutum: Fairly deep to deep, much deeper than in

A. palcestinum.
A. italicum: Light, same as in /I. palcestinum.

With Safranin.
A. palcestinum: Light.
A. cornutum: Fairly deep, much deeper than in A. palces-

tinum.
A. italicum: Very light, less than in A. palcestinum.

Temperature of Gelatiniz.\tion.

A. palcestinum: 70 to 71 C, mean 70..5.

.4. cornutum: 69.5 to 70.5 C, mean 70.
A. italicum: 71 to 73 C, mean 72.

Effects of Various Reagents.

Reaction with Chloral Hydrate-Iodine.

A. palcestinum: Begins in a minute; complete in 8 min-
utes.

A. comutum: Begins in 30 seconds; complete in 5 min-
utes.

A. italicum: Begins in 30 to 00 seconds; complete in 27
minutes.

Reaction with Chromic Acid.

A. palcestinum: Begins in 30 seconds; complete in 10 min-
utes.

A. comutum: Begins in 30 seconds; complete in 6 minutes.
A. italicum: Begins at once; complete in 5 minutes.

Reaction with Pyrogallic Acid.

A. palcestinum: Begins in 2 minutes; complete in 15 min-
utes.

A. cornutum: Begins in 30 seconds; complete in nearly all

in 30 minutes.
A. italicum: Begins in 30 to 60 seconds; complete in 7

minutes.

Reaction with Ferric Chloride.

A. palcestinum: Begins in 2 minutes; complete in 30 min-
utes.

.4 . cornutum: Begins in a minute; complete in 12 minutes.

.4. italicum: Begins in a minute; complete in 10 minutes.

Reaction with Purdy's Solution.

A. palcestinum: Begins in 10 minutes; half affected, a few

completely gelatinized in 2 hours.

A. cornutum: Begins in 30 seconds; half affected and com-

pletely gelatinized in 15 minutes; no further reac-

tion in 60 minutes.

A. italicum: Begins in 30 seconds; all are affected and half

completely gelatinized in 8 minutes, the others par-

tially gelatinized.

NOTES ON THE ST.A.RCHES OF ARUM.

The same type of starch-grain is exhibited by all of the Arums, and also by Arisoema and Dra-

cunculus, which are closely related genera and formerly included among the former. The three

starches are very closely in accord in their histological peculiarities. The differences in the degree

of polarization are insignificant, but in the other reactions there are more or less significant vari-

ations, even with Purdy's solution, which acts verj' slowly. Each species can be readily distinguished

from the others bj' peculiarities of the reactions.
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GENUS ARIS/EMA.

About 60 species of tuberous, herbaceous plants constitute this genus. Among the best known
is A. triphyllum Torr., popularly kno\vii as the Jack-in-the-pulpit or Indian turnip. Starch was

obtained from this species.

STARCH OF ARIS^MA TRIPHYLLUM. (Plate 14, figa. 83 and 84. Chart 79.)

Histological Chamcleristies. In form the grains are simple and mostly isolated, they rarely

occur in small aggregates and occasionally in clumps; all show pressure facets. The most conspic-

uous forms are the spherical and ovoid, marked with one or two small, rather poorly defined pres-

sure facets; dome-shaped; hemispherical and triangular, all with pressure facets. There are also

quadrangular and multiangular forms, the latter being uncommon. The dome-shaped and hemi-

spherical forms often have three or four facets at the base, grouped about a common center. The
facets on many grains are small and not definitely outlined; on others they are well defined and reg-

ular in shape. On end the grains usually appear round. The shape varies according to the position,

number, and size of the facets.

The hilum is a very large, distinct, round, non-refractive spot, situated somewhat eccentric-

ally; commonly fissured, the fissure being neither deep nor wide and usually a single transverse

line; or there may be three lines arranged in an irregu-

larly stellate fashion. The hilum may be double, and
often appears to be in a well-defined area formed by one

very distinct lamella.

The lamellce are very distinct, coarse, concentric

rings which follow the outline of the margin. One or two
are usually especially prominent, one outlining a space
about the hilum as before stated, and the other being
located about midway between the first and the margin
of the grain. In a few grains there appear to be two sets

of lamellae which have no connection with each other, one

consisting of a few very large, distinct lamellae about the

hilum, and the other of very fine indistinct lamelke sur-

rounding the first set. The lamella number from 8 to 16.

The grains vary in size from 3 to 28,u. The common
size is H/i.

Polariscopic Properties. The figure is usually slightly

eccentric, distinct, clear-cut, and in the form of a cross.

The lines are broad, ragged, and of the same distinctness

throughout their length, but may be broader near the

margin. The figure is modified in a peculiar manner when the faceted end is seen, appearing as

though there were more than one figure or as if the lines had branched.

The degree of polarization is fair. It is lower than that of Arum cormdum, but higher than in

A. palcestinum. It is lowest at the faceted ends and highest when the grain is seen on end, and it

also varies somewhat in different grains.

With selenite the quadrants are well marked, generally equal in size, and commonly regular

in shape. The colors are fairly pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color readily and quite deeply
a blue-violet; with 0.125 per cent solution they tint lightly, but the color deepens quickly. The col-

oration is less than with A. palcestinum. After heating the grains until they are completely gelatin-

ized, the solution is not deeply colored on the addition of iodine, but tlie gelatinized grains color deeply.

The grains are not much distorted or crumpled. After boiling 2 minutes, the solution is deeply col-

ored, the grain-residues very little. With a slight excess of iodine the capsules become of a violet color.

Stainijig Reactions. With gentian violet the grains begin to stain in 30 seconds. At the end

of 30 minutes they are well stained. This starch stains the deepest of the four Arum starches studied.

With safranin the grains !)egin to stain in 30 seconds, but at the end of 30 minutes they are

only fairly stained.

Temperature Reaction. The temperature of gelatinization is 69 to 71 C, mean 70.
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Effects of Vario'us Reagents. With chloral hydrate-iodine the reaction begins in a minute. About
half the grains are darkened in 5 minutes and nearly all are gelatinized in 30 minutes. The hilum

becomes more distinct as a dark spot or fissure. The lamellte appear as they do ordinarily. The
whole grain is colored violet; then the faceted end begins to darken, with slight swelling. This

process extends over the whole grain, advancing quickly along the margin on each side, and the

entire grain finally becomes dark. There maj^ be slight swelling after this. The gelatinized grains

are not very large, and are uniformly dark, except a central, round, clear, lighter space representing
the swollen hilum.

Reaction with chromic acid begins in 30 seconds and is practically over in 5 minutes. The
hilum and lamelhu become very distinct. Fine strire radiate from the hilum and become more and
more distinct. The hilum swells, and subsequently the whole grain. The ungelatinized starch is

pushed out to the margin, where it forms a ring having two layers. The inner layer consists of coarse

granules, and the outer of striated refractive and non-refractive bands, which may or may not be

distinct. The marginal part becomes thinner and lighter as the grain continues to swell, and finallj'

invaginates at one or two places. One part of the capsule is dissolved, usually at one of the corners

of the facets, the granular inner contents are poured out, and with the capsule quickly dissolve.

Reaction with pyrogallic acid begins in 30 seconds and is over in 25 minutes. The hilum and
lamella) become distinct. The grain is divided by fine striae which radiate from the hilum. The hilum

swells slowly at first, pushing out the ungelatinized starch to the margin. A very thick ring is thus

formed, which has the commonly observed two layers, refractive and non-refractive, both very promi-
nent. This ring becomes thinner and clearer, and the grain-wall or capsule frequently invaginates,
often at the pro.ximal end as this end swells. Finally, a large round or ovoid gelatinous mass forms,
often retaining much of the original form and showing very little folding or crumpling.

With ferric chloride reaction begins in a minute and is over in 30 minutes; a few grains are not

fulh' gelatinized even at the end of this period. The hilum is prominent as a dark spot or fissure.

The lamellae are not entirely obscured. The hilum swells, often fine striae radiate from it, and there

may be formed a characteristic banded, striated ring at the margin, though this band is not so dis-

tinct a.s it is with other reagents. If the reaction is slow there may be a preliminary gelatinization

of the margin. The gelatinized grains are large and not much folded or crumpled, and retain much
of the form of the original grain.

The reaction with Purdy's solution begins in 30 seconds. After an hour all the grains are affected,

although very few are entirely gelatinized. The hilum and lamellae become very distinct. Fine

striae appear which radiate from the hilum and become wider and therefore more distinct as the

hilum swells. As the hilum swells, the inner portion of the grain is changed into a gelatinous mass.

The more resistant starch at the margin forms a very distinct ring of two layers, the outer being

distinctly striated and showing alternate refractive and non-refractive concentric bands. As the

reaction proceeds, this ring becomes thin and clear. The swollen grains are large and not greatly

folded, crumpled, or distorted. Often the reaction stops at some intermediate stage.

GENUS DRACUNCULUS.
The members of the genus are tuberous plants which are usually sold under the name Arum

dracunculus, but the genus differs from the true Arums in certain morphological characteristics.

Only two species are known, both native to the Mediterranean region. One of them, D. vulgaris

Schott, is to some extent cultivated, notwithstanding its horribly ill-smelling flowers. From this

species the starch was obtained.

STARCH OF DRACUNCULUS VULGARIS. (Plate 15, figs. 85 and 86. Chart 80.)

Histological Characteristics. Inform the grains are simple and usually isolated; all are marked

with pressure facets, showing that in the plant they must have Ijeen in aggregate form. The facets

are generally regular in shape and with sharply defined edges. They vary in number from one to

four, rarely five or six. The most con.spicuous forms are the ovoid, dome-shaped, hemispherical,

and triangular; also polygonal, spherical, and various irregular forms. It is not un(;ommon for

the dome-shaped and hemispherical forms to have three facets at base grouped about a common
center. Rarely, spheres are seen with one or two small, indistinct facets on the surface. Tlie grains

vary in dififerent aspects in accordance with the form, number, and arrangements of the facets;

on end they usually appear round.
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distinct the hilum swells rapidly, and a marginal band is formed wliicli shows striaj and rather

indistinct alternate refractive and non-refractive parts. Decji fissures at the hilum disappear as

though they were merely invaginations from the outside that had become pushed out as the

inner part of the grain swells. The marginal band gradually becomes thinner and clearer and

appears in the form of a large capsule somewhat folded and distorted, but still retaining much
of the original form. Rarely, the capsules are so much folded and creased that they resemble

granular masses.

Reaction with /emc chloride begins in 2 minutes and is over in 45 minutes. The hilum becomes

distinct, often as a dark spot or a fissure. The lamella; are not apparent or indistinct. The margin
becomes clear and darker, causing the inner portion to appear light and opacjue by comparison.
There is rarely slight gelatinization with saccular protrusion at certain points on the margin, espe-

cially if the grain does not react quicklj'. The hilum swells, or the substance within the grain dis-

solves and extrudes at this point. A marginal ring is formed which appears to be homogeneous;
neither striae nor refractive and non-refractive bands could be made out. The swollen grains are

very large and obscure, not much distorted, unless there has been preliminary gelatinization of the

margin, in which case they are very greatly distorted and show many sacculations.

The reaction with Purdy's solution begins very slightly in 2 minutes and is over in 30 minutes,
but at least one-third of the total number of grains are not affected. The hilum and lamella become
somewhat more distinct. The hilum swells slightly and the grain becomes divided by fine striae,

which become more distinct as the swelling of the hilum progresses. A marginal ring is formed

consisting of two layers, the inner being composed of large granules and the outer of a striated band
marked with concentric, refractive and non-refractive parts. This marginal ring soon becomes

clear, thin, and homogeneous, and the grain is finally fully gelatinized. The gelatinized grains thus

formed are fairly large, not much crumpletl or wrinkled, and retain much of the original shape.

GENUS RICHARDIA.

The basis of this genus consists of a few well-marked species, natives of South Africa. Some
species and several varieties are in common cultivation and are popularly known as callas, which,

however, like the Arum callas, do not belong to the true monotypic genus Calla. Starches were

prepared from the rhizomes of 3 well-known species: R. elliotiana Knoth. {Calla elliolinna, Hort.),

the golden calla; R. africana Kunth., the common calla lily or Ethiopian lily, or Lily-of-the-Nile;
and R. alho-maculata Hook., the spotted calla.

STARCH OF RICHARDIA ELLIOTIANA. (Plate 16, figs. 91 and 92. Chart 81.)

Histological Characteristics. In farm the grains are simple and usually isolated, with some

aggregates of two, three, four, or more grains. The most conspicuous forms are polygonal, formed

by a number of pressure facets; spherical and ovoid forms appear to be the fundamental tj'pes,

but have been modified by mutual pressure, so as to be converted into pentagons, hexagons, and
other polygonal forms; there are also tlome-shaped and hemispherical, with one, two, or three or

more small facets at the base; triangular; ovoid and spherical forms, with one or two small facets;

and various indefinite forms. The facets are sharply defined. A given grain may have different

shapes according to the aspect in which it is seen, owing to variations in the number, size, and distri-

bution of the facets. For instance, on one end the dome-shaped and hemispherical grains appear

spherical, and on the other end the surface is irregular, owing to the facets.

The hilum is a fairly distinct, small, round, non-refractive spot, centrally or slightly eccentric-

ally placed, rarely marked by a transverse or a 3-armed fissure; but the figure appears as if it were

beneath the surface of the grain and without communication with the outside. Double or multiple
hila were not seen.

The lamellcB are only rarely distinct, when one or two may be seen especially large and promi-

nent, one near the hilum and the other about midway between it and the margin. They are regular,

concentric rings and do not follow the outline of the grain.

The grains vary in size from 1.4 to 18/i. The common size is 12pi.

Polariscopic Properties. The figure is well defined, centric or slightly eccentric, and in the form

of a cross. The lines are of nearly the same size and distinctness throughout and rather sharply
defined. Very rarely, owing to an elongation or other abnormality of the hilum, the figure appears
as a solid line bisected at each end.
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The degree of polarization is fair. Near some of the facets tiio grains appear isotropic, which
is probably due to the depressions. It is higher wiien the grain is seen on end, and also in the

larger grains.

With selenile the quadrants are well defined, regular in shape, usually equal or nearly equal
in size. The colors are not quite pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color immediately and deeply
a blue-violet; with 0.125 per cent solution they tint immediatel.y, the color deepening quickly until

fairly dark. The tint of these grains is more blue than that of the grains of K. africana and li.

alho-maadata. After heating the preparation until all the grains are completely gelatinized, the

solution is colored somewhat and the grains in varying degrees upon the addition of iodine. With
a slight excess of iodine the grains previously uncolored

assume a pink-violet color. After boiling 2 minutes, the

solution is colored more deeply, but the grain-residues
much less than the solution, on the addition of iodine.

With a slight excess of iodine the capsules are colored a

pink-violet and many are much crumpled and folded,

some disintegrated.

Staining Reactions. With gentian violet and with

sajranin staining begins in about 30 seconds, the stain

deepens very slowly, and in 30 minutes it is light.

Temperature Reaction. The temperatme of gelatini-

zation is 75 to 77 C, mean 76.

Effects of Various Reagents. With chloral hydrate-
iodine the reaction begins in 30 seconds and is over in 20

minutes. The hilum becomes prominent as a dark spot
or bubble, and the lamellce are visible. The periphery
often clears and becomes darker, while the inner part

appears light and opaque. Small grains darken finally

from the margin inward, the hilum swells, and the grain
is slightly swollen, not much distorted, and uniformly

dark, except in the center, where a large light space represents the swollen hilum. Larger grains

swell slightly in one or two places on the periphery, often at the corners of the facets. Gelatiniza-

tion proceeds over the whole grain, spreading along the margin on each side more rapidly than on
the central part. The gelatinized grains are not very large and show a dark, thin, marginal Ijand

inclosing a large, light, clear space. Sometimes they are somewhat distorted.

Reaction with chromic acid begins in 30 seconds and is over in 5 minutes. The hilum becomes
more prominent, and also some of the lamellte. Fine strise appear which radiate from the hilum

and become more and more prominent. The hilum swells and the ungelatinized portions of the

grain form a marginal ring of two layers, the inner being composed of large granules, and the outer

of a finely striated ring composed of indistinct, alternate refractive and non-refractive bands. The

grain continues to swell, and the ring or capsule gets thinner, clearer, and homogeneous-looking,
until finally one point swells out and is dissolved, allowing the semifluid contents to escape. The
remainder of the capsule then dissolves.

The reaction \vith pyrogallic acid begins in 2 minutes. After an hour aljout half of the grains

are affected, but only half of these are entirely gelatinized. The hilum is prominent, and the lamellse

become less indistinct. There appear to be two methods of gelatinization. One by division of the

grain into several pieces by fissures extending from one side to the other in irregular directions,

and the independent gelatinization of these separate parts. This method produces a large, irregular,

folded and sacculated capsule. The other method is by dissolution of the inner part of the grain,

the swelling of the hilum, the appearance of fine striae which gradually become more distinct, and
the movement of the ungelatinized starch to the margin to form a ring consisting of two layers,

the inner granular layer being small, as in the Ai'um starches. The gelatinized grains are fairly

large and not much distorted, folded, or crumpled.
The reaction with/c;;ic chloride begins in 2 minutes and is over in 35 minutes. The liilum and

lamelliB are rendered quite distinct. The outer portions of the grains become clearer and darkoi-.

There is often gelatinization with protrusion at the corners and at the lines of union of the facets.
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and this may cxteiul over a .urcat inut of tlic grain, followed by a swelling of the grain as a whole.
Other grains swell by the dissohiUon Miid swelling of the less resistant stareli of the inner part of

tlie grain. Tlie ungelatinizetl portions are pushed to the margin to form a homogeneous, one-layered
ring, which does not show granules, bands, or fine striae. This ring becomes in time clearer and
thinner as the grain swells and forms a gelatinized capsule. The gelatinized grains are large and
not nmch distorted, though there is sometimes an invagination or depression in the capsule.

With Purdy's solution the reaction begins with a few of the smaller grains in IJ/^ minutes, but
after an hour there is no further reaction. The hilum and lamclke are prominent. The lamellae are
not rendered so prominent as with pyrogallic acid, which is unusual. Some of the grains gelatinize

quickly, with swelling of the hilum and the formation of a marginal ring, which rapidly becomes
thin and homogeneous. Other grains are split by irregular fissures into several pieces, which gelat-
inize independently. This reaction is not completed in all the grains in which gelatinization begins.

STARCH OF RICHARDIA AFRICANA. (Plato 16, fig. 93. Chart 82.)

Histological Characteristics. In form the grains are simple and isolated, except a few that
occur in aggregates; they have from one to six or seven pressure facets, which are unequal in size

and shape and irregular in their positions in different grains; some grains are entirely covered ivith

facets. The polygonal forms are the most common and var}' considerably in shape, owing to vari-

ations in number, size, and distribution of the facets; occasionally spherical, dome-shaped, hemi-

spherical, triangular, ovoid (with one end flattened), and

irregularly elliptical forms are seen (the irregularities

being caused by irregular facets). Many grains, because
of their marked angularities, have the ajipearance of

crystals.

The hilum is usually not visiiile. In several grains it

appeared as a very small, non-refractive, round spot,

centricallj' or slightly centrically placed. It was in no
instance fissured.

The lamelloe can not be distinguished.
The grains vary in size from 1 to 10/x. The common

size is 6^1.

Polariscopic Properties. The grains are so small and
the polarization so very low (almost 7nl), that it is im-

possible to determine anything satisfactory with regard
to the figure or to the reactions with selcnite.

Iodine Reactions. With 0.2.'} jier cent Lugol's solu-

tion the grains color a deep blue-violet somewhat less

deeply than R. elliotiana; with 0.12.5 per cent sohition

they tint readily and the color deepens quickly. The
shade is the same or slightl}' lighter than in R. elliotiana, but the color is more of a reddish-violet.

After heating until the grains are completely gelatinized, the solution is fairly colored and the gelat-
inized grains very little on the addition of iodine. Most of the grains show a reddish-violet capsule
on adding a very slight excess of iodine. After boiling 2 minutes the solution is colored deeply, but
the grain-residues less deeply. Very few grain-residues contain any blue-reacting starch and all

have reddish-violet capsules.

Stainiiig Reactions. With gentian violet and with safranin the grains begin to stain within a

minute, and after 30 minutes they are lightly colored, rather less so than R. elliotiana.

Temperature Reaction. The temperature of gelatinization is 74 to 70 C, mean 75.

Effects of Various Reagents. With chloral hydrate-iodine the reaction begins in 45 seconds
and is over in 5 minutes. The hilum is occasionally more prominent. The lamclla> are visible.

The corners of the facets darken and begin to .swell, and the processes usually extend entirely around
the margin and then inward. The grains do not swell as a whole until the hilum is affected by the

reaction. The gelatinized grains are not very large and they have a dark marginal ring surrounding
a lighter center. There is some protrusion at the corners of the facets, otherwise no distortion.

Reaction with chromic acid begins in 13^ minutes and is completed in 4 minutes. The hilum
becomes more visible in many grains. Fissures frequently extend inward from the margin before the

s
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hilum begins to swell. The rest of the process is practically the same as that noted in the other Rich-

ardia starches. Fine stria^ appear radiating from the hilum. The hilum swells, opening out in stellate

form, and the ungelatinizcd portions are pushed peripherally to form a ring composed of but one

layer, which ring grows thinner and clearer and dissolves at one point, opening out and allowing the

gelatinized contents to flow out and dissolve. The rest of the ring or capsule disappears later.

With pyrogallic acid the reaction begins in a few grains in 10 minutes. After an hour about

half of the grains are affected, but very few are fully gelatinized. The hilum becomes prominent,
but the lamellfe remain invisible; fine stride appear on the grain, and the hilum swells. The ungelatin-

ized portions are pushed peripherally where they form two layers, an inner granular and an outer

finely striated, which become thinner and clearer, but in almost every case remain divided. The

gelatinized grains are not very large, and the capsules are distorted, folded, or crumpled. The

grains outside the cover-slip react more completely, indicating a favorable influence of oxj'gen.

The reaction with ferric chloride licgins in 2J^ minutes and is over in 40 minutes. The hilum

appears as a dark spot, and more prominent. It may now swell, causing a movement of the ungel-

atinizcd portions of the grain peripherally. Or, as the hilum swells, the grain may be divided into

a mmilier of entirely separate portions which swell independently. The gelatinized grains formed

by the latter method are large, irregular, and distorted. All are difficult to see in the surrounding
medium.

With Purdy's solution there were only slight evidences of any reaction after an hour. One
or two grains showed fine stria; radiating from the hilum, one grain was completely gelatinized,

and one divided by a longitudinal fissure into unequal parts. No other changes were noted.

STARCH OF RICHARDIA ALBO-MACULATA. (Plate 16, fig.s. 95 and 96. Chart 83.)

Histological Characteristics. In form the grains are simple and are isolated, except a few in

aggregates; nearly all have pressure facets, but usually not the large number exhibited by R. elli-

otiana and R. africana. The consjjicuous forms are

polygonal; some dome-shaped, hemispherical, triangular,

ovoicl, and spherical grains. The grains, as in the other

Richardia starches, vary somewhat in form according to

the aspect from which they are seen.

The Mlum is usually invisible, but is a small, round,

non-refractive spot, ccntrically or slightly eccentrically

placed; it was never found fissured, and no multiple hila

were seen.

The lamellw are almost always invisible. In a few

grains they appeared as regular, concentric rings, with no

tendency to follow the faceted outlines of the margin.

They are coarse, and one near the hilum is apt to be

especially distinct. Not many appear on a grain.

The grains vary in size from 1 to 16;n. The com-

mon size is about 8;u.

Polariscopic Properties. The figiire is as a rule dis-

tinct, centric or slightly eccentric, in the form of a cross;

its lines are about the same size and distinct throughout
their length, not usually bent or distorted in any way.

The degree of j)olarization is fair, probably less than that of the grains of R. elliotiana.

With selenite the quadrants are very well defined and commonly of about the same size and

shape. The colors are not quite pure.

Iodine Reactions. W\i\\ 0.25 per cent Lugol's solution the grains color very deep blue-violet,

deeper than R. elliotiana; with 0.12.5 per cent solution they tint readily and the color deepens rapidly,

but not so deeply as R. elliotiana. The color is more of a red-violet than the color of R. eUiotiana,

but not so reddish as the color of R. africana. After heating until all are entirely gelatinized, the

solution colors slightly and some of the grains color deeply and others lightly on the addition of

the iodine. Those coloring lightly show a pinkish-violet capsule on the addition of slight excess

of iodine. After lioiling for 2 minutes, many gelatinized grains have lost all of their blue-reacting

starch and the capsule is reduced to fragments or to amorphous granular masses. On the addition
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of iodine the solution is eoloiTd very (iec])ly, the grain-residues and the fragments very slightly

or not at all. When a slight excess of iodine is added, the capsules are colored a pinkish-violet.

Ocrasionally some blue-reacting starch is contained in the capsule.

Stainir'g Reactions. With gentian violet the grains begin to stain immediately, but very slightly,

and after 30 minutes the stain is light. All the grains are stained eqtiallj'. The color is about the

same as that in R. eUiotiana.

W^ith sofranin the grains begin to stain very slightly within a minute. After 30 minutes they
are verj' slightlj' stained, and less than R. eUiotiana.

Temperature Reaction. The temperature of gelatinization is 77 to 78 C, mean 77.5.

Effects of Various Reagents. With chloral hydrate-iodine the reaction begins in 30 seconds in

some grains and is over in all in 10 minutes. The hilum becomes prominent as a dark spot. The
lamellae are in\isible. The grains are at first colored a light violet. One of the corners formed

by facets now darkens and some irregular protrusion takes place here. This jirocess spreads grad-

ually over the whole grain, first involving the side on which it began, and from here spreading
around the margin, the central portion being the last to be involved. Some smaller grains darken

very rapidly all over and then swell. The gelatinized grains are not very large, and somewhat dis-

torted in shape, the part first affected being more swollen than the rest; all show a dark, homogeneous,
marginal ring inclosing a lighter, more or less circular area which represents the swollen hilum.

Reaction T\ith chromic add begins in 2 minutes and is complete in 10 minutes. The hilum and
lamelkc become extremely prominent. Fine cracks or striae appear radiating from the hilum.

These grow more and more prominent and the hilum swells, or rather opens out, owing to an enlarge-

ment of some of the fissures previously formed. The immediate general result is a swollen grain

consisting of an ungelatinized substance in the form of a peripheral ring that is divided into distinct

parts and surrounds a mass of gelatinized starch. The outer portion of this ring is radially striated,

but othermse homogeneous in appearance; the inner portion, which is often separated from the

outer by a verj- distinct clear .'^pace, consists of a row of coarse granules separated from one another

by the lines of cleavage alread}' noted. The grain continues to swell, the marginal ring becomes

thinner and clearer until one part dissolves, the inner, faintly granular portion flows out and is

dissolved, foUoAved by solution of the rest of the ring or capsule.

With -pyrogallic acid the reaction begins in 8 minutes, very few grains being affected. (Out-
side of the cover-slip all the grains were completely gelatinized in 20 minutes.) The hilum becomes

distinct and the lamellte are fairly prominent. The grain becomes divided by fine stria? which radiate

from the hilum, the hilum .swells, and the ungelatinized portions of the grain are moved peripher-

ally to form a marginal ring consisting of two parts, an outer striated band marked liy faint, alter-

nate refractive and non-refractive rings, and an imier granular band. The outer band groA\s thinner

and fainter as the grain continues to swell, and the inner band becomes mingled with the gelatinized

starch within. The gelatinized grains so formed are fairly large in comparison with the original

grains, and are not distorted, folded, or crumpled.
The reaction \\\i\\ ferric chloride begins in some grains in a minute and in all in 2 minutes. It is

completed in 134 hours. The hilum is prominent as a dark spot; the lamellae are invisible. Some

grains react very rapidly. The hilum, and also the grain as a whole, undergoes swelling. Any inter-

mediate stages are passed through so rapidly that they are not determinable. The result is a gelat-

inized grain ha\-ing a thin, homogeneous capsule which is not folded or distorted. Other grains

react slowlj-, first showing fine, radiating striae, and then, as the hilum swells and the ungelatinized

portions are pushed out to the margin, two layers are formed, as in the reactions to chromic acid

and pyrogallic acid, but often not so plainly marked. The marginal ring becomes thinner, clearer,

and quite homogeneous as the grain continues to swell. The gelatinized grains are large and rounded,
not much folded, crumpled, or otherwise chstorted.

The reaction \\\ih Purdy's solution begins in about 5 minutes in a very few grains. After IJ^
hours only a very few grains are completely gelatinized; other grains are entirely unaffected. The
hilum and lamella; do not become especially prominent. The grains first show fine striae radiating

from the hilum; then the hilum swells and the ungelatinized portions of the grain push out to the

margin, where they form a marginal ring of two parts, not very definitely separated an inner

row of large granules, and an outer, more or less homogeneous layer having fine striae. These layers

gradually become clearer and thinner as the grain swells, forming a capsule. The gelatinized

grains are fairly large and not folded, crumpled, or otherwise much distorted.
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Differentiation of Certain Starches of the Genus Richardia.

Histological Charactekistics.

Conspicuous Forms.

R. cllioliana: Simple, usually isolated and with pressure
facets. Polygonal, domo-shaped, hemispherical, tri-

angular, ovoid, spherical.
R. africana: Essentially the same as in R. cllioHana.

R. albo-tnacidata: Essentially the same as in R. ellioliana.

HUum Form, Number, and Position.

R. ellioliana: Form small, fairly distinct, round spot;

rarely fissured. Position centric or slightly eccen-

tric.

R. africana: Form usually invisible and not fissured, other-

wise the same as in R. ellioliana. Position centric

or slightly eccentric.

R. albo-maculala: Form same as in R. africana. Position

centric or slightly eccentric.

Lamellce General Characlerislics and Number.

R. ellioliana: Not distinct, regular, concentric rings which
do not follow the outline of the grain. Number not
determined.

R. africana: Not visible.

R. albo-maculala: Not visible.

Size.

R. ellioliana: From 1.4 to 18m, usually 12^.
R. africana: From 1 to lOp, usually 6^.

R. albo-maculala: From 1 to ICm, usually 8^.

PoLARisconc Properties.

Figure.

R. ellioliana: Centric or .slightly eccentric, well-defined,
lines nearly the same siz.e and distinctness through-
out, figure in form of a cross.

R. africana: Practically nil.

R. albo-maculala: Same as in R. ellioliana.

Degree of Polarizalion.

R. ellioliana: Fair.

R. africana: Almost nil.

R. albo-maculala: Fair, probably lower than in R. elliol-

iana.

Polarization with Sclenile Quadrants and Colors.

R. ellioliana: Quadrants well-defined, regular in shape,
equal or nearly etiual in size. Colors not quite
pure.

R. africana: Quadrants not determinable. Colors not de-
terminable.

R. alhn-maculala: Quadrants the same as in R. ellioliana.

Coloi's not quite pure.

Iodine Reactions.

Intensity and Color.

R. clliotiana: Deep; blue-violet.

R. africana: Deep, less than in R. cllioliana: blue-violet.

R. albo-maculala: Deep, deeper than in R. ellioliana; blue-
violet.

Staining Reactions.

With Gentian Violet.

R. cllioliana: Light.
ft. africana: Light, less than in ft. cllioliana.

R. albo-maculala: Light, the same as in ft. ellioliana.

With Safranin.

ft. ellioliana: Very light.

ft. africana: Very light, less than in ft. clliotiana.

ft. albo-maculata: Very light, less than in ft. ellioliana.

Temperature of Gelatinization.

ft. ellioliana: 75 to 77 C, mean 76.
ft. africana: 74 to 76 C, mean 75.
ft. albo-maculala: 77 to 78 C, mean 77.5.

Effects of Various Reagents.

Reaction uiilh Chloral Hydrale-Iodine.

ft. ellioliana: Begins in 30 seconds; complete in 20 min-
utes.

ft. africana: Begins in 45 seconds; complete in 5 min-
utes.

ft. albo-macidata: Begins in 30 seconds; complete in 10
minutes.

Reaction with Chromic Acid.

ft. ellioliana: Begins in 13^2 minutes; complete in 5 min-
utes.

ft. africana: Begins in 1,^2 minutes; complete in 4 min-
utes.

ft. albo-maculala: Begins in 2 minutes; complete in 10

minutes.

Reaction with Pyrogallic Acid.

ft. ellioliana: Begins in 2 minutes; about half are af-

fected, and one-fourth completely gelatinized in an
hour.

ft. africana: Begins in a few in 10 minutes; about half are

affected, and very few are completely gelatinized in

an hour.

ft. albo-maculala: Begins in 8 minutes; only a very few
show any signs of reaction.

Reaction icilh Ferric Chloride.

ft. clliotiana: Begins in 2 minutes; complete in 35 min-
utes.

ft. africana: Begins in 2^2 minutes; complete in 40 min-
utes.

ft. albo-maculala: Begins in 2 minutes; complete in 75
minutes.

Reaction with Purdy's Solution.

ft. ellioliana: Begins in 30 seconds, slight in a few grains;
no further reaction.

ft. africana: Begins in 1 ^2 minutes, slight in 1 or 2 grains;
no further reaction,

ft. albo-maculala: Begins in 5 minutes, slight in a few

grains; only a few grains are completely gelatinized
in 13^ hours.

NOTES ON THE STARCHES OF RICHARDIA.

The starches of Richardia have the .same general histological characteristics, and apart from
obvious differences in size do not extiihit diagnostic differences. In the reactions, R. ellioliana

and R. albo-macidala differ little in the degree of polarization, whereas in R. africana the reaction

is very low. Little, and therefore unimportant, variations are recorded in the iodine, aniline, and

Purdy solution reactions. In the temperature of gelatinization, R. africana falls 1 lower, and R.

alho-maculata reaches 1.5 higher than in R. clliotiana. In tlie chloral hydrate-iodine, chromic acid,

pyrogallic acid, and ferric chloride reactions the differences are more or less marked, so that no

difficulty is experienced by means of the reaction-curves in reaching a diagnosis.
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GENUS DIEFFENBACHIA.

Difffcnbachia is a goiiiis of tropical antl seniitroj)ical low ijerennialis, native for the most part of

( 'ontral and South America. They are in general cultivation as hot-house plants, chiefly because of

their fine foliage. There are, accortling to different authors, from 6 to 12 distinct species. The juice

of the plant is very acrid, causing smarting and tingling when applied to the skin, and even much

greater irritation when in contact wath the mucous membrane. D. seguine Schott is known as

"dumb-cane" in the West Indies, because when the root is chewed the tongtie swells, interfering

with or preventing speech. Starches from four members of the genus, representing two species,

were examined, and in each the starches of both pith and cortex were studied separateh^ The

specimens include the following: D. seguine var. nohilis Engl. (Z). nobilis Hort.), D. seguine var.

macidata Lowe, D. seguine var. irrorata Engl. (D. irrorata Schott, D. batananni Hort.), D. illustris

Hort. (D. Inte-maculala Lind. and Andre).

PS CI PA bA~
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STARCH OF PITH OF DIEFFENBACHIA SEGUINE VAR. NOBILIS.

(Plate 17, figs. 97 and 98. Chart 84.)

Histological Characteristics. In form the grains are both simple and compound and show no

tendency to form aggregates. The grains originally tend to long, elliptical forms, usually quite

regular in outline, but become multiform because of secondary deposits. Plastids may often be

seen adhering to some portion or portions of the grains. The forms are very numerous, but the

most characteristic is an elongated or flattened ellipse, with one end tending to be round or broadly
lanceolate and the other flattened; this may be modified by a bend in the middle of the grain,

giving the grain somewhat the shape of a boomerang; or by a bend or protrusion at one end which

causes it to assume a hook shape. T- and boot-shaped forms are present. The smaller grains

are round, ovoid, oval, pyriform, and cylindrical with one end narrower than the other. The pecu-

liar T- and boot-shaped and related forms, and the causes of their peculiarities, will be noted partic-

ularly in connection with D. segidne var. maculata. The grains of this species bear closer resemljlances

to D. seguine var. irrorata and D. illustris than to D. seguine var. maculata. On edge, the grains

usually appear elhptical, but when seen from the end are round to oval.

The hilum is a relatively small, round, fairly distinct, non-refractive spot. It is eccentric from one-

third to two-fifths of the longitudinal axis of the grain and situated usuallj' in the broader end of the

grain, and in or slightly to one side of the median line. Rarely the hilum is double. Fissuration is

common, and the fissures are usually ragged and often deep.

The lamellw are distinct, continuous, fine, regular or

irregular circles, ellipses, segments of circles, etc. They
vary in size, distinctness, and spacing in the same grain

and in different grains. Those added last tend to follow

the outline of the margin very closely, and many are some-

what wavy. They are flattened in the region distal to

the hilum. The boot, T, and transition forms show inde-

pendent sets of lamelUe which form the lateral projec-

tions, the latter being deposited by plastids after the

primary set is completed. These secondary and tertiary

sets are added at varying angles to the primary set. In

well-developed forms the secondary sets are often the

longest and usually coarser and more distinct than those

of the primary set. The number of lamella? varies from

15 on the small grains to 50 on the large grains. The

average is about 35.

The grains vary in size from 5 to 60^- The common
size is 35/i. The largest grains may be from two to six times

as long as broad, and about two-thirds as thick as broad.

Polariscopic Properties. The figure in the elongated grains is markedly eccentric. It is dis-

tinct and the lines are of about the same size and distinctness throughout their length, but may be

bent and distorted. Usually but two of the four lines are visible for any length, the other two being

very short. Various modifications are sho^vn in part in the photographs.

31
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The degree of polarization is fairly high, varying according to the aspect of the grain, being

higher if the grain is viewed from the end or edge, and it varies in different grains.

With selenite the quadrants are well defined, but irregular in shape and size. The colors are

fairly pure.
Iodine Reactions. With 0.25 per cent Lugol's solution the grains color deeply a blue-violet;

with 0.125 per cent solution they color lightly. After heating until all the grains are completely

gelatinized, the solution is colored slightly, but the gelatinized grains deeply, with iodine. The

grains are swollen and somewhat distorted, but retain much of their original shape. After boiling
2 minutes, the solution is colored deeply, some of the grain-residues slightly and others not at all.

The capsules are colored a red-violet.

Staining Reactions. With gentian violet the grains begin to stain at once, some more deeply
than others. The distal end of the grain stains more quickly and more deeply than the rest of the

grain. At the end of 30 minutes the color is deep.
With safranin the grains begin to stain immediately, one as deeply as another. The distal

end of the grain stains first and most deeply. After 30 minutes the grains are deeply stained.

Temperature Reaction. The temperature of gelatinization is 68 to 70 C, mean 69.

Effects of Various Reagents. With chloral hydrate-iodine most grains show the beginning of

gelatinization in a minute. About half are gelatinized in 10 minutes and all in 30 minutes. The
hilum becomes very distinct as a round dark spot or bubble. The lamellae can be seen, but are

not especially distinct. The periphery darkens at the proximal end, or less commonly at the hilum,
and protrusion begins, the grain swelling more in the direction of its longitudinal than transverse

axis. Both ends may begin to protrude simultaneously, or more frequently swelling may at first

be entirely at the end. In the T and boot shapes swelling may occur from three points, all converging
towards the center of the grain, which is affected last. Sometimes small processes will protrude
at irregular points of the margin. The gelatinized grains are much elongated and somewhat broad-

ened. Owing to the darkly colored starch being marked l)y light, transverse fissures, the grains
have an appearance suggestive of annelid worms (Plate 19, figs. 113 and 114). The proximal end
of the swollen grain is rounded and smooth, and incloses a large, light area representing the swollen

hilum. The distal end is either squared or nodular, according to whether protrusion occurred from
all points at once or succcssivelj'. The grains retain to a great extent their original forms.

With chromic acid the grains begin to react in 15 seconds and all are dissolved in 3^ minutes.

The hilum becomes more distinct, but not the lamellfe. A refractive line extends on each side of

the hilum, marking off the inner portion of the grain from the margin and reaching the squared
corners at the distal end of tlie grain. This end ojiens out fan-wise while becoming gelatinized and

longitudinal fissures extend ujiward into the inner portion, which separates by transverse fissures

and alters into coarse granules arranged in a somewhat lamellated fashion. The margin grows very
distinct and consists of three or four well-marked striated bands, alternately light and dark. If

there are two sets of lamellae, one is sejjarated from the other, the marginal portion of the grain

including both sets. In the meanwhile the hilum swells, the distal end of the grain is dissolved,

and the gelatinous inner portion gradually flows out and is dissolved, leaving the refractory mar-

ginal portion which dissolves last. At times the central part SAvells, and the margin on each side

dissolves, the two ends dissolving later, the margin of the proximal end being the last of all to

disappear.
The reaction with pyrogallic acid begins in some grains in 30 seconds and all are gelatinized in 5

minutes. The hilum becomes more distinct, but the lamellar for the most part only slightly so. Two
refractive lines radiate from the hilum to the squared corners at the distal end, outlining an inner

space in which the lamellae are very distinct. Coarse longitudinal striae now extend from the distal

end, which swells out fan-wise, and some transverse fissures are formed which divide the inner

portion into coarse granules, arranged in lamellated fashion. The margin at the same time becomes

more prominent and is marked by indistinct, alternate refractive and non-refractive bands having
distinct fine striae. Then the hilum begins to swell rapidly and the grain as a whole swells in all

directions. The coarse granules in the interior dissolve very rapidly and the margin clears slowly
until a gelatinized grain is formed which is very large and clear antl with one end very much crumjiled
and notlular. A mass of granular starch persists at this end after other parts have cleared. The

proximal end is smooth and rounded, inclosing a clear space. The gelatinized grain retains little

of the original form of the grain.
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The reaction with ferric chloride begins in 2 minutes. Some of the grains are gelatinized in 5

minutes and nil in 20 minutes. The hilum becomes distinct as a dark spot or but)ble. Tlie lamellae

are not more tlistinct than usual. The margin becomes clearer, causing the inner portion to appear

lighter and more opaque. The distal end begins to react with much irregular protrusion. Two
refractive lines extend obliquely toward the distal end from the hilum, the hilum swells, and the

rest of the grain becomes granular l)y the projection from the margin of irregular inter-crossing

fissures. These changes are followed by general swelling of the grain and the disappearance of the

granules. At times, and not uncommonly, the grain swells, beginning at the distal end, the hilum

being the last to swell. If there are T or boot shapes, or modifications of these, swelling may
begin at the distal end of the secondary deposits, then at the distal end of the primary part, and

proceed towards the hilum from these two points. The gelatinized grains thus formed are much
swollen and irregular in outline, often with three or four lobular projections on each side. The

proximal end is usually smooth and rounded, not preserving much of the original form of the grain.

With Piirdy's solution some grains show signs of swelling in a minute and the reaction is over in

45 minutes. All the grains are partially but none fully gelatinized. The hilum and lamellae become

very distinct and the grain is divided by many longitudinal and three or four transverse fissures

which break up the inner portion into coarse granules arranged linearly. The distal end spreads
out somewhat and the grain swells in the center, causing the lines of granules to break up until

finally they become merely a fine, irregular granular mass. This process progressed to the hilum,
which finally swells. The margin in some cases is separated from this inner portion by the extension

of refractive lines from the hilum and is finely striated and sometimes banded. It can always be

differentiated at the proximal end of the grain, especially immediately after the hilum has become
swollen. The gelatinized grains thus formed are large and somewhat oval and retain but little of the

original form. A granular mass may persist at the distal end. The proximal end is rounded and clear.

STARCH OF CORTEX OF DIEFFENBACHIA SEGUINE VAR. NOBILIS.

(Plate 17, figs. 99 and 100. Chart 85.)

Histological Characteristics. In form the grains are both simple and compound, and isolated.

There are no aggregates. The conspicuous forms are in general like those found in the pith, but nar-

rower, with a much greater tendency to the cylindrical, and very few of the T-shaped, boot-shaped,
and allied forms. The general differences between these

grains and those of the pith are quite striking. The grains

when seen on end appear to be spherical in form, and

when on edge somewhat elliptical.

The hilum is a fairly distinct, small, round spot, eccen-

tric one-sixth to one-eighth of the longitudinal axis, and in

or near the median line. It is never fissured, and there

are no multiple hila detectable even when secondary

deposits exist.

The lamellce are distinct, comparatively fine, regular

or irregular segments of ellipses or circles, etc., usually

squared at their distal ends, varying but slightly in size

and distinctness in different grains, and not so fine, but

more distinct, near the distal end of the grains than near

the hilum. There are about 35 to 40 on the larger grains.

The grains vary in size from 4 to 49ju. The common
size is 24;u.

Polariscopic Properties. The figure is usually flis-

tinct and generally clear-cut. The lines may be regular,

but are often much bent and otherwise distorted.

The degree of polarization is fair, not varying much

grains are viewed on end
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intensity as that of the pith grains. After heating in water until all the grains are completely gelatin-

ized, the solution colors slightly and the grains very deeply on addition of iodine. After boiling
for 2 minutes the solution colors deeply and the grain-residues lightly. On adding an excess of iodine

the capsules color red-violet.

Staining Reactions. With gentian violet the grains begin to stain at once and in 30 minutes

they are deeply stained. The color is lighter than that of the pith starch.

With safranin the grains begin to stain at once and in 30 minutes they are fairly deeply stained,

one grain as much as another. The color is not so deep as that of the pith starch.

Temperature Reaction. The temperature of gelatinization is 68.5 to 70.5 C, mean 69.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in some grains in 15

seconds and in all in a minute. It is over in almost all in 8 minutes and in all in 12 minutes. The
reaction is qualitatively the same as that of the pith grains.

The reaction with chromic acid begins in 30 seconds and is over in 4 minutes. It is the same

qualitatively as that of the pith starch.

The reaction ^vith pyrogallic acid begins in 15 to 30 seconds and is over in 3 minutes. It is

the same qualitatively as that of the pith starch.

With ferric chloride the reaction begins in most grains in 30 seconds and is complete in 10

minutes. It is the same qualitatively as that of the pith-starch grains.

Reaction with Purdy's solution begins in most grains in 45 seconds . In 7 minutes many grains
are partially gelatinized and the reaction is at an end in 30 minutes, when all the grains are partly

gelatinized. It is the same qualitatively as that of the pith starch.

STARCH OF PITH OF DIEFFENBACHIA SEGUINE VAR. MACULATA.
(Plate 17, figs. 101 and 102. Chart 86.)

Histological Characteristics. In form the grains are both simple and compound and show no

tendency to form aggregates. They are very irregular in shape and show many forms, including

round, ovoid, oval, pyriform, reniform, club-shaped, bottle-shaped, elongated elliptical with one end

squared, boot-shaped, T-shaped, boomerang-shaped, and various other forms with nipple-like or

knob-like projections. Transitional forms may be found between the elongated-elli]5tical and the

T- and boot-shaped. Occasionally a T-shaped grain may be seen with a secondary or smaller pro-

jection from the side of the grain. When viewed from the side, the round, ovoid, oval, T-shaped,

boot-shaped, and various irregularly shaped grains appear somewhat flattened; and from the end

they usually appear oval, ovoid, or round. They show a greater tendency to secondary deposits
and to be somewhat broader in tyjie than the starch of the cortex, and also to be larger. The tend-

ency to round, ovoid, and other short forms, and to freak forms such as the boot-shaped, etc., is

decidedly more marked in this species than in the other Dieffenbachia examined.

The hilum is distinct and sometimes marked by a fissure, which may be divided at the

ends into several radial fissures, and be crossed by a fissure which also may be divided at the

ends. When not fissured, the hilum appears as a comparatively large, refractive spot. It is eccen-

tric from two-fifths to one-fifth of the longitudinal axis of the grains. It may be in the median
line or to one side.

The lamellcB are distinct, continuous, alternate refractive and non-refractive rings, ellipses or

segments of rings and ellipses, which vary in size, spacing, and distinctness in the same grain and
in different grains. Except those near the hilum, they tend to follow the irregularities of the margin
and are often wavy even in grains having quite regular outlines. In the T- and boot-shaped and
some of the transitional forms there are two or three sets of lamella?, the secondary sets being formed

by plastids after the jirimary set has been completed. Occasionally in the T forms the lamellae

of the secondary and tertiary sets are coarser and more widely sjiaced than those of the primary,
both are finer than in D. seguine var. nohilis. The lamellae vary in number from 12 in the very small

grains to 66 in the large. The average for medium-sized grains is about 40.

The grains vary in size from 10 to 70^, the common size being 40/i. They are ordinarily about

one-fourth as broad as long and two-thirds as thick as broad.

Polariscopic Properties. The figure, excepting in the round, ovoid, and related forms, is very
eccentric and much distorted by irregularities of the grain. The lines are broad and ragged and

vary in width between the center of intersection and the margin of the grain. In the round, ovoid,
and related forms, and when the grains are seen on end, the figure may have the form of a cross.
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inward and transverse fissures appear, causing the inner portion to become granular. The granules
are arranged in regular lines, corresponding with those of the lamellae. The marginal parts become
more distinct, finely striated, and indistinctly banded. The hilura swells greatly and the granules

generally disappear, sometimes leaving a finely granular mass at the distal end of the grain. Later,
the margin clears, or the distal end may swell, the granules at this part disappearing and the swell-

ing extending upward. The hilum is the last part to swell, followed by clearing of the margin around
the hilum. The gelatinized grains are very large, somewhat crumpled, and lobulated. The proxi-
mal end is smooth and rounded and the distal end crumpled and lobulated.

Reaction with ferric chloride begins in 2 to 5 minutes and is over in 25 minutes. The hilum

becomes distinct as a dark spot or bubble, and the lamellaj disappear. The periphery of the grain
becomes clear and darker, causing the inner part to appear light and opaque. In this lighter por-
tion the lines of the lamellae reappear. The distal end now becomes gelatinous and longitudinal
striae extend inward. In swelling, the gelatinized starch spreads out widely on all sides. If there

are two sets of lamellae this process usually begins at the distal end of the secondary set. Gelatiniza-

tion proceeds and the imier portion becomes granular just above the swelling portion as the process
advances up the grain. The hilum is finally included and in expanding extrudes the proximal margin,
which is finely striated and shows indistinct bands. Occasionally the hilum swells first and the

other part of the grain becomes gelatinized afterwards, the inner portion being coarsely granular
and the periphery finely striated. The gelatinized grains are very large, commonly ovoid in form,
and much folded and lobulated at the distal end. They retain little of the original form of the grain.

Reaction with Purdy's solution begins in some grains in 2 minutes and about half of the grains
are only partially gelatinized in 1% hours. Both hilum and lamellae become very distinct. The inner

part of the grain is divided by longitudinal and transverse fissures. The margin is distinct and
striated. Swelling may begin at either end, or in the central portion of the grains, causing the

formation ultimately of an oval mass. The granules formed attending the fissuration above referred

to graduallj' disappear as the grain swells, followed by a clearing of the margin. The gelatinized

grains are very large and somewhat folded, and retain but little of the original form.

STARCH OF CORTEX OF DIEFFENBACHIA SEGUINE VAR. MACULATA.
(Plate 18, figs. 103 and 104. Chart 87.)

Histological Characteristics. In form the grains are both simple and compound, and are iso-

lated. Like the pith starch the grains are irregular in shape and exhibit many forms, the multi-

plicity of which is due to lamellar deposits upon the original or primary grain. The conspicuous
forms are round, ovoid, oval, elliptical, T-shaped, boot-shaped, boomerang-shaped, and transitional.

Seen from the edge, the grains of the round and elliptical types appear of the same thickness as

width, but those of irregular form and the T and boot shapes, etc., are somewhat flattened. From
the end the grains appear round or oval. In preparing the cortex starch much of the pith was

included, so that there is a considerable admixture of the latter starch. The pure cortex starch,
like that of D. seguine var. nobilis, shows a marked tendency to the elliptical form and a consequently
lessened tendency for the appearance of the round and freak types so conspicuous in the starcli

of the pith.

The hilum is a distinct, relatively large, round, non-refractive spot, less often fissured than even
the pith starch. It is usually eccentric about two-fifths to one-fifth of the longitudinal axis of the

elongated grains and commonly in the median line, generally at the larger end in grains of ovoid

and related forms. It is never double.

The lamelloi are very distinct regular and irregular rings or ellipses or segments of circles or

ellipses, commonly following the outlines of the margin, except those near the hilum, and occasionally

wavy. The boot and T shapes and related forms have two or three sets, the additional sets being
added to the primary .set. The lamellae vary in distinctness, size, and spacing in the same grain
and in different grains, and where there are two or three sets those of the additional sets are usualh'

larger, coarser, and more distinct. If the grains have one set of lamellae, those near the margin are

usually the more distinct. The number ranges from 15 on the small to 48 on the large grains, the

average being about 30.

The size varies from 7 to 52/^. The common size is 27/u.

Polariscopic Properties. The figure in the elongated forms is very eccentric and generally
distinct and clear-cut. The lines are broad, ragged, and irregular, with the same general char-
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acteristics as in the pith starch. Owing to the peculiar optical effects procluccd by additions to the

primary grain, as in the T and boot forms, the figure may be much modified. In the round and

ovoid forms the figure is in the form of or an approach to a cross, as in the pith starch.

The degree of polarization is high, lower than in the pith starch, highest when the grain is viewed

from the end or edge.

With selenite the quadrants are sharply defined, but vary in shape and size, as in other Dieffen-

bachia starches. The colors are pure.

Iodine Reactions. With 0.2.^ per cent Lugol's solution the grains color a deep blue-violet;

with 0.125 per cent solution they color quite readily. No differences could be noted between pith

and cortex starches in this reaction. After heating until all the grains are completely gelatinized,

the solution is colored indigo, while the grains stain deeply. The grains are large and somewhat

crumpled, but retain some of the original form. After boiling for 2 minutes the solution is colored

deeply and the grain-residues very lightly. With an excess

of iodine the capsules become reddish or reddish-violet.

They are not so readily reduced to granular masses as

the grains of D. seguine var. irrorata or D. illustris.

Staining Reactions. With gentian violet the grains

begin to stain in 2 minutes, but after 30 minutes are only

deeply stained. The pith and cortex starches are colored

about equally.

With safranin the grains begin to stain in a minute,
some more deeply than others, and after 30 minutes are

fairly deeply stained. The cortex starch stains less deeply
than that of the pith.

Temperature Reaction. The temperature of gelati-

nization is 70 to 71.2 C, mean 70.6.

Effects of Various Reagents. With chloral hydrate-

iodine the reaction begins in Ij/^ minutes in all the grains

and with three-fourths is over in an hour. The hilum be-

comes distinct as a dark spot or bubble. The lamellae are

not rendered more distinct. The margin opposite the

hilum darkens and protrusion begins. If there are two

sets of lamellae, the distal end of each set may darken, or the hilum and the distal end may at the

same time darken. Darkening and gelatinization spread over the whole grain from these points.

The gelatinized grains thus formed are marked by transverse lines, giving the grain a resemblance

to annelid worms, as before noted. The grains are not much distorted and are enlarged principally

longitudinally. Some forms show a dark fissured mass in the central portion near and sometimes

obscuring the swollen hilum.

The reaction with chromic add begins in 30 to 60 seconds and all of the grains are dissolved

in 5 minutes. Both hilum and lamellae are rendered more distinct. The hilum swells somewhat

and a refractive line appears on each side, sharply defining the inner area of the grain. The latter

becomes divided into rows of granules by longitudinal fissures projected from the distal end in con-

junction with transverse fissures which appear in the lines corresponding to the most prominent
lamellae. The margin becomes very well defined and very wide, and shows several distinct, finely

striated bands. The hilum swells, the refractive lines at the side widen, and the grain begins to

dissolve, usually from the distal end, which widens out. The granules disappear from the distal

end up, followed by solution of the marginal part. Occasionally both ends dissolve, leaving the

central portion, which disappears slowly.

Reaction begins with pyrogallic acid in 30 seconds and all the grains are gelatinized in 7 minutes.

Both hilum and lamella3 become distinct, and longitudinal fissures extending from the distal end,

together with transverse fissures, divide the inner part of the grain into a granular mass. The marginal

part becomes denser and shows fine striations and obscure bands. Gelatinization begins at the distal

end, and the grain becomes traversed by transverse fissures which give it the annelid appearance

described under the chloral hydrate-iodine reaction. The hilum and the granules swell, the granular

appearance vanishes, and the margin clears later. The gelatinized grains are very large and many
are much crumpled and lobulated. Some approach a more or less oval form and are smooth.
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Reaction begins with ferric chloride in IJ^ minutes and the grains are all gelatinized in 30 min-

utes. The hilum becomes distinct as a dark spot or bubble. The lamellae become intlistinct.

Gelatinization begins usually at the distal end; the marginal part becomes clearer and the inner

portion opaque. The hilum often swells before other parts of the grain. The inner portion becomes

faintly granular and separated by transverse fissures, corresponding to some of the lamellae. Near
the gelatinizetl parts faint longitudinal fissures appear. The marginal part becomes homogeneous,
occasionally faintly striated. The grain swells slowly, becoming gelatinized from both ends, gelat-

inization beginning at the proximal end usually later than at distal end. The gelatinized grains
thus formed are very large and somewhat folded and lobulated.

With Purdy's solution reaction begins faintly in 2 minutes in a few grains and after an hour

half of the grains are partially gelatinized. Both liilum and lamellte are rendered very distinct.

Fissures extend inward from the margin at the distal end, at which point the grain swells into a

gelatinous mass. Transverse fissures appear, which, together with the longitudinal fissures, divide

the inner portion into rows of granules. Then the hilum may swell, followed by swelling of the distal

end; or both hilum and distal end may begin to swell at the same time. The granular inner por-
tion completely gelatinizes first, then the faintly striated marginal portion. The gelatinized grains
are large, lobulated, and somewhat distorted.

STARCH OF PITH OF DIEFFENBACHIA SEGUINE VAR. IRRORATA.

(Plate 18, figs. 105 and 106. Chart 88.)

Histological Characteristics. In form the grains are both simple and compound, and isolated.

The conspicuous forms are long ellipses, usually with both ends rounded, but sometimes the distal

end flattened. In addition there are also narrow elliptical or fusiform grains with pointed ends,
the latter being due to erosion. Occasionally an elliptical grain may be more or less hooked at one

end. There are a few round, ovoid, oval, T-shaped, boot-shaped, boomerang-shaped, and related

forms whose peculiarities of shape are due to secondary deposits of lamelke. The lower proportion
of grains having secondary deposits is very striking, and in this respect the grains are more like

those of D. scguine var. nobilis than those of D. seguine var. maculata and D. illustris.

The hilum is a small, refractive spot, fairly distinct, and not fissured in any grain. It is eccentric

in the elongated forms about two-fifths the longitudinal axis, and is generally in the median line.

In grains having one end smaller than the other, the hilian

is usually at the smaller end, contrary to what is com-

monly observed in D. seguine var. maculata and D. seg-

uine var. nobilis.

The lamellcB are distinct, regular or irregular circles

or ellipses, or segments of circles or ellipses, often flattened

and wavy. Only those about the hilum are circular and
most of them are segments of curves. The lamellae vary
in size and sjjacing in the same grain and in different

grains. In the boot shape and T shape and related

shapes, there are two or three distinct sets of lamelke,
which may be more or less distorted. The number of

lamellae varies from 15 on the small to 48 on the large

grains. The average is about 30.

The grains vary in size from 5 to 40//. The common
size is 27/1. The grains are commonly one-fourth to one-

half as broad as they are long and about two-thirds as

thick as broad.

Polariscopic Properties. The figure in the elongated

grains is very eccentric; it is distinct and fairly clear-cut.

The lines are generally narrow and not clear-cut, often bent somewhat or otherwise distorted. As

the grains are transitional between the elongated and round forms, the figure becomes less eccentric,

so that in the few round forms it may be in the shape of a cross.

The degree of polarization is fairly high, but lower than D. seguine var. nobilis, varying in differ-

ent grains and in different aspects of the same grain, highest when the grain is viewed from the end

or edge.

p
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With sdeniie the quadrants are well defined, variable in shape, and verj- unequal in size. The
colors are fairly pure, but less pure than in D. seguine var. nobilis.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a deep blue-violet;
with 0.125 per cent solution they tint readily. In neither reaction is the color as deep as in the

grains of D. seguine var. nobilis. After heating the grains until gelatinization has taken place,

the solution is colored indigo-blue and all the grains very deeply. The grains are swollen, but
retain much of the original form. After boiling for 2 minutes the solution is colored very deepij',

but the grain-residues much less deeply. The latter are generally reduced to granular masses.

If an excess of iodine is atkled, these granular masses as well as intact capsules are colored a deep
pinkish-violet

Staining Reactions. With gentian violet the grains begin to stain at once, staining with equal

intensitj'. After 30 minutes the stain is deep. These grains stain deeper than those of D. seguine
var. nobilis.

With safranin the grains tint slightly in IJ/^ minutes and after 30 minutes are deeply stained,
more deeply than with gentian violet. There is no difference between the staining reaction of these

grains and those of D. seguine var. nobilis.

Temperature Reaction. The temperature of gelatinization is 68.5 to 69.5 C, mean 69.

Effects of Various Reagents. With chloral hydrate-iodine the reaction begins in a minute; most
are darkened and gelatinized in 20 minutes and all in 40 minutes. The hilum becomes very distinct

as a dark spot or bubble. The lamelke remain unchanged in jioint of distinctness. The margin
grows clearer and darker, causing the inner part to appear light and opaque. All of the grains
are tinted a light violet. The distal end of the grain becomes dark at the margin and protrusion

begins. The smaller grains often darken all over and then swell. Gelatinization advances to the

hilum, which swells, and the whole grain is converted into a gelatinous mass. Occasional!}' gelatin-

ization begins at both entls of the grain and advances in all directions. The gelatinized grains
then formed are proportionally much elongated, but not much widened; they present strikingly

alternate light and dark segments, the dark segments appearing to consist of several rows of lamellae.

The proximal end presents a rounded, smooth margin inclosing a clear, light space that represents
the swollen hilum. The grains have a dark indigo color; they are not much distorted and largely
retain their original shape.

The grains begin to react with chromic acid in 30 seconds and are dissolved in 4 minutes. The
hilum and lamella? become more distinct. Two refractive lines radiate from the hilum, outlining
an inner space which becomes so broken up by longitudinal and transverse fissures that it appears

granular, the granules sometimes appearing to be arranged in regular rows corresponding to the

rows of lamella'. The margin becomes darker and more distinct, especially at the proximal end,
where it is broader than elsewhere and shows fine striations. The hilum may swell and a portion
of the margin near it dissolve, followed by the opening out, the extrusion of inner semiliquid

starch, and then disappearance with other parts of the grain. The distal end may dissolve first,

the proximal end dissolving last; or both ends may dissolve, leaving the central portion, which

disappears later, the marginal parts going last. The lower end, if a chloroplastid adhere to it, usu-

ally separates and dissolves independently.
The grains begin to react with pyrogallic acid in a minute and are completely gelatinized in

8 minutes. Both hilum and lamellae become very distinct, and two refractive lines extend from the

hilum to the distal end of the grain, outlining an inner space. Longitudinal fissures extend in from

the distal end and spread out somewhat as they reach upwards, dividing the inner portion into

granules. Transverse fissures appear, and others in conjunction with the transverse fissures cause

the grain to appear granular, the granules being arranged in rows corresponding to the lamellae.

The distal end in the meanwhile spreads out and becomes gelatinous. The hilum now swells enor-

mouslj', and the granules referred to are gelatinized, leaving a finely striated margin which finally

clears. The gelatinized grains are very large and more swollen longitudinally than transversely.
The proximal end is smooth and roimded, and the distal end lolnilated and much folded.

With/trr/c chloride the grains begin to swell in 2 minutes and all are gelatinized in 15 minutes.

Both hilum and lamella> are very distinct. The distal end of the grain becomes divided by
fissures projected from the margin to the proximal end. The distal end swells, especiallj' laterally,

which swelling may proceed to the hilum, the last part to be gelatinized; or the hilum may swell

when only a part of tlie distal end is gelatinized. The inner portion of the grain is often irregu-
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larly granular, and the margin shows fine striae, especially near the hilum. Two kinds of gelat-

inized grains are formed according to the two modes of swelling: one triangular with a base cor-

responding to the distal end and the apex to the hilum, the other irregularly elliptical, lobulated,
and folded.

Reaction with Purdy's solution begins in one-third of the grains in 2J^ minutes and all are par-

tially gelatinous in 1}^ hours. Both hilum and lamella' become very distinct. The distal end may
begin to swell, or two refractive lines may start from the hihun, outlining an inner portion. Longi-
tudinal fissures extend upward from the distal end, and these with transverse fissures separate the

granules thus formed into rows corresponding to the lines of lamellse. The longitutlinal fissures

at times may extend part way from the proximal end, leaving the distal portion unstriated. The
inner granular portion passes into a gelatinous mass and the more resistant starch at the margin
forms a wide, finely striated band marked by refractive and non-refractive lines. This liand

gradually becomes clearer and thinner until it is transformed into a thin envelope or capsule. The

grains are large, generally more or less oval, and somewhat lobulated and fokled.

STARCH OF CORTEX OF DIEFFENBACHIA SEGUINE VAR. IRRORATA.
(Plate 18, figs. 107 and 108. Chart 89.)

Histological Characteristics. In form the grains are both simple and compound, and thej' are

isolated. The most conspicuous form is flattened ellii)tical, the distal end tending to be pointed.
A chloroplastid may be made out, occasionally adhering to the grain at the distal end. In some of

these forms both ends may be rounded and nearly equal in size, or both may be pointed, owing
probably to the beginning of erosion; or the proximal end may be narrower than the distal end.

Other elongated forms include short or broad, hook-shaped, T-shaped, boot-shaped, and various

irregular shapes due mostly to secondary deposits of lamellae. The proportion of grains of freakish

shapes due to secondary lamellae is notably less than in

other starches of this genus, particularly in comparison
with D. seguine var. maculala. From the end the elliptical

grains appear round or oval, or occasionally somewhat

prismatic. Usually they are not so thick as broad. The

grains as a whole are smaller and less wide in proportion
to length than in the pith starch.

The hihan is a fairly distinct, small, round, non-

refractive spot, eccentric in the elliptical grains about

two-fifths of the longitudinal axis of the grain, and situ-

ated in the median line. It was never seen to be fissured

or to be double or multiple.

The lamellcE are fairly distinct, regular or irregular

rings or ellipses, or segments of ellipses or rings, some-
times flattened at the distal end or wavy. The lamellae

around the hilum are circular, but beyond this they tend

to follow the outline of margin of distal end. The T-shaped
and other grains having secondary deposits show one or

two additional sets, as in the case of grains of these types
in other Dieffenbachia starches. They vary in size, dis-

tinctness, and spacing, those near the distal end being larger, further apart, and more distinct. The
smaller grains have much finer and less distinct lamellae than the larger grains, and the secondary
lamellae are coarser than the primary, varying from 10 on the small to 44 on the large grains; the

average is about 30.

The size of the grains varies from 4 to 47^. The common size is 27/i.

Polariscopic Properties. The figure in the elongated grains is very eccentric and well defined,

lines usually narrow and not clear-cut. In the few grains of the round or ovoid type the figure is

centric or nearly centric, and in the form of or ap])roaching that of a cross.

The degree of polarization is fair, distinctly lower than in the pith starch, highest when the grain

is viewed from the end or edge, and varying distinctly in different grains.

With selenite the quadrants are usually fairly well defined, very unequal in size, and variable

in shape. The colors are fairly pure.
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Iodine Reactions. With 0.25 per cent Liigol's solution the grains color a deep blue-violet,

the color being deepest at the margin; with 0.125 per cent solution they color readily. This starch

is colored more deeplj' than the pith starch. After heating until all the grains are completelj' gelat-

inized, the solution is colored a weak indigo and the grains very deeply upon the addition of iodine.

The grains are much enlarged and the capsules very much folded and lobular, some grains appear-

ing as granular masses. After hoilin'T for 2 minutes the solution is colored markedly and the grain-

residues have a distinctly reddish ajjpearance, even without using a great excess of iodine. Most

grain-residues are in the form of granular masses which color red on the addition of excess of Lugol's
solution.

Slainin(] ReacUons. With gentian violet the grains begin to stain in 3 minutes and after 30 min-

utes are fairly deeply stained. The depth of coloration is less than with the pith starch.

With safraiiin the grains begin to stain at once and at the end of 30 minutes are deeply stained,

but not so deeply as the pith starch.

Temperature Reaction. The temperature of gelatinization is 68 to 69.5 C, mean 68.75.

Effects of Various Reagents. With chloral hydrate-iodine the reaction begins in a minute and
all the grains are gelatinized in 25 minutes. The hilum becomes distinct as a black spot or bubble,
but the lamellise disappear. All the grains are tinted a slight violet. The distal end becomes dark

and gelatinization begins at this point, with some irregular protru.sion. The proximal end now
darkens and gelatinization proceeds also from this point, the two areas ultimately meeting. Some-
times the grain darkens also at other points on the margin, but these rarely start to swell until

they are reached bj^ the areas of gelatinization which spread from the ends. Rarely gelatinization

proceeds from only one end. The gelatinized grains are large, particularly in the longitudinal

axis, and present a striking banded appearance, resembling that of an annelid worm, as already
described.

Reaction with chromic acid begins in 15 seconds and all the grains are dissolved in 2 minutes.

The hilum and lamellae are rendered very distinct. Refractive lines extend from each side of the

hilum, outlining an inner portion which becomes coarseh'^ striated by longitudinal fissures starting
from the distal end. The lamellEe are broken up by striaj into coarse granules and the margin ap-

pears finely striated. The hilum swells slightly and the grain passes into solution, the solution

ustiallj' beginning at the distal end, which opens out, allowing the inner, semiliquid starch to flow

out and dissolve. The proximal end is the last to disappear. Both ends may dissolve at the same

time, or the grain may swell in the middle and dissolve, leaving the two ends to dissolve later. When
plastids are attached to the grain they separate and disappear independently.

With pyrogallic acid reaction begins in 15 seconds and all the grains are swollen in 8 minutes.

The hilum and lamellae are rendered very indistinct, and from the hilum two refractive lines spread
out fanwise toward the distal end, outlining an inner space. The hilum swells slightly and longi-

tudinal fissures extend from the distal end of the grain, this end at the same time swelling somewhat.

The fissures extend into the interior, and these with transverse fissures cause the inner portion of

the grain to appear as granules arranged in rows, corresponding to the lines of the lamella", while

at the same time the marginal part becomes denser and finely striated. The hilum continues to

swell, the protrusion occurring at the distal end, the inner granular matter disappearing from this

end upwartl ;
the margin clears later. The gelatinized grains so formed are very large, much crumpled,

and lol)ulated at the distal enfl. This entl is usually broader than the proximal end, which is smooth

and rounded, and incloses the swollen hilum.

The reaction with ferric chloride begins in 1 to 3 minutes and all the grains are gelatinized in

22 minutes. The hilum becomes very distinct as a black spot or bubble. The lamellae are at first

indistinct. The distal end of the grain becomes gelatinous and begins to protrude, while the margin
becomes clearer and darker, the inner portion appearing more opaque. The lamellae become dis-

tinct in this central portion. The hilum swells slightly and two lines outline this central portion

very distinctly. This inner part becomes fissured transversely and then longitudinally, with an

appearance of granulation. The margin at the same time grows finely striated and denser, swelling

gradually progressing from the distal end. The granules gradually dissolve, followed later bj' clear-

ing of the margin. The hilum is usually the last to react, Ijut occasionally swells greatly at the

outstart of the reaction, coincidently with the swelling of the distal end of the grain, in which case

the central part is the last to gelatinize. The gelatinized grains are verj' large, especially longi-

tudinally, and much crumpled and lobulated.
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The reaction with Purdy's solution begins in 2 minutes. At the end of 15 minutes all the grains
are affectetl, Init after 45 minutes only one-fifth are comjiletely gelatinized, and at the end of an
hour the reaction has not progressed further. The hilum antl lamella; are very distinct. The inner

part of the grain becomes fissured by longitudinal fissures extending in from the distal end and by
transverse fissures having the direction of the principal lamella;, forming rows of granules. The
outline of the grain ajipears wavy and irregular. The hilum swells slightly and refractive lines

appear in each side, dividing the inner part from the margin, but these lines are not so prominent
as with other reagents. Swelling jiroceeds inward from the distal end, the grain swells laterally

and then becomes gelatinous, the granules disappearing and the margin clearing later. The gelatin-

ized grains are large, crumpled, ami lobulated.

STARCH OF PITH OF DIEFFENBACHIA ILLUSTRIS. (Plate 19, figs. 109 and 110. Chart 90.)

Histological Characteristics. In form the grains are both simple and compound, and are almost

always isolated. They are very irregular in shape, the fundamental type elliptical, with a marked

tendency for lateral curvature, the degree of bending ranging from a slight curvature to 45 or

more, thus giving rise to forms varying from elliptical to the boomerang-shaped. The proximal end

may be the narrower or the broader, and the distal end is often flattened. There are some T-shaped,
ovoid, oval, round, and various irregular forms. On the whole there is a greater variety of shapes
than in other Dieffenbachia starches. The T-shaped,

boot-shaped, boomerang-shaped, ovoid, and irregular Chart No. 90.

grains are flattened, but the elliptical forms are rountl

or nearly so, also often showing irregularities from every

aspect; from the end they appear round, oval, or some-
what irregular.

The hiluni is a fairly distinct, small, non-refractive

spot, occasionally showing a slight transverse fissure, usu-

ally eccentric about one-third to two-fifths of the longi-
tudinal axis and placed to one side of the median line.

Multiple hila were not noted.

The lamclUe are distinct rings, ellipses, or segments
of rings or ellipses, which are probably continuous

;
in the

elliptical grains they are usually flattened at the distal

end, sometimes wavy. In boot and T shapes and in tlie

irregular forms there are two or more sets of lamella;, sec-

ondary sets being superposed on the primary. The lamel-

lae vary in distinctness, size, and spacing in the same grain,

those making up the secondary and tertiary sets being
wider and further apart. The sets differ also in distinct-

ness, varying in number from 15 on the smaller grains to 48 on the larger, the average being aljout 30.

The grains vary in size from 7 to GO;u, the common size being about 35/^. They are commonly
one-fourth to one-lialf as broad as long.

Polariscopic Properties. The figure is very eccentric in the elongated grains and in the round
forms slightly eccentric. The lines are distinct with ragged edges. In grains with secondary lamelke

the figure is very variable in form.

The degree of polarization is high, higher than in D. seguine var. nobilis, not so high as in D.

seguine var. maculata; it varies in different grains and according to the position of the grain, anrl

is highest when the grain is seen from the end.

With selenite the quadrants are well defined, but very irregular in shape and size. The colors

are fairly pure, but better than in D. seguine var. ruibilis.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color deeply a blue violet;

with 0.125 per cent solution they color lightly. The depth of color is in both reactions greater than

in grains of D. seguine var. nobilis. After heating until all the grains are gelatinized the solution

and the grains are very deeply colored with iodine. The gelatinized grains are somewhat crumpled,
but many retain some of the original form. After boiling 2 minutes, the solution was colored very

deeply and the grain-residues less deeply with iodine. With excess of iodine, the capsules are colored

red and much crumpled, some being reduced to granular masses.
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Staining Reactions. With gentian violet the grains are slightly stained in 3 minutes, and stain-

ing is at an end in 20 niiniitcs. The grains are deeply colored, about the same as with D. seguinc
var. nohilis, more than with D. scguine var. maculata.

With snfranin the grains are slightly stained in a minute and after 30 minutes are deeply stained,

less deeply than those of D. seguirte var. nobilis.

Temperature Reaction. The temperature of gelatinization is 69 to 70 C, mean 69.5.

Effects of Various Reagents. With chloral hydrate-iodine the reaction begins in 2 minutes and
about three-fourths of the grains are completely gelatinized in 30 minutes. The hilum becomes
distinct as a black spot or bubble, but the lamella; do not change. The distal end begins to swell

and rarely there is swelling at both ends. Gelatinization proceeds towards the hilum, some portions

tending to swell more than others. In the T, boot, and other forms with two sets of lamella;, swelling

may begin at the distal end of both sets. In the elliptical grains when the hilum is reached it swells

and the grain becomes a gelatinous mass with the characteristic arrangement of alternate light and
dark bands, and of the annelid character referred to, with a rounded end inclosing the swollen hilum,
which may be obscured by a dark fissured mass, the distal end being flattened. The gelatinized

grains are modified in accordance with the form of the round grain.

Reaction with chromic acid begins in a minute and is complete in 4 minutes. Neither hilum

nor lamellae are changed at first. Soon the hilum swells slightly, longitudinal fi.ssures extend in

from the distal end, and transverse fissures appear later and in conjunction with the longitudinal
lines break up the inner portion into granules which are arranged in rows corresponding to the

lamella". The margin becomes distinctly banded and finely striated. The distal end is usually the

first to dissolve, followed by solution of the inner granular portion, and then of other parts; or the

hilum may swell, the granules dissolve, and then the marginal part; or the proximal end may dis-

solve first, or both ends at once, but the latter is rare. The grains always become very clear before

dissolving, a condition not noted in any other of the Dieffenbachia starches.

With pyrogallic acid reaction begins in 30 seconds and all the grains are swollen in 10 minutes.

Both hilum and lamellse become very distinct, the hilum appearing as a dark spot or bubble. Longi-
tudinal stria; appear at the distal end and extend upward and divide the inner portion, which later is

broken, in conjunction with transverse fissures, into irregular rows of granules. The margin becomes

finely striated and indistinctly banded. The hilum swells, the grain swelling chiefly longitudinally.

The granules in the inner part gradually gelatinize, the margin clears, and a completely gelatinized

grain is formed. Two conspicuous forms of gelatinized grains are thus produced, one being triangular,

the other oval. Both kinds are crumpled and lobulated with a smooth portion at the proximal end.

The reaction with ferric chloride begins in 2 minutes and all the grains are gelatinized in 30

minutes. The hilum and lamellae are distinct. The margin becomes clearer and darker, causing
the inner portion to appear more opaque. Protrusion begins irregularly at the distal end of the grain,

the hilum swells, and longitudinal fissures extend from the distal end, which, in conjunction with

transverse fissures, breaks up the inner space into granules. The margin becomes finely striated

and shows distinct bands. The granules gradually disappear as the grain swells, and the margin
clears and becomes a thin and homogeneous capsule. Very rarely the reaction starts at both ends

of the grain. The gelatinized grains are large, irregular, crumpled, and lobulated; often they are

triangular, and occasionally ovoid or oval.

Reaction with Purdy's solution begins in 2 minutes, but after Ij^ hours not more than one-fourth

of the grains show any signs of being affected. The hilum and lamelhe become very distinct. The
distal end swells, longitudinal fissures appear which extend upwards, the transverse fissures develop,

the crossed fissures causing an appearance of rows of granules. The margin becomes striated and

may show bands. Swelling proceeds from the distal end, and the granules disappear as the portion

of the grain in which the}' lie becomes gelatinized. The margin clears at last and a gelatinous mass

is formed. The gelatinized grains are large, crumpled, and lobulated, sometimes triangular, with

the swollen hilum at the apex.

STARCH OF CORTEX OF DIEFFENBACHIA ILLUSTRIS. (Plate 19, figs. Ill and 112. Chart 91.)

Histological Characteristics. Inform the grains are both simple and compound, and are almost

invariably isolated. The fundamental type is elliptical, usually with the proximal end narrower

than the distal end, the latter often being flattened. There is a marked tendency, as in the pith

starch, to a bending of the grain in its longitudinal axis, the curvature ranging from a slight
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deviation to more than 45. There are T-shaped, boot-shaped, boomerang-shaped, and various irreg-

ular forms. Some of the smaller grains are irregularly oval, ovoid, or round. The elongated forms

are as thick as broad, and on end appear round. The T, boot, oval, and irregularly rounded
forms are flattened, and from the end appear oval to elliptical. Evidences of erosion are not

uncommon. The grains usually are not only smaller than those of the pith starch, but there is, as

in the cortex starch of D. seguine var. nobilis, a distinct tendency to a cylindrical form.

The hiltwi is a not very distinct, small, round, refractive spot, and not fissured. It is usually
in the median line and commonly at the smaller end of the grain. It is eccentric generally about
two-fifths of the longitudinal diameter. No multiple hila were noted.

The lamelloe are fairly distinct, fine, regular or irregular rings or ellipses or segments of rings
or ellipses, which, except near the hilum, tend to follow the outline of the grain. The distal ends

of the ellijises are usually flattened and sometimes the lamellae are wavy. They vary in size and

spacing in different grains and even in the same grain.

Those at the distal end are usually the largest. In the

boot-shaped, T-shaped, and related forms are two sets of

lamellce, those of the secondary sets being the larger and
more distinct. The average number of lamellae is 26.

The grains vary in size from 5 to 50/i. The common
size is 25m. They are commonly from about one-third to

one-fourth as broad as they are long.

Polariscopic Properties. The figure is usuallj^ very
eccentric in the elongated grains, and in the round forms

slightly eccentric. The lines are narrower than in the

pith starch, ragged, and usually more or less bent or

wavy. In grains with secondary lamella; the figure may
be more or less modified in accordance with the peculiari-

ties of form and structure.

The degree of polarization is fairly high. It is not

so high as that of the pith starch. It is, as in other

starches, highest when the grain is viewed from the end
or edge, and also varies somewhat in different grains.

With selenite the quadrants are well defined, but very

irregular in shape and size. The colors are only fairly pure, even less so than in the pith starch.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color deeply a blue-violet;

with 0.125 per cent solution they color lightly. The depth of color in both reactions is less than

in the pith starch. After heating until all the grains are completely gelatinized the solution is

colored a light indigo and the grains a very deep indigo with iodine. After boiling for 2 minutes

the solution colors deeply, but the grain-residues lightly with iodine. With excess of iodine the

capsules become a reddish-violet.

Slaining Reactions. With gentian violet the stain begins in a minute and after 30 minutes

the grains are deeply colored. The reaction is less than with the pith starch.

With sajranin in a minute the grains tint lightly and after 30 minutes they are fairly deeply

stained, not so deeply as the pith starch.

Temperature Reaction. The temperature of gelatinization is 69 to 71 C, mean 70.

Effects of Various Reagents. With chloral hydrate-iodine the reaction begins in a minute and

is over in 30 minutes, about three-fourths of the grains being completely and the others partially

gelatinized. The reaction is qualitatively the same as that of the pith starch.

Reaction with chromic acid begins in a minute and all the grains are dissolved in 4 minutes.

This reaction is qualitatively the same as that of the pith starch.

The reaction with pyrogallic acid begins in a minute and all the grains are gelatinized in 11

minutes. This reaction is qualitatively the same as that of the pith starch.

With Jerric chloride reaction begins in 30 seconds to a minute and all the grains are swollen

in 20 minutes. This reaction is qualitatively the same as that of the pith starch.

With Purdy's solution the reaction begins in 1 to Ij^ minutes, but after IJ^ hours only about

one-fourth of the grains are gelatinized, and they only partially. This reaction is qualitatively

the same as that of the pith starch.
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Differentiation of Certain Starches of the Pith of the Genus Diejfenhachia.

PoLABiscopic Properties. Continued.

Degree of Polarization. Continued.

D. seguine var. irrorata: Fairly high, but distinctly lower

Histological. Characteristics.

Conspicuous Forms.

D. seguine var. nobilis: Simple and compound. Elon-

pated ellii)ses with tendency to one broadly
lanceolate end and one flattened end; boot-shaped,

T-shaped, boomerang-shaped, and related forms
due to secondary deposists of lamellae; also round,

ovoid, and oval forms, etc.

D. seguine var. maculata: Grains show great tendency
to broadness and roundness, and to a far greater

variety of forms that arc due to the deposition of
\

secondary deposits than in the case of the pre-

ceding starch. The T and boot shapes and
related forms are relatively very numerous.

D. seguine var. irrorata: Same as D. seguine var. nobilis,

except that there is less tendency to a pointing
of the broadly lanceolate end and even a lower

proportion of grains having secondary deposits of

lamella;, and hence of freakish forms.

D. illuilri-s: Grains more like those of D. seguine var.

nobilis and D. seguine var. irrorata than D. seguine
var. maculata. Tendency to hooked forms very
marked.

Hilum Form, A^umber, and Position.

D. seguine var. nobilis: Form small, round, single, fissura-

tion common and usually ragged, fairly distinct.

Position eccentric in elongated grains about 0.3 to

0.4 of longitudinal axis of grain.
D. seguine var. maculata: Form comparatively large,

round, single, sometimes fissured, distinct. Posi-

tion eccentric 0.4 to 0.2 of longitudinal axis.

D. seguine var. irrorata: Form the same as in D. seguine
var. nobilis, but not fissured. Position eccentric

about 0.4 of longitudinal axis.

D. illuslris: Form small, round, single, rarely fissured,

fairly distinct. Position eccentric about 0.3 to 0.4

of longitudinal axis.

Lamellae General Characteristics and Number.

D. seguine var. nobilis: Distinct, continuous, fine, regular
or irregular circles, ellipses, or segments of circles

or ellipses; two sets in many grains, the secondary
being coarser than the primary. About 35 on an

average or medium-sized grain.
D. seguine var. maculata: Same as in D. seguine var. nobilis,

except that both primary and secondary lamella are

not so fine, .\bout 40 on an average grain.
D. seguine var. irrorata: Same as in D. seguine var. nobilis.

About 30 on an average grain.
D. illuslris: Same as in D. seguine var. nobilis. About

30 on an average grain.

Size.

D. seguine var. nobilis: From 5 to 60m, commonly 35m.
D. seguine var. maculata: From 10 to 70m, commonly 40m.
D. seguine var. irrorata: From 5 to 40m, commonly 27m.
D. illuslris: From 7 to 60m, commonly 35m.

PoLABiscopic Properties.

Figure.

D. seguine var. nobilis: Usually very eccentric, distinct,

distorted; modified according to shape and struc-

ture of grain.
D. seguine var. maculata: Essentially the same as in D.

seguine var. nobilis.

D. seguine var. irrorata: Essentially the same as in D.

seguine var. nobilis.

D. illustris: Essentially the same as in D. seguine var.

nobilis.

Degree of Polarization.

D. seguine var. nobilis: Fair!}' high.
D. ser/uine var. maculata: Verj- high, much higher than

in D. seguine var. nobilis.

than in D. seguine var. nobilis.

D. illustris: High, higher than in D. seguine var. nobilis.

Polarization with Selenitc Quadrants and Colors.

D. seguine var. nobilis: Quadrants well-defined, irregular
in shape and size. Colors fairly pure.

D. seguine var. maculata: Quadrants same as in D. seguine
var. nobilis. Colors pure, purer than in D. seguine
var. nobilis.

D. seguine var. irrorata: Quadrants same as in D. seguine
var. nobilis. Colors fairly pure, but less pure than
in D. seguine var. nobilis.

D. illustris: Quadrants same as in D. seguine var. nobilis.

Fairly pure, better than in D. seguine var. nobilis.

Iodine Reactions.

Intensity and Color.

D. .eguine var. nobilis: Deep; blue-violet.

D. seguine var. maculata: Deep, deeper than in D. seguine
var. nobilis; blue-violet.

D. seguine var. irrorata: Deep, not so deep as in D. seguine
var. nobilis; blue-violet.

D. illustris: Deep, deeper than in D. seguine var. ?iobilis;

blue-violet.

Staining Reactions.

With Gentian Violet.

D. seguine var. nobilis: Deep.
D. seguine var. maculata: Deep, deeper than in D. seguine

var. iwbilis.

D. seguine var. irrorata: Deep, deeper than in D. seguine
var. nobilis.

D. illustris: Deep, same as in D. seguine var. nobilis.

With Safranin.

D. seguine var. Jiobilis: Deep.
D. seguine var. maculata: Deep, deeper than in D. seguine

var. nobilis.

D. seguine var. irrorata: Deep, same as in D. seguine var.

nobilis.

D. illustris: Deep, less than in D. seguine var. nobilis.

TEMPER.'iTURE OF GeLATINIZATION.

D. seguine var. nobilis: 6S to 70 C, mean 69.
D. seguine var. maculata: 70 to 71 C, mean 70.5.

D. seguine var. irrorata: 68.5 to 69.5 C, mean 69.
D. illustris: 69 to 70 C, mean 69.5.

Effects of Various Reagents.

Reaction with Chloral Hydrate-Iodine.

D. seguine var. nobilis: Begins in most of the grains in

a minute; complete in half in 10 minutes, and in

all in 30 minutes.
D. seguine var. maculata: Begins in 2 minutes; complete

in five-sixths in an hour.

D. seguine var. irrorata: Begins in a minute; complete
in 40 minutes.

D. illustris: Begins in 2 minutes; complete in three-fourths

in 30 minutes.

ReMtion toith Chromic Acid.

D. seguine var. nobilis: Begins in 15 seconds; complete
in 3J^2 minutes.

D. seguine var. maadata: Begins in IJ^ minutes; com-

plete in 5J^ minutes.
I D. seguine var. irrorata: Begins in 30 seconds; complete

in 4 minutes.

D. illuslris: Begins in a minute; complete in 4 minutes.
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Differentiation of Certain Starches of the Pith of the Genus Dieffenbachia. Continued.

Effects of Various Reagents. Continued.

Reaclion with Pyrogallic Acid.

D. seguine var. nohilis: Begins in 30 seconds; complete
in 5 minutes.

D. seguine var. maeulala: Begins in IJ^^ minutes; com-
plete in 7 minutes.

D. seguine var. irrorata: Begins in 1 minute; complete
in 8 minutes.

D. illustris: Begins in IJ^ minutes; complete in 10 min-
utes.

Reaclion icith Ferric Chloride.

D. seguine var. nohilis: Begins in 2 minutes; complete in

all in 20 minutes.
D. seguine var. maeulala: Begins in 2 to 5 minutes; com-

plete in 2.5 minutes.
D. seguine var. irrorata: Begins in 2 minutes; complete

in 15 minutes.

Effects of Various Reagents. Continued.

Reaction with Ferric Chloride. Continued.

D. illustris: Begins in 2 minutes; complete in 30 minutes.

Reaclion with Purdy's Solution.

D. seguine var. nohilis: Begins in a minute; in 45 minutes
all the grains are partially but none completely
gelatinized; practically no further reaction in an
hour.

D. seguine var. maeulala: Begins in some in 2 minutes.
In 1 J 2 hours about half of the grains are partially
gelatinized.

D. seguine var. irrorata: Begins in one-third in 2J-2
minutes. In 13^2 hours all are partially gelatinous.

D. illustrU: Begins in 2 minutes. In 1 3-i hours not more
than about one-fourth of the grains show any
signs of gelatinization.

Differentiation of Certain Starches of the Corte.v of the Genus Dieffenbachia.

D.

D.

D.

D.

Histological Characteristics.

Conspicuous Forms.

seguine var. nohilis: Essentially the same as in pith

starch, excepting that the grains are almost

wholly of the cylindrical and elliptical types.

Secondary lamella; rare.

seguine var. miwulata: Essentially the same as in

pith starch, except a marked tendency to the

elliptical form, and to less of the peculiar odd

shapes due to secondary lamellse.

seguine var. irrorata: Essentially the same as in pith

starch, but with marked tendency to the elliptical

form and to a lessening in the number of freakish

forms due to secondary lamelUc.

illustris: Essentially the same as pith starch, but
the grains are narrower, with much greater tend-

ency to hook forms.

Ililuni Form, Number, and Position.

D. seguine var. nohilis: Form the same as in the pith,
but not fissured. Position more eccentric than
in pith starch.

D. seguine var. nmculata: Form same as in the iiith.

Position eccentric, about the same as in pith starch.

D. seguine var. irrorata: Form same as in the jiith.

Position eccentric, about the same as in pith starch.

D. illuslri-^: Form fairly distinct, small, round, not fis.sured.

Position eccentric, about the same as in pith starch.

Lamellm General Characteristics and Numhcr.

D. seguine var. 7iohilis: Same as in the pith, but finer.

Number about the same as in pith starch.

D. seguine var. maeulala: The same as in the pith. Num-
ber not so many, as a rule, as in pith starch.

D. seguhie var. irrorata: Form same .as in the pith. Num-
ber about the same as in pith starch.

D. illustris: Form about the same as in pith starch, but
somewhat less distinct. Number about the same
as in pith starch.

Size.

D. seguine var. nohilis: From 4 to 49m, commonly 24^.
D. seguine var. mnculata: From 7 to 52m, commonly 27m.
T). seguine var. irrorata: From 4 to 47m, commonly 27m.
D. illustris: From 5 to 50m, commonly 25m.

PoLARiscopic Properties.

Figtire.

D. seguine var. nohilis: The same as in pith starch, but
more eccentric.

D. seguine var. macidata: The same as in pith starch.

D. seguine var. irrorata: The same as in pith starch.

D. illustris: The same as in pith starch.

PoLARiscopic Properties. Continued.

Degree of Polarization.

D. seguine var. nohilis: Fair, lower than in pith starch.
D. seguine var. maeulala: High, lower than in pith starch.
D. seguine var. irrorata: Fair, distinctly lower than in

pith starch.

D. illustris: Fairly high, not so high as in pith starch.

Polarization with Selenite Quadrants and Colors.

D. seguine var. nohilis: Quadrants same as in pith starch.
Colors with lower purity than in pith starch.

D. seguine var. maeulala: Quadrants same as in pith
starch. Colors same as in pith starch.

D. seguine var. irrorata: Quadrants same as in pith starch.
Colors same as in pith starch.

D. illustris: Quadrants same as in pith starch. Colors
with lower purity than in pith starch.

Iodine Reactions.

Intensity and Color.

D. seguine var. tiohilis: Deep, the same as in pith starch;
blue-violet.

D. seguine var. maeulala: Deep, the .same as in pith starch;
blue-violet.

D. seguine var. irrorata: Deep, deeper than in pith starch;
blue-violet.

D. illustris: Deep, not so deep as in pith starch; blue-

violet.

Staining Reactions.

With Gentian Violet.

D. seguine var. iiobilis: Deep, lighter than in pith starch.

D. seguine var. maeulala: Deep, same as in pith starch.

D. seguine var. irrorata: Deep, same as in pith starch.

D. illustris: Deep, lighter than in pith starch.

With Safraniri.

D. seguine var. nohilis: Fairly deep, not so deep as in

pith starch.

D. seguine var. macidata: Fairly deep, not so deep as in

pith starch.

D. seguine var. irrorata: Fairly deep, not so deep as in

pith starch.

D. illustris: Fairly deep, not so deep as in pith starch.

Temperature of Gelatinization.

D. seguine var. nohilis: 6S.5 to 70.5 C, mean 69.
D. seguine var. maeulala: 70 to 71.2 C, mean 70.6.
D. seguine var. irrorata: 68 to 69.5 C, mean 68.75.
D. illustris: 69 to 71 C, mean 70.
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Differentiation of Certain Starches of the Cortex of the Genus Dieffenbachia. Continued

Effects of Various Reagents.

Reaclion icilh Chloral Hydralc-Iodine.

D. seguinc var. nobilis: Begins in a minute; complete in

12 minutes.
D. segiiine var. maculata: Begins in IJ^ minutes; com-

[ilete in three-fourths of the grains in an hour.
D. seguine var. irrorata: Begins in a minute; complete

in 2,') minutes.
D. illusiris: Begins in a minute; complete in three-fourths

of the grains in 30 minutes.

Reaclion with Chromic Acid.

D. seguine var. nobilis: Begins in 30 seconds; complete
in 4 minutes.

D. seguine var. maculnta: Begins in 30 to 60 seconds;
complete in 5 minutes.

D. seguinc var. irrorata: Begins in 15 seconds; complete
in 2 minutes.

D. illustris: Begins in a minute; complete in 4 minutes.

Reaction with Pyrogallic Acid.

D. seguine var. nobilis: Begins in 30 seconds; complete
in 3 minutes.

D. seguine var. maculata: Begins in 30 seconds; complete
in 7 minutes.

Effects of Various Reagents. Continued.

Reaclion with Pyrogallic Acid. Continued.

D. seguinc var. irrorata: Begins in 15 seconds; complete
in S minutes.

D. illustris: Begins in a minute; complete in 11 minutes.

Reaction with Ferric Chloride.

D. seguine var. nobilis: Begins in 30 seconds; complete
in 10 minutes.

D. seguine var. maculata: Begins in IJ^ minutes; com-
plete in 30 minutes.

D. seguine var. irrorata: Begins in 1 to 3 minutes; com-
plete in 22 minutes.

D. illustris: Begins in 30 to 60 seconds; complete in 20
minutes.

Reaction with Pxirdy's Solution.

D. seguine var. tiobilis: Begins in 45 seconds; all the

grains piutially gelatinized in 30 minutes; incom-
plete in an hour.

D. seguine var. maculata: Begins in a few in 2 minutes;
abouthalf the grains partially gelatinized in an hour.

D. seguine var. irrorata: Begins in 2 minutes; complete
in only one-fifth in 45 minutes; the rest are par-
tially gelatinized; incomplete in an hour.

D. illustris: Begins in 1 to 1}^ minutes; about one-fourth

partially gelatinized in IJ^ hours.

NOTES ON THE STARCHES OF DIEFFENBACHIA.

The fundamental or primary form of the starch-grains of Dieffenbachia is that of an elongated

elhpse, this being subjected to various modifications, cspeciallj' by the deposition of secondary
lamellte, so as to give rise to a considerable variety of shapes, some of them decidedly freakish.

In comparing the starches of the pith and cortex, it \vill be noted in the former that irregularities

in the forms are more conspicuous and that there is a greater tendency to larger grains in both
width and length (and disproportionately wider), than in those of the cortex. Some differences are

noted in the starches of the different varieties and species, e.g., the tendency to the hook-like form
in D. illustris, and the tendency to nodular deposits, particularly in D. seguine. In the reactions

it is of especial interest to note that each of the specimens differs sufficiently to be distinguishable,

and that while the pith and cortex starches of each variety very closely correspond they show differ-

ences that are more or less obvious. Thus, it will be seen that the pith starches compared with

those of the cortex have in each case a higher polarization, and either about equal or generally less

sensitivity to the reagents. With better methods differences would no doubt be brought out very

distinctly.

NOTES ON THE STARCHES OF AROIDE^E. (Charts 92-96A.)

The starches of the representatives of the five genera of Aroidew studied {Arum, Ariscemn,

Dracunculus, Richardia, and Dieffenbachia) belong to two entirely different types tjTies that seem-

ingly are so unlike as to suggest an absence of the family relationship set forth by the botanist.

The characters possessed in common by the first four genera are obvious, and it is equally clear

that Dieffenbachia must be set entirely apart. In general histological characters the starches of

the members of the first four genera might readily be mistaken, one for the other, but none could

be confounded with those of Dieffenbachia. WHiile it might be difficult or impossible to differentiate

the starches of these four genera by histological means, charts 92 to 95 show that the generic peculi-

arities are distinct; and by comparing further these charts with charts 96 and 96A, which exhibit

the reactions of the pith and cortex of Dieffenbachia starches, there is observed a general correspond-
ence as regards the type of curve, but the reaction-differences between the starches of the first four

genera and those of Dieffenbachia are quite distinct. These data show that while the differences in

histological characteristics of the two groups are seemingly irreconcilable, the physical, physico-

chemical, and chemical properties are akin.

The marked differences presented by Arutn, Ariscema, Dracunculus, and Richardia on the one

hand, and Dieffenbachia on the other, led to a cursory examination of starches of several other genera

oiAroidece,mc\\i6\\\g,vc]}veseni2ii\\esoiPeUandrn,Colocasia,Alocasia,iiT\dAmorphophallus. Peltandra

32
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is represented by P. undulata Raf. (P. virginica Kunth.), and popularly known as the arrow arum.
This starch closely coincides with the histological characters of the primary form of the Dieffenhnchia

grain (plate 15, figs. 87 and 88). It has a high degree of polarization, and the temperature of gelatiniza-

tion is 73 to 75C., mean 74. Starch was prepared from the bulbs of Colocasin var. escidenta Schott

{Caladium esculenta Schott), popularly known as the elephant's ear, and found to be in the form
of extremely minute grains of the Arum type grains too small for satisfactory study. A prepara-
tion from Amorphophalliis rivieri Dur., a plant known as the devil's tongue or the snake

palm, was also found to be in the form of small grains of the Arum type (plate 15, fig. 90). From
Alocasia pidzeijsi N. E. Brown (.4. watsoniana Hort.) a most peculiar kind of starch was obtained.

The grains in the original or natural form appear to be spherical or nearly so, and tend to break

apart into fragments which have sharp edges and angles (plate 15, fig. 89), and Avhich, raw or boiled,

become colored a wine-red with iodine. The degree of polarization was found to be quite variable,

being quite high in the intact grains and in some pieces or parts of pieces, to very low in others.

The interference figure was recorded as being somewhat eccentric, the lines intersecting in the

spherical grains to form a cross. The temperature of gelatinization was 62 to 63 C, mean 02.5.
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STARCHES OF LILIACE^.

Class, Monocotyledones. Order, Liliales. Family, Liliacese. Genera represented : Lilium,

Fritillaria, Calochortus, Tulipa, Scilla, Chionodoxa, Puschkinia, Ornithogalum, Ery-

thronium, Hyacinthus, Galtonia, Muscari, Brodisea, Triteleia, Lachenalia.

The Liliaccae include about 190 genera and 2,300 species, widely dispersed over the world;

many of the genera furnish some of the most admired of our cultivated flowers. Representatives
of 15 genera have been studied in this research.

GENUS LILIUM.

The genus Lilium is not only a member of a very large family, but is of itself very large as

regards both species and varieties, and comprises many of the best-known and most beautiful

garden plants. The lilies are native over almost all of the North Temperate Zone, and of Western

Asia, Japan, South China, and Burma. The genus has been divided into 6 subgenera, of which
number representatives of 4, including 15 specimens of species varieties, were studied, which are

classified as follows:

Subgenus Eulirion: L. aindiduvi Linn, L. longiflorum var. giganteum Hort., L. longiflorum
var. eximium Nichol. (L. exiniium Court, L. harrisii Carr.), L. parryi Wats., L.

rnbellum Baker.

Subgenus Isolirion: L. philadelphicum Linn.

Subgenus Archlirion: L. tigrinum var. splendens Leicht., L. henryi Baker, L. auratum

Lindl., L. spedosum var. album Hort. (L. landfolium var. albmyi, L. prwcox Hort.).

Subgenus Martagon: L. martagon Linn. (L. dabnaticum Vis.), L. superbum Linn.; L. tenui-

folimn Fisch; L. pardalinuni Kellogg (L. californicimi Domb.); L. piiberulum Duchr.

(L. calijornicum Hort., L. humboldtii Roez and Iveicht, L. bloomerianum Kell.).

STARCH OF LILIUM CANDIDUM. (Plate 20, figs. 115 and 116. Chart 97.)

Histological Characteristics. In form the grains are simple and almost always isolated. There
are a few doublets and some of the grains have pressure facets. The surface of the grains is usually

regular, and such irregularities as may be found are generally in the form of low, rounded projec-
tions of varying size, at or to one side of the proximal end. Irregularities may also be due to a less

development of one side of the distal end than of the other, thus causing the grain to appear as

if a slanting portion at this end had been cut off. There is some variety in the shapes of the grains,
but not very marked. The conspicuous forms are the elongated ovoid, oval, elliptical with a some-
what flattened distal end, and triangular with rounded base and angles. There are, in addition,

ovoid, quadrangular with rounded angles, clam-shell-shaped, pyriform, bottle-shaped, and roimd
or nearly round. The small grains, of which there are comparatively few, are usually round or

nearly round.

The hilum is a small, not very distinct, round, very eccentric spot. The range of eccentricity
in the larger grains is from one-fifth to one-ninth the latter in many of the grains. The hilum is

often fissured, and the fissure is very short, narrow, clean-cut, and transverse, and has extending
outwards and downwards towards the distal end on each side a refractive line or fissure beneath

the surface of the grain.

The lamellce are comparatively fine, fairly distinct ellipses, rings, or pseudo-quadrangles which are

continuous near the hilum and apparently discontinuous at the equatorial and distal portions of

the grain. They are usually regular, but sometimes show waviness and bending in some part of

their course. They are, as a rule, not so fine but more distinct near the equator and the distal

end than near the hilum, and there is often one especially large and distinct near the equator or

the distal end. There are about 34 to 35 lamella; on the larger grains.
The grains vary in size from the smaller, which are 8 by 6/i, to the largest elongated forms,

which are 56 by 30^ in length and breadth; the largest broadened forms are 70 by 76^- The common
.size is usually about 40 by 27m.



GENUS LILIUM. 475

Polariscopic Properties. The figure is vory eccentric and distinct, but the lines are not

clear-cut. The lines are usuallj' broad, anil broaden and become more diffused as they are

nearer the mai-gin of the grain. They often vary in width along their course, sometimes being
bent and occasionally bisected or divided into branched lines. The angle of intersection of the

lines also varies.

The degree of polarization is high, not varying much in different grains, but varying in different

aspects of the same grain, being higher when the grain is viewed on end or on edge. In the same

aspect of a grain it is usuallj' not so high near the distal entl as near the hilum.

With selenite the quadrants are not sharply defined and are somewhat irregular in shape and

unequal in size. The colors are usually not pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a deep blue-violet,

deeper at the margin and distal end than elsewhere; with 0.125 per cent solution they color fairly

deeply, and the color ileepens rapidly. After heating in water until all the grains are completely

gelatinized, both the solution and the swollen grains color

deeply on the addition of iodine. After boiling for 2 min-

utes the solution colors very deeply and the grain-resi-

dues not at all or lightly. With an excess of iodine the

capsules all color a red-violet.

Staining Reactions. With gentian violet and with

safranin the grains begin to stain at once and after 30

minutes they are stained rather light.

Temperature Reaction. The temperature of gelatin-

ization is 61.2 to 62.1 C, mean 61.65.

Effects of Various Reagents. With chloral hydrate-
iodine the grains begin to react at once. Almost all are

gelatinized in 10 minutes and all in 15 minutes. The entire

grain is immediately colored an old-rose. As the grain

swells, either clouds or strands of darker color stream

from the distal end towards the proximal end, at which

a knob-like protuberance is formed that is stained a deep

indigo-blue. A mass of substance so stained now appears
at the distal end, and sometimes a thin layer of color also

appears along the lateral margin. These two, with or

without additional colored masses, now approach each other, pushing before them a thin, colorless

envelope which forms a line of demarcation between the gelatinized and non-gelatinized parts. The
central portion of the grain is the last to undergo gelatinization. Sometimes gelatinization is coinci-

dent at the proximal and distal ends, the latter end then being usually quite irregular in outline. In

the broadly triangular or shell-shaped forms two protuberances frequently appear at the corners limit-

ing the distal margin, then similar formations at the proximal end, and gelatinization advances from

these points around the entire margin and towards the center, which is finally gelatinized. Sometimes
a dark ring appears at the hilum, which breaks and forms a U, and is obscured as the colored, gelat-

inized part of the grain advances. At other times a transverse dark line appears at the hilum,
which is drawn into a triangle and then obscured by the blue, proximal mass. The gelatinized

grains are uniformly dark, except a light area which is probably the swollen hilum. Light, trans-

verse lines at irregular intervals and two oblique lines extending from the position of the hilum

towards the distal end may be observed. While the gelatinized grain is much enlarged and some-

what irregular in outline, it retains the general shape of the untreated grains.

Reaction with chromic acid begins at once and is complete in 50 seconds. The hilum becomes

very distinct as a small light spot and two refractive lines pass from it towards the corners of the

distal margin. The lamellae at the distal margin are very distinct and finely striated. The proximal
end swells rapidly, the clear space is enlarged at the hilum, and fine lines pass out from the two

main lines mentioned above and also from the base of the gelatinized center of the grain. The entire

grain is much enlarged and the outer layer at the proximal enil becomes ruptured and allows the

inner, gelatinized starch to flow out. The striated lamellaj at the distal margin are the last to be

dissolved. During the process of solution a bubble is sometimes formed at the hilum, which pre-

cedes the formation of a channel of solution through the grain and finally collapses near the hilum end.
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With pyrogallic add the grains begin to react in 10 seconds and are fully gelatinized in a minute.

Both hiluni and lamellae become very distinct. The hilum swells, and two refractive lines or channels

appear and proceed from either side of the hilum towards the corners which limit the distal margin.
The lamellae between these lines are very conspicuous and finely striated. Delicate lines now pass
from them and also from the base of the gelatinized area around the hilum; the proximal end swells

rapidly, and in the ovoid forms it is much extended, while in the broadly triangular grains the path
of gelatinization is frequently circuitous. In some grains the striated lamella; at the lateral and
distal margins are cut down at several points, so that a sharp, tooth-like lining appears within this

outer coating. When gelatinization is complete a convoluted mass remains at the distal enil, in

which some refractive granules are sometimes found, while bounding the proximal end is the cap-
sule and a delicately striated layer which may be slightly invaginated, or wrinkled, or have a slit

through the middle. The gelatinized grains do not retain much of the form of the untreated grains.

Some are pointed, while others are rounded at the proximal end. In a few grains the swelling is

greater in the transverse than in the longitudinal axis.

With ferric chloride the grains begin to react in a minute. A few are gelatinized in 5 minutes,
the majority in 10 minutes, and all in 21 minutes. At first neither the hilum laor the lamellae are

distinct. The marginal portion appears as a striated border which is less dense than the central

part of the grain, and thus appears darker and less opaque than the latter. The hilum later becomes
visible as a clear spot, or at this point a bubble or dark cleft may occasionally appear. The proxi-
mal end swells and a flowing movement of gelatinization takes place in which granular starch appears
to pass through a cleft in the vicinity of the hilum, invagination usually occurring at this end, the

capsule being greatly stretched but apparently not ruptured. Fine radiating lines extend from
the corners of the central mass to the sides, and later from the base to the distal margin of the grain,

and gelatinization progresses until all is broken down. The gelatinized grain is much swollen and
does not retain much of the form of the untreated grain. In the broadly triangular grains the lines

passing from the less resistant central part to the corners of the distal margin become larger until

a crack results, and the flowing gelatinization movement takes place at these points as well as at

the proximal end. Rarely there is an invagination at the distal end, and the lines joining this end
with the central, more opaque mass become deepened, and gelatinization starts here.

Reaction with Purdy's sohdion begins at once in many grains. It is complete in several within

20 seconds and in all in 40 seconds. The hilum and lamella' become very distinct. Gelatiniza-

tion of the grain starts around the hilum and the proximal end swells. The outermost lamellar

layer undergoes invagination after a short time. The lamellte at the distal end become particu-

larly con.spicuous and delicately striated. Gelatinization progresses rapidly from the proximal

end, and two cUstinct clear lines proceed obliquely towards the distal margin. From these two
main lines fine lines are given off, and also a cluster of delicate lines pass from the base of the

central, less resistant starch towards the distal margin. The entire grain appears to be per-
meated by delicate channels along which gelatinization is taking place, and thus the grain is soon

broken down. The gelatinized grain is much enlarged, in most forms being greatly lengthened as

well as broadened. Many of the broadly triangular grains undergo considerable extension later-

ally during the process of gelatinization. Sometimes a bubble appears at the hilum, as already
noted during treatment with the other reagents, and it undergoes changes similar to those observed

when the grain is treated with pyrogallic acid.

STARCH OF LILIUM LONGIFLORUM VAR. GIGANTEUM. (Plate 20, figs. 117 and 118. Chart 98.)

Histological Characteristics. In form the grains are simple, isolated, and without pressure
facets. They are usually regular in outline. There are some irregularities, caused by roundeti,

finger-like projections from the proximal end, and also by some large, rounded projections from

other parts, which projections are often outlined from the main body of the grain by refractive lines

which are probably indentations. The conspicuous forms are the broad and narrow triangular with

curved base and rounded angles, clam-shell-shaped, and elliptical with both enils roimd and of the

same size, and somewhat irregular elliptical with the tlistal entl broadened and flattened. There
are in addition ovoid, pj'riform, mussel-shell-shaped, and rod-shaped grains. The small grains, of

which there are very few, are round or nearly round.

The hiluni is a small, round or oval, not very distinct spot, with a range of eccentricity varying
from one-sixth to one-ninth, usually one-sixth of the longitudinal axis. The hilum is sometimes
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marked by a cavitj', or by a verj' short, narrow fissure, or less often a broad cleft from which a refrac-

tive line extends on each side towards the distal end.

The lamellce are fairly distinct, usually regular circles or ellipses, or arcs of circles. They are

fine and fairly distinct on about three-fourths of the grain, but usually coarse and verj' distinct

near the distal end. There are sometimes one or two lamellae near the equator of the grain, also

coarse and very distinct. They vary somewhat in size and distinctness in different grains. There
are about 35 to 40 lamella? on the larger grains.

The grains vary in size from the small round forms, which are 8 by 8ju, to the larger elongated
forms, which are 70 by 32yu, and the broad forms, which are 66 by 66// in length and breadth. The
common size is 40 by 22/i.

Polariscopic Properties. The figure is very eccentric, distinct, but not clear-cut. The lines

composing it may vary in width along their course, and they tend to become broader but less well

defineil as they approach the margin. They are some-
times bisected, but rarely further divided. They are also

rarely bent or otherwise distorted, and they may be

placed at varying angles from one another.

The degree of polarization is fairly high, not varying
much in different grains, but varying in different aspects
of the same grain, being highest when the grain is viewed
on end or edge. It is not so high as in L. candidum.

With selenite the quadrants are commonly fairly well

defined, usually regular in shape and unequal in size. The
colors are fairly pure, in many grains quite pure.

Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains all color a deep blue-violet; with 0.125 per
cent solution they all color fairly deeply, and the color

deepens rapidly. It is not quite so deep as that of the

grains of L. candidum. After heating in water until all

the grains are completely gelatinized, the solution colors

deeply and the swollen grains very deeply on the addi-

tion of iodine. After boiling for 2 minutes, the solution

colors very deeply, but most of the grain-residues not

at all, and some only lightly. The capsules are all colored a red-violet with an excess of iodine.

Staining Reactio7is. With gentian violet the grains begin to stain at once. After remaining in the

solution for 30 minutes they are still only lightly stained, about the same as those of L. candidum.

With safranin the grains begin to stain at once. After remaining in the solution for 30

minutes they are still only lightly stained, and not quite so much as those of L. candidum.

Temperature Reaction. The temperature of gelatinization is 62.1 to 63 C, mean 62.55.

Effects of Various Reagents. With chloral hydrate-iodine the grains begin to react at once. A
few are gelatinized in a minute, the majority in 8 minutes, and all in 12 minutes. A dark ring or

cleft is frequently formed at the hilum. A protuberance usually appears first at the proximal end,

later at the distal end. The gelatinized grains are about as regular and the reaction is qualitatively

the same as in L. candidum.

The grains begin to react at once with chromic acid and all are dissolved in 40 seconds. A bubble

usually appears at the hilum. The reaction is qualitativelj' the same as in L. candidum.

Reaction with pyrogallic acid begins at once and all the grains are gelatinized in 45 seconds.

A bubble sometimes appears at the proximal end. The gelatinized grains are more regular in out-

line than in L. candidum, the proximal end of more grains is rounded, and a sharp, serrated capsule

is more frequently formed. A number of refractive granules remain in the gelatinized mass. The
reaction is qualitatively the same as in L. candidum.

With ferric chloride the grains begin to react in iK minutes, few are gelatinized in 3 minutes,
the majority in 9 minutes, and all in 17 minutes. The flowing gelatinization movement usually

begins at the distal end and later appears at the proximal end. The reaction is qualitatively the

same as in L. candidum.

The grains begin to react at once with Purdy's solidion and all are gelatinized in 35 seconds.

A bubble is frequently formed at the hilum, but disappeai's more quickly than in many forms of
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Reaction with chromic acid begins at once and is complete in 45 seconds. More bubbles appear
at the hihini than in L. camliduni, but the process is qualitatively the same.

With jjynKjullic acid the grains begin to react in 20 seconds. A few small forms are gelatinized

in 50 seconds and all the grains are gelatinized in 23^^ minutes. The very small, round forms are

completely gelatinized, but in the larger forms granules appear which remain in the gelatinous

mass, and the layers at the distal end usuallj^ remain as a jointed, serrated lining in that region.

The gelatinized grain is much swollen and more irregiilar in outline than in L. candidum. The

process is qualitatively the same as in the latter.

The grains begin to react in 30 seconds with ferric chloride. A few arc gelatinized in 1 J^ minutes,

the majority in 3J^ minutes, and all in 10 minutes. A bubble appears frequently at the hilum,

there is not so marked a contrast between the more transparent border and the central portion
of the grain as in L. candidum, and the gelatinized grain is less irregular in outline, but the process
is qualitatively the same.

Reaction Avith Purdy's solution begins at once. A few grains are gelatinized in 15 .seconds, all

in 30 seconds. The smaller grains are completely gelatinized, while the larger forms exhibit peculi-

arities similar to those noted in the reaction with pyrogallic acid. The points of difference between

this grain and that of L. candidum are the more regular outline of the gelatinized grain, the more

frequent appearance of bubbles at the proximal end, and the more common inversion of the outermost

striated layer at this end during gelatinization, which inversion often persists after the reaction is

completed. The process is qualitatively the same as in the grains of L. candidum.

STARCH OF LILIUM PARRYI. (Plate 21, figs. 121 and 122. Chart 100.)

Histological Characteristics. In form the grains are simple, almost always isolated, and with-

out pressure facets. The grains are sometimes irregular and varied in outline. The irregularities

are due to lamellated and amorphous accretions at the sides and at times to the distal end; and

also to a lack of development of one side of the distal end, causing it to be slanting. The con-

spicuous forms are the narrow elliptical, the pyriform, and

bottle-shaped; also clam-shell-shaped, irregularly quad-

rilateral, elliptical with broadened and rather flattened

distal ends, narrow ovoid, and some triangular with

rounded angles and curved base. In general, the smaller

grains are nearly round, ovoid, or rod-sha])ed.

The hilum is a distinct, rather small round or oval

spot. It is eccentric, and the range of eccentricity is from

one-fourth to one-seventh, usually one-fifth, of the longi-

tudinal axis. The hilum is nearly always marked by a

fairly deep cavity, from each side of which a refractive

line often extends outwards and do^vnwards towards the

distal end; there is less frequently a short, narrow cleft

at the hilum.

The lamellas are not very distinct rather fine circles,

or ellipses, or arcs of circles, etc., usually fairly regular,

but sometimes showing waviness and other irregularities.

As a rule, those near the distal end are not so fine, but

more distinct than those near the hilum. There are

sometimes two sets of lamellae, the axis of one set form-

ing an angle with the axis of the other. There are probably about 25 to 30 on the larger grains.

The grains vary in size from the smaller grains, which are 4 l)y 4/x, to the larger narrow elongated

forms, which are 00 by 26yu, and the larger broader forms, which are 60 by 48^ in length and breadth.

The common size is 32 by IQ/x.

Polariscopic Properties. The fujure is eccentric, distinct, but usually not clear-cut; its lines

are often bisected or further subdivided for at least a part of their length, as is common in this starch.

They are also sometimes bent and otherwise distorted, anil may be placed at varying angles, and

they vary in width.

The degree of -polarization is high, varying, but not much, in different grains, and highest when

the grain is viewed on end or edge. It is very slightly less than that of the grains of L. candidum.
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With selenite the quadrants are not well defined and are much broken up by the subdivisions

of the lines of the interference figure. They are very irregular in shape and unequal in size. The
colors are usuallj' not pure, especially the yellow.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains all color a deep blue-violet;
with 0.125 per cent solution they color fairly deeply, and the color deepens rapidly. It is not so

deep as that of the grains of L. candidum. After heating in water until all the grains are completely

gelatinized the solution colors deeply and the swollen grains very deeply on the addition of iodine.

After boiling for 2 minutes the solution colors very deeply, but most of the grain-residues not at all,

and a few very lightly. The capsules all color a red-violet with an excess of iodine.

Staining Reactions. With gentian violet tlie grains begin to stain at once and after remaining
in the solution for 30 minutes they are fairly well stained, rather deeper than the grains of L. candidum.

With safranin the grains immediately begin to stain lightly, and after remaining in the solution

for 30 minutes they are still slightly stained, not quite so much as the grains of L. candidum.

Temperature Reaction. The temperature of gelatinization is 52 to 53.2 C, mean 52.6.

Effects of Various Reagents. With chloral hydrate-iodine the grains begin to react at once. A
few are gelatinized in 1 minute, a majority in 3 minutes, and all in 5 minutes. A dark ring is usually
found at the hilum and gelatinous projections are first formed at the distal end. The reaction is

qualitatively the same as in the grains of L. candidum.

The grains begin to react at once with chromic acid and are dissolved in 15 seconds. Bubbles

appear at the hilum. The reaction is qualitatively the same as in L. candidum.

With pyrogallic acid the grains begin to react at once and are completely gelatinized in 20

seconds. There is usually a bubble at the hilum, the proximal end is invaginated during the reac-

tion, and the pathway of gelatinization is more or less twisted, instead of straight, as in L. candidum.
The gelatinized grains are rather more convoluted at the distal end and more flattened at the prox-
imal end than in L. candidum. The reaction is qualitatively the same as in the latter.

Reaction with ferric chloride begins in 30 seconds. A few grains are gelatinized in a minute, the

majority in 3 minutes, and all in 14 minutes. The distal margin appears ragged, with many deep
fissures passing through the striated border of the central mass. A flowing gelatinization movement
takes place through the.se fissures. Sometimes this movement occurs almost coincidentlyat both ends,
or at the proximal end to the corners limiting the distal margin. The outlines of the gelatinized

grain are more regular than those of L. candidum. A bubble or deep fissure is usually present at

the hilum. The reaction is qualitatively the same as in L. candidum.
The grains begin to react at once with Purdy's solution. Many are gelatinized in 15 seconds

and all in 20 seconds. Bubbles generally appear at the hilum. The gelatinized grain is similar

in form to that of L. candidum, but a larger number are rounded at the proximal end. The reaction

is qualitatively the same as that of the grains in L. candidum.

STARCH OF LILIUM RUBELLUM. (Plate 21, figs. 123 and 124. Chart 101.)

Histological Characteristics. In form the grains are simple and are isolated except for a few
doublets and other small aggregates. Pressure facets are rare. The grains are somewhat irregular
in outline at times, owing in part to unequal development, causing the surface to be somewhat
elevated and depressed; and in part, although rarely, to lamellated additions to the sides. These
additions are usually broad, and do not extend far out from the body of the grain. Many grains

appear to have one side underdeveloped at the distal end, so that this end is oblique. The conspic-
uous forms are the elliptical with a broadened and sometimes flattened distal end, pja'iform, anil nar-

row and broad triangles with curved base and rounded angles; also ovoid, bottle-shaped, irregularly

quadrilateral, and a few clam-shell-shaped and broadly lenticular forms. The smaller gi-ains, of

which there is a fair number, are round, nearly round, or elliptical.

The hilum is usually a distinct, small, and round or oval cavity, with a range of eccentricity
from one-fifth to one-.seventh, in most grains one-sixth of the longitudinal axis. It is sometimes
marked by a short, narrow, clean-cut, and transverse fissure. From each side of the fisstu'e or cavity
two lines often extend outward and towards the distal end.

The lamellce are usually distinct, rather fine, commonly regular circles, or ellipses, or arcs of

circles, etc.; not so fine, but more distinct near the distal end than near the hilum, and in many
grains fairly coarse near the distal end. A few grains have two sets, the axis of one forming an angle
with the axis of the other. There are from 26 to 30 on the larger grains.
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Chart No. 101.

The grains varj' in size from the smaller, which are 4 by 4/i, to the larger, narrow, elongated
forms, which are 04 by 48/u, and the broader forms, which are 60 by 58/i in length and breadth.

The common size is 38 by 24/^.

Polariscopic Froperlicf;. The fujure is eccentric, distinct, l)ut not clear-cut. Its lines are often

bisected or further subdivided into three or more small lines for at least a part of their length. They
are also often bent or otherwise distorted, variable in width, and sometimes placed at varying angles.

The degree of polarization is high, varying somewhat in different grains anil in different aspects
of the same grain; highest when the grain is viewed on end or edge. It is less than that of the grains
of L. candidum.

With selenite the quadrants are not well defined, very irregular in shape, and unequal in size;
colors usually not pure, the yellow having an admixture of red.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains all color a deep blue-violet;
with 0.125 per cent solution they color fairly deeply and the color deepens rapidly. It is less than
that of the grains of L. candidum. After heating in water
until all the grains are completely gelatinized, the solution

colors deeply and the swollen grains very deeplj^ on the

addition of iodine. After boiling for 2 minutes, the solu-

tion colors very deeply, but most of the grain-residues
do not color at all, and others only lightly. The capsules
color a red-violet with an excess of iodine.

Stai7iing Reactions. With gentian violet the grains

begin to stain at once, but there is very little change
after they have remained in the solution for 30 minutes.

They are very lightly stained, less than the grains of L.

candidum.

With safranin the grains begin to stain at once,

though very lightly, and there is practically no change
after being in the solution for 30 minutes. They do not

stain so much as the grains of L. candidu7n.

Temperature Reaction. The temperature of gelatini-

zation is 60.8 to 01.1 C, mean 60.95.

Effects of Various Reagents. With chloral hydrate-
iodine the grains begin to react at once. A few are gelati-

nized in 2 minutes, the majority in 5 minutes, and all in 10 minutes. A protuberance appears more

frequently first at the proximal end, and often later at the distal end or corners limiting the distal

margin. The gelatinized grain is somewhat more irregular in outline than that of L. candidum, but
the reaction is qualitatively the .same.

Reaction with chromic acid begins at once. Many are dissolved in 20 seconds and all in 30

seconds. A bubble is occasionally formed at the hilum. The reaction is qualitatively the same
as that of the grains of L. candidum.

With pyrogallic acid the grains begin to react at once and all are gelatinized in 25 seconds. A
bubble frequently appears at the proximal end. More of the gelatinized grains are rounded at the

proximal end than in L. candidum, and there is a greater variation in shape in some of the pointed
forms having a central channel, and which appear rather more frequently than among the gelat-
inized grains of L. candidum.

The grains begin to react in a minute with ferric chloride. A few are gelatinized in 3 minutes,
the majority in 7 minutes, and all in 16 minutes. The reaction is qualitative!}^ the same as that

of the grains of L. candidum.

Reaction with Purdy's solution begins at once and all the grains are gelatinized in 20 seconds. A
bub))le usually appears at the proximal end. The gelatinized grains vary much in form. More of

tliem are rounded at the proximal end than in L. candidum, but the process is qualitatively the same.

STARCH OF LILIUM PHILADELPHICUM. (Plate 21, figs. 125 and 126. Chart 102.)

Histological Characteristics. In form the grains are simple, isolated, and without pressure
facets. They show inequalities in the surface in the form of elevations and depressions; there are

long, slender, and rouniled projections from the proximal end; and particularly large, lamellated
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additions, usually one but sometimes two in number, of varying size and shape, generally at the

distal end or the sides of the grain. Many of the forms are distorted by these additions xmtil they

closely resemble irregularly shaped pebbles. Some grains are bent along the longitudinal axis. The

conspicuous forms are the flattened elliptical with both ends rounded and blunt, and sometimes dis-

torted by additions; rod-shaped, lenticular, clam-shell-shaped, and mussel-shell-shaped. There are

also some triangular grains with rounded base and angles, pyriform, and a few ovoid and quad-
rilateral forms. The smaller grains are usuallj' round or nearly round.

The hilum is a distinct, eccentric, small, round or oval cavity, with a range of eccentricity of

from one-fourth to one-sixth, in most of the grains one-fifth, of the longitudinal axis; often with a

small, narrow, and transverse fissure; the fissure and cavity may have two lines from each sitle

proceeding outward and towards the distal end of the primary part of the grain.

The kwiellai are not very distinct fine circles, ellipses, or segments of circles, etc., generally

regular, but occasionally with a waviness of outUne. Sometimes, at the sides or distal end of the

grain, there are two or more sets of lamellae, whose longitudinal axes form angles of varj'ing degrees
with that of the primary part of the grain, and which
have apparently been formed at a different date from

the latter. The lamellae are not so fine, but are more
di-stinct near the distal end than near the hilum. There

are about 15 to 20 lamellae on the larger grains. Some of

the grains appear to be in the process of erosion.

The grains vary in size; the small grains are 4 by 4/j,

the larger, elongated forms are 50 by 34/li, and the broad-

ened forms are 40 by 40u in length and breadth. The
common size is 30 by 17ju.

Polariscopic Properties. The figure is eccentric, dis-

tinct, and often clear-cut. The lines are sometimes not

clearly defined and often placed at varying angles, bi-

sected, and usually much curved, or sharply bent, thus

causing the figure to be much distorted.

The degree of polarization is high, varying somewhat
in different grains and in different aspects of the same grain,

being highest when the grain is viewed on end or edge.

It is not so high as that of the grains of L. candidurn.

With selenite the quadrants are from fairly well

defined to well defined, very irregular in shape and unequal in size. The colors are usually not pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains all color a fairly deep blue-

violet; with 0.125 per cent solution they color fairly and the color deepens rapidly. It is much less

than that of the grains of L. candidurn. After heating in water until all the grains are completely

gelatinized, the solution colors deeply and the swollen grains very deeply on the addition of iodine.

After boiling for 2 minutes the solution colors very deeply, while most of the grain-residues do not

color at all, and the others only lightly. The capsules are all colored a red-violet with an excess

of iodine.

Staining Reactions. With gentian violet the grains begin to stain at once. After being in solu-

tion for 30 minutes they stain fairly, somewhat more than the grains of L. candidurn.

With safranin the grains begin to stain at once, although not so well as in L. candidurn. After

remaining in solution for 30 minutes they are rather lightly stained, not so much as the grains of

L. candidurn.

Temperature Reaction. The temperature of gelatinization is 62.8 to 65 C, mean 63.9.

Effects of Various Reagents. With chloral hydrate-iodine the grains begin to react at once.

A few are gelatinized in a minute, many in 3 minutes, and all in 9 minutes. A dark ring frequently
forms at the hilum, and irregular protuberances usually appear first at the ilistal end, and sometimes

almost sinmltaneousiy from both ends. Where there are angles of irregularities on the grain, colored

protuberances appear first at the points. The gelatinized grain is of \'aried and irregular shape.

The reaction is qualitatively the same as that of the grains of L. candidurn.

With chromic acid the grains begin to react at once and are completely dissolved in 20 seconds.

Bubbles frequently appear at the hilum. The reaction is qualitatively the same as in L. candidurn.
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Chart No. 103.
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The grains begin to react at once with pyrogallic acid and all are gelatinized in 17 seconds.

Bubbles frcqucntlj- appear at the proximal end. The gelatinized grains are more rounded at the

proximal end and more irregular than in L. candidum, but the reaction is qualitatively the same.
The reaction -with ferric chloride begins in 30 seconds. A few grains are gelatinized in a

minute, the majority in 4 minutes, and all in 11 minutes. Bubbles appear frequently at the

proximal end and a flowing g(4atinization movement usuall}' first appears there, but sometimes

begins simultaneously at both ends; or in the triangular forms this movement is very often first

started at the corners limiting the distal margin. The reaction is qualitatively the same as that

of the grains of L. candidum.

AVith Purdy's solution the grains begin to react at once. Many are gelatinized in 15 seconds
and all in 23 seconds. Bubbles appear at the hilum in most grains. The outline of the gelatinized

grains is very irregular. All the starch parts except the outermost layers of the smaller grains are

gelatinized in this time, and in the larger grains there is a smaller convoluted mass at the distal

end than in L. candidmn. The process is qualitatively the same as in the latter.

STARCH OF LILIUM TIGRINUM VAR. SPLENDENS. (Plate 22, figs. 127 and 128. Chart 103.)

Histological Characteristics. In form the grains are simple, isolated, and without pressure
facets. The surface is usually irregular and varied. The irregularities are due to many inequalities
in the form of elevations and depressions, and to some rather small, lamellated additions to the sides,

or distal or proximal end. Sometimes a long, curved, finger-like, rounded protrusion appears at the

proximal end. The conspicuous forms are flattened elliptical with the distal end somewhat broader
than the proximal; narrow triangular with rounded angles
and curved base; rod-shaped, which may be either bent,

straight, or club-shaped. There arc also pyriform, irreg-

ularly quadrilateral, clam-shell-shaped, mussel-shell-

shaped, and nearly round grains. The smaller grains,

which are not very numerous, are usually round, nearly

round, or ovoid.

The hilum is a small, round, eccentric, not very dis-

tinct spot. The range of eccentricity is from one-fifth to

one-sixth, usually one-sixth, of the longitudinal axis. The
hilum is sometimes fissured, and the fissure is small, nar-

row, straight, clean-cut, and transverse; and two refrac-

tive lines sometimes extend from each end outward and
towards the distal end.

The la7nellcE are not very distinct, rather fine circles,

ellipses, or irregularly formed rings or segments of

circles, etc. They vary in size and distinctness in dif-

ferent grains; usually not so fine but more distinct near

the distal end than near the hilum. They are often very

irregular in form
,
and nearly all follow the outline of the

margin. There are sometimes two or three sets of lamellae. There are about 30 on the larger grains.

The grains vary in size from the small grains, which are 6 by G^u, to the larger, which are 54 bj'

23yu in length and breadth. The common size of the elongated forms is 32 by 18// in length and
breadth. There are also many broadened forms, of which the common size is 30 by 2Sfi in length

and breadth.

Polariscopic Properties. The figure is eccentric, distinct, and often clear-cut in the greatest

part of its length; its lines are often very wavy, of varying width, and much cia-ved, thus distorting

the figure. They are placed at varying angles with one another.

The degree of polarization is high or fairly high, varying in different grains and in different

aspects of the same grain. It is not so high as that of the grains of L. candidum.

With selenite the quadrants are not well defined, are very irregular in shape, and unequal in

size. The colors are usually not pure.
Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a deep blue-violet;

with 0.125 per cent solution they color fairly deeply, and the color deepens rapidly. The color is

deeper than that of the grains of L. candidum. After heating until all the grains are completely

s
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gelatinized, the Rolution colors deeply and the swollen grains very deeply on the addition of iodine.

After boiling for 2 minutes the solution colors verj' deeplj', but most of the grain-residues are not

colored at all or lightly. The capsules all color a red-violet with an excess of iodine.

Stainiiig Reactions. With gentian violet the grains begin to stain at once. After being in the

solution for 30 mitmtes they are fairly well stained, and more than in the case of the grains of L.

candidum.

With safranin the grains begin to stain immediately. After remaining in solution for 30 minutes

they are stained lightlj', slightly less than the grains of L. candidum.

Temperature Reaction. The temperature of gelatinization is 61.7 to 62.4 C, mean 62.05.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins at once. A few grains

are gelatinized in 40 seconds, many in 2 minutes, and all in V/i minutes. Protuberances appear simul-

taneously at both ends in the elongated grains, and in form the gelatinized grain is the same as in

L. candidum.. The reaction is qualitatively the same as in the grains of L. candidum.

The grains begin to react at once with chromic acid and all are dissolved in 15 seconds. No
bubbles were observed at the hilum. The reaction is qualitatively practically the same as that in

the grains of L. candidum.

With pyrogallic acid the grains begin to react at once and all are gelatinized in 35 seconds. The

gelatinized grains of the small rounded forms are regular in outline; those of the others are quite

irregular. The reaction is qualitatively the same as in the grains of L. candidum.

Reaction with ferric chloride begins at once. A few grains are gelatinized in IJ^ minutes, the

majority in 7 minutes, and all in 12 minutes. A flowing gelatinization movement begins in 30 sec-

onds at the proximal end, or rarely simultaneously at both ends. The reaction is qualitatively the

same as in L. candidum.

The grains begin to react at once with Purdy's sohdion and all are gelatinized in 20 seconds.

In many of the grains bubbles appear at the hilum. The proximal end of the gelatinized grains is

generally more rounded than in the grains of L. candidum. The reaction is qualitatively the same
as in the grains of L. candidum.
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STARCH OF LILIUM HENRYI. (Plate 22, figs. 129 and 130. Chart 104.)

Histological Characteristics. In form the grains are simple and isolated, with the exception of a

few in doublets and grains made up of clusters of small grains attached to the distal end of a large

one. Sometimes single large pressure facets appear on the smaller grains, and a number of small

irregular facets at the distal end of some of the larger

grains. The surface of the grains is frequently irregular,

owing to inequalities in the form of more or less knobby

projections, to large and small lamellated additions to an

otherwise completed grain, and to unequal development
of the margin which causes one side of the distal end to

project more than the other. The conspicuous forms are

the narrow elliptical, the irregularly elliptical with one

bulging side and the other somewhat flattened or a some-

what broadened distal end, and the triangular with curved

base and rounded angles; also irregularly quadrilateral,

rod-shaped, either bent or straight, nearly round, pyri-

form, clam-shell-shaped, broadly lenticular, and spindle-

shaped grains. The comparatively few small grains are

usually round, ovoid, or elliptical.

The hilum is a distinct round or elliptical spot, or deep

cavity, with a range of eccentricity of from one-fifth to

one-ninth of the longitudinal axis, usually one-fifth. It is

sometimes marked by a small, straight or curved, trans-

verse cleft, from each side of which a refractive line ex-

tends towards the distal end. Rarely a number of irregular fissures extend from the central cavity.

The lamellce are distinct ellipses or circles, or rarely arcs of circles; usually rather coarse near

the hilum, margin, and distal end, but fine at the equator of the grain. They appear to be discon-

tinuous here, but are continuous near the margin, where they take the shape of the grain; often wavy

p
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in outline and irregular. Usually two or three very coarse and distinct ones are located at about
onc-tliird the distance between the hilum and the distal end and there may be one or two additional

sets of lamellse whose axes form angles with that of the main part of the grain. There are about
30 to 35 on the larger grains.

The small grains vary in size from 6 by 6;j, to the larger elongated forms, which are 90 by 42/t
in length and breadth. The common size of the elongated forms is 40 by 26^, and of the broader
forms 40 by 35At.

Polariscopic Properties. The figure is eccentric, distinct, usually not clear-cut. Its lines are

generally broad and not clearly defined in some parts of their length; often bisected, or even further

subdivided for at least a part of their length, and generally are also much bent and variable in width,
and may be placed at varj'ing angles to one another.

The degree of -polarization is high, varying somewhat in different grains and in different aspects
of the same grain, highest when the grain is viewed from end or edge. It is commonly somewhat
higher than in the grains of L. candidum.

With selenite the quadrants are not well defined, very irregular in shape, and unequal in size.

The colors not pure.
Iodine Reactions. With 0.25 per cent Lugol's solution the grains all color a deep reddish-

blue; with 0.125 per cent solution they color fairly deeply and the color deepens rapidly. It is not

quite so deep as that of the grains of L. candidum. After heating in water until all the grains are

completely gelatinized, the solution colors deeply and the swollen grains very deeply on the addi-

tion of iodine. After boiling for 2 minutes the solution colors very deeply, but most of the grain-
residues not at all or lightly. The capsules color a red-violet \vith an excess of iodine.

Staining Reactions. With gentian violet the grains begin to stain at once. After remaining in the
solution for 30 minutes they are fairly well stained. The color exceeds that of the grains of L. candidum.

With safranin the grains begin to stain at once. After remaining in the solution for 30 minutes
the stain is rather light to fair and about the same as the grains of L. candidum.

Temperature Reaction. The temperature of gelatinization is 55.9 to 56.1 C, mean 56.

Effects of Varimis Reagents. With chloral hydrate-iodine the grains begin to react at once.

A few are gelatinized in a minute, the majority in 8 minutes, and all in 15 minutes. Protuberances

usually first appear at the distal end in elongated forms, and at the corners limiting the distal margin
of the broadly triangular forms. Either a dark-colored ring or fissure appears at the hilum at once.

The gelatinized grains are slightly more irregular in outline than those of L. candidum. The reaction

is qualitatively the same as in L. candidum.

With chromic acid the grains begin to react at once and are completely dissolved in 40 seconds.

Bubbles are formed at the hilum. The reaction is qualitatively the same as in the grains of L.

candidum.

Reaction with pyrogallic acid begins at once. A few grains are gelatinized in 20 seconds and
all in a minute. Large bubbles are usually formed at the hilum. The reaction is qualitatively the

same as the grains of L. candidwn.

The reaction with ferric chloride begins in a minute. A few are gelatinized in 3 minutes, the

majority in 11 minutes, and all in 30 minutes. The flowing gelatinization movement begins usually at

the proximal end, but often starts simultaneously from both ends. In the broadly triangular and

shell-shaped grains the flowing movement begins almost simultaneously at the proximal end and
at the two corners of the distal margin. The reaction is qualitatively the same as that in the

grains of L. candidum.

With Purdy's solution the grains begin to react immediately. Many are gelatinized in 15 sec-

onds and all in 20 seconds. Bubbles appear at the hilum, and the proximal end is invaginated, and
later swollen. The gelatinized grains are more rounded at the proximal end than most of those

of L. candidum. The reaction is qualitatively the same as in the grains of L. candidum.

STARCH OF LILIUM AURATUM. (Plate 22, figs. 131 and 132. Chart 105.)

Histological Characteristics. Inform the grains are simple and are isolated, except a few doublets;
a few show poorly defined pressure facets. The surface of the grains is often irregular, due to un-

equal development and to mutual pressure of the grains diu-ing growth, resulting in more or less

angular depressions and elevations of the surface of the grain (especially at the sides and near

the distal end) and in long, thick, straight or curved, or rounded projections from the proximal
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end. The conspicuous forms are narrow triangular to pyriform with rounded bases and angles,

elongated ovoid, and narrow elliptical, often wnth a somewhat fiattened distal end; also broadly tri-

angular forms with rounded bases and angles, clam-shell-shaped, mussel-shell-shaped, oyster-shell-

shaped, quadrilateral with rounded angles, and nearly round forms. The comparatively few small

grains are usually round or elliptical.

The hilum is a small, rather indistinct, round, eccentric spot. Its range of eccentricity is from

one-fifth to one-sixth, usually one-fifth. It may be marked by a small, single, straight, narrow,

clean-cut, transverse fissure, with sometimes a refractive line extending outward toward the distal

end from each side of the fissure.

The lamellce are not very distinct fine lines that are continuous as circles or ellipses near the

hilum, and appear to be discontinuous at the equator and distal end of the grain. They are usually

fairly regular, but sometimes show bending and wavi-

ness in outline. They vary in size and distinctness in

different grains, and are also generally not so fine but

more distinct near the equator and the distal end of the

grain than near the hilum. There appear to be about 30

on the larger grains, but this number is probably not

accurate.

The grains vary in size; the smaller are 8 by S/x; the

largest narrow elongated forms are 80 by 44m; the largest

broad elongated forms are 60 by 48^ in length and breadth
;

the common size is 42 by 28/i.

Polariscopic Properties. The figure is very eccentric,

distinct, but often not clear-cut, since the lines become

broader and less clearly defined as they proceed from the

region of the hilum. They are often bisected and other-

wise divided for some portion of their length, and arc usu-

ally of irregular width, and bent, thus distorting the figure

even to a greater extent than in the grains of L. candidum.

The lines may be placed at varying angles.

The degree of polarization is high. It does not vary
much in different grains, but is markedly higher when the grain is viewed on end or edge, and also

varies in different parts of a given aspect of the same grain. It is slightly lower than that of the

grains of L. candidum.

With sclenite the quadrants are generally not well defined, often irregular in shape, and usually

unequal in size. The colors are not pure.
Iodine Reactions. With 0.25 per cent Lugol's solution the grains all color a deep blue-violet;

with 0.12.5 per cent solution they color fairly deeply and the color deepens rapidly. It is not quite

so deep as that of the grains of L. candidum. After heating in water until all the grains are com-

pletely gelatinized, the solution colors deeply and the swollen grains very deeply on the addition

of iodine. After boiling for 2 minutes the solution colors very deeply and the grain-residues not

at all or lightly. The capsules all color a red-violet with an excess of iodine.

Staining Reactions. With gentian violet and with safranin the grains begin to stain at once.

After remaining in solution for 30 minutes they are only stained rather lightly, the same as in

the gi'ains of L. candidum.

Temperature Reaction. The temperature of gelatinization is 58 to 59.2 C, mean 58.6.

Effects of Various Reagents. With chloral hydrate-iodine the grains begin to react at once. A
few are gelatinized in 2 minutes, the majority in G minutes, almost all in 10 minutes, and all in 17

minutes. Either a dark spot or line appears at the hilum. A protuberance frequently forms first

at the proximal end, then at the distal margin, and sometimes at the corners limiting the distal

margin of the broadly triangular grains. Gelatinization usually proceeds towards the center, more

quickly from the proximal than the distal end. The outline of the gelatinized grain is more undulat-

ing than in the grains of L. candidum, but the reaction is the same qualitatively.

With chromic acid the grains begin to react at once and the reaction is complete in 70 seconds.

A bubble is formed at the hilum more frequently than in L. candidum. The reaction is qualitatively

the same as the grains of L. candidum.
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Chan No. 106.

Reaction with pi/rogallic acid hcsin.s .it once and all the grains are gelatinized in a minute.

A buljble at the hiluni ajjpears more frequently than in L. candiduin. During the process a hand
of refractive granules develop at about half the distance between the hilum and the distal margin,
and .sometimes a second one forms nearer the distal margin as gelatinization proceeds. The gelat-

inized grain often has a sharp, serrated lining at the distal margin, which sometimes extends

partly up the sides. There are refractive granules in the gelatinized mass of the grain. The lateral

walls are usually thinner and the proximal eml more rounded than in the gelatinized grain of L. can-

didum, but the reaction is qualitatively the same.

The grains begin to react with ferric chloride in a minute. A few are gelatinized in 2 minutes,
the majority in 10 minutes, and all in 22 minutes. The swelling more frequently occurs first at the

distal end, then at the proximal end. In the broadly triangular forms the flowing gelatinization

movement frequently begins at the two corners limiting the distal margin. The reaction is qualita-

tively the same as that of the grains of L. candidimi.

With Purdy's solution the grains begin to react at once and all are gelatinized in 35 seconds.

A bubble forms at the hilum more frequently than in L. candidum. A brilliantly refractive band

frequently appears at about half the distance between the hilum and the distal margin. The reaction

is qualitatively the same as that of the grains of L. candidum.

STARCH OF LILIUM SPECIOSUM VAR. ALBUM. (Plate 23, figs. 133 and 134. Chart 106.)

Histological Characteristics. Inform the grains are simple and for the most part isolated. There
are very few small aggregates in the form of doublets, and a few pressure facets maj' be observed

on some of the grains. The surface of the grains is usu-

ally quite regular, any slight irregularities which occur

being due to an unequal development of the margin. The

conspicuous forms are the narrowed to broad triangulai-

with a curved base and )'ounded angles, and the elliptical

that is regular in outline or with a broadened and some-

what flattened distal end; also, ovoid, clam-shell-shaped
to nearly round, mussel-shell-shaped, and somewhat irreg-

ularly quadrilateral forms. The few small grains are

usually round, oval, or elliptical.

The hilum is a distinct, small, round spot or cavity,

with a range of eccentricity one-fifth to one-seventh, usu-

ally one-sixth, of the longitudinal axis. Besides the spot
or cavity already noted, there may at times be a short,

narrow, straight, transverse cleft, from cacli side of which a

refractive line extends towards the distal end of the grain.

The lamella are distinct, fine, usually regular circles,

ellipses, or arcs of circles, sometimes not so fine but more
distinct near the distal end than near the hilum. There

are at times two sets of lamellae, one appearing later than

the other, and forming an angle with a longitudinal axis of the primary grain,

to 44 lamellae on the larger grains.

The grains vary in size; the smaller are 4 by 4^:; the larger, narrow, elongated forms are 52 by

28/z; the elongated broader forms are 52 by 44;u in length and breadth. The common size is 34 by 22;u.

Polariscopic Properties. The figure is eccentric, distinct, but not clear-cut. Its lines are com-

monly somewhat broadened and less well defined in some part of their length; sometimes also

bisected and even further .subdivided; occasionally bent and the figm-e consequently distorted;

and often placed at varying angles to one another.

The degree of polarization is high, not varying much in different grains, but varying in different

aspects of the same grain, being highest when the grain is viewed on end or edge. It is not quite

so high as that of the grains of L. candidum.

With selenite the quadrants are not well defined, are usually regular in shape, and unequal in

size. The colors are fairly pure.
Iodine Reactions. With 0.25 per cent Lugol's solution the grains all color a deep blue-violet;

with 0.125 per cent solution they color fairly deeply, and the color deepens rapidly. It is deeper
33
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than that of the grains of L. candiditm. After heating in water until all the grains are completely

gelatinized, the solution colors deeply and the swollen grains very deeply on the addition of iodine.

After boiling for 2 minutes the solution colors very deeply and most of the grain-residues not at

all or lightly. The capsules are all colored a rod-violet with an excess of iodine.

Staining Reactions.- With gentian violet and with safranin the grains begin to stain at once

and after remaining in the solution for 30 minutes they are lightly stained, the same as the grains
of L. ca7ididum.

Temperature Reaction. The temperature of gelatinization is 64.1 to 64.6 C, mean 64.35.

Effects of Various Reagents. With chloral hydrate-iodine the grains begin to react at once. A
few are gelatinized in 30 seconds, the majority in 2 minutes, and all in 5 minutes. A protuberance

usually appears first at the proximal end, followed by another at the distal margin, or by one at

each corner limiting the distal margin. The reaction is qualitatively the same as that of the grains
of L. ca7}didum.

With chromic acid the grains liegin to react at once and are completely gelatinized in 25 seconds.

As a rule a bubble is not formed at the hilum. The reaction is qualitatively the same as that in

the grains of L. candidum.

Reaction with pyrogallic acid begins at once. A few grains are gelatinized in 10 seconds and
all in 20 seconds. A bubble sometimes occurs at the hilum. The gelatinized grains vary greatly in

shape, some having the proximal end rounded, others pointed, as often found in those of L. candidum;
while others are peculiar by being more swollen in the transverse than the longitudinal axis. The
small rounded forms are usually completely gelatinized in the time stated, with the exception of

the two outermost layers. The reaction is qualitatively the same as in the grains of L. candidum.
With ferric chloride the grains begin to react in 10 seconds. A few are completely gelatinized

in 2 minutes, the majority in 8 minutes, and all in 17 minutes. The flowing gelatinization move-
ment begins in 30 seconds at the distal margin, and progresses around the grain. The reaction is

qualitatively the same as in the grains of L. candidum.

Reaction with Purdy's solution begins at once and the grains are completely gelatinized in 15

seconds. The reaction is qualitatively the same as in the grains of L. candidum.

STARCH OF LILIUM MARTAGON. (Plate 23, figs. 135 and 136. Chart 107.)

Histological Characteristics. In form the grains are simple, and they are isolated, except a few

that occur in small aggregates in the form of doublets and triplets. No pressure facets are noted

on any of the grains. The surface of the grains tends

to be somewhat irregular, the irregularities being due to

knobby projections of the surface, to many fairly large,

lamellated additions to the sides and ends, and also in a

few cases to curved or straight, finger-like projections
from the proximal end. The conspicuous forms are the

elliptical with both ends rounded, or irregularly elliptical

with distal end flattened or with one side curved and the

other flat to bottle-shaped, and the rod-shaped, which

may lie either straight or bent; also lenticular, spindle-

shaped, ovoid, irregularly quadrilateral, triangular, and
round or nearly round. The smaller grains, of which there

arc few, are usually of the elliptical type.
The hilum is a fairly distinct, small round spot or

cavity, with a range of eccentricity from one-fifth to one-

tenth, usually about one-sixth, of the longitudinal axis.

There is sometimes a short fissure at the hilum, from which
two lines extend on each side towards the distal end.

The lamellw are distinct and often rather coarse, but

occasionally fine. They are circles, ellipses, or arcs of

circles, those near the margin being very coarse, continuous, and with the curvature of the margin
of the grain. There are often some irregularities of outlines of the lamellae, and in many grains

there are one or two additional sets of lamclliE whose axes form angles with the longitudinal axis

of the main part of the grain. There are 15 to 20 on the larger grains.
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The grains vary in size; the small grains are 12 by 8n; the large, elongated forms are 60 by 30/n

in k'ligth and breadth; the common size is 34 by 20/u.

Polariscopic Properties. The figure is eccentric, distinct, and often clear-cut. At times some
or all of its lines are broadened and not clearly outlined for at least part of their length. They
are frequently bisected, and sometimes even further sulidivided, and often somewhat bent and
variable in width, and located at varj-ing angles to one another.

The degree of polarization is fairly high. It varies in different aspects of a grain, being higher
when the grains are \'iewed on end or edge. It is not so high as that of the grains of L. caiididum.

AVith selenite the quadrants are fairly well or even quite well defined, and are irregular in shape
and unequal in size. The colors are generally not pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains are all colored a deep blue-

violet; with 0.125 per cent solution they color fairly deeply and the color deepens rapidly. It is not

quite so deep as that of the grains of L. candidum. After heating in water until all the grains are com-

pletely gelatinized the solution colors deeply and the swollen grains very deeply on the addition of

iodine. After boiling for 2 minutes the solution colors very deeply, but most of the grain-residues
do not color or but very lightly. The capsules are all colored a red-violet with an excess of iodine.

Staining Reactions. With gentian violet and with safranin the grains stain very faintly at once.

After remaining in the solution for 30 minutes they are onl}^ lightly stained. The color is less than
that of L. candidum.

Temperature Reaction. The temperature of gelatinization is 58.5 to 59.7 C, mean 59.1.

Effects of Various Reagents. With chloral hydrate-iodine the grains begin to react at once.

A few are gelatinized in a minute, the majority in 3 minutes, and all in 5 minutes. Clouds of color

move rapidly over the grain and a protuberance frequently occurs, first at the proximal end and
then at the other end, or at the corners limiting the distal margin in case of the broadly triangular

grains. The outline of the gelatinized grain is more irregular than in L. candidum, but the reaction

is qualitatively the same.

The grains begin to react at once with chromic acid and all are dissolved in 25 seconds. The
reaction is qualitatively the same as in the grains of L. candidum.

Reaction with pyrogallic acid begins immediately and all the grains are dissolved in 20 seconds.

Bubbles are formed at the liilum. Most of the gelatinized grains are more rounded at the proximal

margin than those in L. candidum, and the outermost lamellar layer is often folded or involuted

at this region. Many of the fair-sized forms have a very small amount of starch remaining ungelat-
inized at the distal end. The reaction is qualitatively the same as in the grains of L. candidum.

With ferric chloride the grains Itegin to react in 40 seconds. A few are gelatinized in 1% minutes,
the majority in 12 minutes, and all in 15 minutes. There is usually a flowing gelatinization move-
ment attended by swelling at both ends. It generally starts simultaneously at both ends, but

sometimes first at one end, more frequently the proximal. A bubljle or cleft appears at the hilum.

The gelatinized grain is much distorted, and is more irregular than in L. candidum, but the reaction

is qualitatively the same.

The grains begin to react at once with Purdy's solution and all are gelatinized in 25 seconds. Bub-
bles usually form at the hilum. The gelatinized grains are much varied in shape, but more are rounded

at the proximal end than in L. candidum. The reaction is qualitatively the same as in the latter.

STARCH OF LILIUM SUPERBUM. (Plate 23, figs. 137 and 138. Chart 108.)

Histological Characteristics. In form the grains are simple, almost wholly isolated, and ^vithout

pressm-e facets. The surface is quite regular, with a few slight inequalities or rounded finger-like

processes from the proximal end, which are often marked at the base by a refractive line, or of large,

lamellated additions to the sides. The conspicuous forms are the ovoid and the narrow or broad

triangular with rounded angles and curved base, which may be cut off slantingly at one side; also

irregular!}- quadrilateral, clam-shell-shaped, rod-shaped, mussel-shell-shaped; elliptical with the distal

end broadened and flattened, or with both ends of the same size; and rounded or rarely nearly round.

The comparatively few small grains are usually round, nearly round, or elliptical in form.

The hilum is a fairly distinct, small, rountl or elliptical cavity or spot, vnih a range of eccen-

tricity of one-fourth to one-six-th, usually one-fifth, of the longitudinal axis. It is sometimes marked

by a small, straight, transverse fissure. From both the cavity and the fissure two lines proceed
on each side towards the distal end.
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The lamellcB are indistinct, fine, regular circles or ellipses, or arcs of circles, usually not so coarse

but more distinct near the distal end than near the hilum. There may be one or two sets of secondary
lamellae whose longitudinal axes form angles with that of the main part of the grain. On account
of their indistinctness the number was not determined.

The grains vary in size; the smaller are 7 by 7yu; the larger, elongated forms are 60 Ijy 40yLt;

the larger, broad forms are 44 by GOju in length and breadth. The common size is 34 by 18m.

Polariscopic Properties. The figure is eccentric, distinct, but not clear-cut. Its lines are rarely

clearly defined and are often bisected or even further divided. They are also often bent and

placed at varying angles, and sometimes are joined to one another by a distinct or hazy line that

runs parallel to the direction of the lamellje at about

one-third to one-fourth of the distance from the hilum

to the distal end.

The degree of polarization, as a rule, is fairly high,

varying from high to low and also in different aspects of

the grain, being highest when the grain is viewed on

end or edge. It is not so high as that of the grains of

L. candidum.

With selenite the quadi-ants are not well defined, are

irregular in shape, and unequal in size. The colors are

usually not pure.
Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains color a deej) blue-violet; with 0.125 per
cent solution they color fairly deeply and the color

deepens rapidly. It is deeper than that of the grains

of L. candidum. After heating in water until all the

grains are completely gelatinized, the solution colors

deeply and the gelatinized grains fairly deeply on the

addition of iodine. After boiling for 2 minutes the

solution colors very deeply, but most of the grain-

residue not at all or very lightly. The capsules are colored a red-violet with an excess of iodine.

Staining Reactions. With gentian violet and with safranin the grains begin to stain at once.

After remaining in the solution for 30 minutes they are lightly stained, the color being less than

that of the grains of L. candidum.

Temperature Reaction. The temperature of gelatinization is 60.8 to 62.4 C, mean 61.6.

Effects of Various Reagents. With chloral hydrate-iodine the graiiis begin to react at once. A
few are gelatinized in a minute, the majority in 5 minutes, and all in 10 minutes. A dark ring

frequently forms at the hilum. A protuberance often appears first at the proximal end, but

sometimes first at the distal end, or at both ends simultaneously. The outline of the gelatin-

ized grain is more irregular than that of the grains of L. candidum, but the reaction is qualitatively

the same.

With chromic acid the grains begin to react at once. Many are dissolved in 20 seconds and

all in 25 seconds. Bubbles usually appear at the proximal end. The reaction is qualitatively the

same as in the grains of L. candidum.

Reaction with pyrogaUic acid begins at once and all the grains are gelatinized in 35 seconds.

A bubble usually appears at the hilum. The gelatinized grain is usually rounded at the proximal

end, and in many grains this end does not elongate so much as in L. candidum, and the swelling

extends more in the transverse than in the longitudinal axis. There arc usually refractive granules

in the gelatinized mass and lamellar layers; and sometimes the lateral margin forms a sharp, serrated

lining at the distal end of the grain, which later becomes an amorphous mass. The reaction is

qualitatively the same as in the grains of L. candidum.

The grains begin to react with ferric chloride in 30 seconds, a striated border appearing and a

dark spot at the hilum. The flowing gelatinization movement begins in a minute, usually at the

proximal end, rarely coincidently at both ends. A few grains are gelatinized in 2 minutes, the

majority in 4 minutes, and all in 10 minutes. Bubbles frequently appear at the hilum, and there is

an invagination of the proximal end during the reaction. The reaction is qualitatively the same
as in the grains of L. candidum.
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The reaction with Punb/'s ffohition Iiogins at once. Manj' grains are gelatinized in 20 seconds

and all in 25 seconds. A lnil)i)le frequently appears at the hiium, and the outermost lamellar layer
is invaginated at the proximal end. During gelatinization one lamella, located half way between

the hilum and the distal margin, appears to be formed into brilliant, refractive granules. The reaction

is qualitatively the same as in the grains of L. candidum.

STARCH OF LILIUM TENUIFOLIUM. (Plate 24, figs. 139 and 140. Chart 109.)

Histological Characteristics. In form the grains are simple, isolated, and without pressure

facets. Owing to inequalities of development, which cause depressions or elevations, the surface of

the grains is often irregular, and there is greater prominence of one side of the distal end or of one

side of the grain than of the other. The conspicuous forms are the irregularly elliptical, which may
have the distal end somewhat broadened or flattened, and often with one side bulging and the other

flattened; and the regular and irregular, triangular, with a curved base and rounded angles, and

often with one corner at the base cut off obliquely; also pyriform, quadrilateral, rod-shaped, and

ovoid grains. The fairly numerous small grains are oval, ellijitical, nearly round, or round.

The hilum is a distinct, rather small round spot or cavity, from which two lines often extend

on each side towards the distal end. It has a range of eccentricity of from one-fourth to one-sixth,

usually one-fifth, of the longitudinal axis. The hilum is rarely fissured.

The lamellce are usually not very distinct, regular circles, ellipses, or arcs of ellipses or circles.

They are fine near the hilum and for about two-thirds to three-fourths of the length of the grain,

but become rather coarse and more distinct near the dis-

tal end. There are about 20 to 2.5 on the larger grains.

The grains vary in size from the smaller, which are

4 by 4yu, to the larger elongated forms, which are 38 by

14ju, and the larger broadened forms, which are 42 by

44/i in length and breadth. The common size is 22 by 12/i.

Polariscopic Properties. The figure is eccentric, dis-

tinct, and often clear-cut. The lines composing it are in

some cases broadened in some part of their length. They
are also occasionally bisected, frequently bent, and placed

at varying angles to one another.

The degree of polarization is fairly high, varying some-

what in different grains and in different aspects of the

same grain, being highest when the grain is viewed on end

or edge. It is less than that of the grains of L. candidum.

With selenite the quadrants are not sharply defined,

are irregular in shape, and unequal in size. The colors

are not pure.
Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains color a deep blue-violet; with 0.125 per

cent solution they color fairly deeply and the color deepens rapidly. It is the same as that of the

grains of L. candidum. After heating in water until all the grains are completely gelatinized, the

solution colors deeply and the gelatinized grains very deeply on the addition of iodine. After boil-

ing for 2 minutes the solution colors very deeply, but most of the grain-residues not at all or lightly.

The capsules are all colored a red-violet with an excess of iodine.

Staining Reactions. With gentian violet the grains begin to stain at once and after remaining

in the solution for 30 minutes are fairly well stained. The color is more than that of the grains

of L. candidum.

With safranin the grains begin to stain at once and after remaining in the solution for 30 minutes

they are lightly stained, less than the grains of L. candidum.

Temperature Reaction. The temperature of gelatinization is 56.0 to 58 C, mean 57.3.

Effects of Various Reagents. With chloral hydrate-iodine the grains l)egin to react at once.

A few are gelatinized in 30 seconds, the majority in 5 minutes, and all in 8 minutes. Either a dark

spot or ring usually appears at the hilum. One or more protuberances generally first appear at the

proximal end and later at the other end. The outline of the gelatinized grain is undulating and

more irregular than L. candidum, but the processes are qualitatively the same.



492 STAKCHES OF LILIACE^.

Chart No. 110.

With chromic acid the grains begin to react at once. Many are completely dissolved in 20 sec-

onds and all in 40 seconds. The reaction is qualitatively the same as in the grains of L. candidum.

The grains Itegin to react at once with pyrogaUic acid. Many are gelatinized in 20 seconds

and all in 30 seconds. A bubble usually appears at the hilum. The outline of the gelatinized grain

is more rounded at the proximal end than in L. candidum and is more varied in shape and size.

The reaction is qualitatively the same as in the grains of L. candidum.

Reaction -with ferric chloride begins at once. A few grains are gelatinized in 2 minutes, the

majority in 10 minutes, and all in 17 minutes. A flowing gelatinization movement starts in a few

seconds from both ends simultaneously, or a movement from one end may slightly precede that

from the other. There is usually a bubble formed at the hihun. Less of the ungelatinized starch

remains at the distal end of the gelatinized grain than in L. candidum, but the reaction is quali-

tatively the same.

The grains begin to react at once with Purdy's solution. Many are gelatinized in 15 seconds

and all in 25 seconds. A bubble usuallj' a])pears at the hilum. The proximal end of the gelatinized

grain is more rounded and there is less ungelatinized starch remaining at the distal end than in L.

camlidum. The reaction is qualitatively the same as in the latter.

STARCH OF LILIUM PARDALINUM. (Plate 24, figs. 141 and 142. Chart 110.)

Histological Characteristics. In /oj'W the grains are simple and generally isolated. There

are no pressure facets. The surfaces are somewhat irregular, owing chiefly to inequalities causing

many elevations, which may be smooth, knobby, or ridged; or to depressions in the surface, espe-

cially near the distal end. The conspicuous forms are py-

riform, triangular with curved base and roianled angles,

elliptical with or without a broadened distal end, clam-

shell-shaped, and rod-shaped, which may be straight or

bent; also irregularly quadrilateral, mussel-shell-shaped,
and ovoid. The not very numerous small grains are usu-

ally oval or nearly round.

The hilum is sometimes a distinct, small round spot,

with a range of eccentricity of from one-fifth to one-tenth,

usually one-seventh, of the lougituilinal axis. The hilum

is often fissured, and there may be a narrow, clean-cut

transverse or diagonal fissure; or two clean-cut fissures

forming a cross, or a central cavity with several fissures

proceeding from it.

The lamelloi are fairly distinct and usually fine. A
few near the distal end are not so fine as the rest, and

sometimes one fairly near the hilum and one near the

equator appear to separate the finer lamellae into three

groups of varying breadth. The lanielliE are circles,

ellipses, or arcs of circles, and frequently those near the

margin may be seen to be continuous around the grains. They are generally fairly regular, but

sometimes show waviness. There are 30 to 35 on the larger grains.

The grains vary in size. The smaller are 10 by Syu; the larger broad forms are 80 by SSyu, and

the larger elongated forms are 80 by 46,u in length and breadth. The common size is 44 by 40m.

Polaiiscopic Properties. The figure is eccentric, distinct, but not clearly defined; its lines are

often bisected, and further divided into three or more lines for at least a part of their length.

At times there is a more or less distinct line running parallel with the lamellae and located at about

one-third the distance from the hilum to the distal end. This line connects other lines of the figure.

The normal lines are also often bent, variable in width, and placed at varying angles to one another.

The degree of polarization is fairly high to high, varying in different aspects and the same

aspect of the same grain. There is sometimes an area of low jiolarization extending from the hilum

to about one-third the distance to the distal end. Polarization is not so high as that of the grains

of L. candidum.

With selenitc the quadrants are not sharply defined, and they are irregular in shape and very unequal
in size. The colors are usually not pure, the yellow especially being very much intermixed with red.

p
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Iodine Reactions. With 0.25 per cent Lugol's solution the grains ail color a deep blue-violet;

with 0.125 per cent solution they color fairly deeply and the color d(>epens rapidly. It is not so

deep as that of the grains of L. candidum. After heating in water until all the grains are completely

gelatinized, the solution is colored deeply and the gelatinized grains fairly deeply on the addition of

iodine. After boiling for 2 minutes, the solution is colored very deeply, and the grain-residues not

at all or lightly. The capsules are all colored a red-violet with an excess of iodine.

Shrining Reactions. With gentian violet and with safranin the grains begin to stain at once,

and after remaining in the solution for 30 minutes are only lightly stained, not so much as in the

grains of L. candidum.

Temperature Reaction. The temperature of gelatinization is 62.1 to 64.5 C, mean 63.3.

Effects of Various Reagents. With chloral hydrate-iodine the grains begin to react at once.

A few are gelatinized in 1 minute, the majority in 4 minutes, and all in 7 minutes. A dark ring

usually appears at the hilum and clouds of rose-purple color surge quickly over the grain. One
or more protuberances are, as a rule, first formed at the distal margin, although later one is formed

at the proximal end. The gelatinized grains generally have a much-scalloped outline and are thus

more irregular than in L. candidum. The process is qualitatively the same as in the grains of L.

candidum.

With chromic acid the grains begin to react at once and all are dissolved in 50 seconds. Bubbles

are not often formed at the hilum. The reaction is qualitatively the same as in the grains of L.

candidum.

Reaction with pyrogallic acid begins at once and all the grains are gelatinized in a minute.

A bubble is not usually formed at the hilum. In some of the gelatinized grains refractive granules

of ungelatinized starch are observed in the substance of the grain, together with a serrated lining

or nmch-convoluted mass at the distal end and occasionally at the lateral margins. In the smallest

grains the starch ma,v be entirely gelatinized. The gelatinized grains are more varied in shape and

more irregular than in L. candidum, but the reaction is qualitatively the same.

With ferric chloride the grains begin to react at once. A few are gelatinized in 3 minutes, the

majority in 18 minutes, and all in 23 minutes. The flowing gelatinization movement begins fre-

quently at the proximal end, but it may appear first at the corners limiting the distal margin or

along that margin. The reaction is qualitatively the same as in the grains of L. candidum.

Reaction with Purdy's solution begins at once and all the grains are gelatinized in 30 minutes.

The outlines of the gelatinized grains are more irregular than in L. candidum.

STARCH OF LILIUM PUBERULUM. (Plate 24, figs. 143 and 144. Chart 111.)

Histological Characteristics. In form the grains are simple, almost wholly isolated, and without

pressure facets. The surface is often very irregular, being knobbed either near the distal end or

at various parts, or modified by amorphous or lamellated additions, especially to the sides or

distal end. The conspicuous forms are elliptical with rather narrow proximal and somewhat broad-

ened and flattened distal ends, rod-shaped, ovoid, and triangular with rounded angles and curved

base; also clam-shell-shaped and lenticular. The smaller grains include chiefly oval, elliptical, and

nearly round forms.

The hilum, when not fissured, is a small, indistinct round spot, with a range of eccentricity

of one-sixth to one-tenth, usually about one-seventh, of the longitudinal axis. There may be 2 and

sometimes 3 hila in a single grain, and often fissured; several deep fissures may proceed from a

central cavity, or a single straight, rather short and narrow transverse line.

The lamellce are distinct, rather fine, circles, ellipses, or arcs of circles, sometimes very irregular

in shape, varying somewhat in different grains and generally not so fine, but more distinct near the

distal end than near the hilum; but often there is not much distinction between the lamella of the

two locations. There are sometimes one or two smaller sets of lamellae added to the grains, about

36 on the larger grains.

The grains vary in size; the smaller are 10 by 10/^; the larger, narrow elongated grains are 70

by 42ju, and the larger, broader elongated forms are 76 by 60^ in length and breadth. The common
size is 44 by 24/j.

Polariscopic Properties. The figure is eccentric, distinct, but usually not clear-cut in all of its

parts. Its lines are sometimes bisected and even subtlivided into three or more parts for part of

their length, and are also often bent, otherwise distorted, and placed at varying angles to one another.
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The degree of polarization is fairly high to high, varying in different, aspects of the same grain,

being highest when the grain is viewed on end or edge. It is not so liigh as that of tlie grains of

L. candidum.

With selenite the quadrants are usually not well defined, are irregular in shape, and unequal
in size. The colors are usuallj' not pure, especially the yellow.

Iodine Reactions. ^With 0.25 per cent Lugol's solution the grains all color a deep blue-violet;
with 0.12.5 per cent solution they color fairly deejily and the color deepens rapidly. It is the same
as that of the grains of L. candidum. After heating in water until all the grains are completely

gelatinized, the solution colors deeply and the swollen grains very deeply on the addition of iodine.

After boiling for 2 minutes the solution colors very deeply, but most of the grain-residues not at

all, or only lightly. The capsules all color a red-violet

with an excess of iodine.

Staining Reaction. With gentian violet the grains

begin to stain at once and after remaining in the solution

for 30 minutes they are lightly stained, although slightly

more than the grains of L. caiulidum.

With safranin the grains begin to stain at once

and after remaining in the solution for 30 minutes they
are only lightly stained, the same as in the grains of L.

candidum.

Temperature Reaction. The temperature of gelatini-

zation is 62.1 to 62.2 C, mean 62.15.

Effects of Various Reagents. With chloral hydrate-
iodine the grains begin to react at once. A few are gelatin-

ized in 1 minute, the majority in 5 minutes, and all in 15

minutes. The dark ring at the hilum, heretofore noted,
is seldom found. Protuberances usually appear first at

the distal end of the elongated forms and at the corners

limiting the distal margin of the broadly triangular grains.

The outline of the gelatinized grain is very irregular and
often much sacculated. The reaction is qualitatively the same as the grains observed in L. candidum.

The reaction with chromic acid begins at once and the grains are dissolved in 30 seconds. A
bubble was not observed at the hilum. The reaction is qualitatively the same as that noted for

L. candidum.

With pyrogallic acid the grains begin to react at once and all are gelatinized in a minute. The
outline of the gelatinized grain is very irregular. In other respects the reaction is the same as that

observed in L. candidum.

With ferric chloride the grains begin to react at once. A few are gelatinized in 3 minutes, the

majority in 5 minutes, and all in 16 minutes. The reaction is the same as that observed in L. can-

didum, but gelatinization starts simultaneously at both ends in many grains, while others are first

attacked at the distal margin. A rather larger proportion appears to react first at the proximal
end than in L. candiduyn.

Reaction with Purdy's solution begins at once, and all the grains are gelatinized in 30 seconils.

The reaction is the same as that noted under L. candidum.
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Differentiation of Certain Starches of the Genus Ldlium. Continued.

Histological Chauacteristics. Cont inued.

Conspicuous Forms. Coutinueil.

L. titfrinum var. splendens: Same as in L. carululum, ex-

cept more irregular, more rod-sliajied (curved or

bent) and club-shaped. The triangular forms are

narrower, and there are fewer ovoid grains.
L. hcnri/i: Same as in L. camlidum, exec])( more irregular

and fewer ovoid grains.
L. (inralum: Same as in L. camlidum, except more irreg-

ular and more narrow triangular and pyriforni
grains, and not quite so many ovoid forms.

L. speciosum var. album: Same ;is in L. cnudidum, except
more broad and narrow triangular grains and
irregular elliptical grains, and fewer ovoid.

L. marlagon: Same as in L. caiididum, except more irreg-
ular and more irregular elliptical, bottle-shaped,
and rod-shaped, either straight or curved, and fewer
ovoid.

L. superbum: Same as in L. candidum, except fewer ellip-
tical grains.

L. lenuifolium: Same as in L. candidum, except more irreg-
ular and more irregularly elliptical and triangular
and fewer ovoid.

L. pardalinum: Same as in L. candidum, except somewhat
irregular and more pjTiform, clam-shell-shaped,
and curved or straight rod-shaped grains, and fewer
ovoid grains.

L. puberulum: Same as in L. candidum, except often very
irregular, may be double, and more rod-shaped
grains, fev.'er ovoid and triangular.

Hilum Form, Number, and Position.

L. candidum: Form single, small, not very distinct round
spot, often fissured, fissure very short, narrow,
clean-cut, and transverse. Position 0.2 to 0.11 of

longitudinal axis, usually 0.11.

L. longiftorum var. giganteum: Form same as in L. candi-

dum, hut sometimes a cavity and less often fissured.

Position 0.1(5 to 0.11 of longitudinal axis, usually
0.16.

L. hmgiflorum var. eximium: Form same as in L. can-

didum, but rarely if ever a cavity. Position 0.16
to O.li of longitudinal axis, usually 0.16.

L. parryi: Form same as in L. candidum, but more dis-

tinct, usually a cavity, not often fissured. Posi-
tion 0.25 to 0.14 of longitudinal axis, usually 0.2.

L. rubellum: Form same a.s in L. candidum, but more dis-

tinct. Position eccentric 0.2 to 0.2.5 of longitudinal
axis, usually 0.16.

L. philadclphicum: Form same as in L. candidum, but
more distinct, always a cavity, often fissured.

Position eccentric 0.25 to 0.16 of longitudinal axis,

usually 0.20.

L. ligrinum var. splendens: Form same as in L. candidum,
but less often fissured. Position eccentric from
0.20 to 0.16 of longitudinal axis, usually 0.16.

L. henryi: Form same as in L. camlidum, but more dis-

tinct, sometimes a number of irregular fissures.

Position 0.20 to 0.11 of longitudinal axis, usually
0.20.

L. auratum: Form same as in L. candidum. Position
eccentric 0.20 to 0.16 of longitudinal axis, usually
0.20.

L. speciosum var. album: Form same as in L. candidum,
but more distinct. Position eccentric 0.20 to 0.14
of longitudinal axis, usually 0.16.

L. marlngnn: Form same as in L. candidum, but fairly
distinct. Position eccentric 0.20 to 0.10 of longi-
tudinal axis, usually 0.10.

L. superbuyn: Form same a-s in L. carulidum, but fairly
distinct and sometimes oval in shape. Position

eccentric 0.25 to 0.16 of loiiKitudinal axis, u.sually
0.2.

Histological Characteuistics. Continued.

Hilum Form, Number, and Position. Continued.

L. tenuifolium: Same as in L. candidum, but more dis-
tinct and rarely fissured. Position eccentric 0.25
to 0.16 of longitudinal axis, usually 0.2.

L. pardalinum: Same as in L. candidum, but fairly dis-

tinct and sometimes more than one fissure. Posi-
tion eccentric 0.2 to 0.10 of longitudinal axis,
usually 0.14.

L. puberulmn: Same as in L. candidum, but sometimes 2
or even 3 hila in one grain; usually fissured by sev-
eral deep fissures radiating from a central cavity or

by a single, short, straight, transverse line. Posi-
tion eccentric 0.16 to 0.10 of longitudinal axis, usu-

ally 0.14.

LamelloE General Characteristics and Number.

L. candidum: Fairly distinct, comparatively fine eUipses,
rings, or arcs of circles, continuous and discontinu-

ous, usually regular. 34 to 35 on larger grains.
L.longiflorumvax. giganteum: Same asin L. carulidum. 35

to 40 on larger grains.

L.longiflorum^ax. eximium: iiame as in L. candidum. 36
to 38 on larger grains.

L. parryi: Same as in L. candidum, but not so distinct,
sometimes 2 sets of lamellis. 25 to 30 on larger
grains.

L. rubellum: Same as in L. candidum, but slightly more
distinct, rarely 2 sets of lamella;. 26 to 30 on larger
grains.

L. philadelphicum: Same as in L. candidum, but not so
distinct and usually regular. Sometimes 2 or 3 sets
whose longitudinal axis differs from that of the rest
of grain. 15 to 20 on larger grains.

L. tigrinum var. splendens: Same as in L. candidum., but
not so distinct, more irregular, sometimes small sets
of 2 or 3 whose axes difl'er from that of rest of the

grain. About 30 on larger grains.
L. henryi: Same as in L. candidum, but more distinct, not

so fine, more irregular, and sometimes 2 or 3 small
sets added to original grain. 30 to 35 on larger
grains.

L. auratum: Same as in L. candidum, but not so distinct.

Probably about 30 on larger grains.
L. speciosum var. album: Same as in L. candidum, but

more distinct and sometimes 2 sets whose longi-
tudinal axes do not coincide with the longitudinal
axis of the grain. 42 to 44 on larger grains.

L. martagon: Same as in L. candidum, but more distinct,
more irregular, and are continuous at the margin.
Sometimes 1 or 2 additional sets. 15 to 20 on
larger grains.

L. superbum: Same as in L. candidum, but not so distinct,
1 or 2 additional sets of lamellae. Number not de-
termined.

L. tenuifolium: Same as in L. candidum, but not so dis-

tinct. About 20 to 25 on larger grains.
L. pardalinum: Same as in L. candidum, but sometimes

continuous around the margin. 30 to 35 on larger

grains.
L. puberulum: Same as in L. candidum, but somewhat

more distinct, more irregular, and may have 1 or
2 smaller sets added to main set. About 36 on

larger gn'ains.

Size.

L. candidum: From S to 70/j, commonly 40/a.

L. longiflorum var. giganteum: From S to 70;^, commonly
"40m.

L. longiflorum var. eximium: From 5 to 72;u, commonly
46m.

L. parryi: From 4 to 60m, commonly 32m.
L. rubellum: From 4 to 64m, commonly 38m.
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Differentiation of Certain Starches of the Genus Lilium. Continued.

Histological Characteristics.-

Size. Coutlnued.

-Continued.

L. philadelphicum: From 4 to 50^, commonly 30;u.

L. tigrinum var. splcndens: From 6 to o4/i, commonly 32/i.

L. henriji: From 6 to 90/i, commonly 40|i.

L. auralum: From S to SOm, commonly 42^.
L. speciosum var. album: p>om 4 to 52m, commonly 34^.
L. marlagon: From 12 to 60^, commonly 34m.
L. supcrbum: From 7 to GOm, commonly 34m.
L. teiiiiifoUiaii: From 4 to 42m, commonly 32m.

L. pardaUiium: From 10 to SOm, commonly 44m.
L. pubendum: From 10 to 76m, commonly 44m.

PoLARiscopic Properties.

Figure.

L. candidum: Very eccentric, distinct, not clear-cut; lines

often bisected or further divided, bent, intersect at

varjang angles, vary in width.

L. longiflorum var. giganleum: Same as in L. candidum,
but not so often bent.

L. longiflorum var. eximium: Same as in L. candid%im,.

L. parryi: Same as in L. candidum, but the lines more
often bisected or further divided.

L. rubellum: Same as in L. candidum.
L. philadelphicum: Same as in L. candidum, but more apt

to be clear-cut.

L. tigrinum var. splcndens: Same as in L. catididum, but
the lines not usually bisected.

L. henryi: Same as in L. candidum, but less clear-cut.

L. auralum: Same as in L. candidum.
L. speciosum var. album: Same as in L. candidum, but not

so much bent.

L. marlagon: Same as in L. candidum.
L. superbu7n: Same as in L. candidum.
L. tenuifolium: Same as in L. candidum, but not so often

bisected.

L. pardalinum: Same as in L. candidum.
L. pubendum: Same as in L. candidum.

Degree of Polarizalion.

L. candidum: High.
L. longiflorum var. giganleum: Fairly high, not so high as

in L. candidum.
L. longiflorum var. eximium: High, somewhat variable,

less than in L. candidum..

L. parryi: High, varies somewhat, sUghtly less than in L.

candidum.
L. rubellum: High, varies somewhat, less than in L. can-

didum.
L. philadelphicum: High, varies somewhat, less than in L.

candidum.
L. tigrinum var. splcndens: High to fairly high, less than

in L. candidum.
L. henryi: High, varies somewhat, higher than in L. can-

didum.
L. auralum: High, sUghtly less than in L. candidum.
L. specioswn var. album: High, slightly less than in L.

candidum.
L. marlagon: Fairly high, less than in L. candidum.
L. supcrbum: Fairly high, variable, less than in L candidum.
L. tenuifolium: Fairly high, somewhat variable, less than

in L. candidum.
L. pardalinum: Fairly high to high, less than in L. candi-

dum.
L. pubcrulum: Fairly high to high, less than in L. candidum .

Polarizalion mlh Sclenite Quadrants and Colors.

L. candidum: Quadrants not sharply tlefined, somewhat
irregular in shape, and imequal in size. Colors

usually not pure.
L. longiflorum var. giganleum: Quadrants fairly well de-

fined, as a rule regular in shape, unequal in size.

Colors pure or fairly pure.

PoLARiscoPic Properties. Continued.

Polarization with Selenite Quadrants and Colors. Cont'd.

L. longiflorum var. eximium: Quadrants the same as in L.

candidum, exceiJt more regular. Colors not very
pure.

L. parryi: Quadrants the same as in L. catididum, except
more irregular. Colors usually not pure.

L. rubellum: Quadrants the same as in L. candidum, except
more irregular. Colors usually not pure.

L. philadelphicum: (Juadrants the same as in L. candidum,
except more irregular and better defined. Colors

usually not pure.
L. tigrinum var. splcndens: Quadrants the same as in L.

candidum. Colors usually not pure.
L. henryi: Quadrants the same as in L. caiulidum, except

more irregular. Colors not pure.
L. auralum: Quadrants the same as in L. candidum, except

more often irregular. Colors not pure.
L. speciosum var. album: Quadrants the same as in L. can-

didutn, except more regular. Colors fairly pure.
L. marlagon: Quadrants the same as in L. candidum, ex-

cept better defined and more irregular. Colors

usually not pure.
L. superbum: Quadrants the same as in L. candidum.

Colors usually not pure.
L. tenuifolium: Quadrants the same as in L. candidum.

Colors not pure.
//. pardalinum: Quadrants the same as in L. candidum,

but more irregular. Colors usually not pure.
L. pubcrulum: Quadrants the same as in L. candidum, but

more irregular. Colors usually not pure.

Iodine Reactions.

Intensity and Color.

L. candidum: Deep; violet-blue.

L. longiflorum var. giganleum: Deep, slightly less than in

L. candidum; blue-violet.

L. longiflorum var. eximium: Deep, shghtly less than in

L. candidum; blue-violet.

L. parryi: Deep, less than in L. catididum; blue-violet.

L. rubellum: Deep, less than in L. candidum: blue-\'iolet.

L. philmlelphicum: Fairly deep, much less than in L. can-

didum; blue-violet.

L. ligrin um var. splcndens: Deep, deeper than in L. can-

didum; blue-violet.

L. henryi: Deep, slightly less than in L. candidum; blue-

violet.

L. auralum: Deep, slightly less than in L. candidum; blue-

violet.

L. speciosum var. album: Deep, deeper than in L. candi-

dum; blue-violet.

L. marlagon: Deep, slightly less th.in in L. candidum;
blue-violet.

L. superbutn: Deep, deeper than in L. candidum: blue-

violet.

L. tenuifolium: Deep, same asin L. candidum; blue-violet.

L. pardalinum: Deep, less than in L. candidum; blue-

violet.

L. pubcrulum: Deep, same as in L. candubim, blue-violet.

Staining Reactions.

With Gentian Violet.

L. candidum: Light.
L. longiflorum var. giganleum: Light, same as in L. candi-

dum.
L. longiflorum var. eximium: Light, the same as in L. can-

didum.
L. parryi: Fair, more than in L. candidum.

L. rubellum: Very light, less than in L. candidum.

L. philintelphicum: Fair, more than in L. candidum.

L. tigrinum var. splcndens: Fair, more than in />. candi-

dum.
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Differentiation of Certain Starches of the Genus Lilium. Continued.

Staining Heactions. Continued.

With Genlimi Violcl. Continued.

L. henryi: Fair, more than in L. candidum.
L. auralum: Light, the same ;is in L. ciindidum.

L. spcciosum var. album: Light, the same as in L. candi-
dum.

L. martagon: Light, less than in L. cniuUduiit.

L. superbum: Light, less than in L. nindidniii.

L. h-nuifolium: Fair, more than in L aiiiilidiim.

L. piirddtiiiiiin: Light, less than in Ij. cnndidniii.

L. pubtrulum: Light, slightly more than in L. aindidum.

With Safranin.

L. candidum: Light to fair.

L. longiflorum var. giganteum: Light, slightly less than in

L. candidum.
L. longiflorum var. eximium: Very light, less than in L.

candidum.
L. parnfi: Light, slightly less than in L. candidum.
L. rubellum: Very light, much less than in L. candidum.
L. philadelphicum: Rather light, less than in L. candidum.
L. tigrinum var. splendens: Light, slightly less than in L.

candidum.
L. henryi: Light to fair, the same as in L. candidum.
L. auratum: Light to fair, the same as in L. candidum.
L. speciosum var. album: Light, slightly less than in L.

candidum.
L. martagon: Very light, less than in L. candidum.
L. superbum: Light, less than in L. candidum.
L. tenuifolium: Light, less than in L. candidum.
L. pardalinum: Light, less than in L. candidum.
L. pubiTulum: Light to fair, the same as in L. candidum.

Temperature op Gelatinization.

L. candidum: 6L2 to 62.1 C, mean 61.65.
L. longiflorum var. giganteum: 62.1 to 63 C, mean 62.55.
L. longiflorum var. eximium: 65 to 66.2 C, mean 65.6.
L. parriji: 52 to 53.2 C, mean 52.6.
L. rubellum: 60.8 to 61.1 C, mean 60.95.
L. philadelphicum: 62.8 to 65 C, mean 63.9.
L. tigrinum var. splendent: 61.7 to 62.4 C

,
mean 62.05.

L. henryi: 55.9 to 56.1 C, mean 56.0.
L. auralum: 58 to 59.2 C, mean 58.6.
L. speciosum var. album: 64.1 to 64.6 C, mean 64.35.
L. martagon: 58.5 to 59.7 C, mean 59.1.
L. superbum: 60.8 to 62.4 C, mean 61.6.
L. tenuifolium: 56.6 to 58 C, mean 57.3.
L. pardalinum: 62.1 to 64.5 C., mean 63.3.
L. puberulum: 62.1 to 62.2 C, mean 62.15.

Effects of Various Reagent.?.

Reaction with Chloral Hydrate-Iodine.

L. candidum: Begins at once; complete in all in 15 minutes.
L. longiflorum var. giganteum: Begins at once; complete

in all in 12 minutes.
L. longiflorum var. eximium: Begins at once; complete in

all in 10 minutes.
L. parryi: Begins at once; complete in all in 5 minutes.
L. rubellum: Begins at once

; complete in all in 10 minutes.
L. philadelphicum: Begins at once; complete in all in 9

minutes.
L. ligrin uin var. splendens: Begins at once; complete in all

in 4^2 minutes.
L. henryi: Begins at once; complete in all in 15 minutes.
L. auratum: Begins at once; complete in all in 17 minutes.
L. speciosum var. album: Begins at once; comiilete in all

in 5 minutes.
L. martagon: Begins at once; complete in all in 5 minutes.
L. superbum: Begins at once; complete in all in 10 minutes.
L. tenuifolium: Begins at once; complete in all in 8 min-

utes.

L. pardalinum: Beginsatonce; completeinall in4niinutes.

L. puberulum: Beginsatonce; complete in all in 15minutes.

Effects of Various Reagents. Continued.

Reaction with Chromic Acid.

L. candidum: Begins at once; complete in all in 50 sec-
onds.

L. longiflorum var. giganteum: Begins at once; complete
in all in 40 seconds.

L. longiflurum var. eximium: Begins at once; complete in

all in 45 seconds.
L. pnrryi: Begins at once; complete in all in 15 seconds.
L. rubiitiim: Beginsatonce; coini)lete in all in 30 seconds.
L. philadelpliicum: Begins at once; complete in all in 20

seconds.
L. tigrinum var. splendens: Begins at once; complete in

all in 15 seconds.
L. henryi: Begins at once; complete in all in 40 seconds.
L. auratum: Begins at once; complete in all in 70 seconds.
L. speciosum var. album: Begins at once; complete in all

in 25 seconds.
L. martagon: Begins at once; complete in all in 25 seconds.
L. superbum: Begins at once; complete in all in 25 seconds.
L. tenuifolium: Begins at once; complete in all in 40 sec-

onds.
L. pardalinum: Begins at once; complete in all in 50 sec-

onds.
L. puberulum: Begins at once; complete in all in 30 sec-

onds.

Reaction with Pyrogallic Acid.

L. candidum: Begins in 10 seconds; complete in all in 60
seconds.

L. longiflorum var. giganteum: Begins at once; complete
in all in 45 seconds.

L. longiflorum var. eximium: Begins in 20 seconds; com-
plete in all in 150 seconds.

L. parryi: Begins at once; complete in all in 20 seconds.
L. rubellum: Beginsatonce; complete in all in 25 seconds.
L. philadelphicum: Begins at once; complete in all in 17

seconds.

L. tigrinum var. splendens: Begins at once; complete in

all in 35 seconds.
L. henryi: Begins at once; complete in all in 60 seconds.
L. auratum: Begins at once; complete in all in 60 seconds.
L. speciosutn var. album: Begins at once; complete in all

in 20 seconds.
L. martagon: Begins at once; complete in all in 20 seconds.
L. superbum: Beginsatonce; complete in all in 35 seconds.
L. tenuifolium: Begins at once; complete in all in 30 sec-

onds.
L. pardalinum: Begins at once; complete in all in 60 sec-

onds .

L. puberulum: Begins at once; complete in all in 60 sec-

onds.

Reaction witli. Ferric Chloride.

L. candidum: Begins in 60 seconds; complete in all in 21
minutes.

L. longiflorum var. giganteum: Begins in 90 seconds; com-
plete in all in 17 minutes.

L. longiflorum var. ccimium: Begins in 30 seconds; com-
plete in aU in 10 minutes.

L. parryi: Begins in 30 seconds; complete in all in 14
minutes.

L. rubellum: Begins in 60 seconds; complete in all in 16
nainutes.

L. philadelphicum: Begins in 30 seconds; complete in all

in 11 minutes.
L. tigrinum var. splendens: Begins at once; complete in

nearly all in 7 minutes.
L. henryi: Begins in 60 seconds; complete in all in 30

minutes.
L. auratum: Begins in 60 seconds; complete in all in 10

minutes.
L. speciosum var. album: Begins in 10 seconds; complete

in all in 17 minutes.
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Differentiation of Certain Starches of the Genus Lilium. Continued.

Effects of Vamous Reagents. Continued.

Reaction with Ferric Chloride. Continued.

L. marlagon: Begins in 40 seconds; complete in all in 15
minutes.

L. siiperbum: Begins in 30 seconds; complete in all in 10
minutes.

L. tenuifolium: Begins at once; complete in all in 17 min-
utes.

L. pardalinum: Begins at once; complete in all in IS min-
utes.

L. puberulutn: Begins at once; complete in all in 10 min-
utes.

Reaction with Pttrdy's Solution.

L. candidum: Begins at once; comjjlete in all in 40 seconds.

L. longiflorum var. giganteum: Begins at once; complete
in all in 35 seconds.

L. longiflorum var. cximium: Begins at once; complete
in all in 30 seconds.

Effects of Various Reagents. Continued.

Reaction with Purdy's Solution. Continued.

L. parryi: Begins at once; complete in all in 20 seconds.

L. rubfilum: Begins at once; complete in all in 20 seconds.

L. philadelphicum: Begins at once; comijlete in all in 23
seconds.

L. iigrinum var. spletidcns: Begins at once; complete in

all in 20 seconds.
L. henryi: Begins at once; complete in all in 20 seconds.

L. auratum: Begins at once; complete in all in 35 seconds.

L. speciosum var. album: Begins at once; complete in all

in 15 seconds.
L. martagon: Begins at once; complete in all in 25 .seconds.

L. superbiim: Begins at once; complete in all in 25 seconds.

L. tenuifolium: Begins at once; complete in all in 25
seconds.

L. pardalinum.: Begins at once; complete in all in 30
seconds.

L. puberulum: Begins at once; complete in all in 30 seconds.

NOTES ON THE STARCHES OF LILIUM.

Throughout the Hhes there is a common type of grain with variations to be noted in the differ-

ent starches; also some differences, rather indefinite, between the groups constituted by the sub-

genera. By reference to the photographs (plates 20 to 24) it will be found that the general appear-
ances of the starches obtained from the members of the subgenus Eulirion have characteristics

exceedingly alike, the main differences being in size and numerical distribution of the different

conspicuous forms. In L. philadelphicu7n, the onlj' member of the subgenus IsoUrion, the grains

are smaller, but the shape of the grain is distinctly more towards the type in which both ends are

of the same form, in contradistinction to the grain of Eulirion, where one end tends to be larger

than the other; and the hilum is more distinct, but the lamella; generally less distinct. In the sub-

genus Archlirion there is a marked tendency to irregularity of shape, and particularly to grains that

have the distal end flattened. The starch of L. tigrinuni var. splendens differs very noticeably from
those of other species of this subgenus. In the subgenus Martagon the histological peculiarities, on
the whole, bear a much closer relationship to Archlirion than to Eulirion or IsoUrion. In the polari-

scopic and other reactions, while all the starches exhibit specific differences here and there, they are

not differences which are associated with the subgenera grouping in other words, composite curves

of the reactions of the members of the several subgenera would not differ in essential respects from one

another. It may be that the division into subgenera, as quoted, is botanically artificial and not in ac-

cord \vith inherent peculiarities of the species. The starches of the different species differ, and in some
of the reactions, especially in the temperature of gelatinization, the variations are more or less marked.

GENUS FRITILLARIA.

Fritillaria is a genus of liliaceous, bulbous plants, mostly natives of Europe and Asia, and to

some extent of the Pacific slope of North America. Nearly all the Old World fritillaries resemble

tulips in having tunicated bulbs, while those of the New World resemble the lilies in having scaly
bulbs. Some are popularly known as lilies, and one of the best known native species {F. meleagris)
is referred to popularly as the snakes-head lily or checkered lily, but its flowers are bell-shaped,
while those of the lilies are funnel-shaped. The genus has been divided by Baker into 10 subgenera
and includes about 40 species. In accordance with peculiarities of the bulbs, the genus has been

classified in two groups. Starches from 8 specimens were examined, including the following:

Group I, having tunicated bulbs: F. meleagris Linn., F. pyrenaica Linn., F. pudica Spreng.,
F. aurea Schott., F. armena Boiss.

Group II, having scaly bulbs : F. impcrialis var. aurora Hort., F. liliacea Lindl., F. rccurva Benth.

STARCH OF FRITILLARIA MELEAGRIS. (Plate 25, figs. 145 and 140. Chart 112.)

Histological Characteristics. In form the grains are almost solely simple and isolated, except
a few in small aggregates. Very rare compound grains of few components are observed. The
surface is usually regular, and such irregularities as occur take the form of small rounded projec-
tions or nipple-Uke processes from the sides or distal end, and are prol)ably due to unecjual develop-
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Chart No. 112.

ment. The ronsjiicuous forms arc the (>lli]itical, the rod-shajx'd (wliicli is somotimes bent), the

irroRuhir ('llii)ti("al (which iia.s a Iji-oatleiUHl distal end), triaiisular (with ciirvcxl l)ase and rounded

angles), and pyriform; also, ovoid, clam-shell-shapcd, and quadrilateral with rounded angles.

The hilum is a fairly distinct and large round spot or cavity. It is eccentric from one-fourth

to one-sixth, usually about one-fifth, of the longitudinal axis of the grain. It is frequently fissured,

the fissure being a straight, clean-cut line, usually very short.

The lamellce are not \'ery distinct fine circles or ellipses, or segments of circles, which generally

follow the outline of the grain and are regular. They are not so fine, but fairly distinct for the

most part near the hilum. The numVier was not determined.

The grains vary in size. The small grains are 10 by 8//; the larger are narrow, elongated forms,

56 by 30;u; the broader, elongated forms are 55 by 38/j in length and breadth. The common
sizes of the two latter forms are 34 by 21;li and 30 by 24//.

Polariscopic Properties. The figure is eccentric, distinct, but not clear-cut. Some of its lines

are broad and not clearly outlined for the greater part of their length; they are sometimes bisected

and occasionally bent and otherwise distorted, and vari-

able in width.

The degree of polarization is fairly high, varying
somewhat in different grains and materially in different

aspects of the same grain, being highest when the grain

is viewed on end or edge. In the same aspect of a grain

it is often low^er near the distal end.

With selenite the quadrants are generally not very
well defined, are usually irregular in shape, and unequal in

size. The colors are usually not pure.

Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains all color a fairly deep blue-violet; with

0.125 per cent solution they color rather lightly, and the

color deepens fairly rapidly. After heating in water until

all the grains are completely gelatinized, the solution

colors deeply and the gelatinized grains fairly deeply on

the addition of iodine. After boiling for 2 minutes the

solution colors very deeply and the grain-residues lightly

or not at all. The capsules all color a violet when an

excess of iodine is added.

Staining Reactions. With gentian violet the grains stain very faintly at once and in 30 minutes

are fairly colored. The hilum and refractive lamella; do not appear to be affected.

With safranin the grains stain very faintly at once and in 30 minutes arc stained light to fair. A
tint seems to be present in the hilum and refractive lamellaj which are unaffected by the gentian violet.

Temperature Reaction. The temperature of gelatinization is 58.9 to 60.1 C, mean 59.5.

Effects of Various Reagents. With chloral hydrate-iodine the grains begin to react at once.

A few are gelatinized in 13/^ minutes, the majority in 4 minutes, and all in 5 minutes. The entire

grain is at once colored either a reddish violet or an old-rose, a border of deeper shade forming directly

within the outer limiting layer; and either a dark transverse line or a ring appears near the hilum

in many grains. Tinted, cloud-like masses in some grains stream from the distal end towards the

proximal end; while in others a dehcate, elongated, granular ring forms a short distance within the

dark-blue border. The grain continues to swell, and one or more protuberances are formed at the

distal end or at either corner of the distal margin, and a knob-like swelling now starts at the proxi-

mal end. From these masses gelatinization proceeds towards the center, pushing before them a

thin, colorless mass which forms a line of demarcation between the gelatinized and non-gelatinized

portions of the grain. Finally, the entire grain is gelatinized and appears much enlarged and some-

what irregular in outline, but retains the general shape of the untreated grain. Either a light,

translucent area or a transverse line is frequently found at the hilum.

With chromic acid the grains begin to react immediately; many are dissolved in 10 seconds

and all in 15 seconds. The hilum l^ecomes very distinct and a bubble is usually formed here. The

proximal end elongates very rapidly and ruptures, and the whole grain is quickly dissolved. The

reaction is so rapid that it is impossible to describe it minutely.

P 1 GV T P
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With pyrogalMc acid the grains begin to react at once. Many are gehitinizcd in 20 seconds

and all in 35 seconds. Both hilinii and lamella; become distinct. The hilum, at which a bubble

frequently appears, swells; the proximal end elongates; fine radiating lines pass from the gelatinized

mass towards the distal and lateral margins; and the entire grain becomes gelatinized. As the

grain swells the striated lamellae at the lateral and distal margins may be cut down at several points
almost to the capsule, forming a serrated lining which remains, especially at the distal end, when the

reaction is complete. The gelatinized grain does not retain much of the form of the untreated grain.

The grains begin to react A\ith ferric chloride in a minute. A lew are gelatinized in 2 minutes,

many in 4 minutes, and all in 11 minutes. At first neither the hilum nor the lamellse are distinct;

the marginal portion appears as a striated border, more transparent and darker in color than the

central part. At the hilum either a dark transverse line or a bubble is formed, which increases in

size and persists for some time, Init finall.y disappears; and fine lines pass from the central mass

towards the lateral and distal margins. Gelatinization and a rapid distension of the capsule

frequently begin simultaneously at both ends; but in the broadly triangular and clam-shell-shaped

grains it more often starts at the corners limiting the distal margin, followed quickly by swelling of

the proximal end. The central portion of all grains is the last to become gelatinized. The gelatin-
ized grain is much swollen, the outline of the distal and lateral parts is imdulating, and the

proximal end is more regular, rounded, and flattened, but occasionallj' at this ])oint the next to

the outer layer is invaginated. At the distal end the grain is irregularly folded and seamed.

Reaction Avith Purdy's solution begins at once. It is complete in many grains in 15 seconds

and in all in 30 seconds. The hilum becomes distinct as a clear spot, or a bubble may appear at

this point. Two clear lines pass obliquely from the hilum towards the corners of the distal margin,
or one larger, central, root-like channel may proceed from the base of the swollen hilum towards

the distal margin. The proximal end swells, and if there is a bubble at this point it increases in

size, and just before it collapses there is an invagination of the outermost layer, either at the proximal
end or at the side nearl>y. Fine lines pass from the two main lines, and many lines appear over the

grain, imtil finally all the grain substance is gelatinized. In some grains a small mass of granulated
substance or a few convoluted lamellse may remain ungelatinized. The gelatinized gi-ain is much
swollen in both the longitudinal and transverse axes and retains very little of the shape of the un-

treated grain. Gelatinization is so rapid that the minute details can not be studied with satisfaction.

STARCH OF FRITILLARIA PYRENAICA. (Plate 25, figs. 147 and 148. Chart 113.)

Histological Characteristics. In form the grains are almost wholly simple and isolated, except
a few in small aggregates. Rare compound grains of few components are noted. No pressure facets

were observed on the isolated grains. The surface is usually regular, with sometimes small protu-
berances and rarely an uneven, rather fluted surface at the distal end, due to pressure or irregu-

larities of development. The consjiicuous forms are the pyriform to bottle-shaped, the ovoid, the

elliptical, and the triangular with curved base and rounded angles; also rod-shaped and nearly round

grains. The smaller grains are usuall}' nearly round, ovoid, or rod-shaped.
The hilum is an indistinct, rather small round spot. It is eccentric from one-fointh to one-sixth,

usually one-fifth, of the longitudinal axis of most of the grains. The hilum is occasionally marked

by a cavity, or by a fissure in the form of a narrow, short, transverse line.

The lamelloe are indistinct, fine, regular circles, ellipses, or arcs of circles, mostly of the same
outline as the grain. Near the equator and distal end of the grain they are probably discontinuous

and have the form of arcs of circles; they are usually not so fine, but more distinct, at the equator
and distal third of the grains than elsewhere. The nmnber was not determined.

The grains vary in size; the smaller are 10 by 10//, the larger, narrow elongated grains are

54 by 26m, and the broader elongated grains are 52 by 39/i in length and breadth. The common
sizes of the last two forms are respectively 30 by 17//, and 30 by 20// in length and breadth.

Polariscopic Properties. The figure is eccentric, distinct, but not clear-cut. The lines compos-

ing it often are broad and not clearly defined for the greater part of their length. They are usually

straight, but sometimes bent, and they vary in width.

The degree of polarization is fairly high, varjdng somewhat in different grains and much in

different aspects of the same grain, being highest when the grain is viewed on end or edge. In the

same aspect of a grain it is often lower near the margin and distal end than near the hilum. It is

slightly higher than that of the grains of F. meleagris.
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of eccentricity is one-fourth to one-sixth, in most grains one-fourtii, of the longitudinal axis. It

is often fissured, and the fissure may be a single straight, short, transverse line; or there may be a

very large number of irr(>gular lines proceeding from a common center.

The lamellw are indistinct, fine, cither regular or irregular rings or ellipses or segments of circles.

There are usually two or three or more lamellie at the outer margin, which are coarse and distinct

and probably formed at a different period from the rest of the grains. The number was not

determined.

The grains vary in size; the smaller are 6 by 6/i; the larger are 64 by 54ju. The common sizes

of the large broad and narrow grains are, respectively, 36 by 34^ and 32 by 22i.i in length and
breadth.

Polariscopic Properties. The figure is eccentric, distinct, and usually not clear-cut; its lines

are often broad and not clearly outlined for some part of their length; also often bisected or further

subdivided, and may be bent and variously distorted,

varying in width.

The degree of polarization is fair to fairly high, vary-

ing also in different aspects of a grain, being highest when
the grain is viewed on end or edge; sometimes also in the

same aspect of a grain, being higher near the hilum than

near the margin or distal end, or the reverse. It is not

usually quite so high as that of the grains of F. meleagris.

With sclenite the quadrants are not well defined, are

generally irregular in shape, and unequal in size. The
colors are not usually pure.

Iodine Reactions. With 0.2.5 per cent Lugol's solu-

tion the grains all color a deep blue-violet; with 0.125

per cent solution they color fairlj' and the color deepens
rather rapidly. It is more than that of the grains of F.

meleagris. After heating in water until all the grains are

completely gelatinized, the solution and the gelatinized

grains color somewhat deeply on the addition of iodine.

After boiling for 2 minutes the solution colors very

deeply, Isut most of the grain-residues not at all. Many
of the grains are entirely disintegrated. The capsules all color a violet \vith an excess of iodine.

Staining Reactions. With gentian violet the grains are slightly stained at once, somewhat

deeper than in F. meleagris. In 30 minutes they are fairly stained and the color is of the same depth
as that of the grains of F. meleagris.

With safranin the grains are slightly stained at once, somewhat deeper than in /''. meleagris.

In 30 minutes they are stained light to fair, the same as that of the grains of F. meleagris.

Temperature Reaction. The temperature of gelatinization is 49.1 to 50 C, mean 49.6.

Effects of Various Reagents. With chloral hydrate-iodine the grains begin to react at once.

A few are completely gelatinized in 30 seconds, half in 3 minutes, and all in 5 minutes. The reaction

is qualitatively the same as that in F. meleagris.

The grains begin to react with chromic acid at once. Many are dissolved in 10 seconds and all

in 15 seconds. The process is qualitatively the same as F. meleagris.

Reaction with pyrogallic acid begins inamediately and gelatinization in all is complete in 20

seconds. The reaction is qualitatively the same as in F. meleagris.

With ferric chloride the grains begin to react in 30 seconds. Very few are gelatinized at once,

about one-fifth in 5 minutes, and all in 20 minutes. The striated border noted in F. meleagris is

very narrow or absent. A dark bubble or cleft appears in some grains at the hilum, as was occa-

sionally found in F. meleagris. The gelatinized grains vary considerably in shape; some are extended

more in the longitudinal and others more in the transverse axis. The reaction is qualitatively the

same as that of F. meleagris, except that gelatinization and distension of the capsule usually begin

simultaneously at several points on the surface of the grain.

Reaction with Purdy's solution begins immediately. It is complete in most grains in 10 seconds

and in all in 15 seconds. The gelatinized grains vary in form, some being much distorted and hav-

ing a convoluted mass at the distal end, while others are more regular in outline and have very
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little migclatinized starch left at the ilistal end. Some of them are swollen more in the longitudinal
than in the transverse axis, while in others the opposite is noted. The process is so very rapid that

details can not be observed.

STARCH OF FRITILLARIA AUREA. (Plate 26, figs. 151 and 152. Chart 115.)

Histological Characteristics. In form the grains are almost wliolly simple and isolated, except
a few in aggregates in the form of doublets and triplets. Compounds are noted rarely. Pressure

facets are observed at the distal end of a few of the gi'ains. The surface of the grains is, as a rule,

more or less irregular. Some irregularities occur in the form of protuberances from the sides and

ends, particularly the proximal end, and also some slighter irregularities. The conspicuous forms
are the triangular with curved base and rounded angles, pjTiform, and elliptical; also, rod-shaped,

ovoid, nearlj^ roimd, and clam-shell-shaped. The small grains, which are not numerous in this

specimen, are usually rod-shaped, round, oval, or pyriform.
The hilum is a small, round, not very distinct spot or cavity, usually eccentric from one-third

to one-fifth, in most grains one-fifth, of the longitudinal axis. Sometimes 2 hila appear in a single

grain. In addition to the cavity, the hilum is sometimes fissured in a single line, rather long but

straight, or doubly curved, one curve on each side of the central point.
The larnelloe are usually fairly distinct, fine, regular circles or segments of circles, varying in

distinctness in different grains and in size and distinctness in different parts of the same grains,

being not so fine but more distinct near the distal end
than near the hilum. The number was not estimated.

The grains varj- in size; the smaller are 6 Ijy 6ju; the

larger elongated are 52 bj' 40yu ;
the broader are 44 by 44yu

in length and breadth. The common size is 34 by 32/i.

Polariscopic Properties. The figure is eccentric, dis-

tinct, but not clear-cut. Some of its lines are broadened

and not clearly outlined for at least a part of their length;

sometimes also bisected, and even further divided, fre-

quently bent, and of variable width.

The degree of polarization is fairly high, varying
somewhat in different grains and in different aspects of

the same grain, l^eing highest when the grain is viewed

on end or edge. It varies also sometimes in different

parts of the same aspect of a grain, often being not so

high near the distal end as near the proximal end. It is

higher than that of the grains of F. mcleagris.

With selenite the quadrants are usually not very well

defined, and are regular or irregular in shape and unequal
in size. The colors are generally fairly pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains all color a fairly deep blue-

violet; with 0.125 per cent solution they color rather lightly and the color deepens fairly rapidly.

It is less than that of the grains of F. meleagris. After heating in water until all the grains are com-

pletely gelatinized, the solution colors fairly and the gelatinized grains deeply on the addition of

iodine. After boiling for 2 minutes the solution colors deeply and most of the grain-residues fairly.

The capsules all color a violet with an excess of iodine.

Staining Reactions.- With gentian inolet and ^^dth safranin the grains stain very faintly at once

and in 30 minutes they are still only slightly colored. The stain is not so much as that of the grains

of F. meleagris.

Temperature Reaction. The temperature of gelatinization is 61.5 to 64 C, mean 62.75.

Effects oj Various Reagents. With chloral hydrate-iodine the grains begin to react at once.

Some are completely gelatinized in Ij^ minutes and all in 10 minutes. The reaction is qualitatively

the same as the grains of F. meleagris. The knob-like protuberances at the proximal end more often

appear sooner than similar formations at the corners limiting the distal margin, or at the distal

margin, than in the grains of F. meleagris.

With chromic acid the grains begin to react at once. Some are dissolved in 15 seconds and all

in 25 seconds. The reaction is qualitatively the same as in F. meleagris.

34
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The grains begin to react uith pyrogallic add in 10 seconds. Many arc gelatinized in 30 seconds

and all in 40 seconds. The process is the same as in F. meleagris, but the appearance of bubbles

at the hilum is less frequent and the gelatinized grain is more regular in outline.

Reaction with ferric chloride begins at once. A rapid distension of the capsule begins in 30

seconds. Several grains are gelatinized in 2 minutes, the majority in 5 minutes, and all in 7 minutes.

The reaction is qualitatively the same as in F. meleagris, but the striated border becomes broader

before distension of the capsule.

The reaction with Purdy's solution begins at once. Many grains are gelatinized in 30 seconds,

almost all in a minute, and all in 2 minutes. The reaction is qualitatively the same as that of the

grains of F. vieleagris.

STARCH OF FRITILLARIA ARMENA. (Plate 26, figs. 153 and 154. Chart 116.)

Histological Characteristics. In form the grains are almost wholly simple and with rare excep-

tions are isolated, with few pressure facets. Compounds and doublets are very rare. The surface

is usually regular, and such irregularities as occur take the form of the greater prominence of one part
of the margin than of the rest, and of very slight inequalities. The conspicuous forms are broad and

narrow triangular with curved base and rounded angles, elliptical, and oval; also ovoid, pyriform,

rod-shaped, nearly round, and clam-shell-shaped. The small grains, not very numerous in this

species, are round, rod-shaped, oval, and pyriform.
The hilum is a small, round, not very distinct spot,

or rarely a cavity. It is eccentric one-fourth to one-sixth,

in most grains one-fifth, of the longitudinal axis, with

sometimes 2 hila in a single gi-ain. The hilum is occa-

sionally fissured in a single short, narrow, straight line,

transverse or sometimes longitudinal.

The lamellce are fine, indistinct circles, ellipses, or arcs

of circles, nearly always regular, varying in size and dis-

tinctness in different grains, and usually are not so fine

but more distinct near the distal end than near the hilum.

The number was not determined.

The grains vary in size; the smaller are 8 by 8/j ;
the

larger are 40 by 34/i in length and breadth; the common
sizes measure respectively 28 by 24/ and 26 by 15ju in

length and breadth.

Polariscopic Properties. The figure is eccentric, dis-

tinct, usually not clear-cut. Its lines are generally broad

and not clearly defined in some part of their length, some-

times bisected and curved.

The degree of polarization is fair to fairly high, varying in different aspects of the grain, highest

when the grain is viewed on end or edge. It is not quite so high as that of the grains of F.

meleagris.

With selenite the quadrants are not well defined, usually regular in shape, and unequal in

size. The colors are generally fairly pure.
Iodine Reactions. With 0.25 per cent Lugol's solution the grains all color a fair blue-violet;

with 0.125 per cent solution they color very lightly and the color does not deepen very rapidly.

It is much less than that of the grains of F. meleagris. After heating in water until all the grains

are completely gelatinized, the solution colors fairly and the gelatinized grains deeply on the addi-

tion of iodine. After boiling for 2 minutes the solution colors deeply and most of the grain-residues

color fairly. The capsules all color a violet when an excess of iodine is added.

Staining Reactions. With gentian molet and with safranin the grains stain faintly at once and

in 30 minutes are but lightly stained, not so much as the grains of F. meleagris.

Temperature Reaction. The temperature of gelatinization is 66.1 to 67.1 C, mean 66.6.

Effects of Various Reagents.- With chloral hydrate-iodine the grains begin to react at once.

Some are gelatinized and stained deeply in 40 seconds, the majority in 4 minutes, and all in 8 min-

utes. The reaction is qualitatively the same as F. meleagris, but protuberances more often form

first at the proximal end.
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With chromic acid the grains begin to react at once and are complctelj' dissolved in 20 seconds.

Tlie process is the same qualitatively as that oljserved in F. meleagris.

Reaction with pyrogallic acid begins in 20 seconds. Several of the grains are gelatinized in a

minute and all in 1 J^ minutes. The reaction is qualitatively the same as in F. meleagris, but a bubble
is not so frequently noted at the hilum. The gelatinized grains arc quite regular in outUne, many
of them having at the base a serrated capsular coat.

The grains begin to react with ferric chloride at once by the formation of a dark striated border.

Gelatinization begins in Ij^ minutes. Many are gelatinized in 2]/^ minutes and all in 10 minutes.

A transverse cleft or a bubble at the hilum is not so frequently observed as in F. meleagris, but the

reaction is qualitatively the same.

With Purdy's solution some grains begin to react at once. Most of the grains are gelatinized
in a minute and all in 2\^ minutes. No bubble was observed at the hilum. There is a frequent

invagination at the proximal end, or a drawing together of the sides during the process of gelatiniz-
ation. The gelatinized grains are fairly regular in outline and rounded at the proximal end, varying
much in shape and size. The process is qualitatively the same as the grains of F. meleagris.

STARCH OF FRITILLARIA IMPERIALIS VAR. AURORA. (Plate 26, figs. 155 and 156. Chart 117.)

Histological Characteristics. In form the grains are nearly always simple and are isolated,

except a few in small aggregates. Rare compound grains of few components are seen and there

are no pressure facets on the isolated grains. The surface is rarely irregular, irregularities being
due almost solely to somewhat rounded projections, usually from the proximal end. The con-

spicuous forms are the broadly triangular with rounded

angles and curved base, and clam-shell-shaped; also ovoid,

nearly round, and broadly elliptical grains with a flattened

distal end. The small grains are round, oval, and ovoid.

There is a marked tendency to roundness in these grains.

The hilum is a small, round, indistinct spot, usually
eccentric from one-fourth to one-fifth, commonly about

one-fifth, of the longitudinal axis. The hilum may be

fissured, usually is a single, straight narrow, or sometimes

broad, longitudinal line. Sometimes a longitudinal line,

with one or two diagonal lines, passes from a common
center.

The lamellcB are fairly distinct, regular, usually fine

circles or ellipses, or segments of circles, varying some-
what in size and distinctness in different grains, and not so

fine, but more distinct, near the hilum than in other parts
of the grain. There are about 28 on the larger grains.

The grains varj' in size; the small are 4 by 4^; the

larger broad grains are 52 by 62^; the broad but elongated
forms are 60 by 46/i in length and breadth. The com-
mon sizes of the latter two forms are, respectively, 38 by 42;;: and 30 by 20m in length and breadth.

Polariscopic Properties. The figure is eccentric, distinct, and fairly clear-cut. Its fines become

broader and somewhat less clearly outlined at some parts of their length, and are sometimes more

or less bent.

The degree of polarization is high, not varjdng much in different grains, but varying somewhat
in different aspects of the same grain, being highest when the grain is \newed on end or edge. It is

much higher than that of the grains of F. meleagris.
With selenite the quackants are fairly well defined, regular in shape, and unequal in size. The

colors are usually pure.
Iodine Reactions. With 0.25 per cent Lugol's solution the grains all color a fairly deep blue-

violet; nnth 0.125 per cent solution they color rather fightly and the color deepens fairly rapidly.

It is less than that of the grains of F. meleagris. After heating in water until all the grains are com-

pletely gelatinized, the solution colors fairly deeply and the gelatinized grains deeply on the addi-

tion of iodine. After boiling for 2 minutes the solution colors deeply and most of the grain-residues

fairly. The capsules all color a violet when an excess of iodine is added.
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Staining Reactions. With gentian violet and with safranin the grains stain very faintly at once
and in 30 minutes are stained very Hghtly. The color is much less than that in F. meleagris.

Temperature Reaction. The temperature of gelatinization is 68.2 to 68.6 C, mean 68.4.

Effects of Various Reagents. With chloral hydrate-iodine the grains begin to react at once.

A few are completely gelatinized in Ij^ minutes, about half in 5 minutes, the majority in 8 minutes,
and all in 12 minutes. The process is qualitatively the same as in F. meleagris, but the hilum is

not so distinct and swelling of the grain more often proceeds without the formation of protuber-

ances, and the gelatinized grain is more regular in outline.

The grains begin to react with chromic acid at once. Some are dissolved in 30 seconds and all

in a minute. The process is qualitatively the same with F. meleagris, but a bubble is not so fre-

quently formed at the hilum.

Reaction with pyrogallic acid begins in 30 seconds and the process is complete in 2^/^ minutes.

The hilum and lamellte become very distinct and the hilum swells. The lamelliE towards the distal

margin are striated and fine radiating lines pass from the central, clear portion towards the margin.
Gelatinization continues gradually towards the distal margin until the entire grain is affected

except the outer part, which has a serrated lining and frequently a few refractive granules embedded
in gelatinized starch. In the ovoid grains two plume-like channels pass from the distal corners

of the swollen hilum and a cluster of smaller channels extends from the base. No bubbles or trans-

verse lines were observed at the hilum. The grain swells uniformly in every direction, so that the

gelatinized grain is regxilar in outline and has practically the same shape as that of the untreated

grain. The reaction appears to be qualitatively the same as in F. meleagris, but neither bubbles
nor transverse lines were observed at the hilum, and the process is so much slower that the various

steps of the reaction can be better studied.

With ferric chloride the grains begin to react in 3 minutes. Some are gelatinized in 5 minutes
and all in 13 minutes. The striated border surrounding the central portion becomes quite broad
before swelling begins. This border is much broader than in F. mleagris. The reaction is quali-

tatively the same as in F. meleagris. The gelatinized grains are more regular in outline than in the

latter and also usually swollen more in the transverse than in the longitudinal axis.

Reaction with Picrdy's solution begins at once. Many of the larger grains are gelatinized in 2

minutes, all of the larger grains in 5 minutes, and all of them in 10 minutes. Some of the small grains
show little change in 30 minutes. The hilum becomes a very bright, refractive, round spot; the lamellae

grow more distinct and are striated in the broadly triangular forms, and the hilum then swells. Two
coarse refractive lines, as well as numerous radiating lines, pass from the hilum towards the lateral and
distal margins. The grains continue to swell in both the longitudinal and transverse axes until they
are gelatinized, with the exception of a part of the capsule at the proximal end, together with remains
of lamellae at the distal maigin, which later may form a serrated lining or be more irregularly arranged.
The ovoid forms elongate at the proximal end, and from the swollen hilum one or two root-like, clear

channels pass towards the distal margin, as described in F. meleagris. The gelatinized grain is much
enlarged and is quite regular in outline. Several of the small grains after treatment with the solution

for 30 minutes show no further change than a very clear, sUghtly swollen hilum and distinct striated

lamellae. The reaction is qualitatively the same as in F. meleagris, but a bubble was not observed at

the hilum, the reaction is much slower, and the gelatinized grain is more regular in outline.

STARCH OF FRITILLARIA LILIACEA. (Plate 27, figs. 157 and 158. Chart 118.)

Histological Characteristics. In form the grains are almost wholly simple and isolated, except
a few small ones in doublets and triplets, and also a cluster of small grains at the distal end of one
of the large ones. Compound grains are very rare. Occasionally pressure facets appear on the iso-

lated grains, either one or two on a small grain, or a number of small facets at the distal end of a

large grain. The surface of the grains is usually somewhat regular. There are few irregularities
in the form of elevations and depressions, and especially a node-like protuberance of the proximal
end. Many grains have a refractive line, probably representing a depression, which crosses trans-

versely and forms a boundary between the rounded, knob-like proximal end and the body of the

grain. The conspicuous forms are the broad and narrow triangular with curved base and rounded

angles, ovoid, quadrilateral with rounded angles, pyriform, clam-shell-shaped, and elliptical; also

rod-shaped, oval, and nearly round. The small grains are round, oval, or ovoid in form. The knob-
like protrusion of the proximal end is very conspicuous in this species.
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The grains begin to react witli pyrogallic acid at once. IVIany are gelatinized in 30 seconds

and all in 50 seconds. A very large bubble usually appears at the hilum, which breaks into smaller

bubbles towards the distal margin before entirely disappearing. One or two plume-like structures

are formed from the base of the swollen hilum, and as the interior of the grain passes into gelatiniza-

tion their pathway is often circuitous. The gelatinized grain usually has more remains of lamellae at

the pro.Kimal end than in F. mcleagris, and they are thrown into folds similar to those at the distal

margin, where they are much puckered and nodular. Some of these gelatinized grains are convo-
luted. The proximal entl is generally nmch elongated and pointed. The gelatinized grains are much
enlarged, the outline is undulating, and they do not retain much of the form of the untreated grain.

The reaction is qualitatively the sanae as in F. meleagris, but is somewhat slower and not quite so

complete, and the gelatinized grains are usually more irregular in outline.

With ferric chloride a few grains begin to react at once and all are in various stages of the reac-

tion in a minute. A very few are gelatinized in 2 minutes, about one-fifth in 5 minutes, and prac-

tically all in 15 minutes; a few (possibly 1 in 100), are not wholly gelatinized in 20 minutes. The
behavior of these gTains varies considerably. In some the dark, striated border becomes rather

broader than in F. meleagris, though not so broad as in F. imperialis var. aurora, and gelat-

inization begins at one point, while in others the striated border is narrower. In other forms

there is only a narrow, dark border around the margin, and gelatinization with distension of the

capsule begins simultaneously at several points. In some the wave of gelatinization begins flow-

ing at both ends and otherwise resembles that in F. meleagris. A dark bubble or transverse cleft

frequently appears, similar to that occasionally found in F. meleagris. The gelatinized grains are

more varied in shape and more irregular in outline than those of F. meleagris.

Reaction with Purdy's solution begins at once. Most of the grains are gelatinized in 30 seconds

and all in 45 seconds. The reaction is qualitatively the same as in F. meleagris.

Differentiation of Certain Starches of the Genus Fritillaria.

Histological Chabactebistics.

Conspicuous Forms.

F. meleagris: Simple, with few aggregates and rare com-
pound grains, usually regular, small protuberances
and nipple-like projections. Klliptieal, rod-shaped,
straight or bent, and irregular elliptical with broad-
ened distal end, triangular with curved base and
rounded angles, and pyriform.

F. pymtaica: Essentially the same as in F. meleagris,
but the conspicuous grains are pyriform to bottle-

shaped, ovoid.

F. pudica: Essentially the same as in F. meleagris, but
the surface is generally irregular and the conspicu-
ous forms are irregularly broad and narrow
triangular with curved base and rounded angles,

pjTiform, irregularly quadrilateral and elliptical.
F. aurea: Essentially the same as in F. meleagris, but

the conspicuous forms arc triangular with curved
base and rounded angles, pyriform, and elliptical.

F. armena: Essentially the same as in F. meleagris, but
the conspicuous forms are broad and narrow tri-

angular with curved base and rounded angles,
elliptical and oval.

F. imperialis var. aurora: Essentially the same as in

F. meleagris, but the surface is rarely irregular and
the conspicuous forms are broadly triangular with
curved base and rounded angles and clam-shell-

shaped, and a marked tendency to round forms.
F. lilincea: Essentially the same as in F. meleagris, but

the conspicuous forms are broad and narrow
triangular with curved base and roundeil angles,

ovoid, quadrilateral with rounded angles, jjyriform,

clam-shell-shaped, and elliptical. Ivnob-hke pro-
trusion of pro.ximal end is very conspicuous.

F. recurva: Es.sentially the same as in /''. meleagris, but
irregular, and the conspicuous forms are irregularly
elliptical with flattenefl or rounded distal end,

irregularly oval, and regularly or irregularly ovoid.
Lamellation quite peculiar and distinctive.

Histological Chahacteui.stics. Continued.

Hilum Form, Number, and Position.

F. meleagris: Form fairly distinct, fairly large, round spot or

cavity. Frequently fissured, fissm'e single, straight,

clean-cut, transverse, usually short. Position eccen-
tric 0.25 to 0.16, usually 0.20, of longitudinal axis.

F. pyrenaica: Form indistinct, rather small round spot,

occasionally marked by a ca\'ity or fissure. Fissure

short, narrow transverse line. Position eccentric

0.2.5 to O.lll, usually 0.20, of longitudinal axis.

F. pudica: Form distinct, fairly small, round cavity, often

fissured, fissure smgle, straight, short, transverse
or a number of large irregular lines. 2 hila at times.

Position eccentric 0.25 to 0.16, usually 0.25, of

longitudinal axis.

F. aurea: Form not very distinct, small round spot or cavity.
Sometimes fissured, fissure single, long straight or

curved line. Sometimes 2 hila. Position eccen-
tric 0.33 to 0.20, usually 0.20, of longitudinal axis.

F. armena: Form not very distinct, small round spot,

rarely a cavity, occasionally fissured, fissure single,

short, narrow, straight, transverse or longitudinal.
Position eccentric 0.25 to 0.16, usually 0.20, of

longitudinal axis.

F. imperialis var. aurora: Form inchstinct, small, round

spot. Often fissured, fissure short, narrow, or

broad longitudinal line or longitudinal and diagonal
lines. Position eccentric 0.25 to 0.20, usually 0.20,
of longitudinal axis.

F. liliacea: Form not very distinct, small round spot or

cavity, sometimes fissured, fissure single, short,

straight transver.se line. Position eccentric 0.25

to 0.16, u.sually 0.20, of longitudinal a.\is.

F. recurua: Form fairly distinct, small round or indis-

tinct spot. Sometimes marketl by a cavity or
fissure. Fissure narrow, single, short transverse

line or several short ragged lines. Sometimes 2 or

more hila. Position eccentric 0.25 to 0.14, usually

0.20, of longitudinal axis.
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Differentiation of Certain Starches of the Genus Frilillaria. Continued.

HisTOLOQicAii Characteristics. Continued. Polariscopic Properties. Continued.

Lamellce General Characlerislics and Number.

F. meleagris: Not very distinct, fine ellipses or segments
of cii'cles or bands of the same shape as the grain,
usually regular. Number not determined.

F. pyrenaica: Not distinct, fine, regular circles, ellipses,
or rings of the same shape as the grain; some
probably discontinuous. Number not determined.

F. pudica: Not very distinct, fine, regular, continuous,
and discontinuous; continuous about the margin.
Number not determined.

F. aurea: Usually fairly distinct, fine, regular, continuous,
or discontinuous. Number not determined.

F. armena: Indistinct, fine, continuous, and discontinu-
ous. Number not determined.

F. imperialis var. aurora: Fairly distinct, regular, usually
fine, continuous, and discontinuous. 28 on larger

grains.
F. liliacea: Not very distinct, fine, fairly regular, con-

tinuous, and discontinuous. Number not deter-

mined.
F. recurva: Very distinct, usually rather fine, often irreg-

ular, some groups composed of 2 or 3 lamella;

whose longitudinal a.\is does not correspond with
that of the rest of the grain. At the margin they
are continuous. 30 to 34 on larger grains.

Size.

F. meleagris: From 10 to 56^, commonly 34m.
F. pyrenaica: From 10 to 5iii, commonly 30/i.

F. pudica: From to 64^, commonly 36^.
F. aurea: From 6 to 52/;, commonly 34^.
F. armena: From 8 to 40/i, commonly 28^.
F. imperialis var. aurora: From 4 to 60/x, commonly 38/i.

F. liliacea: From 8 to 54^, commonly 38^-
F. recurva: From to 84/i, commonly 44/1.

Polariscopic Properties.

Figure.

F. meleagris: Eccentric, distinct, not clear-cut, occasion-

ally distorted.

F. pyrenaica: Eccentric, distinct, not clear-cut, usually
regular.

F. pudica: Eccentric, distinct, usually not clear-cut, often

irregular.
F. aurea: Eccentric, distinct, not clear-cut, frequently dis-

torted.

F. armena: Eccentric, distinct, usually not clear-cut, some-
times distorted.

F. imperialis var. aurora: Eccentric, distinct, fairly clear-

cut, usually regular.
F. liliacea: Eccentric, distinct, not clear-cut, usually irreg-

ular.

F. recurva: Eccentric, distinct, not clear-cut, sometimes

in-egular.

Degree of Polarization.

F. meleagris: Fairly hgih, somewhat variable.

F. pyrenaica: Fairly high, somewhat variable, higher than
of grains of F. meleagris.

F. pudica: Fair to fairly high, variable, not quite so high
as in F. meleagris.

F. aurea: Fairly high, somewhat variable, higher than in

F. meleagris.
F. armena: Fair to fairly high, variable, not (|uite so high

as in F. meleagris.
F. imperialis var. aurora: High, not variable, much higher

than in F. meleagris.
F. liliacea: Fairly high, somewhat variable, higher than

in F. meleagris.
F. recurva: Quite high, somewhat variable, higher than

in F. meleagris.

Polarization with Selenitc Quadrants and Colors.

F. meleagris: Quadrants not well defined, usually irregular
in shape, unequal in size. Color usually not

pure.
F. pyrenaica: Quadrants not well defined, usually irregu-

lar, unetjual in size. Colors usually not pure.
F. pudica: Quadi-ants not well defined, u.sually irregular,

unequal in size. Colors not usually pure.
F. aurea: Quadrants not very well defined, regular or

irregular, unequal in size. Colors usually fairly

pure.
F. armena: Quadrants not well defined, usually regular,

unequal in size. Colors usually fairly pure.
F. imperialis var. aurora: Quadrants fairly well defined,

regular, unequal in size. Colors usually pure.
F. liliacea: Quadrants not well defined, irregular, unequal

in size. Colors not usually pure.
F. recurva: Quadrants usually not well defined, irregular,

unequal in size. Colors sometimes pure.

Iodine Reactions.

Intensity and Color.

F. meleagris: Fairly deep; blue-violet.
F. pyrenaica: Fairly deep, less than in F. meleagris; blue-

violet.

F. pudica: Deep, deeper than in F. meleagris; blue-
violet.

F. aurea: Faii-ly deep, less than in F. meleagris; blue-
violet.

F. armena: Fair, much less than in F. meleagris; blue-
violet.

F. imperialis var. aurora: Fairly deep, less than in F.

meleagris; blue-violet.

F. liliacea: Fairly deep, less than in F. meleagris; blue-
violet.

F. recurva: Fairly deep, less than in F. meleagris; blue-
violet.

Staining Reactions.

With Gentian Violet.

F. meleagris: Fair.

F. pyrenaica: Fair, more than in F. meleagris.
F. pudica: Fair, the same as in F. meleagris.
F. aurea: Light, less than in F. meleagris.
F. armena: Light, less than in F. meleagris.
F. imperialis var. aurora: Very light, less than in F.

meleagris.
F. liliacea: Light to fair, less than in F. meleagris.
F. recurva: Fair, more than in F. meleagris.

With Safranin.

F. meleagris: Light to fair.

F. pyrenaica: Light to fair, less than in F. meleagris.
F. pudica: Light to fair, the same as in F. meleagris.
F. aurea: Light, less than in F. meleagris.
F. armena: Very light, less than in F. meleagris.
F. imperialis var. aurora: Very light, less than in F.

meleagris.
F. liliacea: Light to fair, the same as in F. meleagris.
F. recurva: Fair, more than in F. meleagris.

Temperature op Gelatinization.

F. meleagris: 58.9 to 60.1 C, mean 59.5.
F. pyrenaica: 02.5 to 63.8 C, mean 63.15.
F. pudica: 49.1 to 50 C, mean 49.6.
/''. aurea: 61.5 to 64 C, mean 62.75.
F. armena: 66.1 to 67.10 C, mean 66.6.
F. imperialis var. aurora: 68.2 to 68.6 C, mean 68.4.
/''. liliacea: 54.8 to 55.4 C, mean 55.1.
F. recurva: 57.9 to 59.5 C, mean 58.7.
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Differentiation of Certain Starches of the Genus Fritillaria. Continued.

Effects of \'arious Reagents.

Reaction with Chloral Hydrate-Iodine.

F. meleagris: Begins at once; complete in all in 5 minutes.
F. pyrenaica: Begins at once; complete in all in 7

minutes.
F. pudica: Begins at once; complete in all in 5 minutes.
F. aurea: Begins at once; complete in all in 10 minutes.
F. arinena: Begins at once; complete in all in 8 minutes.
F imperialis var. aurora: Begins at once; complete in

all in 12 minutes.
F. lUiacea: Begins at once; complete in all in 4 minutes.
F. recurva: Begins at once; complete in all in 12 minutes.

Reaction ivith Chromic Acid.

F. meleagris: Begins at once; complete in all in 15 sec-

onds.
F. pyrenaica: Begins at once; complete in all in 20 seconds.

F. pudica: Begins at once; comjilete in all in 15 seconds.
F. aurea: Begins at once; complete in all in 25 seconds.

F. armena: Begins at once; complete in all in 20 seconds.

F. imperialis var. aurora: Begins at once; complete in all

in 60 seconds.

F. liliacea: Begins at once; complete in all in 25 seconds.

F. recurva: Begins at once; complete in all in 30 seconds.

Reaction with Pyrogallic Acid.

F. meleagris: Begins at once; complete in all in 35 seconds.

F. pyrenaica: Begins at once; complete in all in 90 seconds.

F. pudica: Begins at once; complete in aU in 20 seconds.

F. aurea: Begins in all in 10 seconds; complete in all in

40 seconds.

F. armena: Begins in all in 20 seconds; complete in all

in 90 seconds.

F. imperialis var. aurora: Begins in all in 30 seconds;
complete in all in 150 seconds.

Effects op Various Reagents. Continued.

Reaction mth Pyrogallic Acid. Continued.

F. liliacea: Begins at once; complete in all in 25 seconds.
F. recurva: Begins at once; complete in all in 50 seconds.

Reaction toilh Ferric Chhride.

F. meleagris: Begins in all in 60 seconds; complete in

all in 11 minutes.
F. pyrenaica: Begins in all in 30 seconds; complete in

all in 8 minutes.
F. pudica: Begins in all in 30 seconds; complete in all

in 20 minutes.
F. aurea: Begins in all grains in 30 seconds; complete in

all in 7 minutes.
F. armena: Begins in all grains in 90 seconds; complete

in all in 10 minutes.
F. imperialis var. aurora: Begins in all in 90 seconds;

complete in all in 13 minutes.
F. liliacea: Begins in all grains in 60 seconds; complete

in all in 11 minutes.
F. recurva: Begins in all grains in 60 seconds; complete

in all in 15 minutes.

Reaction mth Purdy's Solution.

F. meleagris: Begins at once; complete in all in 30 seconds.
F. pyrenaica: Begins at once

; complete in all in 30 seconds.
F. pudica: Begins at once; complete in all in 234 minutes.
F. aurea: Begins at once; complete in all in 2 minutes.
F. armena: Begins in some grains at once; complete in

all in 2 J4 minutes.
F. imperialis var. aurora: Begins at once; in 2 minutes

many are gelatinized; complete in nearly all in

10 minutes.
F. liliacea: Begins at once; complete in all in 20 seconds.
F. recurva: Begins at once; complete in all in 45 seconds.

NOTES ON THE STARCHES OF FRITILLARIA.

The common type of grain found in the fritillary is not subjected to much modification in the

different species, yet sufficiently in most instances to be serviceable in the cUfferentiation of one

species from another modifications which, for instance, are noted in size, regularity of surface,

and the characters of the hilum and lamellse. In the polarization and other reactions, while there

is manifestly a very close correspondence to a common type of reaction curve, the curve is so modi-

fied in the case of each specimen that one starch can readily be differentiated from the others. The
differences in the reactions are noted particularly in the aniline, temperature, and chemical records,

some of which are quite marked.

GENUS CALOCHORTUS.
The genus Calochortus is the western representative of Tulipa, and comprises about 30 species

of cormous plants which are natives of North and Central Western America, chiefly of the United

States and Mexico. They are closely related to Tulipa and Fritillaria and are in general garden
cultivation in this country. They have been divided into two groups, including, respectivelj% the

star and meadow tuhps, and Mariposa tulips. Starches from 9 specimens were studied, as follows :

Group I, the star and meadow tulips: C. albus Dough, C. maweanus var. major Hort., C. ben-

thami Baker, and C. lilacinus Kellogg (C umbellatus Wood).

Group II, the Mariposa tuhps: C. nitidus Dough, C. howellii Wats., C. leichtlinii Hook., C.

luteus var. oculatus Wats. (C. venustus var. oculatus Hort.), and C. splerulens Dougl.

STARCH OF CALOCHORTUS ALBUS. (Plate 28, figs. 163 and 164. Chart 120.)

Histological Characteristics. In form the grains are simple ami with rare exceptions isolated.

There are no pressure facets. The surface of many grains is irregular, owing to uneven develop-
ment of the margin and to some amorphous additions to the surface in the form of nipple-like proc-

esses or spicules. The conspicuous form is the ellipsoidal, with blunt ends. The distal end of a
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STARCH OF CALOCIIORTUS MAWEANUS VAR. MAJOR. (Plato 2S, figa. 105 and ICO. Chart 121.)

Histological Characteristics. In for7}i the grains are simple and u.sually isolated. There are no

pressure facets. The surface is often somewhat irregular, owing to irregularities in the develoijment
and to amorphous additions to the primary part of the grain. The conspicuous form is elliptical,

which is commonly quite regular. There are many round or almost round, fan-shaped, irregularly

polygonal with roimded corners, very broad pyriform, and triangular with a rounded base. The
grains are somewhat flattened, and some arc narrower at one end than at the other.

The hilum is not very distinct and often shows two lines or fissures extending from it on each
side. It is a small round spot, eccentric to about one-fifth of the longitudinal axis of the grain, located

towards the smaller end, and usually in or near the median line. There are no double hila. If the
hilum is fissured, the fissure is very small and does not communicate with the interior.

The lamella are not very distinct and are rather fine. They are often irregular owing to the
unevenness in the surface of the grains. They appear to be arranged so that large, rather coai'se

lamellae alternate with bands of others finer and less dis-

tinct. They are not so fine near the distal end and vary
in size and distinctness in the different grains. There are

20 to 24 on the larger grains.

The gi-ains varj' in size from 4 to 40;u. The common
size is 30yn. The common size of the elliptical grains is

32 by 24/u in length and width, and of the fan-shaped

grains 30 by 26/j in length and width.

Polariscopic Properties. The figure is eccentric, dis-

tinct, and frequently clear-cut. Sometimes the lines are

broader and less well defined, especially near the margin.

They may be bent and distorted, and may be placed at

varying angles to one another.

The degree of polarization is high, varying in dif-

ferent grains and in different positions of the same grain.

It is somewhat higher than in the grains of C. nitidus.

With selenite the quadrants are usually well defined,
are unequal in size, antl often very irregular in shape.
The colors are fairly pure.

Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains color very deeply, some more than others; with 0.12.5 per cent solution they color

lightly and the color deepens rapidly. The shade is fighter than that of the grains of C. nitidus.

The color is blue-violet. After heating until the grains are completely gelatinous the solution colors

lightly and the grains fairly deeply on the addition of iodine. After boiling for 2 minutes the
solution colors much more deeply and the grain-residues much less. The capsules all color red-

violet with a slight excess of iodine.

Staining Reactions. With gentiaii violet and with safranin the grains begin to stain at once and
in 30 minutes are fairly well stained. The shatle is about the same as that of the gTains of C. nitidus.

Temperature Reaction. The temperature of gelatinization is 59 to 60 C, mean 59.5.

Effects of Various Reagents. With chloral hydrate-iodine some of the smaller grains begin to

react in 30 seconds and are gelatinized in 1'^^ minutes. All the grains begin to react in 45 to 60

seconds, about half are gelatinized in 4 minutes, and all in 10 minutes. The reaction is qualita-

tively the same as that of the grains of C. nitidus.

Reaction with chromic acid begins immediately and is over in a minute. It is qualitatively
the same as that of the grains of C. nitidus.

The reaction with pyrogallic acid begins in some grains at once and is general in 20 seconds.

It is over in 8 minutes, liut a very few of the grains are not completely gelatinized at this time.

The reaction is qualitatively the same as that of the grains of C. nitidus.

With feiric chloride some of the smaller giains begin to react in a minute and there is a general
reaction in 2 minutes. About half are completely gelatinized in 4 minutes and all in 8 minutes.

The reaction is (lualitatively the same as that of the grains of C. nitidus.

The reaction with Purdij's solution begins at once and is over in 30 seconds

qualitatively the same as that of the grains of C nitidus.

p
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STARCH OF CALOCHORTUS BENTHAMI. (Plate 28, figs. 167 and 168. Chart 122.)

Histological Characteristics. In form the grains are simple and isolated, with few exceptions.
There are no pressure facets. Many grains show amorphous additions which give a fan shape to

an otherwise ellipsoidal grain. These deposits at times assume the character of nipple-like processes.

In addition, some grains are irregular in outline, owing to the unequal development of the primary

grain. There is a decided tendency for the proximal end to be protruded in nodular form. The

conspicuous form is the eliip.soidal with blunt ends, both of which may be equal in size, or one may
be much broader tiian the other. There are also pyriform, ovoid, irregularly quadrangular, and

triangular grains. Most of the larger fan-shaped grains are formed by the addition of amorphous
masses to the distal end of the primary ellipsoidal grain. The grains are somewhat flattened, and
some are narrower at the proximal end than at the other.

The hiluni is, as a rule, a distinct, medium-sized spot, situated eccentrically at about one-fifth

of the longitudinal axis and in the median line. It is never double or multiple. It occasionally is

marked by a clean-cut, transverse fissure.

The latnellce are fairly distinct. They are rather fine, regular, continuous rings, which follow

closely the outline of the margin. Those immediately surrounding the hilum, and at times those

at the distal end, are the more distinct. They vary in size and distinctness in different grains.

There are about 16 to 20 lamellae on the larger grains.

The grains vary in size from 4 to 40;^. The common
size is 32/i.

Polariscopic Properties. The figure is eccentric, dis-

tinct, and clear-cut. Its lines are apt to become somewhat
broader but less distinct as they approach the margin.

They are also often bent and distorted and vary in width,
and may be placed at varying angles to one another.

The degTee of polarization is high, higher than that

of the grains of C. nitidus. It varies somewhat, being

very low in certain parts of the grains, especially at times

near the margin. It varies also according to the portion
of the grain.

With selenite the quacb-ants are clear-cut, very irreg-

ular in shape, and unequal in size. The colors ai'e pure.
Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains are colored a very deep blue-violet; with

0.125 per cent solution the grains color well at once and

the color deepens quickly. This color is deeper than that

of the grains of C. nitidus. After heating until all the

grains are completely gelatinized, the solution is colored lightly and the grains very deeply on the

addition of iodine. After boiling for 2 minutes the solution is colored much more deeply, but the

grain-residues much less. Many of the capsules do not contain any blue-reacting starch. All the

capsules color violet when an excess of iodine is added.

Staining Reactions. With gentian violet and with safranin the grains begin to stain at once

and after 30 minutes they are deeply colored, some more than others. The color is deeper than that

of the grains of C. nitidus.

Temperature Reaction. The temperature of gelatinization is 61 to 62 C. mean 61.5.

Effects of Various Reagents. With chloral hydrate-iodine the reaction begins in 30 seconds

and is over in 5 minutes. It is qualitatively the same as that of the grains of C. nitidus.

The reaction with chromic acid begins immediately and is over in 2 minutes. It is the same as

that of the grains of C. nitidus.

With pyrogallic acid the reaction begins in 30 seconds and is over in 4 minutes. The reaction

is qualitatively the same as that of the grains of C. nitidus.

With ferric chloride the reaction begins in 15 seconds and is over in 5 minutes. It is qualita-

tively the same as that of the grains of C. nitidus.

With Purdy's solution the reaction begins in 10 seconds and is over in 30 seconds. It is quali-

tatively the same as the corresponding reaction in the grains of C. nitidus.

p
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STARCH OF CALOCHORTUS NITIDUS. (Plate 29, figs. 171 and 172. Chart 124.)

Histological Characteristics. In form the grains are simple, isolated, and without pressure
facets. The siuface is commonly irregular, owing usually to the addition of large amorphous
masses to the primary grain. There is frequently a nodular protuberance of the proximal end,
formed by indentations in the margin at each side, and these indentations may be so deep that the

grain has a trefoil shape. The tendency to this deformation of the grains is seen throughout Calo-

chortus, but is most conspicuous in C. nitidus and C. benthami. There may be further modification

by varying degrees of indentation and by a greater or less prominence (at the distal end) of lateral,

fan-like extensions. The most conspicuous form is the fan-shaped with a knob-like protrusion of

the proximal end. There are also blunt ellipsoidal grains which are cither long and narrow, or short,

round, ovoid, few pyriform, triangular, and mussel-shell forms. The grains are somewhat flattened,
and most are narrower at the proximal end than at the other.

The hilu7n is sometimes distinct to very distinct, and comparatively large, but in some grains
it is not apparent. When visible it is a round, non-refractive spot, eccentric to about one-fifth

of the longitudinal axis of the grain and located usuallj' in the smaller end of the grain, and in or

near the median line. It rarely is fissiued. Double hila were not observed.

The lamellce, while indistinct, appear to be regular and continuous. At some distance from
the hilum they follow the outline of the grain. They are rather fine and some are more distinct

than others in the same grain and also in different grains. Those near the distal end are usually
the more distinct. In some grains the smaller size and
more clear-cut appearance of the lamellse about the hilum,
in contradistinction to the outer lamellje, suggest that

they were produced at different periods of growth. There

are about 12 to 14 lamellaj on the larger grains.

The grains vary in size from 3.5 to 30ju. The com-

mon size is li/i.

Polariscopic Properties. The figure is eccentric, dis-

tinct, usually clear-cut, and often irregular. The lines of

some grains are broader and less distinctly outlined at the

margin than centrally. They are often bent and other-

wise distorted, and placed at varying angles.

The degree of polarization is high, varying in differ-

ent grains and in different aspects of the same grain, but

usually about the same in a given aspect of a given grain.

With selenite the quadrants are generally sharply

defined, irregular in shape, and unequal in size. The
colors are fairly pure.

Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains are colored very deeply blue-violet; with

0.125 per cent solution they color lightly at first and then deeply. After heating until all the grains

are completely gelatinized, the solution is colored fairly well and the grains very deeply on the

addition of iodine. After boiling for 2 minutes, the solution is colored deeply, but the grain-

residues much less deeply and many not at all. The capsules all color a pale violet when an excess

of iodine is added, and the proximal portions often contain some blue-reacting starch.

Staining Reactions. With gentian violet the grains begin to stain lightly at once and after 30

minutes they are fairly and evenly stained.

With safranin the grains begin to stain at once and after 30 minutes they are fairly deeply,
but somewhat imevenly stained.

Temperature Reaction. The temperature of gelatinization is 51 to 55.5 C, mean 54.75.

Effects of Various Reagents. With chloral hydrate-iodine the reaction begins in 15 seconds and is

complete in 2 minutes. It usually begins at both ends, the distal end being affected first and becom-

ing very dark and swollen, and then the proximal end. This process rapidly spreads to the central

portion, which quickly swells. The swollen grains are at first uniformly dark, but after 30 minutes

they show a light space at the proximal end and a dark, more or less homogeneous mass at the distal

end. It is not unusual for this mass to be crossed by light fissures. The gelatinized grains are

fairly large and quite regular in outline, and they retain somewhat the original form of the grain.

p
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The reaction with chromic add begins at once and is over in about 20 seconds. The process

api)ears to consist in a rapid swelling of the liiUnn, and a movement of the inner substance of the grain

to the distal end, where later it becomes gelatinous and swells in the form of a lobular, irregular

mass. As the grain swells the proximal end invaginates and then dissolves, and the solution of other

parts of the grain follows rapidly, the last part to dissolve being the lobulated distal end.

The reaction with pyrogallic acid begins immediately and is over in 2 minutes. The hilum

becomes very prominent and then swells. The distal end becomes gelatinous and swells irregularly,

causing it to be much folded and lobulated. The pro.ximal inner portion of the grain passes into

a gelatinous mass. The more resistant starch at the margin forms a homogeneous band which at

first is quite broad. This band becomes thinner and transparent; the whole grain continues to swell,

and a large, thin-walled gelatinous mass is formed that is smooth and rounded at the proximal end

and very irregularly lobulated at the distal end.

With ferric chloride the reaction begins in 30 seconds and is over in 4 minutes. The hilum

becomes prominent. The grains are invaded at the distal end by small fissures, at which point the

starch becomes gelatinous. This process proceeds from the distal end with great rapidity, causing
much sacculation, until the edge of the more opaque portion surrounding the hilum is reached.

Then the hilum swells suddenly upward, with enormous increase in size. The central, unswollen

part of the grain becomes divided by fissures, followed by sudden partition, each part gelatinizing

independently. There is thus formed a very large, clear, irregular mass that is much sacculated,

especially at the distal end; the proximal end may be fairly smooth and rounded. The gelatinized

grains are somewhat difficult to distinguish in the surrounding medium.
With Purdy's solution the reaction begins immediately and is over in 30 seconds or less. Both

hilum and lamellae become very distinct. The hilum swells and the distal end of the grain becomes

gelatinized and swells out irregularly; the inner, ungelatinized part passes into a thin, gelatinous mass.

The starch at the margin forms a fairly broad, homogeneous band, which rapidly becomes thinner and

transparent as the grain continues to swell. The gelatinized grains are very large and smooth or some-
what folded and wrinkled at the proximal end, and very irregularly lobulated at the distal end.

STARCH OF CALOCHORTUS HOWELLII. (Plate 29, figs. 173 and 174. Chart 125.)

Histological Characteristics. In form the grains are simple, and with rare exceptions they are

isolated. They are without pressure facets. The surface of the grains is somewhat irregular, owing
to the uneven development of different parts of the

grain, and to secondary depositions. The most conspic-

uous form is the broad, short elliptical. There are also

ellipsoidal forms having a very broad fan-like distal end;

also ovoid, triangular, round, and polygonal with rounded

corners. The grains are somewhat flattened, and some
are narrower at one end than at the other.

The hilum is generally very distinct. When not fis-

sured it appears usually as a large, round, or transverselj^

elongated cavity that communicates with the interior of

the grain. It is eccentric about one-fifth of the longi-

tudinal diameter of the grain and located usually in the

smaller end. The grains often show two fissures or lines

which extend from the hilum, one on each side. When
the hilum is fissured the fissure is generally a short,

straight, longitudinal line, or there may be two lines

ruiming obliquely on each side. There are no double

or multiple hila.

The lamella; are distinct, rather fine, continuous rings,

not so fine but more distinct near the distal end. They
follow the outhne of the margin of the primary part of the grain and are somewhat irregular, owing

to unevenness in the surface. They seem to be arranged so that one or two larger lamellae alternate

with groups of finer lamellae. There aie about 16 to 18 on the larger grains.

The grains varj' in size from 5 to 40^. The common size is 28^. The elHptical grains are usually

28 by 19/x, and the broader grains are 30 by 24/i in length and breadth.
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Polariscopic Properties. The figure is eccentric, distinct, and usually clear-cut. Occasionally
the lines are dim and therefore not distinctly outlinetl. The lines may be bent, or otherwise dis-

torted, and be placed at varying angles to one another.

The degree of polarization is high, varying greatly on different grains, and is lower in some parts
of a given aspect of an individual grain than in others. It is a little higher, on the whole, than in

the grains of C. nitidus.

With selenite the quadrants are well defined, unequal in size, and generally more or less irregular

in shape. The colors are fairly pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color at once very deeply
a blue-violet; with 0.125 per cent solution they color at once fairly and the color deepens

rapidly. The shade is deeper than that of the grains of C. nitidus. After heating until the grains
are completely gelatinized, both the solution and the grains color fairly deeply on the addition

of iodine. After boiling for 2 minutes the solution colors more deeply, and the grain-residues

but little or not at all. The capsules become colored violet upon the addition of a slight excess

of iodine.

Staining Reactions. With gentian violet the grains begin to stain at once and in 30 minutes

are deeply stained, each grain as deeply as another. The shade is much deeper than that of the

grains of C. nitidus.

With safranin the grains begin to stain at once and in 30 minutes are fairly deeply stained.

The color is deeper than that of the grains of C. nitidus.

Temperature Reaction. The temperature of gelatinization is 50 to 51 C, mean 50.5.

Effects of Various Reagents. With chloral hydrate-iodine some grains begin to react in 30 seconds

and the reaction is general in 1 to IJ^ minutes. About half are fully darkened in 4 minutes, and the

reaction is complete in 7 minutes. The reaction is qualitatively the same as that of the grains of

C. nitidus.

The reaction with chromic acid begins at once and is over in a minute. The reaction is quali-

tatively the same as that of the grains of C. nitidus.

With pyrogallic acid there is a general reaction in 20 seconds and all the grains are com-

pletely gelatinized in 2J/^ minutes. The reaction is qualitatively the same as that of the grains
of C. nitidus.

The reaction with ferric chloride begins in some grains in 30 seconds and is general in 2 minutes,
and all the grains are fully gelatinized in 4 minutes. The reaction is the same qualitatively as that

of the grains of C. nitidus.

Reaction with Purdy's solution begins at once and is over in 45 to 60 seconds. The reaction is

qualitatively the same as that of the grains of C nitidus.

STARCH OF CALOCHORTUS LEICHTLINII. (Plate 30, figs. 175 and 176. Chart 126.)

Histological Characteristics. In form the grains arc simple, isolated, and without pressure
facets. Their surface is varied and somewhat irregular, owing to the unequal development of dif-

ferent parts, and to secondary deposits. The conspicuous form is the short, broad elliptical,

which approaches the ovoid; also ovoid, round, fan-shaped, pyriform, triangular, and irregularly

polygonal with rounded corners. The grains are somewhat flattened and some are narrower at one

end than at the other. These grains are the least irregular of all the calochorti starches.

The hilum is a not very distinct, small, round spot that is eccentric to about one-fifth of the

longitudinal diameter of the grain, and located usually in or near the median line. It never was
observed to be double, triple, or multiple, and it is rarely fissured. Wlien fissured, the fissure is

very small and indistinct, and is usually a single, straight, transverse line. There are sometimes

two lines or fissures, one from each side of the hilum.

The lamellce are indistinct, rather fine, continuous lines which usually follow the outline of the

margin. They are not so fine near the distal end of the grain. The number could not be accurately
determined.

The grains vary in size from 4 to 45yu. The common size is 28/i. The common dimensions
of the elliptical grains are 28 by 20;u in length and breadth.

Polariscopic Properties. The figure is eccentric, distinct, and fairly clear-cut. Occasionally
some lines are somewhat less clearly defined than others. The figure may be bent and otherwise

distorted or bisected. The lines are placed at varying angles to one another.
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Chart No. 126.

The degree of polariznlion is high, varying somewhat in different grains and also in different

aspects of the same grain. It is, as a rule, higher than that of the grains of C. nitidus.

With selenite the quadrants are usually well defined, unequal in size, and usually irregular in

form. The colors arc fairly pure.
Iodine Reactions. With 0.25 per cent Lugol's solution the grains color at once very deeply

blue-violet; with 0.125 per cent solution they color immediately and the color deepens rapidly.
The coloration is about the same as that of the grains of C. nitidus. After heating the grains mitil

all are completely gelatinized the solution colors fairly and the grains very deeply on the addition
of iodine. After boiling for 2 minutes the solution colors more deeply, but the grain-residues much
less deeply. The capsules all color a red-violet with a slight excess of iodine, and all still retain
much blue-reacting starch in the proximal end.

Staining Reactions. With gentian violet the grains

begin to stain at once and in 30 minutes they are fairly
stained. The color is deeper than that of the grains of

C. nitidus.

With safranin the grains begin to stain at once and
in 30 minutes thej- are fairlj^ deeply stained, some more
than others. The color is deeper than that of the grains
of C. nitidus.

Temperature Reaction. The temperature of gelatini-
zation is 62 to 64 C, mean 63.

Effects of Various Reagents. With chloral hydrate-
iodine the reaction is general in about 30 seconds although
the smaller grains begin to react before this. About half

are completely gelatinized in 2 minutes and all in 7 min-
utes. The reaction is qualitatively the same as that of

the grains of C. nitidus.

The reaction with chromic acid begins at once and
is over in a minute. It is qualitatively the same as that
of the grains of C. nitidus.

The reaction with pyrogallic acid is general in 30 seconds, and is entirel}- over in 10 minutes,
but some grains are not completely gelatinized. The reaction is qualitatively the same as that of

the grains of C. nitidus.

With ferric chloride some grains begin to react in a minute and the reaction is general in 2J^
minutes. Almost all are gelatinized in 5 minutes and all in minutes. The reaction is qualitatively
the same as that of the grains of C. nitidus.

The reaction with Purdy's solution begins in 15 seconds and is over in 3 minutes, It is quali-

tativelv the same as C. nitidus.

P 1 GV T
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Chart No. 127.

The grains vary in size from 4 to 48m. The common size is 32yu. The dimensions of elliptical

grains are commonly 25 by 15^, and those of the pyriform grains 34 by 26^ in length and breadth.

Pohriscopic Properties. The figure is eccentric, distinct, and generally clear-cut. The more

irregular the grain the less well defined the figure. Sometimes one or more lines are less well defined

than the others. The lines are often bent and otherwise distorted and placed at varying angles

to one another.

The degree of polarization is high, varying in different grains and somewhat in different aspects

of the same grain. It is, as a whole, higher than that of the grains of C. nitidus.

With selenite the quadrants are clearly outlined, unequal in size, and regular or irregular in

shape, according to the degree of regularity of the outline of the grain. The colors in most cases

are fairly pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color very deeply at once

a blue-violet; with 0.125 per cent solution they color at once and the color deepens rapidly. The

shade is slightly deeper than that of the grains of C.

nitidus. After heating until all the grains are completely

gelatinized the solution colors fairly and the grains very

deeply on the addition of iodine. After boiling for 2

minutes the solution colors much more deeply and the

gelatinized grain-residues much less, or not at all. All

the capsules color a red-violet with a slight excess of

iodine, and most of them still retain some blue-reacting

starch in the proximal end.

Staining Reactions. With gentian violet the grains

begin to stain very slight!}' at once and in 30 minutes

are deeply stained. The color is deeper in some than in

others. It is deeper than in the grains of C. nitidus.

With safranin the grains begin to stain at once and

in 30 minutes are deeply stained. The shade is deeper

than that of the grains of C. nitidus.

Temperature Reaction. The temperature of gelatini-

zation is 57.2 to 59 C, mean 58.1.

Effects of Various Reagents. With chloral hydrate-

iodine some of the smaller grains react in a minute and the

reaction is general in Ij^ minutes. About half are gelatinized in 3 minutes, all but a few in 7 min-

utes, and all in 10 minutes. The reaction is qualitatively the same as that of the grains of C. ni'idus.

The reaction with chromic acid begins at once and is over in a minute. It is qualitatively the

same as that of the grains of C. nitidus.

With pyrogallic acid some of the smaller grains begin to react at once. The reaction is general

in 20 seconds and is over in 10 minutes. The reaction is qualitatively the same as that of the grains

of C. nitidus.

With ferric chloride almost all the grains begin to react in Ij^ minutes, most are gelatinized in 5

minutes, and all in 8 minutes. The reaction is qualitatively the same as that of the grains of C. nilidus.

Reaction with Purdy's solution begins at once and is over in a minute. The reaction is quali-

tatively the same as that of the grains of C. nitidus.

STAECH OF CALOCHORTUS SPLENDENS. (Plate 30, figs. 179 and 180. Chart 128.)

Histological Characteristics. In form the grains are simple, with few exceptions isolated, and

without pressure facets. The surface is irregular and varied owing to rounded projections from

the margin, which in some instances are formed by amorphous additions, and in others by project-

ing overdeveloped lamellae, which constitute a part of the primary grain. The conspicuous forms

are the round pyriform and the short and broad elliptical, ovoid, fan-shaped, and irregularly quad-

rangular grains. The grains are somewhat flattened and some are narrower at one end, usually the

proximal, than at the other.

The hilum is usually a distinct, comparatively small, round or elliptical spot, eccentric at about

one-fifth the longitudinal diameter of the grain. It was never observed to be double or multiple.

It may be fissured. The fissuration is usually in the form of a small, single, transverse line; but

P IGV T F
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Chart No. 128.
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Differentiation of Certain Starches of the Genus Calochortus.

Histological CnARACTERisTics.

Conspicuous Forms.

C. albux: Same as in C. nitidus, except more ellipsoidal

grains with flattened ends, and with little ten-

dency to nodular protrusion of the proximal end
and the formation of fan-shaped grains.

C. maweanus var. major: Same as in C. nilidiis, except a
few multiple grains and aggregates and more
elliptical and triangular, fewer fan-shaped and
grains \vith nodular protrusion of proximal end.

C. benihatni: Same as in C. niiidus, except some aggre-

gates, fewer fan-shaped and more elliptical grains;

tendency to nodular protrusion of proximal end
marked.

C. lilacinus: Same as in C. niiidus, except few aggregates,
fewer fan-shaped, and more elliptical.

C. nitidus: Simple, isolated, no pressure facets, irregular

owing to unequal development and to amorphous
additions. Fan-shaped with a rounded or nodular

protrusion of proximal end, blunt ellipsoidal, ovoid,
round, pyi'iform, triangular and mussel-shell shaped.

C. howellii: Same as in C. nitidus, except more ellipsoidal
with blunted ends.

C. leichtlinii: Same as in C. nitidus, except a few aggre-

gates, very few fan-shaped, many short, broad

elliptical approaching ovoid; least irregular of all

of the Calochorlus starches.

C. luteus var. oculatus: Same as in C. niiidus, except a few

aggregates, few fan-shaped, more short ellii)tical.

C. splendens: Same as in C. niiidus, except a few aggre-

gates, few fan-shaped, many broad pyriform, and
short, broad elliptical.

Hilum Form, Number, and Position.

C. albus: Form same as in C. nitidus, except that always
fairly distinct, rarely fissured, and fissure small,

single, clear-cut. Position eccentric about 0.20
of longitudinal axis.

C. maweanus var. major: Form same as in C. niiidus,

except that indistinct, small, sometimes fissured,
fissures very small, single. Position eccentric
about 0.20 of longitudinal axis.

C. benthami: Form same as in C. niiidus, except that

always distinct, medium-sized, rarely fissured,
fissure small, single, transverse. Position ec-

centric about 0.20 of longitudinal axis.

C. lilacinus: Form fairly distinct, small, always fissured,
fissures very small, straight, single. Position

eccentric about 0.20 of longitudinal axis.

C. niiidus: Form very distinct to indistinct, round, com-
paratively large spot, rarely fissured. Position
eccentric about 0.20 of longitudinal a.xis.

C. howellii: Form the same as in C. niiidus, except that

very distinct, sometimes an elliptical cavity,
often fissured, fissures short, straight, single.
Position eccentric about 0.20 of longitudinal axis.

C. leichUinii: Form the same as in C. niiidus, except that
not very distinct, round, rarely fissured, fissures

very small, single, straight. Position eccentric

about 0.20 of longitudinal axis.

C. luteus var. oculatus: Form fairly distinct, small, round,
or elliptical, may be fissured, fissures small, straight,

single. Position eccentric about 0.20 of longitud-
inal axis.

C. splendens: Form distinct, small, round or elliptical, may
be fissured, fissures small, single, straight. Position

eccentric about 0.20 of longitudinal axis.

Lamellee General Characteristics and Number.

C. albus: Same as in C. nitidus. 16 to 20 on larger grains.
C. maweanus var. major: Same as in C. nitidus, except

that .'somewhat irregular. 20 to 24 on larger grains.
C. benlhami: Same as in C. niiidus, except fairly distinct.

16 to 20 on larger grains.

Histological Characteristics. Continued.

Lamellee General Characteristics and Number. Cont'd.

C. lilacinus: Same as in C nitidus. Number not deter-
mined.

C. nitidus: Indistinct, rather fine, regular, and continu-
ous. About 12 to 14 or larger grains.

C. howellii: Same as in C. nitidus except that distinct

and somewhat irregular. 16 to 18 on larger grains.
C. leichtlinii: Same as in C niiidus. Number not deter-

mined.
C. luteus var. oculatus : Same as in C. nitidus, but

fairly distinct, and regular. 8 to 20 on larger grains.
C. splendens: Same as in C. nitidus. Number not deter-

mined.
Size.

C. albus: From 4 to 40^, commonly 28^.
C. maweanus var. major: From 4 to 46^, commonly 30aj.
C. benthami: From 4 to 40^, commonly 32;u.

C. lilacinus: From 6 to 46^, commonly 28^.
C. nitidus: From 3.5 to 30/i, commonly 14;u.

C. howellii: From 5 to 40m, commonly 28^.
C. leichtlinii: From 4 to 45^, commonly 28m.
C. luteus var. oculatus: From 4 to 48m, commonly 32^.
C. splendens: From 4 to 32m, commonly 20m.

PoLARiscopic Properties.

Figure.

C. albus: Same as in C. nitidus, except clear-cut.

C. maweanus var. major: Same as in C. nitidus, more often
clear-cut.

C. benthami: Same as in C. nitidus, except clear-cut.

C. lilacinus: Same as in C. nitidus, except less often
distorted.

C. nitidus: Eccentric, distinct, and usually clear-cut, often

irregular.
C. howellii: Same as in C. niiidus.

C. leichtlinii: Same aa in C. nitidus, except usually fairly
clear-cut and not so irregular.

C. luteus var. oculatus: Same as in C. nitidus.

C. splendens: Same as in C. nitidus, except not always
distinct, and fairly clear-cut.

Degree of Polarization.

C. albus: High, not so high as in C. nitidus.

C. maweanus var. major: High, somewhat higher than
in C. nitidus. The same as nitidus.

C. benthami: High, higher than in C. nitidus.

C. lilacinus: High, higher than in C. niiidus.

C. niiidus: High.
C. howellii: High, slightly higher than in C. nitidus.

C. leichtlinii: High, higher than in C. nitidus.

C. luteus var. oculatus: High, slightly higher than in C.
nitidus.

C. splendens: Fairly high, lower than in C. nitidus.

Polarization with Selenile Quadrants and Colors.

C. albus: Quadrants same as in C. niiidus. Colors fairly

pure, less than in C. nitidus.

C. maweanus var. major: Quadrants same as in C. niiidus,
but usually not so well defined. Colors fairly pure.

C. benthami: Quadrants same as in C. nitidus. Colors

fairly pure, better than in C. niiidus.

C. lilacinus: Quadrants same as in C. nitidus, but not
so well defined. Colors fairly pure.

C. nitidus: Quadrants sharply defined, irregular in shape,
and unequal in size. Colors fairly pure.

C. howellii: Quadrants same as in C nitidus. Colors fairly

pure.
C. leichtlinii: Quadrants same as in C. nitidus, but not

quite so well defined. Colors fairly pure.
C. luteus var. ocidatus: Quadrants same as in C. nitidus,

but not so well defined. Colors fairly pure.
C. splendens: Quadrants same as in C. nitidus, but not

so well defined. Colors fairly pure.
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Differentiation of Certain Starches of the Genus Calochortus. Continued.

Iodine Reactions. EFFECxa of Various Reagents. Continued.

Intensity and Color.

C. albus: Very deep, slightly deeper than in C. nitidus;

blue-violet.

C. maweanus var. major: Very deep, sUghtly lighter than
in C. nitidux: blue-violet.

C. benthami: Very deep, slightly deeper than in C. tiiti-

dus; blue-violet.

C. lilacimis: Very deep, about the same aa in C. 7iUidus;

blue-violet.

C. nitidus: Very deep; blue-violet.

C. howellii: Very deep, deeper than in C. nitidus; blue-

violet.

C. leichllinii: Very deep, about the same as in C. nitidus;

blue-violet.

C. luteus var. oculatics: Very deep, slightly deeper than
in C. nitidus; blue-violet.

C. spkndcns: Very deep, same as in C. nitidus; blue-

violet.

Staining Reactions.

With Gentian Violet,

albus: Fair, slightly deeper than in C. nitidus.

maweanv^ var. major: Fair, about the same as in C.

nitidus.

benthami: Deep, deeper than in C. nitidus.

lilacinus: Fair, slightly deeper than in C. nitidus.

nitidus: Fair.

hoifcllii: Deep, much deeper than in C. nitidus.

leichtlinii: Fair, deeper than in C. nitidus.

luteus var. oculatus: Deep, deeper than in C. nitidus.

splendens: Fair, same as in C. nitidus.

With Safranin.
albus: Deep, slightly deeper than in C. nitidus.

maweanus var. major: Fairly deep, about the same as

in C. nitidus.

benthami: Fairly deep, slightly deeper than in C
nitidus.

lilacinus: Deep, deeper than in C. nitidus.

nitidus: Fairly deep.
howellii: Fairly deep, deeper than in C. nitidus.

leichtlinii: Fairly deep, deeper than in C. nitidus.

luteus var. oculatus: Deep, deeper than in C. nitidus.

splendens: Fairly deep, about the same as in C. tntidus.

Temperature of Gelatinization.

albus: 52 to 54 C, mean 53.
maweanus var. major: 59 to 60 C, mean 59.5.
betithami: 61 to 62 C, mean 61.5.
lilacinus: 58 to 60 C, mean 59.
nitidus: 54 to 55.5 C, mean 54.75.
howellii: 50 to 51 C, mean 50.5.
leichtlinii: 62 to 64 C, mean 63.
luteus var. oculatus: 57.2 to 59 C, mean 58.1.

splendens: 54.2 to 56 C, mean 55.1.

Effects of Various Reagents.

Reaction with Chloral Hydrate-Iodine,
albus: Begins in 45 seconds; complete in 6 minutes.
maweanus var. major: Begins in 45 seconds; complete

in 10 minutes.
benthami: Begins in 30 seconds; complete in 5 minutes.
lilacinus: Begins in 1 3^ minutes; complete in 5 minutes.

Reaction with Chloral Hydrate-Iodine. Continued.

C. nitidus: Begins in 15 seconds; complete in 2 minutes.

C. huwellii: Begins in a minute; complete in 7 minutes.

C. leic)dlinii: Begins in 30 seconds; complete in 7 minutes.

C. luteus var. oculatus: Begins in IJ^ minutes; complete
in 10 minutes.

C. splendens: Begins in 30 seconds; complete in 7 minutes.

Reaction with Chromic Acid.

C. albus: Begins at once; complete in 30 seconds.

C. maweanus var. major: Begins at once; complete in a
minute.

C. benthami: Begins at once; complete in 2 minutes.

C. lilacinus: Begins at once; complete in 30 seconds.

C. nitidus: Begins at once; complete in 20 seconds.

C howellii: Begins at once; complete in a minute.
C. leichtlinii: Begins at once; complete in a minute.
C. luteus var. oculatus: Begins at once; complete in a

minute.
C. splendens: Begins at once; complete in 30 seconds.

Reaction with Pyrogallic Add.

C. albus: Begins in 10 seconds; complete in 4 minutes.

C. maweanus var. major: Begins in 20 seconds; complete
in most in 8 minutes.

C. benthami: Begins in 30 seconds; complete in 4 minutes.

C. lilacinus: Begins in 20 seconds; complete in 4 minutes.
C. nitidus: Begins at once; complete in 2 minutes.

C. hoivellii: Begins in 20 seconds; complete in 2 J^ minutes.

C. leichtlinii: Begins in 30 seconds; complete in most in

10 minutes.
C. luteus YHT. oculatus: Begins in 20 seconds; complete in

10 minutes.
C. splendens: Begins in 20 seconds; complete in 4 minutes.

Reaction with Ferric Chloride.

C. albus: Begins in 30 seconds; complete in 6 minutes.

C. maweanus var. major: Begins in 2 minutes; complete
in 8 minutes.

C. benthami: Begins in 15 seconds; complete in 5 minutes.

C. lilacinus: Begins in 2 minutes; complete in 5 minutes.

C. nitidus: Begins in 30 seconds; complete in 4 minutes.

C. howellii: Begins in 2 minutes; complete in 4 minutes.

C. leichtlinii: Begins in2}.^minutes; complete in 6 minutes.

C. luteus var. oculatus: Begins in 1}^ minutes; complete
in 8 minutes.

C. splendens: Begins in 1}4 minutes; complete in 10 min-
utes.

Reaction with Purdy's Solution.

C. albus: Begins at once; complete in 20 to 30 seconds.

C. maweanus var. major: Begins at once; complete in 30
seconds.

C. benthami: BeginsinlOseconds. Complete in 30 seconds.

C. lilacinus: Begins at once; complete in a minute.

C. nitidus: Begins at once; complete in 30 seconds.

C. howellii: Begins at once; complete in 45 to 60 seconds.

C. leichtlinii: Begins in 15 seconds; complete in 3 minutes.

C. luteus var. oculatus: Begins at once; complete in 1

minute.

C. splendens: Begins at once; complete in 45 seconds.

NOTES ON THE STARCHES OF CALOCHORTUS.

The starches of Calochorlus in their histological characters exhibit differences in size, form, hilura,

and lamellae, especially in their size and lamelke, and as regards the lamellae in refei-ence particularly

to the secondary sets. In their reactions it will be noted that while the curves of the reaction-inten-

sities are clearly of the same type, the departures from a given standard in the case of each starch are

distinctive, the main deviations being seen in the temperature of gelatinization (the range being from

50.5 to 63) and in the chloral hydrate-iodine, pyrogallic acid, and ferric chloride reactions.
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GENUS TULIPA.

This large genus comprises over 80 species, a number of recognized botanical varieties, and

perhaps materially over 2,000 garden varieties. Originally natives of Siberia, Asia Minor, China,

and Japan, they have been naturalized in various European countries, especially those bordering
the Mediterranean and Adriatic. They are widely and extensively cultivated in both the Old and

New Worlds, notably in Holland, where there existed in 1636-7 a "tulipomania." At this time the

tulip-bulb trade had grown to enormous proportions, the bulbs were a common article of specula-

tion, and some of the rarer bulbs brought astonishing prices, in one instance as high as 13,000 florins.

The garden varieties have had their origin directly or inchrectly from T. gesneriana Linn., which

is stated to have been cultivated in Turkey in 1554. The tulips have been classified by Stubenrauch,

according to their botanical characters, into 8 groups. The starches of 12 species or varieties,

representing 5 of the 8 groups, were examined, as follows:

Group I. T. hageri Held.

Group II. T. sylveslris Linn, and T. greigi Regel.

Group III. T. billietiana Jord. and Fom-., T. didieri Jord., T. didieri var. mauriana, and
T. didieri var. fransoniana.

Group IV. T. clusiana Vent., T. dusiana var. persica Hort., T. ocidus-solis St. Aman., and
T. proecox Tenore.

Group V. T. australis Link.

The name T. fransoniana has been used synonymously with T. didieri, and on this account we
have included it in the same group as the latter as being identical mth or intimately related to it. T.

persica has sometimes been used in commerce as a synonym of T. patens, etc., as above noted, and

also to signify Bceometra coluniellaris Salisb. The former is a true tulip; the latter is a monotypic

genus, native of South America and not a true tulip. Inasmuch as the starch obtained from our speci-

men agreed in its properties with the starches of other tulips, it was concluded that the source was

one of the real tulips; and since T. persica has been used synonymously with T. clausiana the speci-

men has been so grouped. Tulipa is closely related to Lilium, Fritillaria, Calochortus, and Erylhron-

ium, all of which are included in this investigation. The relationship is evident in the fact that these

5 genera, including Lloydia and Gagea, have been grouped as constituting the tribe TuUpece.

STARCH OF TULIPA HAGERI. (Plate 31, figa. 181 and 1S2. Chart 129.)

Histological Characteristics. In form the grains are simple and are isolated, except a few in the

form of doublets. There are no pressure facets. The surface is usually quite regular. In many grains

lateral depressions opposite the hilum give the proximal end of grain the appearance of protrusion.

Shght lateral projections, chiefly nipple-like, are seen on some of the grains. The conspicuous forms

are triangular with rounded angles and curved base, and pyriform in the larger grains; and slightly

flattened elliptical, triangular, pyriform, ovoid, and round in the smaller grains. The grains are

flattened, and when viewed on edge they are frequently found to be narrower at the distal end.

The hilum is a distinct, rather small, round, refractive spot with a range of eccentricity from

one-fourth to one-sixth, usually one-fifth, of the longitudinal axis. A short fissure, which may be

transverse or diagonal, is frequently present at the distal margin of the hilum.

The lamellcB are usually not demonstrable near the hilum, but occasionally are observed as

complete rings, while at the sides and distal end they follow the outline of the grain and are prob-

ably incomplete. There are frequently several coarse and refractive lamellae at varying distances

from the hilum which are interspersed with groups of fine, less distinct lamellae. The lamellae are

more often demonstrable in the area located about one-third to tliree-fourths of the distance between

the hilum and distal margin. Rarely they can be counted over the greater part of the grain. An
average of 44 has been counted on the larger grains.

The size of the smallest round grains is 5 by 5yu, and that of the largest grains 54 by 42^1 in length

and breadth. The common size of the larger grains is 36 by 30ju in length and breadth.

Polariscopic Properties. The figure is eccentric, except in some of the very small forms, and

is fairly clear-cut. The lines of the figiire are rather broad and generally straight, but tend to be

much spread out, especially at the distal margin. Rarely they are either bent or bisected.

The degree of polarization is fairly high. It ranges from rather high in the large to fair in the

small grains. There is some variation in the same aspect antl also in different aspects of a grain.
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Curve of Reaction-Intensities of Starch of Tulipa
hageri.

With selenite the quadrants are fairly well defined, fairly regular in shape, and unequal in size.

The blue is quite pure, while the yellow is moderately pure.
Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a deep blue-violet;

with 0.125 per cent solution they color quite well and the color deepens rapidly. After heating
in water until all the grains are completely gelatinized, the solution colors rather deeply and the

swollen grains deeply on the addition of iodine. After

boiling for 2 minutes the solution colors very deeply, but

the grain-residues rather lightly. The capsules all color

a red-violet with a slight excess of iodine.

Staining Reactions. With gentian violet the grains

begin to stain very lightly in about 30 seconds, and in

30 minutes they are fairly colored, some slightly more
than others.

With safranin the grains begin to stain very lightly
in about 30 seconds, and in 30 minutes they are lightly

colored, some slightly more than others.

Temperature Reaction. The temperature of gelatin-
ization is 50.4 to 51.4 C, mean 50.9.

Effects of Various Reagents. With chloral hydrate-
iodine the reaction begins in many grains in 15 seconds

and is over in 9 minutes. The reaction starts at the proxi-
mal end, which first darkens and then swells out in the

form of a narrow, rounded projection, this being accom-

panied by the swelling of the hilum. At the hilum a

bubble meanwhile forms, which increases and then de-

creases in size as the hilum swells. The distal end in the meanwhile usually darkens and then the

sides of the grain, and the process of gelatinization and swelling moves inward from all sides, but more

rapidly from the proximal end, until finally all of the grain is gelatinized. At times the distal end
remains unaffected until the last. The swollen grains are fairly large, smooth, and not distorted;

they retain much of the original form. They are of a uniform dark color, except at the proximal

end, where there is a small, round, fight space.
The reaction \vith chro7nic acid begins at once in most grains and is over in 45 seconds. It is

impossible to determine accurately all the steps of the reaction, but in the main they are as follows:

A bubble appears at the hilum and the grain becomes finely striated. The bubble increases in

size as the hilum and the proximal end of the grain swell out into a long, rounded projection, and
then decreases and disappears. Two lines or fissures extend from each side of the swollen grain
towards the sides of the distal end, and the starch between them is divided by a number of

longitudinal fissures into a granular mass which is pushed down to the distal end as the grain swells.

The margin of the swollen proximal end is dissolved and the granular material within the capsule
flows out and is dissolved and the remainder of the marginal starch at the sides and distal end
dissolves later.

The reaction with pyrogallic acid begins in a very few seconds and is over in 1}^ minutes. The
hilum swells and a bubble appears which increases in size, enlarging principally in the direction of

the distal end, and the proximal end becomes invaginated. Two lines or fissures extend from each

side of the hilum towards the distal end, and the starch between them becomes divided by fine,

longitudinal stria or fissures. This part of the grain grows finely granular and collects at the distal

end as the grain swells. The invaginated proximal end usually straightens out gradually as the

grain swells. There is but little resistant starch at the margin, and what does appear there is soon

gelatinized and appears as a thin, transparent capsule. The swollen grains are large, smooth, and

not distorted at the proximal end, but wrinkled and sacculated at the distal end. They retain some
of the original form of the grain.

With ferric chloride the reaction begins in a few grains in a few seconds and in all in 5 seconds;
it is over in nearly all in 3 minutes and in all in 5 minutes. The hilum swells, and also the starch

at the proximal end, to form a long, rounded projection from the pro.ximal end of the grain. A bubble

formation at the hilum sometimes accompanies this. As the starch in the immediate vicinity of

the reacting portion of the grain becomes affected, it is gelatinized and swells. The margin of the
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projection first formed is invaginated suddenly and deeply. This process of gelatinization and

swelling moves on down the grain until all parts arc affected, the distal end last. As the grain becomes

fully swollen, the invaginated portion above referred to is pushed out. The swollen gi-ains arc very
large and are irregular. They are smooth and rounded at the proximal end, and sacculated, wrinkled,
and folded at the distal end.

The reaction -with Purdy's solution begins in a few seconds and is over in a minute. It appears
to be practically identical with that of pyrogallic acid. The main difference is that the bubble
formation at the hilum does not occur so frequently with this reagent, and the resulting swollen

grain is larger and retains less of the original form of the grain.

STARCH OF TULIPA SYLVESTRIS. (Plate 31, figs. 183 and 184. Chart 130.)

Histological Characteristics. In form the grains are simple and with few exceptions isolated.

No pressure facets were observed on the isolated grains. The surface is usually regular. A few

grains have lateral depressions near the hilum; and rarely grains are seen with nipple-like processes
at the sides near proximal end. The conspicuous forms among the large grains are triangular with

curved base and rounded angles, somewhat clam-shell-

shaped and elongated triangular with curved base and
rounded angles varjing to slightly pyriform. The con-

spicuous forms of the small grains are slightly flattened

ellipsoidal, pyriform, ovoid, and round. The grains are

flattened and when viewed on edge they are frequently
seen to be narrower at the distal end. They are slightly

less regular than those of T. hageri.

The hilum is a fairly distinct refractive spot, which
has a range of eccentricity from one-fourth to one-sixth

of the longitudinal axis, in most grains one-fifth. A short

transverse fissure at the tlistal margin of the iiilum is

occasionally present.

The majority of the lamellce are fine but fairly dis-

tinct, and frequently gi'ouped between a few disseminated,
rather coarse and refractive ones; but occasionally grains

are found in which the lamella; are quite distinct and
coai'se throughout. In many of the grains one to three

coarse, refractive lamellae are particularly conspicuous at

varying distances between the hilum and the distal end,

frequently between one-half and two-thirds. In the larger grains an average of 42 lamelte was
counted.

The size of the smallest grains is 3 by S/j; the largest broadened grains are 46 by 52/^; the larger

elongated forms are 52 by 43yu in length and breadth. The common size of the broadened grains

is 34 by 38yu, and of the elongated grains 30 by 24/t in length and breadth.

Polariscopic Properties.- The figure is usually eccentric, distinct, and fairly clear-cut.

lines are generally thick and straight, but are expanded, especially at the distal margin,
bent or bisected. It is the same as in the grains of T. hageri.

The degree of "polarization is fairly high, without much variation in the different grains or in

the same aspect of a given grain. It is higher than in T. hageri.

With selenite the quadrants are fairly well defined; they are regular in shape and unequal in

size. The blue is quite pure, but the yellow is not pure, as in T. hageri.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a deep blue-violet;

with 0.125 per cent solution they color fairly and the color deepens rapidly. It is slightly deeper
than that of the grains of T. hageri. After heating in water until all the grains are com]iletely gelat-

inized, the solution colors fairly and the swollen grains deeply on the addition of iodine. After

boiling for 2 minutes the solution colors very deeply and the grain-residues lightly. The capsules

all color a red-violet with an excess of iodine.

Stai7iing Reactions. With gentian violet the grains begin to stain at once and in 30 minutes

are fairly stained, some more than others. It is the same intensity as that of the grains of T. hageri.

P 1 GV T
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With safranin the grains begin to stain at once and in 30 minutes are lightly stained, one as

much as another. The inten8it3^ is tlie same as that of the grains of T. hageri.

Temperature Reaction. The temperature of gelatinization is 56.5 to 57.8 C, mean 57.15.

Effects of Various Reagents. With chloral hydrate-iodine the reaction begins in all the grains
in 30 seconds. It is over in nearly all in 4 minutes and in all in 11 minutes. It is the same quali-

tatively as that of the grains of T. hageri.

Reaction with chromic acid begins in a very few seconds and is over in 30 seconds. It is the

same qualitatively as tliat of the grains of T. hageri.

The reaction with pyrugallic acid begins in a few secontls and is over in a minute. It i.s the same

qualitatively as that of the grains of T. hageri.

With feiric chloride reaction begins in a few grains in 15 seconds. It is over in nearly all in 4

minutes and in all in 7 minutes. It is the same qualitatively as that of the grains of T. hageri.

Reaction with Purdtj's solution begins in a few seconds and is over in 1J^ minutes. It is the same

qualitatively as that of the gi-ains of T. hageri.

STARCH OF TULIPA GREIGI. (Plate 31, figs. 1S5 and 186. Chart 131.)

Histological Characteristics. In form the grains are simple and almost invariably isolated.

Occasionally i)ressure facets were observed on small, isolated grains. The surface generally is regu-

lar; rarely there are irregular grains with lateral, nipple-like jirotuberances near or at the proximal

end, as noted for T. hageri. The conspicuous forms in

the large grains vary from the elongated triangular with

curved base and rounded angles to somewhat pyriform,

broadly triangular, and clam-shell-shaped. The smallest

grains are generally pyriform, slightly flattened ellipsoidal,

ovoid, and round. The grains are flattened, and when
viewed on edge they are frequently seen to be narrower

at the distal end.

The hilum is a round refractive spot, with range of

eccentricity from oue-sixth to one-fifth, in most one-

sixth, of the longitudinal axis. A sliort, transverse fissure

through the distal margin of the liilum is often observed.

The larnellcE are not very distinct and frequently
not demonstrable near the hilum, excepting one or two

complete rings immediately surrounding it. Usually one,

sometimes two or three, rather coarse, refractive lamellae

appear at varying distances from the hilum. They are

often coarser and more distinct near the distal end than

near the hilum. When demonstrable at the hilum they
are concentric rings, but near the side and distal end they
have the outline of the gi-ain and are probably incomplete. The lamellae are occasionally fairly dis-

tinct throughout the length of most of the grain and in such cases 40 to 46 of them have been counted.

The size of the smaller grains is 6 by 6m; the larger, elongated forms are 55 by 40^; the broad-

ened grains 42 by 40^ in length and breadth. The common size of the elongated grains is 39 by 30yu

and of the broadened grains 34 by 33/j in lenglh and breadth.

Polariscopic Properties. The figure is generally eccentric. It is usually distinct and fairly

clear-cut, but varies considerably in this respect. The lines of the figure are straight, thick, and

somewhat expanded at the distal and proximal margins. They are rarely bent or bisected. The

figure is the same as in T. hageri.

The degree of polarization as fairly high. It varies considerably in different grains and in the

same aspect of a given gi-ain. It is nut so high as T. hageri.

With selenite the quadrants are fairly well defined, fairly regular in shape, and unequal in

size. The blue is quite pure, the yellow not pure, as in T. hageri.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a deep blue-violet;

with 0.125 per cent solution they color fairly and the color deepens rapidly. The color is slightly

more than that of the grains of T hageri. After hi>ating in water until all the grains are completely

gelatinized, the solution and the swollen gi-ains color deeply on the addition of iodine. After boil-

s
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ing for 2 minutes the solution colors v^ery deeply and the grain-residues lightly or not at all. With
a slight excess of iodine the capsules all color a red-violet.

Staining Reactions. With gentian violet the grains begin to stain at once and in 30 minutes

are fairly colored, some more than others. The color is deeper than that of the grains of T. hageri.

With safranin the grains begin to stain at once and in 30 minutes are lightly stained, one as

much as another. The stain is deeper than with the grains of T. hageri.

Temperature Reaction. The temperature of gelatinization is 49.6 to 51 C, mean 50.3.

Effcct.-< of Various Reagents. With chloral hydrate-iudine reaction begins in most grains in 15

seconds. It is over in nearly all in 5 minutes and in all in 10 minutes. It is the same qualitatively

as with T. hageri.

Reaction with chromic acid begins at once and is over in 30 seconds. It is the same qualitatively
as that of the grains of T. hageri.

The reaction with pyrogallic acid begins in a very few seconds, and is over in 45 seconds. It is

the same quahtatively as with T. hageri.

The reaction with ferric chloride begins in a few grains in 15 seconds. It is over in nearly all

in 4 minutes and in all in 8 minutes. The reaction is the same qualitatively as with T. hageri.

With Purdy's solution reaction begins in a very few seconds and is over in 30 seconds. It is

the same qualitatively as with T. hageri.

STARCH OF TULIPA BILLIETIANA. (Plate 32, figs. 187 and 188. Chart 132.)

Histological Characteristics. In form the grains are simple and they are isolated, except a few

small aggregates, usually in the form of doublets. No pressure facets are observed in the isolated

grains. The surface of most grains is regular. Grains with slight lateral protuberances and nipple-

like processes are more frequent than in T. hageri. There

is occasionally an extension at the proximal end which

rarely is finger-shaped and resembles T. prcecox and T.

australis. The conspicuous forms in the larger grains are

flattened pyi-iform, flask-shaped, broadly triangular with

curved base and rounded angles approaching both the

clam-shell shape and the pyriform. The small grains are

somewhat flattened elliptical, ovoid, pyi'iform, and round.

The grains are flattened when viewed on edge, and fre-

quently are narrower at the distal end. The grains are

more often irregular in outline than in T. hageri.

The hilum is a small refractive spot with a range of

eccentricity from one-fifth to one-seventh, usually one-

sixth, of the longitudinal axis. A short transverse fissure

is often found at the hilum.

Most of the lamelloe are fine and rather indistinct.

When apjjarent they form complete rings around the

hilum, and when near the sides and distal end have the

shape of the outline of the grain and are probably incom-

plete at these points. One or more coarse, refractive

lamellae are always located at varying distances from the hilum. In the flattened pyriform forms

one quite coarse, refractive lamella is usually situated at about two-thirds of the distance between

the hilum and the distal end. From this lamella to the distal margin the grain is marked by lamellae

coarser than those near the hilum. On the clam-shell-shaped grains groups of fine lamellae are

interspersed with three or more coarse lamellae placed at varying distances from the hilum. Occa-

sionally from 44 to 48 lamellae may be counted.

The size of the small, round forms is 6 by 6yu, the largest, elongated grains are 44 by 34;u in length

and breadth. The conunon size of the larger grains is 36 by 28;u in length and breadth.

Polariscopic Properties. The figure is usually eccentric. It is distinct ami fairly clear-cut.

Its lines are generally straight, but expanded near the proximal and distal margins; occasionally

they are bent; and rarely bisected. The figure is the same as in T. hageri.

The degree of polarization is fairly high. It varies somewhat in different grains and in the same

aspect of a given grain. There is less variation in the grains of this species than in those of T. hageri.
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With selcnite the quadrants are fairly well defined, ordinarily regular in shape, and unequal in

size. The blue is pure, the yellow not quite pure, as in T. hageri.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a deep blue-violet;
with 0.125 per cent solution the}- color fairly and the color deepens rapidly. It is not quite so deep
as that of the grains of T. hageri. After heating in water until all the grains are completely gelatinized,

the solution colors fairly deeplj' and the swollen grains deeply on the addition of iodine. After

boiling for 2 minutes the solution colors very deeply and the grain-residues lightly. The capsules
all color a red-violet with a slight excess of iodine.

Staining Reactions. With gentian violet the grains begin to stain very lightly at once and in

30 minutes they are fairly stained, some more than others. The stain is slightly more than that

of the grains of T. hageri.

Safranin. The grains begin to stain very lightly at once, and in 30 minutes they are lightly

stained, some more than others. The stain is slightly more than that of the grains of T. hageri.

Temperature Reaction. The temperature of gelatinization is 55.1 to 55.4 C, mean 55.25.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in some grains in 15

seconds, in all in 30 seconds. It is complete in nearly all in 10 minutes and in all in 15 minutes.

It is the same qualitatively as that of the grains of T. hageri.

With chromic acid the reaction begins in a few seconds and is over in 45 seconds. It is the

same quaUtatively as that of the grains of T. hageri.

The reaction with pyrogallic acid begins in some grains in a few seconds and is over in 2J^
minutes. It is the same qualitatively as that of the grains of T. hageri.

Reaction with ferric chloride begins in a few grains in 15 seconds. It is over in nearly all in 5

minutes and all in 7 minutes. It is the same qualitatively as that of the grains of T. hageri.

The reaction with Purdy's solution begins in a few seconds and is over in 3 minutes. It is the

same qualitatively as that of the grains of T. hageri.

STARCH OF TULIPA DIDIERI. (Plate 32, figa. 189 and 190. Chart 133.)

Histological Characteristics. In form the grains are simple and nearly always isolated. There
are no pressure facets. The surface is usually regular. Some irregularities are caused by protuber-
ances near or at the proximal end, of the kind noted under T. hageri. The conspicuous forms among
the larger grains are triangular with rounded angles and
base to clam-shell-shaped and pyriform. Among the large

grains there are flattened pyriform approaching a bottle

shape, and a few resembling the form of the Indian flint

arrow-head. Among the smallest grains are slightly flat-

tened ellipsoidal, pyriform, ovoid, and round. The grains

are flattened, and when viewed on edge they are fre-

quently seen to be narrower at the distal end. There is

a larger proportion of grains with irregular outline than

in T. hageri.

The hilum is a distinct, round, refractive spot, with

a range of eccentricity of one-fifth to one-eighth, usually

one-sixth, of the long axis. A transverse fissure is often

found at the hilum.

The lamellce are mostly fine and indistinct, and when
demonstrable they form complete rings around the hilum,
and have the shape of the grain, appearing incomplete
towards the sides and distal end. There is often a band
of rather coarse, refractive lamella; at about three-fourths

of the distance between the hilum and the distal end, and

the lamellse for the last one-fourth of the distance between these points may be coarser and more

refractive than those near the hilum. The larger forms apparently have about 27 or 30 lamellae, but

on account of the indistinctness the number can not be definitely determined.

The size of the small grains is 4 by 4;*; the larger, broadened grains are 42 by 44;u; the elongated

grains are 50 by 42^ in length and breadth. The common size of the larger grains is 32 by 24/i in

length and breadth.

Chart No. 133.
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Polariscopic Properties. The figure is eccentric, except in some of the very small grains. Its

lines are thick and generally straight and expanded at the distal and proximal ends. Occasionally

they may be bent and rarely are bisected. The figure is the same as that of T. hagcri.

The degree of polarization is fairly high. There is considerable variation in the different grains
and even in the same aspect of a given grain. It is not so high as in T. hageri.

With selenite the quadrants are fairly well defined, fairly regular in shape, and unequal in size.

The blue is quite pure, but the yellow is not pure, as in T. hageri.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a deep blue-violet;

with 0.125 per cent solution they color fairly and the color deepens rapidly. It is not quite so deep
as that of the grains of T. hageri. After heating in water until all the grains are completely gelatin-

ized, the solution colors fairly deeply and the swollen grains deeply on the addition of iodine. After

boiling for 2 minutes the solution colors very deeply, but the grain-residues lightly or not at all.

With a slight excess of iodine all the capsules color a red-violet.

Staining Reactions. With gentian violet the grains begin to stain at once and in 30 minutes are fairly

stained, some slightly more than others. The stain is slightly deeper than that of the grains of T. hageri.

With safranin the grains begin to stain lightly at once and in 30 minutes are lightly stained,
one as much as another. The color is deeper than that of the grains of T. hageri.

Temperature Reaction. The temperature of gelatinization is 50 to 51.5 C, mean 50.75.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in most grains in

30 seconds. It is over in most of them in 10 minutes and in all in 17 minutes. It is the same quali-

tatively as that of the grains of T. hageri.

Reaction with chromic acid begins at once and is over in 45 seconds. It is the same qualitatively
as that of the grains of T. hageri.

With pyrogallic acid reaction begins in a few seconds and is over in a minute. It is the same

qualitatively as that of the grains of T. hageri.

Reaction with ferric chloride begins in a few grains in 15 seconds. It is over in nearly all in 6

minutes and in all in 10 minutes. It is the same qualitatively as that of the grains of T. hagcri.

Reaction with Purdy's solution begins at once and is over in 45 seconds. It is the same quali-

tatively as that of the grains of T. hageri.
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The size of the smallest grains is 6 by Qn and of the largest 58 by 34/u. The common size is

36 by 2ifi.

Polnriscnpic Propel lies. The figure is usually eccentric. Its lines are thick and usually straight

and somewhat expanded at the proximal and distal margins. Occasionally its lines are either bent

or bisected, and have a greater tendency to distortion than in other Tulipa. The figure is the same
as that of T. hageri.

The degree of polarization is fairly high. It varies somewhat in different grains and also in

the same aspect of a given grain. It is not quite so high as in T. hageri.

With selenile the quadrants are fairly well defined, frequently irregular in shape, and unequal
in size. The blue is quite pure, but the yellow is not pure, as in T. hageri.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a deep blue-violet;

with 0.125 per cent solution they color fairly and the color deepens rapidly. The color is not so

deep as that of the grains of T. hageri. After heating in water until all the grains are completely

gelatinized, the solution colors fairly deeply and the swollen grains deeply on the addition of iodine.

After boiling for 2 minutes the solution colors very deeply and the grain-residues lightly or not

at all. The capsules all color a red-violet with a slight excess of iodine.

Staining Reactions. With gentian violet the grains begin to stain at once and in 30 minutes

they are fairly stained. They stain more than the grains of T. hageri.

With safranin the grains begin to stain at once and in 30 minutes they are lightly stained.

The stain is deeper than in the grains of T. hageri.

Temperature Reaction. The temperature of gelatinization is 50.2 to 51.7 C, mean 50.95.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in all the grains in

30 seconds. It is over in nearly all in 5 minutes and in all in 17 minutes. It is the same quali-

tatively as that of the grains of T. hageri.

With chromic acid reaction begins at once and is over in 50 seconds. It is the same qualitatively

as that of the grains of T. hageri.

Reaction with pyrogallic acid begins in a few seconds and is over in 40 seconds. It is the same

qualitatively as that of the grains of T. hageri.

The reaction \vith ferric chloride begins in a few grains in 15 seconds. It is over in nearly all

in 4 minutes and in all in 6 minutes.

Reaction with Purdy's solution begins in a verj' few seconds and is over in a minute. It is

the same qualitatively as that of the grains of T. hageri.

STARCH OF TULIPA DIDIERI VAR. FRANSONIANA. (Plate 33, figs. 193 and 194. Chart 135.)

Histological Characteristics. ^In form the grains are simple, and, with the exception of some
small aggregates, mostly in the form of triplets, they arc isolated. Few pressure facets were noted

on the isolated grains. The surface of most of the grains is regular. Irregularities are rare, and
when found are usually caused by small protuberances at or near the proximal end, such as hereto-

fore noted under other Tulipa. The conspicuous forms among the large grains are the broadly

triangular with curved base and rounded angles to clam-shell shape, the narrow triangular to

somewhat pyriform and rare flattened pyriform and Indian flint arrow-head shape. The smallest

forms are slightly flattened oval, ovoid, pyriform and round. The grains are flattened and when
viewed on edge they are frequently narrower at the distal end.

The hilurn is a round, refractive spot, with a range of eccentricity from one-fourth to one-flfth,

commonly one-fourth, of the longitudinal axis. A transverse cleft is frequently foimd at the hilum.

The lamellce are usually fine and indistinct in the larger part of the grain. When distinct, those

near the hilum form complete rings, but those nearer the margin assume the shape of the grain and

appear to be incomplete. One quite coarse and refractive lamella is frequently found near the distal

margin, between which point and the margin there is usually a band of quite fine lamellae. Rarely
the lamellae may be observed throughout most of the grain, and about 30 have been recorded.

The size of the smaller grains is 6 by 6m, of the larger grains 50 by 44/i, of the broadened grains

44 by 46/i, in length and breadth. The common size of the narrower grains is 36 b}^ 30|Lt, of the

broader grains 34 by 36^ in length and breadth.

Polariscopic Properties. The figure is usually eccentric. It is distinct and fairly clear-cut.

Its lines are thick and straight and are expanded near the distal and proximal margins. In rare

cases the lines are either bent or bisected.
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proximal end may be extcndod into a finger-like process, the longitiulinal axis of which may or

may not coincide with that of the main body of the grain. The conspicuous forms among the larger

grains are triangular with curved base and roiuitlcd angles, pyriform, and a few broadly triangular

forms which approach the clam-shell-shaped type. The smallest grains are usually elliptical, oval,

ovoid, and round. The grains are flattened, and when viewed on edge they frequently appear
narrower at the distal end. They are more regular than the grains of T. hageri.

The hiluni is a round refractive spot with a range of eccentricity from one-fourth to one-

sixth, usually one-fifth, of the longitudinal axis. A short transverse fissure may be found at the

hilum.

The lamellce are usually not demonstrable near the hilum and also close by the distal end.

When observed, near the hilum they form complete circles, but those near the margin and distal

end have the shape of the outline of the grain and are proljably incomplete. One to three coarse,

refractive lamellae are frequently found on the large grains. There appear to be 38 to 40 lamellae

on the larger grains, but they are quite indistinct and not

demonstrable throughout the entire grain, and therefore

the number is uncertain.

The size of the smaller grains is 6 by 6n, and of the

larger grains 60 by 48;u in length and breadth. The
common size of the larger grains is 38 by 32^ in length

and breadth.

Polariscopic Properties. The figure is usually ec-

centric, distinct, and fairly clear-cut. The lines of the

figure are rather thick and generally straight, but ex-

panded at the proximal and distal margins. They are

rarely either bent or bisected. The figure is the same
as in T. hageri.

The degree of polarization is fairly high. It is some-

what variable in different grains and in the same aspect
of a given grain. It is higher than in T. hageri.

With selenite the quadrants are fairly well defined,

fairly regular in shape, and unequal in size. The blue is

quite pure, but the yellow is not pure, as in T. hageri.

Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains color a deep blue-violet; with 0.125 per cent solution they color fairly and the

color deepens rapidly. The color is not so deep as that of the grains of T. hageri. After heating

in water until all the grains are completely gelatinized, the solution colors fairly deeply and the

swollen grains deeply on the addition of iodine. After boiling for 2 minutes the solution colors

very deeply and the grain-residues lightly. The capsules all color a red-violet with an excess of

iodine.

Staining Reactions. With gentian violet the grains begin to stain at once and in 30 minutes

are deeply stained, some much more than others. The stain is deeper than that of the grains of

T. hageri.

With safranin the grains begin to stain at once and in 30 minutes are lightly stained, some

slightly more than others. The stain is deeper than that of the grains of T. hageri.

Temperature Reaction. The temperature of gelatinization is 54 to 55.5 C, mean 54.75.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in most grains in 30

seconds, and in all in a minute. It is over in nearly all in 7 minutes and in all in 19 minutes. It is

the same qualitatively as that of the grains of T. hageri.

Reaction with chromic add begins in a very few seconds and is over in a minute. It is the same

qualitatively as that of the grains of T. hageri.

The reaction with pyrogallic add begins in a very few seconds and is over in Ij^ minutes. It

is the same qualitatively as that of the grains of T. hageri.

Reaction with ferric chloride begins in a few grains in 30 seconds. It is over in most in 6 minutes

and in all in 10 minutes. It is qualitatively the same as that of the grains of T. hageri.

Reaction with Purdy's solution begins in a few seconds and is over in \]^ minutes. The reaction

is the same qualitatively as that of the grains of T. hageri.

p
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Differentiation of Certain Starches of the Genus Tulipa.

Histological Characteristics.

Conspicuous Forms.

T. hageri: Simple, few doublets, generally quite regular,

irregularities due chiefly to slight lateral depres-
sions at the proximal end and to slight lateral

projections and nipple-like processes. Triangular
with rounded angles and curved base and pyriform.

T. syhestris: Same as in T. hageri with addition of

somewhat clam-shell-shaped.
T. greigi: Same as in T. hageri with addition of somewhat

clam-shell -shaped and flattened pyriform.
T. billieliana: Same as in T. hageri with addition of flat-

tened pyriform and flask-shape.
T. didieri: Same as in T. hageri with addition of somewhat

clam-shell-shaped, flattened pyriform, and Indian
flint arrow-head-shaped.

T. didieri var. mauriana: Same as in T. hageri with ad-

dition of Indian fhnt arrow-head-shaped, and flat-

tened pyriform.
T. didieri vox.Jransoniana: Same as in T. hageri with addi-

tion of somewhat clam-shell-shaped, flattened pyri-

form, and Indian flint arrow-head-shaped.
T. clusiana: Same as in T. hageri with addition of narrow

triangular with curved base and rounded angles to

ovoid with distal end flattened, and somewhat clam-

shell-shaped.
T. clusiana var. persica: Same as in T. hageri with addi-

tion of somewhat clam-shell-shaped.
T. ocidus-solis: Same as in T. hageri with addition of

elongated triangular with curved base, somewhat
clam-shell-shaped.

T. pro-cox: Same as in T. hageri with addition of some-
what clam-sheU-shaped.

T. aiistralis: Same as in T. hageri with addition of some-
what clam-shell-shaped.

Hilum Form, Number, and Position.

T. hageri: Form distinct, rather small, round, single; some-
times a short transverse fissure present. Position

eccentric about 0.25 to 0.16, usually 0.20, of the

longitudinal axis.

T. syhestris: Form the same as in T. hageri. Position

eccentric about 0.25 to 0.16, usually 0.20, of the

longitudinal axis.

T. greigi: Form the same as in T. hageri. Position eccen-

tric about 0.20 to 0.16, usually 0.16, of the longitu-
dinal axis.

T. billieliana: Form the same as in T. hageri. Position

eccentric about 0.20 to 0.14, usually 0.16, of the

longitudinal axis.

T. didieri: Form the same as in T. hageri. Position eccen-

tric about 0.20 to 0.12, usually 0.16, of the longitu-
dinal axis.

T. didieri var. mauriana: Form the same as in T. hageri.
Position eccentric about 0.20 to 0.14, usually 0.16,
of the longitudinal axis.

T. didieri xai.fransoniana: Form the same as in T. hageri.
Position eccentric about 0.25 to 0.20, usually 0.25,
of the longitudinal axis.

T. clusiana: Form the same as in T. hageri, but often not
so distinct. Position eccentric about 0.20 to 0.16,

usually 0.16, of the longitudinal axis.

T. clusiana var. persica: Form the same as in T. hageri.
Position eccentric about 0.25 to 0.16, usually 0.20,
of the longitudinal axis.

T. oculus-solis: Form thesame as in T. hageri, but not so dis-

tinct and less often fissured. Position eccentric about
0.25 to 0.16, usually 0.20, of the longitudinal axis.

T. pr(ecox: Formthesameasin T. fo/jen. Position eccen-

tric about 0.25 to 0.16, usually 0.20, of the longitu-
dinal axis.

T. australis: Form the same as in T. hageri, but hilum not
so refractive. Position eccentric about 0.25 to 0.16,

usually not quite 0.20, of the longitudinal axis.

Histological Characteristics. Continued.

Lamella; General Characteristics and Number.

T. hageri: Complete rings, when distinct, near the hilum,
but usually not demonstrable at this point; when
distal to liilum they follow the outhne of the grain,
and may be incomplete; frequently one or more
coarse refractive lamellae at varying distances from
hilum, interspersed with groups of fine indistinct

lamella;. 44 counted on larger grains.
T. sylveslris: Same as in T. hageri. 42 on larger grains.
T. greigi: Same as in T. hageri. 46 on larger grains.
T. billietiana: Same as in T. hageri, but more often dis-

tinct in quarter section at distal margin. 44 to 48
on larger grains.

T. didieri: Same as in T. hageri, except more often dis-

tinct in quarter section near distal margin. 27 to
30 on larger grains.

T. didieri var. mauriana: Same as in T. hageri, except
more often distinct in quarter section, near distal

margin. 25 to 30 on larger grains.
T. didieri va,T. fransoniana: Same as in T. hageri, not quite

so distinct. 30 on larger grains.
T. clusiana: Same as in T. hageri. 38 to 40 on larger grains.
T. clusiana var. persica: Same as in T. hageri, but not so

distinct. 27 on larger grains.
T. oculus-solis: Same as in T. hageri, not quite so distinct.

30 to 32 on larger grains.
T. prcecox: Same as in T. hageri. 38 to 40 on larger grains.
T. australis: Same as in T. hageri, not so distinct. 24 to

28 on larger grains.

Size.

T. hageri: From 5 to 54/i, commonly 36^.
T. syhestris: From 3 to 52;u, commonly 30m.
T. greigi: From 6 to 55m, commonly 39m-
T. billietiana: From 6 to 44m, commonly 36m.
T. didieri: From 4 to 50m, commonly 32m.
T. didieri var. mauriana: From 6 to 5Sm, commonlj' 36m.
T. didieri var. fransoniana: From 6 to 50m, commonly 36m.
T. clusiana: From 2 to 50m, commonly 30m.
T. clusiana var. persica: From 4 to 4Sm, commonly 30m.
T. oculus-solis: From 6 to 60m, commonly 38m.
T. prmrox: From 6 to 60mi commonly 3Sm.
T. australis: From 6 to 52m, commonly 34m.

PoLARiscopic Properties.

Figure.

T. hageri: Usually eccentric, generally distinct, fairly

clear-cut, usually regular.
T. syhestris: Same as in T. hageri.
T. greigi: Same as in T. hageri.
T. billietiana: Same as in T. hageri.
T. didieri: Same as in T. hageri.
T. didieri var. mauriana: Same as in T. hageri.
T. didieri var fransoniana: Same as in T. hageri.
T. clusiana: Same as in T. hageri.
T. clusiana var. persica: Same as in T. hageri.
T. oculus-solis: Same as in T. hageri.
T. proscox: Same as in T. hageri.
T. australis: Same as in T. hageri.

Degree of Polarization.

T. hageri: Fairly high.
T. syhestris: Fairly high, higher than in T. hageri.
T. greigi: Fairly high, lower than in T. hageri.
T. billieliana: Fairly high, higher than in T. hageri.
T. didieri: Fairly high, lower than in T. hageri.
T. didieri var. mauriana: Fairly high, lower than in T.

hageri.
T. didieri var. fransoniana: Fairly high, lower than in 7'.

hageri.
T. clusiana: Fairly high, higher than in T. hageri.
T. clusiana var. persica: Fairly high, higher than in T.

hageri.
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Differentiation of Certain Starches of the Genus Tulipa. Continued.

PoiiARiacopic Properties. Continued.

Degree of Polarization. Continued.

T. ocidna-solis: Fairly high, higher than in T. hageri
T. pracox: Fairly high, higher than in T. hageri.
T. aiistralis: Fairly high, higher than in 3'. hageri.

Polarization iMh Selenite Quadrants ami Colors.

T. hageri: Quadrants fairly well defined, fairly regular in

shape, unecjual in size; blue pure, yellow slightly

impure.
T. sylvestris: Quadrants and colors same as in T. hageri.

T. greigi: Quadrants and colors same as in T. hageri.
T. billieliana: Quadrants and colors same as in T. hageri.

T. didieri: Quadrants and colors same as in T. hageri.
T. didieri var. mauriana: Quadrants and colors same as

in 7'. hageri.
T. didieri var. fninsoniana: Quadrants and colors same as

in T. hageri.
T. dusiana: Quadrants and colors same as in T. hageri.
T. dusiana var. persica: Quadrants and colors same as in

T. hageri.
T. oculus-solis: Quadrants and colors same as in T. hageri.
T. pnecox: Quadrants and colors same as in T. hageri.
T. auslralis: Quadrants and colors same as in T. hageri.

Iodine Reactions.

Intensity and Color.

T. hageri: Deep; blue-violet.

T. sylvestris: Deep, deeper than in T. hageri; blue-violet.

T. greigi: Deep, deeper than in T. hageri; blue-violet.

T. Mllietiana: Deep, less than in T. hageri; blue-violet.

T. didieri: Deep, less than in T. hageri; blue-violet.

T. didieri var. mauriana: Deep, less than in 7'. hageri;
blue-violet.

T. didieri var. fransoniana: Deep, less than in T. hageri;
blue-violet.

T. dicsiana: Deep, less than in T. hageri; blue-violet.

T. dusiana var. persica: Deep, deeper than in T. hageri;
blue-violet.

T. oculus-solis: Deep, the same as in T. hageri; blue-violet.

T. prcpcox: Deep, less than in T. hageri; blue-violet.

T. auslralis: Deep, less than in T. hageri; blue-violet.

Staining Reactions.

With Gentian Violet.

T. hageri: Fair.

T. sylvestris: Fair, the same as in T. hageri.

T. greigi: Fair, deeper than in T. hageri.
T. billieliana: Fair, sUghtly deeper than in T. hageri.
T. didieri: Fair, deeper than in T. hageri.

T. didieri var. mauriana: Fair, deeper than in T. hageri.

T. didieri var. fransoniana: Fair, less than in T. hageri.

T. dusiana: Fair, deeper than in T. hageri.
T. dusiana var. persica: Fair, deeper than in T. hageri.

T. oculus-solis: Fairly deep.
T. pra:cox: Deep.
T. auslralis: Fairly deep.

With Safranin.
T. hageri: Light.
T. sylvestris: Light, same as in T. hageri.
T. greigi: Light, sUghtly deeper than in T. hageri.

T. billietiana: Light, slightly deeper than in T. hageri.

T. didieri: Light, slightly deeper than in T. hageri.
T. didieri var. mauriana: Light, slightly deeper than in

T. hageri.
T. didieri var. fransoniana: Light, shghtly deeper than in

T. hageri.
T. dusiana: Light, sUghtly deeper than in T. hageri.
T. dusiana var. persica: Light, sUghtly deeper than in T.

hageri.
T. oculus-solis: Light, slightly deei)er than in T. hageri.
T. prwcox: Light, slightly deeper than in T. hageri.
T. auslralis: Light, slightly deeper than in T. hageri.

Temperature of Gelatinizatiqn.

T. hageri: 50.4 to 5L4 C, mean 50.9.
T. sylvestris: 56.5 to 57.8 C, mean 57.15.
T. greigi: 49.6 to 51 C, mean 50.3.
T. billietiana: 55.1 to 55.4 C, mean 55.25.
T. didieri: 50 to 51.5 C, mean 50.75.
T. didieri var. mauriana: 50.2 to 51.7 C, mean 50.95.
T. didieri var. fransoniana: 50.1 to 52.2 C, mean 51 .15.
T. dusiana: 54 to 55.7 C, mean 54.85.
T. dusiana var. persica: 55.5 to 56.1 C, mean 55.8.
T. oculics-solis: 56.2 to 58 C, mean 57.1.
T. pra;cox: 54 to 55.5 C, mean 54.75.
T. australis: 52.7 to 54.8 C, mean 53.75.

Effects op Various Reagents.

Reaction with Chloral Hydrate-Iodine.

T. hageri: Begins in many in 15 seconds; complete in

nearly all in 15 seconds and in all in 9 minutes.
T. sylvestris: Begins in aU in 30 seconds; complete in

nearly all in 4 minutes and in all in 11 minutes.
T. greigi: Begins in most in 1 5 seconds

; complete in nearly
all in 5 minutes and in all in 10 minutes.

T. billietiana: Begins in all in 30 seconds; complete in

nearly aU in 10 minutes and in all in 15 minutes.
T. didieri: iJegins in most in 30 seconds; complete in

nearly all in 10 minutes and in all in 17 minutes.
T. didieri var. mauriana: Begins in all in 30 seconds; com-

plete in nearly all in 5 minutes and in all in 17
minutes.

T. didieri vax. fransoniana: Begins in most in 30 seconds;
complete in nearly all in 8 minutes and in aU in 14
minutes.

T. dusiana: Begins in all in 15 seconds; complete in nearly
all in 4 minutes and in aU in 6 minutes.

T. dusiana var. persica: Begins in most in 15 seconds;
complete in nearly aU in 6 minutes and in all in

10 minutes.
T. oculus-solis: Begins in all in 30 seconds; complete in

nearly all in 5 minutes and in all in 10 minutes.
T. prcecox: Begins in most in 30 seconds; complete in

nearly all in 7 minutes and in all m 19 minutes.

T. auslralis: Begins in all in 15 seconds; complete in

nearly all in 5 minutes and in all in 8 minutes.

Reaction with Chromic Acid.

T. hageri: Begins in most at once; complete in all in 45
seconds.

T. sylvestris: Begins in all in a few seconds; complete in

all in 30 seconds.

T. greigi: Begins in all at once; completeinaUinSOseconds.
T. billietiana: Begins in all in a few seconds; complete in

all in 45 seconds.

T. didieri: Begins in all at once; complete in all in 45
seconds.

T. didieri var. mauriana: Begins in all at once; complete
in all in 50 seconds.

T. didieri var. fransoniana: Begins in all at once; com-
plete in all in 50 seconds.

T. dusiana: Begins in aU at once; complete in all in 40
seconds.

T. dusiana var. persica: Begins in all in a few seconds;
complete in all in 60 seconds.

T. oculus-solis: Begins in aU in a few seconds; complete
in all in 60 seconds.

T. precox: Begins in all in a few seconds; complete in all

in 60 seconds.

T. australis: Begins in all at once; complete in all in 40
seconds.

Rcaclion with Pyrogallic Acid.

T. hageri: Begins in all in a few seconds; complete in all

in 90 seconds.

T. sylvestris: Begins in all in a few seconds; complete in

all in 60 seconds.
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Differentiation of Certain Starches of the Genus Tulipa. Continued.

Effects op Various Reagents Continued.

Reaction wilh Pyrogallic Acid. Continued.

T. greigi: Begins in all in a few seconds; complete in all

in 45 seconds.

T. billietiana: Begins in all in a few seconds; complete in

all in 150 seconds.

T. didieri: Begins in all in a few seconds; comi)lete in all

in GO seconds.

T. didieri var. viauriana: Begins in all in a few seconds;
complete in all in 40 .seconds.

T. didieri var. Jransoniana: Begins in all in 15 seconds;
complete in aU in 45 seconds.

T. clusiana: Begins in all in a few seconds; complete in

all in 50 seconds.

T. clusiana var. persica: Begins in all in 30 seconds; com-

plete in all in 150 seconds.

T. ocidus-solis: Begins in all in a few seconds; complete
in all in 75 seconds.

T. prwcox: Begins in all in a few seconds; complete in all

in 75 seconds.

T. australis: Begins in all in a few seconds; complete in

all in 60 seconds.

Reaction with Ferric Chloride.

T. hageri: Begins in a few in 15seconds; complete in nearly
all in 3 and in all in 5 minutes.

T. sylveslris: Begins in a few in 15 seconds; complete in

nearly all in 4 and in all in 7 minutes.
T. greigi: Begins in a few in 15 seconds; complete in nearly

all in 4 and in all in 8 minutes.

T. billietiana: Begins in a few in 15 seconds; complete in

nearly all in 5 and in all in 7 minutes.
T. didieri: Begins in a few in 15 seconds; complete in

nearly all in 6 and in all in 10 minutes.

T. didieri var. mauriana: Begins in a few in 15 seconds;

complete in neai'ly all in 4 and in all in minutes.
T. didieri var. fransoniana: Begins in a few in 30 seconds;

complete in nearly all in 5 and in all in 15 minutes.

Effects of Various Reagents. Continued.

Reaction wilh Ferric Chloride. Continued.

T. clusiana: Begins in a few in 15 seconds; complete in

nearly all in 3 and in all in 4 minutes.
T. clusiana var. persica: Begins in a few in 30 seconds;

complete in nearly all in 10 and in all in 13 minutes.
T. oculus-solis: Begins in a few in 20 seconds; complete

in nearly all in 4 and in all in S minutes.

T. prwcox: Begins in a few in 30 seconds; complete in

nearly all in G antl in all in 10 minutes.

T. australis: Begins in a few in 15 seconds; complete in

all in 5 minutes.

Reaction ivith Piirdy's Solution.

T. hageri: Begins in all in a few seconds; complete in all

in 60 seconds.

T. sylvestris: Begins in all in a few seconds; complete in

all in 75 seconds.
T. greigi: Begins in all in a few seconds; complete in all

in 30 seconds.

T. billietiana: Begins in all in a few seconds; complete in

all in 180 seconds.
T. didieri: Begins in all at once; complete in all in 45 sec-

onds.

T. didieri var. mauriana: Begins in all in a few seconds;
complete in all in 60 seconds.

T. didieri var. fransoniana: Begins in all in a few seconds;
complete in all in 50 se(^onds.

T. clusiana: Begins in all in a few seconds; complete in

all in 60 seconds.
T. clusiana var. persica: Begins in all in 30 seconds; com-

plete in all in 180 seconds.

T. oculus-solis: Begins in all in 20 seconds; complete in

all in 105 seconds.

T. pra:co.v: Begins in all in a few seconds; complete in all

in 75 seconds.

T. australis: Begins in all in a few seconds; complete in

all in 45 seconds.

NOTES ON THE STARCHES OF TULIPA.

The tulip starches differ so httle in their general or gross histological features that it would be

quite impossible, except in rare instances, to distinguish one from another by this means. In their

reactions they exhibit close resemblances, yet the individual variations render diagnosis of each

kind very easy. The most obvious differences are seen in the temperature records (the range of

the temperatures of gelatinization being 50.3 to 57.15) and in the reactions with the chemical

reagents. The histological, physical, and chemical likenesses of T. didieri and its two varieties

are worthy of particular note because of their showing the close correspondences between these

and the botanical peculiarities. It will be seen that the only really marked difference is in the

comparatively high temperature of gelatinization of T. didieri var. fransoniana, which is nearly

4 higher than the temperatures of the other two.

GENUS SCILLA.

This genus includes about 80 species of perennial bulbous plants that are widely distributed over

the temperate districts of Europe, Asia, and Africa, and popularly known as squill, wild hyacinth,

harebell, bluebell, sea onion, etc. Scilla is closely related to Ornithogaluin, Hyadnthus, Caviassia,

Chionodoxa, and Puschkinia. Chionodoxa and Scilla have yielded hybrids which are known as Chio-

noscillas. The starches of <S. sibirica Andr., >S. peruviana Linn. (S. ciliaris Hort., S. clusii Pari.), and

S. bifolia Linn, were studied. The first is the Siberian squill ;
the second is the Cuban lily or Peruvian

jacinth or hyacinth ;
and the last is a species in common garden cultivation as an early flowering plant.

STARCH OF SCILLA SIBIRICA. (Plate 35, figs. 205 and 206. Chart 141.)

Histological Characleristics. In form the grains are usually simple and mostly isolated. There

are some small aggregates and compound grains of few components. Many isolated grains have

either one pressure facet at the distal end, or one at the distal end and one at the side
;
but the facets
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are never clear-cut with well-clefincd edges. If the grain is compound the components are usually

partially separated by fissures extending out to the rows of lamellae encircling the component grains.

The grains are rounded, except for some irregularities in the form of pressure facets and for small,

irregular protuberances due to the unequal development of the surface. The conspicuous form is

ovoid, which may be a pure ovoid or with the distal end flattened. There are also round, pyramidal,

triangular, and dome-shaped. Most of these forms are naodifications of the ovoid by pressure facets.

The grains are not flattened in any tliameter, except by pressure facets.

The hilum is distinct anil comparatively large. It is usually eccentric, about one-fourth to

one-third of the longitudinal diameter of the grain. In some grains it is centric. It may or may not

be in the median line, usually it is round, except when marked by a fissure, but frequently it is

elongated or lenticular. In the compound grains there are 2 or more hila in accordance with the

number of grain-components, and in such cases each hilum has its separate set of lamellae, the

several sets as a rule being separated from one another by fissures. In other cases 2 hila may be

placed very close together in a non-lamellated space, and such hila may be termed double. The
hilum is often fissured, sometimes by a single line that may be straight or have a double curve

in the transverse, diagonal, or longitudinal a.xis of the gi'ain; or there may be three lines radiating
from the hilum; or a cross; or an irregularly stellate arrangement of fissures. Most of the fissures

are clean-cut and not ragged. There is in the case of

compound grains quite a characteristic arrangement of

two or more small crosses of the same size side by side.

The lamelUe are distinct. They are rather coarse,

continuous, and regular; and coarser and more distinct

near the hilum than near the margin. In compoimd
grains each hilum is surrounded by about 2 or 3 lamellae,

the whole group of hila with their separate lamellae being
in turn inclosed by several continuous lamellae. There

are on an average 6 lamellae on the simple, isolated grains

and about 16 on the compound grains.

The grains vary in size from 3 to 28/i. The common
size is 18/i.

Polariscopie Properties. The figure is usually eccen-

tric, generally clear-cut, and distinct. In some grains one

or more of the hues may be broader and less well defined

than the others, winch is due undoubtedly in some cases

to differences in the degree of polarization of different

parts of the grain. The longer lines are sometimes slightly

bent or otherwise distorted, and they may vary much in width as well as in sharpness of outhne.

The degree of polarization is fairly high. It may be low in some parts of the grains and it varies

somewhat in different grains.

With selenite the quadrants are usually fairly well defined, some very well, and they are usually

fairly regular in shape and unequal in size. The colors are fairly pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains at once color deeply a blue-

violet; with 0.125 per cent .solution the grains are colored lightly at once and become deeper slowly.

After heating until all the grains are completely gelatinized, the solution and the gelatinized grains

are colored deeply with iodine. Some of the grains do not color so deeply as the others. With an

excess of iodine the grains show a violet capsule. After boiling for 2 minutes the solution is colored

much more deeply, but the grain-residues much less. All of the capsules become of a violet color

and are found to contain some blue-reacting material upon adding an excess of iodine.

Staining Reactions. With gentian violet the grains begin to stain lightly in 30 seconds and after

30 minutes they are fairly colored.

With safranin the grains begin to stain very slightly in a minute. After 30 minutes they are

fairly deeply stained.

Temperature Reaction. The temperature of gelatinization is G5 to 67 C, mean 66.

Effects of Various Reagents. With chloral hydrate-iodine the grains begin to react in 30 seconds.

Almost all are gelatinized in 8 minutes and all in 15 minutes. The reaction usually begins at the

distal end. The grain at this point becomes darker, then swells somewhat, with a little irregular
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protrusion. The process extends inward over the whole grain, more rapidly along the margin on

each side than over tlie inner portion. There is a sharp line of demarcation between the gelatinized

and the non-gelatinized parts. The process in some grains starts from both ends and advances

from these points over the whole grain. The gelatinized grains are fairly large, somewhat distorted,

and usuallj^ uniformly dark.

The reaction with chromic acid begins at once and is over in a minute. The hilum becomes

very prominent and swells slightly, and the grain becomes covered liy fine strice. The inner portion

is transformed into a geliitinous mass. The starch at the margin with some resistant starch of the

imier portion forms a ring which is very distinctly striated and banded, more distinct at the distal

end than at the proximal end of the grain. The ring becomes thinner and transparent as the grain

continues to swell and finally ruptures at the proximal end, allowing the gelatinized starch \vithin

to flow out and dissolve, the ring or capsule itself later completely dissolving.

With pyrogallic add most grains begin to react at once. All are fully gelatinized in 40 seconds.

Both hilum and lamellse are rendered very distinct. The hilum swells somewhat and the grain

becomes covered by fine stria. The inner portion is changed into a gelatinous mass. The starch

at the margin forms a ring which is striated, but not always distinctly banded. If the swelling

is very rapid, this ring may be divided at several places by very deep fissures which split it to the

capsule. This cleavage, when the grain is fully gelatinized, gives rise to a number of small saccula-

tions at the distal end. The gelatinized grains are large, somewhat folded and wi-inkled, and often

irregular at the distal end. They do not retain much of the original form of the grain.

With ferric chloride most grains begin to react in 13^ minutes. Nearly all are gelatinized in 10

minutes and all in 15 minutes. The hilum is rendered prominent, but not the lamellce. The hilum

begins to swell and the grain is divided by fine radial striie. The inner portion is changed to a

gelatinous mass. The marginal part forms a striated ring. This becomes thinner and more trans-

parent as the grain continues to swell, until finally a large, thin-walled mass is formed. The gelatin-

ized grains are large, fairly smooth, and somewhat distorted.

Reaction with Purdy's solution begins at once in many grains, and about two-fifths are completely

gelatinized in 15 minutes, and nine-tenths in an horn-. The hilum is very distinct, the lamelltE are

visible, the hilum swells somewhat, and the grain becomes divided by fine striae. The inner portion

is transformed into a gelatinous mass as the grain swells. The marginal starch forms a ring which

is thicker at the distal end, where it shows fine striae and alternate refractive and non-refractive

bands. This ring gradually becomes thinner and more transparent until a large, fairly smooth

mass is formed. Some compound grains show a smaller mass within a larger one, showing that

there is here present a primary grain which has later become enveloped by a secondary grain.

STARCH OF SCILLA PERUVIANA. (Plate 35, figs. 207 and 208. Chart 142.)

Histological Characteristics. In form the grains are usually simple. There are some very irreg-

ular compound grains which may consist of a variable number of components; also a few aggre-

gates composed either of grains of equal size, or of a large grain with several small grains adherent

to the distal end. The surface is somewhat varied, owing to lamellated additions made after the

original grain has been formed, or to protuberances caused by the unequal development. The

conspicuous forms are rounded ovoid, or rounded elliptical with the larger proximal end and some-

what flattened distal end, or with both ends rounded; also round, ovoid, triangular, and quadrangular

forms, with rounded corners, and some irregular or incidental forms found in other Scillce. The

grains are not flattened, and as a rule, when seen from the proximal end they appear spherical.

The hihim is generally very distinct, comparatively small, and situated eccentrically about

one-fourth of the longitudinal axis of the gi-ain. In some of the nearly round forms it is almost

centrically placed. It is usually to one side of the median line. Two or more hila are often placed

closely together, and in the compound gi-ains each part has one or more hila. The hilum is usually

markedly fissured, and the fissures may be single, transverse, diagonal, or longitudinal; a straight

line, or a cross, or 3-armed, or irregularly stellate, and quite ragged.

The lamellw are distinct, rather coarse lines, usually continuous, but which appear in compound
grains to become discontinuous near the margin of the original grain at the point where the lamellated

additions join it. They show no other irregularity in themselves, except that those of the original

grain are of different shape from those of the completed grain. They vaiy in size and distinctness

in different grains, but not nmch in the same grain. There are about 14 to 20 on the larger grains.
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The grains vary in size from 6 to 4Gm. The common size is 32ju. The dimensions of an average
rounded ovoid grain are 32 by 26m in length and breadth.

Polariscopic Properties. The figure is usually eccentric, distinct, and generally clear-cut. Its

rather broad Hnes become broader and less well defined in many grains, especially the longer lines,

when nearing the margin. The lines may be bent and otherwise distorted, vary in width, and be

placed at varying angles with each other.

The degree of polarization is high. It may be less towards the margin. It is much higher than
that of the grains of S. sibirica. It does not vary greatly in different grains nor in different aspects
of the same grain.

With selenite the quatlrants are fairly clear-cut, usually unequal in size, and generally regular
in form. The colors ai-e fairly pure. As a rule the blue shows an admixture of yellow.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains are deeply colored a blue-

violet at once; with 0.125 per cent solution they color at once slightly and the color deepens slowly.
The coloration is not so deep as that of the grains of S.

sibirica. After heating until all the grains are completely

gelatinized, the solution is colored lightly and the gelat-
inized grains very deeply with iodine. After boiling for

2 minutes the solution is colored very deeplj', but the

grain-residues lightly. With an excess of iodine the ca])-

sules take on a violet color.

Staining Reactions. With gentian violet the grains

begin to stain at once, especially about the margin. After

30 minutes they ai^ fairly stained, some more than others.

The shade is slightly deeper than that of the grains of

S. sibirica.

With safranin the grains begin to stain evenly at

once. After 30 minutes they are fairly deeply colored,

some more than others. The shade is nearly the same,
but probably somewhat deeper, on the whole, than that

of the grains of S. sibirica.

Temperature Reaction. The temperature of gelatin-

ization is 65 to 66 C, mean 65.5.

Effects of Various Reagents. With chloral hydrate-
iodine the reaction begins in 30 seconds. About half are darkened in 3J^ minutes and all but a few are

gelatinized in 15 minutes. The reaction proceeds without much swelling until the portion containing
the hilum is involved. This reaction is qualitatively the same as that of the grains of S. sibirica.

With chromic acid some grains begin to react immediately. All are affected in 30 seconds, and the

reaction is over in 2 minutes. The reaction is qualitatively the same as that of the grains of S. sibirica.

With pyrogallic acid there is a slight general reaction immediately. A few are partially gelatin-
ized at once. Nearly all are gelatinized in 40 seconds and all in 65 seconds. The reaction is quali-

tatively the same as that of the grains of S. sibirica.

Reaction with ferric chloride begins in a few of the smaller grains in 30 seconds. About half

of the grains are affected and fully gelatimzed in 3J4 minutes, two-thirds are gelatinized in 7 minutes,
and all in 20 minutes. In many grains the reaction begins at projections on the margin. The reac-

tion is the same qualitatively as the grains of S. sibirica.

With Purdy's solution there is a general reaction in 30 seconds. Most of the grains are com-

pletelj' gelatinized in 2 minutes, and all but rare resistant grains in 5 minutes. The reaction often

begins by a splitting off of the secondary additions to the grain, after which it proceeds as in the

grains of S. sibirica.

s
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Chart No. 143.

development. The conspicuous forms are ovoid to roiuid, and irregular lenticular, some with almost

pointed projections on one side; also oval, elliptical, triangular with rounded corners, and various

irregular forms found in other Scilla:. The transverse diameter is longer than the longitudinal in

many of these grains, particularly the lenticular and the triangular. The grains are commonly
about two-thirils to three-fourths as thick as they are broad.

The hilum is usually very distinct and is a comparatively large, round, non-refractive spot which

is eccentric commonly about one-fom-th of the longitudinal axis of the grain. It may be in, near,

or very much to one side of the median line. It is rarely fissured, and the fissure in such cases is

very small and indistinct. It is often marked by a clean-cut, round, or somewhat elliptical cavity

which appears to communicate with the interior of the grain. There is often about the hilum a

well-marked area which appears to be raised above the surface of the rest of the grain and which

does not always have the same shape as the margin of the grain. There may be in a single grain
2 or more hila which usually are placed linearly in the direction of the transverse axis. The com-

pound grains show 2 or more hila, each surrounded l)y its own lamellse.

The lamellm are fairly distinct. They are rather coarse, continuous rings divisible into two

systems, those comprising the raised area about the hilum and those comprising the remainder of the

grain. Those of the first set are finer than those of the second. They varj^ in distinctness in different

grains. There are about 10 to 12 on the larger grains.

The grains vary in size from 3 to 34/i. The common
size is 22ix. The dimensions of an average ovoid grain are

20 by 24/i in width and length, and of the average trian-

gular or lenticular grain are 24 by 16^ in width and length.

Polariscopic Properties. The figure is distinct, usu-

ally clear-cut, and eccentric. The lines may become
somewhat broader but less distinctly outlined as they
near the margin of the grain. They are somewhat bent

and otherwise distorted in some of the grains, of variable

width, and may be placed at varying angles.

The degree of polarization is fairly high. It varies in

different grains and somewhat in different aspects of the

same grain. It is about the same or slightly higher than

that of the grains of S. sibirica.

With selenite the quadrants are fairly well defined,

unequal in size, and usually irregular in shape. The
colors are not pure, except when the grain is viewed from

the top or side. Curve of ReacUon-Intenaities of Starch of Scilla bifolia.

Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains are colored at once a deep blue-violet; with 0.125 per cent solution the grains color

hghtly at first, and the color deepens rapidly. The shade is about the same as that of the grains
of S. sibirica. After heating until all the grains are completely gelatinized, the solution is colored

lightly and the gelatinized grains very deeply with iodine. After boiling for 2 minutes, the solution

is colored deeply and the grain-residues very lightly. The capsules all have a violet color after the

addition of a slight excess of iocUne and most of them retain some blue-reacting starch.

Staining Reactions. With gentian violet some grains begin to stain at once and others in about

a minute. After 30 minutes the grains are but fairly stained, some more than others. The shade

is about the same as that of the grains of S. sibirica.

With safranin the gi-ains begin to stain at once, but some stain more deeply than others. After

30 minutes they are fairly deeply colored, some more than others. The shade is slightly deeper
than that of the grains of S. sibirica.

Temperature Reaction. The temperatiu-e of gelatinization is 64 to 65.5 C, mean 64.75.

Effects of Various Reagents. With chloral hydrate-iodine about one-fourth of the grains begin
to react in 30 seconds, and the reaction is almost general in IJ^ minutes. About half are dark in 3

minutes and the reaction is complete in 15 minutes. This reaction is qualitatively the same as

that of the grains of S. sibirica.

Reaction with chromic acid begins at once and is over in 2 minutes. This reaction is quali-

tatively the same as that of the grains of .S'. sibirica.
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With pyrogallic add there is a slight gciu'ia] reaction at once. In 30 seconds ail are gelatinized.

The reaction is qualitatively the same as that of the grains of S. sibirica.

With ferric chloride about half the grains begin to react in 30 minutes and all but a very few

react in 3 minutes. Nearly all are gelatinized in 10 miimtes and all are fully gelatinized in 17 min-

utes. In many of the grains the reaction starts at protuberances on the margin. The reaction is

qualitatively the same as that of the grains of (S. sibirica.

The reaction with Purdy's solution begins in most grains at once and almost all but rare resist-

ant grains are completely gelatinized in 2 minutes. The last to gelatinize are the compound grains

consisting of a small grain embedded in a huge one. The outer part quickly becomes gelatinized,

whil(! the inner, smaller grain reacts comparatively slowly. The reaction is qualitatively the same
as that of the grains of S. sibirica.

Differentiation of Certain Starches of the Genus Scilla.

Histological Characteristics.

Conspicuous Forms.

S. sibirica: Usually simple, mostly isolated, few com-

pound graina, isolated grains somewhat irregular.

Ovoid, ovoid with distal end flattened; round,
triangular, pyramidal, dome-shaped.

S. perui'ia?ia: Essentially the same as in <S. sibirica, except
rounded ovoid and rounded ellipsoidal prominent.

S. bifolia: Essentially the same as in S. sibirica, except
that the round and lenticular forms are very
numerous.

Hilum Form, Number, and Position.

S. sibirica: Form distinct, rather large, round or lenticu-

lar spot, often fissured. Position usually eccentric

0.25 to 0.33 of longitudinal axis.

iS. peruviana: Form the same as in S. sibirica, except

smaller; fissuration very marked. Position usually
eccentric 0.25 of longitudinal axis.

S. bifolia: Form the same as in S. sibirica, but rarely
fissured. Position usually eccentric 0.25 of longi-
tudinal axis.

Lamella -General Characlerislics and Number.

S. sibirica: Distinct, regular, continuous rather coarse.

2 sets in some grains. 6 on simple, 16 on com-

poimd grains.
S. peruviana: The same as in S. sibirica, but discon-

tinuous in a portion of the grain. 14 to 20 on

larger compound grains.
S. bifolia: The same as in S. sibirica, but not so distinct.

10 to 12 on larger grains.

Size.

S. sibirica: From 3 to 28^, commonly 18it.

S. peruviana: From to 46^, commonly 32/^.

.S'. bifolia: From 3 to 34^, commonly 22^.

PoLARiscopic Properties.

Figure.

S. sibirica: Usually eccentric, distinct, usually clear-cut,

may he irregular.
S. peruviana: Same as in S. sibirica.

S. bifolia: Same as in S. sibirica.

Degree of Polarization.

S. sibirica: Fairly high.
<S. peruviana: High, much higher than in .S. sibirica.

S. bifolia: Fairly high, slightly higher than in S. sibirica.

Polarization vnlh Selenite Qwidranis and Color.

S. sibirica: Quadrants fairly well defined, fairly regular
in shape, usually unequal in size. Color fairly pure.

S. peruviana: Quadrants the same as in S. sibirica. Color

quite pure.
S. bifolia: Quadrants the same as in .S. sibirica. Color

not pure.

Iodine Reactions.

Intensity and Color.

S. sibirica: Deep; blue-violet.

S. peruviana: Deep, not quite so deep as in S. sibirica;
blue-violet.

S. bifolia: Deep, the same as in S. sibirica; blue-violet.

Staining Reactions.

With Gentian Violet.

S. sibirica: Fair.

S. peruviana: Fair, slightly deeper than in S. sibirica.

S. bifolia: Fair, the same as in S. sibirica.

With Safranin.
S. sibirica: Fairly deep.
S. peruviana: Fau-ly deep, slightly deeper than in S.

sibirica.

S. bifolia: Fairly deep, the same or slightly deeper than
in S. sibirica.

Temperature of Gelatinization.

S. sibirica: 65 to 67 C, mean 66.
iS. peruviana: 65 to 66 C, mean 65.5.
S. bifolia: 64 to 65.5 C, mean 64.75.

Effects of Various Reagents.

Reaction with Chloral Hydrate-Iodine.

S. sibirica: Begins in 30 seconds; complete in 15 minutes.
S. peruviana: Begins in 30 seconds; complete in all but

a few grains in 15 minutes.
jS. bifolia: Begins in 1}^ minutes; complete in all but a

few grains in 15 minutes.

Reaction with Chromic Acid.

S. sibirica: Begins at once; complete in 1 minute.
<S'. peruviana: Begins at once; complete in 2 minutes.
S. bifolia: Begins at once; complete in 2 minutes.

Reaction with Pyrogallic Acid.

S. sibirica: Begins at once; complete in all in 40 seconds.
S. peruviana: Begins at once; complete in all in 65 seconds.
S'. bifolia: Begins at once; complete in all in 30 seconds.

Reaction with Ferric Chloride.

S. sibirica: Begins in IJ^ minutes; complete in 15 minutes.
S. peruviana: Begins in 30 seconds; complete in 20

minutes.
S. bifolia: Begins in 30 seconds; complete in 17 minutes.

Reaction with Purdy's Solution.

S. sibirica: Begins immediately; complete in seven-tenths
in 30 minutes and in all but rare grains in 60
minutes.

S. peruviana: Begins immediately; complete in all but
rare resistant grains in 5 minutes.

S. bifolia: Begins immediately; complete in all but rare
resistant grains in 2 minutes.
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NOTES ON THE STARCHES OF SCILLA.

The three starches examined, while showing the same gross microscopical characteristics,

exhibit certain individualities which are of value on their differentiation. Thus, in S. sibirica and
S. bifolia the grains, on the whole, are very much smaller than those of S. peruviana. In S. peru-
viana the grains are not onlj' particularly noticeable because of the comparative size, but also because

of the marked fissuration and lamellation. S. bifolia, in comparison with the other two, is partic-

ularly distinguished by the relative abundance of the elliptical type of grain and the tendency to

greater irregularity of outline. The reactions show no important variations except with Purdy's
solution. In temperatm-es of gelatinization the extreme difference is 1.25. On the whole, S. sibirica

and S. bifolia closely correspond in their reactions.

GENUS CHIONODOXA.
This very small genus of bulbous plants, all of which are natives of Crete and Asia Minor, is

closely allied, as noted under Scilla, to a number of genera represented in this research. The starches

from C. lucilice Boiss., C. tmolusi, Hort., and C. sardensis Hort. were examined. C. lucilice is popu-
larly known as the glory-of-the-snow, and is probably the only true species of the three, the second
and probably the third kintl named being regarded as forms of the first.

STARCH OF CHIONODOXA LUCILICE. (Plate 36, figa. 211 and 212. Chart 144.)

Histological Characteristics. In form the grains are almost wholly simple and are isolated,

except a very few clumps. The smaller grains show some tendency to atlhere to the larger ones.

No pressure facets were observed. The siu'face of the grains is usually irregular, owing to unequal

development of certain parts in the form of rounded protuberances and nipple-like projections, and
in some cases to accretions added to a primary grain.

The conspicuous forms are ovoid, bean-shaped or reniform,

lenticular, and clam-shell type; also pyriform, round,

eUiptical, triangular, irregularly quadrangular, and vari-

ous irregular forms. The grains are somewhat flattened,

and when seen on edge appear narrower at the distal end

than at the proximal.
The hiluni is a comparatively small, rather indistinct

round spot, eccentric from one-fifth to two-fifths of the

longitudinal axis of the grain and either in or to one side

of the median line. There may be double or multiple hila.

The hilum may be fissured, in which case the fissure usu-

ally takes the form of a well-marked, clear-cut cross; or a

transverse fissure may appear that is either clean-cut or

ragged; or a 3-armed fissure. Fissures may also partially

separate dual or multiple hila from one another, and one

or all of the hila may be fissured.

The lamelloe are fairly distinct, rather coarse, regular
or irregular continuous rings which follow closelj' the out-

line of the margin, except when the latter is distorted by
accretions. There are usually two sets, one composing an area about the hilum which is often quite

prominent and sometimes appears to be raised, and the other extending between this and the margin.

They are usually more distinct near the margin. There are 7 to 12 on a medium-sized grain.

The grains vary in size from 4 to 64/j. The common size is 34/u.

Polariscopic Properties. The figure is usually eccentric and distinct, but as a rule not clear-

cut, and quite irregular. Its lines are often much bent and distorted and almost always broader

and less distinct at the margin.
The degree of polarization is fairly high, varying somewhat in the different grains and also

in the same aspect of a given grain.

With selenite the quadrants are usually not clear-cut, are very irregular in shape, and unequal
in size. The colors are fairly pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains are colored a deep blue-

violet; with 0.125 per cent solution they color quite deeply. After heating until the grains are all
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completely gelatinized, the solution is colored very lightly and the swollen grains very deeply on
the addition of iodine. After boiling for 2 minutes the solution colors very deeply, but the grain-
residues much less deeply. All the capsules contain some blue-reacting starch, and with an excess

of iodine they become a light violet.

Staining Reactions. With gentian violet and with safranin the grains begin to stain very lightly
in 30 seconds, and after 30 minutes arc fairly stained, one grain as deeply as another.

Temperature Reaction. The temperature of gelatinization is 59.4 to 60.6 C, mean 60.
Effects of Various Reagents. With chloral hydrate-4odine reaction begins in a minute and almost

all grains are gelatinized in 15 minutes. Both hilum and lamellae are rendered distinct. The more
prominent points on the reacting grain are the projections on the margin, which darken and some-
times swell to a marked degree around the whole margin, the swelling is very even, and the unswollen
central part of the grain is thus surrounded by a dark band. The inner part of the grain then darkens

gradually and when the hilum is reached the grain as a whole swells. The swollen grains are very
large and show a very dark center surrounded by three or four concentric dark rings, sometimes
broken irregularly, and separated from one another quite evenly by lighter spaces.

Reaction with chromic acid begins immediately and is over in 2 minutes. The hilum swells

rapidly and the inner portion is transformed rapidly into a gelatinous mass, leaving a very thin

marginal ring, which at first shows fine strise and several alternately refractive and non-refractive
concentric bands. This ring is soon altered into a very thin, homogeneous, transparent envelope
which at the thinnest point, either at the proximal or distal end, invaginates and dissolves, the
contents passing out and disappearing, followed by solution of the rest of the envelope. The grains
SAvell to an enormous size before dissolving.

Reaction with pyrogallic acid begins in 10 seconds and is complete in nearly all the grains in

2 minutes. A very few are only partially gelatinized. Both hilum and lamellae are rendered very
distinct. The hilum begins to swell evenly and rapidly. The inner part of the gi-ain is changed
to a gelatinous mass. The starch at the margin forms a thin, homogeneous ring, which rapidly
becomes thimier and transparent as the grain continues to swell. The swollen grains are large,
somewhat folded, and crumpled, but retain much of the original shape.

Reaction with ferric chloride begins in 30 seconds and is over in 30 minutes. The hilum is verj'

prominent, often appearing as a dark bubble. The grains begin to gelatinize usually at the distal

end, wth great and irregular protrusion; or gelatinization may begin at both ends. The process
extends completely around the margin, so that a ring of gelatinized starch surrounds a non-gelatin-
ized central portion. In the bean-shaped and reniform grains, however, the margin of the proximal
end is not affected imtil the hilum itself swells. After the peripheral portion has become gelatinized,
small pieces are broken, from time to time, from the non-gelatinized center, and gelatinize inde-

pendently initil this part of the grain is completely dissolved. The swollen grains are very large,

greatly crumpled, lobulated, and distorted, and do not retain any of the original form.

The reaction with Purdy's solution begins immediately in some of the grains, and one-third

are partially gelatinized and two-thirds completely gelatinized in 2 minutes. Both hilum and lamellie

become very distinct. The hilum swells and parts of the inner portion of the grain are dissolved,
but some of the starch appears to be forced unchanged to the margin, forming a ring which shows
fine striae and several very distinct, alternate refractive and non-refractive bands. This ring becomes
thinner and quite homogeneous and transparent as gelatinization proceeds and the grain swells,
imtil it forms a thin-walled capsule. The swollen grains are large, but not very much folded, wrin-

kled, or distorted.

STARCH OF CHIONODOXA TMOLUSI. (Plate 36, figs. 213 and 214. Chart 145.)

Histological Characteristics. In forin the grains are almost wholly simple, and they are isolated

with the exception of a few clumps. There are no pressure facets. The surface is often somewhat

irregidar owing to uneven development, rounded protuberances, and nipple-like processes, the latter

being quite common. The conspicuous forms are ovoid, oval, lenticular, and clam-shell type;
also triangular, pyrifoim, round, ellipsoidal, reniform or bean-shaped, and various irregular forms.

The grains are usually not so thick as they are broad, and when seen on edge appear narrower at

the distal than at the proximal end.

The hilum is rather small and usually not very distinct, but occasionally very prominent.
It is eccentric about one-fifth to two-fifths of the longitudinal axis of the grain, and may or may not
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be in the median line. It often lies in a small, ovoid, round, or reniform area which appears to be

raised above the surface of the rest of the grain, and which has not always the same shape as the

grain. There may be 2 or more hila, which may be closely grouped or separated, each with its own
2 or 3 lamellae. The hilum may be fissured, but the fissures are small, and generally take the form

of a cross, a 3-armed figure, or a simple transverse line, usually small and clean-cut.

The lamellw are not very distinct. They are coarse, rather regular, continuous lines which
follow closely the outline of the grain; usually in two sets, those composing the raised area about

the hilum and those composing the rest of the grain, but they do not appear to vary in character

in different parts of the grain as in the other Chionodoxse. There are about 5 to 7 on a grain of

medium size.

The grains vary in size from 3 to 32ju. The common size is 20fi.

Polariscopic Properties. The figure is usually eccentric, distinct, and generally clear-cut. The
lines in some cases become broader and less distinct as they near the margin. They may be bent

or otherwise distorted, and vary in width.

The degree of polarization is fairly high. It varies to a marked degree in different grains, and
also in the same and in different aspects of a given grain. It is not so high as that of C. ludlice.

With selenile the quadrants are, as a rule, clear-cut

and well defined, but sometimes blurred. They are un-

equal in size and usually irregular in shape, but less irreg-

ular than in C. lucilicB. The colors are fairly pure as a rule.

Iodine Reactions.- With 0.25 per cent Lugol's solu-

tion the grains are colored deeply a blue-violet; with 0.125

per cent solution the grains color quite deeply. The color

is about the same in depth as that of the grains of C.

lucilicB. After heating until all the grains are completely

gelatinized, the solution is colored very lightly and the

grains very deeply on the addition of iodine. After boil-

ing for 2 minutes the solution is colored very deeply,

but the grain-residues much less deeply, when iodine is

added. When an excess of iodine is used many of the

capsules show an absence of blue-reacting starch, and all

of them are colored violet with an excess of iodine.

The grain-residues are mostly much swollen, crumpled,
and distorted, and some are completely disintegrated.

Staining Reaclio7is. With gentian violet the grains

stain very lightly in 30 seconds and after 30 minutes

they are fairly well stained. The color is about the same as that of the grains of C. lucilice.

With safranin the grains stain very lightly in 30 seconds, but in 30 minutes the color is fairly

stained. The coloration is about the same, or slightly lighter, than that of the starch of C. luciliw.

Temperature Reaction. The temperature of gelatimzation is 61.5 to 63.2 C, mean 62.35.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins immediately and almost

all the grains are gelatinized in 10 minutes. The reaction is the same as that of the grains of C. lucilice.

Reaction with chromic acid begins at once and is over in 2 minutes. The reaction is the same

qualitatively as that of the grains of C. lucilice.

Reaction with pijrogallic acid begins in 15 seconds and is complete in IJ/^ minutes in nearly all the

grains. A few are only partially gelatinized. The reaction is the same as that of the grains of C. luciliw.

With ferric chloride the reaction begins in 30 seconds and is over in 10 minutes. The reaction

is the same as that of the grains of C. lucilice.

The reaction with Purdy's solution begins in some grains in 15 seconds; in nearly all it is com-

plete in 7 minutes. A few small grains show an enlarged hilum, but no further evidence of reaction.

It is the same qualitatively as that of the grains of C. lucilim.

STARCH OF CHIONODOXA SARDENSIS. (Plate 36, figs. 215 and 216. Chart 146.)

Histological Characteristics. In form the grains are almost wholly simple and they are isolated,

with the exception of a few in clumps. Occasionally compound grains of two or more components
are observed. There are no pressure facets. The surface is often somewhat uneven, owing to
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irregular rounded protuberances and nipple-like processes. The conspicuous forms are ovoid, oval,

elliptical, and bean-shaped or reniforni. There are also clani-sholl and mussel-shell tj^Des, pyriform,

cllijisoidal, lenticular, and vai-ious irregular forms. The grains when seen on edge appear somewhat

flattened, and are narrower at the distal than the proximal end.

The kihim is very distinct, comparatively small, and eccentric from one-sixth to one-third of

the longitudinal axis of the grain. It is usually situated on a small rounded, ovoid, or reniform area

which is raised above the level of the rest of the grain. There may be 2 or more hila, and they are

generally grouped irregularly. Usually the hilum is not fissured, but when it is the fissuration may
be in the form of a small, transverse or longitudinal line, or 2- or 3-armed cross, or clean-cut or ragged,
or divided by small secondary fissures.

The lamella; are not very distinct, rather coarse, continuous rings, irregular or regular according
to the outline of the margin. There are two sets, those located on the raised portion about the

hilum and those outside of this area, those near the hilum being the more distinct. The lamella

outlining the raised space is verj' prominent. There are

about 6 to 7 on a grain of medium size.

The grains vary in size from 6 to 40ju. The common
size is 22;u.

Polariscopic Properties. The figure is distinct, and

usually eccentric, and clear-cut. It is much more sharply
defined than that in C. lucilice, and the lines are less apt
to be bent and otherwise distorted. The lines tend to

become much broader and less well defined towards the

margin, and they may vary much in width.

The degree of polarization is fairly high. It is about the

same as in the grains of C. lucilice. There is not much var-

iation in the same and in different aspects of a given grain.

With selenite the quadrants are well defined, irregular

in shape, and unequal in size. The colors are fairly pure.

Iodine Reaction.- With 0.25 per cent Lugol's solu-

tion the grains color deeply a blue-violet; with 0.125 per
cent solution they are colored quite deeply and about the

same in both cases as the grains of C. lucilicB. After heat-

ing until all the grains are fully gelatinized, the solution is

colored lightly and the grains very deeply on the addition of iodine. After boiling 2 minutes the

solution is much more deeply colored, but the grain-residues nuich less or not at all. With e-xcess

of iodine all the capsules take on a violet color. The capsules still retain blue-reacting starch in the

proximal end.

Staining Reactions. With gentian violet and with safranin the grains begin to stain in 30 seconds,
and after 30 minutes are fairly well stained. The color is less than that of the grains of C. lucilicB.

Temperature Reaction. The temperature of gelatinization is 60.2 to 62 C, mean 61.1.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in 20 seconds. In 4

minutes most and in 12 minutes all of the grains are gelatinized. The reaction is the same quali-

tatively as that of the grains of C. lucilice.

Reaction with chromic acid begins at once. It is over in 2 minutes, except in some of the smaller

grains, which do not dissolve within 6 to 7 minutes. The reaction is the same as that of the grains
of C. lucilice.

Reaction with pyrogallic add begins in 20 seconds. All are affected and most of the grains are

fully gelatinized in 3 minutes. The reaction is the same as that of the grains of C. lucilice.

The reaction with ferric chloride begins in 20 seconds and is over in 8 minutes. It is the same
as that of the grains of C. Ixicilice.

With Furdy's solution the reaction begins at once. Most grains are gelatinized in a minute. A very
few are refractory, and cease reacting after being partly gelatinized. There is apparently no further

change during an hour. The reaction is the same qualitatively as that of the grains of C. luciliae.
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Differentiation of Certain Starches of the Germs Chionodoxa.

Histological Chabactbristics.

Conspicuous Forms.

C. lucilice: Simple, rare compounds, no pressure facets,

surface usually irregular owing to rounded pro-

tuberances and nipplc-like processes and accre-

tions, ovoid, rcniform, lenticular, clam-shell-

shaped.
C. tmolusi: Essentially the same as in C. lucUice.

C. sardensis: Essentially the same as in C. luciliw.

Hilum Fonn, Number, and Position.

C. htcilim: Form rather indistinct, comparatively small,

round; occasionally multiple; may be fissured,

usually in form of cross. Position eccentric about

0.20 to 0.40 of longitudinal axis.

C. tmolusi: Form essentially the same aa in C. luciliw,

but hilum not so distinct. Position eccentric about
0.20 to 0.40 of longitudinal axis.

C. sardensis: Form essentially the same as in C. luciliw,

but hilum not so distinct. Position eccentric about
0.16 to 0.33 of longitudinal axis.

Lamellae General Characteristics and Number.

C. lucilice: Fairly distinct, rather coarse, regular or irreg-

ular continuous, usually 2 sets. 7 to 12 on medium-
sized grains.

C tmolusi: Not very distinct, otherwise like C. lucilice.

5 to 7 on medium-sized grains.

C. sardensis: Not very distinct, otherwise like C. lucilia:.

6 to 7 on medium-sized grains.

Size.

C. lucilice: From 4 to 64^, commonly 34^.
C. tmolusi: From 3 to 32;u, commonly 20^.

C. sardensis: From 6 to 40fi, commonly 22/1.

PoLABiscopic Properties.

Figure.

C. lucilice: Usually eccentric, distinct, usually not clear-

cut, quite irregular.
C. imolusi: ,Same as in C. lucUiw, except usually clear-

cut and less irregular.
C. sardensis: Same as in C. lucilim, except usually clear-

cut and less irregular.

Degree of Polarization.

C. lucilice: Fairly high, variable.

C. tmolusi: Fairly high, less variable than in C. lucilim,

but of same degree.
C. sardensis: Fairly high, much more variable and not

so high as in C. lucilice.

Polarization with Selcnite Quadrants and Colors.

C. lucilice: Quadrants usually not clear-cut, very irregular
in shape, unequal in size. Colors fairly pure.

C. tmolusi: Quadrants usually clear-cut, somewhat irreg-

ular, unequal in size. Colors fairly pure.
C. sardetisis: Quadrants usua'ly clear-cut, somewhat irreg-

ular, unequal in size. Colors fairly pure.

Iodine Reactions.

Intensity and Color.

C. lucilice: Deep; blue-violet.

C. tmoltisi: Deep, the same as C. lucilice; blue-violet.

C. sardensis: Deep, the same as in C. luciliw; blue-violet.

Staining Reactions.

With Gentian Violet.

C. lucilice: Fair.

C. Imolusi: Fair, about the same as in C. lucilice.

C. sardensis: Fair, but less than in C. lucilice.

With Safranin.

C. lucilice: Fairly deep.
C. tmolusi: Fairly deep, the same or slightly lighter than

in C. lucilice.

C. sardensis: Fair, about the same as in C. lucilice.

Temperature of Gelatinization.

C. lucilioe: 59.4 to 60.6 C, mean 60.
C. tmolusi: 61.5 to 63.2

C. sardensis: 60.2 to 62
mean 62.35.
mean 61.1.

Effects of Various Reagents.

Reaction with Chloral Hydrate-Iodine.

C. lucilim: Begins in a minute; complete in nearly all in

15 minutes.
C. tmolusi: Begins at once; complete in nearly all in 10

minutes.
C. sardensis: Begins in 20 seconds; complete in all in 12

minutes.

Reaction with Chromic Acid.

C. lucilice: Begins at once; complete in all in 2 minutes.
C tmolusi: Begins at once; complete in all in 2 minutes.
C. sardensis: Begins at once; complete in all in 2 minutes,

except few small grains.

Reaction tvith Pyrogallic Acid.

C. lucilice: Begins in 10 seconds; complete in most in 2
minutes.

C. Imolusi: Begins in 15 seconds; complete in nearly all

in 1 J 2 minutes.
C. sardensis: Begins in 20 seconds; complete in nearly

all in 3 minutes, others p.artially gelatinized.

Reaction with Ferric Chloride.

C. lucilim: Begins in 30 seconds; complete in all the grains
in 30 minutes.

C. tmolusi: Begins in 30 seconds; complete in all in 10

minutes.
C. sardensis: Begins in 20 seconds; complete in all in

8 minutes.

Reaction xeilh Purdy's Solution.

C. lucilice: Begins at once in many grains; about one-
third partially and two-thirds completely gelatin-
ized in 2 minutes.

C. tmolusi: Begins in some in 15 seconds; complete in

nearly all in 7 minutes.
C. sardensis: Begins at once; complete in most of the

grains in a minute.

NOTES ON THE STARCHES OF CHIONODOXA.

In histological features the main differences in the three starches are in the different proportions
of the several types of grains, differences in size, and in the cUstinctness and number of the lamelte.

How far these variations are constant is problematical. In their reactions there are very close corre-

spondences throughout, the variations being noted particularly in the temperatures of gelatiniza-
tion (60, 62.35, and 61.1, respectively) and in the chemical reactions, except with chromic acid.

Comparing the reactions of C. ludlia with C. tmolusi, it will be observed that the former has a dis-
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tinctly lower temperature of gelatinization, less sensitivity to chloral hydrate-iodine, pyrogallic
add, and ferric chloride, but greater sensitivity to Purdy's solution; and in comparison with C.
mrdensis it has a higher degree of polarization, less sensitiveness to iodine, a somewhat higher
temperature of gelatinization, less sensitivity to chloral hydrate-iodine, ferric chloride, and Purdy's
solution, and greater sensitivity to p3Togallic acid.

GENUS PUSCHKINIA.

This genus consists of only one or possibly two species of bulbous plants, native of Southern
Asia. Its alliance with genera that are represented in this investigation has been referred to under
Scilla. The only univei'sally recognized species is P. sciUoides Adams (Adnmsia scilloides Willd.).
The other and the questionable species is P. lihanolica Zicc. {P. siculu), probably a variety, and
designated P. scilloides var. lihanolica by Boissier. Starches of both were studied.

STARCH OF PUSCHKINIA SCILLOIDES. (Plate 37, figa. 217 and 218. Chart 147.)

Histological Characlerisiics. In form the grains are almost always simple and for the most part
isolated. There are some compound gi-ains, usually consisting of one large and two or three small

components, the latter arranged at the sides and distal end of the large grain, and often partially

separated by fissures, but held together by common lamellse. There are many small aggregates, usu-

ally of two grains, one smaller than the other and adherent to the distal end of the larger grain. There
are very few pressure facets on the isolated grains. The surface of the grains is somewhat irregular,
due to irregular development or to secondary additions to the primary gi-ain, often deposited on
the distal end and sides, the longitudinal axis of which
does not correspond with that of the primary part of the

grain. In the com])ound grains, inequality in size of the

components and variability of their positions with respect
to one another also give rise to variations in surface. The
conspicuous forms are ovoid and oval, which may have
both ends rounded or the distal end squared and broader
than the proximal end; triangular with rounded corners;
also pjTamidal, spherical, quadrilateral with rounded

corners, and rarely lenticular, and pyriform. The grains
when seen on edge are not flattened, but are not so thick

at the distal end as at the proximal end.

The hilum is a distinct, fairly large round spot, ec-

centric usually one-third to one-fourth of the longitud-
inal axis, and in or near the median line. Rarely in the

smallest grains it is centric. Two or more hila are often

lincarlj^ arranged in a single grain and may or may not
be separated by fissures. The hilum is often fissured and
the fissure may be narrow and short, broad and long,

ragged or clear-cut; a single transverse or longitudinal
fissure that is straight or curved on each side of the central point; or two fissm-es forming a cross;
or tliree or more fissures springing from a central point. In some grains with more than one hilum
one irregular fissure runs through all of the hila.

The lamellcB are fairly distinct, with usually continuous, coarse, irregular rings, as a rule dis-

continuous near distal end of the grains. Thej^ are generally coarser and more distinct near the

hilum than near the distal end and vary in distinctness and size in different grains. There are

6 to 8 on the larger gi'ains.

The grains vary in size from 4 to 26/i. The common size is loju.

Polariscopic Properties. The figure is eccentric, distinct, and not entireh' clear-cut, and gen-

erally somewhat irregular. Its lines are broad, usually broader but not so clearly outlined near

the margin; sometimes slightly bent or otherwise distorted, and placed at varjdng angles to one

another; the figure is often complicated, owing to the presence of several component grains of the

aggregate or compound, in which case there may be one large and several small figures, or various

modifications.

37
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The degree of polarization is fairly high, varying in different grains, being low in some, high

in others. It varies also in different aspects of the same grain, being highest when the grain is viewed

on end or edge and commonly lower at margin of the distal end than near the hilum in the same

aspect of a given grain.

With sclenite the quadrants are fairly well defined, generally somewhat irregular in shape,

and unequal in size. The colors are usually pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a deep blue-violet; with

0.125 per cent solution they color fairly and the color deepens rapidly. After heating in water until

all the grains are completely gelatinized, the solution colors lightly and the swollen grains very deeply

on addition of iodine. After boiling for 2 minutes the solution colors tlccplj' and the grain-residues

lightly or not at all. The capsules color a reddish-violet on the addition of an excess of iodine.

Staining Reactions. With gentian violet and with safranin the grains begin to stain very lightly

at once and in 30 minutes are lightly colored.

Te^nperature Reaction. The temperature of gelatinization is 55.8 to 56.9 C, mean 56.35.

Effects of Vario^is Reagents. With chloral hydrate-iodine reaction begins in 30 seconds and is over

in 10 minutes. The reaction starts at the distal end with darkening and considerable irregular pro-

trusion, and the process advances until the whole grain is involved. There is always a sharp line of

demarcation between the gelatinized and non-gelatinized parts of the grain. The gelatinized grains

are fairly large, of a uniform dark color, and do not retain much of the original form of the grain.

Reaction with chromic acid begins in a few seconds and is over in a minute. The reaction starts

at the hilum, where a bubble of gas or air forms, which increases and then decreases in size as the

grain swells, and finally disappears. Meanwhile fine striae appear radiating from the hilum in all

directions, and the less resistant starch is rapidly gelatinized, accompanied by swelling of the whole

grain. The more resistant starch forms a striated band at the margin which rapidly becomes thin

and transparent, forming finally a capsule which dissolves at the proximal end, thus allowing the

gelatinous material within to flow out and be dissolved. The rest of the capsule is rapidly dissolved

after the escaped contents have disappeared.
Reaction with pyrogallic add begins in 15 seconds and is over in Ij^ minutes. It begins at the

hilum, which swells somewhat, and a bubble appears which first increases then decreases in size

and finally disappears. Fine stria3 radiate from the hilum in all directions. The less resistant

inner starch is gelatinized, and the more resistant outer starch forms a dense striated band at the

margin, which as the grain swells becomes thin and transparent, especially at the distal end. The
swollen grains are large, crumpled, and sacculated at the distal end and do not retain much of the

original form of the grain.

With ferric chloride reaction begins in some grains in a miiuite and is over in 20 minutes. The
reaction originates at the distal end, which is fissured internally in one or more places, and from

these fissures gelatinized starch protrudes beneath the capsule. This process of gelatinization

proceeds around the margin of the grain on each side and sometimes reaches the proximal end.

Then it extends inward over the interior and denser portion of the grain, which is first split by
fissures into small pieces that are separated from the main imgelatinized mass by wide bands of

gelatinized starch and later are gelatinized themselves. The gelatinized grains are large, saccu-

lated, crumpled, and distorted, and do not retain any of the original form of the grain.

Reaction with Purdy's solution begins at once. It is over in one-third of the grains in a minute,
in three-fourths in 3 minutes, and in nearly all in 12 minutes. It appears to be qualitatively the same
as that with pyrogallic acid.

STARCH OF PUSCHKINIA SCILLOIDES VAR. LIBANOTICA. (Plate 37, figs. 219 and 220. Chart 148.)

General Characteristics. In for??! the grains are usually simple, and are isolated except a few

in aggregates. Compound grains are not unusual and consist generally of one large grain with

one or more smaller grains at its sides or distal end, the whole being surrounded by one, two, or more
lamellse. The components of such grains are frequently partially separated by fissures. There
are a few aggregates, and these consist usually of a large grain having one or more small grains

attached generally at the distal end, but sometimes at the side. A few of the grains have poorly
defined pressure facets at the distal ends. The surface is rather irregular, due in the single grains
to the additions of starch, usually lamellated, to the distal end and sides, the longitudinal axis of

which additions does not correspond to that of the major part of the grain; and in the double grain
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Differentiation of Certain Starches of the Genus Puschkinia.

Histological Chakacteristics.

Co7ispicuous Forms.

P. scilloides: Usually simple, a few compound grains usu-

ally consisting of 1, 2, or 3 components; many
small aggregates of components similar to com-

pound grains; surface somewhat irregular. Ovoid
and oval with rounded ends or squared distal end
and broader at proximal end; triangular with

rounded cornera. Few poorly defined pressure
facets.

P. scilloides var. Hbanotica: Essentially the same as in P.

scilloides, except a tendency to greater irregularity.

Hilwn Form, Number, and Position.

P. scilloides: Form distinct, fairly large, round; single
or multiple; often fissured; fissure short or long,
narrow or broad, ragged or clean-cut. Position

eccentric, usually 0.33 to 0.25.

P. scilloides var. libauotica: Form essentially the same as

in P. scilloides. Position eccentric, usually 0.40 to

0.25.

Lamellce General Characteristics and Number.

P. scilloides: Fairly distinct, usually continuous, coarse,

irregular; usually discontinuous near distal end.

6 to 8 on larger grains.
P. scilloides var. Hbanotica: Essentially the same as in

P. scilloides. 12 to 14 on larger grains.

Size.

P. scilloides: From 4 to 26m, commonly 15m.

P. scilloides var. hbanotica. From 3 to 30m, commonly 20m.

PoLARiscopic Properties.

Figure.

P. scilloides: Eccentric, distinct, not entirely clear-cut,

generally somewhat irregular.
P. scilloides var. Hbanotica: Essentially the same as in

P. scilloides.

Degree of Polarization.

P. scilloides: Fairly high.
P. scilloides var. Hbanotica: Fairly high, slightly higher

than in P. scilloides.

Polarization luilh Selcnitc Quadrants and Colors.

P. scilloides: Quadrants fairly well defined, generally
somewhat irregular, unequal in size. Colors

usually pure.
P. scilloides var. Hbanotica: Quadrants essentially the

same as in P. scilloides, but more irregular in

shape and more unequal in size. Colors pure.

Iodine Reactions.

Intensity and Color.

P. scilloides: Deep; blue-violet.

P. scilloides var. Hbanotica: Deep, slightly deeper than
in P. scilloides; blue-violet.

Staining Reactions.

With Gentian Violet.

P. scilloides: Light.
P. scilloides var. Hbanotica: Light, deeper than in P.

scilloides.

With Safranin.
P. scilloides: Light.
P. scilloides var. Hbanotica: Light, deeper than in P.

scilloides.

TEiMPERATURE OF CiELATINIZ.iTION.

P. scilloides: 55.8 to 56.9 C, mean 56.35.
P. scilloides var. libnnolica: 55.G to 57.8 C, mean 56.7.

Effects of Various Reagents.

Reaction with Chloral Hijdrate-]odine .

P. scilloides: Begins in 30 seconds; complete in 10 min-
utes.

P. scilloides var. Hbanotica: Begins in 30 seconds; com-

plete in 13 minutes.

Reaction with Chromic Acid.

P. scilloides: Begins in a few seconds; complete in a
minute.

P. scilloides var. Hbanotica: Begins in 15 seconds; com-

plete in a minute.

Reaction with Pyrogallic Acid.

P. scilloides: Begins in 15 seconds; complete in IJ^
minutes.

P. scilloides var. Hbanotica: Begins in 15 seconds; com-

plete in 23-2 minutes.

Reaction with Ferric Chloride.

P. scilloides: Begins in some in 60 seconds; complete in

20 minutes.
P. scilloides var. Hbanotica: Begins in some in 45 seconds;

complete in 20 minutes.

Reaciion ui.lh Purdy's Solution.

P. scilloides: Begins at once; complete in three-fourths

of the grains in 3 minutes, and in nearly all in

12 minutes.
P. scilloides var. Hbanotica: Begins in 15 seconds; com-

plete in all in 20 minutes.

NOTES ON THE STARCHES OF PUSCHKINIA.

The two Puschkinia starches are so aUke in their histological characteristics and reactions

that a certain diagnosis is doubtful. One of them came from a recognized species and the other

from what is probably a variety of the same species, and as a consequence but little difference could

be looked for. Such differences as were recorded are almost wholly within the limits of error. As the

records stand, P. scilloides is distinguishable by the somewhat smaller grains, fewer lamellae, lower

polarization, less purity of colors with selenite, lower reaction-intensities with iodine and the anilines,

lower temperature of gelatinization, greater sensitivity to chloral hydrate-iodine and pjTogallic

acid, and less sensitivity to Purdy's solution. With weaker chemical reagents the differences would

doubtless be accentuated.
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GENUS ORNITHOGALUM.
The genus Ornithogalum, which is one of the largest of the Liliacece, comprises about 100 species

grouped among 7 subgenera. They are bulbous plants widely distributed over Europe, Africa, and
the Orient. Some species have been introduced into America for garden cultivation, and some
hardy kinds are found gi-owing wild. 0. umbellatum is popularly known as the star of Bethlehem.
Two species and two varieties were studied as types of the genus: 0. nutans Linn., 0. umbellatum

Linn., 0. narhonense (pyramidale) Linn., and 0. Ihijrsoides var. aureum Ait. (0. aureum Curt.).

STARCH OF ORNITHOGALUM NUTANS. (Plate 37, figs. 221 and 222. Chart 149.)

Histological Characteristics. Inform the grains are simple, and they are isolated, with the excep-
tion of rare doublets. There are no chnnps and no i^ressure facets were observed on the isolated

grains. The surface of some of the grains is somewhat irregular, owing to the addition of sets of

lamellae whose longitudinal axes do not coincide with the

axis of the larger part of the grain. These sets of lamellae

were probably added at different periods of growth of the

grain. As a rule, the grains are quite regular in outline.

The conspicuous forms are the rounded ovoid and ovoid.

The latter may have a narrow and squared distal end with
a small depression in the middle of the squared portion.
In addition, there are spherical, short elliptical, quadran-
gular with very rounded corners, and irregular forms.

The grains are not flattened and are as thick as they are

broad, and hence appear spherical when seen on end.

The hilum is a fairly distinct, small to comparatively

large, round or rarely lenticular spot, eccentric about one-

third or more of the longitudinal axis, and in the median
line. In small grains it may be centric. There are, rarely,

2 or more hi) a in a single grain. The hilum sometimes has

a fissure, which is usually a small, single, clean-cut trans-

verse or diagonal line
;
or there may be a cross or an irreg-

ularly stellate arrangement of small fissures.

The lamellce are fairly distinct, usually regular, rather

coarse rings. They are continuous, except those near the distal end, at which point there may be
a set of chscontinuous lamellae, the longitudinal axis of which does not coincide with that of the body
of the grain. They are usually coarser and more distinct near the margin and at the distal end than
near the hilum. There are 10 to 13 lamellae on the larger grains.

The grains vary in size from 6 to 38^. The common size is 26/i.

Polariscopic Properties. The figure is almost invariably eccentric, distinct, fairly clear-cut,
and fairly regular. The lines are broad, and become broader, but less clearly outlined near the

margin. They are usually straight and sometimes placed at equal angles to one another, and they
are occasionally bisected.

The degi-ee of polarization is high. It does not vary much in different grains, nor in different

aspects of the same grain.

With selenite the quadrants are usually well defined, fairly regular in shape, and unequal in

size. The colors are pure.
Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a fairly deep blue-

violet; with 0.125 per cent solution they color rather lightly and the color deepens fairl}' rapidly.
After heating in water until all the grains are completelj^ gelatinized, the solution colors lightly
and the grains very deeply on the addition of iodine. After boiling for 2 minutes the solution

and most of the grain-residues color deeplj'. Some of the capsules color violet with excess of iodine,
the color of the others being obscured by the large amount of blue-reacting starch retained by them.

Staining Reactions. With gentian violet the grains begin to stain at once and in 30 minutes
are deeply stained, some more than others.

With safranin the grains begin to stain deeply at once and in 30 minutes are very deeply stained,
one as much as another.

Temperature Reaction. The temperature of gelatinization is 60.5 to 62 C, mean 61.25.
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Effects of Various Reagents. With chloral hydrate-iodine the reaction begins in 30 seconds

and is over in 8 minutes. The reaction begins at the distal end of the grain, which becomes dark

violet, and this color spreads over the entire surface of the grain. The distal end soon changes

in color to a very dark indigo and swells somewhat. This process extends upward around the margin
and to the interior of the gi-ain, until the whole grain is involved. The gelatinized grains so formed

are fairly large, uniformly dark, and retain some of the original form.

Reaction with chromic acid begins in a very few seconds and is over in 45 seconds. The hilum

swells, and a large bubble is formed which increases to a large size, then decreases and disappears.

The inner portion of the grain is changed into a gelatinous mass, and the more resistant outer por-

tion is formed into a thin, transparent envelope which as the grain swells becomes invaginated

just over the point originally occupied by the hilum. The thin wall is dissolved at some point,

and the inner gelatinous starch flows out and is dissolved. The capsule is dissolved, but not so

rapidly as the extended gelatinous mass.

The reaction with pyrogallic acid begins in 15 seconds. The grains are nearly completely

gelatinized in 8 minutes and all are fully disorganized in 30 minutes. The reaction begins at the

hilum, which swells; the less resistant starch is changed into a gelatinous mass, the more resistant

collects at the margin in the form of a broad, dense band, which sometimes is seen to be finely

striated and which generally shows two or three indistinct, alternate, refractive and non-refractive

rings; usually this band slowly becomes thinner and somewhat transparent, but in many grains it

remains broad. The gelatinized grains are fairly large, generally smooth, and not much distorted.

With ferric chloride the reaction begins in some grains in 45 seconds and is over in 11 minutes.

The reaction originates at the distal end, which is fissured internally, and from this fissure the

gelatinized starch protrudes as a gelatinous mass covered by a gelatinized capsule. This process

proceeds rather slowly towards the hilum, and when this point is reached an internal fissure extends

downward to the gelatinized portion. The ungelatinized part of the grain is divided into two parts

and these two into several pieces, which become widely sepai-ated by gelatinized starch, and then

gelatinize themselves independently of one another. The gelatinized grains are very large, thin-

walled, and irregular.

The reaction with Purdy's solution begins in 45 and is over in 60 seconds. It appears the same

quahtatively as that with pyrogallic acid, but there is invagination of the capsules over the point

formerly occupied by the hilum. The capsules are large, wrinkled, and sacculated at the distal end.

STARCH OF ORNITHOGALUM UMBELLATUM. (Plate 38, figs. 223 and 224. Chart 150.)

Histological Characteristics. In form the grains are simple and with the exception of a few

doublets and clumps they are isolated. No pressure facets were observed. The surface is rather

irregular and somewhat varied, owing in part to a set of two or three lamellae at or near the distal

end, whose longitudinal axis does not agree with that of the larger part of the grain; and in part
to irregularities in the development of the surface giving rise to small depressions in the margin,

chiefly near the distal end. The conspicuous form is the ovoid with a squared end, and having
in the center of this squared portion a deep but narrow depression; there are also spherical, irreg-

ularly elliptical, quadrangular with a romnled proximal end, a few triangular, and some irregular

forms. The grains are not flattened and are of the same thickness as breadth, hence spherical

when seen on end. The grains are slightly more irregular than those of 0. nutatis.

The hilum is a fairly distinct, small, round, or rarely lenticular spot. It is eccentric about
one-third of the longitudinal axis and in the median line. Rarely it is centric. There are occasion-

ally 2, and sometimes more, hila in a single grain. The hilum is often fissuretl, and there may be
a narrow, short, straight, single, clean-cut, transverse or longitudinal fissure; less often there are

two short, narrow, clean-cut fissures forming a cross.

The lamellae are distinct, rather coarse, somewhat irregular, usually continuous rings; near the

distal end they are probably discontinuous, and also more irregular, coarser, and more distinct

than those near the hilum, often showing irregularities corresponding to depresssions of the margin.
They vary in distinctness and size in different grains. There are 8 to 14 on the larger grains.

The grains vary in size from 5 to 40;*. The common size is 21^-

Polariscopic Properties. The figure is eccentric, distinct, somewhat clear-cut, and fairlj'' regular.
Its lines are thick and become thicker and less well defined near the margin. They are usually
not bent, are sometimes placed at equal distances from one another, and may be bisected.
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but one .shurt, iian-uw, clean-cut, transveise or diasoual fi.ssiirc, straij;lit or curved; or there luay be

two short, narrow, straight clean-cut fissures forming a cross.

The lamcUce are distinct, rather coarse, irregular rings, continuous near the hilum, but probably
discontinuous near the distal end. They are coarser and more ilistinct near the distal end than near

the hilum, and varj' in size and distinctness in different grains. There are 12 to 14 on the larger grains.

The grains vary in size from 4 to 44ju. Tlie common size is 27ai.

Polariscopic Properties. The figure is eccentric, distinct, usuallj' fairly clear-cut, and irregular.

Its lines are rather thin, but often become thicker and less well defined near the margin, and often

are very much bent and otherwise distorted, and some-
times bisected. They are at variable angles to each other.

The degree of polarization is high. It varies in different

grains and in different parts of the same aspect of a grain.
It is shghtly higher than that of the grains of 0. nutans.

With selcniie the quadrants are fairly well defined,
but usually very irregular in shape and unequal in size.

The colors are generally pure.
Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains are colored a fairly deep blue-violet; with

0.125 per cent solution they are colored rather lightly

and the color does not deepen rapidly. The color is less

than that of the grains of 0. nutans. After heating in

water until all of the grains are completely gelatinized,

the solution colors rather lightly and the grains very

deeply on the addition of iodine. After boiling for 2

minutes the solution colors deeply and the grain-residues

hghtly or not at all. With excess of iodine the capsules
color a reddish-violet, and most of them retain more or

less blue-reacting starch.

Staining Reactions. With gentian violet and with safranin the grains begin to stain at once

and in 30 minutes they are deeply stained. The color is not quite so deep as that of 0. nutans.

Temperature Reaction. The temperature of gelatinization is 65 to 67 C, mean 06.

Effects of Various Reagents. With chloral hydrate-iodine the reaction begins in 15 seconds

and is over in 5 minutes. It is the same qualitatively as that of the grains of 0. nutans.

Reaction with chromic acid begins in 15 seconds and is over in 2 minutes. It is the same quali-

tatively as that of the grains of 0. nutans.

The reaction with ptjrogallic acid begins at once and gelatinization is complete in IJ^ minutes.

The reaction is qualitatively the same as that of the grains of 0. nutans.

Reaction with ferric chloride begins in a few grains in 45 seconds and is over in 14 minutes.

It is the same qualitatively as that of the grains of 0. nutans.

With Purdy's solution the reaction begins in a few grains in a very few seconds and is over in

a minute. In the rest of the grains it begins in a minute and is over in most of them in 4 minutes,
and in all in 10 minutes. It is the same qualitatively as that of the grains of 0. nutans.

s
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Differentiation of Certain Starches of

Histological Characteristics. Continued.

Hiluvi Form, Number, and Position. Continued.

0. umbellalum: Form essentially the same as in O. nutans.

Position eccentric about 0.33 of the longitudinal
axis.

O. narbonmse (pyramidale): Form essentially the same
as in O. nutans. Position eccentric 0.25 to 0.33

of the longitudinal axis.

U. Ihyrsoiiles var. aureum: Form essentially the same as

in O. nutans. Position eccentric 0.25, less often

0.33, of the longitudinal axis.

Lamellas General Characteristics and Number.

0. nutans: Fairly distinct, usually regular, rather coarse,
continuous and discontinuous. 10 to 13 on larger

grains.
0. umbellalum: Same as in 0. nutans. 8 to 14 on larger

grains.
0. narbonense {pyramidale): Same as in O. nutans. 8 to

12 on larger grains.
0. thyrsoidcs var. aureum: Same as in 0. nutans. 12 to 14

on larger grains.

Size.

O. nutans: From 6 to 38m, commonly 26m.

0. umbellalum: From 5 to 40m, commonly 21/1.

0. narbonense {pyramidale): From 5 to 40m, commonly
24m.

O. thyrsoides var. aureum. From 4 to 44m, commonly 27m.

PoLARiscopic Properties.

Figure.

V. nutans: Eccentric, distinct, fairly clear-cut, fairly reg-
ular.

0. umbellatum: Same as in 0. nutans.

O. narbonense (pyramidale): Same as in O. nutans, except

usually irregular.
0. thyrsoides var. aureum: Same as in 0. nutans, except

usually irregular.

Degree of Polarization.

0. nutans: High, slightly variable.

0. umbellatum: Fairly high, variable, lower than in 0.

nutans.

0. narbonense (pyramidale): High, slightly variable, not

quite so high as in O. nutans.

O. thyrsoides var. aureum: High, variable, slightly liigher

than in O. nutans.

Polarization with Selenite Quadrants and Colors.

O. nutans: Quadrants usually well-defined, fairly regular
in shape, and unequal in size. Colors pure.

0. umbellatum: Quadrants usually not well defined, fairly

regular in shape, and unequal in size. Colors

pure.
O. narbonense (pyramidale): Quadrants the same as in 0.

nutans, but irregular. Colors usually pure.
U. thyrsoides var. aureum: Quadrants same as in 0. nutans,

but irregular. Colors usually pure.

Iodine Reactions.

Intensity and Color.

O. nutans: Fairly deep; blue-violet.

0. umbellatum: Fairly deep, less than in 0. nutans; blue-

violet.

O. narbonense (pyramidale) : Fairly deep, slightly less than
in O. nutans; blue-violet.

O. thyrsoides var. aureum: Fairly deep, less than in O.

nutans; blue-violet.

the Genus Ornithogalum. Continued.

Staining Reactions.

With Gentian Violet.

O. nutans: Deep.
0. umbellatum: Fairly deep, not so deep as in 0. nutans.

O. narbonense (pyramidale): Fairly deep, not so deep as
in 0. nutans.

O. thyrsoides var. aureum: Deep, not quite so deep as in

O. nutans.
With Safranin.

O. nutans: Very deep.
O. uinbdlatam: Deep, not so deep as in 0. nutans.

O. narbonense (pyramidale): Faiily deep, not so deep as

in U. nutans.
O. thyrsoides var. aureum: Deep, not quite so deep as in

O. nutans.

Temperature of Gelatinization.

0. nutans: 60.5 to 62.0 C, mean 61.25.
0. umbellatum: 56.5 to 57 C, mean 56.75.
O. narbonense (pyramidale): 50.5 to 56 C, mean 55.5.
0. thyrsoides var. aureum: 65 to 67 C, mean 66.

Effects of Various Reagents.

Reaction with Chloral Hydrate-Iodine.

O. nutans: Begins in 30 seconds; complete in 8 minutes.

O. umbellatum: Begins in 30 seconds; complete in 7

minutes.
0. narbonense (pyramidale): Begins in 30 seconds; com-

plete in 6 minutes.

O. thyrsoides var. aureum: Begins in 15 seconds; com-

plete in 5 minutes.

Reaction with Chromic Acid.

0. nutans: Begins in a few seconds; complete in 45 seconds.

0. umbellalum: Begins in a few seconds; complete in 30
seconds.

0. narbonense (pyramidale): Begins at once; complete in

20 seconds.

0. thyrsoides var. aureum: Begins in 15 seconds; com-

plete in 2 minutes.

Reaction with Pyrogallic Acid.

0. nutans: Begins m 15 seconds; nearly all are com-

pletely gelatinized in 8 minutes.

0. umbellatum: Begins in 15 seconds; all are gelatinized
in 4 minutes.

0. narbonense (ptjramidale) : Begins in 15 seconds; all are

gelatinized in 2 minutes.

0. thyrsoides var. aureum: Begins at once; all are gelatin-
ized in lJ-2 minutes.

Reaction with Ferric Chloride.

0. nutans: Begins in some in 45 seconds; complete in 11

minutes.

O. umbellalum: Begins in some in 45 seconds; complete
in 12 minutes.

0. narbonense (pyramidale): Begins in some in 30 seconds;

complete in 10 minutes.

0. thyrsoides var. aureum: Begins in some in 45 seconds;

complete in 14 minutes.

Reaction with Purdy's Solution.

0. nutans: Begins in 15 seconds; complete in 1 minute.

U. umbellalum: Begins in a few seconds; complete in IJ^
minutes.

O. narbonense (pyramidale): Begins at once; complete in

most in 30 seconds, in all in IJ2 minutes.

0. thyrsoides var. aureum: Begins in some in a few sec-

onds, and in all in 1 miimte; complete in most

grains in 4 minutes, in all in 10 minutes.

NOTES ON THE STARCHES OF ORNITHOGALUM.

The four starches of Ornithogalum are primarily divisible into two groups in accordance with

the degree of regularity of the outline of the grains, the surface of the grains in 0. nutans and 0.

umbellalum being, on the whole, quite regular in comparison with those of the other two; moreover,
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certain differences relating to the shapes in general are also of interest. A comparison of the inter-

ference figures and purity of colors with selenite shows a corresponding grouping. In their reac-

tions, species ilifferences are manifest, but there is not the grouping that has been pointed out.

0. tiinbeUatum and 0. narboncnse (pyramidale) correspontl, on the whole, distinctlj^, and much closer

than any other couple. The range of the temperatures of gelatinization is particularly noticeable,

the lowest being 55.5 and the highest G6, a difference of 10.5. By means of the variations in the

reactions each starch can without difficulty be distinguished from the others.

GENUS ERYTHRONIUM.
This genus consists of about 10 species, only one of which is European, the others being

natives of Eastern and Western America. Erythroniums are popularly kno^\ai as the dog-tooth
violet or adder's tongue, and they bear nodding, lily-like flowers. Starches from 5 sources,
divided into 2 groups, were examined: Group I, E. dens-canis Linn, and E. dens-canis var. grandi-

florum Hort., this group including the Em-opean species and one of its varieties; Group II, E. ameri-

canum Smith {E. angustatum Raf., and E. bracteatum Boott), E. grandiflorum Pursh {E. giganteum

Lindl.), E. citrinum Wats., and E. californicuni Hort., representing three of the native American

species. E. americanum is Eastern and the others are Western American.

STARCH OF ERYTHRONIUM DENS-CANIS. (Plate 39, figs. 229 and 230. Chart 153.)

Histological Characteristics. In form the grains are simple. There are a few small doublets

and a few clumps. There are pressure facets on some small grains. The surface is usually regular,
and anj' irregularities may be observed chiefly as protuberances of the proximal end or sides, or

one side of rounded triangular forms may be either more
inclined or shorter than the other; or the distal margin

may be expanded in these triangular grains, and an in-

dentation appears a little to one side of the longitudinal
axis and extends towards the hilum. The conspicuous
forms are elliptical, ovoid, pjTiform, and variations of the

rounded triangular forms in the direction of clam-shell

and oyster-shell shapes. In some of the triangular forms

the base or distal end is almost pointed and the sides

shortened so as to yield the flint arrow-head shape. The
broad forms are flattened, and when viewed on edge the

grains are flattened elliptical.

The hilum is a refractive spot which is generally fis-

sured by a small, irregular, transverse cleft, from which

two short, curved fissures (resembling ox horns) fre-

quently proceed; or in other instances branched, root-like

fissures are located here. Two hila are occasionally found.

There is a range of eccentricity of the hilum from one-fifth

to one-fourth, usually one-fifth, of the longitudinal axis.

The lamellcB are fine and usually indistinct. Thej'
form complete rings around the hilum, but assume the shape of the grain near the margin and

distal end, where they are not so fine but more distinct.

The grains vary considerably in size. The small, elongated grains measure 8 by Gyu in length

and breadth; the larger, elongated types 40 by 36ju in length and breadth; and the broader, large

forms 34 by 38/i in length and breadth. The common size is 26 by 20ju in length and breadth.

Polariscopic Properties. The figure is eccentric, except in a few of the smallest grains, quite

distinct, and fairly clear-cut. Its hues are rather thick and generally straight, but somewhat

expanded at the distal and proximal ends. Sometimes they are either l)ent or bisected.

The degree of polarization is fair. It varies in different grains as well as in the same aspect
of a given grain.

With selenile the quadrants are fairly well defined, often irregular in shape, and unequal in

size. The colors are fairly pure.
Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a fairly deep blue-

violet; with 0.125 per cent solution they color lightly, but the color does not deepen rapidlJ^ After
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lieating in water until all the grains are completely gelatinized, the solution colors fairly and the

swollen grains deeply on the addition of iodine. After boiling for 2 minutes the solution colors

very deeply, the grain-residues lightly or not at all. The capsules all color a red-violet with an

excess of iodine.

Staining Reactions. With (jentian violet and with safranin the grains begin to stain slightly

at once and in 30 minutes they are lightly stained, some more than others.

Temperature Reaction. The temperature of gelatinization is 51.4 to 53.9 C, mean 52.65.

Effects of Various Reagents. With chloral hydrate-iodine the reaction begins in 15 seconds and

is over in 3 minutes. It begins at the distal end and at any prominences on the margin of the grain,

at which points the grain becomes dark and swells out somewhat irregularly, progressing around

both sides until it is near the hilum. Then the hilum swells, and the marginal starch at the proximal
end is formed into a thick, rather long, rounded projection. This reaction spreads downward on

each side and so meets the reaction of the sides and distal end. A dark, irregularly swollen band

is thus formed which incloses a light and as yet ungelatinized central portion. This central part

is rapidly gelatinized. The swollen grains are large, usually of a uniformly dark color, except at the

proximal end, where there is a round, light space. They are somewhat distorted, but retain some
of the original form of the grain.

Reaction with chromic acid begins at once and is over in 12 seconds. It is so rapid that it is

impossible to clearly make out the steps, but it generally appears to take the following course:

The hilum and the proximal end of the grain swell very greatly, the rest of the starch passes into

a liquid or semiliquid mass, except a thin, transparent layer at the extreme margin, which forms

a crumpled and distorted capsule, which is dissolved at one end, and the gelatinized contents flow

out and are chssolved, followed by solution of the rest of the capsule.

Reaction with pyrogallic acid begins at once and is over in about 12 seconds. It is so rapid

that the separate steps can not be satisfactorily determined. In the main it appears to consist

of a rapid swelling of the hilum and proximal end, followed by the gelatinization of the rest of the

grain, the swelling of the whole grain, and the formation of a thin, transparent layer of starch at

the margin, into a distorted capsule crumpled and wrinkled at the distal end.

The reaction with ferric chloride begins in many grains in a few seconds and is over in 2 minutes.

The reaction starts at the prominences on the sides and at the distal end, the starch here becoming

gelatinous and swelling out irregularly, followed by swelling of the hilum and the proximal end.

Then the inner starch is divided by internal fissures into several small pieces that widely separate
from one another and then gelatinize. The gelatinized grains are very large, irregular, and do not

retain much of the original form of the gi-ains.

Reaction with Purdy's solution begins at once and is complete in 15 seconds. It is impossible
to clearly distinguish all the steps, but in the essential features it appears to correspond qualitatively

with the reaction with pjrogallic acid.

STARCH OF ERYTHRONIUM DENS-CANIS VAR. GRANDIFLORUM.

(Plate 39, figs. 231 and 232. Chart 1.54.)

Histological Characteristics. In form the grains are simple and isolated, with the exception of

a few clumps. No doublets or other aggregates were observed, although pressure facets were found

on a few of the isolated grains. The surface is rather irregular and quite varied, the irregularities

being due to the same causes as noted for E. dens-canis. In some grains the protuberances are long
and finger-like. The conspicuous forms are elongated ovoid to club-shaped, oyster-shell-shaped,

and flint arrow-head-shaped; also forms resembling the slipper animalcule, pyriform, round, and

many that are indefinite.

The hilum is a distinct refractive spot having a range of eccentricity from one-fifth to one-

sixth, usually one-sixth, of the longitudinal axis. There is generally a small cavity or a short fis-

sure at the hilum, the fissure frequently being transverse, but sometimes diagonal. Two short,

single fissures may radiate from the hilum or its position.

The lamella: are rather distinct, complete, elliptical or circular rings around the hilum. Beyond
the hilum they assume the form of the outline of the grain. They are usually more distinct near

the distal end. The number is difficult to determine, but some grains appear to have 26.

The size of the small, round grains is 4 by 4,u, and of the narrow, elongated type of the larger

grains 46 by 30/^ in length and breadth. The common size is 30 by 12/i in length and breadth.
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ovoid, pyriform, and variulioiis of the rounded, triangular type to the clam-shell and oyster-shell

shapes. Anionf;; the small grains there are more round or nearly round forms than in E. dens-canis,

but most of the grains of this group are cither ovoid or oval. The broad forms are flattened. Be-

sides the forms noted, there are some flint arrow-head or pecten-shell-shaped grains.

The hihmi is a refractive spot which is centric in the small, round forms, but eccentric about

one-fifth, rarely one-fourth, in the elongated forms; usually with a transverse cleft or a small irreg-

ular cavitj', from which rarely two curved fissures proceed. It is not as distinct and refractive as

in E. dens-canis.

The lamcllcc are usually indistinct. They form a complete ring around the hilum, but farther

out assume the shape of the grain. Towards the distal end they are probably incomplete. They
are more distinct in the clam-shell shape than in other forms.

The size in length and breadth of the small, elongated grains is 8 by 4,11 ;
of the large, elongated

grains 27 by 17yu; of the common size of the latter is 18 by Wn; the size of the large broad forms is

33 by 33iU in the longest and transverse diameters. The
common size of the large grains is 18 liy 21^ in length
and breadth.

Polariscopic Properties. The figure is eccentric, ex-

cept in a few of the smallest round gi-ains. It is distinct

and fairly clean-cut. Its lines are thick and usuall.y

straight, but expand somewhat toward the distal and

proximal margins.
The degree of polarization is rather low to fair. There

is some variation in the same aspect of a given grain. It

is less than in E. dens-canis, and is the lowest of all of

the erythroniums.
With selenile the quadrants are fairly well defined,

irregular in shape, and unequal in size. The colors are

not quite pure. The blue is pure, but the yellow is not.

Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains color a fairly deep blue-violet; with 0.125

per cent solution they color lightly and the color does not

deepen rapidly. It is slightly more than that of the grains

of E. dens-canis. After heating in water until all th(?

grains arc completely gelatinized, the solution colors fairly and the swollen grains very deeply on the

addition of iodine. After boiling for 2 minutes the solution colors very deejily and most of the

grain-residues lightly or not at all. The capsules color a red-violet with a slight excess of iodine.

Slainiiig Reactions. WUh gentian violet the grains begin to stain lightly at once and in 30 min-
utes they are lightly stained. The color is slightly more than that of the grains of E. dens-canis.

With safranin the grains begin to stain at once and in 30 minutes they are rather lightly stained.

The color is more than that of the grains of E. dens-canis.

Temperature Reaction. The temperature of gelatinization is 52.1 to 54 C, mean 53.05.

Effects of Various Reagents. With chloral hydrate-iodine the reaction begins in most grains in a few
seconds and is over in 1 J^ minutes. It is the same qualitatively as that of the grains of E. dens-canis.

Reaction with chromic acid begins at once and is over in 10 seconds. It is so rapid that it is

impossible to distinguish the separate steps.

The reaction with pyrogallic acid begins at once and is over in 10 seconds. It is so rapid that

it is impossible to distinguish the separate steps.

Reaction with ferric chloride begins in manj' grains in a very few seconds and is over in Ij^
minutes. It is qualitatively the same as that of the grains of E. dens-canis.

With Purdy's solution the reaction begins at once and is over in 10 seconds. It is so rapid that

it is impossible to distinguish the separate steps.

STARCH OF ERYTHRONIUM CITRINUM. (Plate 40, figs. 237 and 238. Chart 157.)

Histological Characteristics. In form the grains are simple, and are isolated with the exception
of a few in small aggregates, generallj^ in the form of doublets and triplets, and a few clumps. Pres-

sure facets are found on some of the isolated grains. The grains are varied in form, but the surfaces
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of a large number are fairly regular. Irregularities may be due to the cutting off of rounded corners,
which become sharply angular; or the distal end may be cut off diagonally, so that one side of the

grain is much longer than the other; or modifications may occur in other ways, as in E. dens-canis.

The conspicuous forms are the ellipsoidal to club-shaped, ovoid, oval with distal end squared, and

oyster-sheIl-shaj)cd. There are a number of small, round grains, and small, flattened elliptical

with rounded ends. Besides the al)ovc forms there are triangular, pyriform, clam-shell-shaped, and
various irregular forms.

The hilum is a round refractive sjiot, centric in small rouuil grains antl eccentric in other forms,
about one-fourth to one-fifth, more often one-fourth, of the longitudinal axis. There is often an

irregular, small cavity, or a transverse cleft at the hilum. Two longitudinal, branched fissures

proceeding from the hilum maj' be found in the elongated forms; or two short, ragged fissures may
intersect each other diagonally, forming a cross; or two

short fissures may curve outwards.

The lamella are indistinct in most grains. In the

narrow triangular to oyster-shell tj'pe they are more dis-

tinct towards the distal end; while in the broader trian-

gular to clam-shell shape they may be fairly distinct

throughout; or a few coarser ones may appear midway
between the hilum and the distal end.

The size of the small round grains is 4 by 'i^i, and
of the larger elongated forms 38 by 20^ in length antl

breadth. The common size of the latter is 28 by 16/i in

length and breadth. The size of the broad grains is 38

by 42/x in length and breadth. The common size is 30 by
26;u in length and breadth.

Polariscopic Properties. Thefigure is distinct and ec-

centric, except in some small grains, and fairly clear-cut.

The lines are rather thick and frequently expand some-
what at the distal and proximal margins ; they are often

straight, but sometimes bent, and occasionally bisected.

The degree of polarization is fair to fairh' high. It

varies frequently in the same aspect of a given grain. There is a greater variation than in E. dens-

canis, and in some of the grains it is higher than in the latter.

With selenite the quadrants are fairly well defined, irregular in shape, and imequal in size.

The colors are not quite pure, the blue being pure, but the yellow not quite pure.
Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a fairly deep blue-

violet; with 0.125 per cent solution they color lightly and the color deepens slowly. The color is

lighter than that of the grains of E. dens-cani.9. After heating in water until all the grains are com-

pletely gelatinized, the solution colors fairly and the swollen grains verj- deeply on the addition of

iodine. After boiling for 2 minutes the solution colors very deeply, the grain-residues rather lightly
or not at all. The capsules all color a red-violet with an excess of iodine.

Staining Reactions. With gentian violet the grains begin to color lightly at once and in 30 min-
utes they are lightly stained, some more than others. The color is slightly more than that of the

grains of E. dens-canis.

With safranin the grains begin to color at once and in 30 minutes they are rather lightly colored.

The color is slightly more than that of the grains of E. dens-canis.

Temperature Reaction. The temperature of gelatinization is 49.1 to 51.8 C, mean 50.45.

Effects of Various Reagents. With chloral hydrate-iodine the reaction begins in all the grains
in 20 seconds and is over in 3^ minutes. It is the same qualitatively as that of the grains of E.
dens-canis.

Reaction with chromic acid begins at once and is over in 20 seconds. It is probably the same

qualitatively as that of the grains of E. dens-canis.

The reaction with pyrogaUic acid l)egins at once and is over in 25 seconds. It is probably the
same qualitatively as- that of the grains of E. dens-ca7iis.

With ferric chloride the reaction begins in some grains in 15 seconds and is over in 33^2 minutes.
It is the same qualitatively as that of the grains of E. dens-canis.
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The reaction with Purdy's sohdion begins at once and is over in 10 seconds. It is probably
the same qualitatively as that of the grains of E. dens-canis.

STARCH OF ERYTHRONIUM CALIFORNICUM. (Plate 40, figs. 239 and 240. Chart 158.)

Histological Characteristics. In /ocwt the grains are simple, and are isolated vnth the excep-
tion of some in doublets and in clumps. More small aggregates (usuallj- in the form of doub-

lets) and more clumps are founil than was obser^ed in E. dens-canis. Pressure facets are noted
on some of the isolated grains. The surface is usually rather regular. Irregularities are due to

the causes noted in E. dens-canis. The conspicuous forms are the oval elliptical, ovoid, pyriform,
and irregular rounded triangular to irregular clam-shell and oyster-shell types. The broad forms
are flattened.

The hilum is a small spot, not as refractive as in E. dcns-cauis, but about the same as E. grandi-
florum. In the small round forms it is centric, and in the elongated grains, with a range of eccentric-

ity from one-fourth to one-sixth, usually one-fom-th, of the longitudinal axis. At the hilum there
is generally a transverse fissure or a small irregular cavitj- from flhich, in many grains, two fissures

pass out. In the broad forms these fissures are often

curved and turn towards the proximal end like a pair of

horns. In the elliptical grains they extend towards the

distal end and are usually branched. A cluster of curved
fissures at the hilum sometimes forms irregular figures.

The lamella are indistinct as a rule, and when visible

take the shape of the grain when very near the margin,
and of the hilum when near it. They are usually more
distinct near the margin and the distal end.

The size of the small round grains is 6 by 6/j, and
of the large elongated forms is 42 by 32ju in length and

breadth. The common size of the latter is 24 by 16,u in

length and breadth; of the broader grains, 24 bj^ 26/i.

Polariscopic Properties. The figure is eccentric ex-

cept in a few round forms. It is fairly clear-cut and dis-

tinct in some and rather indistinct in others. Its lines

are fairly thick and straight and expand towards the

proximal and distal ends, and they are sometimes hazy,
often bent, or sometimes bisected.

The degree of polarization is rather low to fairly high,
on the whole fair. There is often considerable variation in the same aspect of a given grain. There
is a greater variation than in E. dens-canis, but on the whole it is higher.

With selenite the quadrants are usually quite well defined, irregular in shape, and unequal in

size. The colors are not quite pure, the blue being pure, Ijut the yellow not quite pure. They are

purer than in E. dens-canis.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a fairly deep blue-

violet; with 0.125 per cent solution they color lightly and the color does not deepen rapidly. The
color is slightly less than that of the grains of E. dens-canis. After heating in water until all the

grains are completely gelatinized, the solution colors fairlj^ and the swollen grains deeply on the

addition of iodine. After boiling for 2 minutes the sohition colors very deeply and the grain-residues

lightly or not at all. The capsules all color a red-violet with a slight excess of iodine.

Staining Reactions. With gentian violet the grains begin to stain lightly at once and in 30 min-

utes they are fairly stained. The color is much deeper than that of E. dens-canis.

With safranin the grains begin to stain at once and in 30 minutes they are fairly deeply stained.

The color is much deeper than that of E. dens-canis.

Temperature Reaction. The temperature of gelatinization is 57.2 to 58.6 C, mean 57.9.

Effects of Various Reagents. AVith chloral hydrate-iodine reaction begins in most grains
in 30 seconds, and is over in 53-2 minutes. It is the same quahtatively as that of the grains
of E. dens-canis.

Reaction with chromic acid begins at once and is over in 25 seconds

qualitatively as that of the grains of E. dens-canis.
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The reaction with pyrogallic acid begins in a few seconds and is over in 50 seconds. It is prob-

ably tlie .same qualitatively as that of the grains of E. dcns-cnms.

With ferric chloride the reaction begins in some grains in 15 seconds, and is over in i}/^ minutes.

It is the same qualitatively as that of the grains of E. dens-canis.

The reaction with Purdy's solution begins in a few seconds and is over in 50 seconds. It is the

same qualitatively as that of the grains of E. dens-canis.

Differentiation of Certain Starches of the Genus Erythronium.

Histological Characteristics.

Conspicuous Forms.

E. dens-canis: Simple, few doublets, few grtiins with

pressure facets; surface usually regular. Klliptieal

ovoid, pj'riforin, and rounded triangular, with vari-

ations towards clam-shell and oyster-shell shapes.

E. dens-canis var. grandijlorum: Simple, no doublets

noted, few grains with pressure facets, surface

rather irregular. Elongated ovoid to club-shape
and oyster-shell shape.

E. amcricanum: Simple, few doublets, few grains with

pressure facets, generally regular. Pyriform,

ovoid, rounded ovoid, and triangular to clam-

shell shape.
E. grandijlarum: Simple, doublets, and triplets, few grains

with pressure facets, rather irregular. Elliptical,

ovoid, pyriform, rounded triangular to clam-shell

and oyster-shell shape. More round or nearly
round forms than in E. dens-canis.

E. cilrinum: Simple, some doublets and trii)lcts, few

grains with pressure facets, usually fairly regular.

Ellipsoidal to club shape, ovoid, and oval with

a squared distal end, oyster-shell shape.
E. califoniicum: Simple, more doublets than in E. dctis-

canis, some grains with pressure facets, surface

rather regular. Oval-elli|itical, ovoid, pyriform,

irregular rounded triangular to irregular clam-shell

and oyster-shell types. More round grains than in

E dens-canis.

IIHum Form, Number, and Position.

E. dens-canis: Distinct spot, usually marked by an irreg-

ular cavity or transverse clei^t from which 2 short

curved fissures proceed. 2 hila are somctimrs
found. Position eccentric 0.20 to 0.25, usually

0.20, of longitudinal axis.

E. dens-canis var. qrandiflorum.:
Form same as in E. dens-

canis. Position eccentric 0.16 to 0.20, usually O.IG,

of longitudinal axis.

E. amervMuum: Form essentially the same as in E. dens-

canis. Position eccentric 6.20 to 0.25, usually 0.20,

of longitudinal axis.

E. grandijlorum: Form essentially the same as in E. dens-

canis, but hilum not as distinct or as refractive.

Position eccentric 0.20, rarely 0.25, of longitudinal
axis.

E. cilrinum: Form essentially the same as in E. dens-canis.

Position eccentric 0.25 to 0.20, usually 0.25, of longi-

tudinal axis.

E. californicmn: Form essentially the same as in E. dens-

canis, but the hilum is not so refractive. Position

eccentric from 0.25 to 0.16, usually 0.25, of longi-

tudinal axis.

Lamdlce General CharaclerisHcs and Number.

E. dens-canis: Fine, usually indistinct, complete and in-

complete, fairly regular, variable. Number not
determined.

E. dens-canis var. qrandiflorum.: Essentially the same as

in E. dens-canis. Probably about 26 on the larger

grains.
E. americanum: Essentially the same as in E. dens-canis.

Nimiber not determined.
E. grandiflorum: Essentially the same as in E. dens-canis.

Number not determined.

Histological Characteristics. Continued.

Lamella: General CharaclerisHcs and Number. Cont'd.

E. cilrinum: Essentially the same as in E. dens-canis.

Niuiibcr not determined.
E. californicum: Essentially the same asin E. dens-canis.

Number not determined.

Size.

E. dens-canis: From 6 to 40^, commonly 26;u.

E. dens-canis var. grandiflorum: From 4 to 46;u, com-

monly 28^.
E. americanum: From 6 to 40/1, commonly 28/i.

E. grandiflorum: From 8 to 33^, commonly 18/i.

E. cilrinum: From 4 to 38/1, commonly 30/i.

E. californicum: From 6 to 42m, commonly 24/i.

PoLARiscopic Properties.

Figure.

E. dens-canis: Eccentric, distinct, fairly clear-out, usually

regular, but sometimes distorted.

E. dens-canis var. grandiflormn : Same aaiaE. dens-canis

but less regular.
E. americanum: Same as in E. dens-canis.

E. grandiflorum.: Same as in E. dens-canis

E. cilrinum: Same as in E. dens-canis.

E. californicum: Same as in E. dens-canis.

Degree of Polarization.

E. dens-canis: Fair, somewhat variable.

E. dens-ca.nis var. grandiflorum: Fair, slightly higher and
more variable than in E. dens-caiiis.

E. americanum: Fair to fairly high, somewhat variable,

slightly liigher than in E. dens-canis.

E. grandijlorum: I/OW to fair, variable, lower tlian in E.

dens-canis.

E. cilrinum: Van to fairly high, variable, higher than in

E. dens-canis.

E. californicum: Rather low to fairly liigh, variable, on
the whole higher than in E. dens-canis.

Polarization with Selenite Quadrants and Colors.

E. dens-canis: Quadrants fairly well defined, often irregu-

lar, unequal in size. Colors not quite pure.
E. dens-canis var. grandiflorum: Quadrants the same as

in E. dens-canis. Colors not quite pure.
E. americanum: Quadi-ants the same as in E. dens-canis,

but more regular. Colors not quite pure.

E. grandiflorum: Quadrants the same as in E. dens-canis,

but more regular. Colors not quite jnire.

E. cilrinum: Quadrants the same as in E. dens-canis.

Colors not quite pure.
E. californicum: (Juadrants the same as in E. dens-canis.

Colors not quite pure, but better than in E. dens-

canis.

Iodine Reactions.

Intensity and Color.

E. dens-canis: Fairly deep; blue-violet.

E. dens-canis var. grandiflorum: Fairly deep, the same as

in E. dens-canis; blue-violet.

E. americanum: Fairly deep, slightly less than in E. dens-

canis; blue-violet.

E. grandiflorum: Fairly deep, slightly more than in E.

dens-canis; blue-violet.
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Differentiation of Certain Starches of

Iodine Reactions. Continued.

Iidensifij nnd Color. Continued.

E. cilrinniii: l''aarly deep, less than in E . dcns-canis ; blue-

violet.

E. califortiicum: Fairly deep, slightly less than in E.

dens-canis; blue-violet.

Staining Reactions.

With Gentian Violet.

E. dens-canis: liight.

E. dens-canis var. grandiflorum: Light, slightly more than
in E. dens-canis.

E. americamim: Light, slightly more than in E. dens-

canis.

E. grandiflorum: Light, shghtly more than in E. dens-

canis.

E. citritium: Light, slightly more than in E. dens-canis.

E. californicum: Fair, much more than in E. dens-canis.

With Safranin.

E. dens-canis: Rather light.

E. dens-canis var. grandiflorum: Rather light, same as in

E. dens-canis.

E. americanum: Rather light, same as in E. dens-canis.

E. grandiflorum: Rather light, more than in E. dens-canis.

E. cilrinum: Rather light, slightly more than in E. dens-

canis.

E. californicum: Fair, much more than in E. dens-canis.

Temperatdre of Gelatinization.

E. detis-catiis: 5L4 to 53.9 C, mean 52.65.
E. dens-canis var. grandiflorum: 53.2 to 55.1 C, mean

54.05.
E. americanum: 52.9 to 54 C, mean 53.45.
E. grandiflorum: 52.1 to 54 C, mean 53.05.
E. dtrinum: 49.1 to 51.8 C, mean 50.45.
E. californicum: 57.2 to 58.6 C, mean 57.9.

Effects of Various Reagents.

Reaction loith Chloral Hydrate-Iodine.

E. dens-canis: Begins in all in 15 seconds; complete in

all in 3 minutes.

E. dens-canis var. grandiflorum: Begins in most in 45 sec-

onds; complete in all in 5 minutes.

E. americanum: Begins in most in 15 seconds; complete
in all in 5 minutes.

E. grandiflorum: Begins in most in a few seconds; com-
plete in all in 1H minutes.

E. cilrinum: Begins in all in 20 seconds; complete in all

in 35^ minutes.
E. californicum: Begins in most in 30 seconds; complete

in all in 5J.^ minutes.

the Genus Erythronium. Continued.

Effects of Various Reagents. Continued.

Reaction with Chromic Acid.

E. dens-canis: Begins at once; complete in all in 12

seconds.

E. dens-canis var. grandiflorum: Begins at once; complete
in all in 20 seconds.

E. americanum: Begins at once; complete in all in 15
seconds.

E. grandiflorum: Begins at once; complete in less than
10 seconds.

E. citrinum: Begins at once; complete in all in 20 seconds.
E. californicum: Begins at once; complete in all in 25

seconds.

Reaction with Pyrogallic Acid.

E. dens-canis: Begins at once; complete in all in 12
seconds.

E. dens-canis var. grandiflorum: Begins at once; com-
plete m all in 25 seconds.

E. americanum: Begins in a few seconds; complete in

all in 30 seconds.
E. grandiflorum: Begins at once; complete in all in 10

seconds.
E. cilrinum: Begins at once; complete in all in 25 seconds.

E. californicum: Begins in a few seconds; complete in all

in 50 seconds.

Reaction with Ferric Chloride.

E. dens-canis: Begins in many in a few seconds; com-
plete in all in 2 minutes.

E. dens-canis var. grandiflorum: Begins in a few in a few

seconds; complete in all in 3J^ minutes.

E. americanum: Begins in a few in 15 seconds; complete
in all in 4 minutes.

E. grandiflorum: Begins in many in a few seconds; com-
plete in all in IJ/4 minutes.

E. citrinum: Begins in some in 15 seconds; complete in

all in 3J^ minutes.
E. californicum: Begins in many in 15 seconds; complete

in all in 4^2 minutes.

Reaction ivith Purdy's Solution.

E. dens-canis: Begins at once; complete in all in 15
seconds.

E. dens-ca7iis var. grandiflorum: Begins at once; complete
in all in 20 seconds.

E. americanum: Begins in a few seconds; complete in all

in 20 seconds.

E. grandiflorum: Begias at once; complete in all within
10 seconds.

E. citrinum: Begins at once; complete in all in 10 seconds.

E. californicum: Begins in a few seconds; complete in all

in 50 seconds.

NOTES ON THE STARCHES OF ERYTHRONIUM.

In histological features it will be observed that there are more or less marked variations in the

different starches in relation to the characters of the outlines of the grains, the relative numbers

of different types of grains, the pecuharities of the hilum, and fissuration and size, which, as a whole,
are of diagnostic value. In their reactions the variations recorded in the responsivities with iodine,

anilines, chromic acid, pyrogallic acid, and Purdy's solution are within narrow limits. The great

sensitivity of all the starches to the chemical reagents makes the time of the reactions exceedingly

short, all the reactions being complete within a few minutes. In the degree of polarization the range
is from light to fair to fairly high; in the temperatures of gelatinization the range is from 50.45

to 57.9; in the chloral hydrate-iodine reactions the limits are from Ij^ to 53^ minutes; in the ferric

chloride reactions in 1}^ to 4J^ minutes; and in the chromic acid, ferric chloride, and Purdy solutiom

reactions within a minute. There is a close correspondence in the records of E. dens-canis and its

variety grandijlora, and there appears to be a close relationship between these and E. americanum,
which is in accord with botanical data. The former are European and the latter American.
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Chart No. 139.
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GENUS HYACINTHUS.

Hyacinihus is a genus of bulbous plants which includes over 30 species and very many varieties,

there being also hundreds of "named" garden forms. They are natives of Central Europe, Asia,

and Africa. The common garden forms have had their origin in natives of the Mediterranean

region. Quite a number of membei's of other genera of Liliacerv are popularly known as hyacinths,

as, for instance, certain species of Scilla, Brodicea, Muscari, and Camassia. The water-hyacinth

(Eichhomia) belongs to an entirely different family. The starches of three horticultural varieties

were examined: H. orientalis var. alba superbissima Hort., which is probably a form of H. orientrtlis

Linn.; and two kinds of the Roman hyacinths, the white and the Italian, both of which are prob-

ably forms of H. orientalis var. albulus Baker (H. albulus Jord., H. romanus Hort.).

STARCH OF HYACINTHUS ORIENTALIS VAR. ALBA SUPERBISSIMA.
(Plate 41, figs. 241 and 242. Chart 159.)

Histological Characteristics. In for?n, both simple and compound grains are present. Manj'
aggregates are noted as doublets, triplets, or a larger number of components, the doublets often

consisting of one large and one very small grain. Isolated grains with pressure facets are occasion-

all}' observed and there are a few small clumps. The .surface of the simple grains is often irregular,

owing chiefly to protuberances, some of which are in the form of secondary lamellae, and some as

rounded or nipple-like prominences. Protuberances are sometimes found on the compound grains.

The conspicuous forms are ovoid, having a rounded pro.ximal end and broadened and somewhat
flattened at the distal end, ellipsoidal, nearly round, and jjyriform. From this type transition forms

to the clam-shell shape and mussel-shell shape, such as are

found in Muscari, may be observed. There are also p>Ti-

form, conical, finger-shaped, triangular and quadrangu-
lar with rounded angles, dome-shaped, and various indefi-

nite forms. Wlien viewed on edge, many grains are seen

to be narrower at the distal than at the proximal end.

The hilum is a large round or lenticular spot, eccen-

tric about two-fifths to one-third, generally two-fifths, in

all forms except the round. Tlicre are frequently 2 or

more hila in a single grain. Very often fissures or cavities

occur at the hilum. The fissuration may be noted as

being in the form of a single transverse or longitudinal

fissure, but usually both transverse and longitudinal fis-

sures are present in the form of a cross or T. Irrcgidar

figures consisting of several short fissures, usually thorn-

shaped or stellate, are also found. The fissures may be

clean-cut or ragged. Fissures may be seen separating
two hila in a single grain.

The lamellx are quite coarse. They are distinct,

complete rings near the hilum, and towards the margin
and the distal end they tend to assume the form of the outlines of the grain and may be incomplete.
There may be one but usually two very distinct lamellse. In the latter case one is about one-third,

the other about two-thirds of the distance from the hilum to the distal margin. There are about
12 to 14 lamellae in the larger forms.

The grains varj^ in size from 3 to 34yu. The common size is 26 by 24yu in length and breadth.

Polariscopic Properties. The figure is eccentric, except in the round forms. It is distinct and

fairly clear-cut. Its lines are broad, somewhat broader towards the margin; they are usually straight,

but may be bisected, bent, or otherwi.se distorted, the distortion probably being due to the presence
of multiple component grains. Double figures are sometimes observed.

The degree of polarization is high. It varies in different grains, in different aspects of the same

grain, and also in parts of the same aspect of a grain.
With selenite tlie cjuadrants are fairly well defined, usually somewhat irregular in shape, and

unequal in size. The colors are mostly pure, though in quite a number the blue has a greenish tinge.
Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a fairly deep blue-

violet, which deepens rather slowly; with 0.125 per cent solution they color lightly at first and the

s
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color deepens rather slowly. After heating in water until all the grains are completely gelatinized, the

solution colors a deep greenish-blue and the gelatinized grains a deep purplish-blue on the addition of

iodine. After boiling for 2 niiiuites the solution colors very deeply an indigo-blue and the grain-

residues a deep blue. The capsules all color a deep heliotrope to a wine-red with an excess of iodine.

Staining Reactions. With gentian violet the grains begin to stain at once slightly and in 30 min-

utes they are fairly stained.

With safraiiin the grains begin to stain at once and in 30 minutes they are fairly deeply stained.

Temperature Reaction. The temperature of gelatinization is G6 to 68 C, mean 67.

Effects of Various Reagents. With chloral hydrate-iodine the reaction begins in 30 seconds. Prac-

tically all the grains are gelatinized in 5 minutes and all in 10 minutes. The reaction begins at the dis-

tal end and spreads around the margin, the more prominent portions of the latter becoming darker

than the rest. These portions swell somewhat, and this process moves inward over the rest of the

grain, the part about the hilum being the last to be affected. When the hilum is reached a bubble is

often seen to form here, which increases in size, then becomes smaller, and finally disappears. The
swollen grains are fairly large, of a uniform dark color, and retain some of their original shape.

The reaction with chromic acid begins at once. Some of the grains are dissolved in a minute,

nearly all in IJ^ minutes, and all in 2 minutes. The starch about the hilum becomes granular and

gelatinous, and the part of the grain between the hilum and the distal end is divided by a number
of longitudinal fissures and converted into an irregular mass; the rest of the grain shows a number
of fine, radial striae. The grain swells and a bubble appears at the hilum, which increases in size,

then becomes smaller, and finally disappears. The granular mass in the interior of the grain becomes
more and more gelatinous, and the more resistant starch is gathered at the margin in the form of

a striated band or capsule, which shows two or three alternate refractive and non-refractive lines,

apparently the remains of the lamellae. This capsule becomes thin and transparent and is dissolved

at the distal end or on one side. The gelatinous starch within the capsule flows out and is dissolved,

the capsule dissolving later.

The reaction with pyrogallic acid begins immediately. Many grains are gelatinized in 10 sec-

onds, almost all in 30 seconds, all but a few resistant grains in 40 seconds, and all in a minute. The
starch about the hilum is transformed into a clear, semiliquid, gelatinized state; the grain becomes
covered by fine striae; and a bubble often appears at the hilum, which increases and then decreases

in size, and finally disappears. The less resistant inner starch becomes gelatinous, attended by
swelling of the whole grain, and the more resistant outer starch forms a thick, finely striated band
at the margin, and this band or capsule becomes thinner and clearer and sometimes becomes invag-
inated just at the proximal end. The grains when fully swollen are large, the marginal band or cap-
sule is rather thick, fairly transparent, and somewhat wrinkled and sacculated. Thej' do not retain

much of the original form of the grain.

With ferric chloride the reaction begins in some grains immediately. A few grains are gelatin-

ized in a minute, the majority in 5 minutes, and nearly all in 10 minutes. The rare very resistant

grains are not fully gelatinized until 15 to 20 minutes. The reaction begins at the distal end, which

is fissured internally in one or two places, and the starch which is gelatinized at these points pro-
trudes beneath the capsule. This process spreads to all parts of the distal end and nearby portions
of the grain, and from here it extends upward and inward over the rest of the grain. A bubble in

the meanwhile forms at the hilum, and as the reaction nears this point the bubble increases and

then decreases in size and finally disappears. The portion of starch as yet ungelatinized is divided

by fissures into two or three parts which become widely separated by bands of gelatinized starch,

and then themselves become gelatinized independently of each other. The gelatinized grains are

verj' large, sacculated, folded, and distorted. They do not retain much of the original form.

Reaction with Purdy's solution begins in some grains at once and in all in a minute. In 15

minutes all are partially gelatinized and in 30 minutes all are completely or nearly completely gelatin-

ized. As far as the reaction goes, it appears to be the same qualitatively as that with pyrogallic acid.

STARCH OF HYACINTHUS ORIENTALIS VAR. ALBULUS (WHITE).

(Plate 41, figs. 243 and 244. Chart 160.)

Histological Characteristics. In form both simple and compound grains are present. There
are many aggregates, usually consisting of two to five components. Isolated grains with pressure

facets are occasionally found, and a few small clumps are observed. The outline of the grain
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The reaction with pyrogallic add begins iramediatelj-. A few grains are gelatinized in 10 seconds,
the majority in 30 seconds, and all in 45 seconds. The reaction is qualitatively the same as in

H. orientalis var. alba superbissirna.

Reaction with fenic chloride begins at once. A few grains are gelatinized in a minute, the major-

ity in 3 minutes, about nine-tenths in 5 minutes, and all but rare resistant grains in 8 minutes. The
reaction is complete in these in 15 to 17 minutes. The reaction is qualitatively the same as in H.
orientalis var. alba superbissima.

With Purdy's solution the reaction begins immediately and a few grains are gelatinized in 30
minutes. The larger grains are completely, and all the smaller partially, gelatinized in 15 minutes;
and three-fourths are gelatinized in 30 minutes. There is practically no further progress in an hour.

The medium-sized grains with regular outline are the most resistant. The reaction is qualitatively
the same as in H. orientalis var. alba superbissima.

STARCH OF HYACINTHUS ORIENTALIS VAR. ALBULUS (ITALIAN).

(Plate 41, figs. 245 and 246. Chart 161.)

Histological Characteristics. In form both simple and compound grains are present, with many
aggregates consisting usually of from two to five components. Isolated grains with pressure facets

are occasionally found, and a few small clumps are observed. The outline of the grain is occasion-

ally irregular, which is chiefly due to the presence of a secondary set of lamellie placed at varying
angles to the primary set, and rarely to one or more protuberances, rounded or nipple-like, found
on the surface. The conspicuous forms are ovoid, ovoid with squared distal end, nearly round,

ellipsoidal, and pyriform. There are also grains with rounded pro.ximal end and broadened, flat-

tened distal end, some of which approach the clam-shell

type, ovoid with pointed distal end, and dome-shaped.
When viewed on edge some of the grains are narrower at

the distal than the proximal end. There are not so many
grains of the transition form to the clam-shell type, nor so

many doublets consisting of one large grain and a minute
rounded grain, as in H. orientalis var. alba superbissima.

There is usuallj^ either a cleft or a small cavity at the

hilum. Rarely the hilum may be observed as a round re-

fractive spot. It is usually two-fifths to one-third eccen-

tric. In the round forms it is centric. Sometimes 2 or

more hila, without demonstrable lamellte around each,

may be observed in a single grain. The fissures are of

the same character and arrangement as those noted for

H. orientalis var. alba superbissima, but are found in more

grains and the cruciate form is more often observed.

The lamellas are usually quite coarse, and they are less

coarse and distinct near the hilum than in other parts of

the grain. Wlien demonstrable near the hilum they are

observed to form complete rings, but towards tlie distal

end and the sides thej^ follow the outline of the grain and are probablj' incomplete. One rather

coarse, refractive lamella is frequently observed at varying distances from the hilum. There are 10

to 12 lamellai in the larger grains.

The grains vary in size; the smaller are 4 by Sfi; the larger are 32 by 24/u in length and breadth.

The common size is 20 by 16/n in length and breadth.

Polariscopic Properties. The figure is usually eccentric. The arrangement and character of

the lines is the same as in H. orientalis var. alba superbissima, except that the double and multiple

figures are not so clearly marked antl the lines are more frequently bent.

The degree of polarization is high. There is a variation in the different grains, as well as some-
times in the same aspect of a given grain. It is about the same as in H. orientalis var. alba super-
bissima.

With selenite the quadrants are fairly well defined, usually somewhat irregular in shape, and

unequal in size. The quadrants are not quite so clear-cut, and in rather more grains they are irreg-

ular and unequal than in H. orientalis var. alba superbissima. The colors are generally pure.

p
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Iodine Reactions. \\ith 0.25 per cent Lugol's solution the grains color a fairly deep violet

which deepens gradually, some grains becoming much deeper than others. The color is lighter and

a little more reddish than the grains of H. orientaUs var. alba superbissima, and there is also a much

greater variation in the depth of tint of the different grains. With 0.125 per cent solution the grains

color a light reddish-violet, which deepens gradually, some grains becoming much deeper than

others. After heating in water until all the grains are gelatinized, the solution colors a fairly

deep blue and the grains a purplish-blue on the addition of iodine. If the grains are boiled for 2

minutes and then treated with iodine, the solution becomes colored quite deeply and the grain-

residues a fairly bright and pure blue. With an excess of iodine the capsules color a deep red-violet

to a deep heliotrope, rarely a wine-retl. The color is not quite so red as in H. orientaUs var.

alba superbissima.

Staining Reactions. With gentian violet the grains color very slightly at once and in 30 minutes

are fairly stained. The tint is about the same as in H. orientaUs var. alba superbissima.

With safranin the grains show a faint trace of color at once and in 30 minutes are fairly deeply

stained. The color is about the same as in H. orientaUs var. alba stiperbissima.

Temperature Reaction. The temperature of gelatinization is 69 to 70 C, mean 69.5.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins at once. A few grains

are gelatinized in a minute, the majority in 5 minutes, about nine-tenths in 10 minutes, and all but

rare resistant grains in 15 minutes. The reaction is complete in the latter usually in from 17 to 20

minutes, rarely as long as 24 minutes. The most resistant grains are the small ones with regular

outline. The reaction is qualitatively the same as in H. orientaUs var. alba superbissima.

Reaction with chromic acid begins at once. A few grains are gelatinized in 1% minutes, the

majority in 2 minutes, and all in 3 minutes. The reaction is qualitatively the same as in H. orien-

taUs var. alba superbissima.
The reaction with pyrogallic acid begins at once. Many are gelatinized in 30 seconds, and all

in a minute. The reaction is qualitatively the same as in H. orientaUs var. alba superbissima.

With ferric chloride the reaction begins immediately. A few grains are gelatinized in 1 J^ minutes,

the majority in 5 minutes, about nine-tenths in 10 minutes, and all but rare resistant grains in 13

minutes. The reaction is complete in the latter in from 16 to 18 minutes, rarely as long as 25 minutes.

The reaction is qualitatively the same as in H. orientaUs var. alba sxiperbissima.

Reaction with Purdy's solution begins immediately. A few grains are gelatinized in 30 seconds,

all are partially gelatinized in 15 minutes, and about two-thirds are almost completely gelatinized

in 30 minutes, while in the remainder the hilum is swollen and usually one or more delicate fissures

proceed from it. The reaction is incomplete at the end of an hour. The medium-sized grains with

regular outline are the most resistant. The reaction is qualitatively the same as in H. orientaUs

var. alba superbissima.

Differentiation of Certain Starches of the Genus Hyacinthus.

Histological Characteristics.

Conspicuous Forms.

H. orienlalis\a.r. alba superbissima: Simple and compound,
pressure facets occasionally observed, siu'face often

irregular owing to protuberances in the form of sec-

ondary lamellae, and rounded and nijiple-like promi-
nences. Ovoid having a rounded proximal end and
broadened somewhat flattened distal end, ellip-

soidal, nearly round and pyriform.
H. orientaUs var. albulus (white) : Essentially the same

as in H. orientaUs var. alba superbissima. Clam-
shell type more numerous.

//. orientaUs var. albulus (Italian) : Essentially the same
as in H. orientaUs var. alba superbissima, but of

clam-shell type, and fewer doublets consisting of

a large and a small grain.

Hilum Form, Number, and Position.

H. orientaUs var. alba superbissima: Form large, round or

lenticular, often a cavity, often fissured; fissures

single or cross or irregular, thorn-shaped or stel-

late. Position eccentric about 0.40 to 0.33, excejit
in the round forms, in which it is centric.

Histological Characteristics. Continued.

Hilum Form, Number, and Position. Continued.

H. orientaUs var. albus (white): Form the same as in //.

orientaUs var. alba superbissima. Position eccen-

tric about 0.40 to 0.33, except in the round forms,
where it is centric.

//. orientaUs var. albus (Italian) : Form the same as in //.

orientaUs var. alba superbissima, except fissuration

and cruciate form more common. Position eccen-

tric about 0.40 to 0.33, except in the round forms,
where it is centric.

Lamella' General Characteristics and Number.

H. orientaUs var. alba superbissiyna: Coarse distinct rings
at hilum tend to have form of outline of grain and

may be incomplete elsewhere
;

1 or 2 lamelte usually

very distinct. About 12 to 14 on larger grains.

H. orientaUs var. albulus (white) : Same as in H. orientaUs

var. alba superbissima. About 12 to 14 on larger

grains.
H. orientaUs VHT. albulus (ItaMan): Quite coarse, otherwise

essentially the same as in H. orientaUs var. alba

superbissima. About 10 to 12 on larger gi'aina.
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Differentiation of Certain Starches of the Genus Hyacinthus. Coiitinueil.

Histological Characteristics.-

Size.

-Continucil

//. orientalis var. ulha siipefbissiiua: From 3 to 34^i, coin-

mouly 2{i;j.

//. orientalis var. alliuliis (.white) : From 3 to 40^, com-

monly 22/1.

//. orientalis var. albnlus (Italian) : From -t to 32;u, com-

monly 2Qfi.

POL.A^RISCOPIC PrOPERTIE.S.

Figure.

II. orientalis var. alba superbissima: Eccentric, e.xcept in

the ovoid forms, fairlj' clear-cut lines broad, usu-

ally straight. Double and multiple figures may be
observed.

//. orientalis var. albulus (white): Essentially the same
as in //. orientalis var. alba supertns.timn, but the
centric figure is less frequent, the hnes more often

bent, and the double and multiple figures not so

distinct.

//. orientalis var. albulus (Italian) ; Same as in H. orientalis

var. albulus (white).

Degree of Polarization.

II. orientalis var. alba superbissima: High.
//. orientalis var. albulus (white): High, the same as in H.

orientalis var. alba superbissima, but with larger pro-
portion of grains in which polarization is very high.

//. orientalis var. albulus (Italian): High, about the .same

as in //. orientalis var. alba superbissima.

Polarization with Selenite Quadrants and Colors.

II . orientalis var. alba superbissima: Quadrants fairly well

defined, usually somewhat irregular in shape and
unequal in size. Generally pure.

//. orientalis var. albulus (white): Quadrants fairly well

defined, not quite so clear-cut and rather more ir-

regular than in H. orientalis var. alba superbissima.
Generally pure.

//. orientalis var. albulus (Italian) : Quadrants essentially
the same as in H. orientalis var. albulus (white).

Generally pure.

Iodine Reactions.

Intensity and Color.

II. orientalis vai'. alba superbissima: Fairly deep; blue-
violet.

H. orientalis var. albulus (white) : Fairly deep, about the
same as in H. orientalis var. alba superbissima; blue-
violet .

//. orientalis var. albulus (Italian): Fairly deep, lighter
and a little more reddish than //. orientalis var.

alba superbissima; blue-violet.

Stainino Reactions.

With Gentian Violet.

II. orientalis var. alba superbissima: Light.
H. orientalis var. albulus (white): Light, slightly deeper

than in //. orientalis var. alba superbissima.
II. orientalis var. albulus (Italian) : Light, about the same

as in H. orienlulis var. alba superbissima.

Staining Re.a.ction8. Continued.

With Safranin.

II. iiricn'.alis var. alba superbissima: Light.
//. orientalis var albulus (white): Light, slightly deeper

than in //. orientalis var. alba superbissima.
H. orientalis var. albulus (ItaUan) : Light, about the same

as in H. orientalis var. alba superbissima.

Te.\iper.\ture op Gelatiniz.\tion.

//. orientalis var. alba superbissima: 66 to 68 C.,mean 67.
//. orientalis var. albulus (white) : 68 to 70 C, mean 69.
H. orientalis var. albulus (Italian): 69 to 70 C, mean

69.5.

Effects of Various Reagents.

Reaction with Chloral Hydrate-Iodine.

H. orientalis ^ar. alba superbissima: Begins in 30 seconds;
complete in nearly all in 5 minutes.

//. orientalis var. albulus (white): Begins immediafclj';
complete in nearly all in 5 minutes.

//. orientalis var. albulus (Itahan): Begins immediately;
complete in the majority in 5 minutes, and nearly
all in 15 minutes.

Reaction with Chromic Acid.

II. orientalis var. alba superbissima: Begins at once; com-
plete in nearly all in IH minutes, and in all in 2
minutes.

II . orientalis var. albulus (white): Begins at once; com-
plete in nearly all in 1 J^ minutes, and in all in 2}^i
minutes.

H. orientalis var. albulus (Italian): Begins at once; com-
plete in the majority in 2 minutes, and in all in 3
minutes.

Reaction with Pyrogallic Acid.

II. orientalis var. alba superbissima: Begins at once; com-
plete in nearly all in 30 seconds, and in all in 60
seconds.

H. orietdalis var. albulus (wliite): Begins at once; com-
plete in a majority in 30 seconds, and in all in 45
seconds.

H. orientalis var. albulus (ItaUan): Begins at once; com-
plete in many in 30 seconds, and in all in 60 seconds.

Reaction unth Ferric Chloride.

H. orientalis var. alba superbismna: Begins at once; com-
plete in nearly all in 10 minutes.

H. orientalis var. albulus (white): Begins at once; com-
plete in nearly all in 8 minutes.

H. orientalis var. albulus (Italian): Begins at once; com-
plete in nearly all in 13 minutes.

Reaction with Purdy's Solution.

H. orientalis var. alba superbissima: Begins at once;
nearly complete in all in 30 minutes; incomplete
in 1 hour.

//. orientalis var. albulus (white): Begins at once; com-
plete or nearlj- complete in three-fourths in 30

minutes; incomplete in 1 hour.

//. orientalis var. albulus (Itahan): Begins at once; eom-
lilete or nearly complete in two-thirds in 30 min-

utes; incomplete in 1 hour.

NOTES ON THE STARCHES OF HYACINTHUS.

The starches examined were obtained from varieties or forms of the conmion hjacinth (H.

orientalis Liau.), and are .so alike in their histologieal properties that it would be verj- difficult or

impossible to make a tliagnosis upon this basis. They also closelj' agree in their reactions, yet vary

sufficiently and individually to make possible the differentiation of one from another.
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Effects of Various Reagents. With chloral hydrate-iodine the reaction begins in 15 seconds.

Nearlj- all the grains are gelatinized in 3 minutes and all in 7 minutes. The distal end, or points

on the margin distant from the hilum, grow dark and the color spreads all around the margin and

over the inner area of the grain. Then the points at which the reaction began grow still darker

as the starch gelatinizes and swells. This process proceeds inwardly over the grain until it reaches

the hilum, where a bubble is seen to form, and to increase and then decrease in size, and finally

disappear when the entire grain has become swollen and darkened. The swollen grains are rather

large, uniformly dark in color, and retain some of the original form of the grain.

The reaction with chromic acid begins at once and is over in 20 seconds. It is so rapid that

the different steps can not clearly be made out. The starch within the grain is changed into a gelat-

inous mass, and a bubble forms at the hilum, which first increases to a very large size, then decreases,

and finally disappears. The grain swells to a great size, and an invagination then occurs, usually
at the area at one time occupied by the hilum. The thin capsule is dissolved at the distal end, and
the inner gelatinized starch flows out and is entirely dissolved, followed by solution of the remainder

of the capsule.

Reaction with pyrogallic acid begins in a few seconds and is over in 2 minutes. The starch about

the hilum is gelatinized, and the space between the hilum and the distal end becomes divided by a

nimiber of internal, longitudinal fissures into a granular mass which is pushed dovm to the distal

end as the proximal end and central part of the grain increase in size. The resistant starch forms

a broad striated band at the margin, and this is puslied in or invaginated at the proximal end.

The granular mass at the distal end finally disappears and the marginal band becomes fairly thin

and transparent. The swollen grains are large, folded, and sacculated at the distal end, and fairly

smooth but invaginated at the proximal end. They do not retain much of the original form.

The reaction with ferric chloride begins in some gi-ains in 30 seconds. It is complete in nearly
all in 4 minutes, and in all in 5 minutes. The points on the margin most distant to the hilum begin
to gelatinize with much swelling and consequent protrusion. This process spreads around the mar-

gin. It often begins at the margin of the proximal end before this point is reached by the reaction

from the distal end or other points. The ungelatinized central portion becomes invaded by internal

fissures, and often a bubble forms at the hilum which increases and then decreases in size, and

finally disappears. Internal fissiu-es cause the central part to be divided into several portions

separated from one another by bands of gelatinous starch, and hence are forced apart and gelatinize

independently of one another. The swollen grains are large, very irregular in outline, and do not

retain any of their original outline.

With Piirdy's solution the reaction begins in a very few seconds and is over in 25 seconds. It

is the same qualitatively, but the gelatinized grains are larger and thinner-walled than in the reac-

tion with pyrogallic acid.

GENUS MUSCARI.

The Muscari, grape, globe, or musk hyacinths, closely resemble the true hyacinths, the chief

differences being in the former of smaller flower clusters, smaller individual flowers, and of the

globose or urn shape of the flowers. There are about 40 species, all native of Europe, Western

Asia, and Northern Africa. The common garden form of the grape hyacinth is M. botryoides,

whose clusters of flowers resemble a bunch of grapes, as is indicated by the name of the species.

The starches from 8 species were studied, including the following: M. botryoides Mill (Hyacinthus

botryoides), M. paradoxum C Koch, M. micranthum Baker, M. comniutatum Guss, M. comosum

Mill, M. racemosum Mill {Hyacinthus racemosus Hort.), M. compactum Baker, and M. conicum Baker.

STARCH OF MUSCARI BOTRYOIDES. (Plate 42, figs. 249 and 250. Chart 163.)

Histological Characteristics. In form the grains are mostly simple and generally isolated-

A few comi)ound grains and aggregates are observed, both consisting usually of two conii)onents.

Occasionally isolated grains with one or more pressure facets are observed. The surface is usuallj'

quite regular. Occasionally the grains have rounded or somewhat pointed protuberances, mostly
at the distal end, sometimes lateral or proximal. As a rule, the point of union of these projections

with the body of the grain is marked by a distinct fissure or linear depression. They appear to be

in the nature of a small grain of the doublet in process of formation. The doublets usuallj' consist

of combinations of such large and small grains, or the two grains are occasionally of equal size.
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Chart No. 164

grain becomes marked by fine striae, which radiate in all directions from the hihim. The less resis-

tant starch is gelatinized, while the more resistant forms a thick, finely striated, dense band at the

margin, which slowly becomes thinner, less dense, and clearer as the grain swells, until it is a thin,

transparent capsule. The completely swollen grains are large and do not retain much of their orig-

inal form, and the capsules are folded, crumpled, and wrinkled.

Reaction with ferric chloride begins in a few grains in a minute. About three-fourths are com-

pletely gelatinized in 11 minutes, nearly all in 27 minutes, and all in 40 minutes. The reaction

begins at the distal end, which is internally fissured at one or two points, from which fissures gelatin-

ized starch protrudes, forcing out the cap.sule. The fissures mden as more starch becomes gelatin-

ized, and then the starch at the margin of this end is gelatinized. The reaction then spreads

upward and inward, and often when it has extended about half of the distance l:)etween the hilum

and the distal end the hilum swells rapidly, together with the proximal end, into a large, smooth

projection. The small central portion of the grain that has remained ungelatinized is completely
surrounded by gelatinized starch, but also becomes gelatinized. The capsules are very large,

distorted, and wrinkled, and do not retain much of the original form of the grain.

With Purdy's solution the reaction begins in some grains in 30 seconds and in most grains in 2

minutes. About two-thirds of the grains are partially gelatinized in 8 minutes, and three-fourths

in 20 minutes. The reaction appears to be the same qualitatively as that with p^Togallic acid.

ST.\RCH OF MUSCARI PARADOXUM. (Plato 42, figs. 2.51 and 252. Chart 161.)

Histological Characteristics. In fwm the grains are usually simple and for the most \ydrt iso-

lated. There are a few compound grains and a number of small aggregates, consisting generally
of one large grain with one or more small, adherent grains, one of which is frequently very minute.

One or more pressure facets are occasionally found on the isolated grains. The outline of the grains
is commonlj' irregular. The conspicuous forms are round,
oval to ovoid, with transition forms to clam-shell-shaped

grains; when viewed on edge they are flattened ellipses,

or lenticular, or somewhat wedge-shaped. These gi'ains

vary more in outline, the hilum is usually fissured, and
there is a greater tendency to the oval type than in M.

botryoides.

The hilum is a round or oval spot, centric on the

round grains, and eccentric two-fifths to one-third of the

longitudinal axis in the other forms; sometimes two or

more hila occur in a single grain. The hilum is usually

fissured; one transverse, one longitudinal, or two or more
fissures may intersect each other, often forming a cross,

but sometimes the arrangement is stellate or irregular.

The fissures may be straight, curved, or ragged; they

may appear without connection with the hila.

The lamellce are rather distinct, coarse, complete

rings or ellipses when located near the hilum. About
three-fourths the distance from the hilum there is com-

monly a very distinct, coarse lamella. Those near the

distal end are finer and less distinct, and probably discontinuous in the forms approaching the

mussel-shell shape. Those near the distal end and margin take the form of the grain; they are also

more irregular here than near the hilum. There are 6 to 10 lamella^ on a single grain.

The grains vary in size from 6 to 43yu. The common size is 24 by 29,u in length and breadth.

Polariscopic Properties. The figure is either centric or slightly eccentric, usually distinct,

but not clear-cut. The lines are generally straight and rather thick, becoming somewhat thicker

towards the margin. They are occasionally bisected or slightly bent in the larger irregular forms.

The degree of polarization is high. It varies in the large grains from quite high to rather low,

in the smallest grains being iisually rather low. It varies in different parts of the same aspect
of a given grain.

With selenite the quadrants in the smallest grains, and in some of tlie large, are fairly well

defined, quite regular in shape, and equal in size. In other grains, especially the largest ones, thej'
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are frequently irregular in shape and unequal in size. In some forms the colors arc pure, while in

others they appear mixed.

Iodine Rcactiuns. With 0.25 per cent Lugol's solution the grains color a deep blue-violet;

with 0.125 per cent solution they color fairly. The color is slightly less than that of the grains of

M. hotrymdes. After heating in water until all the grains are completely gelatinized, the solution

colors fairly and the swollen grains deeply on the addition of iodine. After boiling for 2 minutes,

the solution colors deeply and the grain-residues deeply, lightly, or not at all. The capsules color

a reddish-violet with a slight excess of iodine.

Slainmg Readions. With gentian violet the grains begin to stain at once and in 30 minutes

they are fairly deeply stained. The color is slightly deeper than that of M. botryoides.

With safranin the grains begin to stain at once and in 30 minutes they are fairly deeply stained.

The color is deeper than that of M. botryoides.

Temperature Reaction: The temperature of gelatinization is 72 to 74 C, mean 73.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in about half the grains

in 45 seconds. About half of the grains are gelatinized in 15 minutes, three-fourths in 30 minutes,

and four-fifths in 40 minutes. The reaction is the same qualitatively as that of the grains of M.

botryoides.

The reaction with chromic add begins in all the grains in 30 seconds and is over in 4 minutes.

It is the same qualitatively as that of the grains of M. botryoides.

Reaction with pyrogallic acid begins in some grains in 45 seconds and in all in 1}^ minutes.

About one-half are partially and one-half completely gelatinized in 7 minutes, and all are completely

gelatinized in 18 minutes. The reaction is the same qualitatively as that of the grains of M. botryoides.

With ferric chloride the reaction begins in a few grains in a minute. It is over in four-fifths in

30 minutes, and in all in 45 minutes. It is the same qualitatively as that of the grains of M. botryoides.

The reaction with Purdy's solution begins in most grains in a minute and about one-fifth are

partially gelatinized in 10 minutes without further important effect in an hour. The reaction is

qualitatively the same as that of the grains of M. botryoides.

STARCH OF MUSCARI MICRANTHUM. (Plate 43, figs. 253 and 254. Chart 165.)

Histological Characteristics. In form the grains are usually simple and for the most part iso-

lated. There are a few compound grains in the form of doublets, and also a number of aggregates

in the form of doublets, and also some clumps. As a rule, the surface of the grains is quite regular.

The conspicuous forms are round, oval to ovoid, with some

transitions from the ovoid with one margin flattened, to

the triangular with rounded corners, and to the clam-

shell-shapcd grains. Some ovoid grains are squared at

the distal end. The mussel-shell-shaped forms often show

indentations at the distal margin. Isolated grains occa-

sionally have one or more pressure facets. When on

edge they are flattened ellipses, or somewhat lenticular,

or wedge-shaped. The grains bear close general resem-

blances to those of M. botryoides, but are smaller, and

comparatively frequently fissured.

The hilum appears as a round or oval spot, centric

in the rounded grains and eccentric in the other forms

from one-fom-th to four-ninths, commonly one-third, of

the longitudinal axis. The hilum is sometimes fissured.

The fissure may Ijc a transverse or longitudinal straight

or curved line; or two fissures may be present and form

a cross; or fissures may radiate from the hilum, frequently

three in number, or multiple fissures may form a stellate

figure in the region of the hilum. Two hila may be

seen separated by a short, transverse fi.ssure. Crescent-shaped fissures may occasionally be noted,

but apparently without connection with the hilum.

The la7nella; are rather fine, fairly distinct, complete rings near the hilum, more distinct but

finer near the margin and distal end; usually regular, but sometimes irregular near the distal margin;

Chart No. 163.
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and usually one very prominent lamella about one-third the distance between the hilum and distal

end. There are about 14 lamolke on the larger grains.

The grains vary in size from 4 to 'Si/x. The common size is 20ju.

Polariscopic Properties. The fiyurc i.s centric or slightly eccentric, distinct, and fairly clear-cut.

Its lines are straight and rather thick, becoming somewhat thicker towards the margin.
The degree of polarization is high. It ranges from high in the large grains to fair in the smallest

grains. It varies sometimes in the same aspect of a given grain.

With seleniie the quadrants in the small grains are fairly well defined, quite regular in shape,
and about equal size. In some of the large grains they are slightly irregular in shape, with varia-

tions in size. The colors are bright and pure.
Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a deep blue-violet;

with 0.125 per cent solution they color fairly and the color deepens quickly. The color is

not quite so deep as that of the grains of M. botryoides. After heating in water until all the

grains are completely gelatinized, the solution colors fairly and the grains very deeply on the

addition of iodine. After boiling for 2 minutes the solution colors deeply and the grain-residues

deeply, lightly, or not at all. The capsules all color a reddish-violet on the addition of an excess

of iodine.

Staining Reactio7i^. With gentian violet the grains begin to stain at once and in 30 minutes
are fairlj' deeply stained, more than those of M. botryoides.

With safranin the grains begin to stain at once and in 30 minutes are fairly deeply stained,
the same as those of .1/. botryoides.

Temperature Reaction. The temperature of gelatinization is 68.5 to 70 C, mean 69.25.

Effects of Various Reagents. With chloral hydrate-iodine the reaction begins in many grains
in 30 seconds. Aliout half are gelatinized in 6 minutes, nearly all in 13 minutes, and all in 20 minutes.

The reaction is the same qualitatively as that of the grains of il/. botryoides.

The reaction with chromic acid begins in all the grains in 30 seconds and is over in 1^ minutes.

It is the same qualitatively as that of the grains of M. botryoides.

Reaction with pyrogallic acid begins in most grains in 15 seconds. Nearly all are completely
gelatinized and the rest partially gelatinized in 5 minutes and all are completely gelatinized in 7

minutes. The reaction is qualitatively the same as that of the grains of M. botryoides.

Reaction with ferric chloride l^egins in some grains in 30 seconds and is over in 15 minutes.

It is the same qualitatively as that of the grains of M. botryoides.

The reaction with Pnrdy's solution begins in some grains in 15 seconds. About one-third are

nearly completely gelatinized in 3J^4 minutes and half in 10 minutes. The reaction is qualitatively
the same as that of the grains of M. botryoides.

STARCH OF MUSCARI CONICUM. (Plate 43, figs. 255 and 256. Chart 166.)

Histological Characteristics. In form the grains are usually simple, and sometimes compound
in the form of two components. The simple grains are isolated, with the exception of a few in small

aggregates, mostly in the form of doublets, and very few climips. Pressure facets are sometimes
found on the isolated grains. The surface often shows slight irregularities due to occasional depres-
sions at the distal end and to the protuberances sometimes found at different points on the margin.
The conspicuous forms are round, oval to ovoid, and transitional forms to the clam-shell-shaped.
When seen on edge the grains are lenticular, flattened elliptical, or rounded wedge-shaped. The
resemblance to M. botryoides is quite close, but both the hila and the lamellje are less conspicuous,
the latter especially on the outer third of the grain; and there is a gi'cater tendency to the oval type
of grain.

The hilum is a rather distinct, round or oval spot, centric on the round forms, and eccentric

two-fifths to one-third of the longitudinal axis in the large forms. It is rarely fissured, but there

may be one short, transverse or longitudinal fissure, or a small, cross-shaped fissure.

The lamellcE are fairly distinct, rather coarse, complete rings or ellipses near the hilum, but

having the shape of the margin when located near distal margin; in many they appear incomplete
in the distal region. There are 1 to 3 very distinct lamellae at varying distances, chiefly one-third

and two-thirds from the hilum. Near the distal end and margin they are usually finer than those

around the hilum and to within two-thirds or three-fourths of the distance between it and the distal

end. There are about 13 on the larger grains.
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Chart No. 16b.
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The size of the grain varies from 6 to 40m in length. The common size is 28 by 24yu in length

and breadth.

PuUiriscopIc Properties. The figure is centric or slightlj' eccentric, distinct, and usuallj' fairly

clear-cut. The lines are rather thick, and thicker towards the margin, and are generally straight,

but occasionally bent or bisected.

The degree of polarization is high. It varies in different grains and in the same aspect of a grain.

It is slightly higher than in M. botryaides.

With selenitc the quadrants are fairly well defined and regular in shajjo m the small forms

and in many of the large ones; but not infrequently irregular in shape and unequal in size in the

large forms. The colors are usually pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a deep blue-violet;

with 0.125 per cent solution they color fairly and the color tlcepens rapidly. It is not so deep as that

of the grains of M. hotrijoides. After heating in water until all the grains are completely gelatinized,

both the solution and the grains color deeply on the addition of iodine. After Ijoiling for 2 minutes

the solution colors very deeply and the grain-residues

color deeply to lightly. The capsules all color a red-violet

with an excess of iodine.

With gentian violet the grains begin to stain at once

and in 30 minutes are deeply stained, more deeply than

the grains of M. botryaides.

With safranin the grains begin to stain at once and

in 30 minutes are fairly deeply stained, more deeply than

the grains of M. botryoides.

Temperature Reaction. The temperature of gelatin-

ization is 72 to 74 C, mean 73.

Effects of Various Reagents. With chloral hydrate-

iodine all the grains begin to react in 30 minutes. About
half of them are gelatinized in 22 minutes, two-thirds in

35 minutes, and three-fourths iu 48 minutes. The reac-

tion is qualitatively the same as that of the grains of

M. botryoides.

Reaction with chromic acid begins in 15 seconds and

is over in 33^ minutes. It is the same qualitatively as

that of the grains of M. botryoides.

The reaction with pyrogallic acid begins in some grains in 30 seconds and in all in a minute.

All are partially and one-fourth completely gelatinized in 8 minutes, four-fifths are completely

gelatinized in 20 minutes, and all in 35 minutes. The reaction is the same qualitatively as that

of the grains of M. botryoides.

With ferric chloride the reaction begins in some grains in 45 seconds and in many in 1 J^ minutes.

Nearly all are completely gelatinized in 45 minutes and all in 56 minutes. The reaction is the same

qualitatively as that of the grains of M. botryoides.

The reaction with Purdy's solution begins in some grains in 45 seconds and in all in 2 minutes.

About one-fifth are completely gelatinized in 15 minutes, and half are gelatinized in 40 minutes

without complete reaction in an hour in the others. The reaction is the same qualitatively as that

of the grains of M. botryoides.

s

VH VO 50-



GENUS MUSCARI. 583

line; it is centric or nearly centric in the round forms. The hiliim is often marked by a transverse
or longitudinal fissure, which may be straight or curved; or both transverse and longitudinal fissures

may be present, forming a cross; or a number of fissures may radiate from the hilum, frequently three
in nimiber; two hila are founil in some grains, between which a transverse fissure may often be seen.

The lamcUw are rather indistinct, coarse, complete rings near the hilurn, and more distinct

and following the outline of the grain at the distal end and near the margin.
The grains vary in size from 4 to 34yu. The common size is about 19/i.

Polariscopic Properties.- The figure is centric or slightly eccentric, distinct, and usually clear-

cut. Its lines are rather thick and generally straight.

The degree of polarization is high. It varies from high in the larger grains to fair in the smallest.

In the largest grains it varies somewhat in different parts of the same grain, and is higher when
viewed on edge and end. It is not so high as in M.
botryoides. Chart No. 167.

With selenite the quadrants are fairly well defined,
"
>f

^

|
I T

I I ? T T ? ? p'^ps

regular in shape, and about equal in size. The colors vh vd so-
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are pure.
Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains color a deep blue-violet; with 0.125 per
cent solution they color fairly and the color deepens

quickly. The grains are not so deeply colored as those

of M. botryoides. After heating in water until all the

grains are gelatinized, the solution colors fairly and the

grains very deeply on the addition of iodine. After boil-

ing for 2 minutes the solution colors deeply and the

grain-residues fairlj' to lightly. The capsules all color

a red-violet with an excess of iodine.

Staining Reactions.- AVith gentian violet the grains

begin to stain at once and in 30 minutes are fairly

stained. The color is much less than that of the grains
of M. botryoides.

AVith safranin the grains begin to stain at once and in

30 minutes are fairly stained. The color is somewhat lighter than that of the grains of M. botryoides.

Temperature Reaction. The temperature of gelatinization is 71 to 73 C, mean 72.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in many grains in a

mmute. About three-fourths are completely gelatinized in 8 minutes, nearly all in 17 minutes,
and all in 30 minutes. The reaction is the same qualitatively as that of the grains of M. botryoides.

Reaction with chromic acid begins in some grains at once and in all in 15 seconds, and is over

in 2 minutes. It is the same qualitatively as that of the grains of M. botryoides.

The reaction with pyrogallic acid begins in some grains in a few seconds and in all in 30 seconds.

About one-fourth are completely and three-fourths partially gelatinized in 3 minutes, all nearly

completely gelatinized in 8 minutes, and all completely gelatinized in 25 minutes. The reaction

is the same qualitatively as that of the grains of M. botryoides.

The reaction with ferric chloride begins in a very few grains in a minute. About half are gelatin-

ized in 8 minutes, nearly all in 27 minutes, and all in 33 minutes. The reaction is the same quali-

tatively as that of the grains of M. botryoides.

With Purdy's solution the reaction begins in some grains at once and in most of them in a minute.

About one-third are partially gelatinized in 15 minutes, one-half in 25 minutes, and about three-

fourths are partially and one-fifth completely in 60 minutes.

STARCH OF MUSCARI RACEMOSUM. (Plate 44, figs. 259 and 260. Chart 168.)

Histological Characteristics. In form the grains are usually simple; rarely they are compound,

consisting of two components. There are a few small aggregates, generally in the form of doublets,

which consist of one large with one very small round or rounded triangular component; but occa-

sionally the components are of equal size. Rarely triplets occur. Pressure facets are sometimes

found on the isolated grain. A few clumps are present. The surface of the grains is usually quite

regular. Irregularities may be due to protuberances which occasionally occur at various points.

39
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The conspicuous forms are round, oval, and ovoid, and transition forms to a few very large clam-

shell-shaped forms. When viewed on edge they are lenticular, flattened elliptical, or rounded wedge-

shaped. In comparison with M. hotryoides this grain is much smaller, both hila and lamelUe are

less conspicuous, and they have the appearance of a marked tendency to the spherical.

The hiluvi is seldom conspicuous, and may be seen as a round or oval spot, centric in the round

forms, and eccentric two-fifths to one-third of the longitudinal axis in the larger forms; an eccentricity

of one-third is rare. Two hila occur quite often in a single grain. Rarely the hilum is fissured, and

an irregular cavity may be seen instead of the hilum. The fissure may be longitudinal or transverse;

or occasionally a small cross or an irregular figure may be found.

The lamellce are distinct, rather coarse, complete rings near the hilum and somewhat finer but

very distinct near the distal and lateral margins. At these margins they may be more irregular

and also incomplete. In many of the grains two very distinct, coarse lamellse appear nearer the

hilum than the distal end.

The size of the grain varies from 4 to 40;u. The
common size is 19 by 20^ in length and breadth.

Polariscopic Properties. The figure is centric in the

round forms and eccentric in the other forms. It is dis-

tinct and fairly clear-cut. Its lines are rather thick and

become thicker towards the margin, and are rarely bent

or bisected.

The degree of -polarization is high. It varies slightly

in different grains and in different aspects of the grain.

It is slightly higher than in M. hotryoides.

With sclenite the quadrants are fairly well defined,

usually regular in form, and about equal in size. The
colors are pure.

Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains color a deep violet-blue; with 0.125 per

cent solution they color fairly and the color deepens rap-

idly. The coloration is slightly less than that of the

grains of M. hotryoides. After heating in water until all

the grains are completely gelatinized, the solution colors

fairly and the grains deeply on the addition of iodine,

colors deeply and the grain-residues deeply to lightly,

excess of iodine.

Staining Reactions. With gentian violet the grains begin to stain at once and in 30 minutes

they are deeply stained, liut not quite so deeply as the grains of M. hotryoides.

With snfranin the grains begin to stain at once and in 30 minutes they are fairly deeply stained,

but not quite so deeply as the grains of M. hotryoides.

Temperature Reaction. The temperature of gelatinization is 74.5 to 75 C, mean 74.75.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in most grains in 30

seconds. About half are gelatinized in 6 minutes, four-fifths in 15 minutes, nearly all in 30 minutes,
and all in 50 minutes. The reaction is the same qualitatively as that of the grains of M. hotryoides.

With chromic acid some of the grains begin to react in a very few seconds and all in 30 seconds,

and the reaction is complete in 3 minutes. It is the same qualitatively as that of the grains of M.

hotryoides.

With pyrogallic acid some grains begin to react in 15 seconds and all in 45 seconds. All the grains
are partially and about two-fifths nearly completely gelatinized in 5 minutes, two-thirds are

completely gelatinized in 10 minutes, and all are completely gelatinized in 30 minutes. The
reaction is the same qualitatively as that of the grains of M. hotryoides.

Reaction with ferric chloride begins in some grains in 30 seconds. Nearly all the grains are

gelatinized in 15 minutes and all in 25 minutes. The reaction is the same qualitatively as that

of the grains of M. hotryoides.
Reaction with Ptirdy's solution begins in one-sixth of the grains in a few seconds and they are

gelatinized in a minute. All the grains begin to react in a minute and about half are completely
gelatinized in 30 minutes, with little subsequent reaction in an hour.
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aariNo. 169.

STARCH OF MUSCARI COMPACTUM. (Plate 44, figs. 261 and 262. Chart 169.)

Histological Characteristics. In form, both simple and compound grains, and a few aggregates
and clumps are observed. Some of the aggregates consist of one large grain and one very small,
round grain; others consist of grains of equal size, and others of three or more grains may be seen.

The surface is sometimes irregular, owing in some cases to small protuberances at different points.

The conspicuous forms are round, oval, ovoid, and transitions to the clam-shell shape. When viewed
on edge they are usually broadly lenticular or flattened elliptical. These grains bear close resem-

blance to those of M. botryoides, but both the hila and the lamella are less conspicuous, fissuration

of the hilum is frequent, and there is a larger proportion of medium-sized grains.

The hilum is a small, round or oval spot, centric in the round forms, and eccentric from
two-fifths to one-fourth, usually one-third, of the longitudinal axis in other forms. Double hila

frequentl}' occur. The hilum is often fissured, and the fissuration may be noted in the form of

a single transverse or longitudinal fissure, or a cross, or a combination of fissures of irregular

arrangement. The fissures are often ragged. Fissures may occur on either side of the hilum or

between a double hila. An irregular cavity may be found at the hilum.

The lamellce are distinct, rather coarse, complete rings near the hilum, but finer and of the same

shape as the grain near the margin and distal end. They may be somewhat irregular at the latter

point, and are probably incomplete in the clam-shell-

shaped forms. One lamella near the hilum and one about

the middle of the space between the hilum and the distal

margin are often especially distinct. There are about 18

lamellae in the larger forms.

The size of the grain varies from 4 to 44ju. The
conunon size of the oval forms is 24 by 30;u in length and

breadth, and of the large round forms 26 by 26^ in

length and breadth.

Polariscopic Properties. The figure is centric in the

round grains and eccentric in other forms. It is distinct

and fairly clear-cut. Its lines are rather thick and become
thicker towards the margin, and are usually straight.

The degree of polarization is high. It varies slightly

in different grains and sometimes in the same aspect of

one grain. It is lower than in M. botryoides.

With selenite the quadrants are fairly well defined;

they are as a whole regular in form and very often of

about equal size. The colors are usually pure.
Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains color a deep blue-violet; with 0.125 per cent solution they color fairly and the

color deepens rapidly. The color is not quite so deep as that of the grains of M. botryoides. After

heating in water until all the grains are completely gelatinized, the solution and the grains color

deeply on the addition of iodine. After boiling for 2 minutes, the solution colors very deeply
and the grain-residues fairly, lightly, or not at all. The capsules all color a red-violet with an

excess of iodine.

Stxiining Reactions. With gentian violet the grains begin to stain at once and in 30 minutes

they are deeply stained. The color is slightly deeper than that of the grains of M. botryoides.

With safranin the grains begin to stain at once and in 30 minutes they are deeply stained. The
color is deeper than that of the grains of M. botryoides.

Temperature Reaction. The temperature of gelatinization is 69 to 71 C, mean 70.

Effects of Varicms Reagents. With chloral hydrate-iodine reaction begins in most grains in 30

seconds. About half are gelatinized in 5 minutes, almost all in 12 minutes, and all in 30 minutes.

The reaction is the same qualitatively as that of the grains of M. botryoides.

Reaction with chromic acid begins in some grains at once and in all in 15 seconds, and is over

in 23/2 minutes. It is the same quahtatively as that of the grains of M. botryoides.

The reaction with pyrogallic acid begins in 30 seconds and is over in 5 minutes. It is the same

qualitatively as that of M. botryoides.
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Chart No. 170.

With ferric chloride the reaction begins in a few grains in 30 seconds. About two-thirds are

completely gelatinized in 10 minutes, nearly all in 25 minutes, and all in 35 minutes. The reaction

is the same qualitatively as that of the grains of M. hotryoides.

The reaction with Purdy's solution begins in about one-fifth of the grains at once and these

arc completely gelatinized in 30 seconds, and most of the grains are affected in 30 seconds. Half

are completely and half partially gelatinized in 1>2 hours.

STARCH OF MUSCARI COMOSUM. (Plate 44, figs. 263 and 264. Chart 170.)

Histological Characteristics. Inform the grains are usually simple. There are a few compound
grains, and a number of aggregates mostly consisting of a large grain and a small one and a few

clumps. Pressure facets are found on some of the isolated grains. The surface is varied and com-

monly somewhat irregular. Besides slight unevenness of outline, more or less marked rounded

protuberances and nipple-like projections at different points may sometimes exist. The conspicuous
forms of the small grains are round, oval, and ovoid, and of the large grains oval, elliptical, and clam-

shell-shaped, and transition forms from the ovoid to the last. Wlien viewed on edge, they are flat-

tened ellipses, or somewhat lenticular, or wedge-shaped.
These grains show a greater tendency to the oval, ellip-

tical, and clam-shell types than those of M. hotryoides;

fissuration of the hilum is the rule, not the exception.
The hilum is a distinct round or oval spot, centric in

the small round grains and eccentric from two-fifths to

one-fourth of the longitudinal axis in the large grains.

Two or more hila sometimes occur on one grain. The
hilum is generally fissured, especially on the large grains.

These fissures may be longitudinal, or transverse, or two

may form a cross. Sometimes from one aspect of the

grain the fissure appears as a Y, while from another it is

found to be a cross that is formed of one long arm pass-

ing through the hilum, and coinciding with the longitudi-

nal axis, and having two lateral lines near one end and
directed somewhat towards the proximal margin. Fis-

sures forming stellate and irregular figures may be seen

in place of the hilum, while fissures mostly crescent-

shaped may also be noted in other parts of the grain.

The lamella; are rather fine, fairly distinct, complete

ellipses or rings near the hilum; they are more distinct but finer near the margin and the distal

end. There is usually one prominent lamella about one-third the distance from the hilum. The
lamella; are usually regular, but sometimes irregular near the distal or lateral margins. There are

about 14 or 15 in the larger grains.

The grains vary in size from 4 to 43m. The common size is 24 by 28^ in length and breadth.

Polariscopic Properties. The figure is centric or slightly eccentric, distinct, but not clear-cut ex-

cept in the smaller forms. Its lines are usually straight and rather thick, somewhat thicker towards the

margin ; they are occasionally bisected, and in the larger, irregular forms are bent or otherwise distorted.

The degree of polarization is high. In the large grains it is rather high to very high, and in the

smallest grains it is fair. It varies in different parts of the same aspect of a given grain. It is, as

a whole, not so high as in M. hotryoides.
With selenite the quadrants in the smallest grains and also in some of the large ones are fairly

well defined, quite regular in shape, and about equal in size. In other grains, especially the largest,

they are irregular in shape and of unequal size. In some forms the colors are pure, while in many
they are not.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a deep blue-violet;
with 0.125 per cent solution they color fairly and the color deepens rapidly. It is not so deep as

that of the grains of M. hotryoides. After heating in water until all the grains are completely
gelatinized, the solution colors deeply and the grains very deeply on the addition of iodine. After

boiling for 2 minutes the solution colors very deeply and the grain-residues deeply to lightly.
The capsules all color a red-violet with an excess of iodine.
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Staining Reactions. With gentian violet the grains begin to stain at once and in 30 minutes
are tleeply stained, slightly more than M. hotryoidvs.

With safmnin the grains begin to stain at ouce and in 30 minutes are fairly deeply stained,

slightly more than M. hotryoides.

Temperature Reaction. The temperature of gelatinization is 67 to 69 C, mean 68.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in most grains in a

minute. It is over in two-thirds in 8 minutes, in almost all in 17 minutes, and in all in 30 minutes.

It is qualitatively the same as that of the grains of M. hotryoides.

The reaction with chromic acid begins in some grains at ouce and in all in 30 seconds, and is

over in 3 minutes. It is qualitatively the same as that of the grains of M. bolryoides.

Reaction with pyrogallic acid begins in 30 seconds and is over in 6 minutes. It is the same quali-

tatively as that of the grains of M. hotryoides.

Reaction with ferric chloride begins in a few grains in 11^ minutes. About four-fifths are gelatin-
ized in 20 minutes and all in 35 minutes. The reaction is quahtatively the same as that of the grains
of M. hotryoides.

With Purdy's solution the reaction begins in most grains in 45 seconds. About half are par-

tially gelatinized in 6 minutes, one-third are nearly and two-thirds completely gelatinized in 25
minutes. The reaction is not complete in an hour. The reaction is the same qualitatively as that

of the grains of M. hotryoides.

Differentiation of Certain Starches of the Genus Muscari.

Histological Characteristics. I HiSTOLoaiCAL Characteristics. Continued.

Conspicuous Forms.

M. bolryoides: Usually simple and isolated, compound
grains and aggregates in the form of doublets,
outline usually quite regular, occasionally protu-
berances mostly at distal end, occasionally one or
more pressure facets. Round, oval to ovoid, and
elara-shell-shaped .

M. paradoxum: Essentially the same as in M. hotryoides,
but with greater tendency to the oval type.

A/, micranthum: Essentially the same as in M. hotryoides,
but smaller.

M. conicum: Essentially the same as in M. hotryoides,
but with greater tendency to the oval type.

M. commutalum: Essentially the same as in M. hotry-

oides, but with a tendency to the spheroid and
oval types and much smaller grains.

M. racemosum: Essentially the same as in M. hotryoides,
but with a marked tendency to the spherical form
and much smaller grains.

M. compactuni: Essentially the same as in M. hotryoides,
but a much larger proportion of medium-sized

grains.
71/. conwsum: Essentially the same as in M. hotryoides,

but a markedly great tendency to oval, elliptical
and clam-shell types.

Hilum Form, Numher, and Position.

M. hotryoides: Form distinct, fairly large, round or oval;

rarely fissured, fissure single, short., transverse or

longitudinal. Position centric or eccentric 0.33 to
0.40 of longitudinal axis.

M. paradoxum: Form flistinct, fairly large, round or
oval, single, double or multiple; usually fissured,

single transverse or longitudinal, straight or

curved, or 2 or more ragged or clean-cut. Position
centric or eccentric 0.40 to 0.33 of longitudinal axis.

M. micranthum: Form essentially the same as in M.
hotryoides, except that fissuration ia less rare.

Position centric or eccentric 0.25 to 0.4-1, usually
0.33, of longitudinal axis.

M. conicum: Form essentially the same as in M. holry-
oitles. Position centric or eccentric 0.40 to 0.33 of

longitudinal a.xis.

M. commutatum: Form essentially the same as in A/. 6o<r!/-

oides, but fissuration is frefjuent. Position centric,
or eccentric 0.44 to 0.33 of longitudinal axis.

Hilum Form, Number, and Position. Continued.

M. racemosum: Form essentially the same as in M. hotry-

oides, but the hilum is less often seen. Position

centric, or eccentric 0.40 to 0.33 of longitudinal
axis.

M. compactum: Form essentially the same as in M. bolry-

oides, but fissuration is common. Position centric,
or eccentric 0.40 to 0.25 of longitudinal axis.

M. comosum: Form essentially the same as in M. bolry-

oides, but the hilum is generally fissured. Position

centric, or eccentric 0.40 to 0.25 of longitudinal
axis.

Lamellce General Characteristics and Number.

M. hotryoides: Fairly distinct, fine, regular, usually com-
plete circles or ellipses. 10 to 14 on larger grains.

M. paradoxum: Rather distinct, coarse, usually complete
and regular rings or eUipses. 6 to 10 on larger

grains.
M. micranthum: Fairly distinct, rather fine, complete,

usually regular circles or ellipses. 14 on larger

grains.
M. cotiicum: Fairly distinct, rather coarse, complete,

usually regular circles or ellipses. 13 on larger

grains.
M. comnudatum: Rather indistinct, coarse, usually com-

plete regular rings. Not determined.
M. racemosum: Distinct, rather coarse, usually com-

plete, regular or irregular. 10 to 12 on larger

grains.
M. compactum: Distinct, rather coarse, usually complete

regular or irregular. 18 on larger grains.
M. comosum: Rather fine, fairly distinct, usually regular

and usually complete circles or ellipses. 14 to 15

on larger grains.

Size.

M. hotryoides: From 3 to 50;u, commonly 20^.
M. paradoxum: From to 34/j, commonly 24;j.

M. micranthum: From 4 to 34m, commonly 20^.
AI. conicum: From G to 40m, commonly 28^.
M. commutalum: J^rom 4 to 34^, commonly 19^.
M. racemosum: From 4 to 34^, commonly 19/j.

M. compactum: From 4 to 42/i, commonly 24^.
M. comosum: From 4 to 32^, commonly 24/i.
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Differentiation of Certain Starches of the Genus Muscari. Continued.

PoLABiscopic Properties.

Figure.

M. botryoides: Centric or eccentric, distinct, fairly clear-

cut, usually regular.
M. paradox-um: Centric or eccentric, not clear-cut, usu-

ally regular.
M. micranlhum: Centric or eccentric, distinct, fairly clear-

cut, regular.
M. conicmn: Centric or eccentric, distinct, fairly clear-

cut, usually regular.

M. commulatum: Centric or eccentric, distinct, usually

clear-cut, usually regular.
M. racemosum: Centric or eccentric, distinct, fairly clear-

cut, usually regular.
M. campaclu7n: Centric or eccentric, distinct, fairly clear-

cut, usually regular.
M. comosum: Centric or eccentric, distinct, not clear-cut,

usually regular.

Degree of Polarization.

M. botryoides: High.
M. paradoium: High, variable, not so high as in M.

botryoides.

M. micranlhum: High, somewhat variable, not so high as

in M. botryoides.

M. conicum: High, slightly higher than in M. botry-
oides.

M. commutatum: High, somewhat variable, not so high
as in M. botryoides.

M. racemosum: High, slightly higher than in M. botry-

oides.

M. compaclum: High, not quite so high as in M. botry-

oides.

M. comosum: High, variable, as a whole, not so high as

in M. botryoides.

Polarization with Selenite Quadrants and Colors.

M. botryoides: Quadrants fairly well defined, regular in

shape. Colors pure.
M. paradoxum: Quadrants fairly well defined, regular.

Colors often pure.
M. micranlhum: Quadrants fairly well defined, quite regu-

lar. Colors pure.
M. conicum: Quadrants fairly well defined, frequently

irregular. Colors usually pure.
M. commutatum: Quadrants fairly well defined, regular

in shape. Colors pure.
M. racemosum: Quadrants fairly well defined, usually

regular. Colors pure.
M. compaclum: Quadrants fairly well defined, usually

regular. Colors pure.
M. comosum: Quadrants fairly well defined, often irregu-

lar. Colors mostly impure.

Iodine Reactions.

Intensity and Color.

M. botryoides: Deep; blue-violet.

M. paradoxum: Deep, not so deep as in M. botryoides;
blue-violet.

M. micranlhum: Deep, same as in M. paradoxum; blue-

violet.

M. conicum: Deep, same as in M. paradoxum; blue-

violet.

M. commulatum: Deep, same as in M. paradoxum; blue-

violet.

M. racemosum: Deep, same as in M. paradoxum; blue-
violet.

M. compaclum: Deep, same as in M. paradoxum; blue-

violet.

M. comosum: Deep, same as in M. paradoxum; blue-
violet.

Staining Reactions.

With Gentian Violet.

M. botryoides: Deep.
M. paradoxum: Deep, slightly deeper than in M. botry-

oides.

M. micranlhum: Deep, deeper than in M. botryoides.
M. conicum: Deep, deeper than in M. botryoides.
M. commutatum: Fair, much less deep than in M. botry-

oides.

M. racemosum: Deep, not quite so deep as in M. botry-
oides.

M. compaclum: Deep, shghtly deeper than in M. botry-

oides.

M. comosum: Deep, deeper than in M. botryoides.

With Safranin.

M. botryoides: Fairly deep.
M. paradoxum: Fairly deep, deeper than in M. botryoides.

M. micranlhum: Fairly deep, the same as in M. botryoides.

M. conicum: Fairly deep, deeper than in M. botryoides.

M. commulatum: Fair, less deep than in M. botryoides.

M. racemosum: Fairly deep, not quite so deep as in M.
botryoides.

M. compaclum: Deep, deeper than in M. botryoides.

M. comosum: Fairly deep, slightly deeper than in M.
botryoides.

Temperature op Gelatinization.

M. botryoides: 70 to 72 C, mean 71.
M. paradoxum: 72 to 74 C., mean 73.
M. micranlhum: 68.5 to 70 C, mean 69.25.
M. conicum.: 72 to 74 C, mean 73.
M. commutatum: 71 to 73 C, mean 72.
M. racemosum: 74.5 to 75 C, mean 74.75.
M. compaclum: 69 to 71 C, mean 69.
M. comosum: 67 to 69 C, mean 68.

Effects of Vauiods Reagents.

Reaction xoith Chloral Hydrate-Iodine.

M. botryoides: Begins in most in 45 seconds; complete in

20 minutes.

M. paradoium: Begins in half in 45 seconds; complete
in four-fifths in 40 minutes.

M. micranlhum: Begins in many in 30 seconds; complete
in 20 minutes.

M. conicum: Begins in all in 30 seconds; complete in

three-fourths in 48 minutes.

M. commutatum: Begins in many in 60 seconds; com-

plete in nearly all in 17 minutes, and in all in 30
minutes.

.M. racemosum: Begins in most in 30 seconds; complete
in nearly all in 30 minutes, all in 50 minutes.

M. compaclum: Begins in most in 30 seconds; complete
in 30 minutes.

M. comosum: Begins in most in 60 seconds; complete in

all in 30 minutes.

Reaction with Chromic Add.

M. botryoides: Begins in 15 seconds; complete in 3J^
minutes.

M. paradoxum: Begins in 30 seconds; complete in 4

minutes.
M. micranlhum: Begins in a few seconds; complete in 1 J^

minutes.

M. conicum: Begins in 15 seconds; complete in 33-^

minutes.
M. commulatum: Begins in 15 seconds; complete in 2

minutes.
M. racemosum: Begins in 30 seconds; complete in 3

minutes.
M. compaclum: Begins in 30 seconds; complete in 2}^

minutes.
M. comosum: Begins in 30 seconds; complete in 3 minutes.
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Differentiation of Certain Starches of the Genus Muscari. Continued

Effects of Various Reagents. Continued.

Reaction mth Pyrogallic Acid.

M. boiryoides: Begins in all in 25 seconds; complete in

l}<t minutes.
M. paradoxum: Begins in all in 75 seconds; complete in

IS minutes.
M. micratithmn: Begins in most of the grains in 15 sec-

onds; complete in 7 minutes.
M. conicum: Begins in all in 60 seconds; complete in 35

minutes.
M. commulalum: Begins in all in 30 seconds; complete

in 25 minutes.
M. racemosum: Begins in all in 45 seconds; complete in

30 minutes.
M. compaciuni: Begins in all in 30 seconds; complete in

5 minutes.
M. comosum: Begins in all in 30 seconds; complete in 6

minutes.

Reaction with Ferric Chloride.

M. botryoides: Begins in a few in 60 seconds; complete
in 40 minutes.

A/. paradoTum: Begins in a few in 60 seconds; complete
in 45 minutes.

M. micranthum: Begins in a few in 30 seconds; complete
in 15 minutes.

M. conicum: Begins in a few in 45 seconds; complete
in 56 minutes.

M. commutatum: Begins in a few in 60 seconds; com-
plete in 33 minutes.

Effects of Various Reagents. Continued.

Reaction with Ferric Chloride. Continued.

M. racemosum: Begins in a few in 30 seconds; complete
in 25 minutes.

M. compactum: Begins in a few in 30 seconds; complete
in 35 minutes.

M. cotnosum: Begins in a few in IJ-2 minutes; complete
in 35 minutes.

Reaction with Purdy's Solution.

M. botryoides: Begins in most in 2 minutes; three-fourths
are partially gelatinized in 25 minutes.

M. paradoxum: Begins in most in 1 minute; one-fifth
are partially gelatinized in 10 minutes.

M. micranthum: Begins in some in 15 seconds; half are

nearly completely gelatinized in 10 minutes.
M. conicum: Begins in some in 45 seconds; half are

partially and half completely gelatinized in 40
minutes.

A/, connnutatum: Begins in most in 60 seconds; three-
fourtlis are partially and one-fifth completely
gelatinized in 60 minutes.

M. racemosum: Begins in all of the grains in 60 seconds;
half are completely gelatinized in 30 minutes.

M. compactum: Begins in most of the grains in 30 seconds;
half partially, half completely gelatinized in 90
minutes.

M. comosum: Begins in most of the grains in 45 seconds;
two-thirds are partially gelatinized, one-third

being nearly completely gelatinized in 25 minutes.

NOTES ON THE STARCHES OF MUSCARI.

These starches exhibit certain differences of diagnostic value in their gross histological charac-

ters, chiefly in the mean size, hilum, fissuration, and lamellis. The size of the grains of M. micran-

thum, M. commutatum, and M. racemosum is, on the whole, less than in the other Muscari starches.

Differences in fissuration between M. botryoides, M. mia-anthum, M. conicum, and M. racemosum
as compared with other starches of this genus are quite striking; also in the lamellation, as regards
both character and number. There are variations in reactions, ranging from practical identity (as in

the iodine reactions) to well-marked differences (as in the reactions with the chemical reagents gener-

ally). The differences in the temperatures of gelatinization range within 68 and 74.75, or 6.75.
Each starch can be readily distinguished from the others by means of variations in the reactions.

GENUS BRODI/EA.

Brodioea is a genus of Western American (chiefly Californian) cormous plants which comprise
about 30 species, including certain species heretofore classified as Hookera, Milla, or Triteleia.

They have been divided by Purdy into four groups, based essentially upon peculiarities of the corms.
In Group I the corm is flattened and fibrous coated, resembling that of crocus. Belonging to this

group the following starches were studied: B. peduncularis Wats., B. ixoides var. splendens Hort.,
B. Candida Baker, B. lactea Wats. {Hesperoscordum lacteum, H. hyacinthinum), and B. laxa Wats.
The corm of Group II has a reddish, hairy coating, is not flattened, and bears many strong offsets.

As representatives of this group there were examined: B. coccinea {Brevoortia ida-maia Wood, B.

coccinea, Wats.), B. grandiflora Smith {Hookera coronaria Salisb.), B. californica Lindl. {Hookera
californica Greene), B. purdyi Eastw., and B. stellaris Wats. Group III has long, bulbiferous corms
and is represented in this research by B. capitata Benth. and B. congesta Smith. Group IV is char-

acterized by bulbs like those of Group I, by dense umbels, and by the tube and the segments being
of about the same length. No representative of this group was examined.

STARCH OF BRODIiEA PEDUNCULARIS. (Plate 45, figs. 265 and 266. Chart 171.)

Histological Characteristics. In form the grains are simple, with occasional compound grains

consisting of two components. The simple grains are isolated, with the exception of a few aggre-

gates among the smaller grains, and a few among the large grains which have small grains attached,
and a few clumps. The surface of the grains is usually irregular, owing chiefly to nipple-like proces.ses
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and rounded protuberances formed by amorphous deposits. The conspicuous forms are ovoid,

oval, and elUpsoidal; the latter may or may not have two ends of the same size; also there may be

pyriform, triangular, ellipsoidal bent at or near the middle, thin and narrow lenticular, small round,

and a few quadrangular or polj'gonal forms. When the grains are rolled over it is noticed that at

any given diameter they are generally of about the same thickness, hence when seen on end are

nearly round. Grains having large, irregular protuberances from the surface appear broader in

the diameter of one aspect than of another.

The hilu7n is distinct, and when not fissured is a small roimd spot, eccentric about one-third

of the longitudinal a.xis of the grain. It is usually in or near tlie median line and is rarely double

or triple. When fissured, as is frequently the case, the fissuration may be superficial, or very deep
and extensive, but it is often 3-armed and usually very ragged. The fissiu-e may also be transverse,

diagonal, ragged, or stellate. Rarely it is a true cross.

The lamelloe are fairly distinct, continuous, coarse rings which follow the outline of the margin,
but show some irregularities independent of the marginal outline of the grain. They are coarser

and more distinct in some grains than others. There is

usually one on each grain that may be near the hilum or

the margin that is especially distinct. There are about 8

to 10 lamellae on the medium-sized grains. If there is

more than one hilum, the two are inclosed in a common
lamella, but there is an absence of lamellse belonging to

each hilum.

The grains vary in size from 2 to 60/ii. The common
size is 35/i.

Polariscopic Properties. The figure is eccentric, dis-

tinct, and not always clear-cut. Its lines become broader

but less sharp as they near the margin of the grain. They
are often bent and otherwise distorted, and if there are

very wide fissures the figure may be more or less modified.

The degree of polarization is high. Polarization is lack-

ing in some grains at points about the margin. It varies

in different grains and in different aspects of the same grain.

With selenite the quadrants are not, as a rule, well

defined, and are irregular in shape and unequal in size.

The colors are pure.
Iodine Reactions. With 0.25 per cent Lugol's solution the grains color deeply a blue-violet,

which later deepens somewhat; with 0.125 per cent solution they are colored fairly and the color

deepens quickly. After raising the temperature to a point at which all the grains are completely

gelatinized, the grains are colored deeply and the solution fairly when iodine is added. In some of

the less deeply colored grains the capsule is colored violet. After boiling for 2 minutes the solu-

tion colors very deeply, but the grain-residues much less deeply. Some blue-reacting contents of

the capsules may remain in the proximal end of the capsule. At the distal end the capsules are

crumpled and lobulated, and all are colored violet.

Staining Reactions. With gentian violet the grains stain at once very lightly and even after

30 minutes they are lightly stained, some more than others.

With safranin the grains stain at once very lightly. After 30 minutes they are stained lightly,

but rather more than with gentian violet, and some grains more than others.

Temperature Reaction. The temperature of gelatinization is 68 to 69 C, mean 69.5.

Effects of Various Reagents. With chloral hydrate-iodine a very few grains show slight reaction

in 2 minutes. In 4 minutes about one-fourth to one-third begin to react, and some of those first

affected are darkened completely at that time. In an hour one-third are completely gelatinized.

There is no further change. The hilum becomes conspicuous as a dark bubble which soon disappears

without swelling. The lamella are indistinct. The margin of the grain at the distal end becomes

dark and then swells slightly and smoothly. Irregular spots on the sides, and sometimes at the

hilum, become dark. All these foci swell somewhat and then become united, and the process passes
inward over the whole grain. The swollen grains are fairly large and may be somewhat distorted.

They usually show light fissures, where fissures pre-existed before gelatinization took place.

Curve of Reaction-Intensities of Starch of Brodiaea

peduncularis.
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Reactiou with chromic acid begins in some of the smaller grains in 30 seconds and is general
in 3 to 4 minutes; all the grains are dissolved in 10 minutes. This reaction is slow and even; it does

not start rapidly and then become slower, as is common with most starches. The hilum is very

prominent. The lamellae are fairly distinct, the hilum swells, the fissures widen, and the grain

becomes covered with fine, radiating striae. The inner portion is reduced to a granular, gelatinous
mass. The peripherally located starch forms a ring which at first is thick and distinctly striated,

with a ragged, inner border, which subsequently gradually becomes thinner and transparent as the

grain swells, until a large, smooth, thin-walled, gelatinized grain is formed. This cajjsule dissolves

at one end, and the inner mass flows out and disappears. The rest of the capsule dissolves rapidly.

The reaction wth pyrogaUic acid begins in some of the grains in 30 seconds and is general in 2

minutes. The grains are entirely gelatinized in 10 minutes. Both hilum and the lamellse become

very distinct. The hilum swells and the fissures ^viden and deepen. The grain is divided by fine,

radiating fissures. The inner part of the grain is changed into a gelatinous mass. The marginal

part forms a ring which at first is thick and opaque and shows fine strise, and also concentric, alter-

nate refractive and non-refractive bands. As the grain continues to swell, this ring becomes thinner

and clearer and divided by internal fissures until a thin, transparent, gelatinous capsule forms.

The swollen grains are large, and if the original gi'ains are fissured they are somewhat lobulated and

distorted; but if not fissured, they are smooth and retain much of the original shape of the grains.

Reaction with ferric chloride begins in a few grains in a minute and the reaction is over in them
in 7 minutes. Other grains at this time are as yet unaffected, but in 9 to 10 minutes many begin
to react. In 15 minutes about one-third are swollen; in IJ^ hours about two-thirds are gelatinized;

and in 13^ hours all are gelatinized. The hilum becomes prominent, but the lamella; are obscured.

The reaction begins at projecting points on the chstal end and sides, and proceeds over the grain
until only a small portion about the hilum remains ungelatinized. This latter becomes split by
many fissures, the pieces rapidly breaking apart and gelatinizing separately. The swollen grains

are large, irregular, sacculated, and wrinkled. In some grains the hilum merely swells, and then

the inner portion, followed by the marginal portion, is altered into a gelatinous mass. These gela-

tinized grains are not so large or so irregular or sacculated as those first described.

With Purdy^s solution there is slight reaction in a few grains in 1}/^ minutes, but only a few are

completely gelatinized and a few others show the beginning of gelatinization after an hour. Both hilum

and lamella; become very prominent. The hilum enlarges, and the grain is divided by fine, radial fis-

sures. The inner part is transformed into a gelatinous mass, much of which appears to be forced to

the base of the grain. The marginal part of the gi-ain is differentiated into a thick, striated ring,

which shows three or four concentric refractive and non-refractive bands. The ring later becomes a

thin, transparent capsule. The gelatinized grains are large and somewhat wrinkled, but not lobulated.

STARCH OF BRODI^A IXOIDES VAR. SPLENDENS. (Plate 45, figs. 267 and 268. Chart 172.)

Histological Characteristics. In form the grains are simple with the exception of a few com-

pounds; nearly all are isolated; there are few clumps, and no pressure facets. The surface may be

irregular, owing not only to irregular development of the margin, but also to amorphous additions

to the surface. The conspicuous forms are the elongated ovoid, broad ovoid, and long and short

ellipsoidal. There are also round or nearly round, pyriform, irregularly triangular, and polygonal

grains, and various irregular forms. The compound grains have very irregular shapes, and commonly
are irregularly ellipsoidal. The grains are not flattened and are of the same or nearly the same
thickness and width at any given transverse diameter. The distal end is usually narrower than

the proximal.
The hilum is usually distinct when not fissured. It appears as a small round spot, and eccentric

about one-third of the longitudinal axis of the grain, and commonly in the larger end of the grain.

There may be two or more hila placed irregularly with respect to one another. The hilum is often

fissured by a large or small, ragged or clear-cut, single, transverse or diagonal cleft; or a 3-armed,

or a large irregular cruciate fissiue.

The lainelloB are not very distinct. They appear to be rather coarse, regular, continuous rings,

which follow the outline of the margin of the grain, but not of the amorphous additions; more dis-

tinct near the hilum. The average number on a grain could not be determined with any accuracy.
The grains var}' in size from 3 to 38yu. The common size is 26;u. The common dimensions

of large grains are 34 by 2G/i in length and breadth.
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The hilum is distinct, and when not fissured it is a round spot, situated eccentrically about
one-third of the longitudinal axis of the grain, and usually in or near the median line. When it

is fissured, as is usually the case, the fissure may be small, straight, or with a double curve, and
clear-cut, transverse, or diagonal; or it may have tlu-ee arms, or be irregularly stellate with one

long arm extending in a longitudinal or diagonal direction. The hilum may be double, though
rarely, but more than two were not observed.

The lamella are quite regular, fairly distinct, and coarse. They vary somewhat in different

grains and are larger near the margin than near the hilum. They tend to closely follow the outline
of the margin, but sometimes show irregularities. There are usually 6 to 10 lamelliE on a medium-
sized grain.

The grains vary in size from 3 to 32;u. The common size is 16//.

Polariscopic Properties. The figure is distinct and fairly clear-cut. Its lines may become
broader but less well defined at the margin and are often bent or otherwise distorted. Sometimes
the lines do not intersect at the hilum.

The degree of polarization is fairly high. It is higher
in certain aspects of the grain than in others, and varies

in different grains. It is not so high as that of the grains
of B. peduncularis.

With selenite the quadrants are fairly well defined,

irregular in shape, and unequal in size. The colors are

not quite pure.
Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains are colored deeply a blue-violet; with 0.125

per cent solution the grains tint lightly at first and then

the color deepens. The reaction is less than that of the

grains of B. peduncidaris. After heating until the grains
are all completely gelatinized, the solution colors very

faintly and the grains very deeply on the addition of

iodine. The grains are much swollen and somewhat sac-

culated and distorted. After boiling for 2 minutes the

solution is colored intensely, but the grain-residues less

deeply than before, and some not at all. When a very

slight excess of iodine is added the capsules color a red-

violet. Most of the capsules contain more or less blue-reacting starch in the proximal end. The
capsules are large and smooth at the proximal end, and sacculated, folded, and distorted at the

distal end.

Staining Reactions. With gentian violet the grains stain very lightly at once and after 30 min-
utes are fairly well stained, more than those of B. peduncularis.

With safranin the grains stain very lightly at once, but after 30 minutes are only lightly stained,
but more than the grains of B. pedunadaris.

Temperature Reaction. The temperature of gelatinization is Gl to G3 C, mean 62.

Effects of Various Reagents. With chloral hydrate-iodine some grains begin to react in a minute;
most of them show some reaction and many are completely gelatinized in 5 minutes. All except
one or two are completely gelatinized in 45 minutes. There is no further change. The process is

in all respects qualitatively the same as that in the grains of B. peduncularis.

Reaction with chromic acid begins in many of the smaller grains immediately, is general in 30

seconds, and complete in 4 minutes. The process is identical with that in the grains of B. peduncularis.
Reaction with pyrogallic acid is general in 30 seconds and is over in 3 minutes. The process

is identical with that of the grains of B. peduncularis.
The reaction with ferric chloride begins in many grains in a minute and is general in 23^

minutes. About five-sixths are completely gelatinized in 13 minutes, and the reaction is completed
in 30 minutes. The process is the same as that of the grains of B. peduncularis.

With Purdy's solution the reaction begins at once in some smaller grains and is general in 30

seconds. None of the grains is fully gelatinized and very few are even partially gelatinized. The

process seems to consist merely in the slight swelling of the hilum, unless also in some cases the

innermost part of the grain may become gelatinous.

P 1 GV T
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STARCH OF BRODI^A LACTEA. (Plate 40, figs. 271 and 272. Chart 174.)

Histological Characteristics. In form the grains are simple, wi th the exception of a few compounds

consisting of two or three components; some of the smaller form aggregates. There are no pressure

facets on any of the isolated grains. There is some tendency to form in clumps. Rarely, 2 grains

occur embedded in secondary deposits to form a large grain. A few grains have small, nipple-like

and other processes and irregularities on the surface. The conspicuous form is the oval, with the

narrow end rather pointed, and ovoid. In addition there are quadrangular, polygonal, nearly round,
and a few pyriform grains. The grains are not flattened and they present i>ractically the same diam-

eter at any given diameter as they are turned over. When viewed on end they usually appear round.

The hilurn is distinct, and when it is not fissured it appears as a small round spot, eccentric

about one-third of the longitudinal axis of the grain, and usually in or near the median line. There

may be double, or rarely triple, hila, each of which may or may not be surrounded by 2 or 3 lamellae

independent of the lamellae of the others. Generally the hilum is fissured. The fissure is often very
small and narrow, transverse or diagonal, but generally 3-armed; very rarely it is irregularly

stellate. In some cases the hilum appears as a cavity with a fissure extending from it at one side.

It is not rare for the body of the grain to be crossed by a number of small, irregular fissures.

The lamellce are fairly distinct, coarse, continuous, and regular. They follow closely the out-

line of the margin, but occasionally one or two will show independent irregularities. They vary in

size and distinctness in different grains, those near the

hihmi being more distinct than those near the margin.
There are 8 to 10 lamellte on a medium-sized grain.

The grains vary in size from 2 to 32/i. The com-
mon size is 18yu.

Polariscopic Properties. The figure is clear-cut and
distinct. It is seldom bent or otherwise distorted. Its

lines do not, as a rule, become broader and less well

defined at the margin. Often the main peculiarity is

the failure of the lines to meet at the hilum.

The degree of polarization is high. It is about the

same in every part of the grain and does not vary much
in different grains. It is slightly higher than that of the

grains of B. peduncularis.
With selenite the quadrants are fairly clear-cut, un-

equal in size, and sometimes irregular in shape. The
colors are pure and bright, but the yellow is often much
encroached on by the red dividing lines.

Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains at once color a deep blue-violet; with 0.125

per cent solution they color fairly and then deepen slowly. The reaction is deeper than that of the

grains of B. pedunadaris. After heating until all the grains are completely gelatinized, the solution

is colored lightly and the grains very deeply with iodine. The grains are much swollen and dis-

torted, especially at the distal entl. After boiling for 2 minutes the solution is deeplj' colored, but

the grain-residues much less deeply. With the adtlition of a very slight excess of iodine the capsules
color a violet, and the capsules generally contain some blue-reacting starch at the proximal end.

Staining Reactions. With gentian violet the grains stain at once very lightly, but at the end
of 30 minutes they are lightly colored, somewhat more than the grains of B. peduncularis.

With safranin the grains stain very lightly at once and after 30 minutes the color is light and
about the same as the grains of B. peduncularis.

Temperature Reaction. The temperature of gelatinization is G4 to 65 C, mean 64.5.

Effects of Various Reagents. With chloral hydrate-iodine a few of the smaller grains react in a

minute and about half are affecteil and a few gelatinized in 4 miiuites. About three-fourths are

affected in 10 minutes, about half being fully darkened, and all fully gelatinized in 45 minutes.

The reaction is qualittitively the same as that of the grains of B. peduncularis.
With chromic acid some grains begin to react in 20 seconds. The reaction is general in IJ/^

minutes and is over in 3 minutes. The reaction is the same qualitatively as that of the grains of

B. peduncularis.

P 1 Gv T
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Reaction with pyrogaUic acid begins in 30 seconds, and is over in 2}/^ minutes; it is practically

the same as that of the grains of B. pedimcidaris.

^A'ith ferric chloride there is some reaction in a minute. About half the grains are affected and

many completely gehitinizcd in 5 minutes. All but a very few are gelatinized in 30 minutes, and
all arc gelatinized in 40 minutes. The reaction in these grains is practically identical with that of

the gi-ains of B. peduncularis.

With Purdy's solution there is a slight general reaction in a minute; two-thirds of the grains

are partly gelatinized in 20 minutes; none fully gelatinized. There is no further change in an
hour. The reaction is the same qualitatively as that of the grains of B. peduncularis.

STARCH OF BRODI^A LAXA. (Plate 46, figs. 273 and 274. Chart 175.)

Histological Characteristics. In form the grains are simple, except a few compounds which
consist of two or three components. There are a few aggregates of the smaller grains, and one or

more small grains may be seen fitting into a hollow or depression in a large grain, the exact lines of

demarcation between the adherent grains being very hard to distinguish. Twin grains also occur

which are united by some amorphous sul:)stance. Many grains show nipple-like processes or other

irregularities of the surface. The conspicuous forms are

the ovoid and oval; quadrangular, round, long and thin

ellipsoidal, and broad or short ellipsoidal forms are com-

monly seen; rarely there are triangular and long and thin

oval. The grains are not flattened in any diameter and
therefore seem round when viewed on end.

The hilum is distinct and when not fissured it ap-

pears as a medium-sized round spot, eccentric about a

third of the longitudinal axis of the grain, usually in or

near the median line, rarely very much to one side. There

may be 2 or more hila, in pairs or irregularly, and each

may be surrounded by 2 or 3 lamella. The hilum is usu-

ally fissured. The fissures are commonly not deep or wide,
and they are usually very irregular and ragged. They are

commonly irregularly stellate, but 3- and 4-armed fissures

are frequently seen. Rarely the fissure is single, trans-

verse or diagonal, or with a double curve. It is not un-

common for a line of small, irregular fissm'es to extend

from the hilum in the longitudinal axis of the grain.

The lamellce are fairly distinct and very coarse,

and more distinct near the margin than near the hilum. The difference in distinctness may be

because those near the hilum are more or less obscured by the fissures. They are quite regular
and tend to follow closely the line of the margin. Normally there are 6 to 8 lamellse on a medium-
sized grain.

The grains vary in size from 3 to 40/r. The common size is 26ai.

Polariscopic Properties. The figure is usually clear-cut and distinct, even to the edge of the

grain. Its lines are sometimes much bent and otherwise distorted, and do not always meet at the

hilum.

The degree of polarization is high, not so high as that of the grains of B. peduncularis. It varies

somewhat in different grains and in different aspects of the same grain.

With selenite the quadrants are usually clear-cut, irregular in shape, and unequal in size. The
colors are generally pure and bright; sometimes the yellow has an admixture of red.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains are colored deeply a blue-

violet; with 0.125 per cent solution the grains color deeply and the color deepens slowly. The
color is somewhat deeper than that of the grains of B. peduncularis. After heating until the grains
are completely gelatinized, the solution is colored slightly and the grains very deeply on the addition

of iodine. The grains are much swollen and lobulated. After boiling for 2 minutes the solution

is colored very deeply, but the grain-residues much less deeply or not at all. Most of the capsules
contain some blue-reacting starch in the proximal end and all show a red-violet coloration when
a slight excess of iodine is added.

p
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Staining Reactions. With gentian violet the grains begin to stain in IJ/^ minutes very lightly

and after 30 minutes are only lightly stained. The color is deeper than that of the grains of B.

peduncularis.
With sofranin the grains begin to stain very lightly in a minute, but after 30 minutes are still

vcrv lightly stained. There is no difference in tint between these and the grains of B. peduncularis.

Temperature Reaction. The temperature of gelatinization is 60 to 62 C, mean 61.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in 30 seconds. Most

of the grains are gelatinized in 20 minutes and practically all in 35 minutes. The reaction is quali-

tatively the same as that with the grains of B. peduncularis.

Reaction with chromic acid begins in 20 seconds and is over in 2 minutes. It is qualitatively

the same as that of the grains of B. pedunadaris.

With pyrogallic acid the reaction begins in 20 seconds and all the grains are completely

gelatinized in 2)/^ minutes. The reaction is qualitatively the same as that of the grains of B.

peduncidaris.
The reaction with ferric chloride begins in 45 seconds. All the grains are affected and three-

fourths gelatinized in 22 minutes, and all are gelatinized in 45 minutes. The reaction is qualitatively

the same as that of the grains of B. peduncidaris.

The reaction with Purdy's solution begins in the grains in 30 seconds. A few are completely

and many partially gelatinized in 15 minutes, but the reaction is incomplete in an hour. The

reaction is qualitatively the same as that of the grains of B. peduncularis.

STARCH OF BRODI^A COCCINEA. (Plate 46, figs. 275 and 276. Chart 176.)

Histological Characteristics. In form the grains are simple, Avith the exception of a few com-

pound, which latter more often consist of three than two components. There are a few aggregates

of the smaller grains and a few chmips. The surface is, as a rule, irregular, many grains having

rounded accretions or nipple-Uke processes projecting from the surface. The most conspicuous

forms are short, broad ellipsoidal, verging into almost

round and oval. Often grains are nearly round, but nar-

rowed at the proximal end until they are somewhat trian-

gular to pyriform. Ovoid forms are less common than in

B. peduncidaris. The grains are not flattened and are of

much the same width and thickness at any given trans-

verse diameter.

The hilum, when not fissured, is a fairly distinct,

medium-sized round spot, situated eccentrically about a

third or less of the longitudinal axis of the grain, and in

or near the median line. There may be 2 or more hila,

often placed together in a non-lamellated space, and all or

some may be fissured. When the hilum is fissured the

fissure is usually not deep or broad, and it may be a

short, straight, or curved transverse or diagonal line, or

a 3-armed figure, or a cross. Occasionally the fissures are

not clear-cut, but ragged and irregular. Rarely there is

an irregular stellate group of fissures at the hilum.

The laniellcc are fairlj' distinct, regular, and coarse.

Those about the hilum and in the central portion of the

grain are usually the more distinct, and those near the margin are wider and coarser. They follow

closely the outline of the margin, but not of the nipple-like processes or other projections from the

surface. There are 10 to 15 lamella; on medium-sized and large grains.

The grains vary in size from 4 to 34//. The common size is 18^.

Polariscopic Properties. The figure is eccentric, distinct, but not always clear-cut. Its lines

often become broad and less distinctly outlined near the margin, and at times do not meet at the

hilum. They are not often bent or otherwise distorted.

The degree of polarization is high, as a rule, but not quite so high as that of the grains of B.

peduncularis. It may be absent in some parts of the grains, especially near the margin. It also

varies somewhat in the different grains and is highest when the grains are viewed from the end.
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With selenite the quadrants are fairly well defined, often irregular in shape, and unequal in

size. In most cases the colors arc pure and bright.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains are colored a deep blue-

violet and the color is deeper than that of B. pcdunadaris; with 0.125 per cent solution the grains

color fairly and the color grows deeper rapidly, slightly deeper than that of the grains of B. pedun-

cularis. After heating until the grains are completely gelatinized, the solution is colored very faintly

and the grains very deeply on the addition of iodine. After boiling for 2 minutes the solution is

colored much more deeply, but the grain-residues much less. On the addition of a slight excess of

iodine the capsules are colored a reddish-violet. Most of the capsules contain some blue-reacting

starch in the proximal end.

Staining Reactions. With gentian violet the grains begin to stain immediately, but very lightly.

After 30 minutes most of the grains are fairly deeply stained, some more than others. The color

is deeper than that of the grains of B. peduncularis.

With safranin the grains stain at once very lightly, but after 30 minutes they are fairly deeply

stained, much more markedly than the majority of the grains of B. peduncularis.

Temperature Reaction. The temperature of gelatinization is 69 to 71 C, mean 70.

Effects of Various Reagents. AYith chloral hydrate-iodine there is a slight reaction in some grains

in a minute. About two-thirds are affected and some of them darkened throughout in 5 minutes.

All are affected and three-fourths fully gelatinized in 15 minutes; all but 2 or 3 are fully gelatinized

in 13^ hours. There is no further change. The reaction is practically identical with that of the

grains of B. peduncularis.

Reaction with chromic acid begins immediately in some grains, is general in 1^ minutes, and

over in 6 minutes. The reaction is practically identical with that of the grains of B. peduncularis.

With pyrogallic acid there is a slight reaction in a few grains in 30 seconds and most grains

show some reaction in 5 minutes. Reaction is general in 10 minutes and has reached its limit in 25

minutes, but is incomplete in an hour. At this time the grains are in all stages from the begin-

ning of swelling to a point nearly approaching or of complete gelatinization. The process is

identical with that of the grains of B. peduncidaris.

Some reaction with ferric chloride is seen in a few grains in 1 J^ minutes. About half are affected

and some fully gelatinized in 5 minutes. About two-thirds are affected in 10 minutes, and almost

all are completely gelatinized in 15 minutes. The reaction is over in all the grains in 25 minutes.

The process is the same as that of the starch grains of B. peduncidaris.

There is some reaction with Purdy's solution in a few grains in 1)4, niinutes, half are affected

in 30 minutes and three-fourths in 50 minutes. None of the grains is entirely gelatinized, and many
show merely an enlarged hilum and fine strise radiating from it. There is no further change after

an hour.

STARCH OF BRODLEA GRANDIFLORA. (Plate 47, figs. 277 and 278. Chart 177.)

Histological Characteristics. In form the grains are simple, with the exception if a few com-

pounds consisting of two or three components. There were no aggregates of the smaller grains

and but little tendency to form clumps. Large grains with a mass of smaller ones adherent to the

base or sides are rarely seen. The surface of the grains is sometimes irregular, owing to spicular,

nipple-like, and large projections. The conspicuous forms are oval, ovoid, and ellipsoidal; also

long and elliptical, small round, triangular with flattened base and rounded apex, pyriform, a num-

ber of quadrangular grains, and various irregular forms. The grains are usually round when viewed

on end.

When the hilujn is not fissured, it appears as a fairly distinct, small, round spot, eccentric about

one-third of the longitudinal axis of the grain and usually in or near the median line. There may
be rarely 2 or even 3 hila, which are generally placed very close together, usually in a homogeneous,

non-lamellated space, but in some cases each seems to have a few lamellae. The hilum usually is

fissured, but the fissures are not so common, so deep, or so wide as those in the grains of B. pedun-

cularis. Generally the fissure is small, straight or double-curved, and transverse or diagonal; not

uncommonly it has three lines, or is in the form of a cross; it may be clear-cut or ragged. Rarely

the hilum is marked by an irregular, stellate fissure; in some grains it may not be fissured, but fis-

sures may lie underneath it, or a fissure may extend through the hilum and the portion of the grain

beneath.
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The lamellcB are coarse and fairly distinct. One near the hilum is usually more distinct than the

others. They follow the outline of the margin closely, but occasionally show irregularities not

associated with the shape of the margin. There are usually 10 to 15 lamella; on the larger grains.

The grains vary in size from 1 to 67jLt. The connnon size is 36fi.

Polariscopic Properties. The figure is distinct, but not always clear-cut, and is eccentric.

Its lines are often blurred and indistinct, owing to fissures or irregularities in the grains; the lines

do not alwa}^3 intersect at the hilum, but are connected at this point by a thin dark line.

The degree of polarization is fairly high. It varies somewhat in different grains and consider-

ably in different aspects of the same grain. It is not so high as in the gi-ains of B. peduncularis.

With selenite the quadrants are commonly not well defined, and are irregular in shape and

unequal in size. The colors are not quite pure.

Iodine Reactions.- With 0.25 per cent Lugol's solution the grains at first color deeply a blue-

violet; somewhat deeper than those of B. peduncularis; with 0.125 per cent solution the grains are

colored fairly. After heating until the grains are completely gelatinized, the solution is colored

verj' lightlj' and the gelatinized grains very deeply with

iodine. After boiling for 2 minutes the solution is colored

very much deeper, but the grain-residues much less or not

at all. The grain-residues are much swollen and lobu-

lated at one end. The capsules are colored a red-violet

when an excess of iodine is added, and some of them
retain blue-reacting starch in the proximal end.

Staining Reactions. With gentian violet the grains

stain at once, but very lightly. After 30 minutes they
are but lightly stained, slightly more than the grains of

B. pedimcularis. The individual grains are more evenly
stained than those of B. peduncularis.

With safranin the grains stain at once, but very

slightly. After 30 minutes the stain is quite deep and

even, much more than of the grains of B. peduncularis.

Temperature Reaction. The temperature of gelatin-

ization is 65 to 66.8 C, mean 65.9.

Effects of Various Reagents. With chloral hydrate-

iodine a few of the smaller grains show some reaction in

3 minutes. A few of the larger show some changes, and

practically all of the smaller, many of the latter being gelatinized in 5 minutes. About one-third

of the larger grains are affected in 10 minutes; three-foiu'ths of the total number are affected and
most of them gelatinized after 1}/^ hours. There is no further change. The reaction is qualitatively
the same as that with the grains of B. pedimcularis.

Reaction with chromic acid begins in a minute and is over in 10 minutes. It is the same quali-

tatively as that of the grains of B. peduncidaris.
With pyrogallic acid some grains react in 2 minutes. Almost all show signs of reaction and many

are almost gelatinized in 5 minutes. The reaction reaches its limit, all being partially gelatinized,
within 45 minutes, but none are completely gelatinized. Some show merely a beginning of reaction.

There is no further change. The reaction is the same qualitatively as that of the grains of B. pedun-
cidaris.

With ferric chloride some of the smaller grains react in 2 minutes and one-third are affected

in 5 minutes. About two-thirds of the total number are completely gelatinized in 25 minutes and
all in 13^ hours. The reaction is the same qualitatively as that of the grains of B. peduncularis.

Reaction with Purdy's solution begins in 2 minutes very slightly. About one-fourth of the total

number are affected in an hour, a few of which are almost completely gelatinized. The reaction is

qualitatively the same as that of the grains of B. peduncularis.

STARCH OF BRODI^A CALIFORNICA. (Plate 47, figs. 279 and 280. Chart 178.)

Histological Characteristics. In form the grains are simple. No compound grains or pressure
facets were noted. The grains are isolated with few exceptions. The surface of the grains is on
the whole quite regular. Irregularities are usually due to unequal development of various parts
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of the margin. Nipple-like processes are not common. The conspicuous forms are ovoid, oval, and

ellipsoidal. The broader forms are not so thick as broad; and the distal end is apt to be narrower

than the proximal, so that on edge the grains appear of an elongated, ovoid form.

The hilum is distinct and nearly always marked with fissures. It is eccentric about one-third

of the longitudinal axis of the grain. There are probably compound grains with 2 or more hila

which are likely obscured by fissures. The fissures are usually very deep and wide, less commonly
they are small, single, transverse or diagonal lines, but usually the fissuration is in the form of a

more or less clear-cut cross. There may be one fissure at the hilum and another rather irregiilar

fissure between the hilum and the distal end. There are also at times irregularly stellate and 3-

armed fissures. Fissuration is less marked than in B. "peduncularis.

The lamellce are fairly distinct, rather coarse, regular, continuous lines which follow the out-

line of the margin. Those near the hilum are more distinct than those at the distal end. They are

arranged apparently so that a group of rather fine, indistinct lamellae alternate with a single, coarse,
and distinct lamella. The hilum is usually situated in a small, non-lamellated space. There are

probably on the larger grains about 12 lamellae, but the

number could not be determined with accuracy.
The grains vary in size from 5 to 5"ix. The common

size is 32m. The common dimensions of a large, ovoid

grain are 38 by 32/i in length and width.

Polariscopic Properties. The figure is eccentric and

distinct, not clear-cut. Two of the lines are often blurred

and indistinct as they near the margin and slightly bent

or otherwise distorted.

The degree of polarization is fairly high, except near

the distal end and margin of some of the grains. It is

somewhat less than that of the grains of B. peduncularis.

With selenite the quadrants are not well defined, are

usually irregular in shape, and are unequal in size. The
colors are not piu-e.

Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains color at once a deeply blue violet; with

0.125 per cent solution they color lightly at first, but the

color soon deepens. Some grains are much more deeply
colored than others. The shade is about the same as that

of B. pedunadaris. After heating until the grains are completely gelatinized, the solution colors

fairly and the grains deeply with iodine. After boiling for 2 minutes the solution colors very deeply,

the grain-residues very hghtly or not at all. The capsules color a dark red-violet when a slight

excess of iodine is added and many still contain some blue-reacting starch at the proximal end.

Staining Reactions. With gentian violet the grains begin to stain at once and in 30 minutes

are fairly deeply stained, some more deeply than others. All are colored more than the grains of

B. peduncularis.
With safranin the grains begin to stain at once and in 30 minutes are lightly stained, some more

than others. The color is the same as that of the grains of B. peduncularis.

Temperature Reaction. The temperature of gelatinization is 67 to 68 C, mean 67.5.

Effects of Various Reagents. With chloral hydrate-iodine a few grains show a reaction in 30

seconds. A few are darkened in 5 minutes and about one-third show some signs of reacting without

much change in 10 minutes. A few more are darkened and there is a slight advance in the reaction

in the other grains in 15 minutes. About one-fourth are darkened and some of the rest are affected

in 30 minutes. About one-third are dark and a few more partially darkened and gelatinized in an

hour. The reaction is qualitatively the same as that of the grains of B. peduncularis.

Reaction with chromic acid begins in a few grains in 30 seconds. About one-fourth are affected

in IH minutes and two-thirds in 2i/^ minutes. At this time some of the grains have undergone com-

plete solution. All the grains react within 33^ minutes and the reaction is over in 9 minutes. The

process is quahtatively the same as that of the grains of B. peduncularis.

With pyrogallic acid a few react in 30 seconds and a few more in 1 J/^ minutes. About one-fourth

to one-third are almost completely gelatinized in 6 minutes, and the remainder are in all stages of

40
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Chart No. 179.
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reaction. About two-thirds are almost completely gelatinized in 20 minutes and all in 45 minutes.

The reaction is qualitatively the same as that of the grains of B. peduncularis.

A few grains Ijegin to react with ferric chloride in 30 seconds, about one-fourth are gelatin-

ous in 5 minutes, the rest are unaffected. About half are gelatinous or partially gelatinous in 10

minutes, two-thirds in 15 minutes, three-fourths in 30 minutes, and five-sixths in an hour. The
reaction is qualitatively the same as that of the grains of B. -peduncularis.

With Purdij's solution a few grains begin to react immediately. About one-fourth are affected

in 2 minutes, and some of them, including a good many of the smaller grains, are completely gelat-

inized. About half are affected and some of these completely gelatinized in 10 minutes, and two-

thirds are affected in 30 minutes, but the reaction is not complete in an hour. The reaction is the

same qualitatively as that of the grains of B. peduncularis.

STARCH OF BRODIiEA PURDYI. (Plate 47, figs. 281 and 282. Chart 179.)

Histological Characteristics. In form the grains are simple, except a few compounds consisting

of two or three components that are often partially separated by fissures. Occasionally the smaller

grains form small aggregates, and grains of all sizes arc found to some extent in large clumps. The
surface is, on the whole, fairly regular. There may be rounded projections of amorphous substance,
and also nipple-like processes. The conspicuous forms are the ovoid to nearly round, oval, and

ellipsoidal; also quadrangular with rounded corners, rarely pyriform, and many irregular forms.

The grains are not quite so thick as broad.

When the hilum is not fissured it appears as a not very distinct, fairly large, round spot, which

commonly is eccentric about one-fourth of the longitudinal axis of the grain. Double or triple hila

occur rarely, closely grouped in an amorphous, non-lamel-

lated space. Usually the hilum is fissured and the fis-

sures are commonly shallow and narrow. The fissure is

often simple, diagonal or transverse, clear-cut or ragged.
In some grains the hilum is not fissured, but the surface

of the grain is slightly fissured between the hilum and the

distal end.

The lamellw are regular, coarse rings, but as a rule

quite indistinct. Usually there is one distinct lamella

near the hilum. The lamellae follow closely the outline of

the margin, but are not distinct enough to count.

The grains vary in size from 3 to 54/i. The common
size is 26/i.

Polariscopic Properties. The figure is eccentric, dis-

tinct, but not clear-cut. Its lines are apt to become
broadest but less sharp near the margin, and also occa-

sionally in other parts of the grain. Sometimes a line

will be bisected, and sometimes they are slightly bent or

otherwise distorted.

The degree of polarization is high. It is about the

same as that of the grains of B. peduncularis. It is absent from some parts of some of the gi-ains, and

usually highest when the grain is viewed from the side or end. It varies somewhat in different grains.
With selenite the quadrants arc not usually well defined, and are generally irregular in shape

and unequal in size. The colors are fairly pure, especially the blue.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains are colored deeply a blue-

violet, and the color gradually becomes deeper than in B. peduncularis; with 0.125 per cent solution

the grains color fairly and somewhat more than those of B. peduncularis. After heating until the

grains are completely gelatinized, the solution is colored fairly well and the grains very deeply with
iodine. In some grains, which are less deeply stained, a violet outer layer appears at the distal end.
After boiling for 2 minutes the solution is colored more deeply, but the grain-residues much less

deeply. With a very slight excess of iodine all the capsules become violet. Most of the capsules
still contain blue-reacting starch in their proximal ends.

Staining Reactions. With gentian violet the grains begin to stain at once and after 30 minutes
are fairly deeply stained, much more than B. peduncularis.

p



GENUS BRODL^A. 601

With safranin the grains stain immediately and after 30 minutes they are fairlj' deeply stained,
much more than B. pcduncularis. These grains are more evenly stained than those of the other

Brodiara starches.

Tctiipcrature Reaction. The temperature of gelatinization is 66 to 68 C, mean 67.

Effects of Various Reagents. With chloral hydrate-iodine a few grains show signs of reaction

in 2 minutes, about one-fifth in 5 minutes, about one-third in 10 minutes, and about two-thirds

in 30 minutes. About three-fourths have fully reacted in IJ2 hours, but the others are unaf-

fected. There is no further change. The reaction is qualitatively the same as that of the grains
of B. peduncularis.

Reaction with chromic acid begins in some grains in 30 seconds and is general in IJ^ minutes.

It is over in 10 minutes, and it agrees qualitativelj' in every respect with that of the grains of B.

peduncidaris.
There is reaction with pyrogallic acid in a few grains in a minute and it is general in 5 minutes.

About one-third to one-half arc partially gelatinized in 25 minutes, and the reaction has practic-

ally reached its limit in 35 minutes, at which time some of the grains show the beginning of reaction,
while others are in all transitional stages between beginning and completion. There is no further

change. The reaction is qualitatively the same as that of the grains of B. peduncularis.
With /e?Tic chloride some grains show a slight reaction in 1}^ minutes. About one-fifth are

afi'ected in 5 minutes, half in 10 minutes, and two-thirds in 20 minutes. Practically all are com-

pletely gelatinized in an hour. The reaction is quahtativelj' the same as that of the grains of B.

peduncularis.
There is reaction with Purdy's solution in some grains in 5 minutes. About one-fourth show

signs of reacting in an hour and about three-fourths in 1 J^ hoins, but only a few are completely gela-
tinized within this time. There is no further change. The reaction, as far as it goes, is qualita-

tively the same as tliat of the grains of B. peduncularis.

STARCH OF BRODI^A STELLARIS. (Plate 48, figs. 283 and 284. Chart 180.)

Histological Characteristics. In form the grains are simple, with the exception of a few com-

pomid grains. There are a few small aggregates among the smaller grains and also among some

larger grains which have two or three small grains adherent to the surface. There are no pressure
facets. The surface tends to be irregular, owing to irreg-

ularities of development, chiefly in the form of large or

small nipple-like processes and rounded projections which

give an uneven margin to an otherwise regular form. The

conspicuous forms are the ovoid, oval, and ellipsoidal; also

pyriform, elliptical and round, and many irregular forms.

The grains, as a rule, are not so irregular in outline as

those of B. peduncularis. Rarely grains occur with a

mass of amorphous accretions, usually attached to the

distal end.

WTien the hilum is not fissured it is a fairly distinct,

comparatively small round spot situated eccentrically

about one-ttiird of the longitudinal axis of the grain,

usually in or near the median line. There are rarely 2

hila; a larger number was not observed. The hilum is

generally fissured, but the fissures are not particularly
broad or long. The common forms are simple trans-

verse, 3-armed, or 4-armed. The lines may be straight or

curved. Frequently the fissure presents a double curve.

The fissures are, as a rule, clean-cut and not ragged.
The lamellw are distinct and rather coarse, especially one or two near the margin. They are

regular, continuous, and follow closely the outline of the margin except when the latter is distorted

by irregular projections of an amorphous character. They sometimes show waviness and bending
not related to the outline of the margin. There are 12 to 18 lamellae on the medium-sized and large

grains.

The grains vary in size from 2 to 40;^. The common size is 22fi.
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Polariscopic Properties. The figure is eccentric, usually clear-cut, and distinct. The lines

occasionally become broader but less sharp near the margin. They may be slightly bent and other-

wise distorted.

The degree of polarization is fairly high. It is apt to be higher M'hen tlie grain is viewed from

the end, and varies somewhat in different grains. As a whole, the grains are less polariscopic than

those of B. peduncularis.
With sclenite the quadrants, as a rule, are well defined, irregular in shape, and unequal in size.

The colors are usually pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains are colored deeply a blue-

violet; with 0.125 per cent solution the grains color fairly and the color deepens slowly. The color is

the same as that of the grains of B. peduncularis. After heating until the grains are completely gelat-

inized, the solution is colored lightly and the grains deeply with iodine. A few capsules are colored

violet at the distal end. After boiling for 2 minutes, the solution is colored much more deeply, but

the grain-residues much less deeply or not at all. When a slight excess of iodine is used the capsules

are colored a red-violet, and most of them still contain blue-reacting starch in the proximal end.

Staining Reactions. With gentian violet the grains stain very slightly at once, but after 30

minutes are lightly colored, some more than others. The color is the same as that of the grains of

B. peduncularis.
With safranin the grains stain very lightly at once and after 30 minutes are light colored.

They are slightly more stained than those of B. peduncularis.

Temperature Reaction. The temperature of gelatinization is 67.2 to 69 C, mean 68.1.

Effects of Various Reagents. With chloral hydrate-iodine some of the smaller grains begin to

react in 2 minutes, and a majority of the grains show reaction in 5 minutes. About half are fully

gelatinized in 30 minutes and about two-thirds are gelatinized in 13^ hours, but the others are unaf-

fected. There is no further change. This reaction is qualitatively the same as that observed in

the grains of B. peduncularis.

Reaction \\ath chromic acid generally begins in 30 seconds and is over in 10 minutes. This

reaction is qualitatively the same as that of the grains of B. peduncularis.

With pyrogallic acid some of the small grains begin to react in a minute, and the reaction is

general in 2 minutes. About half are fully gelatinized in 14 minutes and almost all in 40 miimtes.

Some grains never completely gelatinize. There is no further change in an hour. The reaction is

qualitatively the same as that of the grains of B. peduncularis.

Reaction with ferric chloride begins in some of the smaller grains in 3 minutes. About one-

fourth of the grains are gelatinized in 8 minutes, but most of the others are not affected. Most

grains are gelatinized in 25 minutes and all within 13^ hours. The reaction is qualitatively the same
as that of the grains of B. peduncularis.

With Purdy's solution some of the smaller grains begin to react in a minute. A few more show

enlargement of the hilum in 15 minutes. About one-third are affected, a few show partial gelatiniz-

ation, and others a slight swelling of the hilum in 13^ hours. The reaction is the same as that of the

grains of B. peduncularis.

STARCH OF BRODI^A CAPITATA. (Plate 48, figs. 28.5 and 286. Chart 181.)

Histological Characteristics. In form the grains are simple, with the exception of a few com-

poxmd grains which consist of a variable number of components; among the smaller grains there

are frequently small aggregates, and some of the larger have one smaller grain adherent to the

surface. The surface is quite regular, and there are comparatively few of the nipple-like processes
so evident in certain species of Brodicea. The conspicuous form is the ovoid to nearly round, oval,
and ellipsoidal. The grains are of much the same width and thickness at any given diameter.

When viewed from the end they appear spherical.
The hilum when not fissured is a not very distinct, comjiaratively large, round spot, situated

eccentrically about one-third of the longitudinal axis of the grains, usually in the median line.

Multiple hila are not uncommon, and there may be 1 to 4 or even more. The hila may be separated
by small fissures, or closely grouped in a non-lamellated space, around which the lamellae are seen.

All, some, or none of the hila may be fissured. The single hilum is usually fissured, but the fissure

is commonly not deep. Frequently there is but one transverse or diagonal fissure, which may be
clear-cut and have a double curve. Ragged, 3-armed, and irregular stellate fissures are not uncommon.



GENUS BRODI^A. 603

P 1 GV T



604 STARCHES OF LILIACE^.

P 1 GV T P



GENUS BRODI^A. 605

Differentiation of Certain Starches of the Genus Brodiaea.

Histological Characteristics.

Conspicuous Forms.

B. peduneularis: Usually simplo, rarely compound, few
aggregates, surface usually irregular owing chiefly
to nipple-like and rounded protuberances. Ovoiil,

oval, and ellipsoidal, with a tendency to pointing
of the distal end.

B. ixoides var.
t-phiidens: Essentially the same as'mB. pe-

duneularis, except greater irregularity and tendency
to pointing of tlie distal end.

B. candiila: Essentially the same as in B. peduneularis.
B. Uicliti: Essentially the same as in B. peduneularis.
B. laxa: Essentially the same as in B. peduneularis.
B. coceinea: Essentially the same as in B. peduneularis,

but the conspicuous form is the short, broad ellip-

soidal, verging into almost round and oval.
B. grandijlora: Essentially the same as in B. peduneularis,

but the surface is, as a rule, less irregular.
B. ealifornica: Essentially the same as in B. peduneularis,

but the surface is less irregular.
B. purdyi: Essentially the same as in B. pedunctilaris, but

less irregular, the conspicuous forms tend more to
the ovoid to almost round.

B. slellaris: Essentially the same as in B. peduneularis.
B. capilata: Essentially the same as in B. peduneularis,

but with markedly fewer irregularities of surface,
and there is a greater tendency towards round-
ness.

B. eongcsla: Essentially the same as in B. peduneularis,
but much less irregularity of surface, these grains
being the least irregular of all the Brodiaeas, and
in marked contrast with B. ixoides var. splendens,
which is the most irregular.

Hilum Form, Number, and Posilim.

B. peduneularis: Form distinct, small, round, double or
multiple, usually fissured, fissures deep and exten-
sive. Position eccentric about 0.33 of longitudinal
axis.

B. i.Toides var. splendens: Form distinct, small, round,
may be double, usually fissured, fissures large and
ragged. Position eccentric about 0.33 of longitudi-
nal axis.

B. eandida: Form distinct, small, round, rarely double,
usually fissured, fissures small and clean-cut. Posi-
tion eccentric about 0.33 of longitudinal axis.

B. lactea: Form distinct, small, round, may be double, usu-
ally fissured, fissure small and clean-cut. Position
eccentric about 0.33 of longitudinal axis.

B. laxa: Form distinct, medium-sized, round, may be
double, usually fissured, fissures small but irregular
and ragged. Position eccentric about 0.33 of longi-
tudinal axis.

B. eoceinea: Form fairly distinct, medium-sized, round,
single or multiple, usually fissured, fissure small
and not deep or broad. Position eccentric about
0.33 or less of longitudinal axis.

B. grandijlora: Form distinct, small, round, usually single,
may be multiple, usually fissured, fissure small and
not deep or broad. Position eccentric about 0.33
of longitudinal a.xis.

B. californiea: Form fairly distinct, small, round, always
fissured, fissures usually very large, deep and wide,
rarely small and shallow, probably multiple hila.
Position eccentric about 0.33 of longitudinal axis.

B. purdyi: Form not very distinct, large, round, .single,

rarely multijjle, usually fissured, fissures small and
shallow. Position eccentric about 0.25 of longitudi-
nal axis.

B. stellaris: Form fairly distinct, small, round, single,
rarely double, usually fissured, fissures not deep or
broad. Position eccentric about 0.33 of longitudi-
nal axis.

Histological Characteristics. Continued.

Hilum Form, Number, and Position. Continued.

B. eapitala: Form rather indistinct, large, round, single,
may be multiple, usually fissured, fissures not deep
but often ragged. Position eccentric about 0.33 of

longitudinal axis.

B. congesta: Form rather indistinct, large, round, single,

may be nmltiple, usually fissured, fissures small, or

ileej) and wide, often ragged. Position eccentric
about 0.33 of longitudinal axis.

Lamella: General Characlerislics and Number.

B. peduneularis: Fairly distinct, continuous, coarse, some-
times irregular. S to 10 on medium-sized grains.

B. ixoides var. splcndms: Not very distinct, rather coarse,
continuous, no especial irregularities. Number not
determined.

B. Candida: Fairly distinct, coarse, usually regular, con-
tinuous. 6 to 10 on medium-sized grains.

B. laelea: Fairly distinct, coarse, continuous, usually regu-
lar. 8 to 10 on medium-sized grains.

B. laxa: Fairly distinct, very coarse, regular, continuous.
6 to 8 on medium-sized grains.

B. coceinea: Fairly distinct, regular, coarse, continuous.
10 to 15 on larger grains.

B. grandijlora: Fairly distinct, rather coarse, usually reg-
ular and contmuous. About 10 to 15 on larger
grains.

B. californiea: Not very distinct, coarse, regular, continu-
ous. About 12 on the larger grains.

B. purdyi: Indistinct, regular, coarse, continuous. Num-
ber not determined.

B. slellaris: Distinct, rather coarse, usually regular, con-
tinuous. 12 to 18 on larger grains.

B. eapitala: Fairly distinct, regular, coarse, continuous.
10 to 12 on larger grains.

B. congesta: Not very distinct, coarse, regular, continuous.
8 to 12 on larger grains.

Size.

B. peduneularis: From 2 to 60m, commonly 35^.
B. ixoides var. spleyidens: From 3 to 38^, commonly 26m.
B. Candida: From 3 to 32m, commonly 16m.
B. laelea: From 2 to 32m, commonly 18m.
B. laxa: From 3 to 40m, commonly 26m.
B. coceinea: From 4 to 34m, commonly ISm-
B. grandijlora: From 1 to 67m, commonly 36m.
B. californiea: From 5 to 57m, commonly 32m.
B. purdyi: From 3 to 54m, commonly 26m.
B. stellaris: P>om 2 to 40m, commonly 22m.
B. capilata: From 3 to 40m, commonly 24m.
B. congesta: From 2 to 36m, connnonly 20m.

PoLARiscopic Properties.

Figure.

B, peduneularis: Eccentric, distinct, not always clear-cut,
often distorted.

B. ixoides var. splendens: Eccentric, distinct, usually clear-

cut, may be distorted.

B. eandida: Eccentric, distinct, fairly clear-cut, often dis-

torted.

B. laelea: Eccentric, distinct, clear-cut, seldom distorted.
B. laxa: Eccentric, usually clear-cut, often distorted.
B. coceinea: Eccentric, distinct, not always clear-cut, usu-

ally regular.
B. grandijlora: Eccentric, distinct, not alw.ays clear-cut,

nor regular.
B. californiea: Eccentric, distinct, not clear-cut, often

irregular.
B. purdyi: Eccentric, cUstinct, not clear-cut, sometimes

irregular.
B. stellaris: Eccentric, distinct, usually clear-cut, may be

irregular.
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Differentiation of Certain Starches of the Genus Brodioea. Continued.

PoLABiscopic Propebties. Continued. Staining Reactions.

Figure. Continued.

B. capitala: Eccentric, very distinct, not always clear-cut,

usually regular.
B. congesta: Eccentric, usually distinct, usually clear-cut,

usually regular.

Degree of Polarization.

B. peduncularis: High.
B. ixoides var. splendens: High, but slightly lower than in

B. peduncularis.
B. Candida: Fairly high, lower than in B. peduncularis.
B. lactea: High, slightly higher than in B. peduncularis.
B. Una: High, not so liigh as in B. peduncularis.
B. coccinea: High, not so high as in B. peduncularis.
B. grandiflora: Fairly high, lower than in B. peduncularis.
B. califoruica: Fairly high, lower than in B. peduncularis.
B. purdtfi: High, about the same as in fi. peduncularis.
B. stellaris: High, less than in B. peduncularis.
B. capitata: High, slightly higher than in B. peduncularis.
B. congesta: Faii'ly high, not so high as in B. peduncularis.

Polarization with Selentie Quadrants and Colors.

B. peduncularis: Quadrants not well defined, irregular in

shape, unequal in size. Colors pure.
B. ixoides var. splendens: Quadrants fairly well defined,

usually irregular in shape, unequal in size. Colors

usually not pure.
B. Candida: Quadrants fairly well defined, irregular in

shape, unequal in size. Colors not quite pure.
B. lactea: Quadrants well defined, sometimes irregular in

shape, unequal in size. Colors pme.
B.laxa: Quadrants usually well defined, irregular in shape,

unequal in size. Colors usually pure.
B. coccinea: Quadrants fairly well defined, often irregular

in shape, unequal in size. Colors usually pure.
B. grandiflora: Quadrants usually not well defined, irreg-

ular in shape, unequal in size. Colors not pure.
B. californica: Quadrants not well defined, irregular in

shape, unequal in size. Colors not pure.
B. purdyi: Quadrants usually not well defined, generally

irregular in shape, unequal in size. Colors fairly

pure.
B. stellaris: Quadrants usually well defined, irregular in

shape, unequal in size. Colors usually pure.
B. capitata: Quadrants well defined, regular in shape, un-

equal in size. Colors pure.
B. congesta: Quadrants well defined, regular or irregular

in shape, unequal in size. Colors fairly pure.

Iodine Reactions.

Intensity and Color.

B. peduncularis: Deep; blue-violet.

B. ixoides var. splendens: Deep, same as in . peduncu-
laris; blue-violet.

B. Candida: Fairly deep, less than in B. peduncularis; blue-
violet.

B. lactea: Deep, deeper than in B. peduncularis; blue-
violet.

B. laxa: Deep, deeper than in B.pedujicutara; blue-violet.
B. coccinea: Very deep, deeper than in B. peduncularis;

blue-violet.

B. grandiflora: Very deep, deeper than in B. peduncularis;
blue-violet.

B. californica: Deep, same aa in B. peduncularis; blue-
violet.

B. purdyi: Very deep, deeper than in B. peduncularis;
blue-violet.

B. stellaris: Deep, same as in B. peduncularis; blue-violet.
B. capitata: Very deep, deeper than in B. peduncularis;

blue-violet.
B. congesta: Deep, same as in B.pedttncMfam; blue-violet.

With Gentian Violet.

B. peduncularis: Light.
B. ixoides vax. splendens: Light, same as in B.peduncutoris.
B. Candida: Fair, deeper than m B. peduncularis.
B. lactea: Light, deeper than in B. peduncularis.
B. laxa: Light, deeper than in B. peduncidaris.
B. coccinea: Fairly deep, deeper than in B. peduncularis.
B. grandiflora: Light, slightly more than in B. peduncu-

laris.

B. californica: Fairly deep, deeper than in B. peduncu-
laris.

B. purdyi: Fairly deep, much deeper than in B. pedun-
cularis.

B. stellaris: Light, same as in B. peduncularis.
B. capitata: Fairly deep, much deeper than in B. peduncu-

laris.

B. congesta: Fair, deeper than in B. peduncularis.

With Safranin.

B. peduncularis: Light, but deeper than with gentian
violet.

B. ixoides var. splendens: Light, same as in B. peduncu-
laris.

B. Candida: Light, but deeper than in B. peduncularis.
B. lactea: Light, same as in B. peduncularis.
B. laxa: Light, same as in B. peduncidaris.
B. coccinea: Fairly deep, much deeper than in B. peduncu-

laris.

B. grandiflora: Fairly deep, much deeper than in B. pe-
duncularis.

B. californica: Light, the same as in B. peduncularis.
B. purdyi: Fairly deep, much deeper than in B. peduncu-

laris.

B. stellaris: Light, slightly deeper than in B. peduncularis.
B. capitata: Fair, deeper than in B. peduncularis.
B. congesta: Light, slightly deeper than in B. peduncularis.

Temperature Reaction.

B. peduncularis: 68 to 69 C, mean 68.5.
B. ixoides var. splendens: 65.5 to 62 C, mean 6L75.
B. Candida: 61 to 63 C, mean 62.
B. lactea: 64 to 65 C, mean 64.5.
B. laxa: 60 to 62 C, mean 61.
B. coccinea: 69 to 71 C, mean 70.
B. grandiflora: 65 to 66.8 C, mean 65.9.
B. californica: 67 to 68 C, mean 67.5.
B. purdyi: 66 to 68 C, mean 67.
B. stellaris: 67.2 to 69 C, mean 68.1.
B. capitata: 65 to 66 C, mean 65.5.
B. congesta: 68.5 to 70 C, mean 69.25.

Effects of Vabiotjs Reagents.

Reaction with Chloral Hydrate-Iodine.

B. peduncularis: Begins in one-third of grains in 4 minutes;
complete in one-third in 30 minutes.

B. ixoides var. splendens: Begins in five-sixths of grains in

5 minutes^ complete in five-sixths in 25 minutes.

B. Candida: Begms in half of grains affected in 5 minutes;
complete in all in 35 minutes.

B. lactea: Begins in all in 5 minutes; complete in all in 45
minutes.

B. laxa: Begins in all in 3 minutes; complete in all in 35
minutes.

B. coccinea: Begins in two-tliirds in 5 minutes; complete
in all but 2 or 3 in 90 minutes.

B. grandiflora: All the small grains, a few of the large

(equahng about half the total number), in 5

minutes; complete in nearly three-fourths in

90 minutes.
B. californica: Begins in one-third in 5 minutes; com-

plete in one-third in 60 minutes.
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Differenlialion of Certain Starches of the Genus Brodicea. Continued.

Effects of Various Reagents. Continued.

Reaction with Chloral Hydrate-Iodine. Continued.

B. piirdifi: Begins in one-fifth in 5 minutes; complete
in three-fourths in 90 minutes.

B. stdlaris: Bepns in two-thirds in 5 minutes; complete
in two-thirds in 90 minutes.

B. capitala: Begins in half in 10 minutes; complete in

all but 2 or 3 in 70 minutes.
B. congtsla: Begins in half in 5 minutes; complete in

three-fourths in 30 minutes.

Reaction xvilh Chromic Acid.

B. peduncularis: General in 3 to 4 minutes; complete
in all in 10 minutes.

B. ixoides var. splendcns: General in 2 minutes; complete
in all in 6 minutes.

B. Candida: General in 30 seconds; complete in all in

4 minutes.
B. lactea: General in 1}^ minutes; complete in all in

3 minutes.
B. laxa: General in 20 seconds; complete in all in 2

minutes.
B. coccinea: General in 1}^ minutes; complete in 6

minutes.
B. grandiflora: General in 1 minute; complete in 10

minutes.
B. califomica: General in 3J^ minutes; complete in 9

minutes.
B. Tpurdyi: General in 1}^ minutes; complete in 10

minutes.
B. stellaris: General in 30 seconds; complete in 10 minutes.
B. capitala: General in 1 minute; complete in 10 minutes.
B. congesta: General in 2J^ minutes; complete in 5

minutes.

Reaction with Pyrogallic Acid.

B. peduncularis: General in 2 minutes; complete in all

in 10 minutes.
B. ixoides var. splendens: General in 2 minutes; com-

plete in all in 5 minutes.
B. Candida: General in 30 seconds; complete in all in

2 minutes.
B. lactea: General in 30 seconds; complete in all in 23^

minutes.
B. laxa: General in 20 seconds; complete in all in 2J^

minutes.
B. coccinea: General in 10 mirilites; most all partially

gelatinized in 25 minutes; incomplete in an hour.
B. grandiflora: General in 5 minutes; most are partially

gelatinized in 45 minutes; incomplete in an hour.
B. califomica: General in 6 minutes; all completely gel-

atinized in 45 minutes.
B. purdyi: General in 5 minutes; most are partially gel-

atinized, some completely, in 35 minutes; incom-
plete in an hour.

B. stellaris: General in 2 minutes; almost all completely
gelatinized in 40 minutes.

B. capitala: General in 15 minutes; all partially gelatin-
ized in 30 minutes.

B. congesta: General in 4 minutes; all partially gelatin-
ized in 30 minutes; incomplete in an hour.

Effects of Various Reagents. Continued.

Reaction with Ferric Chloride.

B. peduncularis: Begins in many in 9 to 10 minutes; com-
plete in all in 90 minutes.

B. ixoides var. splendens: Begins in half in 13^ minutes;
complete in all in 50 minutes.

B. Candida: General in 234 minutes; complete in all in

30 minutes.
B. lactea: General in 7 minutes; complete in all in 40

minutes.

B. laxa: Begins in half in 5 minutes; complete in all in

45 minutes.
B. coccinea: Begins in half in 5 minutes; complete in

all in 25 minutes.
B. grandifl^>ra: Begins in one-third in 5 minutes; com-

plete in all in 90 minutes.
B. califomica: Begins in one-tliird in 5 minutes; com-

plete in five-si.xths in 60 minutes.
B. purdyi: Begins in one-fifth in 5 minutes; complete

in all in 60 minutes.
B. stellaris: Begins in one-fourth in 8 minutes; complete

in all in 90 minutes.
B. capitala: Begins in half in 10 minutes; complete in all

in 60 minutes.
B. congesta: Begins in half in 5 minutes; complete in all

in 60 minutes.

Reaction with Purdy's Solulimi.

B. peduncularis: Slight general reaction in 1 34 minutes.
In an hour a few are completely gelatinized, a few
others are beginning to gelatinize.

B. ixoides var. splendens: Shght general reaction in 134
minutes. About half partially or completely
gelatinous in 15 minutes; incomplete in an hour.

B. Candida: Slight general reaction in 30 seconds. All

grains very shghtly gelatinized in 10 minutes; in-

complete in an hour.

B. lactea: Shght general reaction in a minute. About
two-thirds are partially gelatinized in 20 minutes;
incomplete in an hour.

B. laxa: Slight general reaction in a minute; a few are

completely and many partially gelatinized in 15

minutes
; incomplete in an hour.

B. coccinea: Shght reaction in a few grains in 1 34 minutes;
about three-fourths are affected, a few partially gel-

atinized, in 50 minutes.

B. grandiflora: Slight reaction in a few grains in 2 minutes;
about one-fourth are affected, a few completely gel-

atinized, in 60 minutes.

B. califomica: Shght reaction in one-fourth of the grains
in 2 minutes; about two-thirds are affected in 30

minutes; incomj^lete in an hour.

B. purdyi: Slight reaction in a few gi-ains in 5 minutes;
about three-fourths are affected, some completely
gelatinized in 90 minutes.

B. stellaris: Slight reaction in a few grains in a minute;
about one-third are affected, some partially

gelatinized in 90 minutes.

B. capitala: Begins in some grains in a minute; all are

partially gelatinized in 60 minutes.

B. congesta: Begins in some grains in 30 seconds; about
half are partially gelatinized in 50 minutes.

NOTES ON THE STARCHES OF BRODLEA.

The variations shown by the Brodicea starches in average size, relative abundance of different

types, degree of irregularity of outline, in the hilum and in fissuration, and in the lamellae are undoubt-

edly of usefulness in the recognition of the several species; but it does not seem probable that by
the gross histological properties alone a positive differentiation could be made, although it might
at times be apparent that the specimen did not come from a certain source, as, for instance, the starch

of B. ixoides var. splendens could not have had its source in B. califomica. In the reactions, the

divergences in the case of each starch are usually within rather wide limits. The least differences.
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on the wliolc, are rocordcd in the degree of polarization. In the temperatures of gelatinization

the range is from Gl to 70, a difference of 9. In the reactions with Purdy's solution all the starches

were found to be resistant and gelatinization was incomplete at the end of an hour; but marked

differences were noted in the intensities of the reactions in the interim, thus showing more or less

marked variations in the sensitivities. The reaction-curves of the various Brodima, while exhibit-

ing a common type, are sufficiently different to render the diagnosis of each species quite easy.

In reference to the three groups of Brodkm it tloes not appear that there are any obvious gross

histological pc-culiarities common to each group which would differentiate one from the others, but

in the reactions the grouping is very evident and entirely in accord with that of the horticulturist.

In the degree of polarization the reactions of the three groujis average alike. In the iodine and gen-
tian-violet reactions the first group shows, on the whole, distinctly less sensitivity than the second

and third groups. In the safranin reactions the responses of the second group are, on the whole,
better than those of the first and third. In the chloral hydrate-iodine reactions the sensitivity of

the second group is, as a whole, distinctly lower than that of the first and second, and there is a simi-

lar indication in the chromic-acid reactions. In the p3T0gallic-acid and ferric-chloride reactions

the sensitivity of the first group is distinctly greater than in the second and third. In the reactions

with Purdy's solution the order of sensitivity is first, third, and second groups. There are, there-

fore, positive distinctions as regards both species and groups.

GENUS TRITELEIA.

The Triteleias have been included by some botanists among Milla and Brodicea, and bj- others

regarded as a distinct genus. The species are South American and probably to be looked upon as the

southern representatives of Milla and Brodicea of North America. Because of certain peculiarities

they may be grouped as a distinct genus. T. uniflura Lindl. (Milla uniflora Grah., Brodicea uniflora

Baker), popularly known as the spring star-flower, is a well-marked species and the only one untler

cultivation. From it starch was obtained.

STARCH OF TRITELEIA UNIFLORA. (Plate 49, figs. 289 and 290. Chart 183.)

Histological Characteristics. In form the grains are simjile and nearly always isolated. They
are usuallj^ marked at the distal end, and less often at one siile, with pressure facets. Their surface is

sometimes somewhat irregular, owing to pressure facets and irregularities in the development of differ-

ent parts. The conspicuous form is the dome-shaped, which is often long, and the proximal end may
be larger than the distal end, which is flattened. There
are also hemispherical with flat or pyramidal bases, ovoid,

oval, and spherical. The grains are of the same thickness

as breadth, and therefore round when viewed on end.

The hilum is always fissured, and distinct. It is

eccentric about one-third or less, often two-fifths, of the

longitudinal axis, and is usually in the median line. There
are no multiple hila. There may be one clean-cut, trans-

verse, straight fissure, but usually two or more. If two,

they are arranged so that three lines appear to radiate

from a central cavity; if more, they are in an irregularly

stellate form. The fissures are rarely ragged.
The lamellce are fairly distinct, coarse, continuous

rings, which usuallj' follow the outline of the margin only
when located near it; but in some grains this relationship
is noted even when they are near the hilum. They are

coarser near the margin, but more distinct near the hilum.

There are 8 to 10 on the larger grains.
The grains vary in size from 4 to 26/j. The common

size is 18/i.

Polariscopic Properties. The figure is eccentric, distinct, fairly clear-cut, and usTially some-
what irregular. Sometimes the lines are rather blurred, and may be bent or otherwise distorted.

The degree of polarization is high. It varies in different grains, being higher in the larger grains
and in different aspects of the same grain. It is higher when the grain is viewed from the end or edge.

p
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With selenite the quadrants are fairly woll dpfined, usually somewhat irregular in shape, and

unequal in size. The colors are fairly pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a fairly deep blue-violet;

with 0.125 per cent solution they color lightly, and the color deepens slowly. After heating in

water until all the grains are completely gelatinized, the solution colors fairly and the gelatinized

grains very deeply on the addition of iodine. After boiling for 2 minutes the solution colors deeply

ami the grain-residues fairly to lightly. The capsules coh)r a violet with excess of iodine, and most

of them retain blue-reacting starch at their proximal end.

Staining Reactions. With gentian violet the grains begin to stain very lightly in 2 minutes and

in 30 minutes are lightly stained, one as much as another.

With safranin the grains begin to stain, lightly in 1}4 minutes, and in 30 minutes are fairly

stained, one as much as anotlier.

Temperature Reaction. The temperature of gelatinization is 69.3 to 69.6 C, mean 69.45.

Effects of Various Reagents. With chloral hydrate-iodine the reaction begins in most grains in 2

minutes. About half are gelatinized in 25 minutes and two-thirds in 45 minutes without much further

reaction in an hour. The process starts at the distal end at the corners and edges of the facets.

These points become dark and swell, and the reaction extends upward to the interior of the grain.

There is a well-marked line of demarcation between the gelatinized and non-gelatinized portions.

The gelatinized grains are fairly large and of a uniform dark color, and retain much of the original

form.

Reaction with chromic acid begins in some grains in 15 seconds and in all in 45 seconds, and it

is over in 4 minutes. The reaction starts at the hilum, which swells somewhat, and from it very

fine, rather indistinct striae radiate; a bubble forms at the hilum and increases and then decreases

in size, finallj' disappearing. The less resistant portion of the grain is transformed into a gelatinous

mass, while the more resistant part collects at the margin in the form of a rather thin, finely striated

ring, sometimes indistinctly banded. This ring becomes thinner and transparent as the grain swells,

especially at the proximal end. It is finally dissolved at one or two points. The inner, gelatinized

starch flows out and dissolves, and then the remainder of the ring dissolves, but not rapidly, the

distal end being the last to disappear.
The reaction with pyrogallic acid begins in all the grains in 30 seconds and is over in 5 minutes.

The reaction originates at the hilum, which swells, and very fine striae appear throughout the grain.

A large bubble forms at the hilum and increases to a great size, then decreases, and finally disappears.

The less resistant starch passes into a gelatinous mass, and the more resistant starch forms a rather

thin, finely striated band at the margin. This band becomes thinner and transparent as the grain

swells. The gelatinized grains are large, wrinkled, and folded, and do not retain the original form

of the grain.

The reaction with ferric chloride begins in many grains in 2 minutes. About three-fourths are

gelatinized in 15 minutes, four-fifths in 35 minutes, almost all in 55 minutes, and all in Ij^. hours.

The reaction starts at the distal end, at the corners and edges of the facets, which become gelatinous

and swell. The process extends upward from here, and when it nears the portion of the grain near

the hilum, this part is invaded by internal fissures dividing it into several portions separatetl Ijy bands

of gelatinized starch. These portions gelatinize independently of one another. In a few grains the

process of gelatinization affects the whole margin before it reaches the interior of the grain. The

gelatinized grains are very large, thin-walled, wrinkled, sacculated, and irregular in form, and do

not retain any of the original form.

The reaction with Purdy's solution begins slightly in many grains in 45 seconds. About half

are partially gelatinized in 15 minutes, about one-third almost completely gelatinized in 50 minutes,

and one-half are partially and one-half completely gelatinized in Ij^ hours. The reaction appears

to be the same qualitatively as that to jiyrogallic acid.

GENUS LACHENALIA.

Lachenalia comprises 42 species, 9 of which are in cultivation. The members of this genus are

natives of the region of the Cape of Good Hope, and popularly known as Cape cowslips. The

starches from two sources were studied: L. pendula Ait. and L. tricolor var. luteola {L. luteola Jacq.).
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Chart No. 184.

STARCH OF LACHENALIA PENDULA. (Plate 49, figs. 291 and 292. Chart 184.)

Histological Characteristics. In form the grains are simple, with the exception of a few com-

pounds consisting of two or more components. A few small aggregates of the smaller grains occur,

with a great tendency to form clumps. The grains often present well-marked irregularities of the

surfaces, such as large, nipple-like processes, or somewhat angular and rounded elevations, or slight

depressions. Manj- grains have a flattened area at the distal end, and in some cases a narrow and

shallow depression, which affects the form of some of the nearby lamellse. The conspicuous form is

the oval, which may be modified in various ways; for instance, by having commonly a rounded or

flattened distal end, which has a cup-like depression, or by being long and slender or short and broad,

or with a pointed or knob-like or much-bent distal end. There are also among the conspicuous grains

round, ovoid, and pyriform. Among the smaller grains there are round and nearly round, pyriform,

and oval forms. Any of these forms may be distorted by the irregularities of the surface, as above

noted. When seen on end they appear round.

The hilum is usually very distinct. It is eccentric about one-fifth of the longitudinal axis of

the grain and usually in or near the median line. Double or triple hila may be arranged somewhat

irregularly. The hilum is generally a relatively large, round, non-refractive spot, but may appear

ellipsoidal or lenticular, or as an irregular cavity communicating with the interior. It is rarely

fissured, and if so the fissure is narrow, shallow, straight, clean-cut, transverse, or diagonal; or an

irregular stellate arrangement. The multiple hila may or may not be separated by small fissures.

The hilum is usually in the larger end of the grain.

The lamellw are very distinct, fairly coarse, continu-

ous rings, but often with variations caused by indenta-

tions or other irregularities of the surface of the grain.

They are usually coarser and more distinct near the

margin. There are 12 to 14 on the medium-sized grains.

The grains vary in size from 5 to 36yLt. The common
size is 20^.

PolariscopicPj'operties. The^^wj-e is eccentric, clear-

cut, distinct, and regular. Its lines are somewhat broad-

ened at the margin; one is sometimes bisected, but they
are usually straight. They intersect at right angles and

thus form a cross.

The degree of polarization is fair. It is variable, being

higher in some grains than in others, and varies also ac-

cording to the aspect of the grain.

With selenite the quadrants are, as a rule, well de-

fined, regular in shape, and somewhat unequal in size.

The colors are fairly pure.
Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains are colored deeply a blue-violet at once; with 0.125 per cent solution they color

lightly, but the color deepens rapidly. After heating until the grains are completely gelatinized, the

solution is colored lightly and the grains very deeply on the addition of iodine. After boiling for 2

minutes, the solution is colored much deeper, but the grain-residues much less deeply. The cap-
sules are colored a pinkish-violet with a slight excess of iochne. The proximal part of the capsule

may contain blue-reacting starch, and the capsule is much distorted, folded, and crumpled.

Staining Reactions. -With gentian violet and with safranin the grains stain at once lightly and

after 30 minutes they are fairly stained.

Temperature Reaction. The temperature of gelatinization is 60.1 to 00.7 C, mean 60.4.

Effects of Various Reagents. With chloral hydrate-iodine the reaction begins in many grains in

a minute and all are completely gelatinized in 30 minutes. The hilum often becomes prominent,
the lamella do not. The distal end is darkened, and the process spreads over the whole grain evenly
and without much swelling until the entire grain is affected, after which there may be slight swell-

ing. The swollen grains are not very large; they retain much of the original form and are uniformly
dark in all parts.

Reaction with chromic acid begins in 15 seconds in the larger grains, most of which are dissolved

in 23^ minutes; all the smaller are dissolved in 5 minutes. The hilum is prominent and the lamellae

p
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are distinct. In tiie larger grains the hilum swells and the grain becomes covered with fine striae.

The inner portion is changed into a gelatinous mass, and the marginal part forms into a ring which

is irregular on its inner edge, striated, and marked by alternate refractive and non-refractive bands.

This ring becomes thinner and more transparent as the grain swells. The proximal end dissolves,

the contents of the capsule flow out and dissolve, followed by solution of the rest of the capsule.

The smaller grains begin to dissolve from the distal end before the hilum is affected, and the process

advances up the grain by fissuration and the breaking down of the starch into granules, which gran-
ules are transformed into a gelatinous mass, followed by solution.

With pyrogallic acid the reaction begins at once and gelatinization is complete in 40 seconds.

The process appeared to consist of a slow enlargement of the hilum without much change in the

grain, except that fine strise become evident throughout. Finally, a definite striated, banded ring

is formed at the margin and this becomes gradually clearer and transparent. The swollen grains

are not very large, are usually smooth, and not distorted, folded, or wrinkled.

Reaction with ferric chloride begins in 30 seconds to a minute and is over in 20 minutes.

The hilum becomes prominent and swells, and the inner part of the grain is reduced to a gelatin-

ous mass. The ring formed at the margin is striated, but not distinctly banded. It becomes
thinner and clearer as the grain swells. The gelatinized grains are large, thin-walled, and not

much distorted or lobulated. Some grains begin to gelatinize at the distal end and the process
extends around the margin, followed by swelling of the hilum and subsequent changes the same as

those previously described.

Reaction with Purdy's solution begins immediately in many grains. From one-fifth to one-

fourth are fully gelatinized in 2 hours and the rest are only partially gelatinized. The reaction

is the same as that Avith pyrogallic acid.

STARCH OF LACHENALIA TRICOLOR VAR. LUTEOLA. (Plate 49, figs. 293 and 294. Chart 185.)

Histological Characteristics. Inform the grains are simple, with the exception of a few compoimd
ones, which consist of two or more components. There are no aggregates, no well-defined pressure

facets, and very few clumps. The grains are rounded and the surface tends to be quite regular,

but a few irregularities are caused by the unequal devel-

opment of different parts of the surface. There are very
few of the nipple-like processes so common in L. pendula.
The conspicuous form is the oval, with the distal and

smaller end flattened. This form may be either short

and broad or long and slender. There are also ovoid,

round, pyriform, and ellipsoidal grains. Grains flattened

at the distal end have a cup-like depression in this part.

The grains when seen on end are round.

The hilum is a very distinct, relatively large, round,
non-refractive spot, eccentric about one-fourth of the

longitudinal axis of the grain, and usually in the median
line. It is probably always a round cavity. It may be

fissured in the form of a narrow, short, transverse or

diagonal line; but fissuration is not common.
The lamellce are usually fairly distinct, rather fine,

regular, continuous rings, or segments of rings or ellipses,

which follow the outline of the margin of the grain except
near the hilum. The lamellae near the cup-like depression,

sometimes observed in the distal end, often show a corre-

sponding curvature; those near the margin and distal end are larger, but not always more distinct

than those near the hilum. The former often appear to be separated from the latter by a very
distinct line, which may be either an elevation of the inner part of the grain or a distinct lamella.

There are about 25 lamella; on the medium-sized grains.

The grains vary in size from 5 to 30;u. The common size is 22;i.

Polariscopic Properties. The figure is eccentric, distinct, clear-cut, and regular. Its lines

usually become broader and somewhat less distinctly outlined as they near the margin. The figure

is very regular in shape, usually in the form of a cross having the lines at right angles.

P 1 GV T
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The degree of -polarization is fair, and does not vary very much in different grains nor in different

aspects of the same grain. It is slightly lower than in L. pendula.

With selemtc the quadrants are well defined, usually unequal ni size, and fairly regular in shape.

The colors are fairly pure.
, , , , ,

Iodine Reactions. With 0.25 per cent Lugol's solution the grams at once color deeply a biuc-

violet; with 0.125 per cent solution the grains color lightly at once and the color deepens quite rapitUy.

The shade is not so deep as that of the grains of L. pendida. After heating until the gi-ains are com-

pletely gelatinized, the solution colors lightly and the gelatinized grains very deeply on the addition

of iodine. After boiling for 2 minutes the solution colors much more deeply and the grain-residues

from fairly to not at all. All of the capsules color red-violet with a slight excess of iodine, and

most of them contain much blue-reacting starch in the proximal end.

Staining Reactions. With gentian violet the grains begin to stain very lightly in 2 minutes

and in 30 minutes are fairly stained, some more or less than others. The shade is the same as that

of the grains of L. pendula.

With safranin the grains begin to stain very lightly at once and in 30 minutes are fairly stained,

one as much as another. The shade is slightly deeper than that of the grains of L. pendula.

Temperature Reaction. The temperature of gelatinization is 72.9 to 74.2 C, mean 73.55.

Effects of Various Reagents. With chloral hydrate-iodine about three-fourths of the grains begin

to react in 1 to IH minutes and all in 5 minutes. About one-third are gelatinized in 10 minutes,

two-thirds in 20 minutes, and all in 45 minutes. The reaction is qualitatively the same as that of

the grains of L. pendula.

With chromic acid the reaction begins in all the grains within 30 seconds and is over in 4 minutes.

The reaction is qualitatively the same as that of the grains of L. pendula. There did not appear to

be any noticeable difference in time-reactions of the large and the small grains, as was observed

in L. pendula.
The reaction with pyrogallic acid begins at once, and gelatinization is complete in 55 seconds.

The reaction is qualitatively the same as that of the grains of L. pendula.

With ferric chloride a few grains begin to react in a minute, about half in 3 minutes, most of

them being small grains which are completely gelatinized, and three-fourths of all the grains are

affected and most of them gelatinized in 5 minutes. The reaction is complete in 17 minutes. Quali-

tatively the reaction is the same as that of the grains of L. pendula.

With Purdy's solution there is some reaction in a few grains in 30 seconds, which becomes fairly

general in 3 minutes. In 2 minutes grains which began to react in 30 seconds are completely or

almost completely gelatinized; in 4 minutes some others of the smaller grains are also gelatinized,

but most of them show merely a slight enlargement of the hilum. In 10 minutes about a third of

the total number are partially gelatinized. There is very little change after this, some of the remain-

ing two-thirds may swell somewhat, and some of the partially gelatinized grains may become com-

pletely gelatinized. The reaction is qualitatively the same as that of the grains of L. pendida.

Differentiation of Certain Starches of the Genus Lachenalia

Histological Characteristics.

Conspicuotts Forms,

pendula: Usually simple, few compound ;
surface irreg-

ular owing to nipple-like processes, secondary
deposits, and depressions; flattening and cup-like

depression of distal end common. Oval, round,
ovoid, pyrifonn.

L. tricolnr var. luteola: Essentially the same as in L.

pendula, but less irregular and few nipple-like

processes.

Hilum Form, A^umber, and Position.

L. pendula: Form usually very distinct; relatively large,

round, lenticular or ellijisoidal; sometimes a

cavity; sometimes multiple; rarely fissured; fissures

narrow, shallow, clear-cut. Position eccentric
about 0.20 of longitudinal a.\is.

L. tricolor var. lulenla: Form essentially the same as in

L. pendula, except probably always round. Posi-
tion eccentric about 0.25 of longitudinal axis.

Histological Characteristics. Continued.

Lamcllce General Characlcrislics and Number.

L. pendula: Very distinct, fairly coarse, continuous, irreg-

ular. 12 to 14 on the medium-sized grains.

L. tricolor var. luteola: Fairly distinct, rather fine, con-

tinuous, or in segments. 25 on medium-sized grains.

Size.

L. pendula: From 5 to 36ai, commonly 20m.

L. tricolor var. luteola: From 5 to 30^, commonly 22ft.

PoLARiscopic Properties.

Figure.

L. pendula: Eccentric, distinct, clear-cut, regular; figure

a cross.

L. tricolor var. luteola: The same as in L. pendula.

Degree of Polarization.

L. pendula: Fair, variable.

L tricolor var. luteola: Fair, less variable, but shghtly
lower than in L. pendula.
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Differentiation of Certain Starches of the Genus Lachenalia. Continued.

L.

PoLARiscopic Properties. Continued.

Polarization with Sdcnite Quadrants and Colors.

l)cndida: Quailrant.s well defined, roRuIar, somewhat
unequal in size. Colors fairly jiure.

tricolor \-ar. lultola: Quadrants same as in L. pcndula,
but with less tendency to regularity and equality.
Colors fairly pure.

Iodine Re.\ction.s.

Intensity and Color.

L. pcndula: Deep; blue-violet.

L. tricolor var. luteola: Deep, but not so deep as in L.

pcndula; blue-violet.

Staining Reactions.

With Gentian Violet.

L. pendula: Fair.

L. tricolor var. luteola: Fair, the same as in L. pcndula.

With Safranin.
L. pendida: Fair.

L. tricolor var. luteola: Fair, but slightly deeper than in

L. pendula.

Temperature of Gel.^tinization.

L. pendtda: 60.1 to 60.7 C, mean 60.4.
L. tricolor var. luteola: 72.9 to 74.2 C, mean 73.55.

Effects of Various Reagents.

Reaction with Chloral Hydrate-Iodine.

L. pendula: Begins in many grains in a minute; complete
in 30 minutes.

Effects of Various Reagents. Continued.

Reaction with Chloral Hydrate-Iodine. Continued.

L. tricolor var. luteola: Begins in three-fourths in 60 to

90 seconds; complete in two-thirds in 20 minutes,
and in all in 45 minutes.

Reaction with Chromic Acid.

L. pendula: Begins in large grains in 15 seconds; com-
plete in most of the large grains in 2}-^ minutes,
and in small and large grains in 5 minutes.

L. tricolor var. luteola: Begins in all within 30 seconds;
complete in all in 4 minutes.

Reaction with Pyrogallic Acid.

L. pcndula: Begins at once; complete in 40 seconds.

L. tricolor var. luteola: Begins at once; complete in 65
seconds.

Reaction with Ferric Chloride.

L. pendula: Begins in 30 to 60 seconds; complete in 20
minutes.

L. tricolor var. luteola: Begins in a few in a minute:

nearly three-fourths gelatinized in 5 minutes, and
all in 17 minutes.

Reaction with Piirdy's Solution.

L. pendula: Begins in many at once; complete in one-
fifth to one-fourth in 2 hours, the rest partially

gelatinized.
L. tricolor var. luteola: General reaction in 3 minutes;

about one-third i)artially gelatinized in 10 minutes.

Very little further change in an hour.

NOTES ON THE STARCHES OF LACHENALIA.

The two starches of Lachenalia exhibit well-defined differences in their histological characters,

especially as regards the hilum and lainellation. In the reactions they arc very much alike except

in the temperatures of gelatinization and in the reactions with chloral hydrate-iodine and Purdy's
solution. In regard to the former the difference is 13.15, which is very wide. In the reactions

L. tricolor var. luteola is distinctly less sensitive to the former and more to the latter. In the other

reactions differences are noted except with gentian violet, L. tricolor var. luteola having a lower

degree of polarization, lower sensitivity to iodine and pyrogallic acid; and a higher sensitivity to

safranin, chromic acid, and ferric chloride.

NOTES ON THE STARCHES OF LILIACE^E. (Charts 186 to 200.)

The starches of all of the Liliacea; examined belong to a common type, the gross histological

characters of the grains being more or less modified in the different genera, but only in some instances

to the extent of making it possible to state that this or that starch belongs to a given genus. The
starches of Liliuni and of the other members of the tulip tribe {Lilium, Tulipa, Fritillaria, Calo-

chortus, Erythronimn Lloydia and Gagea not included in this research) are very much alike; the

starch of Galtonia is less like the starches of Hyacinthus, with which genus it was identified, than

with those of the tulip tribe; Chionodoxn and Scilla have certain characteristics in common; and

there are certain gross features in Puschkinia, and so on in the other genera which suggest individ-

ualities which might be brought out satisfactorily by careful microscopic work. The general like-

ness of Hyacinthus and Muscari is very noticeable; and close resemblances are noted between the

starches of Brodicea and Lachenalia. In Triteleia the tendency to the occurrence of dome-shaped

grains is very conspicuous, and particularizes this genus among the other genera.

In the reactions it is most interesting to note in the first place that among closely related genera,

such as those included in the tulip tribe, there is a common type of reaction-curve; and also to compare
this type of curve with that which is common to Scilla and Chionodoxa, and with that of Hyacinthus
and Muscari, etc. In other words, it will be found that in each of the groups of closely related genera

there is a common type of reaction-curve. It will also be seen upon comparing the various reaction-

curves of different genera that each genus has a curve that difl'crentiates it from the other genera.
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A feature worthy of note is the marked differences shown by different genera in the relative reac-

tion-intensities. Upon this basis the several genera of Liliacece examined may be grouped in three

or four classes having from high to low reaction intensities, or, in other words, having low to high

resistances to chemical reagents. Thus, Lilium, Fritillaria, Calochortus, Tulipa, Erylhronium,

Scilla, Chionodoxa, Ornithogalum, Puschkinia, and Galtonia have, on the whole, high reaction-inten-

sities; in Hyacinthus and Lachenalia there is a tendency to a lower standard; in Muscari and Trite-

leia still lower, and in Brodicea, on the whole, the lowest of all. The differences in the resistance

of the starches of Brodicea to chemical reagents compared with those of Tulipece, for instance, is

striking.

Chart No. 186. Chart No. 187.
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Chart No. 192. Chart No. 193. Chart No. 194.
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STARCHES OF CONVALLARIACE^.

Chart No. 201
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With selenite the quadiants are well defined. In the smaller they are regular, but usually unequal
in size; in the larger they are often irregular in shape and unequal in size. The colors of the small

grains are dark, but appear to be pure, and in the larger bright but frequently impure.

Iodine Reactions. With 0.25 per cent Lugol's solution the smaller grains color a fairly deep
blue-violet and the larger a red violet, the color in both deepening rather rapidly; with 0.125

per cent solution the small grains color a light blue-violet, the larger a light reddish-violet, the

color in both deepening rather rapidly to a fairly deep tint. After heating in water until the grains

are gelatinized, and then adding iodine, the solution colors a deep heliotrope and the grains a light

reddish-violet to deep heliotrope. If the grains are boiled for 2 minutes and then treated with iodine,

most of the small grain-residues are colored a violet to light red-violet, and some remain unstained,

and the large grain-residues become a deep heliotrope, while the solution becomes a deep reddish-

blue. With an excess of iodine the capsules of the smaller grains become a light reddish-violet to

deep old-rose, those of the large ones a deep old-rose to a wine-red. The grain-residues color a very

deep heliotrope.

Staining Reactions. With gentian violet and with safranin a few grains color slightly at once

and in 30 minutes they are very lightly stained, some more than others.

Temperature Reactions. The temperature of gelatinizatiou for the smaller grains is 60 to

62 C, mean 61., for the majority of larger ones 71 to 72.5., mean 71.75 C. Some of the large

and medium-sized grains remain unaffected at 77 to 79 C.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins at once. Many small

grains are gelatinized in 15 seconds and all in 30 seconds; while the larger are gelatinized in 5 minutes

and all in 15 minutes. The reaction is so rapid and the grains so small that the details frequently

can not be studied. The large grains are quickly stained an old-rose color and the structure at the

hilum swells and becomes sharply defined. The grains deepen in tint until they are a wine-red color,

the blue coloration starts at the distal end, spreads around the margin, and then advances over

the entire grain, accompanied with miiform swelling. The cleft or the cavity located at the hilum

gradually decreases until it is obliterated. The most resistant grains have either a very large cavity

or cleft at the hilum which swells and becomes of a metallic luster, persisting for many minutes,
while the grain remains a deep wine-red color for a similar period, but finally the cavity or cleft

disappears and the grain becomes deep blue in color. The gelatinized grains are much swollen,

but retain the shape of the untreated grain.

Reaction with chromic acid begins immediately. The small gTains are dissolved in 20 seconds,

while the larger usually pass into solution in 23/^ minutes, but some resistant grains take 6 minutes

for solution. The reaction begins immediately and most of the grains are so small that the details

can not be studied with accuracy. In the large grains the cleft or the cavity at the hilum swells;

this is quickly followed by gelatinizatiou of the central part of the grain, accompanied by the appear-
ance of many refractive granules. The outer lamella become sharply defined and striated and the

entire grain increases much in size. The capsule is ruptured either at the distal end or at the

corners of this end. The gelatinized starch slowly flows from the capsule and is dissolved, followed

by solution of the rest of the capsule.

The reaction with pyrogallic acid begins immediately. All the smaller grains are gelatinized

in 30 seconds, many of the larger ones in a minute, and all but rare resistant grains in 3 minutes,
the reaction being complete in the latter in 5 minutes. In the small grains the hilum swells and the

entire grain is gelatinized so rapidly that the details can not be noted. In the large grains the clefts

or the cavity at the hilum swells and branches of gelatinizatiou pass from them towards the sides

and distal end of the grain, and the lamellaj become more distinct and striated. Bubbles are given

off from the deep clefts or cavity and gelatinizatiou quickly follows. The reaction progTesses more

rapidly towards the sides and distal end of the grain, which parts are thrown into folds and distorted,

while at the same time the proximal end retains the contour of the untreated grain.

Reaction with feme chloride begins immediately. Some of the small grains are gelatinized in

30 seconds, nearly all in a minute, and all but rare resistant grains in 2 minutes, the latter requiring

as long as 30 minutes. With the large ones the reaction begins in some in a minute and is complete
in a few in 3 minutes. About one-third are gelatinized in 5 minutes, three-fifths in 15 minutes, and

all but rare resistant grains in 30 to 60 minutes. In most of the small grains gelatinizatiou spreads

so rapidly over the entire grain that the details can not be satisfactorily made out. In the large

grains the clefts or the cavities at the hilum swell rapidly and a bubble of air appears in them; a
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border is formed which has a l\istrous appearance and is more transparent than the central part

of the grain. In the ovoid forms gelatinization begins at the distal end, while in the broadly tri-

angular or the somewhat mussel-shell-shaped gi-ains it begins at one or both corners of the distal

end. The reaction advances towards the proximal end, at which point the resistant starch is gen-

erally broken into rather large granules, which later are gelatinized. The gelatinized grains are

swollen and distorted.

The reaction with Purdy's solution begins immediately. A few small grains are gelatinized

in 30 seconds, a small number in a minute, about three-fifths in 2 minutes, and all but rare resistant

grains in 3 minutes. A few large grains arc gelatinized in 10 minutes and several in 30 minutes.

The reaction is incomjjlete in an hour, and in most of the grains it has not proceeded further

than the swelling of the hiUim or fissures located at this point, the formation of branched fissures,

and sharper definition and striation of the lamellso. The hilum of the small grains swells, accom-

panied by gelatinization of the entire grain. The process is so rapid and the grains so small that

the details of the reaction can not be accurately noted. The cleft or the cavity located at the hilum

in the large grains swells and bubbles appear; branches are given off from the larger fissures which

penetrate all parts of the grain. The lamellae are rendered more distinct and become striated. As

gelatinization proceeds the starch is often broken into large granules which gradually pass into

gelatinization. In some of the broadly triangular grains gelatinization first takes place along the

coarser and more refractive lamellae, which thus forms a sharp line of demarcation between the

outer and inner part of the grain. In such grains gelatinization frequently does not proceed in

other parts of the grain beyond the initial steps noted. In both small and large gelatinized grains

a heavy capsular wall remains, so that while they are swollen they retain the general shape of the

untreated grain.

GENUS TRILLIUM.

This genus comprises about 18 species, a dozen of which are natives of North America. The
American species are found from Canada and Nova Scotia to Florida, and as far westward as the

middle west, and 2 species are represented in California and British Columbia. The Asiatic species

are found from the Himalayas to Japan. The Trilliums are popularly known as wake robin, white

wood lil}-, ground lilj ,
and birthroot. Starches were obtained from T. grandiflorum Salisb. (7".

erylhrocarpum) of Eastern America; T. ovatum Pursh., the Pacific Coast representative of the former

and much Uke it; and T. sessile var. californicum Wats. (T. var. giganteum Torr.). The first two
are well-marked species.

STARCH OF TRILLIUM GRANDIFLORUM. (Plate 50, figs. 297 and 298. Chart 202.)

Histological Characteristics. In form the grains are simple and isolated, with the exception of a

very few small aggregates and a few clumps that are readily separated. No pressure facets were
observed on the isolated grains. The surface is usually smooth, but somewhat irregular in outline,

owing to irregular development, causing many small depressions and elevations of the surface.

The conspicuous forms are the oval to ovoid and round. There are also pyriform, elliptical, reni-

form, lenticular, and irregular shapes. The grains generally are not quite so thick as broad, and
some of them are about two-thirds as thick as broad.

The hilum is not distinct in most grains, and when it can be seen it appears as a round
or lenticular, large spot, usually eccentric about two-fifths or less of the longitudinal axis, and
in or slightly to one side of the median line. It is occasionally fissured, the fissui-e being single,

short, and indistinct.

The lamdlce are invisible.

The grains vary in size from 2 to 16/^. The common size is 12ju.

Polariscopic Properties. The figure is usually eccentric, fairly distinct, and generally clear-cut.

The lines are rather thick and in some grains they become thicker and less clearly outlined as they
are nearer the margin. They are not bent.

The degree of polarization is fair. It varies in different grains, the larger being the more polar-
iscopic, but it does not vary much in different aspects of the grains.

With selenite the quadrants are well defined, usually fairly regular in shape, but unequal in

size. The colors are not pure.
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Chart No. 202.
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Iodine Reactions. -With 0.25 per cent Lugol's solution the grains color a deep blue-violet;
with 0.125 per cent solution they color fairly deeply, and the color deepens rapidly. After heating
in water until the grains are completely gelatinized, the solution colors fairly deeply and the grains

deeplj- on the addition of iodine. After boiling for 2 minutes the solution colors very deeply and
the grain-residues lightly or not at all. With an excess of iodine the capsules color a light violet

anil some retain some blue-reacting starch.

Staining Reactions. With gentian violet and with safranin the grains begin to stain very lightly
in a minute and in 30 minutes they are still very lightly colored.

Temperature Reaction. The temperature of gelatinization is 57 to 59 C, mean 58.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins at once and is over
in nearly all in 45 seconds. The margin at the two ends becomes dark and swells slightly, and the

reaction spreads rapidly from both points into the in-

terior until the hilum is reached. The hilum swells very
rapidly and the rest of the grain also swells consider-

ablj'. A bubble can often be seen to form at the hilum,
first increasing and then decreasing in size, and finally

disappearing. The gelatinized grains are of a uniform
dark color, usually fairly large, and retain some of the

original form.

Reaction with chromic acid begins at once and is over
in 1-1 seconds. It is so rapid that it is impossible to dis-

tinguish the steps.

The reaction with pyrogallic acid begins at once and
is over in 45 seconds. The hilum swells and a bubble

appears at this point, which first increases and then de-

creases in size and finally disappears. The inner portion
of the grain passes rapidly into a gelatinous mass and the

whole grain swells. The marginal starch forms a thin,

transparent capsule, which grows thinner as the grain con-

tinues to swell. The gelatinized grains are large, wrinkled,
and folded, and do not retain any of their original form.

Reaction with ferric chloride begins in many grains in 15 seconds and is over in 5 minutes.

Internal fissuration occm-s at one or two points, and from these fissures gelatinized material pro-
trudes beneath the capsule, and forces out the capsule. This process often extends all around the

margin and then inward over the interior of the grain, and when the part of the grain immediately
surrounding the hilum is reached a large fissure extends inwardlj', giving rise to division of the

intracapsular part of the grain into two parts, which in turn may be divided and subdivided. The

pieces thus formed become separated by wide spaces of gelatinized starch, and are then gelatinized

independently of one another. The gelatinized grains are large, irregular, folded, and variously

distorted, and do not retain any of the original form of the grain.
Reaction with Purdy's solution begins at once and is over in 10 seconds. It is so rapid that it is im-

possible to detect the separate steps, but it is in all probability the same as that with pyrogallic acid.

STARCH OF TRILLIUM OVATUM. (Plate 50, fig. 299. Chart 203.)

Histological Characteristics. In forin the grains are simple and isolated, with the exception of a

very few small aggregates and clumps which are readily separated. No pressure facets were observed.

The surface is usually smooth, but somewhat irregular, owing to irregularities in growth. The

conspicuous forms are the oval to ovoid, and round. In addition there are elliptical, pyriform,

reniform, lenticular, and irregular shapes. Some grains are two-thirds as thick as they are wide,
and nearly all are less thick than broad. The lenticular grains are relatively much more abundant
in this starch than in either of the others.

The hihnn usually is not distinct, but when it can be seen it appears as a large round or len-

ticular spot, usually eccentric about two-fifths or less of the longitudinal axis, and in or slightly to

one side of the median line. It is rarely fissured.

The lamellcB are invisible.

The grains vary in size from 1.5 to IOai. The conamon size is 7/i.
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GENUS TRILLIUM. G21

With selenite the quadrants are well defined, usually fairly regular in shape, and unequal in

size. The colors are not pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a deep blue-violet;

with 0.125 per cent solution they color fairly deeply and the color deepens rapidly. The color is

very slightly less than that of the grains of T. grandijlorum. After heating in water until the grains
are completely gelatinized, the solution colors fairly deeply and the grains very deeply on the addi-

tion of iodine. After boiling for 2 minutes the solution colors very deeply, but most of the grain-
residues not at all. With an excess of iodine the capsules all color a light violet.

Staining Reactions. With gentian violet and with safranin the grains begin to stain very lightly
in a minute and in 30 minutes they are very lightly stained. The shade is the same as that of

T. grandijlorum.

Temperature Reaction. The temperature of gelatinization is 54 to 56 C, mean 55.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins at once and is over in

45 seconds. It is the same quahtatively as that of the grains of T. grandijlorum.
Reaction with chromic add begins at once and is over in 13 seconds. It is so rapid that the dif-

ferent steps can not be distinguished.

The reaction with pyrogallic acid begins at once and is over in 25 seconds. It is the same quali-

tatively as that of the grains of T. grandijlorum.
The reaction with ferric chloride begins in some grains in a very few seconds and is over in all

in 6 minutes. It is the same qualitatively as that of the grains of T. grandijlorum.
Reaction with Purdy's solution begins at once and is complete in 22 seconds. It is so rapid

that the separate steps can not be distinguished.

Differentiation of Certain Starches of the Genus Trillium.

Histological Characteristics.

Cotispicuous Forms.

T. grandijioruin: Simple, isolated, very few small aggre-

gates and clumps; no pressure facets; surface
smooth but irregular in outline. Oval to ovoid
and round.

T. oualum: The same as in T. grandijlorum; lenticular

much more abundant than in other two.
T. sessile var. californicum: The same as in T. grandi-

jlorum.

Hilum Form, Number, and Position.

T. grandijlorum: Form not distinct in most grains; large
round or lenticular; single, occasionally fissured, fis-

sure short, single, straight. Position usuallj' eccen-
tric about 0.40 or less of longitudinal axis.

T. ovatuni: Form same as in T. grandijlorum, but ellipti-

cal grains relatively numerous. Position usually
eccentric about 0.40 or less of longitudinal axis.

T. sessile var. californicum: Form same as in T. grandi-

jlorum. Position usually eccentric about 0.40 or

less of longitudinal axis.

Lamelloe General Characteristics.

T. grandijlorum: Invisible.

T. ovatum: Invisible.

T. sessile var. californicum: Invisible.

Size.

T. grandijlorum: From 2 to 16^, commonly 12/1.

T. ovatum: From 1.5 to 10m, commonly 7/u.

T. sessile var. californicum: From 2 to 14^, commonly 8>i.

PoLABiscopic Properties.

Figure.

T. grandijlorum: Usually eccentric, fairly distinct, usually
clear-cut.

T. ovatum: Same as in T. grandijlorum.
T. ses.si'/e var. californicum: Same as in T. grandi-

jlorum.

PoLARiscopic Properties. Continued.

Degree oj Polarization.

T. grandijlorum: Fair.

T. ovatum: Fair, slightly lower than in T. grandi-

jlorum.
T. sessile var. calijornicum: Fair, slightly lower than in

T. grandijlorum.

Polarization vnth Selenite Quadrants and Colors.

T. grandijlorum: Quadrants well defined, usually fairly

regular, unequal in size. Colors not pure.
T. ovatum: Quadrants the same as in T. grandijlorum.

Colors not pure.
T. sessile var. californicum: Quadrants the same as in T.

grandijlorum. Colors not pure.

Iodine Reactions.

Intensity and Color.

T. grandijlorum: Deep; bluish-\'iolet.

T. ovatum: Deep, slightly deeper than in T. grandijlorum;
bluish-violet.

T. sessile var. californicum: Deep, very slightly less deep
than in T. grandiflorum; bluish-violet.

Staining Reactions.

With Gentian Violet.

T. grandijlorum: Very light.

T. ovatum: Very light, less than in T. grandijlorum.
T. sessile var. calijornicum: Very light, the same as in

T. grandijlorum.

With Safranin.

T. grandiflorum: Verj' light.

T. ovatum: Very light, the same as in T. grandiflorum.
T. sessile var. californicum: Very light, the same as in

T. grandiflorum.

Temperatdbe op Gelatinization.

T. grandiflorum: 57 to 59 C, mean 58.
T. ovatuni: 5C to 57.5 C, mean 56.75.
T. sessile var. californicum: 54 to 56 C, mean 55.
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Differentiation of Certain Starches

Effects of Various Reagents.

Reaction with Chloral Hydrate-Iodine.

T. grandiftorum: Begins at once; complete in nearly all

in 45 seconds.

T. ovatum: Begins at once; complete in 45 seconds.

T. sessile var. californicum: Begins at once; complete in

45 seconds.

Reaction utith Chromic Acid.

T. grandijlormn: Begins at once; complete in 14 sec-

onds.
T. ovatum: Begins at once; complete in 11 seconds.

T. sessile var. californicum: Begins at once; complete in

13 seconds.

Reaction with PyrogaUic Acid.

T. grandiflorum: Begins at once; complete in 45 seconds.

T. ovatum: Begins at once; complete in 60 seconds.

of the Genus Trillium. Continued.

Effects of Various Reagents. Continued.

Reaction with PyrogaUic Acid. Contmued.

T. sessile var. californicum: Begins at once; complete in

25 seconds.

Reaction with Ferric Chloride.

T. grandiflorum: Begins in many in IS seconds; complete
in 5 minutes.

T. ovatum: Begins in many at once; complete in 3 min-
utes.

T. sessile var. californicum: Begins in some in a very few

seconds; complete in 6 minutes.

Reaction with Purdy's Solution.

T. grandiflorum: Begins at once; complete in 10 seconds.

T. ovatum: Begins at once; complete in 15 seconds.

T. sessile var. californicHm: Begins at once; complete in

22 seconds.

Chart No. 204.
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STARCHES OF COLCHICACEyE.

Class, Monocotyledones. Order, Liliales. Family, Colchicaceae. Genus

represented, Colchicum.

GENUS COLCHICUM.

This genus is native chiefly of the Mediterranean region and Southern Europe, and includes
30 species of bulbous crocus-like plants which are popularly known as meadow saffron or autumn
crocus. The starch of C. parkinsoni Hook, was examined.

P3 CI PA
PC PS

STARCH OF COLCHICUM PARKINSONI. (Plate 51, figs. 301 and 302. Chart 206.)

Histological Characteristics. In form tlie grains are simple, with the exception of a few com-

pounds consisting of two components. There are a number of aggregates consisting of from two
to five components, commonly two or three. The isolated grains are generally marked by one or

more pressure facets at the distal end, usually one or two.

There are a few clumps composed chiefly of small grains.

The surface of nearly all the grains is divisible into two

areas, one of which approaches the hemispherical, while

the other is planar and variable in accordance with the

size, number, and arrangement of the facets. The con-

spicuous forms are the dome-shaped to hemispherical, and

spherical; also irregular triangular, quadrangular, and
other angular forms arising through variations of the size,

number, and arrangement of the pressure facets. The
grains are not flattened, and therefore when seen on
end they appear roimd.

The hilum, if not fissured, is a not very distinct,

round, comparatively large spot, usually centric or nearly

centric, but it may be eccentric as much as two-fifths to

one-third of the longitudinal axis, and generally in the

median line. There are no multiple hila. The hilum is

usually fissured by from one or more fissures, which may
appear as a single line, a cross, or three lines radiating
from the center, or irregularly stellate.

The lamellce are not very distinct, rather coarse, regular circles or elhpses, which do not follow

the marginal outline unless located near the margin. There are 6 to 8 on the larger grains.
The grains vary in size from 5 to 28/i. The common size is 15;u.

Polariscopic Properties. The figure is usually centric or nearly centric, distinct, but not clear-

cut. It is generally placed so that two clear-cut lines run to the angles of the facets at the distal

end; but the other two lines, which extend to the proximal end, are broader and not so clear-cut.

The figure is regular or irregular, depending upon the shape of the grains. Double or triple figures
are occasionally observed.

The degree of polarization is high. It varies in different grains, but not much in different aspects
of the same grain. It is often higher at the distal than at the proximal end.

With selenite the quadrants are well defined, usualh^ regular in shape, but as a rule unequal
in size. The colors are usually pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color fairly a blue-violet;
with 0.12.5 per cent solution they color very lightly and the color does not deepen rapidly. After

heating in water until the grains are completely gelatinized, the solution colors fairly well and the

grains very deeply on the addition of iodine. After boiling for 2 minutes the solution colors very
deeply and the grain-residues lightly or not at all. The capsules color a violet with excess of iodine

and some of them retain blue-reacting starch at the proximal end. They are very much distorted,

crumpled, and sacculated.
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Staining Reactions. ^With gentian violet the grains begin to stain very lightly in a minute and

in 30 minutes they are only very lightly stained.

With safranin the grains begin to stain very lightly in a minute and in 30 minutes they are

lightly stained, some more than others. The grains color deeper with this stain than with gentian

violet.

Temperature Reaction. The temperature of gelatinization is 60.5 to 62 C, mean 61.25.

Effects of Various Reagents. With chloral hydrate4odine reaction begins in most grains in a

minute. About one-half are gelatinized in 5 minutes, almost all in 20 minutes, and all in 50 minutes.

The hilum, if not fissured, is visible, and if fissured it becomes very prominent. The edges and

corners of the facets at the distal end grow dark and begin to swell slightly, and this process extends

evenly upward over the whole grain, unaccompanied by very much swelling. There is usually a

fairly sharp line of demarcation between the reacting and the non-reacting parts. The gelatinized

grains are not very large, are uniformly dark in color, and retain much of the original form of the

grain, the main difference between the form of the normal and altered grains being in the greater

prominence of the corners of the facets of the latter.

Reaction with chromic add begins in 15 seconds in most grains and in all in 30 seconds, and is

over in 2 minutes. The hilum becomes prominent and begins to swell. Fine strise develop and
radiate from the hilum in all directions, and the inner portion of the grain is converted rapidly
into a gelatinous mass, the whole grain swelling, the expansion being greater at the proximal than

at the distal end. The marginal starch is formed into a thin, striated band which becomes thinner

and transparent, and is finally dissolved at the proximal end, allowing the inner, granular starch

to flow out and dissolve. Solution of the rest of the marginal band then follows.

The reaction with pyrogallic acid begins in 30 seconds and is over in 13^ to 2 minutes. The

hilum, especially if fissured, becomes very prominent, and the lamellie become visible in some of

the grains. Then the hilum begins to swell and fine strise appear, which radiate in all directions.

The inner part of the grain is transformed into a gelatinous mass, and the marginal part is formed
into a thin ring, which is striated and shows several alternate refractive and non-refractive bauds.

The proximal portion of the marginal band invaginates as the grain swells, and as swelling continues

and as the marginal ring becomes thinner and more transparent, this invagination is pushed out.

The gelatinized grains so formed are large and retain much of the original form, although they
are irregular and creased.

Reaction with feiric chloride begins in 30 seconds in some grains and in IJ^ minutes in most
of them. About four-fifths are gelatinized in 12 minutes and all in 30 minutes. The hilum becomes

very prominent as a dark bubble and then begins to swell. The bubble first increases and theii

decreases in size, and finally disappears. Fine stride appear radiating from the hilum in all direc-

tions. The portion of the grain-substance just about the hilum is gelatinized, and the remaining

part of the grain is completely divided by three or four internal or intracapsular fissures into parts,

each of which in turn may be divided, these several portions gelatinizing independently of one

another. The gelatinized grains do not retain any of the original form and usually are much folded

and wrinkled.

The reaction with Purdy's solution begins in 30 minutes. About four-fifths are gelatinized in

17 minutes and all in an hour and 10 minutes. The reaction is the same qualitatively as that with

pyrogallic acid.
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STARCHES OF AMARYLUDACE/E.

Class, Monocotyledones. Order, Liliales. Fainilj^ Amaryllidaceoe. Genera represented:

Amaryllis, Hippeastrum, Vallota, Crinum, Zephyranthes, Sprekelia, Haemanthus,
Hymenocallis, Leucoium, Galanthus, Alstroemeria, Sternbergia, Narcissus.

The Amaryllidacese includes about 70 genera and 650 species. Starches of representatives of

13 genera were studied in this research.

GENUS AMARYLLIS.
The genus Amaryllis now includes only a single species, A. belladonna Linn., a native of the

Cape of Good Hope and popularly known as the belladonna lily. The many other species hereto-

fore included in this genus have been assigned to other genera the Old World species to Bruns-

vigia, Crinum, Hippeastrum, Ldcoris, Nerine, Sternbergia, and Vallota; and the New World species
to Zephyranthes and Sprekelia. The starch of a horticultural form known as A. belladonna major
was used as the source of starch for this research.

STARCH OF AMARYLLIS BELLADONNA MAJOR. (Plate 51, figs. 303 and 304. Chart 207.)

Histological Characteristics. Inform the grains are usually simple, and they are isolated, with the

exception of a few which occur in compound grains or in aggregates of few components, and rarely in

small clumps. A few isolated grains are found with pressure facets. The surface is often irregular,

generall}' due to the following causes : to a nipple-like or a rounded protuberance at the proximal end
or at the side nearby; to a shifting of the longitudinal axis which results in a slight curving of either

the proximal or the distal end; to secondary sets of lamellse deposited at varying angles to the primary
set; to the apparent inclosing of the primary set of lamellae by a secondary set which may have a more

undulating outline; to flattening of points on the surface, and to the saucer- or cup-shaped depression
often found at the distal end or side of a large grain into which a small grain frequently fits very closely.
The conspicuous forms are the elongated ovoid to oval and elliptical, with the broader distal end
often somewhat squared, pyriform, oyster-shell-shaped, and club-shaped, the small club-shaped grains
with quite pointed ends; also triangular with curved base and rounded angles, somewhat clam-shell-

shaped, ellipsoidal, almost round, and imperfect boot-shaped. The grains are somewhat flattened,
and those broadened at the distal end are seen to be narrowed at this end when viewed on edge. The
small and medium-sized aggregates occur usually as doublets and triplets with components of about
the same size. Large grains with one to four small adherent grains at the distal end or side nearby
are sometimes found. Many of the grains show radicular grooves which may be hnes of erosion.

The hilu7n is either a round or lenticular refractive spot which varies from slightly eccentric

to usuallj^ about one-fifth or one-sixth of the longitudinal axis. Often a short transverse fissure,

and sometimes a small cavity, is found at the hilum, and sometimes two short longitudinal fissures

radiate from the sides of the hilum.

The lamellce are not generally demonstrable throughout the entire grain. They are often less

distinct directly around the hilum and also in a narrow border at the distal end. When near the

hilum they sometimes appear as complete circles or ellipses, and often in passing from the hilum
towards the margin the first demonstrable lamella has the general shape of the margin of the grain.
Near the distal end the lamellae always have the form of the margin of the grain and are probably

incomplete. There are usually one to three coarse and quite refractive lamellae which are inter-

spersed with groups of finer and less distinct layers. One or more secondary sets of lamellae are

occasionally observed at varying angles to the first set; and sometimes a group of lamellae of

slightly different character incloses the primary set, a coarse, refractive lamella forming a Une of

demarcation between the two groups. On grains of large size from 52 to 58 lamellae may be counted.

Rarely a very large grain is found with 70 lamellae.

The grains vary in size; the smaller are 5 by S^t; the larger are 68 by 34ju in length and breadth;
the conmaon size is 42 by 20m in length and breadth.

Polariscopic Properties. The figure is eccentric. Its lines cross each other obliquely and are

rather thin and broader at the margin. They are frequently bent and sometimes bisected. Double
and multiple figures are found.
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ward and collapses, and the grain invaginates at the proximal end, and then protrudes after the

disappearance of the bubble. Gelatinization proceeds rapidly along the course of the two radiating
fissures or rarely a single central fissure, with their many lateral branches, until it reaches nearly
to the distal end, which is much more resistant than the other part of the grain. Refractive granules,
which are finally gelatinized, are sometimes observed as the lamellae become gelatinized. The
gelatinized grain is much swollen and usually rounded at the proximal end, but thrown into many
folds at the distal end, so that it does not resemble in form the untreated grain.

Reaction with ferric chloride begins in a minute. A few grains are gelatinized in 2}/^ minutes,
nearly all in 10 minutes, and all but rare resistant grains in 15 minutes. The reaction is complete
in practically all in 20 minutes. A very exceptional grain may resist the reagent for 30 minutes.
The hilum, or the cleft located at the hilum, becomes very distinct, and a transparent border is formed
around a central opaque portion of the grain. In the bonier the lamella; become sharply defined
and striated, and the area gradually increases in width, followed by gradual complete gelatiniza-
tion at the hilum. A bubble frequently appears at the hilum, and enlarges and collapses, and just
as it collapses the proximal end or sides nearby are temporarily invaginated. A short, transverse
fissure usually appears within the capsule at the region of the hilum, and gelatinization begins
at this point, accompanied by rapid distension of the capsule. In grains with prominent corners
or protuberances gelatinization begins simultaneously at these points and at the proximal end, or

at the latter a Httle later. In many grains gelatinization proceeds gradually from the proximal to the
distal end, which latter is the last to undergo the reaction. In some grains a transverse fissure similar

to that observed nt the hilum appears within the capsule near the distal end, followed by gelatiniza-
tion and distension of capsule at the distal end. The two centers of gelatinization then advance
towards each other, the central part of the grain being the last to undergo gelatinization. The most
resistant starch is generally broken into fairly large granules which later are gelatinized separately.

With Purdy's solution the reaction begins immediately. A few small grains are gelatinized
in 30 seconds and about two-thirds of the grains are completely gelatinized in 2 minutes. All of

the remaining one-third are gelatinized, except a small cap-like portion at the distal end of each

grain, which is much more resistant than other parts of the grain, and this disappears except
in rare resistant grains in 10 minutes. The reaction is usually complete in all of the grains in 15

minutes; rarely a resistant grain lasts for 30 minutes. At the hilum a bubble is usually formed
which enlarges, then collapses, followed by rapid gelatinization of the grain and distension of the

capsule at the proximal end. Gelatinization proceeds rapidly until all but a small, cap-like portion
is reached at the distal end which is generally much more resistant than the other part of the grain.

Rarely gelatinization starts at the distal end a little later than at the proximal end, and the two
areas of gelatinization advance towards the middle of the grain. The center of gelatinization at

the distal end may be in a secondary set of lamellae which sometimes appears to inclose the primary
set. The stages of the reaction are similar to those noted for pjTogallic acid.

GENUS HIPPEASTRUM.
This genus includes 40 to 50 species of bulbous plants, natives of tropical America. The genus

is closely allied to certain other members of Amaryllidaceas studied in this research (see page 625),
and most of them are cultivated under the name of Amaryllis. They are popularly known as the

knight's star lily, equestrian star, and as other forms of lilies. Starches from two species and one
horticultural variety were studied as types of the genus: H. vittatum Herb., the most common species
in cultivation in our gardens, is a native of Peru; H. equestre Herb., known as the Barbados lily,

is a native of Mexico, Chile, and Brazil; and H. aulicuin var. robuslum Hort., is from a parent species
that is a native of Brazil and known as the hly-of-the-palace.

STARCH OF HIPPEASTRUM VITTATUM. (Plate 52, figs. 307 and 308. Chart 208.)

Histological Characteristics. In form the grains are usually simple. Compound grains and

aggregates, each generally in the form of two components, are occasionally observed. Some of

the latter consist of a large grain with a small grain, which appears in the form of a large, nodular

projection. No pressure facets were seen on the isolated grains, and no clumps were noted. The
surface of the gi-ains is somewhat irregular owing to irregularities in development, chiefly in the

form of an addition at different periods of two or three or more discontinuous lamella;, to nipple-
like processes. The conspicuous forms are the spherical ovoid, ovoid with a pointed distal end,



628 STARCHES OF AMARYLLIDACE^.

Chart No. 208.
P IGV T P



GENUS HIPPEASTRUM. 629

starch forms a thick, coarsely striated, marginal ring consisting of alternate refractive and non-

refractive bands. In some grains there is not only a complete marginal ring, but one or two or

more concentric segments of rings at the distal end. The grains continue to swell until they are

very large, and the marginal ring becomes thin and transparent and is finally dissolved at some

point, usually near the proximal end. The inner, gelatinized starch flows out and is dissolved,

followed by solution of the rest of the marginal ring or capsule.

With pyrogaUic acid reaction begins in some grains in 30 seconds and in all in a minute. About

three-fourths of the grains are gelatinized in 7 minutes and almost all in 30 minutes. The hilum

begins to swell, and a bubble is formed there which increases, then decreases in size, and finally

disappears. The grain is marked by coarse strise, and the less resistant starch is converted slowly

into a gelatinous mass which occupies the cavity made at the hilum, which mass, by swelling, pushes
the more resistant starch to the margin, where a thick, coarsely striated ring is formed that shows

alternate refractive and non-refractive bands. This ring becomes somewhat thinner and transparent

as the grain swells. The swollen grains are large, distorted, wrinkled, and crumpled, and do not

retain the original form of the grain.

Reaction with ferric chloride begins in a few grains in a minute. It is over in half the grains

in 12 minutes, in nearly all in 25 minutes, and in all in 55 minutes. The reaction begins in the small

grains at the hilum, which swells, and the grain becomes covered by fine radial strise. The interior

of the grain is converted into a gelatinous mass, leaving a broad, dense, finely striated ring at the

periphery, which becomes thin and transparent. In the larger grains the reaction begins at the distal

end, which is first fissured and then becomes gelatinous, and this gelatinization proceeds upward
over the rest of the grain. The resulting gelatinized grains are large, wrinkled, and somewhat

distorted.

The reaction with Purdy's solution begins in some grains in a minute and in most grains in 2

minutes. About one-fifth are partially gelatinized in 10 minutes, a third are partially and a few

completely gelatinized in 40 minutes, and one-third are completely gelatinized in \]/2 hours. The

reaction is qualitatively the same as that with pyrogallic acid.

STARCH OF HIPPEASTRUM EQUESTRE. (Plate 52, figs. 309 and 310. Chart 209.)

Histological Characteristics. In form the grains are usually simple, compound grains are not

common, and there are a few small aggregates. No pressure facets are observed on the grains.

There were no clumps. The surface tends to be somewhat irregular, owing to the unequal develop-

ment, and but rarely to lamellated depositions at different periods of growth and nipple-like processes.

The conspicuous forms are the ovoid, which may be broad and almost spherical, or narrow and with a

pointed distal end; eUiptical with rounded ends of about equal size; triangular and quadrangular

grains wth rounded corners, reniform, spherical, lenticular, and pjTiform grains. The grains are

rarely flattened, and therefore nearly always as thick as they are broad. Some of the large grains

are about two-fifths to a half as thick as broad.

The hilum is a distinct, fairly large, round or lenticular spot, usually eccentric about one-third

to two-fifths of the longitudinal axis, and in or to one side of the median line. There may be 2 or

more hila in a single grain. The hilum is often fissured, and the fissure is usually single, short, and

narrow, but ragged and irregular. There may be two clear-cut fissures arranged as a cross.

The lamellcB are fairly distinct, rather coarse, irregular, continuous or discontinuous rings which

are usually coarser and more distinct near the margin than near the hilum. They vary very much
in distinctness in different grains. There is often one very distinct lamella separating the less coarse

lamellae about the hilum from the coarser ones beyond, and it may represent the outline of a primary

grain. There are 6 to 8 lamella? on the larger grains.

The grains vary in size from 4 to 35^. The common size is 20|i.

Polariscopic Properties. The figure is usually eccentric, distinct, sometimes not clear-cut,

and irregular. The lines are thick and thicker marginally, and often slightly bent and otherwise

distorted, and placed at varjing angles to one another.

The degree of polarization is fairly high. It varies in different grains, in different aspects of

the same grain, and in different parts of the same aspect of a given grain. It is not so high as that

of the grains of H. vittatum.

With selenite the quadrants are not, as a rule, sharply defined and are irregular in shape and

unequal in size. The colors are not so bright as in H. vittatum, and usually not quite pure.



630 STARCHES OF AMARYLLIDACE^.

P 1 GV T P



GENUS HIPPEASTRUM. 631

The lines are sometimes bent and other-
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Differentialion of Certain Starches of

Histological Characteristics. Continued.

LamcUfv General Characlcrislics and Numher.

H. vittalum: Distinct, fairly coarse, continuous or dis-

continuous, irregular. 10 to 12 on larger grains.

H. cqueslre: Fairly distinct, rather coarse, irregular, con-

tinuous or discontinuous. 6 to 8 on larger grams.

//. auUcum var. rohuslum: Very distinct, rather coarse,

irregular, continuous or discontinuous. 10 to 12

on larger grains.

Size.

H. riUalum: From 5 to 50m, commonly 24^.

H. eqiiestre: From 4 to 35m, commonly 20m.

H. aulicum var. rohuslum: From to 40m, commonly 22m.

PoLARiscopic Properties.

Figure.

H. vittalum: Usually eccentric, distinct, usually not clear-

cut, irregular.
H. equestre: Essentially the same as in H. vitlalum.

H. aulicum var robuslum: Essentially the same as in H.
viltatum.

Degree oj Polarization.

H. viltatum: High.
H. equestre: Fairly high.
//. aulicum: var. robustum: High, but not so high as in

H. vittalum.

Polarization with Selenile Quadrants and Colors.

H. vittalum: Quadrants usually not well-defined, ir-

regular in shape, unequal in size. Colors usually

pure.
H. equestre: Quadrants the same asmH. viltatum. Colors

not quite pure.
H. auUcum var. rohuslum: Quadrants the same as in H.

vittalum. Colors not quite pure.

Iodine Reactions.

Intensity and Color.

H. viltatum: Very deep; indigo.
H. equestre: Vcrj' deep, .slightly deeper than in H. vitlalum;

indigo.
//. aulicum var. rohuslum: Very deep, less than in H.

vittalum; indigo.

Staining Reactions.

With Gentian Violet.

H. vittalum: Fairly deep.
H. equestre: Fairly deep, less than in H. viltatum.

U. aulicum var. rohuslum: Fairly deep, more than in //.

vitlalum.

the Genus Hippeastrum. Continued.

Staining Reactions. Continued.

With Safranin.

H. viltatum: Fairly deep.
H. equestre: Fairly deep, less than in //. viltatum.

H. aulicum vai-. rohuslum: Fairly deep, deeper than in

H. I'iltalum.

Tempeb.\ture of Gel.\tinization.

H. viltatum: 71 to 73 C, mean 72.
H. equestre: 72 to 73 C, mean 72.5.
H. aulicum var. robustum: 71.5 to 72 C., mean 71.75.

Effects of Vauioos Reagents.

Reaction with Chloral Hydrate-Iodine.

H. vitlalum: Begins in all in IJ^ minutes; complete in

two-thirds in 15 minutes and in nearly all in 60
minutes.

H. equestre: Begins in most in a minute; complete in four-

fifths in 45 minutes, but incomplete in 60 minutes.

H. aulicum var. robustum: Begins in most in 1 2 minutes;

complete In almost aU in 50 minutes.

Reaction unth Chromic Acid.

H. tdtlatum: Begins in all in a minute; complete in 6
minutes.

//. equestre: Begins in all in 45 seconds; complete in 6
minutes.

H. atdicum var. robustum: Begins in all m 114, minutes;

complete in 5J^ minutes.

Reaction with Pyrogallic Acid.

H. vittalum: Begins in all in a minute; complete in almost
aU in 30 minutes.

H. equestre: Begins in all in 45 seconds; complete in all

in 33 minutes.

H. aulicum var. rohuslum: Begins in all in a minute;
complete in all in 17 minutes.

Reaction with Ferric Chloride.

II. vittnlum: Begins in a few in a minute; comijlete in all

in 55 minutes.

H. equestre: Begins in a few in a minute; complete in all

in 48 minutes.

H. aulicum var. robustum: Begins in a few in 1 1^2 minutes;

complete in all in 37 minutes.

Reaction with Purdy's Solution.

H. viltatum: Begins in most in 2 minutes; complete in

one-third in IJ^ hours.

H. equestre: Begins in most in 114 minutes; complete in

half in 1M hours.

H. aulicum var. robustum: Begins in most in 2 minutes;
complete in half in an hour.

NOTES ON THE STARCHES OF HIPPEASTRUM.

The three starches of Hippeastrum do not exhibit any marked gross histological characteristics

which might be useful in diagnosis excepting possibly in the rareness of secondary depositions and

in nipple-like processes in H. equestre. On the other hand, the reaction curves, while having striking

general resemblances, are far from being identical, and are in fact sufficiently different to permit of

the distinction of one starch from another. In all the reactions there are definite differences, but the

least marked are in the temperatures of gelatinization (there being less than 1 variation), and in

the reactions with chloral hydrate-iodine, ferric chloride, and Piu-dy's solution. On the whole, the

grains are moderately resistant to heat and chemical reagents. The high responsivity to iodine

and the fairly high reaction with the aniline dyes are particularly noticeable.
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GENUS VALLOTA.

This genus, like Amaryllis, has but a single species, Vallota purpurea Herb. It is the South

African representative of the American Hippeastrum, and is cultivated under the name of the Scar-

borough lily. It is closely related to Cyrtanthus, another South African genus, and it has been

suggested that Vallota be classified as a subgenus of Cyrtanthus.

STARCH OF VALLOTA PURPUREA. (Plate 51. figs. 305 and 306. Chart 211).

Histological Characteristics. In form the grains are usually simple. There are occasionally

compounds and aggregates consisting of two or three components. Rarely pressure facets are

seen on the isolated grains. There are no clumps. The surface of the grains is usually somewhat

irregular, owing chiefly to inequalities in the development of the various parts. There are sometimes

seen two or three grains of unequal size, generally arranged in linear fashion, which have been pressed

together and then later inclosed by several lamellae. The conspicuous forms are spherical ovoid

to spherical, spherical forms with very slight irregularities, ovoid, quadrilateral and triangular

with very much rounded angles. There are also eUiptical, elliptical with a broad, squared distal

end, dome-shaped, oval, round, and various irregular forms. The grains are not flattened and there-

fore are as thick as broad.

The hilum is a distinct, rather large, round or rarely elliptical spot, eccentric from two-fifths to

one-fourth, usually about one-third, of the longitudinal axis, and in or to one side of the median line.

There may be 2, 3, or 4 hila linearly arranged, usually parallel to the transverse axis of the grain.

The hilum may have a fissure, which is usually single, transverse or diagonal, straight or singly

curved, often bisected or ragged at the ends. There is also sometimes a stellate or irregular arrange-

ment of fissures at the hilum.

The laviellce are distinct, rather fine, often irregular circles or ellipses or arcs of circles which

may or may not be continuous. Those near the hilum do not always correspond in shape to the

outline of the margin. Those near the margin often appear to have been added at a different time

from those near the hilum, and their longitudinal axis often does not coincide with that of those

near the hilum. The former are not so fine as those near

the hilum, but are distinct and do not vary much in dis-

tinctness in different grains. There are 12 to 14 lamellse

on the larger grains.

The grains vary in size from 3 to 30^i. The common
size is ISju.

Polariscopic Properties. The figure is usuallj' mark-

edly eccentric, distinct, but not clear-cut. Its lines are

broad and tend to become broader and poorly defined as

they near the margin; they are sometimes somewhat bent

and otherwise distorted; and often they are placed at vary-

ing angles to one another, causing the figure to be irregular.

The degree of polarization is high. It varies some-

what in different grains, but not much in different aspects

of the same grain. It is sometimes lower near the margin
of the same aspect of a grain than near the hilum.

With selenite the quadrants are not well defined, are

irregular in shape, and unequal in size. The colors are

usually pure.
Iodine Reactions. With 0.25 per cent I^ugol's solu-

tion the grains color a fair blue-violet and the color deepens quite rapidly; with 0.12.5 per cent solu-

tion they color lightly, but the color deepens fairly rapidly. After heating in water until the grains

are completely gelatinized, the solution colors lightly and the grains very deeply on the addition of

iodine. After boiling for 2 minutes the solution colors deeply, but the grain-residues generally lightly

or not at all. With an excess of iodine the capsules color a red-violet and about half of them retain

more or less blue-reacting starch, especially at the proximal end.

Staining Reactions. With gentian violet the grains begin to stain in 2 minutes and in 30 minutes

are fairly stained, one as much as another.

p
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With safranin the grains begin to stain at once and in 30 minutes are fairly deeply stained,

one as much as another.

Temperature Reaction. The temperature of gelatinization is 73.5 to 75 C, mean 74.25.

Effects of Varwis Reagents. With chloral hydrate-iodine reaction begins in some grains in 30

seconds. About half are gelatinized in 15 minutes, four-fifths in 50 minutes, and almost all in 1}4

hours. The reaction begins at the distal end, which becomes dark. Usually this coloration then

extends around the entire margin, and over the whole surface of the grain, unaccompanied by

swelling; but sometimes it extends upward and inward from the distal end only, then the process

proceeds inward from all points on the surface until the whole grain is involved, and as it proceeds

inward there is slight swelling of the grain. The gelatinized grains are not very large, are of a uni-

form dark color, and retain much of the original form.

Reaction with chromic acid begins in most grains in 30 seconds, in all in a minute, and is over

in 4J^ minutes. It originates at the hilum, which begins to swell, and a small bubble forms which

slightly increases in size, then decreases, and then disappears. The hilum and the rest of the grain

swell, and fine strijE appear radiating in all directions from the hilum. The less resistant central

starch is gelatinized and the more resistant outer starch collects at the margin in the form of a

thick, finely striated ring, which becomes progressively thinner and transparent. Finally, the

proximal end of the ring or capsule, which is thinner than the rest, is dissolved, and the gelat-

inized starch flows out and into solution, followed by solution of the remainder of the marginal

ring or capsule.

Reaction with pyrogallic add begins in most grains in a minute. In 5 minutes all are partially

and some are completely gelatinized, and all are completely gelatinized in 25 minutes. The reac-

tion begins as a swelling of the hilum and by the appearance of very fine striae which radiate in all

directions from the hilum. As the hilum and other parts continue to swell the less resistant central

starch is transformed to a gelatinous mass, and the more resistant outer starch is gathered at the

margin in the form of a thick, homogeneous-looking, smooth ring or capsule. The ring becomes
thinner and transparent as swelling continues and for some time after the swelling has ceased. The

gelatinized grains are large, folded, and wrinkled, and do not retain much of the original shape.
The reaction with ferric chloride begins in a few grains in 1^ minutes. About two-thirds are

gelatinized in 15 minutes, nearly all in 37 minutes, and all in 55 minutes. The reaction begins at

the hilum, where a small bubble forms. The hilum swells and the bubble increases in size up to a

certain point, then decreases, and finally disappears; but the hilum continues to swell and so does

the grain, as a whole. The iimer part of the grain now appears to pass into a gelatinous mass, and
the marginal portion is formed into a thick, homogeneous ring which rapidly becomes thinner and

transparent and capsular, and invaginates in two or three places as swelling continues. The gelat-

inized grains are large and smooth, but do not retain much of the original shape.
With P^irdy's solution there is a slight reaction in some grains in 13^ minutes. About half of

the grains are partially gelatinized in 15 minutes and two-thirds in 25 minutes. The reaction is

the same qualitatively as that of the grains with pyrogallic acid.

GENUS CRINUM.

The genus Crinum includes about 60 species of bulbous tropical and subtropical plants which
have a wide geographical distribution. The Asiatic poison bulb, which is used by natives of the

East as an emetic in cases of poisoning, is from C. asiaticum. Fully half of the species are in culti-

vation and a number of hybrids have been recorded. The close relationship of Crinum to Amaryllis
has been noted under the latter. The starches of two species were examined, including C.fimbriatulum
Baker and C. americanum Linn., the Florida swamp lily.

STARCH OF CRINUM FIMBRIATULUM. (Plate 53, figs. 313 and 314. Chart 212.)

Histological Characteristics. In form the grains are almost wholly simple, and are isolated, with

the exception of a few in small aggregates, which frequently consist of one large component with one
or two rather small ones at the distal end or rarely at the side near the distal end. Pressure facets

are occasionally found on the isolated grains. A few compound grains are present. The grains are

often irregular, owing chiefly to the following causes: to a sHght shifting of the longitudinal axis

of the lamellse during their deposition, rarely causing those of later formation to be placed at right

angles to the primary set; the presence of one or more small, rounded protuberances; to slight
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inequalities of the surface; and to a slightly concave depression sometimes found at the distal

end. The conspicuous forms are elongated ovoid, often with a squared, a concave, or a diag-
onal distal end; ovoid, pyriform, ellipsoidal, and nearly round; also triangular with curved base
and rounded angles, mussel-shell-shaped, finger-shaped, quadrangular with rounded angles, and irreg-
ular diamond-shaped with proximal end more rounded than the distal end. The grains are usually
not flattened.

The hilum may be a clear round or lenticular spot, eccentric about one-third to one-sixth

of the longitudinal axis. It is usually fissured; the fissures are frequently in the form of a crescent-

shaped transverse cleft, but sometimes intersect to form a cross or a dragon-fly figure.

The lamellcB are not usually demonstrable near the hilum, but if apparent they form either

fine circular or oval rings at the hilum or mostly follow the outline of the grain when located distally.
There is often one more coarse and refractive lamella forming a boundary between the primary
and secondary sets of lamellse, and sometimes the more regular grains show two or three such lamellae

at varying distances from the hilum. The lamellse are

generally more distinct in the distal end over about one-

third of the grain, but occasionally may be observed as

fine lines over most of the grain. In such grains 24 to

26 are often counted, rarely 33 to 42.

The grains vary in size; the smaller are 3 by 2/^; the

larger are 58 by 38fj. in length and breadth. The common
size is about 44 by 28|U in length and breadth.

Polariscopic Properties. The figure is eccentric and
distinct. The lines are rather thin and intersect obliquely.

They may be straight, but are often bent and sometimes
bisected. Double figures indicating the presence of com-

pound grains and aggregates are observed.

The degree of polarization is high to very high, with

variation in the same aspect of a given grain.

With selenite the quadrants are distinct and fairly

clear-cut, but are unequal in size and generally irregular
in shape. The colors usually are not pure, having a

greenish tint.

Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains color a deep blue-violet which deepens rapidly; with 0.125 per cent solution the grains

color a light blue-violet, some lighter than others, which deepens gradually. After heating in water

until the grains are gelatinized and then adding iodine the solution colors a deep indigo-blue and
the grains a fairly deep bright blue. If the grains are boiled for 2 minutes and then treated with

iodine, the grain-residues become a light to fairly deep blue and the solution a very deep blue. With
an excess of iodine the grain-residues become a light blue, some with reddish tint, and the capsules

a red-violet to heliotrope.

Staining Reactions. With gentian violet the grains begin to color immediately and in 30 minutes

are lightly stained.

With safranin the grains begin to color immediately and in 30 minutes are fairly stained.

Temperature Reaction. The temperature of gelatinization is 75 to 77 C, mean 76.

Effects of Various Reagents. ^With chloral hydrate-iodine reaction begins immediately. Some
small grains are gelatinized in a minute. A small number, including large and small grains, are

gelatinized in 5 minutes, about six-sevenths in 10 minutes, nine-tenths in 15 minutes, and all

but rare resistant grains (one in many hundred) in 30 minutes. No further change occurred in

an hour. The grains immediately color an old-rose, which quickly deepens to a wine-red color.

The hilum or the clefts become very distinct and much swollen, and a bubble appears. Gelatiniza-

tion accompanied by a dark-bluish color starts at the distal end or at the corners of this margin
when the grains are of a broadened form at the distal end, spreads around the margin, and then

gradually over the entire grain, accompanied by uniform swelling. When the clefts at the hilum

are much swollen, they appear to exert a repellent force upon the advance of gelatinization, which

process, after reaching a point near this structure, remains stationary for many minutes. The
bubble finally collapses as a whole or disappears in a series of small bubbles, and the region at this
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point becomes gelatinized. Tlie gelatinized grain is swollen and deeply colored, but retains the shape

of the untreated grain.

Reaction with chromic acid begins in a few grains in 45 seconds. A small number are dissolved

in 5 minutes, more than half in 8 minutes, nearly all in 10 minutes, and practically all in 14 minutes.

The lamellte and hilum or clefts become more clearly defined, and a bubble appears which enlarges

greatly. From the region of the hilum usually one large jilume-like fissure (two in the broadened

forms) extends toward the distal end. During gelatinization many refractive granules appear

which remain for several minutes embedded in the more soluble starch. The grain continues to

swell, and the capsule is ruptured either at the distal end or at the corners limiting this margin.

The gelatinized starch with any resistant granules flows out slowly, the sides and proximal end

of the capsule gradually dissolving, followed by the solution of the remaining part of the grain.

The reaction with pyrogallic acid begins in a few grains in 30 seconds. A small number are

gelatinized in a minute, more than half in 23^ minutes, nearly all in 33^ minutes, and practically all

in 5 minutes. Rare resistant grains are seen, in which the reaction is complete, with the very rare

exception of the lamellse at the proximal end, when there is a very large, persistent bubble at the

hiliun in 6 minutes. The lamellae become more sharply defined and striated, while the hilum or

the clefts swell and a bubble appears, which after increasing much in size, may collapse suddenly

or disappear through the gradual expulsion of small bubbles. From the region of the hilum one

large, plume-like fissiu-e (or two in the grains with broadened distal end) proceeds towards the

distal end, which is gelatinized much sooner than the proximal end and the sides nearby. During

gelatinization a number of refractive granules appear which usually become gelatinized. In the

most resistant grains the bubble at the region of the hilum increases greatly in size and is very

persistent, remaining several minutes after gelatinization of the distal end. The collapse of this

bubble is generally accompanied by temporary invagination of the capsule at the distal end and by
the lamellae at the proximal end and sides nearby being cut down into a serrated lining with refrac-

tive edges. These most resistant lamellae are gradually gelatinized. The gelatinized grain is swollen

and much distorted at the distal end, but is usually regular in outline at the proximal end.

With ferric chloride a few grains begin to swell in 2 minutes, a small number are gelatinized

in 5 minutes, about one-fifth in 15 minutes, about two-thirds in 30 minutes, and about nine-tenths

in 60 minutes. The hilum or clefts swell and become lustrous, owing to the presence of a large

bubble. A border, in which the lamellae are at first more distinct and later become quite lustrous,

is formed around the grain. Internal fissures appear in this border, either at the distal end or the

corner limiting this margin, and gelatinization begins, accompanied by a distension of the capsule

at one or more points at the distal end. The reaction now proceeds gradually towards the proximal

end until it reaches the clefts; the bubble or bubbles are then expelled and the starch breaks into

refractive granules which are finally gelatinized. In grains with a regular border and very small,

circular cavity at the hilum the lustrous border gradually increases in width, more rapidly at the

distal margin than at the proximal end and sides nearby; it advances over the grain until the hilum

is reached; the small bubble then swells and suddenly collapses, followed by rapid gelatinization

of the grain, the starch at the proximal end proving the most resistant. The gelatinized grains are

much swollen and somewhat distorted, but retain the general shape of the untreated grain.

The reaction with Purdy's solution begins in a few grains in a minute. A few are gelatinized

in 5 minutes, but there appears to be little if any further progress in an hour. The hilum, clefts,

and lamellae become very distinct, and a single plume-like fissure passes from the hilum to the distal

end, where gelatinization is more rapid than at the proximal end. During gelatinization a number

of small refractive granules appear along the course of the plume-like fissiue or channel, the outer

lamellae of the proximal end remaining unaffected or finally breaking into two or more large frag-

ments, which may gradually become gelatinized.

STARCH OF CRINUM AMERICANUM. (Plate 53, figs. 315 and 316. Chart 213.)

Histological Characteristics. In form the grains are usually simple and are isolated, except a

few which occur in small aggregates. Pressure facets are occasionally found on the isolated grains;

compound grains are rare. The grains are usually regular. The conspicuous forms are ovoitl,

pyriform, ellipsoidal, elongated ovoid with squared or concave tlistal entl, and nearly round. There

are also a few triangular grains with curved base and rounded angles, some of which approach the

mussel-shell-shaped grains. The grains are much more regular than those of C. jimhrialulum, and
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a smaller number of both compound grains and aggregates are observed; when the latter are present

they are of the same character as those of C. funbrialulum.

The hiliim is a round or lenticular clear spot, eccentric about one-third to one-fourth of the

longitudinal axis. It is nut usually fissured, but sometimes one short 6ssure passes from each side

of the hilum, or there may be a short, transverse, crescentic fissure.

The lamellce are frequently not demonstrable near the hilum, but when observed they form

fine circular or oval rings; toward the distal end they follow the outline of the grain. There is

often one, sometimes three, refractive and coarser lamellae placed at varying distances from the

hilum. On the large grains frequently 24 to 2G lamellai, rarely 42, may be counted. The laraellae

are of the same character and arrangement as those in C. fimbrialulum, but can be determined over

a greater pai-t of many more grains than in that species.

The grains vary in size; the smaller are 3 by 2/u; the larger are 44 by 30yu in length and breadth.

The common size is 24 by li/j. in length and breadth.

Polariscopic Properties. The figure is eccentric. Its lines intersect obliquely and are fine and

usually straight, with slight broadening at the margin; occasionally bent and rarely bisected. Double

figures are rare. The figure is much more regular than

in C. fimhrialulum.
The degree of polarization is high to very high. The

proportion of grains in which the polarization is very high
is less than in C.fimbriatulum, so that the degree of polar-

ization is somewhat lower.

With selenite the quadrants are distinct, clean-cut,

and unequal in size, but usually regular in shape. The
colors are generally pure.

Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains color a deep blue-violet, some deeper than

others, the color deepening rapidly. The tint is at first

slightly lighter than in C. fimbriatulum, but it deepens
more rapidly. With 0.125 per cent solution the grains

color a very light blue-violet, some deeper than others,

but slightlj' lighter than in C. fimbriatulum, yet deepen-

ing rather more quickly than in C. fiinbriatulum. After

heating in water until all the grains are gelatinized and

then adding iodine, the solution colors a deep indigo-blue

and the grains a fairly deep bright-blue, both about the

same as in C fimbriatulum. If the grains are boiled for 2 minutes and then treated with iodine,

the grain-residues do not color or become a very light to a fairly deep blue and the solution a very

deep blue. The grain-residues are slightly lighter in color than in C. fimbriatulum. With an

excess of iodine the grain-residues color a deep dull-blue, some with reddish tint, and the capsules

a deep old-rose to wine-red. The grain-residues and capsules are deeper in tint and the capsules

are redder than in C. fimbriatulum.

Staining Reactions. With gentian violet the grains begin to color slightly at once and in 30

minutes are lightly stained. The color is slightly deeper than in C. fimbriatulum.

With safranin the grains begin to color slightly at once and in 30 minutes are fairly stained.

The tint is slightly deeper than in C. fimbriatulum.

Temperature Reaction. The temperature of gelatinization is 76 to 78 C, mean 77.

Effects of Various Reagents. With chloral hydrate-iodine the reaction begins immediately.

Many small grains and a few of the larger are gelatinized in 30 seconds, about half in 5 minutes,

about nine-tenths in 10 minutes, all but rare resistant grains in 12 minutes, in which the reaction

is usually complete in 20 minutes, rarely 30 minutes. The gelatinized grains are uniformly swollen

and resemble the shape of the untreated grain. The reaction is qualitatively the same as in C.

fimbriatuhim, except that a small dark area is generally found at the hilum instead of the large,

swollen structures containing bubbles present in that species.

Reaction with chromic acid begins in a few grains in 45 seconds. A small number are dissolved

in 5 minutes, nearly all in S minutes, and all in 10 minutes. The reaction is qualitatively the same

as in C fimbriatulum, except that usually a small bubble or none is formed at the hilum.

Curve of Reaction-Intensities of Starch of Crinum
americanum.
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Reaction with pyrogallic acid begins immediately. A few grains are gelatinized in 30 seconds,
more than half in 13^ minutes, nearly all in 2}/^ minutes, all but rare resistant grains in 3 minutes,
and all in 4 minutes. The reaction is qualitatively the same as in C. fimbriatulum, except that the

bubble at the hilum is rarely so large or so persistent as in that species.

With ferric chloride the grains begin to swell in a minute. About half are gelatinized in 5 min-

utes, about five-eighths in 15 minutes, and all but rare resistant grains in 30 minutes, in which the

reaction is complete in 60 minutes. The reaction is quahtatively the same as the second method
noted for C. fimbriatulum.

Reaction with Purdy's solution begins in a minute. A few grains are gelatinized in 5 minutes,

very sUght progress is noted at 30 minutes, and about one-tenth are gelatinized in 60 minutes.

The reaction is qualitatively the same as in C. fimbriatulum.

Differentiation of Certain Starches of the Genus Crinum.

Histological Characteristics.

Conspicuous Forms.

C. fimhrialulum: Usually simple, few aggregates and com-
pounds, occasional pressure facets, often irregular.

Elongated ovoid, often with squared, concave, or

diagonal distal end; ovoid, pyriform, ellipsoidal and
nearly round.

C. americanum: Essentially the same as in C. fimhriaiu-
lum, but a smaller number of compounds and aggre-
gates.

Hilum Form, Number, and Position.

C . fimbriatulum: Form clear, round or lenticular spot;
usually fissm-ed, fissuration crescentic, a cross, or

dragon-fly shape. Position eccentric about 0.33 to
0.16 of longitudinal axis.

C. americanum: Form the same as in C. fimbriatulum, but
not usually fissured. Position eccentric about 0.33
to 0.25 of longitudinal axis.

Lamella General Characteristics and Number.

C. fimbriatulum: Fine circular or oval rings about hilum,
but follow outline of grain when distal; usually not
demonstrable near hilum. Often one or more coarse
refractive lamella. 24 to 26.

C. americantim: Essentially the same as in C. fimbriatu-
lum, but can be seen over a larger part of a larger
number of grains. 24 to 26.

Size.

C. fimbriatulum: From 3 to 58;^, commonly 44 by 28^.
C. americanum: From 3 to 44/i, commonly 24 by 14^.

POLABISCOPIC PrOPEBTIES.

Figure.

C. fimbriatulum: Eccentric, distinct; Unes rather thin, usu-
ally straight, intersect obliquely, often bent, and
sometimes bisected.

C. americanum: The same as in C. fimbriatulum, but the
figure is less irregular.

Degree of Polarization.

C. fimbriatulum: High to very high.
C. americanum: High to very high, but somewhat lower,

on the whole, than in C. fimbriatulum.

Polarization with Selenite Quadrants and Colors.

C. fimbriatuhim: QuadrsintB distinct, fairly clear-cut, un-
equal in size, generally irregular in shape. Colors
usually not pure.

C. americanum: Quadrants the same as in C.fimbriatulum,
but regular m shape. Colors generally pure.

Iodine Reactions.

Intensity and Color.

C. fimbriatulum: Deep; blue-violet.
C. americanum: Deep, deeper than in C. fimbriatulum;

blue-violet.

Staining Reactions.

With Gentian Violet.

C . fimbriatulum: Light.
C. americanum: Light, deeper than in C. fimbriatulum.

With Safranin.

C. fimbriatulum: Fair.
C. americanum: Fair, slightly deeper than in C. fimbria-

tulum.

Temperature op Gelatinization.

C. fimbriatulum: 75 to 77 C, mean 76.
C. americanum: 76 to 78 C, mean 77.

Effects op Various Reagents.

Reaction with Chloral Hydrate-Iodine.

C . fimbriatulum: Begins immediately; complete in prac-
tically all in 30 minutes.

C. americanum: Begins immediately; complete in prac-
tically all in 12 minutes.

Reaction with Chromic Add.

C. fimbriatulum: Begins in a few in 45 seconds; complete
in practically all in 14 minutes.

C. americanum: Begins in a few in 45 seconds; complete
in all in 10 minutes.

Reaction with Pyrogallic Acid.

C. fimbriatulum: Begins in a few in 30 seconds; complete
in practically all in 5 minutes.

C. americanum: Begins in a few immediately; complete
in practically all in 3 minutes.

Reaction with Ferric Chloride.

C. fimbriatulum: Begins in a few in 2 minutes; complete
in nine-tenths in 60 minutes.

C. americanum: Begins in a minute; complete in practi-

cally all in 30 minutes.

Reaction with Purdy's Solution.

C. fimbriatulum: Begins in a few in a minute; a few are

gelatinized in 5 minutes; very httle progress in an
hour.

C. americanum: Begins in a minute; a few are gelatinized
in 5 minutes, and about one-tenth in an hour.
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NOTES ON THE STARCHES OF CRINUM.

These starches exhibit some miuor gross histological differences, such, for instance, as in C.

americanum the less number of compound grains and aggregates, the less fissuration of the hilura,
the more visible lamellse, and the smaller grains. The two starches differ in every one of the reac-

tions, although to a negligible degree with Purdy's solution. Excepting the polarization and tem-

perature reactions, C. americanum is the more responsive with every reagent.

GENUS ZEPHYRANTHES.

Zephyranihes, the small amaryllis, zephyr lily, fairy lily, or swamp lily, according to Baker
includes 34 species, which may be grouped into 3 subgenera. They are natives of the warmer parts
of America, especially from Texas south. The starches from two species were studied; Z. Candida
Herb, and Z. rosea Lindl.

STARCH OF ZEPHYRANTHES CANDIDA. (Plate 54, figs. 319 and 320. Chart 214.)

Histological Characteristics. In form the grains are simple and isolated, with the exception of

a few small aggregates. Pressure facets were seen on some of the isolated grains. There are no

clumps. The surface is rather irregular, owing to the unequal development of the surface, chiefly
in the form of nipple-like processes and round protuberances and depressions of varying size. The
conspicuous forms are the ovoid to spherical and oval to elliptical. There are also triangular,

hemispherical, reniform, pyriform, and various irregular forms. The grains are, as a rule, about
one-half to two-thirds as thick as they are broad. They vary in shape in different aspects, according
to the size and position of the projections and depressions of their surfaces.

The hilu7n is a fairly distinct, small, round, or rather large lenticular spot, usually eccentric

about one-third of the longitudinal axis; centric in some grains \vith the lenticular hila. There
are often double and sometimes multiple hila. The hilum

is frequently fissured, and there may be one fissure, small

or large, rather ragged and irregular and running trans-

versely; or two irregular large fissures forming a cross;

or a number of ragged fissures arranged in an irregularly
stellate fashion. In the case of multiple hila there is

usually a row of such irregularly stellate fissures, one set

marking each hilum.

The lamellce are fairly distinct, rather coarse, contin-

uous rings; fairly regular in form near the hilum, but

very irregular near the margin, and sometimes discontinu-

ous as they follow the marginal outline. They are much
coarser and more distinct near the hilum than near the

margin and vary in distinctness in different grains. There
are about 8 to 10 lamellae on the larger grains.

The grains vary in size from 4 to 38^. The common
size is 24ii.

Polariscopic Properties. The figure is usually eccen-

tric, distinct, irregular, and rarely clear-cut. Its lines

are often blurred, bent, and otherwise distorted, and are

placed at varying angles with one another. It usually consists of four converging lines forming
an X-shaped figure.

The degree of polarization is high. It varies somewhat in different grains and in different

aspects of the same grain (being higher when the grain is viewed on end or edge) ;
also in different

parts of the same aspect of a given grain. An area centrally located, sometimes quite large, is iso-

tropic, so that in some instances only marginal parts of the grain are illuminated.

With selenite the quadrants are not well defined, are irregular in form, and unequal in size.

The colors are usually quite pure.
Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a deep blue-violet;

with 0.125 per cent solution they color fairly and the color deepens rather rapidly. After heating
in water until the grains are completely gelatinized, the solution colors fairly and most of the grains

deeply or lightly on the addition of iodine. The capsules of the grains that color lightly become
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a red-violet color when a slight excess of iodine is present. After boiling for 2 minutes the solution

colors deeply and most of the grain-residues not at all or lightly. With au excess of iodine the

capsules color a red-violet and a few of them contain blue-reacting starch at the proximal end.

StaiJiiiKj Reactions. With gentian violet the grains begin to stain lightly at once and in 30 min-

utes are lightly stained, one as much as another.

With safranin the grains begin to stain at once and in 30 minutes are rather lightly colored,

one as much as another.

Tempef)-atxire Reaction. The temperature of gelatinization is 72 to 74 C, mean 73.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in most grains in 2

minutes. It is complete in one-third in 25 minutes and in three-fourths in 50 minutes. The reaction

begins usually at the distal end; or if the grain has a longer transverse than longitudinal diameter,

it starts at the extremities of the transverse diameter, from which it usually proceeds all along the

margin, which becomes dark but does not swell, and then inward over the entire grain, the whole

grain swelling slightly. Occasionally the reaction originates at the extremities of the transverse

diameter, and then extends inward from both sides until the whole grain is involved without first

affecting the margin as a whole. The gelatinized grains are not very large, are of a uniform dark

color, and retain much of the original form.

Reaction with chroviic acid begins in most grains in 30 seconds and in all in a minute, and is

over in 5J^ minutes. The reaction begins at the hilum, which swells slightly. Fine strite appear

throughout the grain, at fii-st distinguishable at the margin and later in the space about the swollen

hilum. The iimer portion of the grain is converted into a gelatinous mass, and the marginal part
forms a thick ring which is distinctly striated and sometimes shows alternate refractive and unre-

fractive rings of a lamellar arrangement. The grain increases in size in all directions, and the

marginal ring becomes very thin and transparent, and finally one point is dissolved, the inclosed

semifluid mass flows out and is dissolved, and the remaining part of the marginal ring dissolves

very soon afterward.

The reaction with pyrogalUc acid begins in most grains in a minute and in all in IJ^ minutes.

About three-fourths are partially and one-fourth completely gelatinized in 4 minutes, and all are com-

pletely gelatinized in 35 minutes. The reaction begins at the hilum, which swells slightly, and fine

striae appear radiating throughout the grain. The inner part of the grain immediately surrounding the

hilum is transformed into a gelatinous mass and the remaining portion forms a very thick, striated,

marginal ring, which slowly becomes thinner and transparent as the grain swells slowly. The gelatin-

ized grains are large, somewhat wrinkled and sacculated, and do not retain the original form.

Reaction with ferric chloride begins in a few grains in a minute. About three-fourths are com-

pletely gelatinized in 15 minutes, almost all in 30 minutes, and all in 40 minutes. The reaction

begins at the hilum in the small grains, but at the distal end in the larger grains. In the small

grains the hilum swells somewhat, fine strise appear throughout the grain, the more resistant starch

forms a tliick marginal ring, which is distinctly striated, and this ring becomes thin and trans-

parent as the grain swells and incloses a mass of gelatinized starch. The gelatinized grains so

formed are large and comparatively smooth and free from distortions. In the large grains the

distal end becomes fissured within the capsules in two or three places, and from these fissures the

gelatinized starch exudes, forcing out the capsule. This process of gelatinization involves the

entire mass at the distal end, and then moves proximally. In the meantime the same process
often starts at the jiroximal end, and from these two points the reaction proceeds over the whole

grain. When the reaction reaches a more resistant portion about the hilum this part becomes
divided by a fissure, and these two in turn into two, the foin- pieces gelatinizing independently
of one another. The gelatinized grains so formed are large;, wrinkled, and distorted.

With Purdy's solution the reaction begins in many grains in a minute and a few are partially

gelatinized in 5 minutes. About half are partially and a few are completely gelatinized in 15 min-

utes and one-fourth are completely gelatinized in 30 minutes. The reaction is qualitatively the

same as that with pyrogallic acid.

STARCH OF ZEPHYRANTHES ROSEA. (Plate 54, figs. 321 and 322. Chart 21.').)

Histological Characteristics. In fortn the grains are simple and are isolated, except a few aggre-

gates in the form of tloublets. Pressure facets are rarely seen. There are no clumps. The surface

is smooth but somewhat irregular, owing to the unequal development resulting in small rounded
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or angular projections and slight depressions. The conspicuous forms are the ovoid to spherical and
oval to elliptical. There are also quailrangiilar with rounded angles, lenticular, triangular, and

pyriform. The grains are about one-half to two-thirds as thick as they are broad.

The hilum is not distinct. It is a small, round or rarely lenticular spot, usually eccentric

one-third to two-fifths of the longitudinal axis. There are rarely double hila. The hilum is

seldom fissured, and the fissure is usually single, narrow, shallow, anil short, and may be clean-cut
or ragged.

The lamellce are generally very indistinct. In the few grains in which they could be detected

they were seen only near the hilum. They appeared as fairly coarse, regular, continuous rings,
circular to eUiptical. Their number could not be determined satisfactorily.

The grains vary in s-ize from 4 to 40/:. The common size is 26^.

Polariscopic Properties. The figure is eccentric, distinct, irregular, and not clear-cut. Its

lines are usually blurred, often somewhat bent or otherwise distorted, and placed at varying angles
to one another. Large areas, especially centrally, may
be dark.

The degree of polarization is fairly high. It varies

much in different grains (being low in some grains and

high in others), also in different aspects of the same grain
and in different parts of the same aspect of a grain. It

is not so high as that of the grains of Z. Candida.

With selenite the quadrants are not well defined, are

irregular in shape, and unequal in size. The colors are,
on the whole, fairly pure.

Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains color a deep blue-violet; with 0.125 per
cent solution they color fairly and the color deepens
rather rapidly. The color is not so deep as that of the

grains of Z. Candida. After heating in water until the

grains are completely gelatinized, both the solution and
the grains color fairly deeply on the addition of iodine.

With a slight excess of iodine the capsules color a red-

violet. After boiling for 2 minutes the solution colors

deeply and the grain-residues lightly or not at all. The
capsules color a red-violet with a slight excess of iodine. Some of the capsules retain blue-reacting
starch at the proximal end.

Staining Reactions. With gentian violet and with safranin the grains begin to stain lightl}^ at

once and in 30 minutes are lightly stained. The color is a little deeper than that of the grains of

Z. Candida.

Temperature Reaction. The temperature of gelatinization is 75 to 77 C, mean 76.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in most grains in 2^^
minutes. About one-third are gelatinized in 20 minutes, two-thirds in 2i) minutes, and four-fifths

in 1J4 hours. The reaction is the same qualitatively as that of the grains of Z. Candida.

Reaction with chromic acid begins in all the grains in IJ^ minutes and is over in 6 minutes.
It is qualitatively the same as that of the grains of Z. Candida.

The reaction with pyrogallic add begins in all the grains in 13^ minutes, and two-tliirds are

partially and one-third completely gelatinized in 7 minutes. About two-thirds are completely
gelatinized in 12 minutes, four-fifths in 25 minutes, and nearly all in 30 minutes. The reaction is

qualitatively the same as that of the grains of Z. Candida.

The reaction with ferric chloride begins in a few grains in a minute. About two-thirds are

gelatinized in 18 minutes and all in 50 minutes. The reaction is the same qualitatively as that

of the grains of Z. Candida.

With Purdy's solution the reaction begins in most grains in IJ^ minutes, yet very few are even

partially gelatinized at the end of 30 minutes. The reaction is the same qualitatively as that of the

grains of Z. Candida.

p 1 Gv r
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Differentiation of Certain Starches of the Genus Zephyranthes.

Iodine Reactions.

Intensity and Color.

Z. Candida: Deep; blue-violet.

Z. rosea: Deep, not so deep as in Z. Candida; blue-violet.

Staining Reactions.

With Gentian Violet.

Z. Candida: Light.
Z. rosea: Light, a little deeper than in Z. Candida.

With Safranin.
Z. Candida: Light.
Z. rosea: Light, a little deeper than in Z. Candida.

Temperature op Gelatinization.

Z. Candida: 72 to 74 C, mean 73.
Z. rosea: 75 to 77 C, mean 76.

Effects op Various Reaoents.

Reaction with Chloral Hydrate-Iodine.

Z. Candida: Begins in most in 2 minutes; complete in

three-fourths in 50 minutes.
Z. rosea: Begins in most in 2}^ minutes; complete in

four-fifths in 75 minutes.

Reaction with Chromic Acid.

Z. Candida: Begins in all in a minute; complete in 5}-^

minutes.
Z. rosea: Begins in all in 1 J^ minutes; complete in 6 min-

utes.

Reaction with Pyrogallic Add.
Z. Candida: Begins in all in IJ^ minutes; complete in 35

minutes.
Z. rosea: Begins in all in IJ^ minutes; complete in almost

all in 30 minutes.

Reaction with Ferric Chloride.

Z. Candida: Begins in a few in a minute; complete in 40
minutes.

Z. rosea: Begins in a few in a minute; complete in 50
minutes.

Reaction with Purdy's Solution.

Z. Candida: Begins in many in a minute; many partially
and one-fourth completely gelatinized in 30 minutes.

Z. rosea: Begins in most in 1}4 minutes; a very few are

partially gelatinized in 30 minutes.

NOTES ON THE STARCHES OF ZEPHYRANTHES.

In histological characteristics the main difference between the two starches is in the degree of

distinctness of the hilum and lamellae. Their reaction intensities differ in every case. The reaction

of Z. Candida is greater in polarization and with heat, iodine, chloral hydrate-iodine, chromic acid,

ferric chloride, and Purdy's solution; and less with the anilines and pyrogallic acid. The difference

in the temperature of gelatinization is 3. On the whole, the grains are quite resistant to the

various reagents except iodine.

GENUS SPREKELIA.

The genus Sprekelia, like Amaryllis and Vallota, includes but a single species, S.formosissima Herb.

{Amaryllis forrnosissima Linn). It is a native of Mexico and is commonly known as the Jacobaea lily.

STARCH OF SPREKELLV FORMOSISSIMA. (Plate 53, figs. 317 and 318. Chart 216.)

Histological Characteristics. In form the grains are usually simple and isolated. Compound
grains and aggregates, consisting of generally two components, and clumps are occasionally observed.

Some isolated grains have pressure facets. The surface is quite smooth but often irregular, due

chiefly to the following causes: a slightly undulating outline; a protuberance at either side of the

hilum; either a finger- or a nipple-shaped projection at the proximal end; additional sets of lamellse

placed at varying angles to the primary set or inclosing the primary set. The conspicuous forms

are elongated ovoid to nearly round, and oval to ellipsoidal, which are sometimes slightly flat-

Histolooical Characteristics.

Conspicuous Forms.

Z. Candida: Simple, few aggregates; surface irreg;ular,
due

to unequal development. Ovoid to spherical, oval

to elliptical.

Z. rosea: Essentially the same as in Z. Candida.

Hilum Form, Number, arid Position.

Z. Candida: Form fairly distinct, small, round or rather

lenticular spot; usually single, but often double,

rarely multiple; often fissured, fissures small or

large, ragged, single or multiple. Position usually

eccentric about 0.33 to 0.40 of longitudinal axis.

Z. rosea: Form not distinct; small, round, rarely lentic-

ular spot; rarely double; seldom fissured, fissures

single, narrow and short, clean-cut or ragged.
Position usually eccentric 0.33 to 0.40 of longi-

tudinal axis.

Lamellce General Characteristics and Number.

Z. Candida: Fairly distinct, rather coarse, continuous,

fairly regular near hilum, irregular near the margin.
8 to 10 on larger grains.

Z. rosea: Very indistinct, fairly coarse, regular, continu-

ous. Number not determined.

Size.

Z. Candida: From 4 to 38^, commonly 24;i.

Z. rosea: From 4 to 40/j, commonly 26/i.

PoLABiecopic Properties.

Figure.

Z. Candida: Usually eccentric, distinct, not clear-cut, ir-

regular.
Z. rosea: Same as in Z. Candida.

Degree of Polarization.

Z. Candida: High, varies somewhat.
Z. rosea: Fairly high, less than in Z. Candida.

Polarization with Selenite Quadrants and Colors.

Z. Candida: Quadrants not well defined, irregular in form,

unequal in size. Colors usually quite pure.
Z. rosea: Quadrants the same as in Z. Candida. Colors

fairly pure.
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branches extends from the hilum towards the distal end. As the lamellae are gelatinized great
masses of refractive granules remain embedded for some time in the gelatinized starch. Finally,
the capsule breaks at one or more points, and the semigclatinized starch pours out and becomes

completely dissolved. At the hilum a bubble is often formed which enlarges and then collapses,

followed frequently by the gelatinization of the lamelliP and the appearance of many refractive gran-
ules without the formation of the longitudinal, branched fissure. In some of the grains a border forms

which gradually clears and becomes ruptured, separating from the main body of the grain, and
dissolves. The main body of the grain passes into solution as above described much more slowly
than the border. This border is probably constituted of a secondary set of lamellse which incloses

the primary set.

With pyrogallic acid reaction begins immediately. A few are gelatinized in a minute, nearly
all in 2 minutes, and all but a few resistant grains in 3 minutes. The reaction is complete in the

latter in 4 minutes. At the hilum a bubble often forms, which enlarges and then collapses, followed

by rapid gelatinization of the proximal end of the grain. Usually a branched, internal, longitudinal
fissui'e extends from the hilum, along the course of which gelatinization proceeds. The lamellae

are generally quickly gelatinized, but in the grains in which the process is slow many refractive

granules appear which persist for some time, but are finally gelatinized. The gelatinized grains
are much swollen and distorted.

Reaction with ferric chloride begins immediately. A few grains are gelatinized in 2 minutes,
about one-fifth in 5 minutes, nearly all in 15 minutes, and all but rare resistant grains in 25 minutes,
some of the latter not being gelatinized even in an hour. Either the hilum or cleft at this region
swells and a bubble usually forms there. A border, in which the lamella; become more distinct and

striated, forms around the grain. Gelatinization, accompanied by rapid distension of the capsule,

begins usually at the distal end, but sometimes at the corners limiting the distal margin. Frequently
gelatinization proceeds gradually towards the proximal end until the bubble at this point collapses,
followed by the formation of internal radiating fissures and the breaking of the resistant starch

into rather coarse granules which are finally gelatinized. In other grains gelatinization starts at the

proximal end very soon after the process begins at the distal end, and the central portion of the

grain is the more resistant. The grains which resist the reagent the longest are those in which the
bubble at the hilum persists for a considerable period.

The reaction with Purdy's solution begins in a few grains in a minute; a few of the smaller

grains are gelatinized in 2 minutes, about one-tenth in 15 minutes, very little progi'ess occurs in

30 minutes, and only a few of the larger grains are gelatinized in an hour. The hilum or fissures

located here swell slightly and sometimes a bubble is formed; the lamella; become more distinct

and striated in some of the grains, although in the majority they are still not clearly demonstrable.
A single internal, root-like fissure is formed in the elongated grains, and one from either side of the

hilum in the broadened forms. Gelatinization proceeds along the course of these fissures and as

the lamcllse are broken down, refractive granules remain first in rows, are later embedded in the

less resistant starch, and finally gelatinize. Only a few grains are affected beyond the first stages,
which are characterized by swelling of the hilum, fissuration, and increased prominence of the

laraellse. The smaller sizes constitute the greater proportion of these gelatinized grains, although
many of these remain unaffected. The few grains gelatinized are swollen, but retain the general

shape of the untreated grain.

GENUS H/EMANTHUS.
The genus Hamanthus includes over 35 species of African bulbous plants, most of which are

from the Cape district. They are popularly known as the blood lily or blood plant, both generic and

English names being founded on the red color of the flowers. They are also known as the Cape tulip.

The bulbs of some species, notably H. toxicarius, are poisonous, and this plant is stated to be the

source of an arrow-head poison of the Hottentots. Starch was obtained from H. katherinoe Baker,
a well-marked species.

STARCH OF HiEMANTHUS KATHERIN^. (Plate 54, figs. 323 and 324. Chart 217.)

Histological Characteristics. In form the grains are usually simple, and are isolated except
a small number which occur in small aggregates. There are a few compound grains of few com-

ponents. The grains are frequently irregular, chiefly because of the deposition of a secondary set
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of lamcllse placed at varying angles to the primary set; to a slight sliifting of the longitudinal axis

of the lamellae with a resultant curvation at one end of the grain; or to protuberances at different

points on the grain which vary in form from small nipple-like to finger-shaped processes. The con-

spicuous forms are ellipsoidal, ovoid, elongated ovoid, bean-shaped, triangular with rounded angles,

pyriform, and lenticular; also club-shaped, napiform, rod-shaped with curved ends, imperfect quad-

rangular, T-shaped, boot-shaped, and indefinite shapes.

The hilum is usually very indistinct, but when clearly made out it is a round or oval spot which

varies from centric to quite eccentric, ranging usually from about five-elevenths to one-seventh of

the longitudinal axis. The hilum is, as a rule, not fissured, and a small cavity is occasionally observed.

The lamellcB are very indistinct and arc not demonstrable throughout the entire grain. Those
which can be determined follow the outline of the main body of the grain. Occasionally 8 to

10 rather coarse lamellae may be counted.

The size varies; the smaller are 4 by 3;u; the larger

are 36 by 20^ in length and breadth. The common size

is about 22 by 14;u in length and breadth.

Polariscopic Properties. The figure is centric to quite

eccentric, and also bean tj'pe. The lines vary from rather

fine to quite broad, and frequently cross each other ob-

liquely, and also may be arranged to form a mesial line

with bisected ends (bean type), or to intersect mostly at

right or nearly right angles; they are often bent. Double

figures both of the compound and the aggregate type
are observed.

The degree of polarization is high, with considerable

variation in the different grains, the range being from fair

to quite high, with the great majority high. Variation is

also frequent in the same aspect of a given grain.

With selenite the quadrants are fairly well defined,

usually unequal in size, and irregular in shape. The colors

may be pure, but are often not quite pure.

Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains color a fairly deep blue-violet, which deepens rapidly; with 0.125 per cent solution

they become a very light violet, which deepens rather rapidly. After heating in water until the grains

are gelatinized and then adding iodine the solution colors a rather deep indigo-blue and the gelat-

inized grains a bright, fairly deep blue, a few with reddish tint. If the grains are boiled for 2

minutes and then treated with iodine the grain-residues become a rather light blue with a reddish

tint, the capsules a fairly deep reddish-violet, and the solution a very deep blue. With an excess

of iodine the grain-residues become a deeper blue with redder tint and the capsules a deep old-

rose to a wine-red.

Staining Reactions. With gentian violet the grains begin to color slightly at once and in 30

minutes are very lightly stained.

With safranin the grains begin to color slightly at once and in 30 minutes are lightly stained.

Temperature Reaction. The temperature of gelatinization is 79 to 81 C, mean 80.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins immediately. A few

grains are gelatinized in 30 seconds, more than half in 2 minutes, nearly all in 3 minutes, all but

rare resistant grains in 5 minutes, in which latter the reaction is usually complete in 8 minutes,

rarely not until 14 minutes. The grains at once color a deep old-rose, which deepens to a wine-red

in many grains. The hilum becomes distinct in some grains. Gelatinization accompanied with

the deep-bluish color begins either at the distal end or in the protuberances and spreads around the

margin, then advances towards the hilum, which region is the last to undergo gelatinization. The

gelatinized grains are uniformly swollen and deeply colored.

The reaction with chromic acid begins immediately. A few grains are dissolved in 2 minutes,

more than half in 3 minutes, nearly all in 4 minutes, all but resistant portions of a few grains in 5

minutes, and all in 6}^ minutes. The hilum swells and either one large, ragged, mesial cleft extends

towards the distal end, or one from either end of the slightly eccentric or centric hilum which is often

found in ellipsoidal grains; and large branches pass to any prominent corners or protuberances on the
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grain. The central part is quickly disorganized, with the appearance of a mass of refractive granules

embedded in the gelatinized starch. The outer lamellae, which are sharply defined and striated,

resist the reaction a few minutes longer, but as the starch continues to gelatinize, the distended cap-

sule is ruptured, usually at the distal end or at a prominent corner or protuberance. The gelatinized

starch with embedded granules flows slowly through the opening and passes into solution, the rest

of the grain being soon dissolved.

With pyrogallic acid the reaction begins immediately. A few grains are gelatinized in 15 seconds,

more than half in a minute, nearly all in 2 minutes, and all but rare resistant grains in 2J^'2 minutes,

in which the reaction is usually complete in 3^4 minutes, rarely not until 5}4 minutes. The hilum

swells and occasionally a bubble appears, which swells rapidly and then collapses. From this area

one, and sometimes two clefts pass towards the distal end. The central part of the grain is quickly

disorganized, followed by the appearance of a mass of refractive granules embedded in the more

gelatinizable starch. The outer lamella are sharply defined and striated, and resist the reaction

longer, but are finally broken down with the appearance of regularly arranged refractive granules.

The refractive granules are finally gelatinized, those of the sides and proximal end being the most
resistant. The gelatinized grain is much swollen and distorted.

The reaction with ferric chloride begins immediately. A few grains are gelatinized in a minute,
about half in 5 minutes, about seven-eighths (or more) in 10 minutes, and all but rare resistant

grains in 15 minutes, in which latter the reaction is usually complete in 20 minutes, rarely not until

30 minutes. The hilum becomes distinct in some grains and a small bubble may appear, which is

often quite persistent. A border of less dense starch is formed around the gi'ain, which soon becomes
broader at the distal end. Gelatinization accompanied by distension of the capsule usually begins
either at the distal end or at any prominent angles or protuberances, and advances gradually towards

the hilum. Small, crescent-shaped, internal clefts in the less dense border precede the breaking
down of the lamella; and finally, when this border has closed around the hilum, gelatinization spreads

rapidly over this region, with the exception of the outer lamellis of the proximal end and sides nearby,
in which parts the reaction gradually becomes complete. Following the expulsion of a very per-
sistent small bubble at the hilum, a cleft is formed which separates the starch of this region into

fragments which gradually become soluble. The gelatinized grains are swollen, but retain the

general shape of the untreated grain.

Reaction with Purdy's solution begins in a few grains immediately. A very small number are

gelatinized in 5 minutes, and the reaction is so low that only a few scattered grains are gelatinized

at the end of 60 minutes. The hilum swells, and occasionally a rather persistent, small bubble

appears at this point. In grains with an eccentric hilum, a root-like cleft is formed which extends

from this region towards the distal end. The outer lamellae become distinct and striated. The
central and distal portions of the grain gelatinize, followed by the breaking of the more resistant

starch at the proximal end and sides nearby into larger fragments, which may gradually gelatinize

or remain unaffected at the end of 60 minutes. In nearly round grains the hilum swells and deli-

cate radial fissures form, one of which soon becomes more prominent, and gelatinization proceeds

rapidly along its course towards the distal end. The gelatinized grains are swollen, but retain the

general shape of untreated grain.

GENUS HYMENOCALLIS.

Hymenocallis and Pancratium are closely related. The names are frequently used synony-
mously, and considerable confusion has existed owing to the repeated shifting of species from one

genus to the other. Hymenocallis is a New World genus (excepting an African species, H. senegam-

bica) ;
Pancratium is an Old World genus. The former includes about 30 species of bulbous plants,

popularly known as the spider lily, spirit lily, and sea daffodil. Starches from two species were
studied: H. undulata Herb. (Pancratium undulatu7n), a native of Venezuela, and H. calathina Nichols

{Pancratium calathinum Ker., Ismene calathina Herb.), a native of Peru and Boli\'ia.

STARCH OF HYMENOCALLIS UNDULATA. (Plate 55, figs. 325 and 326. Chart 218.)

Histological Characteristics. Inform the grains are usually simple and isolated, except a small

number which occur in small aggregates. Compound grains of few components are not common. The
gi-ains are often irregular, as the result chiefly of the following causes: concave depressions at varying
points on the surface, a rounded protuberance near the proximal end, a protuberance at either
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side of the distal end of an ovoid grain, slight shifting of the longitudinal axis of the lamellae; or

rarely to a secondary deposit of lamella? placed at right angles to the primary set. The conspicuous
forms are ovoid, ellipsoidal, nearly round, dome-shaped, ellipsoidal with squared distal end, and

bean-shaped; also rounded triangular and quadrangular, lenticular, bcll-jar-shaped, finger-shaped,

miissel-shell-shaped, and polygonal grains.

There is usually either a small rounded cavity or a cleft at the hilum, but the hilum may be

observed as a clear, round, or elliptical spot which maj^ be centric, but is usuallj^ eccentric, frequently

eccentric about two-fifths, rarely one-third to one-sixth, of the longitudinal axis. The clefts fre-

quently appear diagonal to the longitudinal axis of the grain, which position is probably caused

by the slight shifting of the axis of the lamellae. Often one short transverse or diagonal cleft passes

just distal to the hilum or may intersect it. When two or more clefts are found they may be so

arranged as to form a cross, or a Y-shaped or fljang-bird figure.

The lamella; are not distinct and are less clearly demonstrable near the hilum. On the large

grains one distinct and quite refractive lamella is usually found located at varying distances from

the hilum. On large grains occasionally 8 to 14 rather

coarse to fairlj- fine lamellae may be counted, which follow

the outline of the grain.

The grains vary in size; the smaller are 3 by 2fi ;
the

larger elongated grains arc 38 by 20iu, and the broadened

forms are 32 by 40m in length and breadth. The common
size is about 24 by 16^ in length and breadth.

Polariscopic Properties. The figure may be eccentric,

centric, or of the bean type. Its lines are rather broad

and may intersect obliquely or at varying angles, but

sometimes they are in the form of a single, elongated,

mesial line with bisected ends, of the bean type; they may
be straight, but are often bent.

The degree of polarization is high. The grains vary
from high to very high, but the proportion of the latter is

not great. There may also be some variation in the same

aspect of a given grain.

With selenite the quadrants are well defined and

sometimes regular in shape and equal in size, but more
often they are irregular in shape and unequal in size. The
colors are generally pure, but sometimes either the yellow is not pure throughout the entire quad-

rants, or both the blue and the yellow may have a greenish tint.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a rather deep blue-

violet, which deepens rapidly; \\ith 0.125 per cent they color a light blue-violet which deepens

rapidly. After heating the grains in water until all are gelatinized and then adding iodine, the solu-

tion colors a deep indigo-blue and the grains a light to fairly deep bright blue. If the gelatinized

grains are boiled for 2 minutes and then treated with iodine, the grain-residues become a fairly

deep blue, many with a reddish tint, the capsules a deep reddish violet to heliotrope and the solu-

tion a very deep blue. With an excess of iodine the grain-residues color a deep, dull blue, many
with a reddish tint, and the capsules a deep heliotrope to a wine-red color.

Staining Reactions. With gentian violet and with safranin the grains begin to color slightly

at once and in 30 minutes they are slightly colored.

Temperature Reaction. The temperature of gelatinization is 70 to 72 C, mean 71.

Effects of Various Reagents. With chloral hijdrate-iodiiie reaction begins immediately. About one-

third are gelatinized in a minute, about two-thirds in 2 minutes, nearly all in 5 minutes, and all but

a few resistant grains in 7 minutes, in which latter the reaction is usually complete in 15 minutes,

rarely 20 minutes. The grains immediately take on an old-rose color, which usually deepens quickly

to wine-red color. The hilum or the clefts at this region swell, and a small bubble appears. Gelatin-

ization accompanied by a deep blue coloration begins at the distal end, spreads around the margin
of the grain, and then advances towards the region of the hilum, which is the last part of the grain

to react. When grains have pressure facets, or sharp corners, gelatinization begins at these points

and then proceeds as before stated. The gelatinized grain is uniformly swollen and deeply colored.
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The reaction with chromic acid begins immediately. A few grains are dissolved in 30 seconds,

more than half in 2 minutes, nearly all in 4 minutes, and all but the more resistant parts of a few

grains in 5 minutes, which are usually dissolved in 6 minutes, rarely not until 9 minutes. The
lamellae become quite distinct and striated, the clefts at the hilum swell, and a bubble appears,

which enlarges gradually and then is expelled, followed quickly by gelatinization of this area. Usu-

ally either one longitudinal branched cleft, or many delicate radial fissures, according to the shape
of the grain, pass from this gelatinized area towards the sides and distal end, and the lamelhe (except

the outermost ones) become soluble, accompanied by the appearance of irregularly embedded,
refractive granules, which gradually pass into solution. The outermost lamellae, which are sharply

defined and striated, are comparatively resistant, but are finally dissolved. The grain continues

to swell until the capsule is ruptured either at the distal end or at any sharp corners which limit

this margin, and the entire grain gradually passes into solution. Grains in which the bubble at the

hilum becomes greatly enlarged are invaginated either at the proximal end or the sides nearby

during its expulsion, and the starch surrounding the gelatinized area is often cut into a sharp,

serrated lining, with brilliant refractive points.

Reaction with pyrogallic acid begins immediately. A few grains are gelatinized in 15 seconds,
more than half in 30 seconds, nearly all in I3-2 minutes, and all but rare resistant grains in 2 minutes,
in which the reaction is complete in 3 minutes. The lamellae become distinct and striated, and the

clefts at the hilum swell, accompanied by the appearance of a bubble which is greatly enlarged
and then expelled. As the bubble disappears, usually a proximal or lateral invagination of the

grain occiu-s, followed by a recovery. The starch is quickly gelatinized, except the outermost lamellae,

in the greater part of which the reaction is later complete. The gelatinized grains are much swollen

and distorted.

The reaction with /erne chloride begins in a few grains in 30 seconds. A small number are gelat-

inized in 2 minutes, about one-third in 5 minutes, about three-foiu-ths in 15 minutes, about nine-

tenths in 30 minutes, and all but rare resistant (one in many hundred) grains in 60 minutes. The
clefts at the hilum swell, and a small bubble appears which usually does not greatly enlarge. A lus-

trous border is formed around the grain, in which the lamellae are more sharply defined than in

other parts of the grain. Gelatinization usually begins at the distal end or at any sharp corners,
and soon spreads around the grain. The lustrous border increases in width, and when it reaches

the region of the hilum the bubble collapses, followed by the breaking of the most resistant starch

into usually two, sometimes more, large fragments, which gradually become gelatinized. The

gelatinized grain is much swollen and distorted.

Reaction with Purdy's solution begins in a few grains at once. A few of the smaller grains
are gelatinized in 30 seconds, about one-seventh in 5 minutes, and about three-fifths in 15 minutes;
there is slight progress in 30 minutes, and about seven-tenths are gelatinized in 60 minutes. The
clefts at the hilum swell, a bubble sometimes appears, and the outer lamellae become sharply
defined and striated. There appears a large mesial cleft, from which delicate fissures radiate,
and gelatinization proceeds along the course of this cleft, frequently cutting the lamellsE into a sharp,
serrated lining having brilliant points. In some grains this lining is gradually gelatinized, but it

persists in others. Irregularly arranged, refractive granules usually appear, but are gradually gelat-

inized in most of the grains. The gelatinized grain is swollen, but is bounded by a firm, fairly

Ihick wall, and retains the general shape of the untreated grain.

STARCH OF HYMENOCALLIS CALATHINA. (Plate 55, figs. 327 and 328. Chart 21!),)

Histological Characteristics. In fortn the grains are usually simple, and isolated with the

exception of a small number which occur in small aggregates. There are a few compound grains
of few components. Irregular grains of similar character to those noted for H. undidata are found,
but are not so numerous nor so marked as in that species. The conspicuous forms are nearly round,

ellipsoidal, ovoid, dome-shaped, ellipsoidal with squared distal end, and somewhat bean-shaped;
also rounded triangular and quadrangular, lenticular, and polygonal. The forms are similar to

those found in H. undulata, but are more rounded or broader and less irregular.

There is usually either a small, rounded cavity or a cleft at the hilum, but the hilum may be
observed as a clear round or elliptical spot, centric or eccentric, frequently about four-ninths,

rarely one-fourth, of the longitudinal axis. The clefts are similar to those noted for H. undulata.
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The lamellas are not always demonstrable, especially near the hilum, but are distinct in a greater
number of grains than in H. undulata. When observed near the hilum they are in the form of

circular or oval rings, but most of the lamellae follow closely the outline of the grain. One quite
refractive lamella is often seen at varj'ing distances from the hilum, and sometimes there is a band
of very fine, indistinct lamellae at the margin of the grain. On the large grains frequently 16, rarely
20 to 22, lamellae can be counted. The lamellae are more distinct, but of the same general character
as in H. undulala.

The grains vary in size; the smaller are 4 by S/z; the larger, elongated ones are 36 by 38/*, and
the broadened forms are 36 by 44;u in length and breadth. The common size is about 24 by 22/i

in length and breadth.

Polariscopic Properties. The figure is centric, eccentric, or of the bean type; more often centric

or nearly centric than in H. undulata; and while the lines are of similar character and arrangement
with those of that species they are more often straight.

The degree of -polarization is high, rather higher than
in H. undulata. The same variation is found among the

different grains, but the proportion in which the polariza-
"

tion is very high is greater than in H. undidata. There is

less variation in the same aspect of a given grain than in

H. undulata.

With selenite the quadrants are well defined, and

many are regular in shape and equal in size. The number
of grains in which they are regular is greater than in H.
undulata. The colors are generally pure, but sometimes
have a greenish tinge, or the margin of the yellow quad-
rant may be orange in tint. The colors are more often

pure than in H. undulata.

Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains color a rather deep blue-violet, which

deepens rapidly, the tint being a little deeper and bluer
'

than in H. iindulata. With 0.125 per cent solution they
become a light blue-violet, about the same as in H. imdu-

lata, which deepens rapidly. After heating in water until

all the grains are gelatinized and then adding iodine, the solution becomes of a deep indigo-blue color

and the grains of a light reddish violet to a dull, fairly deep blue, many with a reddish tint. The

grains are deeper, redder, and duller in tint than in H. undulata. If the gelatinized grains are boiled

for 2 minutes and then treated with iodine, the solution colors very deeply and the grain-residues

a light to fairly deep blue, some with reddish tint, lighter than those of H. undulata, and the cap-
sules a light reddish violet. With an excess of iodine the grain-residues color a dull, fairly deep
blue with a reddish tint and the capsules a deep old-rose to a wine-red. The tint is slightly lighter

but rather redder than in H. undulala.

Staining Reactions. With gentian violet the grains begin to color slightly at once and in 30

miimtes are lightly stained slightly lighter than in H. undidata.

With safranin the grains begin to color at once and in 30 minutes are lightly colored slightly

lighter than in H. undidata.

Temperature Reaction. The temperature of gelatinizatiou is 68 to 69 C, mean 68.5.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins immediately. A few

grains are gelatinized in 30 seconds, about two-fifths in a minute, about four-fifths in 2 minutes, nearly
all in 3 minutes, and all but rare resistant grains in 5 minutes. In the latter the reaction is usually

complete in 14 minutes, rarely not until 17 minutes; it is quahtatively the same as in H. undulata.

Reaction with chromic acid begins immediately. A few grains are dissolved in 30 seconds,

more than half in a minute, nearly all in 1 J4 minutes, all but rare resistant grains in 2 minutes, and

all in 3 minutes. The reaction is qualitatively the same as in H. undulata.

The reaction with pyrogallic acid begins immediately. A few grains are gelatinized in 15 sec-

onds, more than half in 30 seconds, nearly all in a minute, and all but rare resistant grains in 13^
minutes. In the latter the reaction is usually complete in 2 minutes, rarely 2)4. minutes; it is quali-

tatively the same as in H. undulata.

Curve of Reaction-Inten8itie3 of Starch of

Hymenocallis caiathina.
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Reaction with ferric chloride begins in a few grains in 30 seconds. A small number are gelat-
inized in 2 minutes, about two-fifths in 5 minutes, about four-fifths in 15 minutes, and all but rare

resistant grains in 30 minutes; the latter (one in many hundred) are ungelatinizcd in 60 minutes.

The reaction is qualitatively the same as in H. undulata.

The reaction with Piirdy's solution begins in a few grains immediately. A small number are

gelatinized in 30 seconds, about one-fourth in 5 minutes, and about three-fifths in 15 minutes. There
is slight progress in 30 minutes, and about four-fifths are gelatinized in 60 minutes. The reaction

is qualitatively the same as in H. undulata.

Differentiation of Certain Starches of the Genus Hymenocallis.

Histological Charactersitics.

Conspicuous Forms.

H. undulata: Usually simple, few compounds and aggre-

gates, often irregular in outline. Ovoid, ellip-

soidal, nearly round, dome-shaped, ellipsoidal with

squared distal end, and bean-shaped.
H. calathina: Essentially the same as in H. undulata, ex-

cept less irregular, more rounded, and broader.

Hilum Form, Number, and Position.

H. undulata: Form usually a small rounded cavity or

cleft at hilum; hilum may appear as a clear, round
or elliptical spot. Position centric or eccentric;
eccentric frequently about 0.40, rarely 0.33 to 0.16
of the longitudinal axis.

H. calathina: Form the same as in H. undulata. Position

centric or eccentric; eccentric frequently about

0.44, rarely 0.25, of the longitudinal axis.

Lamellce General Characteristics and Number.

H. undulata: Not distinct, coarse to fairly fine. 8 to 14.

H. calathina: Less indistinct than in H. undulata. 20 to 22.

Size.

H. undulata: From 3 to 40/(, commonly 24 by 16^.
H. calathina: From 4 to 44ai, commonly 24 by 22^.

PoLARiscopic Properties.

Figure.

H. undulata: Centric, eccentric, or bean type; lines rather

broad, straight, bent, or bisected.

//. calathina: The same as in H. undulata, but more
often straight.

Degree oj Polarization.

H. undulata: High, varies from high to very high.
H. calathina: High, varies from high to very high, rather

higher than in H. undulata.

Polarization with Selenile Quadrants and Colors.

H. undulata: Quadrants well defined, usually irregular
in shape and unequal in size. Colors generally
pure.

H. calathina: Quadrants the same as in H. undulata, but
more grains wHth quadrants of regular shape.
Colors generally pure, more often pure than in H.
undulata.

Iodine Reactions.

Intensity and Color.

H. undulata: Deep; blue-violet.

H. calathina: Deep, little deeper th.^n in H. undulata;
blue-violet, more blue than in H. undulata.

Staining Reactions.

With Gentian Violet.

H. undulata: Light.
H. calathina: Light, hghter than in //. undulata.

With Safranin.
H. undulata: Light.
H. calathina: Light, lighter than in H. undulata.

Temperature of Gelatinization.

H. undulata: 70 to 72 C, mean 71.
H. calathina: 68 to 69 C, mean 68.5.

Effects of Various Reagents.

Reaction unth Chloral Hydrate-Iodine.
H. undulata: Begins immediately; complete in practi-

cally all in 7 minutes.
H. calathina: Begins immediately; complete in practi-

cally all in 5 minutes.

Reaction ivith Chromic Acid.

H. undulata: Begins immediately; complete in practi-
cally all in 5 minutes.

H. calathina: Begins immediately; complete in all in 3
minutes.

Reaction with Pyrogallic Acid.

H. undulata: Begins immediately; complete in practi-
cally all in 2 minutes.

H. calathina: Begins immediately; complete in practi-

cally all in 1J^2 minutes.

Reaction with Ferric Chloride.

H. undulata: Begins in a few in 30 seconds; complete in

nine-tenths in 30 minutes, and in practically all

in 60 minutes.
H. calathina: Begins in a few in 30 seconds; complete in

practically all in 30 minutes.

Reaction unth Purdy's Solution.

H. undulata: Begins in a few at once; complete in seven-
tenths in 60 minutes.

H. calathina: Begins in a few at once; complete in eight-
tenths in 60 minutes.

NOTES ON THE STARCHES OF HYMENOCALLIS.

The two starches differ but little in their histological characters, the grains of H. undulata

being somewhat more irregular and not so rounded and broad, the hilum less eccentric, and the
lamellje more distinct. In the reaction intensities the records are very close, the most noticeable

difference being in the temperature of gelatinization, amounting to 2.5. H. undulata exhibits the
lower degree of polarization, the lower iodine reaction, the higher aniline reactions, the higher tem-

perature of gelatinization, and the less sensitivity to all the chemical reagents.
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GENUS LEUCOIUM.

Leucoium, or Leucojum, includes 8 species of bulbous plants, natives of Central and Southern

Europe and the region of the Mediterranean, and popularly known as the snowflake. Starches

from 2 species were examined: L. oestivum Linn., the summer snowflake, and L. vernum, the spring
snowflake.

STARCH OF LEUCOIUM iESTIVUM. (Plate 55, figs. 329 and 330. Chart 220.)

Histological Characteristics. Inform the grains are almost wholly simple and are isolated, except
a small number which occur in small aggregates and in clumps of small grains. Both the compound
grains and the aggregates often consist of linearly arranged, rather small components which num-
ber 2 to 6, rarely as many as 13. Pressure facets are occasionally found on the isolated grains. The

grains, as a rule, are somewhat irregular, irregularities being due chiefly to an abrupt depression at

one side of the proximal end, so that the contours of the two sides are different; to a protuberance at

or near the proximal end; or to slightly concave depressions (probably in some instances a point of

attachment for small grains) at varj^ing points on the surface of a large grain. The conspicuous
forms are the irregular ovoid, nearly round, oval, elliptical, bean-shaped, mussel-shell-shaped to

clam-shell-shaped, pyriform, and lenticular. The grains are usually flattened, and when seen on

edge are narrower at the distal than at the proximal end.

The hilum is eccentric about one-third to one-fourth of the longitudinal axis. It may appear as

a clear round or lenticular spot, but usually it is fissured. In the broadened grains the clefts are

generally so arranged as to form a Y, T, or cross, or thorn-shaped figure. The clefts are deep, and

frequently ragged.
The lamellae are not very distinct, except one that is very refractive and located at varying dis-

tances from the hilum. They are less clearly demonstrable around the hilum and also sometimes near

the distal end, and in grains with an unfissured hilum they

maj' be observed directly around the hilum, as fine circu-

lar rings, but a short distance out they follow the outline

of the grain. On the medium-sized and large grains 24

can often be counted, rarely 30 to 36.

The grains vary in size; the small ones are 3 by 2yLi;

the large, broadened forms are 44 by 50^, and the elon-

gated forms are 60 by .56/i in length and breadth. The
common size is about 30 by 38/i in length and breadth.

Polariscopic Properties. The figure is usually eccen-

tric and fairly distinct. Its lines are rather broad and

intersect obliquely; they may be straight, but are fre-

quently bent or bisected. Double and multiple figures,

both of the compound and aggregate type, are found.

The degree of polarization is high, ranging from fair

to very high. Variation is frequent in the same aspect of

a given grain.

With selenite the quadrants are fairly clear-cut, usu-

ally irregular in shape, and unequal in size. The blue

is generally pure, the yellow not quite pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a rather deep violet

with a reddish tint, some deeper than others, the color deepening rapidly; with 0.125 per cent

solution the grains are colored a rather light violet with a reddish tint, the color deepening rapidly.

After heating the grains in water until they are completely gelatinized and then adding iodine, the

solution colors a deep indigo-blue and the grains a rather light bright blue, some darker than others.

If the grains are then boiled for 2 minutes and treated with iodine, the solution colors a very deep

blue and the grain-residues a light to fairly deep blue, while the capsules take on a violet color.

With an excess of iodine the grain-residues color a deeper blue, many with a reddish tint, and the

capsules become a deep heliotrope to a dull wine-red color.

Staining Reactions. With gentian violet the grains begin immediately to stain very slightly

and in 30 minutes are very lightly colored.

With safranin the grains begin to stain slightly at once and in 30 minutes are lightly colored.
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Temperature Reaction. The temperature of gelatinization is 72 to 73 C, mean 72.5.

Effects of Various Reagents. With chloral hydrate-iodine the reaction begins immediately.

Many of the smaller and a few larger grains are gelatinized in 2 minutes, about half in 5 minutes,

five-eighths in 15 minutes, and nearly all in 30 minutes. Rare resistant grains may react for over

60 minutes. The grains immediately color a light reddish-violet which deepens to an old-rose.

The hilum and clefts become very distinct, swell, and darken in color, while a bubble frequently

appears in the hilum or clefts. Gelatinization accompanied by a deep bluish tint begins at the

distal end, or sometimes in the broadly triangular grains, at the corners limiting the distal margin.

The process spreads around the entire margin and then gradually advances toward the hilum and

clefts from which the bubbles are expelled, and the entire grain becomes a deep blue with a lighter

area at the hilum. The most resistant grains retain the bubble at the hilum for many minutes

and take on a deep wine-red color, and finally when gelatinized they have a deep reddish-purple

instead of the usually bluish color. The gelatinized grain is uniformly swollen and thus retains the

general shape of the untreated grain.

Reaction with chromic acid begins immediately. A few grains are dissolved in a minute and

nearly all in 5 minutes. The more resistant grains usually pass into solution in 8 minutes, but rarely

the reaction takes 10 minutes. The hilum and the clefts swell, and frequently small bubbles are

gradually given off from these parts, leaving a clear space with ragged, refractive edges retaining the

general shape of the cavity or clefts. Gelatinization rapidly follows, and a mass of irregularly ar-

ranged, refractive granules appears embedded in the more soluble starch, and bordered by the more

resistant outer lamellaj, which retain their regular outline. These lamellte are sharply defined and

striated, and as they become disorganized, refractive granules appear in linear arrangement. The

granules become gelatinized, the grain continues to swell, and finally the capsule breaks either at

one point of the distal end or at the corners limiting the distal margin. The extruded contents of

the capsule and remainder of the capsule then dissolve.

The reaction with pyrogallic acid begins immediately. A few grains are gelatinized in 30 sec-

onds, nearly all in 3 minutes, all but rare resistant gi-ains in 4 minutes, and all in 53^ minutes. The

hilum and clefts swell and a bubble, which greatly enlarges, usually appears here. In some grains

previous to general gelatinization small bubbles are given off successively as the cleft gradually

lessens in width, while in other grains a large bubble is expelled which moves to the distal end, where

it remains for a while, and when it collapses there is frequently an invagination at the proximal

end accompanied by rapid outward movement and gelatinization of the area. The outer, more

resistant lamella are sharply defined and striated, and either numerous delicate fissures pass from

the gelatinized area towards the distal end of the grain, or the large internal clefts extend through
the grain. The grain gradually enlarges, accompanied by the appearance of irregularly arranged,

refractive granules, which remain for a time embedded in the more soluble starch, but later are

usually gelatinized. The gelatinized grains are much swollen and distorted.

Reaction with ferric chloride begins in a few grains in a minute. A small number are gelatinized

in 5 minutes, about one-fourth in 15 minutes, three-fourths in 30 minutes, and six-sevenths in 60

minutes. The hilum and the clefts become very distinct and a bubble appears which expands, and

in the most resistant grains remains for several minutes; and as gelatinization occurs the bubble

finally disappears either by the sudden collapsing of the entire bubble or by the expulsion of a suc-

cession of small bubbles. A border forms around the grain which consists of sharply defined and

striated lamelliB. Gelatinization begins at the distal end, accompanied by rapid distention of the

capsule, and proceeds gradually towards the proximal end. When at least two-thirds of the grain

is gelatinized, the more resistant starch around the hilum breaks into large granules which fly apart

and gelatinize. In large grains with sharp corners limiting the distal end, the border becomes broader

at these points and gelatinization begins here and proceeds towards the center. The gelatinized

grain is much swollen and distorted.

Reaction with Purdy's solution begins in a few grains in 30 seconds. A small number are gelat-

inized in 5 minutes, but in 60 minutes there is little further progress, only a few scattered grains

having been gelatinized. The hilum and clefts become swollen and very distinct, and the lamellae

are more sharply defined and striated. The reaction in most of the grains does not proceed beyond
this point. In a few grains delicate radiating fissures pass from the hilum, or delicate branches

pass from the clefts, and the starch around these parts is gradually gelatinized. During the process

a mass of small, refractive granules appear embedded in the more soluble starch, and the latter is
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often bordered by a layer of regularly arranged granules and four or five ungelatinized lamellce.

Most of these granules soon become gelatinized, but frequently a few are found when examined
even after an hour. In some of the grains delicate fissures do not form at the region of the hilum,
but the clefts deepen and break the starch into a few large granules which gradually gelatinize. The
gelatinized grains are somewhat swollen, but retain the general shape of the untreated grain.

STARCH OF LEUCOIUM VERNUM. (Plate 56, figs. 331 and 332. Chart 221.)

Histological Characteristics. In form the grains are almost wholly simple and are isolated,

except a few wliich occur in small aggregates and clumps. Pressure facets are occasionally observed.
There are a few compound grains. The general characteristics of the forms of the grains are the
same as those found in L. cestivum.

The hilum is usually eccentric about one-third to one-fourth of the longitudinal axis. It may
be observed as a clear round or lenticular spot, but generally it is fissured. The arrangement and
character of the clefts is the same as that noted for L. mslivum.

The lamellae are not distinct, except one that is very refractive and located at varying distance
from the hilum. They are not usually demonstrable near the hilum and also frequently at the distal

end. In many of the medium-sized grains 28 lamellae can be counted. The lamellae are of the same
character and shape as those noted for L. cestivum, but on the whole less indistinct.

The grains vary in size; the smaller are 4 by 2ii; the

larger, broadened forms are 46 by 50/i, and the elongated
are GO by 46^ in length and breadth. The grains of

common size are about 30 by 36^ in length and breadth.

Polariscopic Properties. The figure is usually eccen-

tric. Its lines are of the same character and arrangement
as in L. cestivum. Double and multiple figures, the same
as those of L. cestivum, are observed.

The degree of polarization is high, but slightly lower

than in L. cestivum. It ranges from fair to very high.
The variation in the same aspect of a grain is the same
as in L. cestivum.

With selenite the character of the quadrants and the

colors are the same as in L. cestivum.

Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains color a rather deep violet with a reddish

tint, the colors deepening rather rapidly. The tint is

slightly redder, and slightly less, and it does not deepen
quite so rapidly as in L. cestivum. With 0.125 per cent

solution they color a rather light violet, slightly deeper
than in L. cestivum. After heating the grains in water until all are completely gelatinized and then

adding iodine, the solution becomes a deep indigo-blue and the grains a fairly deep blue. If the

grains are boiled for 2 minutes and then treated with iodine, the solution colors a very deep blue, and
the grain-residues generally a light blue, on the whole lighter than in L. cestivum. The capsules are

colored a light reddish-violet. With an excess of iodine the capsules become old-rose to wine-red.

The tint is shghtly redder and brighter than in L. cestivum.

Staining Reactions. With gentian violet the grains color very shghtly at once and in 30 minutes

are very lightly colored. The tint is about the same as in L. cestivum.

With safranin the grains begin to stain slightly at once and in 30 minutes are lightly colored.

The tint is about the same as in L. cestivum.

Temperature Reaction. The temperature of gelatinization is 71 to 72 C, mean 71.5.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins immediately. Many
of the smaller grains and a few of the larger are gelatinized in 2 minutes, about three-fifths in 5

minutes, four-fifths in 15 minutes, and nearly all in 30 minutes. Rare resistant grains may last 60

minutes. The reaction is quahtatively the same as in L. cestivum.

Reaction with chromic acid begins inamediately. A few grains are dissolved in a minute and

nearly all in 4 minutes. The most resistant grains are usually dissolved in from 7 to 9 minutes.

The reaction is quahtatively the same as in L. cestivum.
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With pyrogallic acid the reaction begins immediately. A few grains are gelatinized in 30 sec-

onds, nearly all in 3 minutes, all but rare resistant grains in 4 minutes, and all in 5 minutes. The

reaction is quahtatively the same as in L. wstivum.

Reaction vnth ferric chloride begins in a few grains in a minute. A small number are gelatinized

in 5 minutes, about one-third in 15 minutes, three-fifths in 30 minutes, and four-fifths in 60 minutes.

The reaction is qualitatively the same as in L. cestivum.

The reaction with Purdy's solution begins in a few grains in 30 seconds. A small number are

gelatinized in 3 minutes, with very slight progress occurring in 60 minutes. About one-twelfth are

gelatinized in this time, the proportion being larger than in L. cestivum. The reaction is qualita-

tively the same as in L. cestivum.

Differentiation of Certain Starches of the Genus Leucoium.

Histological Characteristics.

Conspicuous Forms.

L. cestivum: Usually simple, few aggregates and com-

pounds, few pressure facets; somewhat irregular.

Irregular ovoid, nearly round, oval, elliptical, bean-

shaped, mussel-shell-shaped and clam-shell-shaped,

pyriform, and lenticular. Flattened when seen on

edge, narrower at distal than !it pro.ximal end.

L. vernum: Essentially the same as in L. cestivum.

Hilum Form, Nuniher, and Position.

L. cestivum: Form clear, round or lenticular spot, usually

fissured, clefts deep and frequently ragged. Posi-

tion about 0.33 to 0.25 eccentric of longitudinal
axis.

L. vernum: Form essentially the same as in L. cestivum.

Position the same afl in L. cestinwi.

Lamelke General Characteristics and Number.

L. cestivum: Not distinct, usually one very distinct; fine

circles around hilum, but farther out follow the

contour of grain. 24.

L. vernum: Essentially the same as in L. cestivum, but
rather less indistinct, as a whole. 28.

Size.

L. cestivum: From 2 to 60m, commonly 30 by SS/t.

L. vernum: From 2 to CO/i, commonly 30 by 36^.

PoLABiscopic Properties.

Figure.

L. cestivum: Usually eccentric, fairly distinct, lines

broad and intersect obliquely, may be bent or

bisected.

L. vernum: The same as in L. cestivum.

Degree of Polarization.

L. cestivum: High, range from fair to very high.
L. vernum: High, ranges from fair to very high, slightly

lower than in L. cestivum.

Polarization zcith Selenite Quadrants ayid Colors.

L. cestivum: Quadrants fairly clear-cut, usually irregular
in shape, unequal in size

not quite pure.
L. vernum: Quadrants the same as in L. a-stivum

the same as in L. cestivum.

Colors, blue pure, yellow

Colors

Iodine Reactions.

Intensity and Color.

L. cestivum: Rather deep; violet with reddish tint.

L. vernum: Rather deep, sUghtly less than in L. cestivum.

Color slightly redder than in L. cestivum.

Staining Reactions.

With Gentian Violet.

L. cestivum: Very light.

L. vernum: Very light, the same as in L. cestivum.

With Safranin.
L. cestivum: Light.
L. vernum: Light, the same as in L. cestivum.

Temperature op Gelatinization.

L cestivum: 72 to 73 C, mean 72.5.
L. vernum: 71 to 72 C, mean 71.5.

Effects of Various Reagents.

Reaction with Chloral Hydrate-Iodine.

L. cestivum: Begins immediately; complete in five-eighths
in 15 minutes and in nearly all in 30 minutes.

L. vernum: Begins immediately; complete in three-fifths

in 15 minutes, and in nearly all in 30 minutes.

Reaction with Chromic Acid.

L. cestivum: Begins immediately; complete in nearly all

in 5 minutes.

L. vernum: Begins immediately; complete in nearly all

in 4 minutes.

Reaction icith Pyrogallic Acid.

L. cestivum: Begins immediately; complete in nearly all

in 4 minutes.

L. vernum: Begins immediately; complete in nearly all

in 3 minutes.

Reaction with Ferric Chloride.

L. cestivum: Begins in a few in a minute; complete in

three-fourths in 30 minutes and in six-sevenths in

60 minutes.

L. vernum: Begins in a few in a minute; complete in three-

fifths in 30 minutes and in four-fifths in 60 minutes.

Reaction with Purdy's Solution.

L. cestivum: Begins in a few in 30 seconds; little reaction

in 60 minutes.

L. vernum: Begins in a few in 30 seconds; little reaction

in 60 minutes.

NOTES ON THE STARCHES OF LEUCOIUM.

The Leucoium starches are closely alike, and apart from the slight variations in the dis-

tinctness and number of the lamellaj no differences of note were recorded. They also agree closely

in their reactions. L. wstivum has the higher degree of polarization, the higher reaction with iodine,

the higher temperature of gelatinization (1 difference), and somewhat less sensitivity to chromic

acid and pyrogallic acid. The differences throughout are sHght, which is in accord with the close-

ness of the species botanically.
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GENUS GALANTHUS.

Gala7ithus is a small genus of about a dozen species, all natives of Central and Southern Europe
and the Caucasus, and popularly referred to as the snowdrops. Two species representing the main

species-types of the genus were studied: G. iiivalis Linn., the common snowdrop, and G. elwesii,

Hook., the giant snowdrop. The former is found from the Pyrenees to the Caucasus, and the latter

in the mountains of Asia Minor.

STARCH OF GALANTHUS NIVALIS. (Plate 56, figs. 333 and 334. Chart 222.)

Histological Characteristics. In foryn the grains are usually simple, with occasional compounds
and small aggregates. Poorly defined pressure facets may sometimes be seen on the isolated grains.

The smaller grains often occur in clumps. The surface sometimes has irregular projections, blunt

to nipple-like, and also depressions. The conspicuous forms are spherical, ovoid (which may vary
from short to ellipsoidal), triangular, lenticular, oval, quadrangular with much rounded corners,

some clam-shell type, and some irregular forms. The grains are about one-half to two-thirds as

thick as broad and tend to be somewhat triangular to wedge-shaped when seen on edge, the distal

end being narrower than the proximal end.

The hilum is distinct, and eccentric from one-fifth to two-thirds of the longitudinal axis. When
not fissured it is usually a comparatively small round spot or hole; rarely it is elongated or lenticular.

It may be double or rarely triple. It is usuallj' fissured. The fissuration may be in the form of a

cleft that is neither deep nor wide, transverse or diagonal with a double downward curve, 3-armed,

irregularly stellate, clean-cut or ragged. Sometimes there is a fissure at the hilum and another

towards the distal end.

The lamellw are very distinct, rather fine, continuous rings; they may be irregular and not

always follow the outline of the margin; they are more distinct near the hilum, especially one

lamella; they vary in distinctness in different grains. If there are double hila, each has usually

its own set, which as they become more distally located

fuse with the lamellae of other hila. There are about 20

to 26 lamellae on the larger grains.

The grains vary in size from 7 to 46/i. The common
size is Zifj..

Polariscopic Properties. The figure is eccentric, dis-

tinct, fairly regular, and fairlj-^ clear-cut. Its lines are

always broad, and may become less distinctly outlined

near the margin; also slightly bent and otherwise dis-

torted. Double figures are sometimes observed.

The degree of polarization is fairly high. It some-

times is less at the distal end than at the proximal end,

and it is higher in certain positions of the same grain. It

varies somewhat in different grains.

With selenite the quadrants are fairly well defined,

fairly regular in shape, and usually of unequal size. The
colors are fairly pure.

Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains are colored immediately a deep blue-violet,

some more than others; with 0.125 per cent solution they
tint fairly lightly, some more than others, and the color deepens rapidly. After heating in water

until the grains are completely gelatinized, the solution is colored lightly and the grains to variable

depths on the addition of iodine. After boiling for 2 minutes the solution colors much more deeply,

but the grain-residues much less. All of the capsules contain some blue-reacting starch, and with

an excess of iodine all show a blue-violet coloration.

Staining Reactions. With gentian violet the grains stain at once fairly well and in 30 minutes

some are stained fairly deeply to deep.
With safranin the grains stain at once very lightly and after 30 minutes some are colored fairly

deep to deep. The depth of color is about the same as that of the gentian violet.

Temperature Reaction. The temperature of gelatinization is G6 to 07 C, mean 66.5.

P IGV T
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Effects of Various Reagents. With chloral hydrate-iodine some grains begin to react immedi-

ately. About three-fourths are gelatinized in 5 minutes, and gelatinization is complete in practically

all in 15 minutes. Very rare resistant grains may not be gelatinized until the lapse of 45 minutes.

The hilurn is prominent and the lamellae are not obscured. The margin becomes clearer and darker.

The more prominent projections and the distal end begin to darken and swell, the swelling being

smooth and regular; in some grains the reaction begins at both ends. From whatever point it starts

the reaction spreads over the whole grain, progressing usually around the margin much faster than

on the inner parts, so that often there will be a swollen, somewhat irregular, gelatinous ring siu-round-

ing an ungelatinized central portion. The line of demarcation between the gelatinized and the

ungelatinized parts of the grains is very well marked. The whole grain is finally involved. The

swelling during this process is considerable and somewhat irregular. The gelatinized grains are

fairly large, of a uniform dark color, and somewhat irregular in outline.

The reaction with chromic acid begins in 20 seconds and is over in 2 minutes. Both hilum and

lamellae are distinct. The hilum swells somewhat and fine striae appear throughout the grain. The
whole inner part is changed and swells into a gelatinous mass which has a thin capsule that becomes

thinner and more transparent and finally dissolves at one place. The inner gelatinous mass flows

out and is dissolved, followed by solution of the capsule.

Reaction with pyrogallic acid begins in 2 minutes. In G minutes most and in 45 minutes all of

the grains are gelatinized. Both hilum and lamellae are prominent, and the hilum swells somewhat.

The grain becomes covered by fine striae, which are especially distinct near the hilum. The inner

portion of the grain is often broken up into large granules, which are transformed into a gelatinous

mass as the grain swells. The marginal ring is thin and striated, and shows concentric, refractive

and non-refractive bands. It is ragged and irregular on the inside. This ring gradually becomes

thin and transparent as the grains swells. The swollen grains are large, crumpled, and wrinkled.

The process is very slow at first, but very rapid when once fairly started.

With ferric chloride there is a reaction in some grains in 2 minutes; about four-fifths are gelat-

inized in 20 minutes and all in an hour. The hilum may or may not be distinct. The lamellae are

not entirely obscured. The hilum swells. The inner portion of the grain usually is changed into

a gelatinous mass, while the marginal ring becomes thin. Sometimes the process begins at the margin
at the distal end, or at the proximal end, or at both ends, with much protrusion. The process ex-

tends over the grain until it reaches the inner portion contiguous to the hilum
;
this part is split by

many irregular fissures. The pieces suddenly part and are gelatinized independently. The gelati-

nized grains are very large, very much distorted, and sacculated.

The reaction with Purdy's solution begins in 30 seconds. Some grains react rapidly, others

slowly, but all are partially gelatinized; many are entirely gelatinized in 25 minutes. The reaction

is complete in three-fourths in an hour; qualitatively it is the same as that with pyrogallic acid.

STARCH OF GALANTHUS ELWESII. (Plate 56, figs. .335 and 336. Chart 223.)

Histological Characteristics. In form the grains are usually simple. Occasionally they are

compound and in aggregates, generally of two equal-sized components. The surface oftens tends

to be irregular because of projections and depressions of varying sizes. The conspicuous forms are

ovoid, spherical, lenticular, elliptical, and clam-shell-shaped. The last show two slight depressions
in the margin at the proximal end on either side of a central projection which is variable in size.

There are also triangular, pyriform, and irregular shapes. The grains are somewhat flattened, and

triangular to wedge-shaped when seen on edge, the distal end being thinner than the proximal end.

As a rule, they are about one-half to two-thirds as thick as broad.

The hilum is commonly quite distinct. If not fissured, it is a large, round spot or hole, eccen-

tric usually one-third to two-fifths of the longitudinal axis and in or near the median line. Triple
or multiple hila may be present, irregularly arranged, often in a non-lamellated space. The hilum

is usually fissured, and the fissuratiou may be in the form of a deep or very superficial cleft, simple,
clean-cut or ragged, transverse or diagonal, a cross or 3-armed; or of an irregularly stellate form.

The fissuration is more marked than in G. nivalis.

The lamellcE are fairly distinct, fine, continuous rings, regular or irregular, more distinct near

the hilum, usually one especially distinct which outlines or limits the length of the fissure of the

hilum. When two or more hila exist, each has a number of separate lamellae which become fused

with lamellae of other hila. There are about 18 to 20 lamellae on the large grains.
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The grains vary in size from 12 to 44^. The common size is 28m.

Polariscopic Properties. The figure is eccentric, distinct, but not always clear-cut. Its lines

are broad, usually broader and less distinctly defined as they near the margin; they are frequently
bent and otherwise distorted.

The degree of polarization is fairly high. It is lower at the distal end of some grains than at

the proximal end, and varies much in different grains. Large portions of a grain may be dark. It

is the same as that of the grains of G. nivalis, but the lines and the dark areas are more pronounced.
With selenite the quadrants are fairly well defined, fairly regular in shape, and unequal in size.

The colors are fairly pxire.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains are colored at once a deep blue-

violet, some more than others; with 0.125 per cent solution the grains color fairly lightly, some more
than others, and the color deepens rapidly. It is slightly deeper than that of the grains of G. nivalis.

After heating in water until all the grains are completely

gelatinized, the solution is colored lightly and the grains

usually very deeply on the addition of iodine. Some

grains, which do not stain so deeply as others, show a

violet capsule upon the addition of an excess of iodine.

After boiling for 2 minutes the solution is colored much
more deeply, but the grain-residues much less or not at

all. With an excess of iodine the capsules become violet

or reddish-violet.

Staining Reactions. With gentian violet the grains

begin to stain at once and after 30 minutes are colored

fairly deep to deep. The color is the same as that of the

grains of G. nivalis.

With safranin the grains begin to stain immediately

very lightly and after 30 minutes are colored fairly deep
to deep. The color is slightly deeper that that of the

grains of G. nivalis.

Temperature Reaction. The temperature of gelatin-

ization is 69 to 71 C, mean 70.

Effects of Various Reagents. With chloral hydrate-
iodine reaction begins immediately. About half are gelatinized in 5 minutes and gelatinization is

complete in all except very rare resistant grains in 30 minutes. The latter may not be fully gel-

atinized until 60 minutes. The reaction is qualitatively the same as that of the grains of G. nivalis.

The reaction with chromic acid begins in 20 seconds and is over in 6 minutes. The reaction is

qualitatively the same as that of the grains of G. nivalis.

Reaction with pyrogallic acid begins in some grains in 33^ minutes and is general in 7 minutes.

About one-fourth are gelatinized in 25 minutes, and two-thirds are fully and one-third partially

gelatinized after 45 minutes. The reaction is qualitatively the same as that of the grains of G. nivalis.

With ferric chloride some of the grains begin to react in IJ^ minutes; about one-third are af-

fected in 7 minutes, half are gelatinized in 15 minutes, and all except a few are completely gelat-

inized in an hour and 20 minutes. The reaction is qualitatively the same as that of the grains of

G. nivalis.

With Purdy's solution some of the grains react in 30 seconds, and all are affected and one-

fourth fully gelatinized in 30 minutes. About half are gelatinized in an hour and about three-fourths

are fully gelatinized in 13^ hours. There is little further change. The reaction is qualitatively

the same as that of the grains of G. nivalis.

5
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Differentiation of Certain Starches of the Genus Galanthus.

Histological Chabactehistics.

Conspicuous Forms.

G. nivalis: Usually simple, occasional compounds and

aggregates, some poorly defined pressure facets,

surface sometimes irregular owing to unequal
development. Spherical, ovoid, ellipsoidal, trian-

gular, lenticular, quadrangular.
G. elwesii: Essentially the same as in G. nivalis.

Hilum Form, Number, and Position.

G. 7iivalis: Form distinct, usually single, small, round,

rarely elongated, may be double. Usually fissured,

fissures usually neither deep nor very wide, single

or 2 or more. Position eccentric 0.20 to 0.40 of

longitudinal axis.

G. elwesii: Form essentially the same as in G. nivalis;

fissuration more marked. Position eccentric 0.33

to 0.40 of longitudinal axis.

Lamell(B General Characteristics and Number.

G. nivalis: Very distinct, rather fine, continuous, may be

irregular. 20 to 26 on larger grains.
G. elwesii: Fairly distinct, fine, continuous, may be irregu-

lar. 18 to 20 on larger grains.

Size.

O. nivalis: From 7 to 46ai, commonly 34^.
0. elwesii: From 12 to 44m, commonly 28/l<.

PoLARiscopic Properties.

Figure.

G. nivalis: Eccentric, distinct, fairly clear-cut, lines broad,

may be slightly bent and otherwise distorted, fairly

regular.
G. elwesii: The same as in O. nivalis, except lines broader

and dark areas more pronounced.

Degree of Polarization.

G. nivalis: Fairly high.
G. elwesii: Fairly high, same as in G. nivalis, but dark

areas more pronounced.

Polarization rvith Selenite Quadrants and Colors.

G. nivalis: Quadrants fairly well defined, fairly regular
in form, unequal in size. Colors fairly pure.

G. eboesii: Quadrants the same as in G. 7iivalis. Colors

fairly pure.

Iodine Reactions.

Intensity and Colors.

G. nivalis: Deep; blue-violet.

G. elwesii: Deep; slightly deeper than in G. nivalis; blue-

violet.

Staining Reactions.

With Gentian Violet.

G. nivalis: Fairly deep to deep.
G. elwesii: Fairly deep to deep, the same as in G. nivalis.

With Safranin.

G. nivalis: Fairly deep to deep.
G. elwesii: Fairly deep to deep, slightly deeper than in

G. nivalis.

Temperature op Gelatinization.

G. nivalis: 66 to 67 C, mean 66.5.
G. elwesii: 69 to 71 C, mean 70.

Effects of Various Reagents.

Reaction with Chloral Hydrate-Iodine.

G. nivalis: Begins immediately; complete in practically
all in 15 minutes.

G. elwesii: Begins immediately; complete in practically
all in 30 minutes.

Reaction with Chromic Add.

G. nivalis: Begins in all in 20 seconds; complete in 2 minutes.
G. elwesii: Begins in all in 20 seconds; complete indminutes.

Reaction with Pyrogallic Acid.

G. nivalis: Begins in 2 minutes; complete in 45 minutes.
G. elwesii: Begins in 3}^ minutes; complete in two-thirds

and partial in one-third in 45 minutes.

Reaction with Ferric Chloride.

G. nivalis: Begins in some in 2 minutes; complete in 60
minutes.

G. elwesii: Begins in some in 1 J^ minutes; complete in

80 minutes.

Reaction with Purdy's Solution.

G. nivalis: Begins in some in 30 seconds; complete in

three-fourths in 1 hour.

G. elwesii: Begins in some in 30 seconds; complete in

three-fourths in 1 J 2 hours.

NOTES ON THE STARCHES OF GALANTHUS.

The grains of G. nivalis are less deeply fissured, somewhat larger, and the lamellae more distinct

than in those of G. elwesii, otherwise the starches are es.sentially the same in their gross histological

characters. In their reactions they are close, but differ sufficiently to make possible the differentia-

tion of one from the other. The most noticeable differences are noted in the temperature of

gelatinization (difference 3.5), and in the chemical reactions. They are essentially the same in the

degree of polarization and in the reaction with gentian violet, but G. nivalis has the less reaction

with iodine and safranin, and the higher sensitivity in relation to all of the chemical reagents.

GENUS ALSTR(EMERIA.

This genus of tuberous-rooted plants is composed of natives of South America, some of which

have a special commercial importance because of their tubers yielding the Talcahuano arrowroot

(see Maranta). Starches from three sources were studied: A. ligtu Linn., a native of Chile; A. hras-

iliensis Spreng., a native of Brazil; A. aurantiaca {aurea) Don., a native of Chile. The first prepa-
ration was obtained from the Materia Medica Museum of the University of Pennsylvania, in which

it was deposited about 50 years ago, at which time the specimen was received by Dr. Carson, then

professor of materia medica and therapeutics, and recorded as being derived from A. ligtu.
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ponent grains of the aggregates are in this process made very distinct by light lines. The component
grains swell at the margin, and the grain as a whole graduallj' becomes gelatinized. The grains which

constitute an aggregate swell to variable degrees, and when all are gelatinized the mass resembles a

mulberry in form. In the linear aggregates and compounds the components at both ends react, thus

presenting the appearance of bipolar swelling. The gelatinized grains are not much larger than the

original grains and appear to consist of two parts, an outer wall which is light in color and shows
folds and creases, and an inner part which is dark and irregxilarly fissured.

Reaction with chromic acid begins in a few seconds and is over in 30 seconds. The hilum be-

comes very distinct; it appears as a light, refractive spot when not fissured and as a dark bubble

when fissured. As the hilum swells the bubble disappears. The hila in all aggregates and compounds
apparently swell at the same time. All of the component grains swell enormously and rapidly;
the margin of the grain becomes very distinct as a striated and distinctly banded ring. The whole

grain becomes clearer, and finally one point on the margin is dissolved, followed rapidly by solution

of other parts. The aggregates often open centrally to form a ring of swollen grains which finally

disappear.
The reaction with pyrogallic add begins in 20 seconds and is over in 23^ minutes. The hilum

becomes very distinct and also the lines showing the boundaries of the component grains of com-

pounds; but the lamellae are invisible. The hilum swells rapidly and considerably, pushing out the

walls of the grain into a thick, finely striated, and indistinctly banded ring. After the reaction is

complete the aggregates and compounds often have a mulberry-like appearance, composed of sep-

arate, clear, gelatinized grains, not much folded or crumpled. The individual component grains
are usually spherical or slightly oval, and not much distorted.

The reaction with ferric chloride begins in 30 seconds and all the grains are gelatinized in 15

minutes. The hilum is distinct as a black spot or bubble. The marginal part of the single grain
becomes clear and darker, causing the central part to appear lighter and opaque. Portions of the

margin begin to gelatinize and to protrude irregularly, and this process extends all the way around
the margin. The hilum suddenly swells, pushing out parts of the grain in all directions. A dense
band is formed at the margin which quickly clears, and with the formation is a large, crumpled
and folded gelatinized grain. In the compounds and aggregates the component parts swell unevenly,
and the gelatinized grains are lobulated, folded, and crumpled. Often the central portions of some
of the grains remain ungelatinized.

Reaction with Purdy's solution begins at once and is over in 30 seconds. The hilum becomes

very distinct, either as a refractive spot or a dark bubble. The lamellae are fairly distinct. The
hilum swells enormously, pushing the substance of the grain out peripherally, the margin becoming
striated and occasionally banded. The gelatinized grains formed from the simple grains are large,

round, or oval, and not crumpled or folded
;
but those formed from compounds and aggregates are

usually in the form of large, lobulated, mulberry-like masses.

STARCH OF ALSTRCEMERIA BRASILIENSIS. (Plate 57, figs. 339 and 340. Chart 225.)

Histological Characteristics. In form the grains are usually simple, with a very few compound
grains. Neither aggregates nor grains with pressure facets were observed, nor clumps. The surface

of the grains is quite regular, the projections and depressions being quite small. The conspicuous
forms are the ovoid, spherical, and oval to elliptical. The grains are not flattened, and appear
round when seen on end.

The hilum is a fairly distinct, small, round spot, eccentric from two-fifths to one-sixth, usually

one-fifth, of the longitudinal axis of the grain, and in or much to one side of the median line. The
hilum may be double or multiple, and the multiple hila are usually arranged irregularly in a small,
non-lamellated space. The hilum may be fissured, and the fissure is usually small but deep, trans-

verse or diagonal, clean-cut or ragged; or there may be two or more fissures variously arranged.
Fissuration in these grains is not conspicuous, as also in A. Ugtv, and in marked contrast with the

decidedly fissured grains of A. aurantiaca (aurea).

The lamellce are, as a rule, not very distinct, and are rather fine, regular circles or segments of

circles, which are probably continuous and which some distance from the hilum tend to follow

closely the outline of the margin of the grain. They are finer, more distinct, and circular near the
hilum. There are 18 to 24 on the larger grains.

The grains vary in size from 10 to 48/i. The common size is 30/i.
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Polariscopic Properties. The figure is generally markedly eccentric, distinct, and as a rule

fairly clear-cut. In most grains the lines become wider and less sharply defined as they near the

margin, and they may be somewhat bent and otherwise distorted, and often placed at varying

angles to one another. IMultipIe and double figiu-es are rare.

The degree of polarization is high and docs not vary greatly in dilTercut grains or in different

aspects of the same grain. It is not so high as that of the grains of A. liglu.

With selenite the quadrants are usually fairly well defined, irregular in shape, and unequal in

size. The colors are fairly pure.

Iodine Reactions. "With 0.25 per cent Lugol's solution the grains color a very deep blue-violet;

with 0.125 per cent solution they color fairly deeply and

the color deepens rapidly. The color is deeper than in the

grains of .4 . ligtu. After heating in water until the grains

are completely gelatinized, the solution colors fairly deeply
and the grains deeplj' on the addition of iodine. After

boiling for 2 minutes the solution colors very deeply, but

most of the grain-residues not at all. When an excess of

iodine is added the capsules color a pinkish-violet. Very
few of the capsules still contain blue-reacting starch, and

they are collapsed, broken, and twisted.

Staining Reactions. With gentian violet the grains

begin to stain at once, and in 30 minutes are very deeply

stained, some more than others. They are much more

deeplj' stained than the grains of A. ligtu.

With safranin the gi-ains begin to stain at once and

in 30 minutes are very deeply stained, some more than

others. They are more deeply stained than the grains

of A. ligtu.

Temperature Reaction. The temperature of gelatin-

ization is 57 to 58.5 C, mean 57.75.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in 30 seconds and is

over in 6 minutes. It is qualitatively the same as that of corresponding grains of A. ligtu.

Reaction ^\ith chromic acid begins in a few seconds and is over in 30 seconds. It is qualitativelj*

the same as in corresponding grains of A. ligtu.

The reaction "with pyrogallic acid begins in 15 seconds and is over in all but a very few grains in

2 minutes. It is qualitatively the same as in corresponding grains of .4. ligtu.

With ferric chloride the reaction begins in a few grains in a minute and is over in all the grain.s

in 14 minutes. It is the same qualitatively as in corresponding grains of A. ligtu.

The reaction with Purdy's solution begins at once and is over in 30 seconds. It is qualitatively

the same as in corresponding grains of A. ligtu.

P 1 GV T
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Chan No. 226.
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may appear to be segments of ellipses, which, however, are probably continuous. They are fine,

but generally more distinct near the hilum. There are about 12 to 14 on the larger grains.

The grains vary in size from 18 to 69,u. The common size is 40/i.

Polariscopic Properties. The figure is somewhat eccentric, distinct, regular, and fairly clear-

cut, though the lines become less well defined as they near the margin. The hues may bo very

broad, somewhat bent or othcrwse distorted in some part of their course. Double and multiple

figures are occasionally seen.

The degree of polarization is very high. In some grains polarization colors are shown. It does

not vary much in different grains or in different aspects of the same grain. It is slightly higher than

that of the grains of A. ligtu.

With selenite the quadrants are not sharply defined, are fairly regular in shape, but unequal in

size. The colors are not quite pure.

Iodine reactions. With 0.25 per cent Lugol's solution the grains color a very deep blue-violet;

with 0.125 per cent solution they color fairly deeply and the color deepens rapidly. The color is

not so deep as in the grains of A. ligtu. After heating in water until the grains are completely gelat-

inized, the solution colors deeply and the grains fairly

deeply on the addition of iodine. After boiling for 2

minutes the solution colors more deeply, but most of the

grain-residues not at all. With excess of iodine the cap-

sules color a blue-violet and very few of them contain

blue-reacting starch. They are collapsed, broken, and

twisted.

Staining Reactions. With gentian violet the grains

begin to stain at once and in 30 minutes are deeply

stained, some more than others. The color is slightly

deeper than the grains of A . ligtu.

With safranin the grains begin to stain at once and

in 30 minutes are deeply stained, one as deeply as another.

The color is slightly deeper than in the grains of A. ligtu.

Temperature Reaction. The temperature of gelatini-

zation is 53.5 to 56 C, mean 54.75.

Effects of Various Reagents. With chloral hydrate-

iodine reaction is general in 30 seconds. About four-fifths

are gelatinized in 9 minutes and all in 17 minutes. It is the

same qualitatively as in corresponding grains of A. ligtu.

The reaction with chromic acid begins in 15 seconds and is over in 1}4 minutes

qualitatively as in corresponding grains of A. ligtu.

The reaction with pyrogallic acid is general in 30 seconds and is over in 4 minutes. It is the same

qualitatively as in corresponding grains of A. ligtu.

Reaction with ferric chloride begins in some grains in 30 seconds. About four-fifths are gelat-

inized in 10 minutes and all in 20 minutes. Qualitatively the reaction is the same as in correspond-

ing grains of A. ligtu.

The reaction with Purdy's solution begins in a very few seconds and is over in 30 seconds. It

is qualitatively the same as in corresponding grains of A. ligtu.
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Differentiation of Certain Starches of the Genus Alstrmmeria. Continued.

Histological Characteristics. Continued.

Hilum Form, A'umber, and Position. Continued.

A. auranliaca {aurea): Form rather distinct, rather large
round spot ; may be multiple; nearly always fissured,

fissure or fissures large, deep, irregular and ragged,
or a great number of fine radiating fissures. Posi-

tion centric to eccentric about 0.40 to 0.33 of the

longitudinal axis.

Lamellce General Characterisiics and Number.

A. ligtu: Not very distinct, rather coarse, regular, concen-
tric rings. 4 to 9 on larger grains, probably more.

A. hrasiliensis: Not very distinct, rather fine, regular
circles or segments of circles. 18 to 24 on larger

grains.
A. auranliaca {aurea): Fairly distinct, rather coarse, regu-

lar rings or ellipses or segments of elUpses. 18 to 24
on larger grains.

Size.

A. ligtu: From 8 to IQy., commonly SO/i (simple).
A. brasUiensis: From 10 to 48m, commonly 30m (simple).
A. auranliaca {aurea): From 18 to 69m, commonly 40m

(simple) .

PoLARiscopic Properties.

Figure.

A. ligtu: Eccentric, distinct, not always clear-cut, often

distorted and double multiple.
.4. brasUiensis: Usually very eccentric, distinct, usually

clear-cut, at times somewhat distorted, rarely
double or multiple figures.

A. auranliaca (aurea): Somewhat eccentric, fairly clear-

cut, fairly regular, occasionally double or multiple

figures.

Degree of Polarization.

A. ligtu: Veiy high.
A. brasUiensis: High, not so high as in yl. ligtu.

A. auranliaca {aurea): Very high, shghtly higher than in

A. ligtu.

Polarization with Selenite Quadrants and Colors.

A. ligtu: Quadrants usually fairly well defined, usually
very irregular in shape, and unequal in size. Colors

fairly pure.
A. brasUiensis: Quadrants usually well defined, irregular

in shape, and unequal in size. Colors fairly pure.
A. auranliaca {aurea): Quadrants not well defined, fairly

regular in shape, but unequal in size. Colors fairly

pure.

Iodine Reactions.

Intensity and Color.

A. ligtu: Very deep; blue-violet.

A. brasUiensis: Very deep, deeper than in .4. ligtu; blue-

violet.

A. auranliaca (aurea): Very deep, less deep than in A.

ligtu; blue-violet.

Staining Reactions.

With Gentian Violet.

A. liglu: Deep.
.4. brasUiensis: Very deep, much deeper than in A.

ligtu.

A. auranliaca (aurea): Deep, slightly deeper than in A.

liglu.

With Safranin.

A liglu: Deep.
A. brasUiensis: Very deep, much deeper than in A.

ligtu.
A. auranliaca (aurea): Deep, slightly deeper than in A.

ligtu.

Temperature of Gelatinization.

A. liglu: 58 to 59 C, mean 58.5.
A. brasUiensis: 57 to 58.5 C, mean 57.75.
A. auranliaca (aurea): 53.5 to 56 C, mean 54.75.

Effects of Various Reagents.

Reaction with Chloral Hydrate-Iodine.

A. ligtu: Begins in 45 seconds; complete in 7 minutes.
A. brasUiensis: Begins in 30 seconds; complete in 6 min-

utes.

A. auranliaca (aurea): Begins in 30 seconds; complete in

four-fifths in 9 minutes, and in all in 17 minutes.

Reaction with Chromic Acid.

A. liglu: Begins in a few seconds; complete in 30 sec-

onds.
A. brasUiensis: Begins in a few seconds; complete in 30

seconds.

A. auranliaca (aurea): Begins in 15 seconds; complete in

IM minutes.

Reaction with Pyrogallic Add.
A. ligtu: Begins in 20 seconds; complete in 2J^ min-

utes.

A. brasUiensis: Begins in 15 seconds; complete in 2 min-
utes.

.4. auranliaca (aurea): Begins in 30 seconds; complete in

4 minutes.

Reaction with Ferric Chloride.

A. liglu: Begins in a few in 30 seconds; complete in 15
minutes.

A. brasUiensis: Begins in a few in 60 seconds; complete
in 14 minutes.

A. auranliaca (aurea): Begins in a few in 30 seconds; com-

plete in 20 minutes.

Reaction with Purdy's Solulion.

A. liglu: Begins at once; complete in 30 seconds.

A. brasUiensis: Begins at once; complete in 30 seconds.

A. auranliaca (aurea): Begins in a very few seconds; com-

plete in 30 seconds.

NOTES ON THE STARCHES OF ALSTRCEMERIA.

The most noticeable differences in the appearances of the Alslrcemeria starches are in relation

to the abundance of compound grains in A. ligtu; the very conspicuous fissuration of A. auranliaca

{aurea) ;
the differences in the distinctness, coarseness, and fineness of the lamellae, and in the sizes

of the grains. The differences in the interference figures are verj^ conspicuous, owing to relative

numbers of compound and single grains in the two starches. In the reactions, differences of impor-

tance are noted in almost every record, and the sensitivity of the starches to the various reagents is

very marked. On the whole, the starch of A. brasUiensis is the most sensitive. A. liglu in compari-

son with A. auranliaca (aurea) is less responsive in the color and heat reactions, but more respon-

sive, on the whole, with the chemical reagents.
44
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GENUS STERNBERGIA.

Sieriibergia includes only four species of bulbous plants, natives of Eastern Europe to Asia

]\Iinor. Starch was obtained from S. lutea Ker-Gawl. (Amaryllis lutea Linn.), a native of the Med-
iterranean region of Europe, and of Asia, and popularly kno\vn as the star-flower and winter daffodil.

STARCH OF STERNBERGIA LUTEA. (Plate 58, figs. 343 and 344. Chart 227.)

Histological Characteristics. In form the grains are usually simple, vnth very few compounds
and a few aggregates. No pressure facets were observed on the isolated grains, and no clumps.

The surface of the grains is usually very irregular, owing to unequal development, which results in

numerous more or less nodular elevations and depressions. The conspicuous forms are ovoid,

oval, round, ellipsoidal, reniform, and various irregular shapes. Many grains are as thick as broad,

but some of the larger are about one-half to two-thirds as thick as broad.

The hilum is a distinct, rather small, round or lenticular spot, usually eccentric about two-

fifths of the longitudinal axis, and in or to one side of the median line. Sometimes two or more

hila occiu' in a single grain. The hilum is sometimes fissured, and there may be either a single

clean-cut, short, transverse, diagonal or longitudinal fissure; or two short, narrow, clean-cut fissures

forming a cross.

The lamellce are distinct, rather coarse, continuous, irregular rings, which tend even when near

the hilum to follow more or less closely the outline of the margin. They are usually coarser and

more distinct near the margin than near the hilum. They vary in size and distinctness in different

grains and in different parts of the same grain. There are

G to 8 on the larger grains.

The grains vary in size from 6 to 50/i. The common
size is 34/i.

Polariscopic Properties. The figure is usually eccen-

tric, fairly distinct, irregular, and seldom clear-cut. The
lines are often bent or otherwise distorted, or bisected,

and placed at widely varying angles to one another.

Double figures are seen occasionally.

The degree of polarization is fairly high. It varies

somewhat in different grains, in different aspects of the

same grain, and in different parts of the same aspect of

a grain.

With selcnite the quadrants are fairly well defined,

irregular in shape, and unequal in size. The colors are

never pure.
Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains color a deep blue-violet; with 0.125 per
cent solution they color rather lightly at first and the

color quickly deepens. After heating in water until the

grains are completely gelatinized, the solution colors lightly and the grains very deeply on the addi-

tion of iodine. After boiling for 2 minutes the solution colors deeply and the grain-residues lightly

or commonly not at all. The capsules color a red-violet with excess of iodine.

Staining Reactions. AVith gentian violet the grains begin to stain very lightly at once and in

30 minutes are fairly stained, one grain as much as another.

With safranin the grains begin to stain at once and in 30 minutes are deeply stained, one grain
as much as another.

Temperature Reaction. The temperature of gelatinization is 75 to 7G C, mean 75.5.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in most grains in Ij^
minutes. About half are gelatinized in 18 minutes, three-fourths in 50 minutes, and four-fifths in

70 minutes. The reaction begins at the sides, which become dark. Then the starch at both distal

and proximal ends grows darker and swells somewhat, and from these two points this process of

swelling and coloring extends inward until the entire grain is affected. The gelatinized grains are

not very large and are of uniform dark color. They are somewhat distorted, but retain some of

the original form.

s

VH VD 50"



GENERA STERNBERGIA AND NARCISSUS. 665

Th(^ roaction with chromic acid begins in 114 minutes and is over in 7 minutes. The grain be-

r(Mnos covered by fine striae which grow larger, and a bublile is formed at the hilum, which swells,

then decreases in size, and then disappears. The whole of the inner part of the grain out to the mar-

gin now passes into a gelatinous mass, and a band of the more resistant non-gelatinized starch

forms at the margin. As this process proceeds, the grain swells and the thin gelatinous capsule that

is formed is dissolved, usually at the proximal end, and the inclosed gelatinized starch escapes and is

dissolved, followed by solution of the capsule.

With pyrogallic acid the reaction begins in some grains in 2 minutes. About one-third are

partially and two-thirds completely gelatinized in 14 minutes and all are completely gelatinized

in 25 minutes. The reaction begins with a slight swelling of the hilum and the appearance of fine

stride which radiate throughout the grain. The whole grain is now changed into a gelatinous mass

without any sharp division of the inner gelatinous substance and the thick marginal ring. As the

process goes on the grain swells, and finally a large, distorted, and folded, thin-walled gelatinous

mass is formed.

The reaction with ferric chloride begins in a few grains in 2 minutes. About three-fourths are

completely gelatinized in 20 minutes and all in 65 minutes. The reaction generally begins at the

distal end, where the starch becomes gelatinous and swells. The reaction progresses around the

margin of the grain, the starch near the margin often becoming first divided from that of the

interior of the grain by a line of ungelatinized starch, which line later gelatinizes. When the whole

of the marginal starch is gelatinized the process moves inward. The ungelatinized starch is in-

vaded by fissures, dividing it into several, irregular pieces, which are moved apart by the gelatini-

zation of the substance between, and later themselves gelatinize. The gelatinized grains are very

large, wrinkled, folded, and distorted, and do not retain much of the original form.

Reaction with Purdrj's solution begins in some grains in IJ/2 minutes. About one-fourth are

partially gelatinized in 15 minutes, one-half in 30 minutes, and only one-third of the grains are com-

pletely gelatinized in 1% hours. The reaction is the same qualitatively as that to pyrogallic acid.

GENUS NARCISSUS.

Baker states that this genus includes 16 species, but according to horticulturists there are thrice

this many. The number of garden forms is very large. Most of the narcissi are natives of south-

western Europe and the Mediterranean region. Starches from 13 sources were studied: N. hors-

fieldii Burb., a form referred to the Pseudo-narcissus Linn., or common daffodil; A^. maximus Hort.,

a form also referred to the Pseudo-narcissus; N. bidhocodiian. Linn., the hoop-petticoat daffodil; N.

bulbocodium var. conspicua Hort.; A^. bulbocoditim var. monophyllus Baker (A'', monophyllus Moore;

N. clusii Dunal); A'', incomparabilis Mill.; N. odorus Linn.; N. pociicus Linn., the pheasant's eye

narcissus; N. biflorus Curt., the primrose peerless narcissus; N. jonquilla Linn., the jonquil; N.

jonquilla var. rugulosus Hort.; N. jonquilla var. campernelli rugulosus Hort.; and N. tazetta var.

orientalis Hort., the Chinese sacred lily.

Accordmg to Baily's classification these narcissi are grouped as follows :

L Magnicoronati or large-crowned N. horsfieldii, N. maximus, N. bulbocodium and its

varieties.

IL Mediocoronati or medium-crowned N. incomparabilis and A'', odorus.

111. Parvicoronati or small-crowned N. poeticus, N. biflorus, N. jonquilla and its varieties, and

A'^. tazetta var. orientalis.

STARCH OF NARCISSUS HORSFIELDII. (Plate 58, figs. 345 and 346. Chart 228.)

Histological Characteristics. In form the grains are usually simple. There are a few compoimd

grains and a few small aggregates. The surface of the grams is somewhat irregular, owing to un-

equal development, with a tendency to nipple-like projections and shallow depressions. The con-

spicuous forms are irregularly ovoid, oval to elliptical; other forms are also lenticular, quadrilateral

with rounded comers, irregularly rounded, pyriform, bottle- or gourd-shaped. The broader forms

are about half as thick as wide, and the narrower forms have about the same thickness as width.

The hilum is small and fau-ly distmct. It may be eccentric, but is usually eccentric about

two-fifths to one-fourth of the longitudinal axis. It is fissured, the fissure generally being small,

transverse or diagonal, and clean-cut or ragged. It may be S-armed or irregularly stellate. The

hilum is often double or multiple, and usually arranged linearly in a non-lamellated space. The hila
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may be separated from one another by small fissures, and one or all may be fissured. Sometimes

there is a long, curved, irregular fissure extending through the line of hila. The hilum is also not

infrequently of an elongated or lenticular form.

The lamellm are distinct. They are rather fine, continuous rings, and tend to follow the outline

of the margin, which is often very irregular. One lamella near the hilum is usually more distinct

than the others. Those centrally located are almost always more distinct than those near the

margin. There are about 12 to 14 on the larger grains.

The grains vary in size from 3 to 48^^. The common size is 32yu.

Polariscopic Properiies. The figure is usually eccentric, and not clear-cut, but distinct. One

or more of the lines are often quite broad, and sometimes not sharply defined. There is often

some slight bending or other distortion of the lines.

The degree of polarization is high, varying greatly in

different grains; it is low or absent in some parts of the

grains, and in some grains only small marginal areas are

illuminated.

With selenite the quadrants are usually not well

defined, are irregular in shape, and unequal in size. The
colors are sometimes pure.

Iodine Reactions.- With 0.25 per cent Lugol's solu-

tion the grains are colored deeply a bluish-violet; with

0.125 per cent solution the grains tint lightly and the color

does not deepen very rapidly. After heating in water

until the grains are gelatinized, the solution is colored

deeply and the grains very deeply on the addition of

iodine. After boiling for 2 minutes the solution is colored

much more deeply, but the grain-residues much less. All

of the capsules contain some blue-reacting starch. With
an excess of iodine the capsules are colored a pinkish-
violet.

Staining Reactions. With gentian violet and with

safranin the grains begin to stain at once very lightly, and after 30 minutes are fairly stained.

Temperature Reaction. The temperature of gelatinization is 73 to 75 C, mean 74.

Effects of Various Reagents. With chloral hydrate-iodine a few grains react in 23^2 minutes,
and the reaction is general in 4 minutes. About one-fourth are darkened in 15 minutes, and all

are affected and four-fifths gelatinized in an hour. There was little further change. The hilum usu-

ally becomes prominent. The margin grows clearer and darker, and then irregular points on the

margin become very dark. This process may extend all around the margin or be confined to

the two ends of the grain or to irregular points on the side. It subsequently extends inward evenly
and without great swelling. The line of demarcation between the gelatinized and non-gelatinized

parts is fairly distinct. The gelatinized grains are not very large and are usually of a uniform color.

With chromic acid there is some reaction in 30 seconds, it is general in 1}A minutes, and
is over in 14 minutes. The hilum becomes distinct and then swells, and the grain is marked

by fine striae. The inner portion is changed into a thin, gelatinous mass, and the starch at the mar-

gin is formed into a saccular ring which is divided by coarse radial striae and presents a ragged
border on the inside. This ring or capsule grows thinner and clearer, and one part dissolves, fol-

lowed by an opening and the extrusion and solution of the contents, and the solution of the capsule.
With pyrogallic acid there is a very slight general reaction in 4 minutes. About one-fourth

of the grains are almost completely gelatinized in 25 minutes and about two-thirds are fully gelat-

inized in an hoxir. The hilum becomes distinct, but the lamellae are not especially so. The hilum

swells somewhat and the grain is divided by fine striae. The inner portion is transformed into a

gelatinous mass, while the margin becomes a thick, striated band which is very ragged on the inside.

This band or capsule becomes thinner, clearer, and quite homogeneous-looking as the grain swells.

The gelatinized grains are fairly large and somewhat wrinkled, but otherwise not greatly distorted.

With ferric chloride there is a reaction in a few grains in 3 minutes and most of the grains
react in 10 minutes. A few are completely gelatinized in 10 minutes, about one-third in 15

minutes, and the reaction is complete in IJ^ hours. The hilum becomes prominent and swells
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somewhat in the form of a gelatinous projection in most cases. This process may spread into

the grain to a certain point, and then the rest of the grain becomes divided by fissures. The pieces

suddenly part and gelatinize separately. The gelatinized grains are large and irregular, much

sacculated and folded, and bear little resemblance to the original grain.

Reaction with Purdy's solution begins in some grains in 1 to 1}^ minutes. Almost all are

affected and a few are completely gelatinized after an hour, and one-fourth gelatinized in 2 hours.

There was no further change. The reaction is qualitatively the same as that with pyrogallic acid.

STARCH OF NARCISSUS MAXIMUS. (Plate 58, figs. 347 and 348. Chart 229.)

Histological Characteristics. In form the grains are usually simple. There are a few compounds
and aggregates. Occasionally grains are observed having poorly defined pressure facets. The

surface of the grains is often very irregular, owing chiefly to unequal development in the form of

rounded protuberances or nipple-like projections. Sometimes there are additions which completely

surround the original grain. The conspicuous forms are the ovoid, which is usually slender and

pointed at the distal end, oval to elliptical, lenticular, and nearly spherical. There are also quad-

rilateral, triangular, pyriform, and various irregular forms. The quadrilateral and triangular forms

and related forms are about half as thick as they are

wide, but the rounded forms are about as thick as broad.

The hilum is a small, not veiy distinct, round spot,

usually eccentric about one-third to one-fourth of the

longitudinal axis of the grain, and in or to one side of the

median line. It is frequently fissured, and the fissure is

usually small, clean-cut, transverse, straight or with a

double curve; rarely there are two lines forming a cross.

The lamellce are not very distinct and are often invis-

ible. When they can be seen they appear as rather fine,

fairly regular, continuous rings which tend to follow the

outline of the margin. There are from 8 to 12 on the

larger grains.

The grains vary in size from 4 to 42/j. The common
size is 26ju.

Polariscopic Properties. The figure is eccentric, dis-

tinct, and usually not clear-cut, as one or more of the

hues are often less clearly defined in some part of their

length. The lines are often bent, otherwise distorted,

and sometimes bisected.

The degree of polarization is high. It varies greatly m different grains and somewhat in

different aspects of the same grain, and very much in different parts of the same aspect of a grain.

It is the same as that of the grains of N. horsfi^ldii.

With seknite the quadrants are usually not well defined, are very irregular in shape, and un-

equal in size. The colors are sometimes pure.

Iodine Reactions. With 0.2.5 per cent Lugol's solution the grains color a deep blue-violet,

some more than others; with 0.125 per cent solution the grains color fairly, slightly more than the

grains of N. horsfieldii. After heating in water until the grains are completely gelatinized, the solu-

tion colors lightly and the grains very deeply on the addition of iodine. After boilmg for 2 mmutes

the solution colors very deeply, but the grain-residues fairly. The capsules color a red-violet on the

addition of an excess of iodine, and most of them contain some blue-reacting starch.

Staining Reactions. With gentian violet the grains begin to stain very lightly in a minute,

and in 30 minutes they are lightly stained. The color is much less than that of N. horsfieldii.

With safranin the grains begm to stain very lightly at once, and in 30 minutes they are fairly

stained. The color is slightly less than that of A'', horsfieldii.

Temperature Reaction. The temperature of gelatmization is 74.5 to 76 C, mean 75.25.

Effects of Various Reagents. With chloral hydrate-iodine the reaction begins in a few grains in

30 seconds and is general in 3 mumtes. About one-fifth are gelatinized in 30 minutes, one-third in

45 mmutes, one-half in an hour, and two-thu-ds in l}4 hours. The reaction is qualitatively the

same as that of the grains of N. horsfieldii.
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Stainin{} Reactions. With gentian violet tlie grains begin to stain at once very slightly and after

30 minutes they are lightly stained. Tiie color is less than that of the grains of A'', horsfieldii.

With safmnin the grains begui to stain at once, but after 30 minutes they are lightly stained.

The color is less than that of the grains of N. horsfieldii.

Temperature Reaction. The temperature of gelatinization is 71 to 73 C, mean 72.

Effects of Various Reagents. With chloral hydrate-iodine there is a reaction m most of the grains
in 3 minutes. About one-fourth are darkened and probably gelatinized in 8 minutes, and one-half

are completely gelatinized in 55 minutes. Of the remaining half, some are partially gelatinized,
but others are entirely unaffected. There was no further change. The reaction is qualitatively
the same as that in the grains of N. horsfieldii.

With chromic acid there is some reaction in 30 seconds, it is general in a minute, and over in 8
minutes. The reaction is the same as that of the grains of N. horsfieldii.

With pyrogaUic acid a few of the grains react in a minute and all are affected, about one-fourth

being completely gelatinized in 10 minutes. The reaction is complete in 45 minutes. It is qualita-

tively the same as that of the grams of N. horsfieldii.

With ferric chloride there is a reaction in some of the grains in 13^ minutes. About one-third

are gelatinized in 10 minutes, three-fourths in 25 mmutes, and all in 50 minutes. The reaction

is qualitatively the same as that of the gi-ains of A'^. horsfieldii.

With Purdy's solution there is a slight reaction in 3 minutes. A few are gelatinized and a few
more are slightly affected in 13^2 hours. There was no further change. The reaction is qualitatively
the same as that of the grains of N. horsfieldii.

STARCH OF NARCISSUS BULBOCODIUM VAR. CONSPICUA. (Plate 59, figs. 351 and 352. Chart 231.)

Histological Characteristics. In form the grains usually are simple. There are few compound
grains and aggregates. Pressure facets were rarely observed on the isolated grains. The surface is

often irregular, owing chiefly to the unequal development of their surfaces in the form of rounded

protrusions or nipple-like processes. Sometimes an addition is made so that the grain is completely
inclosed by a lamellated deposit. The conspicuous forms are the ovoid to oval and elliptical, which
often are not so wide at the distal end as at the proximal end. There are also spherical, hemi-

spherical, quadi'ilateral, triangular, and various odd
forms. The triangular, quadrilateral, and other broad

forms are about half as thick as they are broad, but

the other forms as a whole are of the same thickness

as width.

The hilum is a small, not very distinct, round or

lenticular spot, usually eccentric about two-fifths to one-

third of the longitudinal axis of the grain and in or to

one side of the median line. It is often fissured, and the

fissure is usually small, but ragged and irregular. Not

only the hilum but parts of the grain between it and the

distal end may be fissured.

The lamellce are rather indistinct, but can usually be

seen as rather coarse, regular rings which tend to follow

the outline of the margin of the grain. There are about

6 to 8 on the larger grains.

The grains vary in size from 4 to 40/i. The common
size is 24^.

Polariscopic Properties. The figure is usually eccen-

tric, sometimes distinct, and generally not clear-cut.

One or more of the lines are broader and less sharply defined in some parts than in others, and

sometimes they are also somewhat bent or otherwise distorted.

The degree of polarization is high. It varies in different grains, in different aspects of the same

grain, and in different parts of the same aspect of a grain. In some grains large areas arts dark.

It is slightly less than that of the grains of A'^. horsfieldii.

With selenite the quadrants are usually well ilefined, irregular in shape, and unequal in size.

The colors are usually very pure.
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Iodine Reactions.- With 0.25 per cent Lugol's solution the grains color a deep blue-violet;

with 0.125 per cent solution they color fairly and the color deepens slowly. They are more deeply
colored than the grains of A'^. horsfieldii. After heating in water until the grains are completely

gelatinized, the solution colors fairly and the grains very deeply on the addition of iodine. After

boiling for 2 minutes the solution colors much more deeply and the grain-residues much less. The

capsules are colored a red-violet on the addition of an excess of iodine and most of them still contain

some blue-reacting starch.

Staining Reactions. With gentian violet the grains begin to stain very lightly in 2 minutes

and in 30 minutes are lightly stained. The reaction is less than that of the grains of A'", horsfieldii.

With sajranin the grains begin to stain very lightly at once and in 30 minutes are lightly stained.

The reaction is less than that of the grains of N. horsfieldii.

Temperature Reaction. The temperature of gelatinization is 72 to 73.5 C, mean T2.1b.

Effects of Various Reagents. -With chloral hydrate-iodine the reaction begins in 3 minutes.

About one-third of the grains are gelatinized in 30 minutes and half in 45 minutes. The reaction is

qualitatively the same as that of the grains of A^ horsfieldii.

The reaction with chromic acid begins in a minute and is over in G minutes. It is qualitatively
the same as that of the grains of A'^. horsfieldii.

Reaction with pyrogallic acid begins in 2 minutes. About one-fourth of the grains are gelatinized
in 7 minutes, three-fourths in 10 minutes, and all in 20 minutes. The reaction is qualitatively the

same as that of the grains of A'', horsfieldii.

Reaction with ferric chloride begins in a few grains in 3 minutes, about half are gelatinized in

25 minutes, and all in 13^ hours. The reaction is qualitatively the same as that of the grains of

A'', horsfieldii.

The reaction with Purdy's solution begins very slightly in 2 minutes and only a few are even

partially gelatinized in 10 minutes. The reaction is qualitatively the same as that of the grains
of A'', horsfieldii.

STARCH OF NARCISSUS BULBOCODIUM VAR. MONOPHYLLUS. (Plate 59, figa. 353 and 354. Chart 232.)

Histological Characteristics. Inform the grains are usually simple. There are rarely compound
grains and aggregates, and pressure facets are seldom observed. The surface of the grains tends

to be somewhat irregular, owing chiefly to nodular or

nipple-like additions which vary in size. In some grains

deposits in the form of two or three lamellse entirely sur-

round the grain. The conspicuous forms are the ovoid,
and oval to elliptical, the distal end usually being the

narrower. There are also irregularly quadrilateral forms

with rounded angles, spherical forms, triangular forms

with rounded angles, and various irregular shapes. The

quadrilateral and triangoilar and other broad forms are

from one-half to three-fourths as thick as they are broad;
the other forms, as a whole, are of about the same thick-

ness as width.

The hilum is a small, not very distinct, round or len-

ticular spot, usually eccentric from one-third to two-fifths

of the longitudinal axis of the grain, in or to one side of

the median line, and generally fissured. The fissure may
be small, and there may be a single transverse or diag-
onal line; or there is an irregularly stellate arrangement
of fissures. There are sometimes double hila.

The knnellce are not very distinct, but when they can

be seen they appear as rather coarse, regular, continuous rings which tend to follow the outline of

the margin of the grain. There are about 5 to 7 on the larger grains.
The grains vary in size from 3 to 42^. The common size is 22fi.

Polariscopic Properties. The figure is eccentric, distinct, and often clear-cut. In many grains
one or more of the lines become broader and less well defined in some part of their length. Some-
times they are somewhat bent or otherwise distorted.
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The degree of polarization is high. It varies in different grains, in different aspects of the same
grain, and often in different parts of the same aspect of a grain. It is not quite so high as that of

the grains of X. horsfieldii.

With selenite the quachants are usually well defined, are irregular in shape, and unequal in size.

The colors are generally' pure.
Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a deep blue-violet, some

more than others; with 0.125 per cent solution they color fairly and the color deepens slowly. The
coloration is of the same ilepth as that of the grains of A'', horsfieldii. After heating in water until

the grains are completely gelatinized, the solution colors fairly deeply and the grains deeply on
the addition of iodine. After boiling for 2 minutes the solution colors very deeply and the grain-
residues much less deeply. With an excess of iodine the capsules become a red-violet, and most
of them contain some blue-reacting starch.

Staining Reactions. With gentian violet the grains begin to stain at once very lightly and after

30 minutes are fairly stained, some more than others. The color is slightly less than that of the

grains of N. horsfieldii.

With safranin the grains begin to stain at once very lightlj' and after 30 minutes are lightly

stained, some slightly more than others. The color is less than that of the grains of A'', horsfieldii.

Temperature Reaction. The temperature of gelatinizatlon is 73 to 75 C, mean 74.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in some grains in 45
seconds and is fairly general in 3 minutes. About one-fourth are gelatinized in 11 minutes, one-
third in 20 minutes, and three-fourths in 45 minutes. The reaction is qualitatively the same as

that of the grains of N. horsfieldii.

Reaction vrith chromic acid begins in 45 seconds and is over in 5 minutes. It is qualitatively
the same as that of the grains of A'', horsfieldii.

The reaction with pyrogallic acid is nearly general in 45 seconds. About three-fourths are

gelatinized in 10 minutes and all in 13 minutes. The reaction is qualitatively the same as that of

the gi-ains of A'^. horsfieldii.

The reaction with /erne chloride begins in a few grains in 2 minutes. About half are gelatinized
in 10 minutes, three-fourths in 22 minutes, and practically all in 45 minutes. The reaction is

qualitatively the same as that of the grains of A'', horsfieldii.

Reaction mth Purdy's solution begins slightly in 2 minutes. A few are partially gelatinized in

8 minutes, one-fifth in 20 minutes, and one-third in 45 minutes. The reaction is qualitatively the

same as that of the grains of A'^. horsfieldii.

STARCH OF NARCISSUS INCOMPARABILIS. (Plate 60, figs. 355 and 356. Chart 233.)

Histological Characteristics. In forin the grains are usually simple. Occasionally compound
grains and aggregates are seen. Pressure facets are rarely noted. The surface of the grains is

irregular, owing to unequal development, which is sometimes in the form of rounded protrusions
or nipple-hke processes. The conspicuous forms are the ovoid to oval and elhptical; also spherical,

triangular \\ith rounded angles, lenticular, reniform, irregularly quadrangular, pol3'gonal, rod-

like, and various irregular shapes. The triangular, quadrangular, reniform, and the broader forms:

are one-half to three-fom-ths as thick as they are broad; and the other forms, as a whole, are of the

same thickness as breadth.

The hilum is a not very distinct, small, round or lenticular spot. It is eccentric about two-

fifths of the longitudinal axis of the grain. It is commonly fissured, and the fissure may be a small,

ragged, transverse line, or a cross, or 3-arnied figure.

The lamellce are, as a rule, invisible, but when they can be seen they appear as rather coarse,

regular, continuous rings tending to follow the irregularities of the margin. The number could not

be determined.

The grains vary in size from 2 to 42/i. The common size is 28ju.

Polariscopic Properties. The figure is usually eccentric and, as a rule, not clear-cut. In some

grains its lines are wider and not clearlj' outlined and are often somewhat bent and otherwise distorted.

The degree of polarization is high. It varies greatly in different grains, in different aspects of the

same grain, and in different parts of the same aspect. It is lower than that of the grains of A^. horsfieldii.

With selenite the quadrants are usually well defined, irregular in shape, and unequal in size.

The colors are usually pure.
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Curve of Reaction-Intensities of Starch of

Narcissus odorus.

With selenite the quadrants are very poorly defined in most grains, and are irregular in shape
and unequal in size. The eolors are sometimes pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color deeply a blue-violet; with

0.125 per cent solution they tint lightly and the color deepens slowly. The color is somewhat deeper
than that of the grains of A^. horsfieldii. After heating in water until the grains are completely

gelatinized, the solution and grains color deeply, some grains more than others. Tlie grains which do
not stain so deeply take on a violet color when a slight excess of iodine is added. After boiling for 2

minutes the solution stains more deeply, but the grain-residues less. Mo.><t of the capsules retain some

blue-reacting starch and all are colored a pinkish-violet.

Staining Reactions. With gentian violet the grains

begin to stain very lightly at once and are fairly stained

after 30 minutes. The depth of color is the same as that

of the grains of N. horsfieldii.

With safranin the grains begin to stain very lightly in

2 minutes and in 30 minutes are fairly stained. The depth
of color is the same as that of the grains of A'', horsfieldii.

Temperature Reaction. The temperature of gelatin-

ization is 74 to 75 C, mean 74.5.

Effects of Various Reagents. With chloral hydrate-
iodine some grains react in 2)4 minutes and the reaction is

general in 33^ minutes. All are gelatinized, with the excep-
tion of a few near the edges of the cover-slip, in 2 hours.

There was no further change. The reaction is qualitatively

the same as that observed of the grains of A'', horsfieldii.

With chromic acid some of the grains react in 30

seconds, the reaction is general in a minute, and com-

plete in 5 minutes. It is qualitatively the same as that

of the grains of N. horsfieldii.

There is a reaction with pyrogallic acid in many grains in 2 minutes. A few are gelatinized in

30 seconds, and at this time all the grains are more or less affected. About three-fourths are fully

gelatinized in 45 minutes and the others are in all stages of reaction. The reaction is qualitatively

the same as that of the gi'ains of N. horsfieldii.

There is a reaction with ferric chloride of a few grains in 4 minutes. A few are completely

gelatinized and many others show some reaction in S)^ minutes. All the grains are completely

gelatinized in 45 minutes. The reaction is qualitatively the same as that of N. horsfieldii.

With Purdy's solution there is a slight reaction in some grains in 15 minutes. One was fully

gelatinized and a few others showed a slight enlargement of the hilum and fine stris radiating

throughout the grain in 45 minutes. There was no further change. The reaction is qualitatively

the same as that of N. horsfieldii.

STARCH OF NARCISSUS POETICUS. (Plate 60, figa. 359 and 360. Chart 235.)

Histological Characteristics. In fwm the grains are usually simple. There are a few compound

grains and aggregates. Grains with pressure facets are rare. The surface of the grains is usually

very irregular, owing to unequal development, especially to nipple-like processes. The conspicuous

forms are the ovoid, oval, and elliptical. There are also spherical, triangular, irregularly pyri-

form, rod-like, lenticular, and very irregular forms. The grains if broad are about half as thick as

they are wide, while the narrow forms are of the same thickness as width.

The hilum is a distinct round or lenticular spot and nearly always fissured. It is usually eccentric

from two-fifths to one-thu-d of the longitudinal axis. There are often double or multiple hila, which

are usually traversed by a long, irregular fissure having many side branches at each hilum. In the

case of the single hilum the fissures may be large or small, simple, transverse, diagonal, or longitudinal,

clean-cut or ragged, or the combination may be 3-armed in the form of a cross, or irregularly stellate.

The lamelke are not very distinct, but usually can be seen. Near the hilum, where they are seen

with less difficulty, they appear as coarse, regular, continuous rings which tlo not follow the out-

line of the margin. As far as could be determined, there are about 5 to tl on the larger grains.

The grains vary in size from 3 to Aifi. The common size is 28/i.
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of the median line. It is almost invariably fissured, and the fissuration may be in the form of a

single straight or double curved transverse line, or a 3-armed figure, or a cross, or large and very

irregular and ragged. There may be double and even multiple hila.

The lamellce are commonly invisible, and when they can be seen they appear as fairly regular,

coarse rings which tend to follow the outline of the margin. The number could not be determined.

The grains vary in size from 3 to 40^. The common size is 26yu.

Polariscopic Properties. The figure is usually eccentric, distinct, and generally not sharply

defined. One or two of its lines may be broadened and not clear-cut in some parts of their length,

and they may be bent and otherwse distorted.

The degree of polarization is high. It varies greatly in different grains, also in different aspects

of the same grain and in the same aspect of a given grain. It is about the same as that of the

grains of A'', horsfieldii.

With selenite the quadrants are not, as a rule, sharply

defined, and are irregular in shape and unequal in size.

The colors are sometimes pure.

Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains color a deep blue-violet; with 0.125 per

cent solution they color fairlj^ and the color deepens

slowly. The grains are colored more deeply than those

of N. horsfieldii. After heating in water until the grains

are completely gelatinized, the solution colors fairly

deeply and the grains deeply on the addition of iodine.

After boiling for 2 minutes the solution colors more

deeply and the grain-residues less. The capsules color

violet vnth an excess of iodine, and all of them retain

some blue-reacting starch.

Staining Reactions. With gentian violet the grains

begin to stain in 3 minutes and in 30 minutes are fairly

stained, some more than others. The color is somewhat

less than that of the grains of A'', horsfieldii.

With safranin the grains begin to stain in 3 min-

utes, and in 30 minutes are lightly stained, but every one of the same shade,

than that of the grains of A'', horsfieldii.

Temperature Reaction. The temperature of gelatinization is 74 to 76 C, mean 75.

Effects of Various Reagents. With chloral hydrate-iodine the reaction begins in most grains in

3 minutes. About one-fourth are completely gelatinized in 15 minutes, one-third in 25 minutes,

one-half in 35 minutes, and two-thirds in 50 minutes. The reaction is qualitatively the same as

that of the grains of A^'. horsfieldii.

The reaction with chromic acid begins in some grains in 30 seconds, in all in a minute, and is

over in 5 minutes. It is the same qualitatively as that of the grains of N. horsfieldii.

Reaction with pyrogallic acid begins in all the grains in 2}4 minutes. About one-fourth are

completely gelatinized in 8 minutes, one-half in 11 minutes, two-thirds in 15 minutes, and all in 22

minutes. The reaction is the same qualitatively as that of the grains of A'', horsfieldii.

The reaction with ferric chloride begins in a few in 3 minutes. About one-fourth are gelatinized

in 22 minutes, one-half in 28 minutes, nearly all in 50 minutes, and all in an hour. The reaction is

qualitatively the same as that of the grains of A'', horsfieldii.

With Purdy's solution there is a slight reaction in a few grains in 15 minutes. The reaction is

the same qualitatively as that of A'', horsfieldii.

STARCH OF NARCISSUS JONQUILLA. (Plate 61, figs. 363 and 364. Chart 237.)

Histological Characteristics. In form the grains are usually simple. There are a few compound

grains and aggregates. Pressure facets are rare. In some instances it is impossible to determine

whether the grains are compound or simple grains with multiple hila. The surface of the grains

is often irregular, owing chiefly to rounded protrusions and nipple-like processes. The conspicuous

forms arc ovoid to oval and elliptical, irregularly quadrilateral and triangular. There are also

lenticular, pyriform ha\'ing a narrow part which is often very small, polygonal form,s, hemispherical,

p
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STARCH OK NARCISSUS JONQUILLA VAR. RUGULOSUS. (Plate 61, figs. 365 and 366. Chart 238.)

Histological Characteristics. In form the grains are simple. A few occur in aggregates. Poorly
defined pressure facets are rarely seen. The surface is generally irregular, owing to inequalities of

development. In some cases the grains often have an outer coating of starch, which is not lamellated,

except when the primary grain is very small. The conspicuous forms are the ovoid to oval and
elliptical; also lenticular, irregularly quadrilateral and triangular with rounded corners, reniform,
and almost spherical. The quadrilateral and reniform and some of the broad ovoid forms are from
one-half to three-fourths as thick as they are broad.

The hiluni is a small, not very distinct, round or lenticular spot, usually eccentric about one-
third of the longitudinal axis of the grain and in or to one side of the median line. It is generally
fissTired, and the fissuration is usually in the form of a single, small, and clean-cut, straight, trans-

verse line. It may be as a cross or a variable arrangement, especially in an irregularly stellate

fashion. No multiple hila were observed.

The lamellm are usually indistinct, but when they can be seen they appear as rather coarse,

continuous, regular rings which follow the outline of the margin. There are about 6 to 10 on the

larger grains.

The gi-ains vary in size from 4 to 50ju. The common size is 28^.

Polariscopic Properties. The figure is usually eccentric, distinct, and often clear-cut, but one
or more of its lines may become broader and less well defined in some part of their course. The
Hnes are also sometimes bent and otherwise distorted.

The degree of polarization is high. It varies some-
what in different grains, in different aspects of the same

grain, and often very greatly in different parts of the

same aspect of a grain. It is slightly higher than that of

the grains of N. horsfi^ldii.

With selenite the quadrants are usually well defined,

generally irregular in shape, and unequal in size. The
colors are usually pure.

Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains color a deep blue-violet; with 0.125 per
cent solution they color fairly. The color is slightly

deeper than that of the grains of N. horsfi^ldii. After

heating in water until the grains arc completely gelatin-

ized, the solution colors fairly and the grains very deeply
on the addition of iodine. After boiling for 2 minutes,
the solution colors very deeply and the grain-residues
not very deeply. The capsules all color a red-violet

with an excess of iodine and most of them retain blue-

reacting starch.

Staining Reactions. ^With gentian violet the grains begin to stain very shghtly in a minute and
in 30 minutes are fairly stained. The color is not quite so deep as that of the grains of N. horsfieldii.

With safranin the grains begin to stain very hghtly at once and in 30 minutes are fairly stained.

The color is not quite so deep as that of the grains of A'^. horsfildii.

Temperature Reaction. The temperature of gelatinization is 74.5 to 76 C, mean 75.25.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in 2}^ minutes. About
one-fourth of the grains are gelatinized in 10 minutes, one-half in 15 minutes, three-fourths in 23

minutes, and five-sixths in 15 minutes. The reaction is quahtatively the same as that of the grains of

A'^. horsfieldii.

The reaction with chromic acid begins in 45 seconds and is over in 4 minutes. It is qualitatively
the same as that of the grains of N. horsfieldii.

Reaction with pyrogallic acid begins in 45 seconds and is over in 15 minutes. It is qualitatively
the same as that of the grains of A'^. horsfieldii.

The reaction with ferric chloride begins in a few grains in IJ^ minutes. About three-fourths

are gelatinized in 10 minutes and all in 40 minutes. The reaction is qualitatively the same as that

of the grains of A'^. horsfieldii.
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Reaction with Purdy's solution begins in many grains in 30 seconds and most of them are par-

tially gelatinized in 3 minutes. About half are completely gelatinized in 20 minutes and two-thirds

in 30 minutes. The reaction is qualitatively the same as that of the grains of N. horsfieldii.

STARCH OF NARCISSUS JONQUILLA VAR. CAMPERNELLI RUGULOSUS.

(Plate 62, figs. 367 and 368. Chart 239.)

Histological Characteristics. In form the grains are simple. There are a few aggregates. Pres-

sure facets are rarely observed. The surface of the grains is somewhat irregular, owing to irregu-

larities of development rather than additions to their surfaces, but grains are occasionally seen

inclosed in a layer of starch of variable thickness. The conspicuous forms are the ovoid to oval,

irregularly quadrilateral and triangular with very much rounded angles. In addition there are

spherical, hemispherical, pyriform, lenticular, reniform, and many irregular shapes. The quadri-

lateral, reniform, and triangular grains are about one-half to three-fourths as thick as they are

broad, and the ovoid and other rounded forms are commonly about as thick as broad.

The hiliirn is a fairly small, not very distinct, round spot, usually eccentric about one-fourth

to one-third of the longitudinal axis of the grain and on or to one side of the median line. It is often

fissured and the fissures are usually small and clear-cut. There may be one transverse line, straight
or with a double curve, or two irregular, ragged fissures radiating from the hilum, or a stellate

arrangement. No multiple hila were observed.

The lamella are usually invisible, but when they can

be seen they appear as fairly regular, coarse, continuous

rings which follow closely the outline of the margin of

the grain. The number could not be determined.

The grains vary in size from 3.5 to 44/i. The com-
mon size is 24^.

Polariscopic Properties. The figure is usually eccen-

tric, distinct, and often clear-cut, but frequently one or

more of the lines become broader and less well defined in

some parts of their length. The lines are also often

somewhat bent or otherwise distorted.

The degree of polarization is high. It varies much in

different grains, in different aspects of the same grain,

and often very much in different parts of the same aspect
of a grain. It is about the same as that of the grains

of N. horsfieldii.

With selenite the quadrants are usually not well de-

fined, irregular in shape, and unequal in size. The colors

are often pure.
Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a deep blue-violet;

with 0.125 per cent solution they color fairly deeply and the color deepens slowly. It is slightly

deeper than that of the grains of A'', horsfieldii. After heating in water until the grains are completely

gelatinized, the solution colors fairly deeply and the grains deeply on the addition of iodine. The

capsules color a red-violet with an excess of iodine and most of them retain some blue-reacting

starch.

Staining Reactions. With gentian violet the grains begin to stain in 2 minutes and in 30 min-

utes are but fairly stained. The color is very slightly less than that of the grains of N. horsfieldii.

With safranin the grains begin to stain in a minute and in 30 minutes they are but lightly

stained. The color is less than that of the grains of A'', horsfieldii.

Temperature Reaction. The temperature of gelatinization is 76 to 77 C, mean 76.5.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in some grains in IJ/^

minutes and is over in a few in 3 minutes. It is nearly general in 5 minutes and in 10 minutes a

few more are completely or partially gelatinized. About one-fourth are completely gelatinized in

35 minutes, one-third in 1}^ hours, and two-fifths in 1^ hours. The reaction is qualitatively the

same as that of the gi-ains of A'^. horsfieldii.

The reaction with chromic acid begins in a few grains in 45 seconds, in all in IJ^ minutes, and is

over in 7 minutes. The reaction is qualitatively the same as that of the grains of A'', horsfieldii.
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Reaction witli jajrogallic acid begins in many grains in IJ^ minutes and in 10 minutes a few
are completely and most of the rest partially gelatinized. About four-fifths are completely gelat-

inized in 27 minutes. The reaction is qualitatively the same as that of the grains of N. horsfieldii.

With ferric chloride a few grains react in 4 minutes. About one-third are gelatinized in 20 min-

utes, three-fourths in 25 minutes, and practically all in 45 minutes. The reaction is the same quali-

tativelj' as that of the grains of A'^. horsfieldii.

With Purdij's solution all the grains show a slight reaction in 20 minutes, but no further change.
In so far as the reaction goes it is qualitatively the same as that of the grains of N. horsfieldii.

STARCH OF NARCISSUS TAZETTA VAR. ORIENTALIS. (Plate 62, figs. 369 and 370. Chart 240.)

Histological Characteristics. In form the grains are simple. Rarely they occur in small aggre-

gates. Pressure facets were very rarely observed. The surface of the grains is often very irregular,

owng to unequal development and to secondary starchy deposits occurring in the form of projections,

especiallj^ in the form of nipple-like processes. The conspicuous forms are the ovoid to oval and len-

ticular; also spherical, triangular, and quadrangular with rounded angles, pyriform, and various irreg-

ular shapes. The triangular, quadrangular, and pyriform grains are generally about one-half to three-

fourths as thick as broad, but the ovoid and other rounded forms are commonly about as thick as broad.

The hilum is, as a rule, very indistinct. It is a small, round or rarely lenticular spot, usually
eccentric from one-fifth to two-fifths of the longitudinal axis, and commonly to one side of the median
line. It is often fissured, and the fissuration is usually in the form of a very small, transverse line,

but sometimes longitudinal, large, ragged, or irregular.

The lamellce are generally invisible, but sometimes

appear as coarse, regular, continuous rings, which tend to

follow closelj' the marginal outline. The number was not

determined.

The grains vary in size from 4 to 54/x. The common
size is 34/i.

Polariscopic Properties. The figure is usually eccen-

tric, distinct, and sometimes clear-cut, but its lines often

broaden and are not clearly defined in some part of their

length, also somewhat bent and otherwise distorted.

The degree of polarization is high. It varies in dif-

ferent grains, in different aspects of the same grain, and
in different parts of the same aspect of a grain. It is

higher than that of the grains of A'', horsfieldii.

With selenite the quadrants are usually well defined,

generally irregular in shape, and unequal in size. The
colors are usually not pure.

Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains color a fairly deep blue-violet; with 0.125

per cent solution they color lightly and the color deepens slowly. It is lighter than that of the

grains of A'', horsfieldii. After heating in water until the grains are completely gelatinized, the

solution colors fairly and the grains deeply on the addition of iodine. After boiling for 2 minutes

the solution colors very deeply and the grain-residues much less. The capsules are colored a red-

violet with an excess of iodine and most of them retain some blue-reacting starch.

Staining Reactions. W\i\\ gentian violet and with safranin the grains begin to stain at once

and in 30 minutes are fairly stained. The color is the same as that of the grains of A^. horsfieldii.

Temperature Reaction. The temperature of gelatinization is 76 to 78 C, mean 77.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in many grains in a

minute. About one-fifth are gelatinized in 30 minutes and one-fom-th in an hour. The reaction

is the same qualitatively as that of the grains of A^. horsfieldii.

The reaction -nith chromic acid begins in 13^2 minutes and is over in 8 minutes. It is qualita-

tively the same as that of the grains of N. horsfieldii.

Reaction with pyrogallic acid is slight but general in 23^ minutes. About one-fifth of the grains

are completely gelatinized in 16 minutes, one-half in 20 minutes, and two-thirds in 25 minutes.

The reaction is qualitatively the same as that of the grains of N. horsfieldii.

45
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With ferric chloride the reaction begins in a very few grains in 3 minutes. It is complete in

half the grains in 18 minutes and in all in an hour. It is the same qualitatively as that of the grains

of N. horsfieldii.

There was no reaction with Purdy's solution.

Differentiation of Certain Starches of the Genus Narcissus.

Histological Characteristics.

Conspicumis Forms.

N. horsfieldii: Usually simple, rarely compounds and

aggregates, rarely pressure facets, surface some-
what irregular. Ovoid to oval and elliptical.

A^. maximiis: Usually simple, few compounds and aggre-

gates, few pressure facets, surface often very irreg-
ular. Ovoid to oval and elliptical, lenticular and
nearly spherical.

A'', bulbocodium: Usually simple, some compounds and
aggregates, some well-defined pressure facets, ag-

gregates generally fairly regular. Ovoid to oval
and elliptical.

A^. bulbocodium var. conspicua: Usually simple, few com-
poimds and aggregates, rarely pressure facets,
often irregular. Ovoid to oval and eUiptical.

N. bulbocodium var. monophyllus: Usually simple, rare

compounds and aggregates, rarely pressure facets,
somewhat irregular. Ovoid to oval and elliptical.

A^ . incomparabilis: Usually simple, rarely compounds and
aggregates, rarely pressure facets, surface irregu-
lar. Ovoid to oval and elliptical.

A'^. odorus: Usually simple, a few compounds and aggre-
gates, rarely no pressure facets, surface often irreg-
ular. Ovoid to oval and elliptical.

A'^. poeticus: Usually simple, few compounds and aggre-
gates, pressure facets rare, surface very irregular.
Ovoid to oval and elliptical.

N. biflorus: Usually simple, rarely compounds and aggre-

gates, pressure facets rare, surface sometimes irreg-
ular. Ovoid to oval and elliptical.

N. jonquilla: Usually simple, few compounds and aggre-
gates, pressure facets rare, surface often irregular.
Ovoid to oval and elliptical, irregularly quadri-
lateral and triangular.

A'', jonquilla var. rugulosus: Usually simple, few aggre-
gates, rarely poorly defined pressure facets, sur-

face irregular. Ovoid to oval and elliptical, ir-

regularly quadrilateral and triangular.
A^. jonquilla var. campernelli rugulosus: Usually simple,

few small aggregates, rarely pressure facets, surface

somewhat irregular. Ovoid to oval, irregularly

quadrilateral and triangular.
A'', lazetta var. orienlalis: Simple, few small aggregates,

rarely pressure facets, surface somewhat irregular.
Ovoid to oval, irregularly quadrilateral and tri-

angular.

HUum Form, Number, and Position.

N. horsfieldii: Form fairly distinct, small, round or len-

ticular; single or multiple; often fissured, fissure

usually small, clean-cut or ragged . Position usually
eccentric, about 0.4 to 0.25 of longitudinal axis.

A^. maximus: Form not very distinct, small, round; often

fissured, fissure usually small and clean-cut. Posi-

tion usually eccentric, about 0.33 to 0.25 of longi-
tudinal axis.

N. bulbocodium: Form not very distinct, comparatively
small, round, lenticular or eUipsoidal, may be

multiple; often fissured, commonly one long fissure

often with branches. Position usually eccentric,
about 0.4 to 0.33 of longitudinal axis.

N. bulbocodium var. conspicua: Form not very distinct,

small, round or lenticular; often fissured, fissure

usually small, ragged and irregular. Position

usually eccentric, about 0.4 to 0.33 of longitudinal

Histological Characteristics. Continued.

HilumForm, Number, and Position. Continued.

A^. bulbocodium var. monophyllus: Form not very dis-

tinct, small, round or lenticular; usually fissured,
fissure usually small and irregular. Position usually
eccentric, about 0.4 to 0.33 of longitudinal axis.

A'^. incomparabilis: Form not very distinct, small, round
or lenticular; usually fissured, fissure usually small
and ragged. Position usually eccentric, about 0.4

of longitudinal axis.

A'^. odorus: Form not very distinct, small, round or

lenticular; rarely fissured; fissure usually small and
clear-cut. Position usually eccentric, about 0.4 to

0.33 of longitudinal axis.

N. poeticus: Form single and multiple; distinct as a
round or lenticular spot; nearly always fissured,
fissures large or small, clear-cut or ragged. Posi-

tion usually eccentric, about 0.4 to 0.33 of longi-
tudinal axis.

A'', biflorus: Form indistinct, small, round or rarely

multiple; almost invariably fissured, fissuration

varied. Position usually eccentric, about 0.4 to

0.33 of longitudinal axis.

A'^. jonquilla: Form not very distinct, rather small,

single or multiple, round; sometimes fissured, fis-

sure usually small, variable. Position usually
eccentric, about 0.4 to 0.2 of longitudinal axis.

A'', jonquilla var. rugulosus: Form not very distinct,

small, round or lenticular; usually fissured, fissure

usually small and clean-cut. Position usually
eccentric, about 0.33 of longitudinal a.xis.

A'^. jonquilla var. campernelli rugulosus: Form not very
distinct, small, round; often fissured, fissures usu-

ally small and usually clean-cut. Position usually
eccentric, about 0.33 to 0.25 of longitudinal axis.

A'', lazetta var. orienlalis: Form usually very indistinct,

small, round to rarely lenticular; often fissured,
fissure usually very small. Position usually eccen-

tric, about 0.4 to 0.2 of longitudinal axis.

Lamelloe General Characteristics and Number.

N. horsfieldii: Distinct, rather fine, often irregiilar, con-
tinuous rings. 12 to 14 on the larger grains.

A'', maximus: Not very distinct, rather fine, fairly regu-

lar, continuous rings. 8 to 12 on the larger grains.
N. bulbocodium: Not distinct, comparatively coarse,

fairly regular, continuous rings. 6 to 10 on the

larger grains.
N. bulbocodium var. conspicua: Rather indistinct, coarse,

regular, continuous rings. 6 to 8 on the larger

grains.
A'', bulbocodium var. monophyllus: Not very distinct,

coarse, regular, continuous. 5 to 7 on the larger

grains.
N. incomparabilis: As a rule, invisible, coarse, regular,

continuous rings. Number not determined.

N. odorus: Not distinct, irregular, continuous rings,
rather fine. 10 to 12 on the larger grains.

N. poeticus: Not very distinct, coarse, regular, continu-

ous rings. 5 to 6 on the larger grains.
N. bijlorus: Commonly invisible, fairly regular, coarse,

continuous rings. Number not determined.

N. jonquilla: Not very distinct, coarse, fairly regular,
continuous, coarse rings. Number not determined.

N. jonquilla var. rugulostis: Usually indistinct, regular,
rather coarse, continuous rings. 6 to 10 on the

larger grains.
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Differentiation of Certain Starches of the Genus Narcissus. Continued.

HiBTOLOQiCAL Characteri3tic8. Continued.

LameUcB General Characleristics and Number. Cont'd.

N. jonquilla var. campernelli rugulosus: Usually invis-

ible, fairly regular, coarse, continuous rings. Num-
ber not determined.

N. tazetta var. orienialis: Usually invisible, coarse, regu-

lar, continuous rings. Number not determined.

Size.

N. hoTsfiddii: From 3 to 48n, usually 32m.
AT. maximus: From 4 to 42m, usually 26m.
N. bulbocodium: From 5 to 54m, usually 32m.
N. bulbocodium var. conspicua: From 4 to 40m, usually

24m.
N. bulbocodium var. monophyllus: From 3 to 42m, usually

22m.
N. incomparabilis: From 2 to 42m, usually 28m.
N. odorus: From 3 to 40m, usually 24m.
N. poeticus: From 3 to 44m, usually 28m.
N. biflorus: From 3 to 40m, usually 26m.
N . jonquilla: From 3 to 34m, usually 20m.
N. jonquilla var. rugulosus: From 4 to 50m, usually 2Sm.
N. jonquilla var. campernelli rugulosus: From 3.5 to 44m,

usually 24m.
jV. lazetta var. orienialis: From 4 to 54m, usually 34m.

PoLARiscopic Properties.

Figure.

N. horsfieldii: Usually eccentric, distinct, usually not

clear-cut, often distorted.

N. maximus: Essentially the same as in N. horsfieldii.

N. bulbocodium: Essentially the same as in A'^. horsfieldii.

N. bulbocodium var. conspicua: Essentially the same as

in N. horsfieldii.

N. bulbocodium var. monophyllus: Essentially the same
as in N. horsfieldii.

N. incomparabilis: Essentially the same as in A'', hors-

fieldii.

N. odorus: Essentially the same as in AT. horsfieldii.

N. poeticus: Essentially the same as in A'', horsfieldii.

N. bifiorus: Essentially the same as in N. horsfieldii.

N. jonquilla: Essentially the same as in A'', horsfieldii.

N. jonquilla var. rugidosus: Essentially the same as in AT.

horsfieldii.

N. jonquilla var. campernelli rugulosus: Essentially the

same as in A^. horsfieldii.

N. tazetta var. orienialis: Essentially the same as in A'^.

horsfieldii.

Degree of Polarization.

N. horsfieldii: High, very variable.

A'', maximus: High, very variable, the same as in N.

horsfieldii.

N. bulbocodium: High, variable, not so high as in A''.

horsfieldii.

N. bulbocodium var. conspicua: High, not very variable

and slightly less than in A'', horsfieldii.

N. bulbocodium var. monophyllus: High, variable, not

quite so high as in N. horsfieldii.

N. incomparabilis: High, very variable, not so high as

in N. horsfieldii.

N. odorus: High, less variable and not so high as in

N. horsfieldii.

N. poeticus: High, variable, not so high as in A^ . horsfieldii.

N. bijlorus: High, very variable, the same as in A^. hors-

fiddii.
N. jonquilla: High, very variable, not so high as in AT.

horsfieldii.

N. jonquilla var. rugulosus: High, somewhat variable,

slightly higher than in A'^. horsfieldii.

N. jonquilla var. campernelli rugulosus: High, very va-

riable, not so high as in N. horsfieldii.

N. lazetta var. orienialis: High, very variable, slightly

lower than in A^. horsjieldii.

PoijARiscopic Properties. Continued.

Polarization uxith Selenite Quadrants and Colors.

N. horsfieldii: Quadrants usually not well defined, irreg-
ular in shape and unequal in size. Colors some-
times pure.

N. maximus: Quadrants the same as in AT. horsfiddii.
Colors sometimes pure.

N. bulbocodium: Quadrants usually well defined, irregu-
lar in shape and unequal in size. Colors usually
very pure.

A'', bulbocodium var. conspicua: Quadrants usually well

defined, irregular in shape and unequal in size.

Colors usually very pure.
N. bulbocodium var. monophyllus: Quadrants usually well

defined, irregular in shape and unequal in size.

Colors usually pure.
N. incomparabilis: Quadrants usually well defined, irreg-

ular in shape and unequal in size. Colors usually
pure.

N. odorus: Quadrants usually poorly defined, irregular in

shape and unequal in size. Colors sometimes pure.
N. poeticus: Quadrants usually not well defined, irreg-

ular in shape and unequal in size. Colors some-
times pure.

N. biflorus: Quadrants usually not well defined, irreg-
ular in shape and unequal in size. Colors some-
times pure.

A', jonquilla: Quadrants usually not well defined, irreg-
ular in shape, and unequal in size. Colors some-
times pure.

N. jonquilla var. rugulosus: Quadrants usually well de-

fined, generally irregular in shape and unequal in

size. Colors usually pure.
AT. jonquilla var. campernelli rugulosus: Quadrants usu-

ally not well defined, irregular in shape and un-

equal in size. Colors often pure.
A'', lazetta var. orienialis: Quadrants usually well defined,

irregular in shape and unequal in size. Colors

usually not pure.

Iodine Reactions.

Intensity and Color.

N. horsfieldii: Deep; blue-violet.

N. maximus: Deep, slightly deeper than in A'^. hors-

fieldii; blue-violet.

N. bulbocodium: Deep, slightly deeper than in N. hors-

fieldii; blue-violet.

A'', bulbocodium var. conspicua: Deep, slightly deeper
than in N. horsfieldii; blue-violet.

N. bulbocodium var. monophyllus: Deep, the same as in

N. horsfieldii; blue-violet.

A'^. incomparabilis: Deep, the same as in A'', horsfieldii;

blue-violet.

N. odorus: Deep, slightly deeper than in N. horsfieldii;

blue-violet.

N. poeticus: Deep, sUghtly deeper than in N. horsfieldii;

blue-violet.

N. bijlorus: Deep, deeper than in A^. horsfieldii; blue-violet.

N.jonquilla: Deep, thesame as in A'^. horsfieldii; blue-violet.

N. jonquilla var. rugulosus: Deep, slightly deeper than
in N. horsfieldii; blue-violet.

N. jonquilla var. campernelli rugulosus: Deep, slightly

deeper than in N.
horsfieldii;

blue-violet.

N. iazelta var. orienialis: Fairly deep, less than in N.

horsjieldii; blue-violet.

Staining Reactions.

With Gentian Violet.

N. horsfieldii: Fair.

A^. maximum: Light, much less than in A^. horsfieldii.

N. bulbocodium: Mght, slightly less than in A'', horsfieldii.

N. bulbocodium var. conspicua: Light, less than in N.

horsjieldii.
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Differentiation of Certain Starches of the Genus iVarmsws. Continued.

Effects of Various Reagents. Continued.

Reaciiomnlh Chloral Hydrate-Iodine. Continued.

N.jonquilla var. rugulosus: Begins in most in 23 2 minutes;

Staining Reactions. Continued.

With Gentian Violet. Continued.

N. buU)ocodium var. monophyllus: Fair, slightly less than

in N. horsfieldii.

N. incomparahUis: Light, less than in N. horsfieldii.

N. odonis: Fair, the same as in N. horsfieldii.

N. poeticus: Fair, slightly less than in N. horsfieldii.

N. bifiorus: Fair, somewhat less than in A^. horsfieldii.

N. jonquilla: Light, less than in A'', horsfieldii.

N. jonquilla var. rugidosjis: Fair, slightly less than in JV.

horsfieldii.

N. jonquilla var. campcmelli rugulosus: Fair, slightly less

than in .V. horsfieldii.

N. lazetta var. orientalis: Fair, the same as in A'', horsfieldii.

With Safranin.

N. horsfieldii: Fair.

N. maximus: Fair, slightly less than in A'', horsfieldii.

N. bulbocodium: Light, less than in A'', horsfieldii.

N. bulbocodium var. conspicua: Light, less than in N.

horsfieldii.

A^. bulbocodium var. monophyllus: Light, less than in A''.

horsfieldii.

N. incomparabilis: Light, less than in A^. horsfieldii.

N. odorus: Fair, the same as in A^ horsfieldii.

N. poeticus: Light, less than in A'^. horsfieldii.

N. bifiorus: Light, less than in N. horsfieldii.

N. jonquilla: Light, less than in N. horsfieldii.

N. jonquilla var. rugulosus: Fair, slightly less than in A'^.

horsfieldii.

N. jonquilla vax . campernelli rugulosus: Light, less than
in A'', horsfieldii.

N. lazetta var. orientalis: Fair, the same as in A'", horsfieldii.

Temperatuhe of Gelatinization.

N. horsfieldii: 7.3 to 75 C, mean 74.
N. maximus: 74.5 to 76 C, mean 75.25.

N. bulbocodium: 71 to 73 C, mean 72.
A'', bulbocodium var. conspicua: 72 to 73.5 C, mean

72.75.
N. bulbocodium var. monophyllus: 73 to 75 C, moan 74.
N. incomparabilis: 75.5 to 77 C, mean 76.25.

N. odorus: 74 to 75 C, mean 74.5.
N. poeticus: 72.5 to 74 C, moan 73.25.
N. bifiorus: 74 to 76 C, mean 75.
N. jonquilla: 75 to 77 C, moan 76.
A'', jonquilla var. rugulosus: 74.5 to 76 C, moan 75.25.

N.jonquilla var. campernvllirugulosus: 76 to 77 C, mean
76.5.

A^. lazetta var. orientalis: 76 to 78 C, mean 77.

Effects op Various Reagents.

Reaction with Chloral Hydrate-Iodine.

N. horsfieldii: Begins in most in 4 minutes; complete
in four-fifths in 60 minutes.

A'. 7najcimus: Begins in most in 3 minutes; complete in

two-thirds in 75 minutes.

A'', bulbocodium: Begins in most in 3 minutes; complete
in half in 55 minutes.

A'^. bulbocodium var. conspicua: Begins in most in 3 min-

utes; complete in half in 45 minutes.
A', bulbocodium var. monophyllus: Begins in most in 3

minutes; complete in three-fourths in 45 minutes
,V. incomparabilis: Begins in most in 3 minutes; complete

in two-thirds in 75 minutes.
A'^. odorus: Begins in most in 3}^ minutes; complete in

120 minutes.
A^. poeticus: Begins in most in 4 minutes; complete in

three-fourths in 60 minutes.
N. bifiorus: Begins in most in 3 minutes; complete in

two-thirds in 50 minutes.
N. jonquilla: Begins in most in 3 minutes; complete in

all but a few in 45 minutes.

complete in five-sixths in 15 minutes.
A'^. jonquilla var. campernelli rugulosus: Begins in most in

5 minutes; complete in two-fifths in 105 minutes.
A'', lazetta var. orientalis: Begins in many in 1 minute;

complete in one-fourth in 60 minutes.

I

Reaction with Chromic Acid.

N. horsfieldii: Begins in l]/^ minutes; complete in 14

minutes.
A'^. maximus: Begins in IJ^ minutes; complete in 5

minutes.
A', bulbocodium: Begins in 1 minute; complete in 8

minutes.
A'', bulbocodium var. conspicua: Begins in 1 minute; com-

plete in 6 minutes.
A'^. bulbocodium var. monophyllus: Begins in 45 seconds;

complete in 5 minutes.
A'^. incomparabilis: Begins in 45 seconds; complete in 53^2

minutes.
A'', odorus: Begins in 1 minute; complete in 5 minutes.

A^. poeticus: Begins in 1 minute; complete in 9 minutes.
A'', bifiorus: Begins in 1 minute; complete in 5 minutes.

N.jonquilla: Begins in 1 minute; complete in 10 min-
utes.

N.jonquilla var. rugulosus: Begins in 45 seconds; complete
in 4 minutes.

A'^. jonquilla var. campernelli rugulosus: Begins in 1 }^ min-

utes, complete in 7 minutes.
A'', lazetta var. orientalis: Begins in 1 J^ minutes; complete

in 8 minutes.

Reaction with Pyrogallic Acid.

N. horsfieldii: Begins in 4 minutes; complete in two-thirds
in 60 minutes.

A'^. maximus: Begins in 2J2 minutes; complete in 35
minutes.

A', bulbocodium: Begins in 1 minute; complete in 45
minutes.

A^. btdbocodium var. conspicua: Begins in 2 minutes; com-

plete in 20 minutes.

N. bulbocodium var. monophyllus: Begins in 45 seconds;

complete in 13 minutes.

N. incomparabilis: Begins in 3 minutes; complete in all

but a few in 30 minutes.

N. odorus: Begins in many in 2 minutes; about one-fourth

partially and three-fourths completely gelatinized in

45 minutes.
A^. poeticus: Begins in 2 minutes; complete in half in 35

minutes.
N. bifiorus: Begins in 23/^ minutes; complete in all in 22

minutes.

N.jonquilla: Begins in many in 2 minutes; about half

are partiallj' and half completely gelatinized in 60
minutes.

N . jonquillavar. rugulosus: Begins in 45 seconds; complete
in 15 minutes.

N. jonquilla var. campernelli rugulosus: Begins in many in

13^ minutes; about four-fifths are completely gelat-
inized in 27 minutes.

I

N. lazetta var. ori-enlalis: Begins in 232 minutes; com-

plete in two-tliirds in 25 minutes.

Reaction with Ferric Chloride.

N. horsfieldii: Begins in a few in 2 minutes; complete in

134 hours.

N. maximus: Begins in a few in 4 minutes; complete in

an hour.

N. bulbocodium: Begins in a few in IJ^ minutes; com-

plete in 50 minutes.
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Differentiation of Certain Starches of the Genus Narcissus. Coiitiniu^d.

Effects of Various Reagents Continued.

Reaction with Ferric Chloride. Continued.

.v. bulbocodium var. coiispicua: Begins in a few in 3

minutes; complete in IJ^ hours.
A^. bulbocodium var. monophyllus: Begins in a few in 2

minutes; complete in 45 minutes.
iV. incomparabilis: Begins in a few in 4 minutes; com-

plete in 45 minutes.
N. odorus: Begins in a few in 4 minutes; complete in 45

minutes.
A'^. poelicus: Begins in a few in 3 minutes; complete in

114 hours.

X. biflorus: Begins in a few in 3 minutes; complete in
an hour.

A'^. jonquilla: Begins in a few in 4 minutes; complete in
40 minutes.

A^. jonquilla var. rugulosus: Begins in a few in 13/^ min-
utes; complete in 40 minutes.

A'^. jonquilla var. campernelli rugulosus: Begins in a few in
4 minutes; complete in 45 minutes.

A'', tazetta var. orientalis: Begins in a few in 3 minutes;
complete in an hour.

Reaction vnth Purdy's Solution.

N. horsfieldii: Begins in a few in 1}^ minutes; complete
in one-fourth in 2 hours; the rest are partially gelat-
inized.

Effects of Various Reagents. Continued.

Reaction with Purdy's Solution. Continued.
A'', maximus: Begins in a few in 2}4 minutes; a few are

completely and others partially gelatinized in 12
minutes.

A'', bulbocodium: Begins in a few in 3 minutes; a few gelat-
inized and others slightly swollen in 13^9 hours.

N. bulbocodium var. conspicua: Begins in a few in 2
minutes; a few are partially gelatinized in 10
minutes.

N. bulbocodium var. monophyllus: Begins in a few in 2
minutes; complete in one-third in 45 minutes.

N. incomparabilis: Begins in a few in ly^ minutes; a
few are partially gelatinized in 20 minutes.

A'', odorus: Begins in a few in 15 minutes; slight swelling
of a few, a gelatinization of one, in 45 minutes.

A'', poeticus: Begins in a few in 2 minutes; 1 or 2 com-
pletely and a few partially gelatinized in an hour.

A'', biflorus: Begins in a few in 15 minutes; no further

change.
N. jonquilla: Begins in a few in 15 minutes; no further

change.
N. jonquilla var. rugulosus: Begins in many in 30 sec-

onds; complete in two-thbds in 30 minutes.
N. jonquilla var. campernelli rugulosus: Begins in a few

in 20 minutes; no further change.
A'^. tazetta var. orientalis: No reaction.

NOTES ON THE STARCHES OF NARCISSUS.

The Narcissus starches have in common a certain likeness, but there are many noticeable

variations, as will be seen by reference to the plates. While the variations may not be sufficiently
marked in any case to point definitely to any given species, they are often of such a character as to

justify the conclusion that the specimen of starch did not come from a given plant in other words,
a negative diagnosis. The differences are noted particular!}^ in the character of the fissuration, the
relative regularity or irregularity of the outlines of the grains, and the differences in the character of

the lamellae and in the sizes of the grains. Thus, one would not be hkely to confound the starches
of N. odorus and N. jonquilla with either iV. poeticus or N. biflorus; nor would it be likely that the

grains of A^. jonquilla rugulosis would be mistaken for those of N. jo/iquilla. The variability in the
abundance of nipple-like processes in the different starches is very noticeable, but to what extent
these differences are constant is problematical. Such processes are very common among starches
of various families. In some of the narcissi starches these processes are conspicuous by their

abundance, and in others they may be few, or coiispicuous by their absence. In their histological

pecuharities there does not appear to be any grouping of these starches such as that given in the

table. In the reactions with certain agents the variations are within narrow limits, while with others

they are more or less wide. In the degree of polarization, and in the reactions ^ath iodine, the

anilines, and heat they differ little. In the temperatures of gelatinization the difference is 5. In
the chemical reactions the starches of narcissi usually show marked resistance, except in the chromic
acid reaction, which is moderate. The reaction-curves fall for the most part below the equator,

and, on the whole, very much below.

NOTES ON THE STARCHES OF AMARYLLIDACEiE. (Charts 241 to 253.)

There is running throughout these starches what appears to be a common tj^De of grain which
is more or less modified in the different genera; but the modificatioiis are sometimes quite as marked
in the different members of a genus as in the different genera. There are certain variable charac-

teristics which are very conspicuous, as, for instance, in the sizes of the grains and in the degree of

irregularity of outline, the conspicuousness and position of the hilum, the characters of the fissura-

tion, and the relative prevalence of nipple-like processes. These differences are often exhibited very

satisfactorily by the photographs. A comparison of the photographs taken b^^ polarized light will

show not only species differences, but also generic peculiarities which in some cases are very striking.

The reaction-curves of the different genera show more or less marked and characteristic dif-

ferences, and it will be seen in comparing the curves of the various genera with those of AniarylUs
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that the division of the genus as heretofore constituted into a number of distinct genera, as noted

under A7yiaryllis, is in entire accord with the peculiarities exhibited by the reactions. The reaction-

curve of Alslrcemeria differs so essentially from the other curves as to sugggst that this genus is mis-

classed; and there are so many variations in the types of curves as to indicate that the Amarylli-
daceoe may soon be divided by the systematic botanist into a number of families.

p 1 r,\/ T p
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STARCHES OF TACCACEyE.

Class, Monocotyledones. Order, Liliales. Family, Taccacese. Genus represented, Tacca.

This family is closely allied to Amaryllidacew, and includes only the genera Taccn and Schizo-

capsa. Tacca is typical of the family, and comprises about 9 species; Schizocapsa is a monotypic
genus.

GENUS TACCA.

Tacca is a genus of tropical plants, some of which are cultivated for their rhizomes, which are

rich in starch, containing as much as 30 per cent. Of the 9 species, 2 are natives of tropical America,
and the others of Asia, Africa, the Indian Archipelago, and the Pacific Islands. The starch from

one source was studied, T. pinnatijida Jack. {T. oceanica Nutt.). The starch is commercially known
as Williams's arrow-root. South Sea arrow-root, and Fiji arrow-root.

STARCH OF TACCA PINNATIFIDA. (Plate 62, figs. 371 and 372. Chart 254.)

Histological Characteristics. Inform the grains are simple and almost isolated, with the exception
of a few which occur in aggregates that consist of two or rarely of three or more components.

Nearly all have one or more, commonly two, pressure facets. The surface is rounded and very

even, except near the pressure facets, where often the appearance of swelling suggests secondary

deposits or partial gelatinization. The conspicuous
forms are the dome-shaped with from one to three facets

at the base, spherical to oval, and polygonal. Some of

the dome-shaped type are more or less elongated, some-

times appearing like a half of a flattened ellipse. A
spherical grain may be seen with a single pressure facet.

In the aggregates consisting of two grains, the grains are

commonlj; unequal in size. The grains are not flattened,

and when seen from the proximal end appear spherical;
but from the distal end they appear circular and irregu-

lar on the top on account of the facets.

The hihi7n when not fissured is a large, round, refrac-

tive spot, usually eccentric about two-fifths of its longi-

tudinal diameter and in the median line. It is generally
marked by a deep, transverse fissure, showing at times a

single and at others a double curve. It is often subdivided

by numerous fissures, and often there is a 3-armed figure,

and rarely a stellate arrangement of small fissures.

The lamellcR are fairly distinct, relatively coarse,

widely spaced, regular, usually concentric rings. They
vary in size, spacing, and distinctness even in the same grain, those centrally located being the

coarser and more distinct than those near the margin. They are for the most part circular and
follow the outline of the margin only when very near it. There is an average of 10 to 14 lamellae

on medium-sized grains.

The grains vary in size from 6 to 28/i. The common size is 18/i.

Polariscopic Properties. The figure is usually eccentric, distinct, and clear-cut. The four

lines are distinctly visible throughout and tend to become somewhat broader or narrower towards
the margin of the grain, and are sometimes bent or otherwise distorted. Two hnes usually cross

the grain obliquely to the corners of the facets.

The degree of polarization is high. It is higher from the end than from any other aspect of

the grain, but occasionally it is very low at the faceted end, due to the hollowed spaces of the facets.

It does not vary much in different grains.
With selenite the quadrants are well defined, usually irregular in shape, and unequal in size.

The colors are fairly pure.
Iodine Reactions. With 0.25 per cent Lugol's solution tlie grains color deeply a redchsh-blue;

with 0.125 per cent solution they are only slightly colored at first, but deepen rapidly. After heat-
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ing in water until the grains are fully gelatinized, the solution and some of the grains are colored

deeply with iodine, but some of the grains do not react. The gelatinized grains are smooth and
rounded and somewhat lobulated at one end. If excess of iodine be added, the grains which pre-

viously had not reacted exhibit voilet-colored capsules.

Staining Reactions. With gentian violet reaction begins in 3 minutes, but after 30 minutes

the grains are only lightly stained.

With safranin reaction begins in 2 minutes, but after 30 minutes the grains are lightly stained.

Temperature Reaction. The temperature of gelatinization is 62 to 64 C, mean 63.

Effects of Various Reagents. With chloral hydrate-iodine the reaction begins slightly in 1^
minutes, and is complete in four-fifths in 20 minutes. The reaction is incomplete in an hour. The
hilum becomes very distinct as a dark spot or bubble, but the lamellte disappear. The angles of

the facets become dark, and gelatinization begins at these parts without much swelling and spreads

up over the whole grain. Later, the lines of junction of the facets and the angles swell out more
than the rest of the grain so that the facets appear to be concave. Rarely there is swelling at both

ends. Those grains which swell slowly often show an irregular swelling or protrusion of the whole

margin surrounding a central ungelatinized portion, which latter finally becomes gelatinized. The

gelatinized grains have a dark blue marginal ring, inclosing a lighter space which represents the

altered hilum.

Reaction with chromic acid begins in 30 seconds and is over in 3J^ minutes. The hilum is

distinct, but the lamelliE are not more so than in the normal grain. The body of the grain becomes

marked throughout by fine striae radiating from the hilum. The hilum swells in common with

other central parts of the grain, pushing the substance of the grain out to the margin, which is

comparatively thick and finely striated, but without refractive bands. The margin becomes thinner

and clearer and finally dissolves at one point; the contents flow out and gradually disappear, the

capsule then dissolves, the portion opposite the point where the dissolution first occurred disappear-

ing last.

With pyrogallic acid the reaction begins in 30 seconds and is over in 33^ minutes. The hilum

is distinct as a dark bubble, but the lamellse are not especially distinct. The hilum swells upward

greatly, the substance of the body of grain in the meantime becoming divided by fine striae.

The inner part is transformed into a gelatinous mass, and the more resistant outer part forms a

thick, finely striated ring which gradually becomes thinner and clearer, and a large gelatinized

grain is formed, which is much crumpled and folded, particularly at the faceted end. The edges

of the facets may swell out more than the rest of the grain. The swollen grains retain but little of

the original form.

The reaction with ferric chloride begins in some grains in 2}4 minutes and is over in 35 minutes.

The hilum becomes distinct as a dark bubble, but the lamellae disappear. The marginal part of

the grain becomes clearer and darker, the inner portion appearing light and opaque. Gelatinization

with some irregular lobular protrusion begins from the corners and lines of junction of the facets.

The hilum swells greatly before this process has gone very far, and some of the substance of the grain

moves marginally, the margin appearing finely striated. The margin finally clears and a gelatinized

grain is formed. The grains are large, clear, and much lobulated and distorted.

Reaction with Purdy's solution begins in 2J^ minutes. About half are fully swollen and most

of the remaining half are not affected after an hour. The hilum becomes very distinct as a dark

spot or bubble. The lamelhe are also very distinct. The hilum swells rapidly, the body of the grain,

which previously had been divided by fine striae, is pushed out to form a distinct, broad ring which

shows finely striated, refractive, and non-refractive bands. This ring gradually clears. The swollen

grains are large and clear, and are not much crumpled or distorted.
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STARCHES OF IRIDACE^.

Class, Monocotyledones. Order, Liliales. Family, IridaceE. Genera represented: Iris,

Morea, Homeria, Tigridia, Gladiolus, Watsonia, Tritonia, Freesia, Antholyza, Crocus,

Romulea, Cypella, Marica, Gelasine, Sparaxis, Ixia, Babiana.

The Iridacece or Iridece includes 57 genera and about 700 species, natives chiefly of the Mediter-

ranean region and South Africa, and to some extent of Australia, Asia, and America. Representa-
tives of 17 genera were studied.

GENUS IRIS.

There are over 170 species of Iris, over 100 of which and a very large number of garden
varieties are in cultivation. They are natives of the north temperate region of Asia, Europe, and
North America; and also of Africa north of the Atlas Mountains, the southern representatives in

the latter country being classified as Mora;as. Four recognized horticultural groups include: (1)

the German irises, the best known of which are /. germanica, the fleur-de-Us or blue flag; and I.

florentina, the source of the orris-root of commerce; (2) the Japanese irises, including a large

number of garden forms which are referable to /. Icevigata; (3) the dwarf irises, referable to /.

pumila, I. verna, and /. cristata; (4) the Oncocyclus irises, in certain respects distinctly differen-

tiated from the other groups. These plants are also classified into two series, which are distinguished,

respectively, by a short, thick root-stock or creeping rhizome, or by a bulbous root-stock. Has-

selbring includes in the first series the subgenera Apogon, Pardanthopsis, Evansia, Pseudovansia,

Pogoniris, Regelia, and Oncocyclus; and in the second series, Xiphion, Gynandiris, and Juno.

Starches from thirteen sources were studied, which are distributed among the two series and the

ten subgenera as follows: Series 1, subgenera Pogoniris and Regelia: Iris florentina Linn., I. pal-

lida var. speciosa Hort., and I. pumila var. cyanea Hort.; subgenus Oncocylus: I. hismarckiana

Hort. and /. iberica Hoff. Series 2, subgenus Xiphion: I. xiphium var. grand tresorier Hort.,

7. xiphium var. wilhelmine Hort., I. xiphium var. lusitanica Hort., /. tingitana Boiss. and Rent

(7. reticulata M. Biev.), and 7. histrio Reichb. f. {Xiphium histrio Hook, f.); subgenus Juno: I.

alata Poir. (7. scorpoides Desf.) and 7. caucasica Hoffm.

STARCH OF IRIS FLORENTINA. (Plate 63, figs. 373 and 374. Chart 255.)

Histological Characteristics. -In form the grains are usually simple. There are a few compound
grains, small aggregates, grains with pressure facets, and clumps consisting of very minute grains.

The surface is often irregular. The irregularity of the simple grain is generally due to rounded

protuberances, more frequently located near the hilum, or to a secondary deposit of starch in such

a way that the longituchnal axis of one or more sets of lamellae is placed at varying angles, commonly
at right angles, to the same axis of the primary grain; and also by a cup-shaped depression at the

distal end of the primary set of lamellse, as well as frequently of the secondary set. The conspic-
uous forms of the simple grain are the elongated ovoid with a squared, hollowed distal end, and
the oval and finger-shaped with a similar distal end; also a cone-shaped grain with rounded apex
is occasionally present; and as results of secondary deposits upon the primary grain various forms,
such as boot-shaped, bow-shaped, T-shaped, L-shaped, and laterally curved club-shaped are found.

The conspicuous forms of both the compound and aggregate grains are heart-shaped with blunt

apex, and knob-shaped. These grains are formed by the union of oval or rounded grains, the

proximal ends being either closely fitted or flaring from each other. There may or may not be a

secondary deposit of lamellae common to both grains. Both compound and aggregate grains are

also found composed of one small grain attached to the distal end of a large grain, and other forms

of doublets and occasionally triplets arranged triangularly or linearly. The grains are not flattened.

The hilum appears as a distinct, clear, round spot, centric in the small, round forms and eccen-

tric one-third to one-sixth, usually one-fourth, of the longitudinal axis in the elongated larger forms.

Either a cavity or a cleft may appear at the hilum. These clefts are usually transverse, cross-shaped,
or stellate. One delicate, short, longitudinal fissure generally runs from each side of the hilum.

The lamellce are rather coarse, but generally not very distinct; often they can not be observed
near the hilum, but sometimes they appear here as complete rings. Beyond this region they assume



GENUS IBIS. 689

P IGV
s

Chart No. 255.
GV S T CI CA

\y~\



690 STAKCHES OF IRIDACE^.

ulariy. The starch at the proximal end also often becomes gelatinous and swells, and the process

advances inward from the two ends over the rest of the grain. In the other grains it simply advanced

upward and inward over the whole grain. The gelatinized grains are very large and thick-walled,

and the capsule is often folded and crumpled, and the grains distorted.

The reaction with Purdy's solution begins in most grains in 30 seconds, and in all in a minute.

About half of the grains are partially gelatinized in 5 minutes, two-thirds in 10 minutes, nine-tenths

in 15 minutes, and completely in practically all in 30 minutes, except a small amount of starch at

the proximal end. The hilum or clefts at this region swell and two delicate fissures, if not already

present, form and extend obliquely from the hilum to the corners limiting the distal margin. The
lamellae between these two fissures become clearly defined; the grains gelatinize at the distal end and

the capsule spreads out laterally; gelatinization advances from the distal end towards the proximal
between the two fissures already noted, accompanied by swelling. In the grains with secondary
sets of lamella} a separate center of gelatinization is formed from that of the main body of the grain.

The gelatinized grains are swollen and sometimes refractive granules are embedded in the more
soluble starch. They retain the general shape of the untreated grain.

STARCH OF IRIS PALLIDA VAR. SPECIOSA. (Plate 63, figs. 375 and 376. Chart 256.)

Histological Characteristics. In form the grains are usually simple and isolated. A few have

pressure facets. A number of grains are found in small aggregates and in compound grains of few

components, and a few clumps are present which consist usually of minute grains. The surface of

the grains is often irregular, owing to the same causes noted under /. florentina. The conspicuous
forms of the simple grains are the elongated ovoid, v/ith a squared, hollowed distal end, oval ellip-

soidal, pure ovoid, pyriform, and nearly round. There are also dome-shaped with a well-marked

pressure facet, cone-shaped with rounded apex, spatula-shaped, and finger-shaped. As a result of

secondary deposits upon the primary grain, various shapes
are found such as noted for /. florejitina. The compound
grains and aggregates are also of similar character to those

described for I. florentina. The grains are not so irreg-

ular in outline, and a larger proportion of the shortened,
broader forms are found than in I. floreyitina.

The hilum is observed as either a distinct round or

elliptical spot, which is usually eccentric, the range of ec-

centricity being generally from one-fourth to one-eighth
of the longitudinal axis. The hilum is not as a rule fis-

sured. Occasionally either a diagonal or a transverse

cleft may pass through it. One short, delicate, longitudi-
nal fissure sometimes runs obliquely from each side of the

hilum. The hilum is less often fissured and not so

refractive when fissm-ed as in /. florentina.

The lamellce are not generally demonstrable through-
out the entire grain. Often they can not be observed at

the hilum, but occasionally they appear at this part as

indistinct, rather coarse, complete rings. Beyond this

region they tend to assume the shape and irregularity

of the grain, and are probably incomplete near the distal end.

lamellae are observed at varying angles to the first set.

larger grains.

The grains vary in size; the smaller are 4 by 3/^; the larger are 32 by 14/i in length and breadth.

The common size is 16 by 12fi in length and breadth.

Polariscopic Properties. The figure is usually eccentric. The proportion of grains of medium
size in which it is centric is much greater than in /. florenlirui. It is commonly clear-cut, and its

lines are similar in character to those described for /. florentina, but more often straight.

The degree of -polarization is fair to high. The same variations are found as noted for I. floren-

tina. Polarization is higher than in I. florentina.

With selenite the quadrants are fairly well defined, but not quite so irregular in shape and so

unequal in size as in /. florentina, and the colors are more often pure than in /. florentina.

p
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Iodine Reactions. With 0.25 per cent Lugol's solution the grains color fairly deep reddish-
violet which deepens rapidly; with 0.125 per cent solution they are colored a very light violet

which also deepens rapidly. The color is lighter and has more of a reddish tint than the grains of

/. florentina. After heating in water until the grains are completely gelatinized, the solution be-
comes a deep indigo-blue and the grains a lighter blue on the addition of iodine. The grains are
both lighter and brighter in tint than those of /. florentina. When the grains are boiled for 2 minutes
and then treated with iodine, the solution colors a deep reddish-blue and the gelatinized grains a
rather light blue, sometimes with a reddish tint. With an excess of iodine the grain-residues color

a deep reddish-blue and the capsules a deep reddish heliotrope. The solution has more, and the

grains and capsules less, of a reddish tint than /. florentina.

Staining Reactions. \Yith gentian violet the grains exhibit a very faint trace of violet at once
and in 30 minutes are very lightly colored. The color is considerably lighter than in the grains of

/. florentina.

With safranin the grains exhibit a very faint trace of pink immediately and in 30 minutes are

lightly stained. The color is less than in the grains of /. florentina, but the difference is not so great
as in the case of gentian violet.

Temperature Reaction. The temperature of gelatinization is 74 to 75 C, mean 74.5.

Effects of Various Reagents. With chloral hydrate-iodine the reaction begins in a few grains in

30 seconds. It is complete in about half in 5 minutes, in the majority in 7 minutes, in nine-tenths
in 10 minutes, and in all but a few resistant grains in 15 minutes, in which the reaction may not be

completed for 20 to 25 minutes. The reaction is qualitatively the same as in I. florentina.
With chromic acid the grains begin to swell in 20 seconds. A few are dissolved in 40 seconds,

the majority in a minute, and all in 2 minutes. Refractive granules are frequently observed during
gelatinization of the grains, but the entire grain is finally dissolved. The reaction is qualitatively
the same as in I. florentina.

Reaction with pyrogallic acid begins immediately. A few grains are gelatinized in 20 seconds,
the majority in 40 seconds, all but a few resistant grains in a minute, and all in IJ^ minutes. The
reaction is qualitatively the same as in /. florentina.

With ferric chloride a few grains begin to swell in 30 seconds. A small number are gelatinized
in 2 minutes, about one-third in 5 minutes, nine-tenths in 10 minutes, and all but a few resistant

grains in 15 minutes. A small portion of the starch at the proximal end is occasionally not gelati-

nized, while in I. florentina the gelatinization is generally complete. The reaction is qualitatively
the same as in I. florentina.

The reaction with Purdy's solution begins in a few grains in 30 seconds. A small number are

gelatinized in 5 minutes, and about one-tenth in 15 minutes, but after this time, up to 30 minutes,
there is very little progress. The hilum is swollen in the grains not gelatinized and a longitudinal
fissure usually extends obliquely from each side of it, between which the lamella; have become
more distinct. During gelatinization the grains do not frequently spread out laterally, bell-shape,
at the distal end, as in /. florentina, but gelatinization gradually advances towards the proximal
end between the two longitudinal fissures already noted and is accompanied by less distortion of

the grain. The reaction is qualitatively the same as in /. florentina.

STARCH OF IRIS PUMILA VAR. CYANEA. (Plate 63, figs. 377 and 378. Chart 257.)

Histological Characteristics. In form the grains are usually simple and isolated, and a few have

pressure facets; a number are found in the form of small aggregates, compound grains of few com-

ponents, and in clumps, the latter consisting generally of minute grains. The surface of the grains
is often irregular, owing to the same causes noted under I. florentina. The conspicuous forms of

the simple grains are the finger-shaped with hollow distal end, elongated ovoid with similar distal

end, irregular elhpsoidal, and pyriform; also dome-shaped, spatula-shaped, round grains of medium
size, cone-shaped with rounded apex, and irregular grains of definite shape. As a result of secondary

deposits upon the primary grains, various shapes are found among the grains, such as noted under

/. florentina. The compound grains and aggregates are also of similar character to those described

under /. florentina. The grains are mostly elongated and are more irregular in outline than those

of /. florentina.

The hilum is observed as a distinct round or elliptical spot, usually one-sixth to one-tenth

eccentric of the longitudinal axis. It is not generally so refractive nor so often fissured as in /. floren-
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tina. Sometimes either a short transverse or diagonal fissure is found at the hilum, and occasionally
one delicate longitudinal fissure runs obliquely from each side of the hilum.

The ImnellcB are usually fine and indistinct. When demonstrable they form complete rings

around the hilum, but beyond this region they assume the shape of the margin of the grain and are

probably incomplete. One or more secondary sets of lamellae are frequently found at varying

angles to the primary set. On the large grains 28 to 32 lamellae have been counted.

The grains vary in size; the smaller are 3 by 2yu; the larger are 40 by 14/i in length and breadth.

The common size is 30 by 13^ in length and breadth.

Polariscopic Properties. The figure is usually eccentric. It is generally clear-cut, and the

lines are of similar character to those noted for /. fiorentina, but more often bent or bisected.

The degree of polarization is high. There is a variation in the grains, in some of which polari-

zation is very high. The same variation is noted as in /. fiorentina in the one aspect of a given

grain. The degree of polarization is distinctly higher
than in I. fiorentina.

With selenite the quadrants are well defined, unequal
in size, and more often irregular in shape than in the

grains of I. fiorentina. The colors are generally pure,
about the same as in those of /. fiorentina.

Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains color a fairly deep violet, which deepens
rather rapidly; with 0.125 per cent solution they color a

very light violet which deepens rather rapidly. The reac-

tion is of about the same intensity as in /. fiorentina.

After heating in water until the grains are gelatinized,

the solution colors a deep greenish-blue and the grains a

deep blue with a reddish tint on the addition of iodine.

If the grains are boiled for 2 minutes and then treated

with iodine, the solution colors a deep indigo-blue and
the grain-residues a deep purple. With an excess of

iodine the capsules color a deep old-rose to wine-red.

The gelatinized grains and the capsules have more of a

reddish tint than in I. fiorentina.

Staining Reactions. With gentian violet the grains show a faint trace of violet immediately
and in 30 minutes are lightly stained. The tint is about the same as in /. fiorentina.

With safranin the grains stain faintly at once and in 30 minutes are lightly colored. The tint

is about the same as in /. fiorentina.

Temperature Reaction. The temperature of gelatinization is 72.5 to 74 C, mean 73.2.

Effects of Various Reagents. With chloral hydrate-iodine a few grains begin to react in 30 seconds.

About half are gelatinized and there is reaction in practically all in 5 minutes; about nine-tenths are

gelatinized in 10 minutes, and all in 15 minutes, excepting the rare resistant grains, which may not be

completely gelatinized for 25 to 40 minutes. The reaction is qualitatively the same as in I. fiorentina.

The reaction with chromic acid begins immediately. A few are dissolved in 20 seconds, the

majority in 40 seconds, and nearly all in 1}/^ minutes, excepting rare resistant grains in which re-

action takes 3 minutes for completion. The reaction is qualitatively the same as in /. fiorentina.

Reaction with pyrogallic acid begins at once. Many are gelatinized in 20 seconds; the majority
in 40 seconds and all but a few resistant grains in a minute, and it is complete in the latter in 2

minutes. The reaction is qualitatively the same as in /. fiorentina.

With ferric chloride a few grains begin to swell in 30 seconds. A small number are gelatinized
in 2 minutes, about half in 5 minutes, nine-tenths in 10 minutes, and nearly all in 15 minutes,
with the exception of a small amount of starch at the proximal end, which is not gelatinized even
in 30 minutes. The reaction is qualitatively the same as in I. fiorentina.

The reaction with Purdy's solution begins in a few grains in 30 seconds. A small number are

gelatinized in 2 minutes and very gradual progress occurs in 5 minutes. About one-tenth are gelat-
inized and there is partial gelatinization of about one-half in 10 minutes. About one-fifth are

gelatinized and two-thirds are partially gelatinized in 15 minutes. The reaction is qualitatively
the same as in I. fiorentina.
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STARCH OF IRIS BISMARCKIANA. (Plate 64, figa. 379 and 380. Chart 258.)

Histological Characteristics. In form the grains are mostly simple. There are some compound
grains, aggregates which are usually in the form of doublets or triplets, separated-grains with pressure

facets, and clumps chiefly consisting of very small grains. The surface of the grains is often irregular,

the irregularities of both the simple and the compound grains being due to the same causes as noted

under /. florentina. The conspicuous forms are with some exceptions the same as those observed

in /. florentina, but the grains give the impression of more broadness in relation to length, and

the conical grain with rounded apex is more frequently found. Among the compound grains a

broadly lenticular grain with rounded ends is frequently found besides the forms noted in /.

florentina. The small, globular grains sometimes attached to a very large grain are more often

at the side than fitting into the distal end, as observed in I. florentina, and the depression at this

end is not so deep as in /. florentina. The grains of I. bismarckiana more closely resemble those of

/. iberica than /. florentina.

The hilum is a fairly distinct, refractive, round or lenticular spot, centric in the small round

grains, and eccentric one-fourth to one-seventh, usually one-sixth, of the longitudinal axis in the

larger elongated grains; 4 hila are sometimes present in a single grain. In place of the hilum there

is often a rounded cavity which is not often fissured.

The lamellce are fairly distinct and may form com-

plete rings around the hilum. Beyond this area they
have the form of the outline of the grain, and show any

irregularities that may appear in it. The number on grains

of fair size varies from 10 to 16.

The grains vary in size; the smaller are 4 by 4;u; the

larger are 26 by 14;u in length and breadth. The com-

mon size is 18 by 12ju in length and breadth.

Polariscopic Properties. The figure is usually eccen-

tric and distinct. Its lines are rather fine and often bent,

bisected, or otherwise distorted. It is fairly clear-cut, but

more irregular than in I. florentina.

The degree of polarization is fair to fairly high, with

frequent variations in the same aspect of a given grain.

It is slightly higher than in /. florentina.

With selenite the quadrants are generally fairly well

defined, but usually irregular in shape and unequal in

The colors are fairly pLU'e, the blue being quite

p
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Reaction with Furdy's solution begins in 30 seconds. Two-thirds arc nearly completely gelati-

nized in 2 minutes and four-fifths are gelatinized in 10 minutes. The reaction is the same qualita-

tively as that of the grains of /. florentina.

STARCH OF IRIS IBERICA. (Plate 64, figs. 381 and 382. Chart 259.)

Histological Characteristics. In foryn the grains are mostly simple. There are some compound
grains, aggregates usually in the form of doublets, separated grains with pressure facets, and clumps

consisting of very small grains. The surface is often irregular, owing to the causes noted in the

grains of /. florentina. The conspicuous forms are similar to those observed in /. florentina, but the

simple grains are neither so elongated nor so slender, and are more regular, because secondary sets of

lamellae are not so frequent. Among the compound grains a broadly lenticular form with rounded

ends is frequently present, besides the forms noted for /. florentina. The resemblances as a whole

to I. hismarckiana are closer than to I. florentina.

The hiluni is a distinct refractive spot, centric in the small, round grains, and eccentric in the

larger grains from one-fifth to one-seventh, usually one-fifth, of the longitudinal axis. Two hila

without a fine of separation are sometimes found in a simple grain. Two short longitudinal fissures

frequently run from the hilum. A cavity may appear at

the hilum, but usually tliere is an absence of clefts.

The lamellce are not distinct. It is impossible to

determine with any definiteness either their character

or number.
There is a variation in size; the smaller are 4 by 4//;

the larger measure 28 by 16yu in length and breadth. The
common size is 18 by lO^u in length and breadth.

Polariscopic Properties. The flgure is usually eccen-

tric and distinct. Its lines are rather fine and sometimes

straight, but often bent or bisected. It is fairly clear-cut,

and regular in more of the grain than in I. florentina.

The degree of polarization is fairly higli. There is

some variation in the different grains and occasionally in

the same aspect of a given grain. It is higher than in

I. florentina.

With selenite the quadrants are usually unequal m
size and vary somewhat in shape. The colors are pure,

purer than in I. florentina.

Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains all begin to color a fairly deep violet; with 0.125 per cent solution they color lightly

and the color does not deepen rapidly. The color is less than that of the grains of /. florentina.

After heating in water until the grains are completely gelatinized, the solution colors fairly deeply
and the gelatinized grains very deeply on the addition of iodine. After boiling for 2 minutes the

solution colors very deeply, but most of the grain-residues not at all. The capsules all color a deep
red-violet with an excess of iodine.

Staining Reactions. With gentian violet and with safranin the grains begin to stain at once

and in 30 minutes are lightly stained. The stain is slightly more than that of the grains of /. florentina.

Temperature Reaction. The temperature of gelatinization is 72.2 to 74 C, mean 73.1.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in a few grains in 30

seconds and in most in a minute. One-third are gelatinized in 3 minutes and all in 15 minutes. It

is the same qualitatively as that of the gi-ains of /. florentina.

The reaction \vith chromic acid begins in 15 seconds and is over in 2 minutes. It is the same

qualitatively as that of the grains of /. florentina.

Reaction with pyrogalUc acid begins in 20 seconds and is over in 2V2 minutes. It is the same

qualitatively as that of the grains of /. florentina.

Reaction with ferric chloride begins in some grains in a minute and is over in 12 minutes. It is

the same qualitatively as that of the grains of /. florentina.

With Purdy's solution a few of the grains begin to react in 1}^ to 2 minutes, and a few are

partially gelatinized in 15 minutes. It is the same qualitatively as that of the grains of /. florentina.
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STARCH OF IRIS XIPHIUM VAR. GRAND TRESOREER. (Plate 64, figa. 383 and 384. Chart 260.)

Histological Characteristics. In form the grains are usually simple. Compound grains, aggre-

gates, separated-grains with pressure facets, and a few small clumps are present, as in /. florentina.

The surface is sometimes irregular, owing to the causes noted under /. florentina. The conspicuous

forms in the simple grains are cone-shaped with rounded apex, ovoid with squared distal end, and

clam-shell-shaped; also quite perfect ovoid, laterally curved club-shaped, and oval forms. The

compound grains and aggregates are similar to those observed in I. florentina, except that a minute

globular grain is more frequently found at the lines of union of the component of compounds and

aggregates. The grains are broader in proportion to length and more irregular in outline than those

of /. florentina.

The Mlum is a distinct, round, clear spot, centric in the small globular forms and eccentric

two-fifths to one-third, usually two-fifths, of the longitudinal axis in the larger grains. Either a

cavity of the same shape as the hilum or irregular ragged clefts may be located at the hilum. The
clefts are more often arranged in a double, branched, root-like form, an irregular cross, or resem-

bling the outline of the flying bird or dragon-fly. In

the last-named shapes the clefts are usually diagonal to

the longitudinal axis.

The lamella: are very indistinct and the number on a

grain can not be determined. Those occasionally visible

are rather coarse.

The size of the average round form is 4 by i/x, and

of the elongated forms from 6 by 3yu to 36 by 24/i in

length and breadth. The common size is 24 by 16fi in

length and breadth.

Polariscopic Properties. The figure is usually eccen-

tric and distinct. The lines are rather thick and some-

times broaden at the margin of the grain. They may
be straight, but are more often bent, and occasionally

bisected. The figure is fairly clear-cut, and rather more

distinct and regular than in /. florentina.

The degree of polarization is rather high to quite high.

There is some variation in the different grains and occa-

sionally in the same aspect of a given grain. It is dis-

tinctly higher than in /. florentina.

With selenite the quadrants are generally somewhat irregular in shape and unequal in size.

The colors are generally pure, the yellow sometimes being not quite pure. They are purer than in

/. florentina.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains all color a fairly deep blue-

violet; with 0.125 per cent solution they all color lightly at once and the color does not deepen

rapidly. It is slightly more than that of the grains of I. florentina. After heating in water until

the grains are completely gelatinized, the solution colors fairly deeply and the gelatinized grains

very deeply on the addition of iodine. After boiling for 2 minutes the solution colors very deeply,

but most of the grain-residues not at all. The capsules all color a red-violet with an excess of iodine.

Staining Reactions. With gentian violet the grains all begin to stain at once and in 30 minutes

are hghtly stained, more than the grains of I. florentina.

With safranin the grains begin to stain at once and in 30 minutes they are fairly stained, more

than the grains of /. florentina.

Temperature Reaction. The temperature of gelatinization is 65 to 66 C, mean 65.5.

Effects of Various Reagents. With choral hydrate-iodine the reaction begins in 45 seconds, is

over m two-thirds of the grains in 8 minutes, and in practically all in 15 minutes. It is the same

quaUtatively as that of the grains of I. florentina.

Reaction with chromic add begins in some grains at once, in all in 15 seconds, and is over in a

minute. It is the same qualitatively as that of the grains of I. florentina.

With pyrogallic acid the reaction begins in some grains at once, in all in 15 seconds, and is

over in 45 seconds. It is the same qualitatively as that of the grains of /. florentina.

46
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The reaction with fcrrric chloride begins in a few grains in 30 seconds and is over in all in 12

minutes. It is the same qualitatively as that of the grains of /. florentina.

Reaction with Purdy's solution begins in a few grains in a minute, and in 5 minutes a few are

nearly completely gelatinized. All show signs of reacting and about one-fifth are nearly completely

gelatinized in 25 minutes. The reaction is qualitatively the same as that of the grains of /. florentina.

STARCH OF IRIS XIPHIUM VAR. WILHELMINE. (Plate 65, figs. 385 and 386. Chart 261.)

Histological Characteristics. In form the grains are usually simple. Compound grains, aggre-

gates, separated-grains with pressure facets, and a few pseudo aggregates (chiefly collections of

minute grains) are present as in /. florentina. The surface of the grains is occasionally irregular,

owing to the same causes as noted under I. florentina. The secondary set of lamellae is more fre-

quently formed at the proximal end in this species. The conspicuous forms of the simple grains

are the ovoid with a square distal end, oval, broadly triangular with curved base and roxmded angles,

pyriform, and a number of small, globular grains. The conspicuous forms of the compound grains

are irregular oval to heart-shaped. Those of the aggre-

gates are one minute globular grain closely fitted into a

cavity of one large grain, and two grains of equal size

with a small globular grain fitted in the depression at their

point of union. The broadly triangular forms are some-

what flattened. The grains are much broader in propor-
tion to the length and more regular than in /. florentina.

The hilum is a distinct, clear, refractive spot, centric

in the small globular forms and eccentric two-fifths to

one-third, usually two-fifths, of the longitudinal axis in

the larger grains. More than one hilum may he found

in a grain. There is usually at the hilum either a deep

cavity or ragged clefts, so arranged as to form a diagonal
cross approaching the figure of a flying ])ird or dragon-fly
when seen from below.

The lamellce are usually invisible, bat occasionally

a few can be observed which generally are fairly coarse.

One or two distinct lamellae, either at about a third or half

the distance between the hilum and distal end, may some-

times be observed. In small globular forms the lamellae

form complete rings around the hilum; but in grains in which the hihmi is dccplj^ fissured the

lamelke are not visible near this part and those observed usually assume the shape of the grain.

The grains vary in size; the smaller are 4 by 4/u; the larger are 34 by 22yu and 34 by 28yu in length
and breadth. The common sizes are 26 by 20m and 26 by 24/i in length and breadth.

Polariscopic Properties. The figure is generally eccentric and quite distinct. Its lines are

rather thick and usually straight with broadening towards the margin, l)ut are occasionally bent.

It is fairly regular and rather more clear-cut than that of /. florentina.

The degree of -polarization is high to quite high, often varying in the same aspect of a given

grain. It is distinctly higher than in /. florentina.

With selenite the quadrants are well defined and generally irregular in shape and unequal in

size. The colors are commonly pure, but the yellow in some grains is not quite pure. The colors

are rather purer than in /. florentina.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains all color a fairly deep blue-

violet; with 0.125 per cent solution they color fairly antl the color is deeper than that of the grains

of /. florentina. After heating in water until the grains are completelj' gelatinized, the solution

colors fairly deeply and the gelatinized grains very deeply on the addition of iodine. After boiling

for 2 minutes the solution colors very deeply, but most of the grain-residues not at all. The cap-
sules all color a red-violet with an excess of iodine.

Staining Reaction. With gentian violet the grains begin to stain at once and in 30 minutes

are lightly colored, and the tint is deeper than that of the grains of /. florentina.

With safranin the grains begin to color at once and in 30 minutes are fairly stained and the

tint is deeper than that of the grains of /. florentina.
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Iodine Reactions. ^With 0.25 per cent Lugol's solution the grains all begin to color a fairly-

deep blue-violet; with 0.125 per cent solution they color lightly, and the color is the same as that

of the grains of I. florenlina. After heating in water until the grains are completely gelatinized,

the solution colors fairly deeply and the gelatinized grains very deeply on the addition of iodine.

After boiling for 2 minutes the solution colors very deeply, but most of the grain-residues not at

all. The capsules color a red-violet with an excess of iodine.

Staining Reactions. With gentian violet the grains all begin to stain at once and in 30 minutes

are lightly stained, but more than the grains of I. florenlina.

With safranin the grains all begin to stain at once and in 30 minutes are fairly stained, but

more than the grains of /. florenlina.

Temperature Reaction. The temperature of gelatinization is 66.5 to 67.5 C, mean 67.

Effects of Various Reagents. With chloral hydrate-iodine the reaction begins in 30 seconds. It

is over in two-thirds of the grains in 10 minutes and in nearly all in 15 minutes. It is the same

qualitatively as that of the grains of /. florenlina.

The reaction with chrojnic acid begins in 15 seconds and is over in 2 minutes. It is the same

qualitatively as that of the grains of I. florenlina.

With pyrogallic acid the reaction begins in 15 seconds and is over in a minute. It is the same

qualitatively as that of the grains of /. florenlina.

The reaction with ferric chloride begins in some grains in 15 seconds. It is over in four-fifths of

the grains in 10 minutes and in practically all in 15 minutes. It is the same qualitatively as that of

the grains of I. florenlina.

Reaction with Purdy's solution begins in 30 seconds and a few are partially gelatinized in 10

minutes.
STARCH OF IRIS TINGITANA. (Plate 65, figs. 389 and 390. Chart 263.)

Histological Characteristics. In form the grains are usually simple. There are a few compound
grains, aggregates, and separated-grains with pressure facets; clumps were not observed. The sur-

face of the grains is occasionally irregular, owing chiefly to rounded protuberances or secondary
sets of lamelliE. The conspicuous forms among the simple grains are the broadly triangular with

rounded angles to clam-shell-shaped, and cone-shaped with

rounded apex; also a few ovoid and also finger-shaped

grains with squared end and a hollowed depression. The

conspicuous forms among the compound grains are

broadly lenticular and irregularly oval. The aggregates

usually appear as doublets, or as triplets in linear arrange-

ment, or with one or more minute grains firmly attached

to a large one. The separated-grains have well-marked

pressure facets and are generally dome-shaped with either

squared or pointed base, or are polygonal. The grains
are more uniform in shape and much broader in relation

to length than in I. florenlina, and more closely resemble

/. xiphium var. lusilanica. The broadly triangular to

clam-shell-shaped grains are somewhat flattened.

The hilum is a clear, distinct, refractive spot, centric

in the small round forms, and eccentric two-fifths to one-

foiu'th, usually one-third, of the longitudinal axis in other

forms. There is commonly either a cavity or cleft at the

hilum. The clefts are often ragged and branched root-

like, and frequently form a diagonal cross approaching the flying-bird type previously referred to.

The lamellce in the larger forms are rather distinct, but often are not visible on a part of the

grain, and two particularly refractive lamellae are frequently observed about one-third to two-thirds

of the distance from the hilum. The lamellse in all the grains but the roimd forms, at a short dis-

tance from the hilum, have the shape of the grain and are not very coarse. In round forms 9 lamel-

lae forming a band around the margin can be counted, in the medium-sized grains there are 14 to 19

distinct lamellae, and in the large ovoid forms there may be as many as 38.

The grains vary in size; the smaller are 4 by 4;u, the larger are 46 by 34^ and 50 by 28/i in length
and breadth. The common sizes are 30 by 22ju and 32 by 29^ in length and breadth.
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Polariscopic Properties. The figure is generally eccentric and quite distinct. Its lines are

rather thick and generally straight with broadening towards the margin, and occasionally are bi-

sected. It is fairly clear-cut, and more distinct and regular than in /. florenlina.

The degree of -polarization is high to very high, sometimes varying in the same aspect of a given

grain. It is decidedly higher than in /. florentina.

With selenite the quadrants are well defined, often slightly irregular in shape, and unequal in

size. The colors are generally pure, but the yellow is sometimes not quite pure. They are purer
than in /. florentina.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains all color a fairly deep violet-

blue; with 0.125 per cent solution they color lightly and the color does not deepen rapidly. It is

the same as that of the grains of /. florentina. After heating in water until the grains are completely

gelatinized, the solution colors fairly deeply and the gelatinized grains very deeply on the addition

of iodine. After boiling for 2 minutes the solution colors very deeply, but most of the grain-residues
do not color at all. The capsules all color a red-violet with an excess of iodine.

Staining Reactions. With gentian violet and with safranin the grains all begin to stain at once
and in 30 minutes are lightly stained, slightly more than the grains of /. florentina.

Temperature Reaction. The temperature of gelatinization is 65 to 66 C, mean 65.5.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in most grains in 30

seconds. One-half of the grains are gelatinized in 10 minutes, three-fourths in 15 minutes, and

practicallj' all in 25 minutes. It is the same qualitatively as that of the grains of I. florentina.

The reaction with chromic acid begins in some grains in a few seconds and in all the rest

in 20 seconds, and it is over in 2J4 minutes. It is the same qualitatively as that of the grains of

/. florentina, except that the capsule is quite as likely to be dissolved first at the proximal as at

the distal end.

Reaction with pyrogallic acid begins in all the grains in 15 seconds and is over in a minute. It

is the same qualitatively as that of the grains of /. florenlina, except that a bubble is practically

always formed at the hilum, and that when this bubble decreases in size it leads to an invagination
of the capsule at the proximal end, to be followed by the reverse movement.

The reaction with ferric chloride begins in a few grains in 30 to 45 seconds. It is over in four-

fifths of the grains in 10 minutes and in all in 20 minutes. It is the same quahtatively as that of the

grains of /. florentina.

The reaction with Purdy's solution begins in all the grains in 30 seconds and a few are nearly

completely gelatinized in 5 minutes. One-third are nearly completely gelatinized in 15 minutes, and

three-fifths of the remaining two-thirds are partially gelatinized.

STARCH OF IRIS RETICULATA. (Plate 66, figs. 391 and 392. Chart 264.)

Histological Characteristics. In form the grains are usually simple. There are some compound
grains, aggregates, and separated-grains with pressm-e facets; clumps composed chiefly of minute

globular grains are also observed. The surface of the grains is often irregular. The margin of the

grain frequently is undulating; there are irregularities due to secondary deposits, and rounded

protuberances as in I. florentina. The conspicuous forms are the cone-shaped with rounded apex,

pjrriform with a squared end, minute and fair-sized globular, and oval with or without a squared end;

also a few elongated, slender grains similar to tho.se observed in /. florentina. Among the compound

grains there is an irregular oval form, as well as forms similar to those of /. florentina. The aggre-

gates frequently consist of one large with one or more minute, globular grains; and occasionally

of grains of equal or nearly equal size. The grains are broader in proportion to length and less

irregular than those of /. florentina.

The hilmn may be observed as a clear, distinct, round, refractive spot, centric in the round

forms, and in most of the grains eccentric from slightly to two-fifths to one-third, usually two-fifths,

of the longitudinal axis. Either a cavity or a cleft commonly is to be seen at the hilum. The clefts

are generally ragged and irregular; sometimes two are so arranged as to form a cross.

The lamella are rather fine but distinct. They form complete, regular rings around the hilum,

but farther out have the shape of the outline of the grain, and are probably not complete near the

distal margin. There are 22 laraellfe on the grains of fair size.

The grains vary in size; the smaller are 11 by 4/^; the larger are 46 by 36ai and 40 by M/j. in

length and breadth. The conamon sizes are 30 by 22/:i and 32 by 26fi in length and breadth.
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to length and rather more regular in form than those; of /. florenlina. The aggregates and the fis-

sures at the hiluni bear a greater similarity to the grains of /. xiphlum var. Grand Tresorier than

to /. florenlina.

The hilum may appear as a clear, distinct, refractive spot, centric in small, round forms, and
eccentric two-fifths to one-third, usually two-fifths, of the longitudinal axis in most of the grains.

There are sometimes two or more hila without a line of division in the siniijle grains. Either a cavity
or a cleft is usually found at the hilum. The clefts frequently are ragged and appear either in the

form of a cross, or of the flying-bird or dragon-fly type, or as a branched, root-like structure.

The lamella are not very distinct, and the number can not be definitely decided; those visible

appear to be rather coarse. In some grains the lamellae were indistinct for one-third of the distance

from the hilum, and for the remainder of the grain 10 rather coarse and fairly distinct lamellae were

counted. In other grains 8 coarse lamellae were counted between the hilum and three-fourths of

the distance, and then a band located in the last one-

fourth consisting of 5 fine lamellae.

The grains vary in size; the smaller are 3 by 3//; the

larger are 36 by 49/j and 36 by 28^ in length and breadth.

The common sizes are 24 by 30m and 28 by 22/; in length

and breadth.

Polariscopic Properties. The figure is generally eccen-

tric and very distinct. Its lines are rather thick and may
be straight vnth broadening at the margin, but are either

bent or bisected in the greater number of grains. It is

fairly clear-cut, and more distinct than in 7. florenlina.

The degree of polarization is high to very high, vnih

some variation in the same aspect of a given grain.

Polarization is markedly higher than in /. florenlina.

With selenite the quadrants are well defined in some

grains and regular in shape and equal in size, while in many
grains they are not clearly defined, and are irregular in

shape and unequal in size. The colors are generally purer

than in I. florenlina. In several grains the yellow was not

quite pure and occasionally the same is noted for blue.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains all color a fairly deep violet-

blue; with 0.125 per cent solution they color lightly and the color does not deepen rapidly. After

heating in water until the grains are completely gelatinized, the solution colors fairly deeply and

the gelatinized grains very deeply on the addition of iodine. After boiling for 2 minutes the solu-

tion colors very deeply, but most of the grain-residues do not color at all. The capsules all color

a reddish-violet with an excess of iodine.

Staining Reactions. With gentian violet and with safranin the grains all begin to stain at once

and in 30 minutes they are lightly stained, but slightly more than the grains of /. florenlina.

Temperature Reaction. The temperature of gelatinization is 65 to 66 C, mean 65.5.

Effects of Various Reagents. With chloral hydrate-iodine the reaction begins in 15 seconds.

It is over in one-third in 10 minutes, one-half in 17 minutes, in three-fourths in 40 minutes, and in

all in 60 minutes. There is a thin coating or outer layer of the grains which is affected first, other-

wise the reaction is qualitatively the same as that of the grains of I. florenlina.

The reaction with chromic acid begins in some grains in 15 seconds, in all within 30 sec-

onds, and is over in 4 minutes. It is qualitatively the same as that of the grains of /. florenlina,

but the distal end does not appear to be much more sensitive to the reagent than the proximal

end or the sides.

With pyrogaUic add some grains begin to react in 15 seconds and all in 30 seconds, and it is

over in 1% minutes. It is qualitatively the same as that of the grains of /. florenlina.

The reaction with ferric chloride begins in many grains in a minute. Three-fourths of the grains

are completely gelatinized in 25 minutes and practically all in 50 minutes. It is qualitatively the

same as that of the grains of I. florenlina.

Reaction with Purdy's solution begins in many grains in 45 seconds, and all are nearly completely

gelatinized in 5 minutes. It is the same qualitatively as that of the grains of 7. florenlina.
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The reaction with chromic acid begins in 20 seconds and is over in 2J^ minutes. It is the same

qualitatively as that of the grains of 7. florentina.

Reaction with pyrogallic acid begins in 15 seconds and is over in ly^ minutes. It is the same

qualitativelj' as that of the grains of I. florentina.

The reaction with ferric chloride begins in a minute. It is over in half in 10 minutes, in

nearly all in 17 minutes, and in all in 30 minutes. It is the same qualitativelj' as that of the

grains of I. florentina.

The reaction with Purdy's solution begins in 15 seconds. Two-fifths of the grains are nearly

completely gelatinized and the remaining three-fifths are partially gelatinized in 15 minutes. The
reaction is the same qualitatively as that of the grains of /. florentina.

STARCH OF IRIS CAUCASICA. (Plate 67, figs. 397 and 398. Chart 267.)

Histological Characteristics. In form the grains are usually simple. Compound grains fre-

quently occur. There are aggregates, separated-grains with pressure facets, and a few clumps con-

sisting chiefly of collections of minute grains. The surface of the grains is often irregular. The

irregularity is more frequently caused by small, rounded protuberances occurring at different points
on the margin of the grain. The causes of the irregularities noted under I. florentina are also found,

although the cup-shaped depression either at the end of the main grain or in the secondary growth is

not often observed. The conspicuous forms among the simple grains are irregular ovoid, elongated
oval with squared distal end, and round with squared distal end. Occasionally grains are globular
or conical with a rounded apex. The broadly lenticular

with rounded ends is frequently found among the com-

pound grains, as well as the irregular ovoid and the

double grain with the secondary growth already noted

under I. florentina. The aggregate grains often appear
in the form of one large grain having one or more small

ones at the side; or as three grains placed in a row. The

grains are not flattened, although irregular depressions

may be found on the surface. The grains are wider in

proportion to length, but the cup-shaped depression at

the distal end is not so marked as in /. florentina.

The hilum may appear as a clear, distinct, round or

oval spot, centric in the globular forms, and slightly eccen-

tric to one-third, usually two-fifths, of the longitudinal axis

in the majority of the grains. There are sometimes 3, 4, or

as many as 7 hila in one grain. Either a cavity or clefts

of different forms are frequently located at the hilum. The
clefts are more often diagonal, sometimes two in the shape
of a cross, and sometimes branched and root-like. Two
short longitudinal hues frequently pass from the hilum.

The lamellce in many grains are not distinct throughout the entire grain. They sometimes

form complete, regular rings or ellipses near the hilum and frequently have the shape of the outline,

even within a short distance of the hilum. There are about 20 rather coarse lamellae on the large

grains.

The grains vary in size; the elongated grains are from 9 by 6m to 49 by 34^1 in length and

breadth; and the broader grains are 26 by 40^ in length and breadth. The common size is 26 by

20m in length and breadth.

Polariscopic Properties. The Ju/ure is usually eccentric and distinct. The lines are rather

thick and often straight with broadening at the margin of the grain. They may be bent or bisected.

The figure is fairly clear-cut, more distinct, and less irregular than in the grains of I. florentina.

The degree of polarization is high to very high, frequently varying in the same aspect of a given

grain. It is distinctly higher than in /. florentina.

With selenite the quadrants are fairly well defined. The colors are quite pure in most of the

grains, and on the whole purer than in I. florentina.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains all color a deep indigo-blue;

with 0.125 per cent solution they color fairly, and the color deepens rather rapidly. It is more than
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that of the grains of 7. florentina. After heating in water until the grains are completely gelatinized,

the solution and the gelatinized grains color deeply on the addition of iodine. After boiling for 2

minutes the solution colors very deeply, but most of the grain-residues not at all. The capsules
all color a reddish-violet with an excess of iodine.

Staining Reactions. With gentian violet and with safranin the grains all begin to stain at once

and in 30 minutes they are fairly stained, and more than the grains of I. florentina.

Temperature Reaction. The temperature of gelatinization is 64 to 65 C, mean 64.5.

Effects of Various Reagents.- With chloral hydrate-iodine reaction begins in most grains in 30

seconds. It is over in one-half in 10 minutes and in nearly all in 15 minutes. It is the same quali-

tatively as that of the grains of /. florentina.

The reaction with chromic acid begins in some grains in 15 seconds, in all in 45 seconds, and
is over in 2 minutes. It is the same qualitatively as that of the grains of /. florentina.

The reaction with pyrogallic acid begins in 10 to 15 seconds and is over in IJ^ minutes. It is

the same qualitatively as that of the grains of /. florentina.

With ferric chloride the grains begin to react in many grains in 30 to 45 seconds. The reaction

is over in half of the grains in 15 minutes, in nearly all in 30 minutes, and in all in 40 minutes. It is

the same qualitatively as that of the grains of I. florentina.

With Purdy's solution the reaction begins in many grains in 20 seconds. Most of the grains
are nearly completely gelatinized in 5 minutes and all are completely gelatinized in 8 minutes. It

is the same qualitatively as that of the grains of I. florentina.

Differentiation of the Starches of the Genus Iris.

Histological Characteristics.

Conspicuous Forms.

I. florentina: Usually simple. Some compound, small ag-
gregates, grains with few pressure facets. Often

irregular with rounded protuberances and second-

ary deposits of starch. Cup-shaped depressions at

the distal end of primary sets of lamellae, and
frequently of secondary sets. Elongated ovoid with

squared, hollowed, distal end; oval, finger-shaped,
and conical with rounded apex. Both compound
and aggregate grains consisting of a large grain
with a small grain fitting into its distal end.

/. pallida var. speciosa: Essentially the same as in /.

florentina, but not so irregular in outline, and
shortened and broader forms are proportionately
more numerous.

/. pumila var. cyanea: Essentially the same as in /.

florentina, but more irregular, and the grains are

mostly elongated.
I. bismarckiana: The same as in /. florentina, but the

grains tend to be broader in proportion to length;
conical grains with rounded apex are more numer-
ous; small grains attached to large grains often
at the side instead of at distal end; depression at

end not so deep; compound, broadly lenticular

frequently found.
I. iberica: The same as in /. bismarckiana.
I. xiphium var. Grand Tresorier: Cone-shaped with rounded

apex, ovoid with squared distal end, and clam-shell-

shaped. Compound grains similar to /. florentina,

except minute globular grains more frequently
found at lines of union of components, more regular
in outline, and broader in proportion to length.
Otherwise same as in /. florentina.

I. xiphium var. Wilhebnine: Ovoid with squared distal

end, oval, broadly triangular with curved base
and rounded angles, pyriform, and small globular.
Grains broader in proportion to length than in

I. florentina. Otherwise the same as in I. floren-
tina.

I. xiphium var. lusitanica: Cone-shaped with rounded
apex, ovoid, broadly triangular to clam-shell-

shaped, oval with squared end, broader in relation
to length. Otherwise essentially the same as in

/. florentina.

Histological Characteristics. Continued.

Conspicuous Forms. Continued.

/. tingitana: Broadly triangular with rounded angles to

clam-shell-shaped, cone-shaped with rounded apex.
More uniform in shape and much broader in rela-

tion to length than in /. florentina. They bear
closer resemblance to /. xiphium var. Ixisitanica

than to /. florentina.
I. reticulata: Cone-shaped with rounded apex, pyriform

with squared ends, globular, good-sized, and minute,
oval with or without squared end; irregular oval.

Less irregular and broader in proportion to length
than in /. florentina. Otherwise essentially the
same as in /. florentina.

I. histrio: Cone-shaped with rounded apex, broadly trian-

gular with rounded angles to clam-shell and oyster-
shell shapes, ovoid with squared end. Less irreg-

ular, and broader in proportion to length than in

/. florentina. Otherwise essentially the same as

in /. florentina.
I. alata: Elongated ovoid with squared distal end;

pyriform with squared distal end, oval with broad-
ened distal end, and numerous small globular
grains. Compound grains and aggregates more
numerous, and grains are broader in relation to

length than in /. florentina, but otherwise essen-

tially the same.
I. caucasica: Irregular ovoid, elongated oval with squared

distal end, and round with squared distal end. Cup-
shaped depressions at distal end not so marked as

in /. florentina. Otherwise about the same as in

/. florentina.

Hilum Form, Number, and Position.

I. florentina: Form distinct round spot or cavity; may
be fissured; single short, straight transverse cleft,

or cross or stellate fissures. Position usually
eccentric 0.33 to 0.16, commonly 0.25, of longitud-
inal axis.

I. pallida var. speciosa: Form distinct round or elliptical

spot; occasionally fissured diagonally or trans-

versely; less often fissured than in /. florentina,
and unfissui'ed hilum less refractive. Position

usually eccentric about 0.25 to 0.12 of longitudinal
axis.
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Differentiation of the Starches of the Genus Iris. Continued.

Histological Characteristics. Contimieil.

Hilum Form, A'umber, and Position. Continued.

/. pumila var. cyanea: Form the same as in /. piillida
var. speciosa. Position iLsually eccentric about
0.16 to 0.10 of longitudinal axis.

/. bismarckiana: Form fairly distinct round or lenticu-

lar spot, or cavity sometimes. 4 hila may be

present. Hilum seldom fissured. Position usually
eccentric 0.25 to 0.14, commonly 0.16, of longitud-
inal axis.

/. iberica: Form distinct round spot or cavity; some-
times 2 hila; usually not cleft. Position eccentric

usually from 0.20 to 0.14, commonly 0.20, of

longitudinal axis.

/. xiphium var. Grand Tresoricr: Form distinct round
spot or cavity, often ilceply and irregularly cleft;
clefts in form of double-branched roots, irregular
cross, flying-bird or dragon-fly type. Position

usually eccentric, 0.40 to 0.33, commonly 0.40, of

longitudinal axis.

/. xiphium var. Wilhelmine: Form distinct round spot
or deep cavity, often cleft; clefts deep, ragged,
irregular, forming a diagonal cross, flying-bird, or

dragon-fly type, or a branched, root-like figure.
Position usually eccentric 0.40 to 0.33, commonly
0.40. of longitudinal axis.

/. xiphium var. lusilanica: Form distinct round spot or

cavity, often cleft either by a straight transverse
or diagonal or 2 or more forming a cross or flying-
bird tj'pe. Position usually eccentric 0.40 to 0.33,

commonly 0.40, of longitudinal axis.

/. tingitana: Form distinct round spot or cavity, often

fissured; clefts often ragged and form a branched
root-like figure, or a diagonal or transverse cross,
or flying-bird type. Position usually eccentric

0.40 to 0.25, commonly 0.33, of longitudinal axis.

/. reticulala: Form distinct round spot or cavity, often

fissured; clefts irregular and ragged, but sometimes
form a cross. Position usually eccentric slightly
or 0.40 to 0.33, commonly 0.40, of longitudinal
axis.

/. hislrio: Form distinct, round spot or cavity; some-
times 2 hila. Often fissured, clefts usually ragged
and in form of a cross, flying-bird, or dragon-fly

type, or a branching root-hke form. Position

usually eccentric 0.40 to 0.33, commonly 0.40, of

longitudinal axis.

/. alala: Form distinct round spot or cavity; sometimes
3 hila; may be fissured; clefts usually arranged in

twos or threes, or in irregular stellate fashion.

Position usually eccentric 0.40 to 0.25, commonly
0.33, of longitudinal axis.

/. caucasica: Form distinct round or oval spot or cavity.
Sometimes 4 or more liila. Often fissm-ed; clefts

commonly diagonal; sometimes a cross or root-

like arrangement. Position usually eccentric

slightly to 0.33, commonly 0.40, of longitudinal axis.

LamelloB -General Characteristics and Number.

I. florentina: Rather coarse, generally not very distinct,

complete and incomplete, 2 sets sometimes, rings
around hilum, outer lamellaj follow outlines of

grains. 13 to 21 on larger grains.
/. pallida var. speciosa: Indistinct, rather coarse com-

plete rings near hilum; distally irregular and

probably incomplete. Rarely 20 on larger grains.

/. pumila var. cyanea: Indistinct, usually fine complete
rings near hilum; distally irregular and probably
incomplete. 28 to 32 on larger grains.

I. bismarckiana: Fairly distinct, rings around hilum or

otherwise the same as in /. florentina. 10 to 16 on

larger grains.
/. iberica: Not distinct, impossible to determine charac-

ter. Xumber not determined.

Histological Characteristics. Continued.

LamelloE General Characteristics and Number. Cont'd.

/. xiphium var. Grand Tresorier: Not distinct, a few very
coarse lamella; visible. Number not determined.

/. xiphium var. Wilhelmine: Usually visible, some coarse
lamellte occa.sionally seen which have the shape of
the outline of the grain. Number not determined.

/. xiphium var. lusitanica: Not distinct, some coarse
lamellae visible. Number not determined.

/. lingilana: Often invisible, when seen rather coarse, and
have the form of the grain. When can be counted,
14 to 19 on medium-sized grains; 38 on larger.

/. reticulata: Rather fine, distinct, complete regular rings
at hilum, probably incomplete, and follow margin of

grain when distal to hilum. 22 on fair-sized grains.
/. hislrio: Indistinct, one-third distance from hilum;

coarse and follow shape of grain when distal to
hilum. Number not satisfactorily determined.

/. alnla: Fairly distinct, rather coarse complete regular
rings around hilum; often indistinct for one-third
of the distance from hilum, but distinct bei'ond.
25 on larger giains.

/. caucasica: Often not distinct throughout, sometimes
coarse complete regular rings or ellipses near the

hilum, probably have the shape of the grains
when located at and beyond the hilum. 20 on

larger grains.

Size.

I. florentina: From 6 to 30^, commonly 18m-
/. pallida var. speciosa: From 4 to 32/i, commonly 16/j.

I. putnila var. cyanea: From 3 to 40/i, commonly 30;i.

/. bismarckiana: From 4 to 26m, commonly IS/i.

/. iberica: From 4 to 28m, commonly 18^.
/. xiphium var. Grand Tresorier: From 4 to 36m, com-

morjy 24m.
/. xiphium var. Wilhelmine: From 4 to 34m, commonly

26m.
/. xiphium var. lusitanica: From 3 to 3Sm, commonly

24m.
I. tingitana: From 4 to 50m, commonly 30m.
/. reticulata: From 4 to 46m, commonly 30m.
/. hislrio: From 3 to .36m, commonly 36m.
/. alata: From 4 to 50m, commonly 33m.
/. caucasica: From 9 to 49m, commonly 26m.

PoLARiscopic Properties.

Figure.

I. florentina: Eccentric, distinct, usually irregular; lines

fine, often bent, sometimes bisected.

7. pallida var. speciosa: Same as in /. florentina, but
centric figure more frequent and lines more often

straight.
/. pumila var. cyanea: Same as in /. florentina, but the

lines more often bent.

I. bismarckiana: Same as in I. florentina, but figure more

irregular.
I. iberica: Same as in I. florentina, but figure less irregular.

/. xiphium var. Grand Tresorier: The same as in /.

florentina, but less irregular and more clean-cut.

I. xiphium var. Wilhelmine: Same as in /. xiphium var.

Grand Tresorier.

I. xiphium var. lusitanica: Same as in I. xiphium var.

Grand Tresorier.

I. tingitana: Same as in 7. florenlina, but more distinct

and regiilar.

7. reticulata: Same as in 7. florentina, but more distinct

and regular.
7. histrio: Same as in 7. florentina, but more distinct.

7. alata: Same as in 7. florentina, but more distinct and
less irregular.

7. caucasica: Same :is in 7. florentina, but more distinct

and less irregular.
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Differentiation of the Starches of the Genus /ns. Continued.

PoLAMSCOPic Properties. Continued.

Degree of Polarization.

I. florenlina: Fair.

/. pallida var. speciosa: Fair to high, higher than in

/. florenlina.
I. pumila var. cyanea: High, distinctly higher than in

/. florenlina.
I. bismarckiana: Fair to fairly high, slightly higher than

in /. florenlina.
I. iberica: Fairly high, more than in I. florenlina.
I. xiphium var. Grand Tresorier: Rather high to quite

high, distinctly higher than in /. florenlina.
I. xiphium var. Wilhelmine: High to quite high, dis-

tinctly higher than in /. florenlina.
I. xiphium var. lusilanica: Rather high to quite high,

distinctly higher than in /. florenlina.
I. tingilana: High to very high, decidedly higher than

in /. florenlina.
I. reliculala: High to very high, decidedly higher than

in /. florenlina.
I. hislrio: High to very high, decidedly higher than in

I. florenlina.
I. alala: High to very high, decidedly higher than in

/. florenlina.
I. caucasica: High to very high, decidedly higher than

in /. florenlina.

Polarizalion wilh Selenite Quadranls and Colors.

I. florenlina: Quadrants fairly well defined, generally

irregular, unequal in size. Colors generally pure.
/. pallida var. speciosa: Quadrants essentially the same

as in /. florenlina, but not quite so irregular or

unequal. Colors more often pure than in /.

florenlina.
I. pumila var. cyanea: Quadrants essentially the same

as in I . florenlina, except more irregularity. Colors

generally pure.
/. bismarckiana: Quadrants and colors essentially the

same as in /. florenlina.
I. iberica: Quadrants and colors essentially the same as

in I. florenlina.
I. xiphium var. Grand Tresorier: Quadrants and colors

essentially the same as in /. florenlina.
I. xiphium var. Wilhelmine: Quadrants and colors

essentially the same as in /. florenlina.
I. xiphium var. lusilanica: Quadrants and colors essentially

the same as in /. florenlina.
I. lingilana: Quadrants and colors essentially the same

as in /. florenlina.
I. reliculala: Quadrants and colors essentially the same

as in /. florenlina.
I. hislrio: Quadrants and colors essentially the same as

in /. florenlina.
I. uhila: Quadrants and colors essentially the same as in

/. florenlina.
I. caucasica: Quadrants and colors essentially the same

as in /. florenlina.

Iodine Reaction8.

Intensily and Color.

I. florenlina: Fairly deep; violet.

/. pallida var. speciosa: Fairly deep, less than in /.

florenlina; violet.

/. pumila var. cyanea: Fairly deep, the same as in /.

florenlina; violet.

/. bismarckiana: Fairly deep, the same as in I. florenlina;
violet.

/. iberica: Fairly deep, less than in /. florenlina; violet.

/. xiphium var. Grand Tresorier: Fairly deep, slightly
more than in /. florenlina; blue-violet.

/. xiphium var. Wilhelmine: Fairly deep, more than in

/. florenlina; blue-violet.

Iodine Reactions. Continued.

Inlensily and Color. Continued.

/. xiphium var. lusilanica: Fairly deep, the same as in

/. florenlina; blue-violet.

/. tingilana: Fairly deep, the same as in /. florenlina;
\dolet-blue.

/. reliculala: Deep, more than in/. ^orereJfna; violet-blue.

/. hislrio: Fairly deep, slightly more than in /. florenlina;
violet-blue.

/. alala: Deep, more than in /. florenlina; indigo-blue.
/. caucasica: Deep, more than in /. florenlina; indigo-

blue.

Staining Reactions.

Wilh Genlian Violet

I. florenlina: Light.
7. pallida var. speciosa: Light, less than in I. florenlina.
I. pumila var. cyanea: Light, the same as in I . florenlina.
I. bismarckiana: Light, the same as in /. florenlina.
I. iberica: Light, slightly more than in 7. florenlina.
I. xiphium var. Grand Tresorier: Light, more than in

7. florenlina.
I. xiphium var. Wilhelmine: Light, more than in 7.

florenlina.
I. xiphium var. lusilanica: Light, more than in 7.

florenlina.
I. lingilana: Light, slightly more than in 7. florenlina.
I. relieidala: Fair, more than in 7. florenlina.
I. hislrio: Light, more than in 7. florenlina.
I. alala: Fair, distinctly more than in 7. florenlina.
I, caucasica: Fair, distinctly more than in 7. florenlina.

Wilh Safranin.
I. florenlina: Light.
7. pallida var. speciosa: Light, less than in 7. florenlina.
I. pumila var. cyanea: Light, the same as in 7. florenlina.
I. bismarckiana: Light, the same as in 7. florenlina.
I. iberica: Light, but slightly more than in 7. florenlina.
I. xiphium var. Grand Tresorier: Fair, distinctly more

than in 7. florenlina.
I. xiphium var. Wilhelmine: Fair, distinctly more than

in 7. florenlina.
I. xiphium var. lusilanica: Fair, distinctly more than in

7. florenlina.
I. tingilana: Light, more than in 7. florenlina.
I. reticulata: Fair, distinctly more than in 7. florenlina.
I. histrio: Light, sUghtly more than in 7. florenlina.
I. alala: Fair, distinctly more than in 7. florentvia.
I. caucasica: Fair, distinctly more than in 7. florenlina.

Temperature of Gelatinization.

7. florenlina: 71 to 72 C, mean 7L5.
I. pallida var. speciosa: 74 to 75 C, mean 74.5.
7. pumila var. cyanea: 72.5 to 74 C, mean 73.25.
7. bismarckiana: 71 to 73 C, mean 72.
7. ibenca: 72.2 to 74 C, mean 73.1.
7. xiphium var. Grand Tresorier: 65 to 60 C, mean 65.5.
7. xiphium var. Wilhelmine: 60 to 67 C, mean 06.5.
7. xiphium var. lusilanica: 66.5 to 67.5 C, mean 67.
7. lingilana: 65 to 66 C, mean 65.5.
7. reticulata: 64.5 to 66 C, mean 65.25.
7. hislrio: 65 to 06 C, mean 65.5.
I. alala: 66 to 67 C, mean 66.5.
7. caucasica: 64 to 65 C, mean 64.5.

Effects of Various Reagents.

Reaction with Chloral Hydrate-Iodine.

I. florenlina: Begins in all in 30 seconds; complete in

all in 5 minutes.

I. pallida var. speciosa: Begins in a few in 30 seconds;

complete in practically all in 15 minutes.

7. pumila var. cyanea: Begins in a few in 30 seconds;

complete in practically all in 15 minutes.

I. bismarckiana: Begins in a few in 30 seconds; complete
in all in 5 minutes.
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Differentiation of the Starches of the Genus Iris. Continued.

Effects of Vabiotjs Reagents. Continued.

Reaction u-itk Chloral Ifijdratc-Iodinc. Continued.

/. iberica: Begins in most in 60 seconds; complete in

one-third in 3 minutes, and in all in 15 minutes.

/. xiphium var. Grand Tresorier: Begins in all in 45

seconds; complete in two-tliirds in 8 minutes, and
in all in 15 minutes.

/. xiphium var. Wilhehnine: Begins in most in 30 sec-

onds; complete in tliree-fourths iu 10 minutes,
and in all in 15 minutes.

/. xiphium var. limlanica: Begins in all in 30 seconds;

complete in two-thii'ds in 10 minutes, and in

nearly all in 15 minutes.
/. lingilana: Begins in most in 30 seconds; complete in

half in 10 minutes, and in practically all in 25
minutes.

/. reticulata: Begins in all in 50 seconds; complete in

two-thirds in 17 minutes, in four-fifths in 25 min-

utes, and in all in 40 minutes.
/. histrio: Begins in all in 15 seconds; complete in one-

third in 10 minutes, in three-fourths in 40 minutes,
and in all in 60 minutes.

/. alala: Begins in most in 30 seconds; complete in

three-fifths in 15 minutes, and in nearly all in

30 minutes.
I. caucasica: Begins in most in 30 seconds; complete in

half in 10 minutes, and in nearly all in 15 minutes.

Reaction with Chromic Acid.

I. florenlina: Begins in all in 5 seconds; complete in all

in 25 seconds.

/. pallida var. speciosa: Begins in all in 20 seconds;

complete in 2 minutes.
/. pumila var. cyanea: Begins in a few in 20 seconds;

complete in 3 minutes.
I. bismarckiaria: Begins in a few seconds; complete in

all in 35 seconds.

/. iberica: Begins in a few in 15 seconds; complete in

all in 2 minutes.
/. xiphium var. Grand Tresorier: Begins in all in 15

seconds; complete in all in a minute.
/. xiphium var. Wilhelmine: Begins in all in 15 seconds;

complete in all in 70 seconds.

/. xiphium var. lusitanica: Begins in all in 15 seconds;

complete in all in 2 minutes.

/. tingitana: Begins in all in 20 seconds; complete in all

in 2}^ minutes.
/. reticulata: Begins in all in 30 seconds; complete in all

in 2 minutes.
/. histrio: Begins in all in 30 seconds; complete in all in

4 minutes.
/. alala: Begins in all in 20 seconds; complete in all in

2J.2 minutes.
/. caucasica: Begins in all in 45 seconds; complete in all

in 2 minutes.

Reaction with Pyrogallic Acid.

I. florentina: Begins in 10 seconds; complete in all in a

minute.
/. pallida var. speciosa: Begins at once; complete in

practically all in a minute.

/. pumila var. cyanea: Begins at once; complete in prac-

tically all in a minute.
/. bismarckiana: Begins in all in 7 seconds; complete in

all in 70 seconds.
/. iberica: Begins in all in 20 seconds; complete in all in

2}^ minutes.
/. xiphium var. Grand Tresorier: Begins in all in 15

seconds; complete in all in 45 seconds.

/. xiphium var. Wilhelmine: Begins in all in 15 seconds;

complete in all in a minute.

/. xiphium var. lusitanica: Begins in all in 15 seconds;

complete in all in a minute.

Effects of Various Reagents. Continued.

Reaction with Pyrogallic Acid. Continued.

/. tingitana: Begins in all in 15 seconds; complete in all

in a minute.
/. reticulata: Begins in all in 15 seconds: complete in all

in a minute.
/. histrio: Begins in all in 30 seconds; complete in all in

1^4 minutes.
/. alala: Begins in all in 15 seconds; complete in all in

1}^ minutes.
/. caucasica: Begins in all in 10 to 15 seconds; complete

in all in 1 j^ minutes.

Reaction vrith Ferric Chloride.

I. florentina: Begins in many in 30 seconds; complete
in all in 6 minutes.

/. pallida var. speciosa: Begins in many in 30 seconds;
complete in practically all in 15 minutes.

I. pumila var. cyanea: Begins in many in 30 seconds;
complete in practically all in 15 minutes.

/. bismarckiana: Begins in many in 15 seconds; complete
in all in 5 minutes.

I. iberica: Begins in some in 60 seconds; complete in all

in 12 minutes.
/. xiphium var. Grand Tresorier: Begins in a few in 30

seconds; complete in all in 12 minutes.

/. xiphium var. Wilhelmine: Begins in a few in 45 sec-

onds; complete in all in 8 minutes.

/. xiphium var. lusitanica: Begins in some in 30 seconds;

complete in all in 15 minutes.

/. tingitana: Begins in a few in 30 to 45 seconds; com-

plete in all in 20 minutes.

I. reticulata: Begins in some in 30 seconds; complete in

nearly all in 25 minutes, and all in 35 minutes.

/. histrio: Begins in many in 60 seconds; complete in

three-fourths in 25 minutes, and in all in 50 minutes.

I. alata: BegLos in many in 60 seconds; complete in all

in 30 minutes.
/. caucasica: Begins in many in 30 to 45 seconds; com-

plete in nearly all in 30 minutes and in all in 40
minutes.

Reaction with Purdy's Solution.

I. florentina: Begins in all in 60 seconds; about two-
thirds partially gelatinized in 10 minutes.

/. pallida var. speciosa: Begins in a few in 30 seconds;
about one-tenth gelatinized in 15 minutes; very
little progress in 30 minutes.

/. pumila var. cyanea: Begins in a few in 30 seconds;
about two-thirds partially and one-fifth fully

gelatinized in 15 minutes.

/. bismarckiana: Begins in all in 30 seconds; about four-

fifths nearly completely gelatinized in 10 minutes.

/. iberica: Begins in a few in 90 to 120 seconds; a few

partially gelatinized in 15 minutes.
_

/. xiphium var. Grand Tresorier: Begins in a few in 60

seconds; one-fifth nearly completely gelatinized in

25 minutes.

/. xiphiwnva.1. Wilhelmine: Begins in most in 45 seconds;
half nearly completely gelatinized in 30 minutes.

/. xiphium var. lusitanica: Begins in all in 30 seconds;
a few partially gelatinized in ten minutes.

/. tingitana: Begins in all in 30 seconds; one-third nearly

completely gelatinized in 15 minutes.

/. reticulata: Begins in all in 45 seconds; all nearly com-

pletely gelatinized in 12 minutes.

/. histrio: Begins in many in 45 seconds; all nearly com-

pletely gelatinized in 5 minutes.

/. alata: Begins in all in 15 seconds; two-fifths nearly

completely and three-fifths partially gelatinized in

15 minutes.

/. caucasica: Begins in many in 20 seconds; all nearly

completely gelatinized" in 8 minutes.
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NOTES ON THE STARCHES OF IRIS.

Upon the basis of general microscopical characters, these starches appear as two types, one

of which is represented by /. florentina, I. pallida speciosa, I. puniila var. cyanea, I. bismarckiana,

and I. iherica; and the other by /. xiphium, I. tingilana, I. reticulata, I. histrio, I. alata, and I.

caucasica. The first type includes the starches of members of the subgenera Pogoniris, Regelia,

and Oncocyclus; and the second, those of the subgenera Xiphion and Juno. Even among the starches

of each of these types differences have been recorded in size, regularity or irregularity of outline,

fissuration, and lamellation, that are more or less distinctive, as, for instance, as seen in comparing I.

florentina, I. pumila var. cyanea, and I. caucasica with the starches of the other irises. There are also

in the reactions more or less marked groupings that are in entire accord with the classification of the

l)otanist. Thus, in Pogoniris, Regelia, and Oncocyclus the distinctly lower degree of polarization,

the less reactivity with safranin, the uniformly higher temperature of gelatinization (an average

difference of 6.87) as compared with the members of the other subgenera, is very noticeable. The

three starches of the varieties of Xiphium are, on the whole, very close in their reactions; in fact,

so close that there can be no mistake about their close botanical relationship. Likewise the starches

of the other three members of the subgenus are closely in accord, but bj^ no means so close as in

the case of the xiphiums; and their curves differ sufficiently from those of the xiphiums to permit

of their differentiation as groups, the differences being noted particularly in the chloral hydrate-

iodine, ferric chloride, and Purdy's solution reactions. There is a very close relationship between

the members of the subgenus Jiino, and between these and the group consisting of /. tingitana, I.

reticulata, and I. histrio, than to any other group. It seems likely that by means of a larger number

of reagents and some modifications in the methods that groupings would be brought out that may be

strictly in accord with those of Baker; but those of different botanists are not in accord, and it

seems that the classification of the entire genus demands considerable revision.

GENUS MOR/EA.

Morcea is a genus of bulbous plants closely related to Iris, most of them being popularly Imown
as irises. About 60 species are recorded, three-fourths of which are from South Africa, while the others

are natives of Tropical Africa, Australia, and Madagascar. They are the southern representative

of the true irises of the north. Starch from one species was studied, M. tristis Ker. (Iris tristis).

STARCH OF MOR.EA TRISTIS. (Plate 67, figs. 399 and 400. Chart 268.)

Histological Characteristics. In for7n the grains are, as a rule, simple, with occasional com-

poimd grains consisting of two components. There are very few clumps. The smaller grains appear
to have been in aggregates at one time, as almost all show one or two pressure facets and other dis-

tortion from pressure. Some of the larger grains have irregular accretions on their surfaces, so

that the form of the original grain may be more or less masked; the outlines tend to be quite irregular.

The conspicuous forms are ovoid, either elongated or short and broad. There are also short ellip-

soidal, irregularly rounded or quadrilateral, trefoil, rounded triangular, and womb-shaped to pyriform.

The small grains comprise round, many sugar-loaf, ovoid, and irregularly polj^gonal. The larger

grains do not appear to be flattened. There is a larger proportion of small grains in this starch in

comparison with the number found in starches generally.

The hilum is distinct and comparatively small or of medium size. It is eccentric, so that if the

grain is broader than it is long, as many of them are, it lies in the shorter diameter of the grain;

it may be double. It is often marked by a small fissure, not deep, and the fissuration may be in the

form of a single straight transverse or diagonal line, and usually ragged; sometimes double, triple,

or irregularly stellate.

The lamellce are not distinct. When they can be seen they appear as coarse, continuous rings

or segments of rings; often irregular, owing in part to irregularities of the surface, but not always

following the outline of the margin. Usually those added last are the most distinct. A broad,

non-lamellated space often surrounds the hilum and is bounded by a fairly distinct lamella, within

which space the fissures are confined. There are probably 6 to 8 lamellae on a medium-sized grain.

The grains vary in size from 3 to 30ju; the common size is 20^. The elongated grains average

about 20 by 14^, and the rounded quadrilateral about 22 by 24^ in length and breadth.

Polariscopic Properties. The figiire is eccentric, clear-cut, and distinct in every part, but with

many distortions and peculiarities caused by the accretions on the surface of the grain. Portions
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STARCH OF HOMERIA COLLINA. (Plate 67, figs. 401 and 402. Chart 269.)

Histological Characteristics. la form the grains are usually simple, with occasional compound
grains consisting of two components. There are some clumps. The smaller grains often form
doublets or triplets linearly arranged, and there is a tendency for small grains to adhere to the large

grain. The smaller grains are also very variable in form, some are narrow, but most of them are

more or less markedly irregular in outline. Pressure facets on the single grains are rare. The sur-

face is usually very irregular, owing to uneven amorphous accretions on the surface and to irregu-

larities in development of the primary grains. Nodular projections are not uncommon. The con-

spicuous forms are the elongated ovoid, lenticular, reniform, pure ovoid, triangular with marked

corners, womb-shaped, and irregularly quadrilateral or polyhedral with rounded corners; also a

few pyriform. The grains are not flattened in any diameter.

The hibmi is eccentric and quite distinct. It may be in or to one side of the median line, and
when not fissured it is a comparatively large round spot. There may be 2 hila. It is very often

fissured, but the fissiu'e is not especially deep or wide,
and usually is irregular or ragged. It sometimes appears
as though there had been originally two fissures which

started from two centers and later coalesced.

The lamellae are not distinct. When they could be

seen they appeared to be coarse, irregular, continuous

rings or segments of rings. They are often irregular, but

do not follow the irregularities of the margin of the grain.

Usually one very distinct lamella outlines a smooth, non-

lamellated space surrounding the hilum. There are about

6 to 8 lamellse on a medium-sized grain.

The grains vary in size from 2 to 42/i. The common
size is 28/i. The elongated ovoid and lenticular grains

have average dimensions of 38 by 20ix, and the quadri-
lateral about 36 by 30/j in length and breadth. There is

a larger proportion of small grains in this starch in com-

parison with the number found in starches generally.

Polariscopic Properties. The figure is eccentric, and

is, as a rule, clear-cut and distinct. The lines in some of

the larger grains are bent and otherwise distorted, with

here and there peculiar duplications of parts of the figure, owing probably to the amorphous con-

cretions on the surface. The central part of the figure is sometimes a large, irregular, dark spot.
The degree of polarization is high. It varies in different parts of the same grain and also in

different grains.

With selenite the quadrants are, as a rule, clear-cut and well defined, often very irregular in

shape and unequal in size. The colors are pure in most grains.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains are colored deeply at once;
with 0.125 per cent solution they tint deeply, almost as deep as that with a 0.25 per cent solution.

After heating until the grains are completelj' gelatinized, the solution is colored deeply and the swollen

grains very deeply on the addition of iodine. Some of the grains which color less deeply than

others exhibit a violet-colored capsule when an excess of iodine is used. After boiling for 2 minutes

the solution is colored very deeply, but the grain-residues less deeply. Most of the capsules retain

some blue-reacting starch. With an excess of iodine all the capsules are of a red-violet color.

Staining Reactions. With gentian violet in 15 minutes the gi-ains show some shght stain and
in 30 minutes the color is very little deeper. The color is deeper than in Morcea tristis.

With safranin there is a slight coloration in 7 minutes, but in 30 minutes the tint is very little

deeper than at first. The stain is deeper, however, than that with gentian violet and deeper than
in M. tristis.

Temperature Reaction. The temperature of gelatinization is 72 to 73 C, mean 72.5.

Effects of Various Reagents. With chloral hydrate-iodine some grains show a reaction in 10

minutes. Most of the smaller grains are gelatinized in 20 minutes, but at this time most of the

larger grains are unaffected. A few of the larger grains are gelatinized in 45 minutes, and about

s
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one-third are gelatinized in 4 hours, while others are unaltered. The hilum becomes distinct, and
the distal end and the most prominent parts of the margin become dark. This process extends over

the grain, witli some swelling, usually very regular. There is a very sharp hne of demarcation

between the gelatinized and ungelatinized portions of the grain. The whole grain is finally dark-

ened. The swollen grains formed are not very large and are generally smooth and somewhat irreg-

ular, but retain much of the original form of the grain and are of an even color throughout.
With chromic acid there is a slight reaction in a few grains in 1} ^ minutes; it is in general in 23^

minutes, and over in 15 minutes. The hilura becomes very prominent and the grain is covered

with strife; its inner portion is altered into a gelatinous mass. The substance at the margin forms

a thin ring (very distinctly striated and ragged on the inner edge), which becomes thinner and more

transparent and is finallj' dissolved at one point, from which the inner gelatinized mass flows out

and is dissolved, followed by solution of the other parts.

The reaction with pyrogallic acid begins very slowly, and there is only a slight reaction in some

grains in 10 minutes. It is general in 15 minutes, and all are partially gelatinized in an hour. A
few are completely gelatinized in 85 minutes. The reaction consists, as with chromic acid, in the

appearance of fine striae throughout the grain, the dissolution of the inner part of the grains, and the

formation of a comparatively thin, distinctly striated, marginal ring that is very ragged on the inner

side. This ring becomes clearer and thinner as the grain swells until it forms merely a thin, trans-

parent film. The gelatinized grains are fairlj' large and somewhat WTinkled, but are generally
smooth and not greatly distorted and retain much of the original form of the grain.

With ferric chloride a few grains react and some are fully gelatinized in 5 minutes. One-half

are affected, including all the smaller (most of which are fully gelatinized), in 25 minutes. About
five-sixths are fully gelatinized, but the others are affected, in an hour. The reaction consists in the

dissolution of the inner portion of the grain, preceded by the appearance of fine strife throughout,
the swelling of the grain, and the formation of a thin, ragged, striated marginal ring, which gradually

becomes verj- thin and transparent. The swollen grains are fairly large, somewhat ^\Tinkled and

distorted, but usually retaining somewhat the original shape of the grain.

With Purdij's solution one or two grains show some reaction in 45 minutes. There is no further

change. Similarities in the properties of the starches of Morcea and Homeria are very apparent.

GENUS TIGRIDIA.

This genus includes about 8 or 10 species of bulbous plants, natives of Mexico, Central .America,

Peru, and Chili. It was for many years identified with Ferraria, a South African genus, and even at

present the typical species, T. pavonia, is referred to in Mexico as Ferraria tigridia. Tigridias are pop-

ularly knowm as the Mexican tiger-flower, or tiger-iris, or shell-flower. The starches of T. pavonia
var. grandiflora alba Hort. and T. pavonia var. conchiflora Hort. {T. conchiflora Sweet) were studied.

STARCH OF TIGRIDIA PAVONIA VAR. GRANDIFLORA ALBA. (Plate 68, figs. 403 and 404. Chart 270.)

Histological Characteristics. In form the grains are simple. There are a few aggregates and

no pressure facets were observed. Irregularities are frequent, owing to the unequal development
of the surfaces and margins, chiefly in the form of nodular or nipple-like protrusions. Depressions

of the margin near the proximal end often give this part of the grain an appearance of protrusion.

The small grains are of variable shapes, chiefly rounded, ovoid, elliptical, triangular, and polygonal.

They are very numerous in comparison with the number found in most starches. The conspicuous

forms are the lima-bean-shaped, reniform, oval, and ovoid; also rounded and lenticular-shaped and

various modifications of the foregoing. The grains are somewhat flattened and about one-half to

two-thirds as thick as they are broad.

In the larger grains the hilum is deeply and irregularly fissured, and in the grains of medium size

it appears as a distinct, comparatively large, round spot. It is eccentric from two-fifths to one-

fourth, usually about one-third, of the longitudinal axis. There are commonly many deep but

narrow and irregular fissures of varied arrangement. In many grains fissures radiate from two or

more centers, and in some the substance of the grain between the hilum and the distal end is fis-

sured irregularly, which may mean a number of hila, but it is impossible to definitely determine this.

The lamellce are not distinct circles, ellipses, or arcs of circles. When they can be distinctly

made out they appear rather coarse near the hilum, and fine as they are located nearer the margin
47



712 STARCHES OF IRIDACE^.



GENUS TIGRIDIA. 713

gelatinized except that immediately surrounding the hilum or the fissures at the hilum. These
fissures now begin to grow wider and separate the starch here into several pieces which gelatinize
independently of one another. The resulting gelatinized grain is very large, and the capsule is usually
much twisted, sacculated, and otherwise distorted.

The reaction with Piirdifs solution begins in some grains in 40 seconds. About four-fifths are
partially gelatinized in 5 minutes and all are completely gelatinized in 25 minutes. The reaction
begins by the breaking up of the starch between the hilum and the distal end into granules, which
granules gradually pass into a gelatinous mass, leaving a very thin capsule except at the proximal
end, where there is a thick, striated strip of starch which finally becomes thin and transparent.
The gelatinized grain is large and the capsule is somewhat folded and sacculated, but not so much
so as is the case in the reaction with pyrogallic acid.

STARCH OF TIGRIDIA PAVONIA VAR. CONCHIFLORA. (Plate 68, figa. 405 and 406. Chart 271.)

Histological Characteristics. In form the grains are simple. There are a few aggregates and
clumps. No pressure facets were observed on the grains. The surface of the grains is generally
somewhat irregular, owing to variations in the development of parts of the margin, sometimes in
the form of nodular or nipple-like protrusions. Depres-
sions of the margin at each side of the hilum, giving the

proximal end the appearance of a protuberance, are not
rare. The small grains are numerous and of various

shapes, chiefly rounded, elliptical, and polygonal. The
conspicuous forms are the lima-bean-shaped, reniform,
oval, and ovoid. There are also spindle-shaped grains,
some having the longitudinal axis shorter than the trans-

verse axis; also some irregularly shaped grains of various
forms. The grains are somewhat flattened and about
one-third to one-half as thick as they are broad.

The hihnn is usually fissured, and when not it ap-
pears as a distinct, comparatively large round spot. It

is eccentric from a degree varying from very slight to

one-third, usually two-fifths, of the longitudinal axis.

The fissure usually takes the form of three or four nar-

row but rather irregular lines radiating from a common
center or from a straight transverse line. Stellate or

variable arrangements of irregular fissures also occur.

The lamellce are not distinct, fine, regular arcs of

circles, or continuous ellipses about the hilum, or bands of the same shape as the outline of the grain.
Those near the hilum are not so fine but more distinct than those near the margin of the grain. The
number could not be accurately determined.

The grains vary in size from 8 by 8^ to 26 by Mn in length and breadth. The common size is

20 by 24/u in length and breadth.

Polariscopic Properties. The figure is eccentric and usually very obscure. A large area of

the central part of the grain in some cases, practically the whole of the grain, is dark. In a few

grains (probably grains on edge or end) the figm-e is fairly clear-cut and the lines fairly regular.

The degree of polarization extends from very low to fair, varying much in different aspects of

the same grain, and is from fair to high when the grain is viewed on end or edge. In the broad

aspect of a grain polarization is often absent in a central area of variable size, sometimes about as

large as the grain. It is lower, on the whole, than that of T. pavonia var. grandiflora alba.

With selenite the quadrants are generally not defined and are very irregular in form and unequal
in size. The colors are not pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains all color a fairly deep indigo;
with 0.125 per cent solution they color fairly, the color deepens gradually, and is deeper than that

of the grains of T. pavonia var. grandiflora alba. After heating in water until the grains are com-

pletely gelatinized, the solution colors fairly and the gelatinized grains deeply on the addition of

iodine. After boiling for 2 minutes the solution colors very deeply, but the grain-residues lightly.

The capsules all color a pale violet with an excess of iodine.
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Staining Reactions. With gentian violet and with safranin the grains all begin to stain at once
and in 30 minutes they are lightly stained. The color is deeper than that of T. pavonia var. grandi-

flora alba.

Temperature Reaction. The temperature of gelatinization is 59 to 61 C, mean 60.

Effects of Various Reagents. AVith chloral hijdrate-iodine the reaction begins in all in a minute
and is over in all in 7 minutes. It is the same qualitatively as that of the grains of T. pavonia var.

grandiflora alba.

With chromic acid the grains begin to react in a few seconds and reaction is over in 45 seconds.
It is the same qualitatively as that of the grains of T. pavonia var. grandiflora alba.

Reaction with pijrogallic acid begins in a few seconds and is over in 50 seconds. It is the same
qualitatively as that of the grains of T. pavonia var. grandiflora alba.

With ferric chloride a few grains begin to react in 45 seconds and reaction is over in all in 15
minutes. It is the same qualitatively as that of the grains of T. pavonia var. grandiflora alba.

Reaction with Purdy's solution begins in some grains in 45 seconds. About four-fifths of the

grains are partially gelatinized in 8 minutes and all are completely gelatinized in 20 minutes. The
reaction is qualitatively the same as that of the grains of T. pavonia var. grandiflora alba.

Differentiation of Certain Starches of the Genus Tigridia.

Histological Chahactebistics.

Conspicuous Forms.

T. pavonia var. grandiflora alba: Usually simple, a few
small aggregates, no pressure facets; surface regu-
lar. Lima-bean-shaped, reniform, oval, and ovoid.

T. pavonia var. conchiflora: Essentially the same as in

T. pavonia var. grandiflora alba.

Hilum Form, Number, and Position.

T. pavonia var. grandiflora alba: Form distinct large
round spot, or deeply and irregularly fissured.

Position eccentric 0.40 to 0.25, usually 0.33, of

longitudinal axis.

T. pavonia var. conchiflora: Form essentially the same
as in T. pavonia var. grandiflsra alba. Position
eccentric from very slight to 0.33, usually 0.40, of

longitudinal axis.

Lamella: General Characteristics and Number.

T. pavonia var. grandiflora alba: Not distinct; circles,

ellipses or arcs of circles; fine or rather coarse;
quite regular. Number not determined.

T. pavonia var. conchiflora: The same as in 7* pavonia
var. grandiflora alba. Number not determined.

Size.

T. pavonia var. grandiflora alba: From 5 to 40m, com-
monly 30m.

T. pavonia var. conchiflora: From 8 to 34^, commonly
24/i.

PoLARiscopic Properties.

Figure.

T. pavonia var. grandiflora alba: Eccentric, not distinct
nor clear-cut, central part of grain dark.

T. pavonia var. conchiflora: The same as in T. pavonia
var. grandiflora alba.

Degree of Polarization.

T. pavonia var. grandiflora alba: Very low to fair, very
variable.

T. pavonia var. conchiflora: Very low to fair, very vari-

able; on the whole, lower than in T. pavonia var.

grandiflora alba.

Polarization ivith Selenile Quadrants and Colors.

T. pavonia var. grandiflora alba: Quadrants poorly de-

fined, irregular in shape, unequal in size. Colors
not pure.

T. pavonia var. conchiflora: Quadrants the same as in
T. pavonia var. grandiflora alba. Colors not pure.

Iodine Reactions.

Intensity and Color.

T. pavonia var. grandiflora alba: Fairly deep; indigo.
T. pavonia var. conchiflora: Fairly deep, deeper than in

T. pavonia var. grandiflora alba; indigo.

Staining Reactions.

With Gentian Violet.

T. pavonia var. grandiflora alba: Rather light.
T. pavonia var. conchiflora: Rather light, slightly more

than in T. pavonia var. grandiflora alba.

With Safranin.
T. pavonia var. grandiflora alba: Rather light.
T. pavonia var. conchiflora: Rather light, slightly more

than in T. pavonia var. grandiflora alba.

Temperature of Gelatinization.

T. pavonia var. grandiflora alba: 60 to 62 C., mean 61^.

T. pavonia var. conchiflora: 59 to 61 C, mean 60.

Effects of Various Reagents.
Reaction with Chloral Hydrate-Iodine.

T. pavonia var. grandiflora alba: Begins in all in a
minute; complete in four-fifths in 7 minutes, and
in all in 12 minutes.

T. pavonia var. conchiflora: Begins in all in a minute;
complete in all in 7 minutes.

Reaction with Chromic Acid.

T. pavonia var. grandiflora alba: Begins in a few seconds;
complete in all in 50 seconds.

T. pavo7na var. conchiflora: Begins in a few seconds;
complete in all in 45 seconds.

Reaction with Pyrogallic Acid.

T. pavonia var. grandiflora alba: Begins in a few seconds;
complete in all in 55 .seconds.

T. pavona var. conchiflora: Begins in a few seconds; com-
plete in all in 50 seconds.

Reaction ^Hth Ferric Chloride.

T. pavonia var. grandiflora alba: Begins in a few in 45

seconds; complete in nearly all in 15 minutes.
T. pavonia var. conchiflora: Begins in a few in 45 .seconds;

complete in all in 15 minutes.

Reaction with Purdy's Solution.

T. pavonia var. grandiflora alba: Begins in some in 40

seconds; complete in all in 25 minutes.
T. pavonia var. conchiflora: Begins in some in 45 seconds;

complete in all in 20 minutes.
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NOTES ON THE STARCHES OF TIGRIDIA.

The two varieties of Tigridia pavonia are very nearly alike in all respects, the main differences

being in the histological properties in size, in the reactions, in the degree of polarization, and in

the temperature of gelatinization. All the differences are within the normal limits of error of ex-

periment and observation.

GENUS GLADIOLUS.
This genus of iridaceous, cormous or bulbous plants includes about 140 species, mostly natives of

Cape Colony and Natal. About 15 species are natives of the Mediterranean region, and a few have
been found in the mountains of tropical Africa. Most of the cultivated forms are species or hybrids
referable to the South African group and represented chiefly by G. cardinalis, G. florihundus, G. psit-

tadnus, and G. blandus. The European group is represented chiefly by G. hyzanlinus and G. com-
munis. Starches from 4 species were examined, including G. byzantinus Miller, G. pmnulinus Baker,
G. cardinalis var. (Blushing Bride), and G. florihundus Jacq. G. byzantinus is a Mediterranean species;
G. primuliyius is from Victoria Falls, South Africa, and according to Baker resembles G. psitlacinus,
G. dracocephalus, and G. quartinianus; and both G. cardinalis and G. florihundus are South African.

STARCH OF GLADIOLUS BYZANTINUS. (Plate 68, figs. 407 and 408. Chart 272.)

Histological Characteristics. In form the grains are simple and mostly isolated. They fre-

quently occur in aggregates of two or three or more grains of equal or unequal size, and such aggre-

gates may be spherical. Nearly all the isolated grains are

marked at the distal end or at other parts by one or more
well-defined pressure facets, usually three or four. The
surface of the grains is quite regular, but shapes vary,

owing to differences in the number, size, and arrangement
of the pressure facets. The conspicuous forms are hemi-

spherical with a 2-, 3-, or 4-faceted base, the rounded end

being the proximal ;
also spherical aggregates consisting of

two or three grains, and forms which vary in accordance

with the peculiarities of the pressure facets. The grains

are not flattened, and on end they usually appear spherical.

The hilum is usually not distinct, but when it can

be seen it appears as a comparativelj' large round spot,

centric or eccentric up to about two-fifths of the longi-

tudinal axis and in the median line. It is never fis-

sured, though two lines may sometimes appear to extend

from it to the corners of the facets, but this appearance
is probably due to a depression at the facet. There are

no multiple hila.

The lamellce are indistinct, regular, coarse rings,

having the form of the outline of the margin; slightly more distinct in some grains than in others,

but do not vary much in distinctness in the same grain. There are about 6 on the larger grains.

The grains vary in size from 3 to 26ai. The common size is 16/i.

Polariscopic Properties. The figure is centric or somewhat eccentric. The two lines extending

to the corners of the facets are clear-cut, the other two are not. Often all the lines are broad and

not clean-cut and widen towards the margin. The lines are straight, but of varying lengths, and

are generally placed at varying distances from one another.

The degree of polarization is fairly high. It varies much in different grains (being low in some

and high in others) and also in various parts of the same aspect of a grain, usually being low near

the facets, and it also varies in different aspects of a grain.

With selenite the quadrants are generally well defined, irregular in shape, and unequal in size.

The colors are often pure.

Iodine Reactions. ^Yith 0.25 per cent Lugol's solution the grains color a fairly deep violet

which deepens rapidly; with 0.125 per cent solution they color lightly, but the color deepens rapidly.

After heating in water until the grains are completely gelatinized, the solution is colored fairly and

the grains deeply on the addition of iodine. After boiling for 2 minutes the solution is colored
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deeply and the grain-residues fairly. On the addition of an excess of iodine the capsules color a

red-violet, and most of them are seen to retain some blue-reacting starch.

Staining Reactions. With gentian violet the grains begin to stain very faintly in 2 minutes

and in 30 minutes they are very lightly stained.

With safranin the grains begin to stain very lightly at once and in 30 minutes they are fairly

stained.

Temperature Reaction. The temperature of gelatinization is 78 to 79 C, mean 78.5

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in most grains in 2

minutes; about one-fifth are gelatinized in 20 minutes, one-half in 35 minutes, and three-fourths in

1}4 hours. The reaction begins at the corners and edges of the facets at the distal end, which darken

and swell slowly and shghtly ;
this process usually extends about the entire margin of the grain and

then inward over the whole interior of the grain. The line of demarcation between the gelatinized

and the ungelatinized portions is never very marked. The gelatinized grains are not large, are of

uniform dark color, and retain much of the original form of the grain.

The reaction with chromic acid begins in a minute and is over in 7 minutes. The hilum swells

and from it fine striae radiate in all directions. The inner portion of the grain is converted into a

gelatinous mass, the whole grain swells, and the fine striae become coarse and very distinct. The
resistant marginal starch forms a band or ring of granules which surrounds the inner, gelatinous

mass, becomes thinner and transparent, and is fuially dissolved at one point, usually the corners of

one of the facets; gelatinized starch flows out and is dissolved and the remainder of the band slowly

passes into solution.

Reaction with pyrogallic acid begins in many grains in a minute; all are partially gelatinized

in 8 minutes, two-thirds completely in 18 minutes, and nearly all in 30 minutes. The reaction

begins at the hilum, which swells slightly, and fine striae radiate from this point. The inner portion
is then changed into a gelatinous mass and the marginal area forms a band very distinctly striated.

The grains swell slowly and to a great size, and the marginal band grows thinner and transparent
until it becomes a very thin, homogeneous envelope. The gelatinized grains are large, but not much

distorted, wrinkled, or folded, and retain much of the original form.

With ferric chloride the reaction begins in a few grains in a minute. About two-thirds are

gelatinized in 15 minutes and all in 45 minutes. The reaction usually consists in swelling of the

hilum, followed by progressive gelatinization from the interior outwards. This process is accom-

panied by a steady, slow swelling; but in some grains the corners of the facets at the distal end become

gelatinous and swell before the process begins in other parts, after which the reaction is the same
as that described above. The gelatinized grains are large, not distorted, wrinkled, or crumpled,
and retain much of the original form of the grain.

Reaction with Purdy's solution begins slightly in a very few grains in a minute. There is no
further change.

STARCH OF GLADIOLUS PRIMULINUS. (Plate 69, figa. 409 and 410. Chart 273.)

Histological Characteristics. In form the grains are simple and isolated. There are no aggre-

gates and few clumps. Most of the grains are marked by one or more pressure facets. The surface

of the grains is regular but varied in form, owing to variation in the number, form, and arrangement
of the facets. Small grains, chiefly round or polygonal, are very abundant. The conspicuous forms

are polygonal and much varied, owing to the peculiarities of the pressure facets; also spherical,

hemispherical, and sugar-loaf forms and their modifications. The grains are not flattened, and owing
to the abundance and other properties of the pressure facets appear of different shapes when ob-

served from different aspect.

The hilum is a fairly distinct, comparatively large round spot, centric usually. It is never

fissured and no multiple hila were observed.

The lamellce are invisible.

The grains vary in size from 2 to 14/i. The common size is lOjtt.

Polariscopic Properties. The figure is usually centric, distinct, and clear-cut. Sometimes one

or more of its lines are broader and not so clear-cut as the others. The lines are not bent or other-

wise distorted, but are sometimes placed at varying distances from one another.

The degree of polarization is fair. It does not vary much in different grains of the same size,

nor in varying positions of the same grains. It is not so high as that of the grains of G. byzantinus.
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The hiliim is a fairly distinct, comparatively large round spot, centric, or eccentric to about
two-fifths or more of the longitudinal axis of the grain, and in the median line. The hilum is never
fissured and no multiple liila were observed.

The lamellae are invisible.

The grains vary in size from 2 to \2ix. The common size is 8yu.

Polariscopic Properlies. The figure is centric or slightly eccentric, distinct, and clear-cut. Its
lines are not bent or distorted in any way and tend to be placed at equal distances from one another.

The degree of polarization is fairly high. It does not vary much in different grains, or in dif-

ferent aspects of the same grain, or in different parts of the same aspect of a given grain. It is on
the whole not quite so high as in the grains of G. hyzantinus.

With selenite the quadrants are, as a rule, well defined, regular in shape, and nearly equal in
size. The colors are fairh^ pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a fairly deep violet;
with 0.125 per cent solution they color lightly, but the color soon deepens. It is of the same inten-

sity as that of the grains of G. byzantinus. After heating in water until the grains are completely
gelatinized, both the solution and the grains color fairly
on the addition of iodine. After boiling for 2 minutes
the solution colors deeply and the grain-residues rather

lightly. All the capsules color violet when an excess

of iodine is added and most of them retain some blue-

reacting starch.

Staining Reactions. With gentian violet the grains

begin to stain verj- lightly in a minute and in 30 minutes

they are but very lightly stained. The color is slightly
less than that of G. byzantinus.

With safranin the grains begin to stain lightly at

once and in 30 minutes they are fairly colored. The color

is slightly less than that of the grains of G. hyzantinus.

Temperature Reaction. The temperature of gelatin-
ization is 76 to 77 C, mean 76.5.

Effects of Various Reagents. With chloral hydrate-
iodine reaction begins in many grains in a minute. Nearly
all are gelatinized in 8 minutes and all in 15 minutes. The
reaction is qualitatively the same as that of the grains of

G. byzantinus.

The reaction wnth chromic acid begins in 30 seconds and is over in 33^ minutes. It is the same

qualitatively as that of the grains of G. byzantinus.
Reaction with pyrogallic acid begins in a minute. All are partially gelatinized in 3 minutes and

completely in 15 minutes. The reaction is qualitatively the same as that of the grains of G. byzantinus.
With ferric chloride the reaction begins in a few grains in a minute. About one-half are gelat-

inized in 4 minutes and all in 23 minutes. The reaction is qualitatively the same as that of the

grains of G. byzantinus.
The reaction with Purdy's solution begins in a few grains in a minute. In 20 minutes about

half the grains are partially and the others beginning to be gelatinized. The reaction is qualita-

tively the same as that of the grains of G. byzantinus.

p
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Differentiation of Certain Starches of the Genus Gladiolus. Continued.

Histological Chaeacteristics. Continued.

Hilum Form, Number, and Position.

G. hyzanlinus: Form usually not distinct, comparatively
large, single round sjiot, not fissured. Position
centric or eccentric to about 0.40 of the longitud-
inal axis.

G. primulinus: Form fairly distinct, large, round spot,

single, never fissured. Position usually centric.

G. eardinalis var. {Blushing Bride): Form fairly distinct,

comparatively large, round spot, single, never fis-

sured, rarely double. Position centric or eccentric

to about 0.40 of the longitudinal axis.

G. floribundus: Form fairly distinct, large, round spot,

single, never fissured. Position centric or eccentric

to about 0.40 or more of the longitudinal axis.

LamellcE General Characteristics and Number.

G. hyzantinus: Not distinct, regular, coarse rings follow-

ing outline of margin. 6 on larger grains.
G. primulinus: Invisible.

G. eardinalis var. {Blushing Bride): Not very distinct,

regular, coarse rings. 6 to 8 on larger grains.
G. floribundus: Invisible.

Size.

G. byzantinus: From 3 to 26m, commonly 16^.
G. primulinus: From 2 to 14m, commonly 10m-
G. eardinalis var. {Blushing Bride): From 3 to 37m, com-

monly 30m.
G. floribundus: From 2 to 12m, commonly 8m.

PoLABiscopic Properties.

Figure.

G. byzantinus: Centric or somewhat eccentric, distinct,
not entirely clear-cut, slight irregularities.

G. primulinus: Essentially the same as in G. byzantinus,
but the form is usually centric.

G. eardinalis v.ar. {Blushing Bride): Essentially the same
as in G. byzantinus, double and triple figures
common.

G. floribundus: Essentially the same as in G. byzantinus.

Degree of Polarization.

G. byzantinus: Fairly high, very variable.

G. priinulinus: Fair, not very variable, lower than in

G. byzantinus.
G. eardinalis var. {Blushing Bride): High, not very

variable, higher than in G. byzantinus.
G. floribundus: Fairly high, not very variable, not quite

so high as in G. byzantinus.

Polarization with Selenite Quadrants and Colors.

G. byzantinus: Quadrants generally well defined, irregu-
lar in shape, unequal in size. Colors often pure.

G. primulinus: Quadi-ants usually fairly well defined,
regular, and nearly equal in size. Colors fairly pure.

G. eardinalis var. {Blushing Bride): Quadrants well

defined, regular, nearly equal in size. Colors

fairly pure.
G. floribundus: Quadrants usually well defined, regular,

nearly equal in size. Colors fairly pure.

loDiNi: Reaction.s.

Intensity and Color.

G. byzantinus: Fairly deep; violet.

G. primulinus: Fairly deep, but less than in G. byzan-
tinus; violet.

G. eardinalis var. {Blushing Bride): Fairly deep, shghtly
deeper than in G. byzantinus; violet.

G. floribundus: Fairly deep, the same as in G. byzantinus;
violet.

Staining Reactions.

With Gentian Violet.

G. byzantinus: Very light.
G. primulinus: Very light, lighter than in G. byzantinus.
O. eardinalis var. {Blushing Bride): Fair, deejjer than in

0. byzantinus.
G. floribundus: Very light, lighter than in G. byzantinus.

With Safranin.
G. byzantinus: Fair.

G. primulinus: Light, distinctly less than in G. byzan-
tinus.

G. eardinalis var. {Blushing Bride): Fair, about the same
as in G. byzantinus.

G. floribundus: Fair, but slightly less than in G. byzan-
tinus.

Temperature of Gelatinization.

G. byzantinus: 78 to 79 C, mean 78.5.
G. primulinus: 80 to 82 C, mean 81.
O. eardinalis var. {Blushing Bride): 80 to 81 C, mean

80.5.
G. floribundus: 76 to 77 C, mean 76.5.

Effects op Various Reagents.

Reaction with Chloral Hydrate-Iodine.

G. byzantinus: Begins in most grains in 2 minutes; com-

plete in three-fourths in 75 minutes.
G. primulinus: Begins in some grains in 30 seconds; com-

plete in thiee-fourths in 105 minutes.
G. eardinalis var. {Blushing Bride): Begins in many grains

in \]/2 minutes; complete in three-fourths in 40
minutes.

G. floribundus: Begins in many grains in a minute; com-
plete in all in 15 minutes.

Reaction with Chromic Acid.

G. byzantinus: Begins in a minute; complete in 7 minutes.
G. primulinus: Begins in 2 minutes; complete in 5

minutes.
G. eardinalis var. {Blushing Bride) : Begins in 45 seconds

;

complete in 4 minutes.

G. floribundus: Begins in 30 seconds; complete in 3J^
minutes.

Reaction with PyrogalUc Acid.

G. byzantinus: Begins in many grains in a minute; com-
plete in nearly all in 30 minutes.

G. primulinus: Begins slightly in a few in 2 minutes;
some completely gelatinized in 35 minutes, others

partially.
G. eardinalis var. {Blushing Bride): Begins in all the

grains in a minute; complete in all in 22 minutes.

G. floribundus: Begins in a minute; complete in all in

15 minutes.

Reaction with Ferric Chloride.

G. byzantinus: Begins in a few grains in a minute; com-

plete in all in 45 minutes.

G. primulinus: Begins in a few grains in a minute; com-

plete in all in 25 minutes.

G. eardinalis var. {Blushing Bride): Begins in a few grains
in a muiute; complete in all in 45 minutes.

G. floribundus: Begins in a few grains in a minute; com-

plete in all in 23 minutes.

Reaction ivitk Purdy's Solution.

G. byzantinus: Begins in a few grains in a minute; no
further change.

G. primulinus: No reaction.

G. eardinalis var. {Blushing Bride): Slight in many grains
in a minute; all the grains are beginning to be

gelatinized in 45 minutes.

G. floribumlus: Begins in a few grains in a minute; about
half of the grains are partially gelatinized, and the

rest beginning to be gelatinized, in 20 minutes.
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NOTES ON THE STARCHES OF GLADIOLUS.

These starches show more or less conspicuous differences in their gross histology, G. primulinus
and G. floribundus being notably smaller than G. byzaniinus, G. cardinalis var. (Blushing Bride),
and variations occur particularly in form and lamellation in the several starches. In the reactions
the differences permit of ready diagnosis; every reaction shows more or less noticeable differences,
the sum of which in the case of each starch is definitely diagnostic.

GENUS WATSONIA.
The genus Watsonia includes 16 species of bulbous plants, natives of the Cape of Good Hope,

except a single species that is native to Madagascar. This genus in its essential botanical characters
is closely akin to Gladiolus. Starches from 3 sources were examined, including 2 species and 1

variety: 17. humilis Mill., W. iridifolia var. o'brieni {W. alba Hort., W. o'brieni Mast., W. iridifolia
var. alba Rob., W. meriana var. alba Hort.), and W. meriana Mill.

STARCH OF WATSONIA HUMILIS. (Plate 70, figs. 415 and 416. Chart 276.)

Histological Characteristics. Inform the grains are simple, and except the small ones are almost

wholly in the form of aggregates consisting of two or more components, usually two or three, the
lines of union conmionly being indicated by fissures. In some cases the aggregates have the appear-
ance of a combination inclosed by a common layer of starch, thus making a compound grain. Owing
to the tendency of the aggregates to remain adherent, isolated grains having pressure facets are not
common. The conspicuous forms of the aggregates are the ovoid and spherical, with transitional

forms; also some ellipsoidal forms, mostly made up of

two grains of unequal size. The grains are not flattened,

hence when seen on end they appear to be spherical. In

comparison with starches generally there is a very large

proportion of small grains which are spherical, oval,

and polygonal.
The hilum is large and generally very distinct, usu-

ally somewhat eccentric, and often appears to be a cavity

extending to the inner part of the grain. It usually is

round, elongated in a few cases, and sometimes fissured.

The fissuration may be observed as a simple, clear-cut,

transverse line, or irregularly stellate. Lines, or fissures,

deep or shallow, frequently exist at the lines of union of

the grains composing the aggregates. There may be 2 or

3 hila, depending upon the number of component grains.

The lamellcB are usually fairly distinct. They are

rather coarse, commonly regular, continuous concentric

rings, and those nearer the hilum are generally the most

distinct. Some of the lamellae, at parts distal to the

hilum, are curved so that they may not correspond with

the form of the marginal outline. In such cases a part of the aggregate has presumably broken away
and later has been covered with secondary layers of starch. Otherwise the lamella; follow regularly

the outline of the margin. There are about 8 to 9 lamella; on the larger grains.

The single grains vary in size from 1.5 to 20/u. The aggregates are as large as 28^. The common
size of the doublets is 16//.

Polariscopic Properties. The figure is distinct, fairly clear-cut, and fairly regular. Some of the

grains may show lines which become broader, yet distinctly defined at the margin. In many
grains the central part of the figure is a large, dark area of irregular outline, and in a few only

marginal parts of the grains are observed.

The degree of polarization is fairly high. It varies very much in different grains, but not greatly

in different aspects of the same grain.

With selenite the quadrants are generally not clear-cut, are usually irregular in shape, and some-

what unequal in size. The colors are generally pure.

Iodine Reactions. With 0.25 per cent Lugol's .solution the grains are colored a light violet

and the color deepens verj' slowly; with 0.125 per cent solution they tint very lightly and the color

s
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deepens but little. After heating until the grains are completely gelatinized, the solution stains

fairly well and the grains very deeply on the addition of iodine. Grains not so deeply stained as

others show a violet capsule upon the addition of a slight excess of iodine. After boiling 2 minutes

the solution stains much more deeplj', but the grain-residues much less. With excess of iodine

many cajjsules become a violet color and most of them contain blue-reacting starch. Some grains

are completely disintegrated.

Staining Reactions. With gentian violet and with safranin the grains begin to stain at once and

the color is fairly deep, but after 30 minutes the reaction is not much better than at first.

Temperature Reaction. The temperature of gelatinization is 75 to 76 C, mean 75.5.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in some of the smaller

and medium-sized grains in 5 minutes, in others within 8 minutes, and all are darkened in 20 minutes;
the larger grains are not affected. The hilum becomes very distinct, but the lamellae are invisible.

The whole peripherj' darkens and the process extends inward from the margin without any swelling.

There is not a very sharp line of demarcation between the gelatinized and the non-gelatinized parts.

After the grain is darkened it swells slightl}^ The gelatinized grains formed are about twice as

large as the original grains and often show a hght center with a dark marginal ring; they are not

distorted, and retain much of the original form.

The reaction with chromic acid begins in a minute and is over in 4}/^ minutes. The hilum

becomes very distinct, but not the lamellte. The hiliun swells somewhat, the grain becomes striated,

and the inner part is converted into a gelatinous mass. The starch at the periphery forms a very

distinctly striated ring, ragged on the inner edge, and marked by alternate refractive and non-

refractive bands; this ring grows thinner as the grain swells and finally invaginates on one side,

continues to grow thinner and transparent, and finally disappears.

Reaction with pyrogallic acid begins in IJ^ minutes and is over in 13 minutes. The hilum is

prominent, but the lamellae are not. The grain becomes covered by very coarse radiating striae.

The inner part of the grain melts down slowly and evenly. The grain swells as the process pro-

gresses. The starch at the margin forms a ring which is very distinctly striated and shows alter-

nate refractive and non-refractive bands. The process did not go beyond this point.

'Withfeiric chloride a few grains begin to react in 1}^^ minutes. About three-fourths are affected

in 30 minutes and all are completely gelatinized in 40 minutes. The hilum is distinct and swells

somewhat, and the gi-ain becomes covered with fine striie which grow coarser as the process goes on.

The inner portion passes into a gelatinous mass. The starch at the margin forms a striated ring with

a ragged, inner edge. This becomes thinner and transparent as the grain swells, until finally a large,

thin-walled, gelatinized grain is formed. These grains are large, somewhat infolded, but in general

retain the original forms of the grains.

There is a very slight reaction with Purdy's solution in some grains in 5 minutes, but no further

change. The hilum and lamella are both very distinct. The hilum swells somewhat and the grain

becomes covered by fine striis. A part of the inner starch may become gelatinous, but there is little

or no further reaction.

STARCH OF WATSONIA IRIDIFOLIA VAR. O'BRIENI. (Plate 70, figs. 417 and 418. Chart 277.)

Histological Characteristics. In form the grains are simple, and many are to be seen in aggre-

gates consisting of two or three components, usually two. A few isolated grains have pressure facets,

as a rule one or two, usually one. The small grains are nothing like so numerous as in W. humilis.

The conspicuous aggregates are oval to elliptical and rounded to angular. Among the isolated

gi-ains are noted spherical, dome-shaped, distorted spherical, hemispherical, and polygonal. The

grains are not flattened in any diameter, and appear spherical when seen on end.

The hiliim is generally very distinct. It is large and usually roimd, and in aggregates may be

double, triple, or multiple, according to the number of components. It is generally somewhat
eccentric and located in or slightly to one side of the median line, and has the appearance of a cavity.

It may be fissured, and the fissuration may be ragged, or be in the form simply of a transverse

ciu-ved line, or be 3-armed. Lines or fissures indicating the location of union of components of

aggregates are common.
The lamellce are usually fairly distinct; thej' are coarse, regular, continuous rings and may be

distorted near the margin, which as a rule they tend to follow. In some aggregates the lamellaj

near the hilum show the outlines of pressure facets, these parts seeming to have been covered with
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secondarj' layers of starch so that the outlines of the grain have become entirely different from the

original. There are aboiit 6 to 8 lamellae on the larger grains, and those near the hilum are the more
distinct.

The isolated grains vary in size from 2 to 18/i and the aggregates up to 30^1. The common size

of the isolated grains is lOju and of the doublets 20ix.

Polariscopic Properties. The figure is generally clear-cut, distinct, and fairly regular. Its

lines may become somewhat broader, but less defined at the margin of the grain, and may be

slightly bent or otherwise distorted. Where there are two or more hila, two or more figures may
be observed. There is usually an absence of the large, dark central area referred to in W. humilis.

The degree of polarization is high; as a whole, somewhat higher than that in the grains of W.
humilis. It varies somewhat in different grains, but not greatly in different aspects of the same grain.

With selenite the quadrants are, as a rule, clear-cut,

fairly regular in shape, and fairly equal in size. The
colors are pure.

Iodine Reactiotis. With 0.25 per cent Lugol's .solu-

tion the grains are colored lightly, but the color is deeper
than that of W. hiwiilis; with 0.125 per cent solution the

grains color lightly and do not deepen readily, but the

color is deeper than that of the grains of W. humilis.

After heating until the grains are completely gelatinized,

the solution is fairly colored and the grains very deeply
with iodine. After boiling for 2 minutes both the solu-

tion and the grain-residues are ver_v deeply colored. If

an excess of iodine is added, some of the more lightly col-

ored grains show a violet capsule.

Staining Reactions. With gentian violet and with

safranin the grains begin to stain fairly deeply at once,

but after 30 minutes the tint is not much deeper. It is

the same as that of W. humilis.

Temperature Reaction. The temperature of gelatin-

ization is 74 to 75 C, mean 74.5.

Effects of Various Reagents. With chloral hydrate-iodine there is reaction in some of the smaller

grains in a minute; many medium-sized grains are affected in 5 minutes; almost all the small and the

medium-sized grains are darkened, but only very few of the larger grains are affected in 15 minutes.

There is practically no further change. The reaction is practically identical qualitatively with that

of the grains of W. humilis.

The reaction with chromic acid begins in many grains in a minute and is over in 3 minutes.

It is practically identical qualitatively with that of the grains of W. humilis.

With pyrogallic acid there is a slight general reaction in 2 minutes and all the grains are com-

pletely gelatinized in 10 minutes. The reaction is qualitatively the same as that in the grains of

W. humilis.

There is a reaction with ferric chloride in some grains in 2}^ minutes. All are affected and most

of them partially gelatinized in 30 minutes, and all are gelatinized in 45 minutes. The reaction is

practically identical qualitatively with that of W. humilis.

There is with Purdy's solution a slight reaction of a few grains in 5 minutes. A few more may
afterwards be affected and there may be a slight increase in the signs of swelling, but otherwise

there is no fm-ther change.

STARCH OF WATSONIA MERIANA. (Plate 70, figs. 419 and 420. Chart 278.)

Histological Characteristics. In form the grains are simple, and are isolated with the exception

of most or all of the larger grains, which consist of two or more components. The very small grains

are numerous, but not nearly so abundant relatively as in W. humilis. The .surface is quite regular,

and there are very few isolated grains having pressure facets. The conspicuous forms are the oval

to ovoid, to spherical or nearly spherical. There are a few rounded, triangular, pyriform, and hemi-

spherical grains. The very small grains are mostly spherical or polygonal. The larger grains are

not flattened and appear spherical on end.
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The hilum is distinct. When not fissured it is a comparatively large round spot, or a hollow

space centrally or somewhat eccentrically situated, and usually in the median line. It often is

fissured, and the fissuration may be a small, transverse, ragged line, 3-armed or stellate. Lines or

fissures at the junctions of the components of aggregates are quite common.
The la7ncU(F are indistinct, and when distinguishable they appear as coarse, regular, concentric

rings, sometimes divided into segments by the fissures. They tend to follow closely the outline of

the margin. There are probably 5 to 6 on the larger grains.

The small grains vary in size from 3 to 20ju, and the doublets to 34^. The common size of the

double grains is 22 by IS/i in length and breadth.

Polariscopic Properties. The fig^ire is usually eccentric, distinct, and generally clear-cut. Some-
times its lines become broader and less distinctly outlined near the margin. Double and multiple aggre-

gates show corresponding figures. The lines are sometimes slightly bent, but as a rule the figure is regular.
The degree of polarization is high, slightly higher

than that of the grains of W. humilis. It varies some- Chari No. 278.

what in different grains, but not much with the position
of the grains. A dark central area tends to be much less

marked in this species than in W. humilis, but more
marked than in W. iridifolia var o'brieni.

With selenite the quadrants are fairly well defined,

fairly regular in shape, and fairly equal in size. The
colors are pure.

Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains color a very light violet and the color

deepens very slowly; with 0.125 per cent solution the

grains are scarcely colored at all, and the reaction is less

than that of the grains of W. humilis. After heating
until the grains are completely gelatinized, both the solu-

tion and the grains color deeply. On the addition of

iodine and after boiling 2 minutes the solution colors

more deeply and the grain-residues less. Most of the cap-
sules contain some blue-reacting starch and they color a

red-violet with slight excess of iodine.

Staining Reactions. With gentian violet the grains begin to stain at once and after 30 minutes
are fairly stained. The color is not so deep as that of the grains of W. humilis.

With safranin the grains begin to stain at once and after 30 minutes are lightly stained. The
color is not so deep as that of the grains of W. humilis.

Temperature Reaction. The temperature of gelatinization is 75.5 to 77 C, mean 76.25.

Effects of Various Reagents. With chlwal hydrate-iodine reaction begins in some of the very
small grains in 3 minutes and they are gelatinized in 5 minutes. Some medium-sized grains begin
to react within this time. All the small grains are gelatinized in 13 minutes and a few of the medium-
sized grains are gelatinized in 20 minutes. The larger grains, with few e-xceptions, remain unaffected.

The reaction is qualitatively the same as that of the grains of W. humilis.

The reaction with chromic acid begins in the small grains in 30 seconds, and in the large grains
in a minute, and is over in all in 5 minutes. It is the same qualitatively as that of the grains of

W. humilis.

Reaction with pyrogallic add begins in some small grains in 30 seconds and in all the grains
in \]/2 to 2 minutes. All are completely gelatinized in 15 minutes. This reaction is qualitatively
the same as that of the grains of W. humilis.

With ferric chloride a few of the smaller grains begin to react in 2 minutes. In 15 minutes all

the small grains are gelatinized and half of the larger ones are affected and many completely gelat-
inized. About three-fourths of all the grains are gelatinized in 25 minutes, and four-fifths in 35

minutes. All are affected in 45 minutes, and in IJ/^ hours all are completely gelatinized, except a

very few near the edges of the cover-shp. This reaction is qualitatively the same as that of the

grains of W. humilis.

With Pimhj's solution about half the grains are slightly affected in 3 minutes and all in 15 minutes.
There is no further change. This reaction is qualitatively the same as that of the grains of W. humilis.

p
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Differentiation of Certain Starches of the Genus Watsonia.

Histological Characteristics.

Conspicuous Forms.

W. humilis: Simple, except small grains almost wholly
in the form of aggregates of 2 or more components,
probably some compound grains, very few isolated

grains with pressure facets. Aggregates ovoid and
spherical, with transitional forms, small grains
exceptionally abundant.

W. iridifolia var. o'brieni: Essentially the same as in

W. humilis, but the conspicuous aggregates are
ovoid to elliptical and rounded triangular. Small

grains fairly numerous.
W. meriana: Essentially the same as in W. humilis,

but the conspicuous aggregates are the oval to

ovoid, to spherical or nearly spherical. Small

grains not nearly so numerous.

Hilum Form, Number, and Position.

W. humilis: Form large, usually very distinct, usually
round, may be a cavity, may be fissured. Posi-
tion usually sUghtly eccentric.

W. iridifolia var. o'brieni: Form essentially the same
as in W. humilis. Position usually slightly eccen-
tric.

IF. meriana: Form essentially the same a-s in Tl'. humilis.

Position usually eccentric.

Lamellce General Characteristics and Number.

W. humilis: Fairly distinct, rather coarse, usually regu-
lar, continuous concentric rings, more distinct

near the hilum. 8 to 9 on larger grains.
W. iridifolia var. o'brieni: Es.sentially the same as in

W. humilis. 6 to S on larger grains.
W. meriana: Essentially the same as in W. humilis, but

less distinct. 5 to 6 on larger grains.

Size.

W. humilis: Single 1.5 to 2Sm; doublets 16m.
IF. iridifolia var. o'brieni: Single 2 to 30m; doublets 20m.
IF. meriana: Single 3 to 34m; doublets 22m.

PoLARiscopic Properties.

Figure.

W. humilis: Usually somewhat eccentric, distinct and
generally clear-cut, fairly regular; large dark area
common.

IF. iridifolia var. o'brieni: Essentially the same as in

IF. humilis, but usually absence of large dark
area.

IF. meriana: Essentially the same as in IF. humilis, but
dark area less marked.

Degree of Polarization.

W. humilis: Fairly high, varies much in different grains.
IF. iridifolia var. o'brieni: High, varies somewhat, higher

than in IF. humilis.

IF. meriana: High, varies somewhat, higher than in

IF. humilis.

Polarization with Selenite Quadrants and Colors.

IF. humilis: Quadrants usually not clear-cut, generally
irregular, somewhat unequal in size. Colors

generally pure.
IF. iridifolia var. o'brieni: Quadrants usually clear-cut,

fairly regular and fairly equal in size. Colors

pure.
IF. meriana: Quadrants fairly clear-cut, fairly regular,

fairly equal in size. Colors pure.

Iodine Reactions.

Intensity and Color.

IF. humilis: Light; violet.

IF. iridifolia var. o'brieni: Light, sUghtly deeper than
in IF. humilis; violet.

IF. meriana: Light, lighter than in IF. humilis; violet.

Staining Keactions.

With Gentian Violet.

IF. humilis: Fairly deep.
IF. iridifolia var. o'brieni: Fairly deep, little deeper than

in IF. humilis.
IF. meriana: Fair, not so deep as in IF. humilis.

With Safranin.
IF. humilis: Fairly deep.
IF. iridifolia var. o'brieni: Fairly deep, little deeper than

in IF. humilis.

W. meriana: Light, not so deep as in IF. humilis.

Temperature of Gelatinization.

W. humilis: 75 to 76 C, mean 75.5.
IF. iridifolia var. o'brieni: 74 to 75 C, mean 74.5.
H'. meriana: 75.5 to 77 C, mean 76.25.

Effects of Various Reagents.

Reaction with Chloral Hydrate-Iodine.

IF. humilis: Begins in the smaller grains in 5 minutes;
complete in small and medium-sized grains in 20
minutes. Larger grains unaffected.

IF. iridifolia var. o'brieni: Begins in all small and medi-
um-sized grains in 5 minutes; all the small and
medium-sized grains complete in 15 minutes. Very
few of larger grains at all affected.

IF. meriana: Begins in aU small and in a few medium-
sized grains in 5 minutes; complete in all the
small and in a few medium-sized grains in 20

minutes; very few large grains at all affected.

Reaction tvith Chromic Acid.

W. humilis: Begins in a minute; complete in 4J/^ minutes.
IF. iridifolia var. o'brieni: Begins in a minute; complete

in 3 minutes.
IF. meriana: Begins in 30 to 60 seconds; complete in

5 minutes.

Reaction with Pyrogallic Acid.

IF. humilis: Begins in 13/2 minutes; complete in 13
minutes.

IF. iridifolia var. o'brieni: Begins in 2 minutes; com-

plete in 10 minutes.
IF. meriana: Begins in 13^ to 2 minutes; complete in 15

minutes.

Reaction with Ferric Chloride.

W. humilis: Begins in some in 1}^ minutes; complete in

40 minutes.

IF. iridifolia var. o'brieni: Begins in some in 2}^ minutes;
complete in 45 minutes.

IF. meriana: Begins in some in 2 minutes; complete in

45 minutes.

Reaction with Purdy's Solution.

W . humilis: Begins in somcin 5 minutes; no further change.
IF. iridifolia var. o'brieni: Slight reaction in some in 5

minutes; shght swelling of affected grains; no fur-

ther change.
IF. meriana: Slight reaction in one-fourth in 15 minutes;

no further change.

NOTES ON THE STARCHES OF WATSONIA.

Such differences as have been recorded in the gross histological characters of these starches

are of a minor nature and probably entirely incidental, and therefore likely of no real diagnostic
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value. The reactions have a very close correspondence, the most noticeable differences being in the

dark ai'ea in the polarization figure, and the aniline reactions, the reactions of W. meriana falling

below the other two, bnt the variations are unimportant.

GENUS TRITONIA (MONTBRETIA).
Triton ia includes over 30 species of Soutli African bulbous plants, only a few of which are in

general cultivation. The older generic name is Montbretia, and tritonias are commonly known by
this name. The starches of 3 species, 2 varieties, and a hybrid were studied: T. crocata Ker-Gawl.

(Ixia crocata), T. crocata var. lilacina Hort., T. crocata var. rosea Hort., T. securigcra Ker-Gawl.,
T. pottsii Benth. (Montbretia pottsii Baker) and the hybrid T. crocosmceflora Lemoine {T. pottsii X
crocosmia aurea).

STARCH OF TRITONIA CROCATA. (Plate 71, figs. 421 and 422. Chart 279.)

Histological Characteristics. In form the grains are mostly or solely simple and isolated, with

the exception of numerous aggregates (possibly some compounds), in the form of doublets and trip-
lets. There are a number of doublets which consist of one large grain into which a small grain of

variable size is partially embedded, giving the large grain the appearance of a nodular protrusion.
There are a few clumps consisting of smaller grains. A few grains have pressure facets, and the

facets may be shallow depressions, and hexagonal or

honeycomb-like; the surface is, as a rule, rounded and

regular. The most conspicuous forms of the isolated

grains are spherical, and transitional shapes between this

and ovoid and elliptical. The aggregates are most com-

monl}^ triplets of rounded triangular form, some douljlets

consisting of grains of approximately the same size and
from oval to flattened ovoid in form, and the large grains
with small grains partially embedded and of a broad, oval

form. The grains are not flattened in any diameter, and
hence as thick as wide.

The hilum is indistinct, but when brought out by a

reagent, such as Purdy's solution, it is seen to be a .small

round spot that is centric or very slightly eccentrically

placed. Rarely it is slightly fissured. There may be 2

or 3 or more hila according to the number of component
grains, and 2 or 3 hila may be observed in a simple grain.

The lamella: are very indistinct unless rendered quite
evident by Purdy's solution or other reagent. They then

appear as fairl^y fine, regular, continuous rings. If there

is more than one hilum, each has usually its own set of lamellie, which fuse at a short distance from

the hilum or are inclosed by another set. In some cases the multiple hila are set close together in

a homogeneous, non-lamellated space, outlined by very distinct lamellae. There are about 10

lamellaj on a large grain.

The grains vary in size from 3 to 26/i. The common size is 18^.

Polariscopic Properties. The figure is centric, or slightly eccentric, distinct, but not as a rule

clear-cut. The lines are rather broad, without bending or other distortion. The figure may be

double or triple, in accordance with the number of hila.

The degree of polarization is fair, with little variation in different grains or in different aspects
of the same grain.

With selenile the quadrants are not as a rule sharply defined, but they tend to be regular in shape
and equal in size. The colors are fairly pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains are color(>d fairly a blue-

violet at once and deepen rapidly; with 0.125 per cent solution they color lightly. After heating
in water until the grains are completely gelatinized, the solution is colored lightly and the grains

very deeply on the addition of iodine. After boiling for 2 minutes the solution and most of the

grain-residues are colored deeply. A few of the capsules which contain but little blue-reacting
starch become a violet color upon the addition of an excess of iodine.

s
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Staining Reactions. With gentian violet the grains begin to stain very lightly in 2 minutes, but
after 30 minutes the color has not noticeably deepened.

With safranin the grains begin to stain light at once and in 30 minutes are fairly colored.

Temperature Reaction. The temperature of gelatinization is 82 to 83 C, mean 82.5.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in the smaller grains
in 30 seconds, and in many of the larger grains in 2 minutes, by which time some of the smaller

grains are completely gelatinized. About two-thirds of the larger grains are gelatinized in 8 minutes
and all are gelatinized in 25 minutes. Neither hilum nor lamellae are distinct. The grains first

color a very dark violet. Then the entire margin becomes a deep indigo color, and this process
extends inward over the entire grain. The swollen grains are not large, are of a uniform dark color,
and retain much of the original form of the grain.

The reaction with chromic acid begins in a few grains in 30 seconds. It is general in 13^ minutes
and all are dissolved in 20 minutes. The hilum becomes distinct, but not the lamellae. The inner

part of the grain is converted into a gelatinous mass. The outer part forms a thick, striated ring
which later divides into two parts, an outer which is thin and may be folded and distorted, and an
inner which is thicker and shows fine striae and concentric bands. The outer part is dissolved at

the proximal end, and the space between the outer and inner parts increases until they are often

completely separated. The inner part, which has grown much thinner, also dissolves at the proxi-
mal end, and the gelatinized starch of the interior flows out and dissolves, followed by solution of

the remaining part of the ring.

The reaction with pyrogallic add begins in 15 minutes, but is very slight. After 30 minutes there

is not much change, and after 45 minutes only a few grains are completely gelatinized. The hilum
becomes distinct, and some of the lamellae may be made out. The hilum swells, and fine striae appear

running throughout the grain. The inner portion passes into a gelatinous mass, and the margin is

formed into a thick, finely striated ring, which gradually becomes clear and thinner. The gelatinized

grains are not very large, not folded or wrinkled, and retain much of the original form of the grain.

With ferric chloride about one-fourth of the grains show some reaction in 4 minutes and all

are partially gelatinized in 10 minutes. The reaction is practically completed in 40 minutes, it

being incomplete in very few grains. The hilum at first is not distinct, but later becomes so. The
lamellae are invisible. The hilum swells, and fine radial striae appear throughout the grain. The
inner part is converted readily into a gelatinous mass. The outer part first forms a finely striated

ring, which becomes thinner and clearer as the grain swells. The swollen grains are fairly large,

rounded, and not wrinkled or folded.

With Purdy's solution a number of grains become gelatinous at once. The reaction is general
in nearly all in 2 minutes; it reaches its limit in 16 minutes in about one-fourth of the grains, and
in about three-fourths in 45 minutes. It is very similar to that with pyrogallic acid, and is not

complete in all the grains in an hour.

STARCH OF TRITONIA CROCATA VAR. LILACINA. (Plate 71, figs. 423 and 424. Chart 280.)

Histological Characteristics. Inform the grains are mostly or solely simple and isolated, with the

exception of aggregates or compounds in the form of doublets and triplets, rarely the latter. The
doublets usually consist of components of unequal size and most of them are made up of one large

grain with a small grain partially embedded, giving this part of the grain the appearance of pro-

tuberances. Grains having pressure facets are uncommon, and the facets may be very shallow

depressions and hexagonal, like the honeycomb. There are some clumps made up of the smaller

medium-sized grains. The surface of the grains is rounded and tends to be quite regular in outline.

The most conspicuous forms of isolated grains are spherical, and transitional forms appear between

them and the ovoid. There are rarely ellipsoidal and triangular forms representing doublets and

triplets, and the doublets consisting of a combination of a large and a small grain are broadly ovoid.

These grains very closely resemble those of T. crocata; they are rounded in all aspects and appear
to be of the same diameter as width.

The hilum is indistinct unless it is brought out with Purdy's solution or other reagent. Then
it appears to be a small round spot, centric or slightly eccentric. It may be double, triple, or quad-

ruple. They may be arranged regularly at equal distances from one another, or irregiilarlj', so that

one is at a greater or less distance than the others. It is sometimes fissured slightly. Apparently
the hilum is always situated in a homogeneous smooth space which is without lamellation.

48



728 STARCHES OF IRIDACEiE.

The lamellce are very indistinct, but may be brought out by Purdy's solution; yet even with

this medium they were not very well defined. They appear as regular rings, which are rather

coarse, none being more prominent than the others. There are about 7 on a medium-sized grain.

The grains vary in size from 3 to 26ju. The common size is 18/i.

Polariscopic Properties. The figure is centric or slightly eccentric, distinct, but not, as a rule,

clear-cut. There is no marked bending or other distortion of the lines. Double or triple figures

are rare.

The degree of polarization is fair, with little variation in different grains and in different aspects

of a given grain. It is probably very slightly higher than in Tritonia crocata.

With selenite the quadrants are not sharply defined, but tend to be regular in shape and size.

The yellow is prone to be encroached upon by the red dividing lines. Apart from this the colors are

fairly pure.
Iodine Reactions. ^With 0.25 per cent Lugol's solution the grains are colored fairly a blue-

violet, but more than those of T. crocata; with 0.125 per cent solution they color lightly, but slightly

more than those of T. crocata. After heating until the grains are completely gelatinized, the solu-

tion is colored faintly and the grains very deeply with

iodine. Capsules containing very little blue-reacting

starch have a violet color. After boiling for 2 minutes

the solution is more deeply colored, but the grain-residues

less deeply. Many capsules have a blue-violet color, while

others are blue with a reddish tinge.

Staining Reactions. With gentian violet the grains

stain very lightly at once, but after 30 minutes the color

is very light. It is about the same as that of T. crocata.

With safranin the grains stain lightly at once and
after 30 minutes are fairly stained, about the same as

T. crocata. This reaction is deeper than that with gen-
tian violet.

Temperature Reaction. The temperature of gelatin-

ization is 81 to 82.5 C, mean 81.75.

Effects of Various Reagents. With chloral hydrate-

iodine reaction occurs in many grains in a minute. All

are affected and some are completely gelatinized in 3

minutes and all in 30 minutes. The hilum is not very

distinct, but the lamellae are invisible. The grains are

colored violet. The margin becomes dark and this process diffuses inwardly over the whole grain,

after which the grain swells. The gelatinized grains are not large and they retain much of the orig-

inal form of the grain. They are of an even dark color tlu-oughout.

The reaction with chromic acid begins in most grains in 30 seconds and is practically over in

30 minutes. The hilum becomes distinct and then swells. The grain is divided by fine radial strise.

The inner part passes into a gelatinous mass. The marginal part forms a thick, finely striated

ring, which later is divided into a thin, transparent outer layer and a thicker inner layer. The
outer layer dissolves at the pro.ximal end and the two layers separate. The inner dissolves at one

point, followed by solution of other parts and complete disappearance of the grain.

With pyrogallic acid there is some reaction in a few grains in 30 seconds and very slight gen-
eral reaction in 10 minutes. In 45 minutes some of those which began to react in 30 seconds are

only partially gelatinized; in others there is slight swelling. The reaction consists in the swelling

of the hilum, breaking down of the interior of the grain into a gelatinous mass, and the formation

of a marginal ring which grows clearer and narrower, but which never, except in those grains out-

side or near the edge of the cover-slip, becomes very thin or transparent. The gelatinized grains

are not large, and they retain much of the original form of the grains.

A rapid reaction occurs with ferric chloride in a few grains in 30 seconds, the reaction is general
in 6 minutes, and reaches its limits in an hour, though the grains are not completely gelatinized.

The reaction consists in the solution of the inner part of the grain and the formation of an outer

ring, which grows thinner and more transparent as the grain continues to swell. The swollen

grains are large, usually smooth, and rounded, and rarely show any folds, wrinkles, or sacculations.
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Some grains react immediately with Purdy's solution, the reaction is general in 4 minutes and
about half are gelatinized in 35 minutes. In 2 hours practically all are completely gelatinized. The
reaction is, as usual, first a simple breaking down of the inner part into a gelatinous mass, followed

by much slower change in the marginal portion, which becomes a thin, transparent capsule. The
swollen grains are fairly large, rounded, and smooth.

STARCH OF TRITONIA CROCATA VAR. ROSEA. (Plate 71, figs. 425 and 426. Chart 281.)

Histological Characteristics. In form the grains are mostly or solely simple and are isolated,
with the exception of numerous aggregates or compounds, chiefly in the form of doublets. Each
of the latter may be made up of components of equal to very unequal size, and many of them con-
sist of one large component with one that is small and having the appearance of being partially
embedded. There are some clumps, especially among the medium and small sizes, and there are

many grains with pressure facets, particularly of the hemispherical type, and some of the markings
are hexagonal like the honeycomb. The surface of the grains is rounded and tends to be quite regular.
The outline is usually modified in the doiiblets and triplets

by more or less marked depressions at the lines of union

of the component grains. The conspicuous forms of the

isolated grains are the spherical and transitional forms

between these and the ovoid. The doublets are mostly

ellipsoidal and ovoid, while the triplets are rounded tri-

angular. The grains are not flattened in any diameter and
therefore are of the same thickness as breadth. These

grains, in comparison with T. crocata, contain a relatively

large number of doublets and relatively few small grains,

and give the impression of being on the whole larger.

The hilum is generally indistinct, but when the grains

are acted upon by Purdy's solution it appears as a small,

round spot which is centric or slightly eccentric. It is

rarely fissured. A single grain may show 2 or 3 hila

according to the number of components. Each hilum

may be surrounded by a separate set of lamellae, and in

others the hila are set close together in a common, non-

lamellated space, bordered by one very distinct lamella.

The lamellce are very indistinct unless they are inten-

sified by Purdy's solution or other reagent. They appear as regular, comparatively coarse, con-

tinuous rings. There are three sets in some of the doublets, one surrounding each hilum, and a

third surrounding the whole inner mass. There are about 8 on a large grain.

The grains vary in size from 4 to 27^*. The common size is 17/x.

Polariscopic Properties. The figure is centric or slightly eccentric, but as a rule not clear-cut.

The figures may be single or double, according to the number of components. The lines are rather

broad, and there is no bending or other distortion of the figure.

The degree of polarization is fair. There is not much variation in different grains or in differ-

ent aspects of the same grain. It is probably slightly higher than in T. crocata.

With selenite the quadrants are not usually well defined, but tend to be regular in shape and

equal in size. The colors are fairly pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains are colored fairly and more

deeply than those of T. crocata, but with 0.125 per cent solution there was no difference. The
color is blue-violet. After heating until the grains are completely gelatinized, the solution is colored

fairly and the grains very deeply with iodine. After boiling for 2 minutes the solution is colored

much deeper, but the grain-residues somewhat lighter. In a few cases the grains exhibited a pinkish-

violet capsule when the color was not obscured by the intensity of the blue of the contained starch.

Staining Reactions. With gentian violet the grains stain immediately, but very slightly. After

30 minutes they are still very slightly stained, about the same as in T. crocata.

With safranin the grains stain immediately but lightly. After 30 minutes they are fau-ly stained.

The color is about the same as that of the grains of T. crocata, but is deeper than with gentian violet.

Temperature Reaction. The temperature of gelatinization is 80 to 82 C, mean 81.
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Effects of Various Reagents. With chloral hydrate-iodine reaction begins in 45 seconds in many
of the smaller grains and it is general in 2 minutes. About four-fifths of the entire number of grains

are darkened and apparently completely gelatinized in 10 minutes. The reaction is complete in

all the grains in 22 minutes. The hilum may or may not become distinct, and the lamellae are

entirely obscured. The grains are colored a deep violet. The margin usually becomes very dark

at all points and the reaction spreads inward over all, the violet color deepening first. There is no

sharp line of demarcation between the gelatinized and non-gelatinized portions. The grains swell

somewhat after they are completely darkened. The gelatinized grains are not large; they retain

much of the original form of the grain and they are of a uniform dark color.

There is a general reaction with chromic acid in 30 seconds, and it is over in 15 minutes. The
hilum at first is not very distinct, but later becomes distinct. The lamella;, as a rule, are invisible.

The hilum swells somewhat, and the grain becomes divided by fine, radial strife which grow wider

and coarser as the hilum enlarges. The interior of the grain is converted rapidly. The more re-

sistant starch at the margin, at first, forms one thick band which is finely striated. Later, as the

grain continues to swell, this band is divided into two parts, the outer being rather thin and homo-

geneous and somewhat folded and wrinkled, while the inner part is thicker and shows fine striae

and a ragged inner edge. As the reaction proceeds the space separating the two parts increases,

especially at the distal end. The proximal end of the outer layer is dissolved, and the inner layer
with its gelatinous contents is extruded partly or completely through the opening. The proximal
end of this inner ring is now dissolved, and the gelatinous material within flows out and undergoes

complete solution. The two rings dissolve later.

With pyrogallic acid there is a slight reaction in some grains in IJ^ minutes and a very slight

general reaction in 10 minutes. One or two are completely gelatinized in 25 minutes. There is

no further change after an hour. About the edges of the cover-slip the reaction is rapid and com-

plete. The hilum is prominent. The lamellae may be distinguished. The hilum swells somewhat,
and radial striae appear throughout the grain. The inner portion is altered into a gelatinous mass.

The marginal part forms a ring which exhibits fine striae. This ring gradually becomes smaller

and more homogeneous, but is never quite reduced to the film which forms the margin of a completely

gelatinized grain. The gelatinized grains are not very large, not folded, WTinkled, or sacculated,
and they retain much of the original form of the grain.

Most grains begin to react in 21^ minutes with ferric chloride, and all show some reaction in

7 minutes. The reaction is over in 45 minutes, although the grains are only partially gelatinized.

The hilum, which at first is obscure, becomes distinct as it begins to enlarge. The grain is divided

by fine radial striae. The inner part is changed into a gelatinous mass. The marginal part forms a

finely striated ring, which grows thinner and quite homogeneous, but never becomes the thin,

transparent capsule of a completely gelatinized grain. The grains are fairly large, rounded, and

smooth, and occasionally one is seen which shows sacculations or other irregularities at the base.

With Purdy's solution some grains show a reaction in 30 seconds. A few begin to react in 5

minutes. The reaction is general in 12 minutes. About half are completely gelatinized in 45 minutes
and about four-fifths in 1 hour and 45 minutes. The lamellae and hilum are both distinct. The
hilum swells, fine striae appear radiating throughout the grain, and the reaction proceeds by the

breaking down of the inner portion into a gelatinous mass and the formation of the marginal por-
tion into a finely striated ring, which becomes gradually very thin and transparent. The gelatin-

ized grains are fairly large, usually rounded and smooth, and retain much of the original form.

STARCH OF TRITONIA SECURIGERA. (Plate 72, figs. 427 and 428. Chart 282.)

Histological Characteristics. In form the grains are mostly or solely simple, and are isolatetl,

with the exception of a few aggregates (or compounds) in the form of doublets and triplets. Some
doublets consist of components varying from equal to very unequal size, tmd a few of them consist

of a large grain witli what appears to Ise a small grain partially embedded. There are some grains
with pressure facets, and in some of them the facets are hexagonal, of a honeycomb appearance.
The surface of the grains is rounded and tends to be regular in outline. The most common, con-

spicuous forms of isolated grains are spherical to ovoid, chiefly the former. There are also rounded

ovoid^to ellipsoidal, pyriform, sugar-loaf, and hemispherical. Among the aggregates the doublets

range from ovoid to oval and elliptical. The grains are not flattened and appear to be as thick as

broad. The spherical forms are more conspicuous with fewer aggregates than in the case of T. crocata.
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The hilu7n is a rather large, fairly distinct round spot, and may be double or triple in a simple

grain. With doublets and triplets 2 or 3 hila may be seen. The single are centric or only sHghtly
eccentric. If there are 2 or more each may have its own set of lamelliD, which in some cases becomes

fused; or the hila may be close together in a clear, homogeneous, non-lamellated space and surrounded

by rather coarse, distinct lamellje. Fissuration was not observed.

The lamelloe are rather indistinct. If Purdy's solution be used they become quite apparent
as rather coarse, regular, continuous rings of equal coarseness and equal distinctness. There are

about 4 or 5 on one grain, and usually 2 or 3 about each hilum if there are more than one hilum

and each hilum has a separate set of lamellae.

The giains vary in size from 2 to 30/i. The common size is 18^.

Polariscopic Properties. The figure is eccentric to slightly eccentric, but as a rule clear-cut.

The lines become broader, but not sharply defined, as they extend to the margin of the grain. There
are double or triple figures caused by the presence of two

or more component grains.

The degree of polarization is fairly high. It varies

somewhat in different grains, but not much in different

aspects of the same grain. It is distinctly higher than

in T. crocata.

With selenile the quadrants are not as a rule well

defined; they tend to be regular in shape but often un-

equal in size. If there are two or more hila an indistinct

mass of lines and colors appears in the center of the grain,

outside of which are the regular large quadrants. The
colors are fairly pure.

Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains are colored fairly, not so deeply as those

of T. crocata; with 0.125 per cent solution they are colored

lightly and the color is blue-violet. After heating until

the grains are completely gelatinized, the solution is col-

ored very lightly and the grains very deeply when iodine

is added. After boiling for 2 minutes the solution will

color more deeply, but the grain-residues less deeply.

Some of the grains exhibit a violet-colored capsule, but generally this color is obscured by a large

amount of blue-reacting starch remaining within the capsule.

Staining Reactions. With gentian violet the grains stain very lightly at once and after 30 minutes

they are still very Ughtly colored, lighter than that of T. crocata.

With safranin the grains begin to stain immediately very lightly and after 30 minutes they are

still very hghtly colored. The stain is much lighter than that of T. crocata.

Temperature Reaction. The temperature of gelatinization is 80 to 82 C, mean 81.

Effects of Various Reagents. With chloral hydrate-iodine some injured grains begin to react

immediately and some smaller grains in a minute. The reaction is practically general in 2 minutes.

All the small grains and about one-fourth of the large ones are dark in 7 minutes, about four-fifths

in 17 minutes, and all in 30 minutes. The hila are usually distinct, but the lamellae are obscured.

The grains become very dark around the entire margin and the coloration spreads inward evenly

over the whole grain. There is no sharp line of demarcation between the affected and unaffected

parts of the grain, and not much sweihng until the whole grain is dark. The gelatinized grains so

formed are not very large, have a dark-blue color, and retain much of the original form.

The reaction with chromic acid begins in some grains in 30 seconds, it is general in a minute,

and over in 18 minutes. The hilum is very distinct, but the lamella) are not. The hilum swells

somewhat and fine stria; appear, radiating from it throughout the grain. These stria; widen as

the hilum continues to swell. The inner portion of the grain gradually becomes gelatinous. The

more resistant starch at the margin forms a thick ring which gradually becomes thinner. Later

the ring is divided into two distinct parts, the outer portion becomes very thin, transparent, wrinkled,

and folded, while the inner portion remains thick and retains a rounded form. The upper part of

the outer layer dissolves and the inner layer with its contained gelatinous material is extruded

partly or completely. Usually, however, before the two portions are completely separated the top

Curve of Reaction-Intensities of Starch of Tritoma
securigera.
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of the inner layer also is dissolved, the inclosed gelatinized starch flows out and is dissolved, and

then the outer and inner rings slowly dissolve.

Reaction with pyrogallic acid occurs immediately in a few grains, probably the injured ones;

it becomes general in 7 minutes, although it is very slight. In 17 minutes about one-sixth are fully

or partially gelatinized, but in 45 minutes there is not much further change. The hilum is very

prominent. Some of the lamellae may be distinguished. The hilum swells and fine striae appear

radiating throughout the gi-ain. The inner portion becomes gelatinous and the more resistant

starch at the margin forms a ring, which is at first thick and finely striated, but later becomes thin

and homogeneous until it forms merely the transparent wall of a gelatinous grain. The gelatinized

grains are fairly large, rounded in outline, and not much crimipled or folded. They retain much
of the original form of the grain.

A few grains react at once with ferric chloride and some of the smaller, intact grains in IJ^ to 2

minutes. The reaction is general in 5 minutes. All are partially gelatinized in 13 minutes, and the

reaction is complete in 35 minutes. The hilum becomes distinct, but the lamellae are obsciu-e. The
hilum swells, and the grain becomes divided by fine striae. As the hilum continues to enlarge and the

central part of the grain becomes gelatinous, the more resistant marginal starch forms a radially stri-

ated ring, which becomes thinner and clearer as the grain continues to swell, until finally it is a thin,

homogeneous envelope inclosing transparent, gelatinized starch. The gelatinized grains are fairly large,

but not much wrinkled, folded, or sacculated. They retain much of the original form of the grain.

A number of grains react at once with Purdy's solution. The reaction is general in 2 minutes, and

about one-third are partially or completely gelatinized in 8 minutes. In 30 minutes about half are

gelatinized and in 80 minutes about four-fifths are completely gelatinized. The hilum and lamellae

are both very distinct. The hilum swells. The grain becomes divided by fine striae. The inner part
becomes gelatinous, and the outer part of more resistant starch forms a band which shows striae and

three or four alternate refractive and non-refractive concentric rings. This band becomes thinner and

clearer as the grain continues to swell, until it is reduced to a thin wall. The gelatinized grains are

not very large; some are folded and distorted, but most of them retain much of the original form.

STARCH OF TRITONIA POTTSII. (Plate 72, figs. 429 and 430. Chart 283.)

Histological Characteristics. In form the grains are simple and isolated. Many are marked
with one, two, or rarely more well or poorly defined pressure facets at the distal end. There are

some clumps. The surface of the grains is rounded and tends to be quite regular. The conspicuous
forms are the hemispherical, ovoid, rounded ovoid, and

spherical; also triangular and other polygonal forms arise

through peculiarities of the pressure facets. The ovoid

and spherical grains are not flattened and when on end

appear to be spherical. The preparation was not very

clean, more or less foreign matter being adherent to the

grains. The general appearance of these grains differs

appreciably from that of T. crocata and T. securigera,

but resembles closely that of T. crocosmceflora.

The hilum is a fairly distinct, small round spot, usu-

ally eccentric about two-fifths to one-third of the longi-

tudinal axis, and in the median line. Rarely it is centric.

It is often fissured, and the fissures may be shallow

or deep, short or long. There is usually either a single,

straight, transverse or diagonally placed fissure, or three

fissures of varying length, generally placed in the diagonal
axes of the grain, and there is rarely a small, irregularly

stellate arrangement of fissures. There are occasionally
2 hila in one grain.

The lamellce are not as a rule distinct and are rather

coarse, regular continuous rings which usually follow the outline of the margin of the grain. They
are larger and more distinct near the hilum than near the margin and do not vary much in different

grains. There are usually 10 to 12 on the larger grains.
The grains vary in size from 3 to 32/i. The common size is 20/i.

Chart No. 283.
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Polariscopic Properties. The figure is usually eccentric, distinct, but not clear-cut. Its lines

are generally broad and not clearly defined, and may be bent or otherwise distorted.

The degree of polarization is fairly high. It varies greatly in different grains and in different

parts of the same aspect of a given grain.

With selenite the quadrants are fairly well defined, and tend to be irregular in shape and un-

equal in size. The colors are fairly pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color lightly a violet tinged
with blue and the color deepens fairly rapidly; with 0.125 per cent solution they color very lightly

and the color deepens slowly. The color is less than in T. crocata. After heating in water until

the grains are gelatinized, the solution colors fairly and the grains deeply. After boiling for 2 minutes

the solution colors deeply and the grain-residues fairly. The capsules color violet with a slight

excess of iodine and most of them retain some blue-reacting starch.

Staining Reactions. With gentian violet and with safranin the grains begin to stain at once

and in 30 minutes are fairly stained. The color is deeper than in T. crocata.

Temperature Reaction. The temperature of gelatinization is 72 to 73 C, mean 72.5.

Effects of Various Reagents. With chloral Jnjdrale-iodine the reaction begins in many grains in

a minute; about half are gelatinized in 12 minutes, two-thirds in 22 minutes, four-fifths in 35 minutes,
and almost all in 1J4 hours. The reaction is qualitatively the same as that of the grains of T. crocata.

Reaction with chromic acid begins in 30 seconds and is over in 4 minutes. It is qualitatively

the same as that of the grains of T. crocata.

The reaction with pyrogallic acid begins in 45 seconds and is over in 12 minutes. It is the same

qualitatively as that of the grains of T. crocata.

The reaction with ferric chloride begins in some grains in 1J4 minutes. About two-thirds are

gelatinized in 1 1 minutes, almost all in 20 minutes, and all in 37 minutes. The reaction is the same

qualitatively as that of the grains of T. crocata.

The reaction with Purdy's solution begins slightly in a few grains \n\}4. minutes, all show some

reaction and a few are partially gelatinized in 30 minutes, and all are partially and a few nearly

completely gelatinized in IJ^ hours. The reaction is qualitatively the same as that of the grains

of T. crocata.

STAECH OF TRITONIA CROCOSMJSFLORA. (Plate 72, figs. 431 and 432. Chart 284.)

Histological Characteristics. In form the grains are simple and are isolated, except a few aggre-

gates of two or more components. Most of the larger grains are marked by one or two, sometimes

three or more, pressure facets; there are some clumps.
The surface of the grains is rounded and tends to be

quite regular. The conspicuous forms are hemispherical

and spherical to oval, with some triangular and other

polygonal forms, which vary in shape in accordance

with the number, size, and arrangement of the pressiue

facets. The grains are not flattened and appear spher-

ical on end. Their general appearance is hke those of

T. pottsii, but like the latter differs materially from those

of the other tritonias.

The hiluni is a distinct, small, round spot, usually

eccentric about two-fifths of the longitudinal axis and in

the median line. It is often fissured, and there is usually

a single shallow, short, straight or curved fissure, usually

transverse, sometimes diagonal or longitudinal. There is

sometimes an irregularly stellate arrangement of short

fissures. Rarely there are double hila.

The la7nell(E are not as a rule distinct. They ap-

pear to be continuous, regular, rather coarse rings which

usually follow the outline of the margin. They do not

vary much in size and distinctness in different grains, but are usually coarser and more distinct

near the hilum than near the margin. There are 8 to 10 on the larger grains.

The grains vary in size from 2 to 34At. The common size is 20^.
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Polariscopic Properties. The figure is usually eccentric and distinct, but not always clear-cut.

Its lines are usually thick and not sharp and often become thicker and less clear-cut as they approach
the margin. They are occasionally bent or otherwise distorted.

The degree of polarization is fairly high. It varies considerably in different grains and in different

aspects of the same grain. It is slightly higher than in T. pottsii and distinctly higher than in T. crocata.

With selenite the quadrants are fairly well defined and tend to be irregular in shape and unequal
in size. The colors are fairly pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color fairly a blue-violet;

with 0.125 per cent solution they color lightly and the color deepens slowly. The color is deeper
than in T. pottsii, but about the same as T. crocata. After heating in water until the grains are com-

pletely gelatinized, the solution colors fairly and the grains deeply on the addition of iodine. Some
that are not so deeply colored have a violet capsule. After boiling for 2 minutes the solution colors

deeply and the grain-residues fairly. The capsules all have a violet color and most of them retain

more or less blue-reacting starch.

Staining Reactions. With gentian violet the grains begin to stain at once and in 30 minutes

are lightly stained. The color is less than in T. pottsii, but slightly deeper than in T. crocata.

With safranin the grains begin to stain at once and in 30 minutes are fairly well stained. The
color is slightly less than in T. pottsii and T. crocata.

Temperature Reaction. The temperature of gelatinization is 72 to 74 C, mean 73.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in most grains in IJ^
minutes. About one-fourth are gelatinized in 15 minutes, two-thirds in 30 minutes, and three-

fourths in an hour. The reaction begins at the distal end of the grain and at the corners and angles

of the facets if these are present. The points at which the process starts become dark and swell

slightly, and from them it extends inwards until all the grain is gelatinized. The gelatinized grains

are not very large, are of a uniform dark color, and retain much of the original form of the grain.

The main difference between the gelatinized and the ungelatinized grains, apart from size, is that

in the former the corners and angles of the facets are more prominent.
The reaction with chromic acid begins in most of the grains in 45 seconds, in all in a minute,

and is over in 4 minutes. The hilum swells slightly, fine striae appear radiating throughout the

grain, and a bubble appears at the hilum. The bubble swells as the hilum swells, up to a certain

point, then it begins to shrink and finally disappear. The inner portion of the grain is transformed

into a coarsely granular, gelatinized mass, the granules later becoming broken up and dissolved.

The marginal material forms a thick, coarsely striated band, which later is seen to be composed
of a row of coarse granules. This band becomes thinner and transparent as the grain swells, espe-

cially at the proximal end, where it is finally dissolved. The inner, gelatinous material flows out

and is dissolved, and the remaining portion of the marginal band subsequently slowly dissolves.

Reaction with pyrogallic acid begins in most grains in a minute and in all in 13^ minutes. All

are partially and half completely gelatinized in 7 minutes, and all are completely gelatinized in 12

minutes. The reaction begins around the hilum, which swells shghtly; then fine striae are seen

radiating from the hilum in all directions throughout the grain; and a bubble of gas or air appears
above the hilum, which at first swells as the gi-ain swells, then decreases in size, and finally disappears.

The grain continues to swell and the inner portion is gelatinized, while the marginal part forms a

thick, finely striated ring, which becomes thinner and transparent. The gelatinized grains are

large, folded, wrinkled, and sacculated, and do not retain the original form of the grain.

The reaction with/emc chloride begins in a few grains in 2 minutes. About half are completely

gelatinized in 12 minutes, four-fifths in 27 minutes, practically all in 45 minutes, and all in 1}4: hours.

The reaction usually begins at the hilum and consists in the formation of a bubble, which first

swells, then shrinks, and then disappears. The inner portion of the grain is rendered into a gelatin-

ous mass, and there is formed at the margin a thick band having a more or less homogeneous appear-
ance. This band gradually grows thirmer and transparent as the grain swells. In many grains,

however, the corners and edges of the facets become gelatinized and swell before the rest of the

grain is affected, but thereafter the process is the same as described. The gelatinized grains are

large, much folded, wrinkled, and crumpled, and retain little of the original form.

With Purdy's solution the reaction begins very slightly in many grains in 2 minutes. In 15

minutes one or two of the grains are partially gelatinized, and in IJ^ hours all the grains are slightly

and a few nearly completely gelatinized.
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Differentiation of Certain Starches of the Genus Tritonia.

Histological Characteristics.

Conspicuous Forms.

T. crocala: Mostly or solely simple, numerous aggre-
gates or compounds in form of doublets and trip-
lets, many doublets consist of a large grain having
a small grain partially embedded, rounded and
regular. Few grains with pressure facets. Spheri-
cal and transitional forms between them and
ovoid and elliptical. Doublets oval to flattened
ovoid and broad ovoid. Spherical when seen on end.

T. crocalavM. lilacina: Essentially the same as in T. crocala.
T. crocala var. rosea: Essentially the same as in T.

crocala, e-xcepting a relatively large number of
doublets and a less number of small grains.

T. securigera: Essentially the same as in T. crocala, except
that the spherical forms are more conspicuous, and
fewer aggregates.

T. pottsii: Simple, many grains with pressure facets;
rounded and fairly regular, hemispherical, ovoid,
rounded ovoid and spherical. Differ materially
in general resemblances from T. crocala, but
closely resemble T. crocosmwflora.

T. crocosmceflora: Essentially the same as T. pollsii.

Hilum Form, Number, and Posilion.

T. crocala: Form indistinct, small, round, rarely slightly
fissured, sometimes multiple. Position centric or

slightly eccentric.
T. crocala var. lilacina: Form essentially the same as T.

crocala. Position centric or slightly eccentric.
T. crocala var. rosea: Form essentially the same as in

T. crocala. Position centric or slightly eccentric.
T. securigera: Form fairly distinct, large, no fissures,

sometimes multiple. Position centric or slightly
eccentric.

T. pollsii: Form fairly distinct, small, round, single or

occasionally double, often fissured, a single short
fissure or 3 fissm'es or stellate. Position usually
eccentric about two-fifths to one-third of the

longitudinal axis.

T. crocosmwflora: Form distinct, small, round, single,

rarely double, often a single shallow and short

fissure, or stellate. Position usually eccentric
about two-fifths of the longitudinal axis.

Lamelloe General Characlerislics and Number.
T. crocala: Very indistinct, fairly fine, regular, continu-

ous rings; about 10 on the larger grains.
T. crocala var. lilacina: Very indistinct, rather coarse,

regular, continuous rings; about 7 on the larger
grains.

T. crocala var. rosea: Very Indistinct, regular, compara-
tively coarse, continuous rings; about 8 on the

larger grains.
T. securigera: Rather indistinct, rather coarse, regular,

continuous rings; about 4 to 5 on the larger grains.
T. pollsii: Not as a rule distinct; rather coarse, regular,

continuous rings; 10 to 12 on the larger grains.
T. crocosmceflora: Essentially the same as in T. pollsii;

8 to 10 on the larger grains.

Size.

T. crocala: From 3 to 26m, commonly 18m-
T. crocala var. lilacina: From 3 to 26m, commonly 18/i.

T. crocala var. rosea: From 4 to 27m, commonly 17m.
T. securigera: From 2 to 30m, commonly 18m.
T. pollsii: From 3 to 32m, commonly 20m.
T. crocosmceflora: From 2 to 34m, commonly 20m.

PoLARiscopic Properties.

Figure.

T. crocala: Centric or shghtly eccentric, not as a rule,

clear-cut, lines straight.
T. crocala var. lilacina: Essentially the same asin T. crocala.

PoLARiscopic Properties. Continued.

Figure. Continued.

T. crocala var. rosea: Essentially the same as in T.
crocala.

T. securigera: Essentially the same as in T. crocala.
T. pollsii: Usually eccentric, not clear-cut, lines may be

bent or otherwise distorted.
T. crocosmwflora: Essentially the same as in T. pollsii.

Degree of Polarizalion.

T. crocala: Fair, not much variation.
T. crocala var. lilacina: Fair, probably slightly higher

than in T. crocala.

T. crocala var. rosea; Fair, probably slightly higher than
in T. crocala.

T. securigera: Fairly high, variable, distinctly higher
than in T. crocala.

T. pollsii: Fairly Iiigh, variable, distinctly higher than
in T. crocala.

T. crocosnuEflora: The same as in T. pollsii, except more
variable and shghtly higher.

Polarizalion unlh Selenile Quadranls and Colors.

T. crocala: Quadrants, as a rule, not sharply defined,
tend to be regular in shape, and equal in size.

Colors fairly pure.
T. crocala var. lilacina: Quadrants essentially the same

as in T. crocala. Colors fairly pure.
T. crocala var. rosea: Quadrants essentially the same as

in T. crocala. Colors fairly pure.
T. securigera: Quadrants essentially the same as in T.

crocala, but greater tendency to inequality in size.

Colors fairly pure.
T. pollsii: Quadi-ants fairly well defined, tend to be

irregular in shape and unequal in size. Colors

fairly pure.
T. crocosmceflora: Quadrants the same as in T. pottsii.

Colors fairly pure.

Iodine Reactions.

Intensity and Color.

T. crocala: Fair; blue-violet.

T. crocala var. lilacina: Fair, slightly more than in T.

crocala; blue-violet.

T. crocala var. rosea: Fair, slightly more than in T.

crocala; blue-violet.

T. securigera: Fair, but not so much as in 2". crocala;
blue-violet.

T. pollsii: Light, less than in T. crocala; blue-violet.
T. crocosmceflora: Fair, more than in T. pollsii, but less

than in T. crocala; blue-violet.

Staining Reactions.

With Gentian Violet.

T. crocala: Very lightly.
T. crocala var. lilacina: Very lightly, about the same as

in T. crocala.

T. crocala var. rosea: Very lightly, about the same as in

T. crocala.

T. securigera: Very light, lighter than in T. crocata.

T. pollsii: Fair, deeper than in T. crocala.

T. crocosmceflora: Light, less than in T. pottsii, but more
than in T. crocata.

With Safranin.

T. crocala: Fair.

T. crocala var. lilacina: Fair, about the same as in T.
crocala.

T. crocala var. rosea: Fair, about the same as in T.
crocala.

T. securigera: Very light, much less than in T. crocala.

T. pollsii: Fair, about the same as in T. crocala.

T. crocosmceflora: Fair, less than in T. pottsii and T.
crocala.



736 STARCHES OF IRIDACEiE.

Differentiation of Certain Starches

Temperature of Gelatinization.

T. crocata: 82 to 83 C, mean 82.5.
T. crocata var. lilacina: 81 to 82.5 C, mean 81.75.
T. crocata var. rosea: 81 to 82 C, mean 81.5.
T. securigera: 80 to 82 C, mean 81.
T. pottsii: 72 to 73 C, mean 72.5.
T. crocosmcefloTa: 72 to 74 C, mean 73.

Effects op Various Reagents.

Reaction ivith Chloral Hydrate-Iodine.

T. crocata: Begins in half to 2 minutes; complete in

25 minutes.
T. crocata var. lilacina: Begins in 1 to 3 minutes; com-

plete in 30 minutes.
T. crocata var. rosea: Begins in three-fourths to 2

minutes; complete in 22 minutes.
T. securigera: Begins in 1 to 2 minutes; complete in 30

minutes.
T. pottsii: Begins in many in a minute; complete in

four-fifths in 35 minutes, and in almost all in 1}4
hours.

T. crocosmceflora: Begins in most in IJ^^ minutes; com-
plete in three-fourths in 1 hour.

Reaction with Chromic Acid.

T. crocata: Begins in 30 to 90 seconds; complete in 20
minutes.

T. crocata var. lilacina: Begins in 30 seconds; complete
in 30 minutes.

T. crocata var. rosea: Begins in 30 seconds; complete in

15 minutes.
T. securigera: Begins in 30 to 60 seconds; complete in

18 minutes.
T. pottsii: Begins in 30 seconds; complete in 4 minutes.
T. crocosmoeflora: Begins in most in 45 seconds; complete

in 4 minutes.

Reaction with Pyrogallic Acid.

T. crocata: Very sUght general reaction in 15 minutes;
a very few grains are completely gelatinized in

45 minutes.
T. crocata var. lilacina: Very sUght general reaction in

10 minutes; a few grains are partially gelatinized
in 45 minutes.

of the Genus Tritonia. Continued.

Effects of Various Reagents. Continued.

Reaction with Pyrogallic Acid. Continued.

T. crocata var. rosea: Very slight general reaction in 10

minutes; slight general reaction in 10 minutes;
1 or 2 completely gelatinized in 25 minutes.

T. securigera: Very shght general reaction in 7 minutes;
one-sixth fully or partially gelatinized in 17

minutes.
T. pottsii: Begins in all in 45 seconds; complete in 12

minutes.
T. crocosmcEflora: Begins in most in 60 seconds; complete

in 12 minutes.

Reaction with Ferric Chloride.

T. crocata: Begins in some in 4 minutes; practically com-
plete in 40 minutes.

T. crocata var. lilacina: Begins in all in 6 minutes; not
complete in 60 minutes.

T. crocata var. rosea: Begins in all in 7 minutes; not

complete in 45 minutes.
T. securigera: Begins in all in 5 minutes; complete in

35 minutes.
T. pottsii: Begins in some in 1)4 minutes; complete in

almost all in 20, and in all in 37 minutes.
T. crocosmceflora: Begins in a few in 1}^4 minutes; com-

plete in practically all in 45 minutes and in all in

75 minutes.

Reaction with Purdy's Solution.

T. crocata: Begins in all in 2 minutes; complete in

three-fourths in 45 minutes; incomplete in a few in

60 minutes.
T. crocata var. lilacina: Begins in all in 4 minutes; com-

plete in aU in 2 hours.
T. crocata var. rosea: Begins in all in 12 minutes; com-

plete in four-fifths in\% hours.
T. securigera: Begins in all in 2 minutes; complete in

four-fifths in IJ^ hours.
T. pottsii: Shghtly in a few in 114 minutes; all are

partially gelatinized and a few nearly completely
gelatinized in 1 }^ hours.

T. crocosmceflora: SUghtly many in 2 minutes; all are

partially and a few nearly completely gelatinized
in 1 1/^ hours.

NOTES ON THE STARCHES OF TRITONIA.

Comparing these starches it will be observed that on the basis of the gross histological charac-

ters the specimens may be divided into three groups which consist of T. crocata and its two varieties,

T. securigera, and T. pottsii and T. crocosmceflora, respectively. This is in accord with botanical

peculiarities. The same grouping holds good for the reactions, differences being quite marked in

almost every reaction. It is of particular interest to note the marked differences in the tempera-
tures of gelatinization of T. crocata and its varieties and T. securigera as compared with those of

T. pottsii and its hybrid, a difference of 8.7; and also that while T. crocata and its varieties and T.

securigera correspond in their temperatures of gelatinization they differ appreciably in their reactions.

T. pottsii and its hybrid appear to stand distinctly apart from the other members of the genus in

the peculiarities of their starches, yet there is the same type of reaction-curve.

GENUS FREESIA

The Freesias are bulbous plants, natives of the neighborhood of the Cape of Good Hope and

closely allied with Tritonia and Gladiolus. Less than a half a dozen species and a few varieties are

in common cultivation. It seems probable that F. refracta is the parent stock of the genus. Starches

from 2 varieties of 1 species were examined: F. refracta var. alba and F. refracta var. leichtlinii.

STARCH OF FREESIA REFRACTA VAR. ALBA. (Plate 73, figs. 433 and 434. Chart 285.)

Histological Characteristics. In form the grains are simple and occur isolated or as aggregates

consisting of two, three, four, or more components. On all the isolated grains pressiu-e facets are

found that have been parts of aggregates. The surface tends to be rounded and smooth. The
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conspicuous form is the hemispherical with one, two, or three facets at the base; also spherical to
almost spherical, ovoid, and polygonal, a few of the latter having small facets all over the surface.
The grains are not flattened and appear spherical when viewed on end.

The hilum is usually centric and a fairly distinct, relatively large, non-refractive spot, always
in the median line. Rarely the hilum is fissured, and if so the fissuration is either in the form of a
cross or a 3-armed figiu-e. Double hila may be seen in a single grain, and 2 or more may be observed
in aggregates.

The lamelloe are rather indistinct, regular, fine, concentric rings, following the shape of the
margin of the grain, even when near the hilum. When the lamella; were distinct enough to be
counted it was estimated that the number was about 10 to 12 on a medium-sized grain. They
become more distinct near the margin and one situated

midway between the hilum and the margin was promi-
nent in most of the grains.

The grains vary in size from 2 to 18/i. The com-
mon size is 12/i.

Polariscopic Properties. The figure is usually cen-

tric. It is distinct and fairly clear-cut, but the lines are

somewhat wider at the margin and are sometimes bent
or otherwise distorted.

The degree of polarization is fairly high. It varies

somewhat in different grains and in the same aspect of

a given grain. It is higher at the proximal than the
distal end.

With selenite the quadrants are sharply defined,

fairly regular in shape, but unequal in size. The colors

are fairly pure.
Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains color deeply a blue-violet; with 0.125 per
cent solution they tint slightly. After heating in water
until the grains are completely gelatinized, the solution is

colored a deep indigo and the grains lightly to deeply, or not at all, upon the addition of iodine.

The gelatinized grains are folded and distorted, but do not lose all of their original shape. After

boiling for 2 minutes the solution colors more deeply and the grain-residues much less deeply.
With an excess of iodine the capsule stains violet.

Staining Reactions. With gentian violet the grains begin to stain in 3 minutes and after 30
minutes are fairly stained.

With safranin the grains begin to stain in a minute and in 30 minutes are lightly stained.

Temperature Reaction. The temperature of gelatinization is 76 to 77.5 C, mean 76.75.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in 30 seconds in the

smaller grains and is general in 2 minutes. The reaction is over in three-fourths of the grains in

30 minutes, but the reaction is incomplete in an hour. The hilum becomes much more distinct

as a dark spot and the whole grain is colored a light violet. Two lines or fissures often appear in

the hemispherical forms which run from the hilum to the corners of the facets. The margin becomes
dark at one or two points, generally at the sharp corners of the facets, and there may be slight

protrusion from these points. Then the reaction spreads upward and inward over the whole grain,

and when it reaches the hilum this part swells, accompanied by swelling of the whole grain. The

gelatinized grains do not become very large and do not lose their original contour. They have

usually a dark indigo-colored, marginal ring surrounding a lighter, round, central space.

The reaction with chromic acid begins in a minute and is over in 4 minutes. The hilum

becomes very distinct and a line extends from it on each side to the corners of the facet at the

base of the grain. The hilum swells, and these lines open out to form a triangular space which

divides the grain into two portions, the inner becoming coarsely granular, and the outer or mar-

ginal becoming finely striated and marked with two or three refractive and non-refractive rings.

One corner of the marginal ring now dissolves and opens out, allowing the coarsely granular inner

portion to flow out. The exuded starch passes into solution, followed by solution of the more

resistant marginal part.

p
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With pyrogallic add some grains begin to react in 2 minutes. All are affected in 30 minutes

and half are entirely gelatinized. The hilum and lamellae become more distinct, and a line or fissure

extends from each side of the hilum to the corners of the facets. Fine strise appear radiating from the

hilum throughout the grain, the hilum begins to swell, and the lines radiating from it open out

at the same time. The inner parts pass into a gelatinous mass, while the marginal portions form a

finely striated ring which shows in some parts refractive and non-refractive bands. This ring grows
thinner and clearer. The gelatinized grains thus formed are swollen to about 1.5 times or twice

the size of the original and are not much folded or crumpled, but retain somewhat the original

form of the grain.

The reaction with ferric chloride begins in some of the smaller grains in 2 minutes and is com-

plete in 30 minutes. The hilum becomes very distinct, but the lamellse entirely disappear. In those

grains in which the reaction is rapid the whole grain becomes very clear, the inner portion is changed
into a gelatinous mass, and the entire grain swells slowly until a relatively large mass is formed
which retains in general the original shape of the grain. In the grains that react more slowly lines

are seen nnining from the hilum to the corners of the facets; the marginal portion becomes clearer

and darker; and the lamellae reappear in this marginal part. The grain now begins to swell, the

inner part being converted into a gelatinous mass, which is inclosed by a striated marginal ring,

which becomes thinner and more transparent. The gelatinized grains are large and smooth, and
retain somewhat the original form of the grain.

The reaction with Purdy's solution begins in some grains in 13^ minutes and is complete in

half the total number in 45 minutes. The hilum and lamellae become more distinct and two lines

extend from the hilum to the corners made of the facets. The inner part of the grain is transformed

into a gelatinous mass, and the more resistant marginal part forms a ring which is striated and
shows concentric refractive and non-refractive bands. Just inside the outer marginal ring there

is often a darker, somewhat striated, and fissured ring. Further changes consist in the gradual

clearing and thinning of both marginal rings to form a gelatinous capsule. The gelatinized grains
thus formed retain much of the original form of the grain.

STARCH OF FREESIA REFRACTA VAR. LEICHTLINII. (Plate 73, figs. 435 and 436. Chart 286.)

Histological Characteristics. In form the grains are simple and occur isolated or in aggregates
of two or more components, which may be of equal or unequal size. All the isolated grains that

have been parts of aggregates are marked by pressure facets. The surface tends to roundness and
smoothness. The conspicuous forms are hemispherical
with one to three facets at the distal end; also spherical

or nearly spherical, ovoid, and polygonal. A few grains

may be seen marked over the entire surface with pressure
facets. The grains are not flattened, and on end they

appear spherical in shape.
The hilum is a fairly distinct, relatively large, non-

refractive spot, usually centrically placed and in the

median line. There may be double hila, and 2 or more

may be noted in aggregates. The hilum is rarely fissured,

and if so the fissuration is slight and of variable form.

The lamellce are indistinct, and when they can be

clearly seen they appear as fine, regular, concentric rings

which follow the outline of the margin of the grain, being
more distinct as they are near the margin. One about

the center of the space between the hilum and the margin
is commonly very distinct. They appear to average
about 10 to 12 to a medium-sized grain.

The grains vary in size from 2 to 19;u. The common
size is about 10;u.

Polariscopic Properties. The figure is usually centric, distinct, and fairly well defined, but

the lines are generally somewhat broader near the margin and sometimes bent.

The degree of polarization is fairly high, varying somewhat in different grains and in different

aspects of the same grain. It is higher at the proximal than at the distal end.

Chart No. 286.
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With selenite the quadrants are sharply defined, fairly regular in shape, but unequal in size.

The colors are fairly pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a deep blue-violet;
with 0.125 per cent solution they tint lightly at first, but deeper than the grains of Freesia rcfrada
var. alba. After heating in water until the grains are completely gelatinized the solution colors

deep indigo with iodine, while the grains are in general lightly colored. The swollen grains are

rounded bat not much distorted. After boiling for 2 minutes the solution colors much more deeply,
but the grain-residues, as a rule, do not color. With excess of iodine the capsules are colored red-

violet. The grains are much distorted and many have been reduced to crumpled, granular masses.

Staining Reactions. With gentian violet the grains begin to stain in 3 minutes and after 30
minutes are fairly stained, slightly deeper than the grains of F. refracta var. alba.

With sajranin the grains begin to stain in 2 minutes and after 30 minutes are fairly stained,
more deeply than the grains of F. refracta var. alba.

Tem-perature Reaction. The temperature of gelatinization is 76.5 to 78 C, mean 77.25.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in 23^ minutes in

two-thirds of the grains and is practically over in all in 30 minutes. It is qualitatively the same as

that of the grains of F. refracta var. alba.

With chromic acid some grains are dissolved in 1}4 minutes and all in 3 minutes. The reaction

is qualitatively the same as that of the grains of F. refracta var. alba.

The reaction with pyrogallic acid begins in 2 minutes, and all the grains are partially and half

completely gelatinized in 20 minutes. This reaction is qualitatively the same as that of the grains
of F. refracta var. alba.

The reaction with ferric chloride begins in some grains in 23-2 minutes and is complete in 30

minutes. It is qualitatively the same as that of the grains of F. refracta var. alba.

Reaction with Purdy's solution begins in some grains in 234 minutes and is over in half the

grains in 30 minutes. It is qualitatively the same as that of the grains of F. refracta var. alba.

Differentiation of Certain Starches of the Genus Freesia.

Histological Chas.\cteristics.

Conspicuous Forms.

F. refracta var. alba: Simple, isolated and in aggregates
of 2 or more components, isolated grains have

pressure facets. Hemispherical with 1 to 3 facets

at base.

F. refracta var. leichilinii: Same as in F. refracta var.

alba.

Hilum Form, Number, and Position.

F. refracta var. alba: Form fairly distinct, relatively

large round spot; may be double, rarely fissured.

Position usually centric.

F. refracta var. leichilinii: Form same as in F. refracta
var. alba. Position usually centric.

Lamellae General Characteristics and Number.

F. refracta var. alba: Rather indistinct, fine, regular,
concentric rings. 10 to 12 on medium-sized grains.

F. refracta var. leichtlinii: The same as in F. refracta
var. alba. 10 to 12 on medium-sized grains.

Size.

F. refracta var. alba: From 2 to IS^i, commonly 12/;i.

F. refracta var. leichtlinii: From 2 to 19/j, commonly 10/i.

PoLARiscopic Properties.

Figure.

F. refracta var. alba: Usually centric, distinct, fairl\

clear-cut, regular.
F. refracta var. leichtlinii: Same as in F. refracta var.

alha.

Degree of Polarization.

F. refracta var. alba: Fairly high, somewhat variable.

F. refracta var. leichilinii: Same as in F. refracta var.

olba. I

PoLARiscoPic Properties. Continued.

Polarization vnth Selenite Quadrants and Colors.

F. refracta var. alba: Quadrants sharply defined, fairly

regular, unequal in size. Colors fairly pure.
F. refracta var. leichtlinii: Quadrants the same as in

F. refracta var. alba. Colors fairly pure.

Iodine Reactions.

Intensity and Color.

F. refracta var. alba: Deep; blue-\'iolet.

F. refracta var. leichtlinii: Deep, more than in F.

refracta var. alba; blue-violet.

St.uninq Reactions.

With Gentian Violet.

F. refracta var. alba: Fair.

F. refracta var. leichtlinii: Fair, slightly deeper than in

F. refracta var. alba.

With Safranin.

F. refracta var. alba: Light.
F. refracta var. leichtlinii: Light, slightly deeper than

in F. refracta var. alba.

Temperature of Gelatinization.

F. refracta var. alba: 76 to 77..5 C, mean 76.75.

F. refracta var. leichtlinii: 76.5 to 78 C, mean 77.25.

Effects op Various Reagents.

Reaction with Chloral Hydrate-Iodine.

F. refracta var. alba: Begins in 30 seconds, general in

2 minutes; complete in three-fourths of the grains
in 30 minutes; remaining one-fourth not affected.

F. refracta var. leichtlinii: Begins in 2}^ minutes in two-
thirds of the grains; complete in most in 30 minutes;
not fully complete in an hour.
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Differentiation of Certain Starches of the Genus Freesia. Continued.

Effects of Various Reagents. Continued.

Reaction with Chromic Acid.

F. refracta var. alba: Begins in a minute; complete in

4 minutes.
F. refracta var. leichtlinii: Begins in IJ^ minutes; com-

plete in 3 minutes.

Reaction with Pyrogallic Acid.

F.refraetav&T.alba: Begins in some in 2 minutes; allpartial-

lyand one-half completely gelatinized in 30 minutes.
F. refracta var. leichtlinii: Begins in 2 minutes; all partially

and one-half completely gelatinized in 20 minutes.

Effects of Various Reagents. Continued.

Reaction with Ferric Chloride.

F. refracta var. alba: Begins in some in 2 minutes; com-

plete in 30 minutes.
F. refracta var. leichtlinii: Begins in some in 2}^ minutes;

complete in 30 minutes.

Reaction with Purdy's Solution.

F. refracta var. alba: Begins in some in IJ^ minutes;
complete in half in 45 minutes.

F. refracta var. leichtlinii: Begins in some in 2J^ minutes;
complete in half in 30 minutes.

NOTES ON THE STARCHES OF FREESIA.

The two starches examined, being from two varieties of the same species, are very much alike

in all respects, but it seems from the slight differences in the reactions that one could with reason-

able certainty be distinguished from the other.

GENUS ANTHOLYZA.
This genus includes about 20 species of cormous plants, natives of the Cape of Good Hope and

tropical Africa. Some of them were introduced into cultivation about the middle of the eighteenth

century, and they are popularly known as African corn flag. The starches from A. crocosmoides

and A. paniculata were studied as types of the genus.

Chart No. 287.
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STARCH OF ANTHOLYZA CROCOSMOIDES. (Plate 73, figs. 437 and 438. Chart 287.)

Histological Characteristics. Inform the grains are simple and isolated, with the exception of a

few aggregates in the form of doublets, triplets, and very rare quadruplets and quintuplets, and a few

clumps. Practically all of the isolated grains are marked by one or more pressure facets at the distal

end; these are usually large and sharply defined, but some large grains have a number of small,

often poorly defined facets at the distal end. The surface is usually regular, but in some cases one

side of the distal end is more prominent than the other,

especially if there are two or more facets of unequal size

present. The conspicuous forms are the spherical, hemi-

spherical, and rounded ovoid. The hemispherical forms

have from one to three or more pressure facets at the

base. The aggregates are almost invariably in the form

of doublets and triplets, the former being elliptical and

the latter rounded triangular, the junctions of the com-

ponents being indicated by linear depressions or fissures.

Among the smaller grains polygonal forms are common.
The grains are not flattened, and when seen on end ap-

pear spherical. There was considerable foreign matter

in the preparation which could not be removed.

The hilum is a rather large round spot or cavity
which is generally distinct. It is usually eccentric about

two-fifths or less of the longitudinal axis and in some
small grains it is centric. It is sometimes fissured by a

short, straight, transverse fissure, or by three short,

straight fissures proceeding from a central cavity; or,

rarely, by a number of short, irregular fissures.

The lamellce are usually indistinct, but when they can clearly be seen they appear as rather

coarse, regular, complete rings with the form of the outline of the grains, except near the hilum,

where they are circular. The number was not satisfactorily determined, but there are probably
5 to 7 on the larger grains.

The grains vary in size; the smaller, round grains are 0.75/i; the larger are 24 by 28/i to 18

by 18/n in length and breadth. The common sizes are 12 by 10^ and 10 by lOfi in length and breadth.

ill
Curve of Reaction-Intensities of Starch of Antholyza

crocosmoides.
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Polariscopic Properties. The figtire is usually eccentric, distinct, and generally clear-cut. At
times its lines are less clearly defined in some portions of their length and tend to become broader

peripherally, especially close to the margin; they are sometimes curved or otherwise distorted.

Two or more figures may be seen on the surfaces of the facets and in the case of aggregates.

The degree of polarization is fairly high, varying somewhat in different grains, but not very
much in different aspects of the same grain. In the same aspect of a grain it is sometimes lower

at the facets than in any other part.

With selenite the quadrants are, as a rule, well defined, irregular in shape, and unequal in size.

The colors are usually pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a light blue-violet;

with 0.125 per cent solution they do not color perceptibly until after about 1 to 13^ minutes, then

very lightly, and the color deepens gradually. After heating in water until the grains are completely

gelatinized, the solution colors deeply and the swollen grains very deeply on the addition of iodine.

After boiling for 2 minutes the solution colors very deeply and the grain-residues fairly deeply.

In some of the grains, when an excess of iodine is added, violet-colored capsules can be seen.

Staining Reactions. With gentian violet and with safranin the grains begin to stain at once

and in 30 minutes they stain fairly, a few more than others.

Temperature Reaction. The temperature of gelatinization is 73 to 75 C, mean 74.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in many grains in

30 seconds. All of the small and most of the medium-sized grains, constituting two-thirds of the

total number, are gelatinized in 5 minutes, four-fifths are affected in 10 minutes, gelatinization incom-

plete in an hour. The whole grain is colored deep violet; swelling begins at the distal end; then the

corners and edges of the facets grow very dark as they swell, and this process proceeds up along the

sides and inward, but not so rapidly as along the margin. The hilum is finally reached and swells, and

then the starch at the proximal end is gelatinized. The gelatinized grains are fairly large and retain

much of the original form of the grains, with usually a round, light space in the interior surrounded

by a rim of dark material. Some of the grains do not react at all or not fully, as they are observed

usually to have a fissure or cavity at the hilum.

Reaction with chromic acid begins in most grains in 15 seconds and in all in 30 seconds, and is

over in 3 minutes. The hilum begins to enlarge and fine striae appear which radiate in all directions

from the hilum. The grain swells, and the central part becomes clear and is probably occupied

by a gelatinous semifluid mass. The more resistant starch is seen at the margin, where it forms at

first a thick, striated ring which shows two or three alternate refractive and non-refractive bands.

This ring grows progressively thinner as the grains continue to swell until it is very thin and trans-

parent. It is then dissolved at one point, either at the corner of facets or near the proximal end.

The gelatinized starch flows out and is dissolved, and the outer, thin capsule dissolves later.

The reaction with pyrogallic acid begins in all the grains in 30 seconds. The hilum enlarges, lines

or fissures extend from it to the corners of the facets, and fine striae appear radiating in all directions

throughout the grain. The inner part now becomes filled with a semiliquid mass of starch and the

more resistant starch at the margin forms into a thick ring as the grain swells. This ring is striated

and marked by two or three alternate refractive and non-refractive bands. As the grain continues to

enlarge, the ring becomes somewhat thinner and quite transparent, but never grows very thin. The

swollen grains are large and somewhat distorted and folded, but retain much of their original forms.

The reaction with ferric chloride begins in some grains in 2 minutes; about one-third, including

most of the small ones, are completely gelatinized in 15 minutes, and all in 40 minutes. The reaction

begins with the increase in size of the hilum. Lines or fissures extend from the hilum to the corners

of the facets, and these increase in size as the hilum swells. The grain swells and the interior be-

comes filled with a semiliquid mass. The process of gelatinization often takes place much naore

rapidly in one direction than in others, so that the grain at first swells more in this one direction.

Later, the same process takes place universally. The more resistant starch forms a very thick,

faintly striated band at the periphery. This slowly grows thinner and clearer until it is very thin

and transparent. The swollen grains are large and somewhat distorted.

With Purdy's solution there is in 4 minutes a slight reaction in a few grains, which consists of

httle enlargement of the grain, the gelatinization of a small amount of starch which causes the hilum

to appear larger, and the appearance of fine striae which radiate from the hilum. There was no

further change of importance.
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With Purdy's solution there is a slight reaction in some grains in 3 minutes, without further

important change. It is the same qualitatively as that of the grains of A. crocosmoides.

Differentiation of Cerlain Starches of the Genus Antholyza.

Histological Characteristics.

Conspicuous Forms.

A. crocosmoides: Simple, few aggregates, chiefly in the
form of doublets and triplets, isolated grains

usually have 1 or 2 pressure facets. Spherical,

hemispherical, and ovoid.

A. paiticulata: Essentially the same as in A. crocosTnoides.

Hilum Form, Number, and Position.

A. crocosmoides: Rather large, generally distinct round
spot or cavity; sometimes fissured, fissures usually
short, straight, and transverse. Usually eccentric

two-fifths or less of longitudinal axis.

A. paniculaia: Not very large, fairly distinct spot or

ca^^ty, sometimes fissured, fissures usually short,

straight, transverse. Position usually eccentric

two-fifths or less of longitudinal axis.

Lamellce General Characteristics and Number.

A. crocosmoides: Usually indistinct, rather coarse, reg-

ular, complete, having form of outUne of grain,

except near the hilum, where they are circular.

Number not accurately determined, probably
5 to 7.

.4. paniculaia: Fairly distinct, usually coarse, regular,

usually continuous, of the same shape as outline
of grain except near the hilum. 10 to 12 on
larger grains.

Size.

A. crocosmoides: From 0.75 to 24^, commonly 10m.
A. paniculaia: From 0.75 to SO/i, commonly 20^.

PoLABiscopic Properties.

Figure.

A. crocosmoides: Usually eccentric, distinct, usually
clear-cut, lines sometimes bent and otherwise dis-

torted.

.4. paniculaia: Same as in 4. crocosmoides.

Degree of Polarization.

A. crocosmoides: Fairly high, variable.

A. paniculaia: Fairly high, more variable and not so

high as in A. crocosmoides.

Polarization toith Selenite Quadrants and Colors.

A. crocosmoides: Quadrants, as a rule, well defined,

irregular in shape, and unequal in size. Colors

usually pure.
A. paniculaia: Quadrants the same as in 4. crocosmoides.

Colors usually pure.

Iodine Reactions.

Intensity and Color.

A. a'ocosmoides: Light; blue-violet.
A. paniculaia: Light, less than in A. crocosmoides;

blue-violet.

Staining Reactions.

Wilh Gentian Violet.

A. crocosmoides: Fair.
A. paniculaia: Fair, less than in A. crocosmoides.

With Safranin.

A. crocosmoides: Fair.

A. paniculaia: Fair, less than in A. crocosmoides.

Temperature Reaction.

A. crocosmoides: 73 to 75 C, mean 74.
A. paniculaia: 71 to 73 C, mean 72.

Effects of Various Reagents.

Reaction with Chloral Hydrate-Iodine.

A. crocosmoides: Begins in many in 30 seconds; four-
fifths affected in 10 minutes; incomplete in an hour.

A. paniculaia: Begins in some in 30 seconds; four-fifths

affected in 10 minutes; incomplete in an hour.

Reaction with Chromic Acid.

A. crocosmoides: Begins in most in 15 seconds; complete
in all in 3 minutes.

A. paniculaia: Begins in some in 30 seconds; complete
in aU in 2 minutes.

Reaction with Pyrogallic Acid.

A. crocosmoides: Begins in all in 30 seconds; complete
in all in 4 minutes.

A. paniculaia: Begins in all in 45 seconds; complete in
all in 3}^ minutes.

Reaction with Ferric Chloride.

A. crocosmoides: Begins in some grains in 2 minutes;
complete in all in 40 minutes.

A. paniculaia: Begins in some grains in 2 minutes; com-
plete in all in 23 minutes.

Reaction with Purdy's Solution.

A. crocosmoides: There is a slight reaction in 4 minutes;
no further reaction of importance.

A. paniculaia: There is a slight reaction in some of the

grains in 3 minutes. No further reaction of

importance.

NOTES ON THE STARCHES OF ANTHOLYZA.

The histological characters of these starches vary sufficiently to be of some usefulness in dif-

ferentiation. The reactions are in close correspondence, the greatest difference being noted in the

temperature of gelatinization (2). The variations are slight and usually within the limits of error.

GENUS CROCUS.

The genus Crocus includes about 70 species of cormous herbs, natives of Southern Europe and
Southwestern Asia, especially of the region of Greece and Asia Minor. The horticulturist classes

them into the spring-flowering and autumn-flowering forms, and to the latter belongs C. sativus

Linn., the common saffron crocus. Three garden forms included in the first class were used as

sources of starch. These are C. susianus, Ker. (Cloth-of-Gold crocus), C. versicolor Ker. (Cloth-of-

Silver crocus, striped) and C. var. (Baron von Brunow, deep blue).
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GENUS CROCUS. 745

Effects of Varioxis Reagents. With chloral hydrate-iodine reaction begins immediately. A few
grains are gelatinized in 30 seconds, about half in a minute, about nine-tenths in 2 minutes, and all

but rare resistant grains in 3 minutes. The reaction is complete in the latter in 5}^ minutes. The
grains color a light red-violet immediately, and either a dark ring or irregular looped structure is

occasionally formed at the hilum. Gelatinization begins at the pressure facets and a dark rim of
color appears here, which spreads first around the margin of the grain or along ridges on the surface
when such are present. Occasionally small protuberances are formed at the corners of the grains
during gelatinization. Gelatinization begins uniformly around the surface of round grains and
spreads towards the center. In the more resistant grains an old-rose tint precedes the deep-blue
coloring, which indicates the occurrence of gelatinization. The gelatinized grains are much swollen,
but retain the shape of the untreated grain.

The reaction begins at once \vith chromic acid. A few grains are dissolved in 20 seconds, a

majority in 30 seconds, all but rare resistant grains in 45 seconds, and all in 75 seconds. Lamella;
not seen in the normal grain become distinct, the hilum swells, and two or more radiating fissures

proceed from it. The interior of the capsule is quickly dissolved, the grain swells, and finally the

capsule is ruptured at one or more points and the entire grain is dissolved.

Reaction begins vnih. pyrogallic acid immediately. A few grains are gelatinized in 10 seconds
and all in 30 seconds. The hilum swells, fissures radiate from it to the corners of the grain, and

gelatinization proceeds so rapidly that the details can not be satisfactorily determined. Occasionally
a bubble forms at the hilum, which appears temporarily to retard the reaction; it then enlarges
and finally collapses, followed by rapid gelatinization of the grain. In the round grains the hilum
swells and numerous fine radiating fissures proceed from it.

The reaction with ferric chloride begins in a few grains in 30 seconds; several are gelatinized
in a minute, practically all are in various stages in 3 minutes, the majority are gelatinized in

5 minutes, and all but a few resistant grains in 10 minutes. The reaction is complete usually in

18 minutes, rarely 25 minutes. The hilum, or cleft located at this point, swells, and a bubble
often collects there. Gelatinization now begins at the facets, the process spreads quickly around
the margin of the grain, the starch in the center being the most resistant. This less soluble

starch is broken forcibly into fragments, which are finally gelatinized. The most resistant grains
are the forms with regular outline, in which either the cavity or cleft at the hilum gradually

enlarges until finally collapse occurs and a succession of bubbles is expelled, followed by the

rapid gelatinization of the grain. The grains are swollen, but retain the general shape of the

untreated grain.

Reaction begins immediately with Purdy's solution. A few rather small grains are gelatinized

in a minute, and all are in various stages of dissolution in 5 minutes. About one-third are gelatinized

in 10 minutes, more than half in 15 minutes, and all in 30 minutes, except a few of the round or the

dome-shaped tj-pe. The hilum swells and fissures radiate from it to the corners of the grain. A
bubble is rarely formed at the hilum. The starch lining the capsule becomes delicately striated and

rarely evidence of lamellae may be observed. Gelatinization usually proceeds around the hilum and

along the fissures, accompanied by uniform swelling of the grain. Occasionally the starch at the

proximal end is gelatinized rather rapidly, accompanied by a distension of the capsule, and a center

of gelatinization then begins at the facets located at the distal end, with similar swelling. Gelatini-

zation advances from these two centers towards each other, from the proximal with the greater

rapidity, until the whole grain is involved. In the round grains the hilum swells, the previously

unseen lamellae become fairly distinct and striated, and gelatinization proceeds slowly until the

reaction is complete. A narrow border of resistant starch is not completely gelatinized. The gelat-

inized grains are swollen, but retain the shape of the untreated grains.

STARCH OF CROCUS VERSICOLOR (CLOTH-OF-SILVER). (Plate 74, figa. 443 and 444. Chart 290.)

Histological Characteristics. In form the grains are simple, partly isolated, and partly either

in aggregates which consist of two or more components or in clumps consisting of many grains.

Well-marked pressure facets are found on most of the isolated grains. The irregularities of some

grains are due to the same causes as those noted for C. susianus (Cloth-of-Gold). The conspicuous

forms are the polygonal, dome-shaped with either a flattened or pointed distal end, and round or

nearly round. Compared with C. susianus (Cloth-of-Gold) the proportion of dome-shaped, round

and nearly round, and ellipsoidal grains is much greater; the grains are more regular in outline



746 STARCHES OF IRmACE^.

than those of C. susianus (Cloth-of-Gold) ;
the aggregates are of similar character to those of C.

susianus (Cloth-of-Gold), but the proportion of doublets and triplets is much greater.

The hilum is frequently observed as a round or lenticular spot, usually centric or from slightly

to one-third eccentric of the longitudinal axis. The fissures and cavity found sometimes at the hilum

are similar to those noted for C. susianus (Cloth-of-Gold) and the hilum is more often demonstrable,
and when present the fissures or cavities are deeper.

The lamella are not usually demonstrable. Occasionally they can be observed, and they gen-

erally appear as complete rings near the hilum, but tend to follow the outline of the margin through-
out the greater part of the grain. In the dome-shaped grains the lamellae near the hilum also usually

have the form of the margin of the grain. One coarse and refractive lamella is often found at vary-

ing distances between the hilum and the distal end. In round forms this lamella is usually at the

equator. On grains of fair size, 8 to 10 lamellae can

occasionally be counted.

The grains vary in size; the smaller ones are 3 by
2)x; the larger are 24 by 23;;^ in length and breadth; the

common size is 16 by 14/^ in length and breadth. A
number of round grains may reach the size of 20/i. The
common size is 12;u.

Polariscopic Properties. The figure is centric or

slightly eccentric. It is of similar character to that

noted for C. susianus (Cloth-of-Gold), but is more often

regular and distinct throughout the entire grain. Double
or multiple figures are also observed.

The degree of polarization is fair to high. There is

a greater variation in the different grains than in C.

susianus (Cloth-of-Gold), and the proportion of grains
in which the polarization is high is much greater. The
same variation in one aspect of a given grain is observed,
but such grains are less often found than in C. susianus

(Cloth-of-Gold).
With selenite the quadrants are frequently well de-

fined. They are clean-cut in a much greater proportion of grains than in C. susianus (Cloth-of-

Gold). The quadrants are usually somewhat irregular in shape and unequal in size; but there are

more grains in which they are regular and equal than in C. siisiaiius (Cloth-of-Gold). The same

degree of pm-ity of the colors and variation in the different quadrants is observed as that noted for

C. S2tsianus (Cloth-of-Gold), but the colors are pure in a greater proportion of the grains.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a fairly deep violet

with a reddish tint, which becomes quite deep in 2 minutes; with 0.125 per cent solution the grains

color a very fight reddish violet, some deeper than others, which becomes fairly deep in 2 minutes.

The grains are slightly redder in tint, color more unevenly, and deepen in tint more slowly than in

C. susianus (Cloth-of-Gold). After heating in water until the grains are gelatinized, the solution

colors a deep indigo-blue and the grains from a light indigo-blue to quite a light blue with a reddish

tint on the addition of iodine. The solution is deeper in color and the grains lighter and some not

60 pure a blue as in C. susianus (Cloth-of-Gold). If the grains are boiled for 2 minutes and then

treated with iodine the grain-residues color a light blue-violet to rather deep indigo-blue and the

solution very deep blue. There is a greater range of tint in the gelatinized grains and the solution

is deeper than in C. susianus (Cloth-of-Gold). With an excess of iodine the grain-residues color a

lighter yet quite deep purple, and the capsules a lighter hefiotrope to a wine-red.

Staining Reactions. With gentian violet when viewed in masses the grains show a slight trace of

color at once and in 30 minutes are lightly colored, about the same as in C. susianus (Cloth-of-Gold).

With safranin the grains color very slightly immediately and in 30 minutes are lightly to fairly

stained. The color is about the same as in C. susiaiius (Cloth-of-Gold).

Temperature Reaction. The temperature of gelatinization is 75 to 76''C., mean 75.5.

Effects of Various Reagents. With cldoral hydrate-iodine reaction begins at once. A few grains

are gelatinized in a minute, the majority in 5 minutes, and all but rare resistant grains in 7 minutes.

The reaction is complete in the latter in 12 to 17 minutes. The larger round grains and others with
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regular outline are the most resistant. A dark ring or an irregular, looped structure appears at the
hilum in a much larger proportion of grains than in C. susianics (Cloth-of-Gold). The reaction is

qualitatively the same as in C susianus (Cloth-of-Gold).
The reaction begins at once with chromic acid. A few grains are dissolved in 45 seconds, the

majority in 2 minutes, all but rare resistant grains in 2J^ minutes, and in all in 4 minutes. The grains
with reg\ilar outline are the most resistant. The reaction is qualitatively the same as in C. susianus

(Cloth-of-Gold).

The reaction begins immediately with pyrogalUc acid. A few grains are gelatinized in 20 sec-

onds, the majority in 40 seconds, and all in 13^ minutes. A bubble is formed at the hilum much
more often than in C. susianus (Cloth-of-Gold), and the gelatinized grains are more regular in out-

line. The reaction is qualitatively the same as in C. susianus (Cloth-of-Gold).
The reaction with ferric chloride begins in a few grains in a minute. A small number are gelat-

inized in 2 minutes, practically all are in various stages of gelatinization and about one-third are

gelatinized in 5 minutes, the majority are gelatinized in 7 minutes, and all but rare resistant grains in

15 minutes. The reaction is complete in all in 45 minutes. Bubbles collect at the hilum in a greater

proportion of grains than in C. susianus (Cloth-of-Gold). The most resistant grains are those with

regular outline and also those in which the cavity or cleft at the hilum swells very much, from which
bubbles are later expelled. In such grains the marginal border broadens, the lamellae become dis-

tinct and striated, and the starch is finally gelatinized without the distension of the capsule at one
or more points. The reaction is qualitatively the same as in C. susianus (Cloth-of-Gold).

The reaction begins at once with Purdy's solution. A few of the smaller grains are gelatinized
in 2 minutes, and all are in various stages of the process in 5 minutes. About one-fifth are gelatin-

ized in 10 minutes, but there is little if any further progress at the end of 15 minutes. Gelatiniza-

tion has only proceeded as far as that in the grains of C. susianus (Cloth-of-Gold) in a very small

proportion of the grains, probably about one-fourth, at the end of 30 minutes. The hilum is swollen,

radiating fissures are formed, and the lamellae become distinct and striated. The reaction is quali-

tatively the same as in C. susianus (Cloth-of Gold).

STARCH OF CROCUS VAR. (BARON VON BRUNOW). (Plate 75, figa. 445 and 446. Chart 291.)

Histological Characteristics. In form the grains are simple. They are partly isolated, partly

in aggregates which consist of two or more components, and partly in clumps of many grains. Well-

marked pressure facets are found on most of the isolated grains. The irregularity frequently ob-

served on the surface of the grains is due to the causes noted in C. susianus (Cloth-of-Gold). The

conspicuous forms are polygonal, dome-shaped with flattened or pointed end, and round or nearly

round. Compared with C. susianus (Cloth-of-Gold), the proportion of dome-shaped and curvi-

linear grains is greater and the grains are more regular in outline. They are more irregular than

C. versicolor (Cloth-of-Silver). The aggregates are similar to those of C. susianus (Cloth-of-Gold),

but there aie more doublets, triplets, and quadruplets consisting of components of regular shape
and of equal size.

The hilum is frequently observed as a round or lenticular spot, usually eccentric from slightly

to one-third of the longitudinal axis. The hilum is more often demonstrable and either the fissures

or cavity when present are deeper than in C. susianus (Cloth-of-Gold).

The lamellcB are not usually demonstrable and the number can not be determined, since they are

not obvious throughout the grain.

The grains vary in size; the smaller are 3 by 2ix; the larger are 18 by 16m in length and breadth.

The common size is 13 by 12,u in length and breadth. There are a number of large round or nearly

round grains which may be 18^, the common size being 12/t.

Polariscopic Properties. The Jigiire is usually either slightly eccentric or centric. It is essen-

tially of the same character as that noted in C. susianus (Cloth-of-Gold), but more often distinct

and regular throughout the entire grain, though more irregular and less often distinct than in C.

versicolor (Cloth-of-Silver). Double and multiple figures are also observed.

The degree of polarization is fair to high. The same variation is found in the different grains and

in one aspect of a given grain as noted for C. susianus (Cloth-of-Gold), and there are more grains in

which polarization is high throughout the grain, but not so many as in C. versicolor (Cloth-of-Silver).

With selenite the quadrants are frequently not well defined, but they are clean-cut in a greater

proportion of grains than in C. susianus (Cloth-of-Gold). They are generally irregular in shape and
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unequal in size, but the proportion of grains in which they are regular and equal is greater than in

C. susianus (Cloth-of-Gold), but the degree of purity of the colors and the variation in the different

quadrants are the same.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a fairly deep to light

reddish-violet, the fairly deeply colored grains become quite deeply colored in IK minutes, while

the lightly colored grains deepen very slightly even in 5 minutes. If the grains are repeatedly
treated for 10 minutes by drawing the solution at intervals under the cover-glass, a number of grains

still remain with only a sUght trace of color, but there is nothing in the microscopic structure, as

far as could be discerned, to indicate the cause for this resistance to iodine. A very thin layer of

starch was used in this reaction. With 0.125 per cent

solution about half the grains color a very light red-

violet, which in 3 minutes deepens slightly. Even when
treated for 15 minutes with the same solution, quite a

number of the grains are barely colored, while others vary
from a light red-violet to a deep heliotrope. The grains

color much more unevenly, less deeply on the whole, and

much redder in tint than in C. susianus (Cloth-of-Gold).

Staining Reactions. With gentian violet and with

safranin the grains begin to stain at once and in 30 min-

utes are lightly to fairly stained, the color being deeper
at the facets. There is a greater variation in the depth
of tint in the different grains, and some are stained deeper
than in C. susianus (Cloth-of-Gold).

Temperature Reaction. The temperature of gelatin-

ization is 71 to 73 C, mean 74.

Effects of Various Reagents. With chloral hydrate-

iodine reaction begins at once. A few grains are gelatin-

ized in 40 seconds, nearly all in 3 minutes, and all but

rare resistant grains in 4 minutes. The reaction is com-

plete in 11 minutes. The isolated grains, as well as aggregates of regular outline, are the most
resistant. The reaction is qualitatively the same as in C. susianus (Clotfa-of-Gold).

The reaction begins at once with chromic acid. A few grains are gelatinized in 30 seconds, nearly
all in 45 seconds, all but rare resistant grains in IJ^ minutes, and all in 2J^ minutes. The most
resistant grains are those with regular outline. The reaction is qualitatively the same as in C.

susianus (Cloth-of-Gold).
Reaction begins at once with pyrogallic acid. A few grains are gelatinized in 15 seconds, nearly

all in 30 seconds, and all in 50 seconds. The gelatinized grains are swollen and somewhat distorted,

but retain the general shape of the untreated grain. The reaction is qualitatively the same as in

C. susianus (Cloth-of-Gold).
The reaction begins at once with /erne chloride. A few grains are gelatinized in IJ/^ minutes and

practically all are in the process in 5 minutes. About nine-tenths are gelatinized in 10 minutes

and all but rare resistant grains in 15 minutes. The reaction is complete in 18 minutes. The re-

action is qualitatively the same as C. susianus (Cloth-of-Gold).
The reaction begins immediately with Purdy's solution. A few grains are gelatinized in IJ^

minutes and all are in various stages of the reaction in 5 minutes. About half are gelatinized in

15 minutes and two-thirds in 30 minutes. The grains with regular outline are the more resistant

to the reagent. The reaction is qualitatively the same as in C. susianus (Cloth-of-Gold).
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Differentiation of Certain Starches of the Genus Crocus. Continued.

Iodine Reactions. CoDtinued.

Intensity and Color. Continued.

C. var. {Baron von Brunow): Fairly deep to light, less

HiBTOLOQiCAL Characteristics. Continued.

Conspicuous Forms. Continued.

C. var {Baron von Brunow): Essentially the same as in

C. susianus, but the proportion of dome-shaped
and curvilinear grains is greater, the surface more

regular, and more doublets and triplets and quad-
ruplets of components of equal size.

Hilum Form, Number, and Posilion.

C. susianxis {Cloth-of-Gold): Form round or lenticular; fre-

quently a short transverse or obUque cleft at hilum.

In dome-shaped grains frequently a longitudinal
fissure from sides of small cavity; rounded forms

may be a cross or a longitudinal fissure. Occa-

sionally Y-shaped or thorn-Uke. Position slightly
eccentric or centric; may be eccentric to 0.33 of

longitudinal axis.

C. versicolor {CLolh-of-SUver): The same as in C. sttsiamis

(Cloth-of-Gold), except the hilum is more often

demonstrable, and the fissures or cavities are

deeper. Position the same as in C. susianus (Cloth-

of-Gold).
C. var. {Baron von Brunow): Essentially the same as in

C. versicolor (Cloth-of-Silver). Position the same
as in C. susianus (Cloth-of-Gold).

LameUce General Characteristics and Number.

C. suManus {Clolh-of-Gold): Not demonstrable.

C. versicolor {Cloth-of-Silver): Not usually demonstrable;

usually rings around hilum, tend to follow outUne
of grain. 8 to 10 on grains of fair size.

C. var. {Baron von Brunow): Not usually demonstrable.

Size.

C. susianus {Cloth-oJ-Gold): From3 to 22m, commonly 12^.

C. versicolor {Cloth-of-Silver): 3 to 24m, commonly 16m.

C. var. {Baron von Brunow): 3 to 18m, commonly 13m.

PoLARiscopic Properties.

Figure.

C. susianus {Cloth-of-Gold): Usually slightly eccentric,

lines usually not distinct through the entire figure

and frequently bent or bisected. Sometimes 2 or

more figures.
C. versicolor {Cloth-of-Silver): Same as in C. susianus

(Cloth-of-Gold), but more often regular and
distinct throughout.

C. var. {Baron von Brunow): Same as in C. versicolor

(Cloth-of-SUver).

Degree of Polarization.

C. susianus {Clolh-of-Gold): Fair to high.

C. versicolor {Cloth-of-Silver): Fair to very high, higher on

the whole than in C. susianus (Cloth-of-Gold).

C. var. {Baron von Brunow): Fair to high, higher on the

whole than in C. susianus (Cloth-of-Gold), but less

than in C. versicolor (Cloth-of-Silver).

Polarization with Selenite Quadrants and Colors.

C. susianus {Cloth-of-Gold): Quadrants usually not well-

defined, irregular in shape, and unequal in size.

Colors usually impure.
C. versicolor {Cloth-of-Silver) : Quadrants the same as in C.

susianus (Cloth-of-Gold), except that the quad-
rants are clear-cut, regular, and equal in a greater

portion of the grains. Colors usually impure.

C. var. {Baron von Brunow): Quadrants the same as in C.

versicolor (Cloth-of-Silver). Colors usually impure.

Iodine Reactions.

Intensity and Color.

C. susianus {Cloth-of-GoU): Fairly deep; blue-violet.

C. versicolor {Cloth-of-Silver): Fairly deep, but deeper

than in C. susianxis (Cloth-of-Gold); violet with

reddish tint.

deeply on the whole than in C. susianus (Cloth-

of-Gold); violet deep to light, redder than in C.

susianus (Cloth-of-Gold).

Staining Reactions.

With Gentian Violet.

C. susianus {Cloth-of-Gold): Light.
C. versicolor {Cloth-of-Silver): Light, about the same as in

C. susianus (Cloth-of-Gold).
C. var. {Baron von Brunow): Light to fair, on the whole

deeper than in C. susianus (Cloth-of-Gold).

With Safranin.

C. susianus {Cloth-of-Gold): Light to fair.

C. versicolor {Cloth-of-Silver): Light to fair, about the

same as in C susianus (Cloth-of-Gold).
C. var. {Baron von Brunow): Light to fair, on the whole

deeper than in C. sv^ianu^ (Cloth-of-Gold).

Temperature of Gelatinization.

C. susianus {Clolh-of-Gold): 09 to 71 C, mean 70.
C. versicolor {Cloth-of-Silver): 75 to 76 C, mean 75.
C. var. {Baron von Brunow): 71 to 73 C, mean 74.

Effects of Vakiods Reagents.

Reaction with Chloral Hydrate-Iodine.

C. susianus {Cloth-of-Gold): Begins immediately; com-

plete m practically all in 3 minutes, and in all in

5}^ minutes.
C. versicolor {Cloth-of-SUver): Begins immediately; com-

plete in practically all in 7 minutes, and in all in

17 minutes.
C. var. {Baron von Brunow): Begins immediately; com-

plete in practically all in 4 minutes, and in all in

11 minutes.

Reaction with Chromic Add.

C. susianus {Cloth-of-Gold): Begins immediately; com-

plete in practically all in 45 seconds, and in aU in

75 seconds.

C. versicolor {Cloth-of-Silver): Begins unmediately; com-

plete in practically all in 2)4 minutes, and in all

in 4 minutes.
C. var. {Baron von Brunow): Begins immediately; com-

plete in practically all in IJ^ minutes, and in all

in 2M minutes.

Reaction with Pyrogallic Acid.

C. susianus {Cloth-of-Gold): Begins immediately; com-

plete in 30 seconds.

C. versicolor {Cloth-of-Silver): Begins immediately; com-

plete in atll in IH minutes.

C. var. {Baron von Brunow): Begins immediately; com-

plete in 50 seconds.

Reaction with Ferric Chloride.

C. susianus {Cloth-of-Gold): Begins in a few in 30

seconds; complete in practically all in 10 minutes

and in all in 25 minutes.

C. versicolor {Cloth-of-Silver): Begins in a few in 60

seconds; complete in nearly all in 15 minutes, and
in all in 45 minutes.

C. var. {Baron von Brunow): Begins immediately; com-

plete in practically all in 15 minutes, and in all

in 18 minutes.

Reaction with Purdy's Solution.

C. susianus {Clolh-of-Gold): Begms immediately; com-

plete in practically all in 30 minutes.

C. versicolor {Cloth-of-Silver): Begins immediately; com-

plete in about one-fourth in 30 minutes.

C. var. {Baron von Brunoiu): Begins unmediately; com-

plete in about two-thirds in 30 minutes.
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NOTES ON THE STARCHES OF CROCUS.

There are some minor differences in these starches in regard especially to the relative number of

different forms of grains, the hiliim, and the lamellae, which are useful in distinguishing one from the

other. In general, C. susianus and C. var. (Baron von Brunow) have the closest likeness of any two.

In the reactions, the starches are very much alike, the main differences being noted in the tempera-
tures of gelatinization (5), and in the reactions with chloral hydrate-iodine and ferric chloride.

Qart No. 292.

GENUS ROMULEA.

The genus Romulea includes about 33 species of cormous plants that are closely allied to Crocus,
and which are natives of the Mediterranean region and of Western and Southern Africa. Romulea
rosea var. speciosa Baker {Tricnonema speciosum Ker.) was the only specimen available to us as a

source of starch.

STARCH OF ROMULEA ROSEA VAR. SPECIOSA. (Plate 75, figa. 447 and 448. Chart 292.)

Histological Characteristics.- In for7)i the grains are simple, and are isolated except a few aggre-

gates which are usually in the form of doublets or triplets. Nearly all the isolated grains are marked

by one to three pressure facets. There are a few clumps. The surface is usually smooth and regular.

The conspicuous forms are the hemispherical to dome-shaped with one to three facets at the base,

the spherical, and the ovoid; also some polygonal forms that owe their shape to multiple pressure
facets. The grains are not flattened and on end they appear spherical.

The hilum is a distinct, comparatively large spot, usually slightly eccentric and in the median
line. In some grains there appears to be a cavity at the hilum. The hilum is rarely fissured. Double
and triple hila may occm-.

The lamelloe are rather coarse, usually indistinct, regular, and continuous, and follow the marginal
outline closely. There is one lamella which is near the hilum and one or two near the margin, which
are coarser than the rest and very distinct. Seldom more
than 6 can be counted on a single grain.

The grains vary in size from 3 to 25/i. The com-
mon size is about 15/u.

Polariscopic Properties. The figure is usually eccen-

tric, distinct, and fairly clear-cut It is modified by the

surfaces of the facets. Its Unes are rather broad, tending
to become broader marginally, and are sometimes bent.

The degree of polarization is fairly high. It varies

somewhat in different grains and in different aspects of

a given grain.

With selenite the quadrants are well defined, usually

clear-cut, and unequal in size. The colors are fairly pure.
Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains color a very light violet-blue and the tint

deepens slowly, becoming fairly deep after some time;
with 0.125 per cent solution the grains color very faintly
and the tint deepens slowly. After heating in water until

all the grains are gelatinized the solution colors fairly and
most of the gelatinized grains deeply. After boiling for

2 minutes the solution is colored very deeply and the grain-residues lightly. The capsule is colored

violet with an excess of iodine and most of them contain some blue-reacting substance.

Staining Reactions. With gentian violet and with safranin the grains begin to color slightly

at once and at the end of 30 minutes they are very lightly stained.

Temperature Reaction. The temperature of gelatinization is 73 to 74 C, mean 73.5.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in a very few grains in

1^ minutes and is general in 4 minutes; about one-fourth, including all the small grains and a very
few of the large grains, are gelatinized in 25 minutes, and about half of the larger grains are gelatin-

ized in 1 hour 35 minutes. The reaction begins at the corners and edges of the facets, and the starch
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here stains a deep indigo and swells slightly. From these points tlio jjrocess spreads slowly inward
over the rest of the grain, accompanied by very slight swelling. The gelatinized grains are not very
large and retain much of their original form.

Reaction with chromic acid begins in some grains in 15 to 30 seconds and is over in 33^ minutes.

The less resistant starch melts down into a semifluid mass occupying the center of the grain and
the more resistant starch forms a striated marginal band, which is broad at first but grows thin and

transparent, especiallj^ at the corners of the facets. Usually the resulting thin capsule is dissolved

at these points and the semiliquid central mass flows out and is fully dissolved, and the rest of the

capsule is also dissolved slowly.

The reaction with pyrogallic acid is general in 15 minutes, and about half of the grains are fully

gelatinized and the rest are partially gelatinized in 40 minutes. The hilum and lamellce grow more

prominent and the grain becomes covered by fine striaj radiating in all directions from the hilum.

The less resistant starch melts down into a gelatinous mass occupying the central portion of the

grain and causing the grain to swell. The more resistant starch forms a fairly broad, dense, striated,

marginal band, which becomes gradually thin and transparent in the fullj' gelatinized grains; these

grains are fairly large and retain some of their original form, and the capsules are sometimes slightly

wrinkled and folded.

With/e7Ttc chloride a very few grains begin to react in 2 minutes and one-third are affected; a few

are completely gelatinized in 13 minutes, three-fifths are completely gelatinized in 27 minutes, and

practically all in an hour. The reaction begins at the comers and edges of the facets. The starch

at these points becomes gelatinous and swells out irregularly, distending the capsule. From these

points the reaction spreads until all the starch at the base is involved, and then it spreads inward

over the rest of the grain. In some cases the less resistant material collects in the central part of

the grain in a gelatinous mass, causing the grain to swell and the more resistant starch forms a

dense marginal band which becomes gradually thin and transparent. The gelatinized grains are

large and retain some of their original form. The capsules are often wrinkled and folded.

The reaction with Purdy's solution begins in a few grains in 30 seconds, and in an horn* a scattered

few show complete gelatinization and the rest show various stages of partial gelatinization. The
reaction presents the same appearance as that to pyrogallic acid.

GENUS CYPELLA.

This genus includes 8 species of bulbous plants, natives of Southern Brazil, Uruguay, and

Argentina. C. herberti is the only species in common cultivation in this country and from it was

obtained a specimen of starch representative of the genus.

STARCH OF CYPELLA HERBERTI. (Plate 75, figs. 449 and 450. Chaxt 293.)

Histological Characteristics. In form there are both simple and compound grains, a few clumps
but no aggregates; no pressure facets. The surface of the grains is rounded and tends to be some-

what irregular in outline. The conspicuous forms are the reniform to rounded reniform, with a

slight protrusion from the straightened edge, which is the pro.ximal end; also lenticular, elliptical

to almost round, and rounded triangular. The grains are somewhat flattened, the reniform grains

being about half as thick as long.

The hiluni is always fissured, generally very deeply. It is very eccentric, and commonly in or

near the median line. It is sometimes double or multiple; and there may be two or more hila in the

compound grains. The fissures are usually very wide and deep and take the form of a very ragged

cross placed longitudinally or diagonally, and may include all the hila. In other cases there is an

irregularly stellate fissure, or when there are two or more hila there may be a corresponding num-

ber of irregularly stellate fissures.

The lamella; are generally not very distinct; when seen, they appear as coarse, regular, con-

tinuous lines. They tend to follow the outline of the margin, but otherwise do not appear to have

irregularities. Near the hilum they are somewhat obscured by the deep fissures. There are probably

about 6 to 8 on a medium-sized grain.

The grains vary in size from 4 to 48/i. The common size is 30/x.

Polariscopic Properties. The figure is eccentric, fairly distinct, but not clear-cut, owing to the

broad diffused lines. One of its lines may be bisected, and rarely the lines may be bent.
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Chart No. 293.

The degree of polarization is low to fair in most grains, and decidedly variable in different

grains and in different aspects of the same grain.

With selenite the quadrants are not well defined, usually irregular in shape, and always unequal
in size. The colors are not pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains are colored at once fairly deeply;
with 0.125 per cent solution the coloration occurs immediately and deepens until it is nearly as deep
as that with the 0.25 per cent solution. After heating until all the grains are completely gelatinized,

the solution is colored lightly and the gelatinized grains deeply on the addition of iodine; these

grains (which are less deeply colored than others) have a pinkish capsule after the addition of an

excess of iodine. After boiling for 2 minutes the solution colors very deeply and the grain-residues

lightly. Most of the capsules contain some blue-reacting starch. When an excess of iodine is

added, some of the grain-residues have a violet-colored

capsule, some a blue-violet, and others a pinkish-violet.

Staining Reactions. With gentian violet the grains

begin to stain immediately and after 30 minutes the color

is fair.

With safranin the grains begin to stain immediately
and after 30 minutes they are fairly well stained.

Temperature Reaction. The temperature of gelatin-

ization is 54.5 to 56.5 C, mean 55.

Effects of Various Reagents. With chloral hydrate-

iodine some of the smaller grains begin to react in 30

seconds and in 2^2 minutes the reaction is general. All

are darkened and the reaction is over in 30 minutes. In

the reniform grains the reaction begins with swelling
at the base and spreads around the margin until it reaches

the two prominences at the side of the proximal end of

the grain. In the meanwhile the reaction spreads over

all of the inner part of the grain until only a small,

wedge-shaped portion is left about the hilum at the prox-
imal end, and this soon also becomes included. The gelat-

inized grains are fairly large and their distal ends show a concentric arrangement of rather irregular

dark bands separated by light fissures. The proximal portions generally appear as more or less

homogeneous dark masses divided by irregular fissures, in the same manner that the original grain

was fissured. They retain much of the original form of the grain.

There is reaction with chromic acid in many grains in 20 seconds and it is over in all in 2J^
minutes. The reaction appears to consist in a rapid breaking down of the whole substance of the

grain, beginning at the portion just beneath the hilum and extending towards the proximal end and

outward to the sides. The grain becomes a large, gelatinous mass consisting of a very thin homo-

geneous capsule inclosing a finely granular mass. The capsule is dissolved at one point and the

granular inclosed mass flows out and is dissolved, followed by solution of the capsule.

With pyrogallic acid there is a general reaction in 30 seconds and it is over in 23^ minutes.

The reaction consists in a general breaking down of the grain into a finely granular mass, accompanied

by enormous swelling. This reaction begins in the portion between the distal end and the hilum,
and extends downward and outward, the part just above the hilum remaining unaffected at first,

but is pushed up to form a thick, marginal portion as the grain swells. Then the margin gradually
becomes thinner and transparent. The gelatinized grains are very large, much folded, and invag-

inated, and they do not retain much of the original form of the grains.

The reaction with ferric chloride begins in 13^2 minutes. Most grains are gelatinized in 15 minutes

and all in 30 minutes. The margin up to the prominences at each side of the proximal end becomes

gelatinous. The process starts at the distal end of the grain and spreads upward. After these prom-
inences are reached the process spreads inward and at the same time a very small part of the proximal
end is involved, and finally there is formed an irregularly gelatinous, peripheral portion surrounding,
or almost surrounding, a non-gelatinized center. The center becomes invaded by small fissures which

divide it into small parts which separate and gelatinize independently. The gelatinized grains are very

large, somewhat irregular, and sacculated. They do not retain any of the original form of the grain.
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There is a reaction with Purdy's solution in some grains in 3 minutes; some grains are unaffected,
BOme are only partially gelatinized, but nearly all are completely gelatinized in IJ^ hours. This
reaction is the same qualitatively as that to pyrogallic acid.

GENUS MARICA.

This is a tropical American genus of 1 1 species, stated to be more closely allied to Cypella than to

any other genus of the Iridacece. The starch from M. gracilis Herb, was studied as a type of the genus.

STARCH OF MARICA GRACILIS. (Plate 76, figa. 451 and 452. Chart 294.)

Histological Characteristics. In form the grains are simple and isolated. There are a few
clumps. Pressure facets are not seen on any grains. The surface is smooth, but the margin is irreg-
ular, owing to u-regularities in the development of the surface, especially the margin at the proximal
end. The conspicuous form is the reniform, the concave edge corresponding to the proximal end.
This concavity is sometimes marked with a protuberance; sometimes this end is straight or curved
outward, with or without a protuberance. There is quite a variety of forms ranging from rod-
like to elliptical, oval and ovoid, oval with pointed ends, sugar-loaf, pyriform, etc. The grains are
flattened and about one-thu-d as thick as broad. On end or edge they are of a flattened elliptical
form.

The hilum is not distinct and is a small round spot, eccentric one-sixth to one-ninth of the longi-
tudinal axis of the grain and in or to one side of the median line. It is sometimes fissured, and the
fissure is single in the longitudinal or diagonal axis, short or long, narrow and clean-cut.

The lamelloe are fairly distinct, regular, fine, probably arcs of circles, which follow the outline
of the margin of the distal end; not so fine, but more dis-

tinct near the distal end. They do not vary much in

different grains. There are 16 to 18 on the larger grains.
The grains vary in size from 5 to 52;u. The common

size is 39ii.

Polariscopic Properties. The figure is eccentric and

usually very obscure urdess the grain is viewed on end or

edge, in which cases it is both distinct and clear-cut, and
the lines are not bent nor otherwise distorted. Ordi-

narily its lines are very broad and diffused and merge
into one another.

The degree of polarization is very low. It is usually
absent over the greater part of the sm-face, especially cen-

trally. When the grain is viewed on end or edge polar-
ization is high.

With selenite the quadrants are usually fused. The
colors are impure. If the grain is on end or edge, the

quadrants are well defined, fairly regular in shape, and

unequal in size. The colors are not pure.
Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains color lightly at first and the color deepens slowly until it is a fairly deep indigo; with

0.125 per cent solution they begin to color faintly in about 13^ minutes, but the color deepens but
little. After heating in water until the grains are completelj^ gelatinized, the solution colors deeply
and the grains fairly deeply on the addition of iodine. After heating for 2 minutes, the solution

colors very deeply and the grain-residues lightly. With an excess of iodine the capsules all color violet.

Staining Reactions. With gentian violet and with safranin the grains begin to stain at once
and in 30 minutes they are lightly stained, one as much as another.

Temperature Reaction. The temperature of gelatinization is 69 to 71 C, mean 70.

Effects of Various Reagents. With chloral hydrate-iodine the reaction begins in some grains in

2 minutes and in many in 3 minutes. It is over in four-fifths of the grains in 20 minutes and in all

in 13^ hours. The reaction usually begins "with darkening and swelling of the margin at the distal

end and extends around the margin to the projections marking the extremities of the proximal end.

The reaction then progresses inward and upward over the grain until it is all darkened and some-
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what swollen. There is always a sharp line of demarcation between the gelatinized and non-gelat-

inized portions. Often there is a cap at the distal end which gelatinizes before the rest of the grain

is affected. In some grains the reaction begins at the distal end and at the same time at the pro-

jections at either extremity at the proximal end, and from these points inward over the whole grain.

The gelatinized grains are fairly large and of a uniform dark color, and retain some of the original

form.

The reaction with chromic acid begins in 30 seconds and is over in 53^ minutes. The reaction

begins with the appearance of coarse strise throughout the grain. The starch from the hilum to

the distal margin is converted into a granular, gelatinous mass inclosed in a thin capsule, and the

grain swells, leaving a narrow, striated line of resistant starch along the pro.ximal margin. The thin

capsule is now dissolved at the sides, or at the distal end, and the gelatinized starch flows out and is

dissolved. The resistant starch at the proximal end dissolves at the same time, but not so rapidly
as the rest of the grain.

With pyrogallic acid the reaction begins in 45 seconds and is over in 314 minutes. The reac-

tion begins with the appearance of fine strise throughout, followed by a swelling of the grain caused

by conversion of the entire grain-substance between the hilum and the sides and distal margin
into a finely granular, gelatinous mass. The granules disappear, leaving a small, thin, finely striated

line of resistant starch at the proximal end, which, after the rest of the grain is completely gelatinized,

becomes thinner and transparent. The gelatinized grains are large and are thrown into lamella-

like folds between the proximal and the distal ends, and retain much of the original form of the grain.

The reaction with/e?Tic chloride begins in some grains in 2}^ minutes. About half are completely

gelatinized in 12 minutes, four-fifths in 20 minutes, and all in 45 minutes. The gi-ain becomes in-

vaded by fissures at the distal end, at the sides, and at the projections at the proximal end, from

which fissures, gelatinized starch oozes, forcing oat the capsular covering. The process spreads
over nearby portions of the margin, and then slowly inward over the rest of the gi'ain, the proximal
end being the last to be affected. The swollen grains are large, very much wrinkled, folded, and

sacculated, and retain some of the original form of the grain.

The reaction with Purdy's solution begins in a few grains in 4 minutes. In 45 minutes half of

the grains are partially and a few nearly completely gelatinized. The reaction appears the same

qualitatively as that to pyrogallic acid.

GENUS GELASINE.

Gelasine is a genus of South American bulbous plants which includes only 2 species. G. azurea,

the only representative available as a source of starch, is a native of Argentina and is to a limited

extent in garden cultivation.

STARCH OF GELASINE AZUREA. (Plate 76, figs. 453 and 454. Chart 295.)

Histological Characteristics. In form the grains are simple with the exception of rare compounds
which consist of two components. The simple grains are isolated and there are no pressure facets.

There are a few clumps. The surface is, as a rule, well rounded and smooth, but there is slight

irregularity of outline owing to unequal development of the marginal portions. The conspicuous
forms are the reniform and elliptical to ovoid; also spherical, hemispherical, lenticular, triangular,

etc. The part of the margin corresponding to the concavity of the reniform shapes may be straight

or curved outward, and is not infrequently marked by a small protuberance. This part is the

proximal end; the distal end is very convex. The grains are slightly flattened and about one-half

to one-third as thick as they are broad, and the longitudinal axis of the grain is in most cases in

the short diameter.

The hilum is a quite distinct, small round spot, very eccentric, and usually in or near the median
line. The hilum is seldom fissured. There may be, rarely, 2 hila, and they may be separated by a

small fissure. The fissuration may be in the form of a single longitudinal or diagonal line, or 2- or

3-armed. In all cases it is clear-cut and not ragged.
The lamellce are fairly distinct, comparatively coarse, regular, continuous rings. They follow

closely the outline of the margin and exhibit no other irregularities. They are usually more distinct

near the hilum than near the margin. There are from 14 to 18 on the larger grains.

The grains vary in size from 3 to 36/j. The common size is 24/j
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Polariscopic Properties. The figure is eccentric, distinct, and fairly clear-cut. Its lines tend
to be somewhat broad, and often broader and dimmer in some parts of their length. They are not
infrequently bent somewhat.

_

The degree of polarization is fair to fairly high. It is very low or absent in some parts of the
grains and varies somewhat in different grains. It is high when the grain is viewed from the end
or sides.

Ayith seleniie the quadrants are well defined, somewhat irregular in shape, and unequal in size.

The colors are not pure, except when the grains are viewed from the end or sides.

Iodine Reactio7is.~With 0.25 per cent Lugol's solution the grains are colored at once and fairly
deeply; with 0.125 per cent solution they color lightly at first, but the color deepens quickly. After
heating until the grains are completely gelatinized, the solution is colored lightly and the grains
very deeply on the addition of iodine. After boiling for

2 minutes the solution is colored deeply and the grain-
residues hghtly. Almost all the capsules retain blue-

reacting starch, and all have a violet color after being
subjected to an excess of iodine.

Staining Reactions. With gentian violet the grains

begin to stain lightly at once, but in 30 minutes the color

is not much deeper than at first.

With safranin the grains begin to stain very lightly
in a minute and after 30 minutes the stain is still very
light.

Temperature Reaction. The temperature of gelatin-
ization is 73 to 74 C, mean 73.5.

Effects of Various Reagents. With chloral hydrate-
iodine reaction begins in some grains in Iji minutes,
about three-fourths are fully darkened and swollen in 30

minutes, and five-sixths in an hour. There is no further

change. The reaction may begin at the margin, at the

distal end, at one side, or at the proximal end. It then

spreads along the margin only as far as the two promi-
nences on the sides of the proximal end, and then inward over the whole grain. This process is

usually accompanied by some swelling. There is a fairly sharp line of demarcation between the

gelatinized and non-gelatinized parts of the grain. The hilum is often unaffected until all other

parts of the grain are altered. The gelatinized grains are fairly large, but not much distorted, and

they retain somewhat their original shape. They are usually uniformly a dark blue.

With chromic acid the grains begin to react in 20 seconds and the reaction is practically over in

12 minutes. The hilum begins to swell somewhat. The grain becomes divided by fine radial striae,

which later grow very coarse. The inner portion passes into a gelatinous mass. There is formed

at the margin a striated ring, ragged on the inner edge, and showing at first very distinct, concentric,

alternate refractive and non-refractive bands. This ring becomes thinner, transparent, and quite

homogeneous as the grain swells. The end finally dissolves, allowing the inner, granular gelatinized

starch to exude and to pass into solution. Other parts of the capsule dissolve slowly.

With pyrogallic acid some grains show slight reaction in 3 minutes. About five-sixths are affected

and a few are fully gelatinized in 60 minutes. Both hilum and lamellae are distinct. The hilum swells

and the grain becomes divided by fine radial striee. The inner portion is changed into a gelatinous

mass. A striated ring is formed at the margin, the inner part of which is very ragged. As the grain

swells this ring becomes thinner and more transparent. The gelatinized grains so formed are fairly

large and somewhat infolded and wrinkled, but they retain somewhat the original form of the grain.

With ferric chloride a few of the smaller grains react in 2>^ minutes. About half are affected

and fully or partially gelatinized in 10 minutes, and three-fourths are gelatinized in 45 minutes.

There is not much further change. The reaction consists in the swelling of the hilum, the appear-

ance of fine striae which radiate throughout the grain, and the conversion of the inner portion into a

gelatinous mass. The material at the margin forms into a ring which is distinctly striated. As

the grain swells this ring becomes thirmer and transparent. The gelatinized grains are very large,

somewhat folded, and wrinkled.

p
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A few grains react in 10 seconds with Purdy's solution, but after 45 minutes only a few are even

partially gelatinized. There is no further change. The great majority never react. This reaction

is similar in character to that with pyrogallic acid.

GENUS SPARAXIS.

Sparaxis is a genus of less than half a dozen species of bulbous plants, closely related to Ixia.

It is a native of South Africa, and popularly known as the wand flower, or rarely as the harlequin
flower. There are a number of garden varieties, chiefly in the form of hybrids, which for the most

part are referable to 3 species: S. bulbifera Ker., S. tricolor Ker., and S. grandifloi-a Ker. All of these

are also known as corresponding Ixias. Starches from two garden forms were prepared : <S. grandi-

flora alba and S. var. (Albertine).

STARCH OF SPARAXIS GRANDIFLORA ALBA. (Plate 76, figs. 455 and 456. Chart 296.)

Histological Characteristics. In form the grains are almost wholly simple. There are a few

compound grains consisting of few components. The simple grains are either isolated, in aggre-

gates of few components, or in clumps. Most of the isolated grains have sharply defined pressure
facets. The surface of the grains is sometimes irregular, owing chiefly to the flattening of one or

more points on the curved siu'face, or to the occasional presence of ridges found principally upon
the rounded forms. The conspicuous forms are dome-shaped, which sometimes have a pointed

base, hemispherical, round, and nearly round. There are also a few ovoid, pyriform, imperfect

quadrangular that are rounded with broadened and flattened distal end, broadly triangular with

curved base and rounded angles, and ellipsoidal with sometimes a slightly broadened and flattened

distal end. The aggregates are more often doublets of

ellipsoidal or almost spherical form; but triplets, quad-

ruplets, and even quintuplets with components arranged

compactly are frequently observed. Aggregates with

components in linear arrangement are also occasionally

present.
The hilum may be noted as a clear round spot, cen-

tric or eccentric to about one-third to one-fourth of the

longitudinal axis. A small, irregular cavity, from which

two short fissures usually proceed, is often found in the

dome-shaped grains. A cavity with two or more fissures

is present in the rare pyriform and broadly triangular

grains.

The lamellce are usually indistinct, but occasionally 7

fairly coarse, complete rings may be counted in the round

grains; 8 or 9 in the dome-shaped grains. The lamellae

immediately around the hilum are usually circular in out-

line, but the remaining ones tend to have the form of the

outline of the grain. On fair-sized dome-shaped grains 8

fairly coarse lamellae can sometimes be distinguished.

The grains vary in size; the smaller are 3 by 2ix] the larger dome-shaped grains are 16 by 14/x

in length and breadth. There are a number of isolated, round grains, the larger of which are 16

by 16/i. The common size of the dome-shaped grains is 12 by 10^, and of the round grains 12 by
12/i in length and breadth. A few ellipsoidal grains are usually 20 by 16m, but rarely may be 30

by 24/i in length and breadth.

Polariscopic Properties. The figure is slightly eccentric, centric, and quite eccentric. Its lines

are frequently not distinct throughout, and are often either bent or bisected. Double figures indicat-

ing the presence either of aggregates or compound grains, essentially the former, are fairly frequent.
The degree of polarization is fair to high. There is a variation in the different grains, as well

as in the same aspect of a given grain. One or two quadrants may be much lower than others.

With selenite the quadrants are usually not clearly defined, and are generally irregular in shape
and unequal in size. There is often a variation in the purity of the colors in a given grain; they may
be impure in one or more quadi-ants and pure in others. The yellow is more often impure than the

blue, which latter is pure in the greater number of grains.
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Iodine Reactions. With 0.25 per cent Lugol's solution the grains color immediately a fairly

deep blue-violet, which deepens rather rapidly; with 0.125 per cent solution they color a light

blue-violet, which deepens rather rapidly. After heating in water until the grains are gelatinized
and then treating with iodine, the solution colors a greenish-blue, most of the grains a deep
purplish-blue, and the rare, large, ellipsoidal grains a deep reddish-violet. When the solution is

boiled for 2 minutes and then treated with iodine, the solution becomes a deep indigo-blue and the

grain-residues a light blue. With an excess of iodine the solution becomes a greenish-blue and the

grain-residues a deep reddish-purple, while the capsules are colored a deep heliotrope to a wine red.

Staining Reactions. With gentian violet the grains begin to stain at once and in 30 minutes
are lightly stained.

With safranin the grains begin to stain at once and in 30 minutes are lightly colored. Even
the rare ellipsoidal and pyriform grains stain lightly, although a little deeper than the others.

Temperature Reaction. The temperature of gelatinization is 71 to 72 C, mean 71.5.

Effects of Various Reagents. With chloral hydrate-iodine the reaction begins immediately. A
few are gelatinized in 30 seconds, nearly all in a minute, and all but a few resistant grains in 2 min-
utes. The reaction is complete in the latter in 8 minutes. The entire grain is colored an old-rose.

Either a dark spot, a ring, or an irregular looped structure usually appears at the hilum. Gelatin-

ization begins at the edges of the pressure facets, which are indicated by a dark blue rim on the dome-

shaped grains; this process spreads around the margin of the grain and then towards the center,
until the entire grain is gelatinized. In round grains gelatinization begins uniformly on all parts
of the surface and proceeds towards the center. Both the dark ring and the looped structure grad-

ually become much enlarged during gelatinization, but finally collapse, and clouds of the dark-

blue color then flow over the entire grain and the reaction is complete. The grains with regular
outline and those in which the structures at the hilum swell considerably are most resistant to the

reagent. The gelatinized grains are swollen, but retain the general shape of the untreated grain.

The reaction begins immediately with chromic acid. A few are dissolved in 30 seconds, nearly
all in a minute, and all but rare resistant grains in 2 minutes. The reaction is complete in these in

5J/^ minutes. The hilum swells and thick fissures radiate from it towards the corners of the dome-

shaped and somewhat quadrangular grains; the lamellae become fairly distinct and are striated,

and all but the thick, slowly reacting capsule is quickly gelatinized. The capsule is quite resistant,

but as the grain swells it is finally ruptured, usually at the facets when present, and the entire grain

passes into solution. In the round grains the process is the same, excepting that the rather thick,

radiating fissures are not formed.

The reaction begins immediately with pyrogallic add. A few grains are gelatinized in 15 seconds

and all but a few resistant grains in 30 seconds. The reaction is complete in the latter in 60 seconds.

The hilum swells and fissures proceed from it towards the corners of the faceted grains. In the

round forms the process is similar, but the reaction is usually slower and the lamellae can often be

more clearly distinguished. The gelatinized grains retain the general shape of the untreated grain,

but are much swollen and somewhat distorted at the facets. They are bounded by a fairly thick

outer layer in which the remains of 2 lamellae may sometimes be distinguished.

The reaction begins inamediately with ferric chloride. A few grains are gelatinized in 30 seconds,

nearly all in 13^ minutes, and all but a few resistant grains in 4 minutes. The reaction is complete

in the latter in 12 minutes. The hilum swells and a bubble often forms there. A border which is

more transparent forms around the grain. Later the lamellae in this area become more clearly

defined. Gelatinization usually begins at the facets, followed by a rapid distension of the capsule

at these points. This process sometimes spreads around the whole surface of the grain, the central

portion being the last to undergo gelatinization. In some grains the hilum swells and gelatiniza-

tion begins in the center and advances gradually towards the surface. This form of gelatinization

is found chiefly in the round grains. The gelatinized grains are much swollen and somewhat dis-

torted at the facets, but retain the general shape of the untreated grain.

With Purdy's solution the reaction begins immediately. A few are gelatinized in 30 seconds,

nearly all in a minute, and all but rare resistant grains in 2 minutes; many of the latter are not

affected beyond the first steps of the reaction, even in 30 minutes. The hilum swells and two or

more radiating fissures proceed from it towards the corners of the grain, and the lamella become more

distinct and are striated. Gelatinization follows the course of the fissures until all the starch be-

comes soluble except 2 or 3 of the outermost lamellae and the capsule. In the round grains the hilum
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swells, the lamellae become sharply defined and striated, delicate fissures radiate from the hilum,

and gelatinization proceeds, accompanied with uniform swelling. The small and medium-sized

grains mth regular outline are the most resistant. The gelatinized grains are swollen, but retain

the general shape of the untreated grain.

STARCH OF SPAEAXIS VAR. (ALBERTINE). (Plate 77, figs. 467 and 458. Chart 297.)

Histological Characteristics. In form the grains are almost wholly simple. Compound grains

consisting of few components are present in small numbers. The simple grains are found as isolated

grains, usually with sharply defined pressure facets, in aggregates of few components, and in clumps.

Irregularities of the grains are sometimes found which are attributable to the same causes as noted

for <S'. grandijlora alba. The conspicuous forms are dome-shaped (sometimes with a pointed base),

hemispherical, and round or nearly round; also ovoid, pyriform, imperfect quadrangular, triangular,

ellipsoidal, etc., as in S. grandiflora alba. There is in this starch a larger proportion of rather large,

ovoid, pyriform, and broadly triangular forms than in iS. grandiflora alba.

The hilum is sometimes distinct as a small, clear, roxmd spot, centric or eccentric to about one-

third to one-fifth of the longitudinal axis. A small cavity, from which two short fissures usually

proceed, is often found in the dome-shaped grains. A cavity at the hilum with two or more radiating
fissures is usually present in the rather large pjTiform and

broadly triangular grains.

The lamellce are not often demonstrable. They are

not quite so distinct in as large a proportion of grains as

in S. grandiflora alba, but when observed are of the same
character and number.

The size varies; the smaller grains are 3 by 2^; the

larger dome-shaped are 19 by 18;u in length and breadth.

A number of rather large, round, isolated grains are 20 by
20/i in length and breadth. The common size of the dome-

shaped grains is 14 by 13yu and of the round grains 13 by 13;u

in length and breadth. A few ellipsoidal grains are usually

about 24 by IS/x, but rarely 32 by 26/x.

Polariscopic Properties. The figure is centric or ec-

centric. Its Unes are similar to those of S. grandiflora alba,

but are more often distinct throughout the entire length.

In a large proportion of grains the figiue is quite eccentric.

The degree of polarization is fair to high. There is

the same variation in the different grains as noted for

(S. grandiflora alba, as well as in the same aspect of a given

grain. The proportion of grains in which the polarization is high is greater than in iS'. grandiflora

alba, and there is a smaller number of grains in which it varies in the same aspect of the grain.

With selenite the quadrants are often not clearly defined and they are in much larger propor-

tion in S. grandiflora alba. They are often irregular in shape and unequal in size, but a greater

proportion are larger than in S. grandiflora alba. The purity of the colors is about the same as in

S. grandiflora alba.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a deep blue with a

reddish tint which deepens very rapidly. The tint is much deeper and changes more quickly than

in S. grandiflora alba. With 0.125 per cent solution the grains color a deep blue-violet which deepens

rapidly; it is deeper than in S. grandiflora alba. After heating in water until all the grains are gelat-

inized and then treating with iocUne, the solution colors a greenish-blue and most of the gi-ains a

deep purplish-blue, and the rare, rather large, ellipsoidal grains color a deep reddish-violet. The color

of solution and grains is about the same as S. grandiflora alba. The solution if boiled for 2 minutes

and then treated vfiih iodine colors a deep indigo-blue and the grain-residues a bright, lighter blue,

some with reddish tint, a deeper blue than S. grandiflora alba. With an excess of iodine the solution

becomes a deeper blue, the grain-residues a deep purple, and the capsules a deep heliotrope to a

deep old-rose and a wine-red. There are more capsules with redder tint than in S. grandiflora alba.

Staining Reactions. With gentian violet the grains begin to stain at once and in 30 minutes

are lightly to fairly colored. The tint is deeper than in S. grandiflora alba.
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With safranin the grains begin to stain at once, and in 30 minutes are light to fairly deep in

color. The tint is distinctly deeper than in S. grandijlora alba.

Temperature Reaction.- The temperature of gelatinization is 72 to 73 C, mean 72.5.

Effects of Various Reagents. With chloral hydrate-iodine the reaction begins immediately. A
few grains arc gelatinized in 30 seconds and all but a few resistant grains in a minute. The reaction

is usually complete in tlie latter in 33^2 minutes. Rarely a broadly triangular grain with curved

base and rounded angles is observed, in which gelatinization does not reach completion in 18 min-

utes. The grains generally swell uniformly during the reaction, but in the broadly triangular form

a small, rounded protuberance appears at the proximal end. The reaction is qualitatively the same
as in S. grandiflwa alba.

The reaction begins immediatelj- with chromic acid. A few grains are dissolved in 15 seconds,

nearly all in 30 seconds, and all but rare resistant grains in a minute. The reaction is complete in

the latter in 1^ minutes. It is qualitatively the same as in S. grandijlora alba.

The reaction begins immediately ^\^th pyrogallic acid. A few are gelatinized in 15 seconds,

and all but a few resistant grains in 25 seconds. The reaction is complete in the latter in 45 seconds.

It is qualitatively the same as in S. grandijlora alba.

With ferric chloride the reaction begins immediately. A few grains are gelatinized in 30 sec-

onds, nearly all in a minute, and all but rare resistant grains in 3 minutes. The reaction is usually

complete in the latter within 10 minutes, but very rarely a broadly triangular grain resists the reagent

for 25 minutes. The reaction is qualitatively the same as in S. grandijlora alba.

The reaction begins at once with Purdy's solution. A few grains are gelatinized in 15 seconds,

nearly all in 45 seconds, and all but rare resistant grains in a minute. The reaction is usually com-

plete in the latter in 10 minutes. A much smaller number of grains in which the reaction has only

proceeded as far as the first stages is found in this starch than in S. grandijlora alba. The reaction

is qualitatively the same as in S. grandijlora alba.

Differentiation of Certain Starches of the Genus Sparaxis.

Histological Characteristics.

Conspicuous Forms.

S. grandiflora alba: Almost wholly single, few compound
grains, some aggregates or clumps, isolated grains

usually have sharply defined pressure facets, sur-

face sometimes irregular. Dome-shaped with
sometimes a pointed base, hemispherical, round
and nearly round.

S. var. (Alherline): Essentially the same as in S. grandi-

flora alba, but with a large proportion of large

ovoid, pyriform, and broadly triangular grains.

Hilum Form, Number, and Position.

S. grandijiora alba: Form clear, round spot, or irregular

cavity, 2 or more short fissures. Position centric,

or eccentric to about 0.33 or 0.25 of the longitudinal
a.xis.

5. var. (Alberiine): Form essentially the same as in

S. grandiflora alba. Position centric, or eccentric

to about 0.33 to 0.2 of the longitudinal axis.

LamellcE General Characteristics and Number.

S. grandiflora alba: Usually indistinct, but occasionally

fairly coarse complete rings or having the form
of the outline of the grain. About 7 to 9 on roimd
and dome-shaped grains.

<S var. (Alberiine): Essentially the same as in S. grandi--

flora alba, but less often demonstrable. The same
as in iS. grandiflora alba.

Size.

S. grandiflora alba: From 3 to 30n, commonly 12ju.

S. var. (Albertine): From 3 to 32m, commonly 13^.

POLARISCOPIC PrOPEKTIES.

Figure.

S. grandiflora alba: Centric or eccentric, lines frequently
not distinct throughout, often either bent or

bisected. Double figures fairly frequent.

50

grandi-
Colors

PoLARiscopic Properties. Continued.

Figure. Continued.

8. var. {Alberiine): The same as in S.
grandiflora alba, ex-

cept that the hnes are more often distinct through-
out their length, and figure more often eccentric.

Degree of Polarization.

S. grandiflora alba: Fair to high. Variable in different

grains and in a given aspect of a grain,
S. var. (Albertine): Fair to lugh. On the whole higher,

and less variable in a given aspect of a grain.

Polarization with Selenite Quadrants and Colors.

S. grandijlora alba: Quadrants usually clearly defined,

generally irregular in shape and unequal in size.

Colors not pure.
S. var. (Albertine): Quadrants the same as in S.

Jiora alba, but on the whole less irregular,

not pure.
Iodine Reactions.

Intensity and Color.

S. grandiflora alba: Fairly deep; blue-violet.

S. var. (Albertine): Deep, much deeper than in S.

gratidiflora alba; blue with reddish tint.

Staining Reactions.

With Gentian Violet.

S. grandiflora alba: Light.
iS. var. (Alberiine): Light to fair, deeper than in S.

grandijlora alba.

With Safranin.

S. grandijlora alba: Light.
S. var. (Albertine): Light to fairiy deep, distinctly

deeper than in S. grandiflora alba.

Temperature of Gelatinization.

S. grandiflora alba: 71 to 72 C, mean 71.5.

S. var. (Albertine): 72 to 73 C, mean 72.5.
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Differentiation of Certain Starches of the Genus Sparaxis. Continued.

Effects of Vabious Reaqents. Continued.

Reaction mth Pyrogallic Add. Continued.

S. var. (Alberline): Begins immediately; complete in

Effects of Various Reagents.

Reaction vnih Chloral Hydrate-Iodine.

S. grandiflora alha: Begins immediately; complete in

practically all in 2 minutes and in all in 8 minutes.

S. var. (Alberline): Begins immediately; complete in

practically all in a minute and in all in 3}^2 minutes.

Reaction mth Chromic Acid.

S. grandiflora alba: Begins immediately; complete in

practically all in 2 minutes and in all in 5}4
minutes.

S. var. (Albertine): Begins immediately; complete in

practically all in a minute and in all in 1 54 minutes.

Reaction with Pyrogallic Acid.

S. grandiflora alba: Begins immediately; complete in

practically all in 30 seconds and in all in 60 seconds.

practically all in 25 seconds and in all in 45 seconds.

Reaction mth Ferric Chloride.

S. grandiflora alba: Begins immediately; complete in

practically all in 4 minutes and in all in 12 minutes.
S. var. {Alberline): Begins immediately; complete in

practically all in 3 minutes and in all in 10 minutes.

Reaction with Purdy^s Solution.

S. grandiflora alba: Begins immediately; complete in

practically all in 2 minutes, but not complete even
at the end of 30 minutes.

S. var. [Alberline): Begins immediately; complete in

practically all in a minute and in all in 10 minutes.

NOTES ON THE STARCHES OF SPARAXIS.

These starches differ unessentially in histological features, and the same is true in regard to

their reactions. Comparing S. grandiflora alba with S. var. (Albertine), It will be found that the

former exhibits a lower degree of polarization, lower reactivity with iodine and the anilines, lower

temperature of gelatinization, and lower sensitivity throughout ^vith the chemical reagents. The
differences are, however, usually not marked, and the starches are probably from closely related plants.

GENUS IXIA.

Ixias are bulbous plants, native of the Cape of Good Hope and largely cultivated, in the form

chiefly of hundreds of horticultural varieties. About 23 species are known. The ixias hybridize so

freely that not only are the varieties numerous, but continually being added to; and they are so

mixed by interbreeding that reference of horticultural varieties to the exact parent-species is sel-

dom possible. The starches from two species and one garden variety of unknown parentage were

studied: /. speciosa Andr. (/. craterioides Ker.), /. viridiflora Lam., and I. var. (Emma).

STARCH OF IXIA SPECIOSA. (Plate 77, figs. 459 and 460. Chart 298.)

Histological Characteristics. In form, the grains are simple, and are isolated with the exception
of many aggregates, in the form of doublets and triplets of equal or unequal sized components.

Practically all the isolated grains have one or more, u.sually two or three, pressure facets at their

distal ends. The surface of the grains tends to be rounded and quite regular. The conspicuous
forms are the hemispherical with usually one to three facets at the base or distal end, spherical,

and spherical to oval and elliptical; there are also a number of polygonal grains. Among the small

grains are many spherical grains and others ranging from this form to rod-like, and also polygonal.
The grains are not flattened and are of the same thickness as width, and hence spherical when
seen on end.

The hilum is a comparatively large, round, distinct spot, usually slightly eccentric and commonly
in the median line. It is rarely fissured, and the fissure is a short, narrow, straight, transverse

line. The doublets and triplets often have lines or fissures at the places of union of the component
grains, and two or more hila may be observed on a single grain.

The lamcllce are fairly distinct, rather coarse, regular, continuous rings, usually of the same form
as the margin of the grain when distal from the hilum. There are about 4 to 6 on the larger grains.

The grains vary in size; the smaller are 2fi, the larger hemispherical type 18 by 1.5// in length
and breadth. The common size of the larger grains is 12 bj- 10/i in length and ])readth.

Polariscopic Properties. T\k figitre is usually somewhat eccentric, fairly distinct, and generally
clear-cut. Sometimes one or more of its lines are broader than the others ami not quite clearly
defined. The center of the figure is sometimes a rather large, dark area. Two or more fissures may
be seen on the doublets and triplets, and the figure may lie modified by the facets.
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The degree of polarization is fair, varying somewhat in different grains but not mucli in dif-

ferent aspects of the same grain.

With selenite the ciuadrants are fairly well defined, generally regular in shape, and of unequal
size. The colors are pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a fairly deep blue-

violet; with 0.125 per cent solution they color rather lightly and the color deepens slowly. After

heating in water until the grains are completely gelatinized, the solution colors lightly and the
swollen grains very deeply on the addition of iodine. After boiling for 2 minutes the solution
colors deeply and the grain-residues fairly or not at all. The capsules color violet with an excess
of iodine.

Staining Reactions. With gentian violet the grains begin to stain very lightly at once and in
80 minutes are only lightlj' stained.

With snfranin the grains begin to stain at once and in 30 minutes are fairly stained.

Temperature Reaction. The temperature of gelatinization is 83 to 85 C, mean 84.

Effects of Vai'ioiis Reagents. With chloral hydrate-iodine reaction begins in all the grains in 20
seconds and is over in 8 minutes. The grains color violet and then a dark indigo-blue along the
lines which border the facets, and this darkened portion swells slightly. This process now pro-
ceeds about the margin of the grain and then inwards.

It progresses more rapidly into the interior of the grain
from the distal end. AVhen the hilum is reached the

whole grain rapidlj- increases in size and all the starch

becomes of a dark indigo color. Later the swollen grains
are seen to consist of a round, light inner space sur-

rounded by a thick, dark border. The gelatinized grains
are not verj- large and retain much of their original

form.

The reaction with chromic acid begins in 5 seconds

and is over in IJ^ minutes. The grains become covered

with fine striae which radiate from the hilum. The hilum

rapidly increases in size, and the rest of the grain swells

until all the less resistant starch has been gelatinized

and the more resistant material is gathered at the mar-

gin in a fairly thick, striated band. This band becomes

thinner and transparent, and is finallj- dis.solved at one

point, usually one of the corners of the facets. The

gelatinized starch flow's out and is dissolved, followed

by solution of the rest of the capsule.

The reaction with pyrogallic acid begins in 30 seconds and is over in 10 minutes. The

hilum enlarges and fine striae appear which radiate from the hilum in all directions tliroughout

the grain. The less resistant starch in the central part of the grain passes into a gelatinous con-

dition, and the grain swells. The more resistant starch forms a thick, striated, marginal band,

which becomes somewhat thinner and clearer and may be seen to be divided into a very thin

inner portion and a thick outer portion. The gelatinized grains are large, smooth, and retain

much of their original form.

The reaction with ferric chloride begins in many grains in 30 seconds and is over in 8 minutes.

The grains begin to gelatinize, usually at the corners of the facets, where the starch protrudes in

the form of small, irregular projections. This process spreads over the entire distal end of the grains

and then upward and inward. When the hilum is reached the surrounding starch is converted into

a gelatinous mass and the whole grain swells The more resistant material is gathered at the sides

and proximal end, where it becomes gelatinized, leaving only a thin, transparent capsule continuous

with that formed at the distal end. The swollen grains are large, somewhat irregular at the distal

ends, and do not retain much of the original form.

With Purdijs solution most grains show .some reaction in 1^ minutes. In 5 minutes about

one-third, including many large grains, are nearly completely gelatinized. In 10 minutes about

half and in 30 minutes all are nearly completely gelatinized. This reagent produces the same changes,

as far as appearances go, as pyrogallic acid.

p
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STARCH OF IXIA VIRIDIFLORA. (Plate 77, figs. 461 and 462. Chart 299.)

Histological Characteristics. In form the grains are simple and are isolated, except many
aggregates in the form of doublets, triplets, and quadruplets of equal or unequal size. Nearly all

the isolated grains have pressure facets, commonly from one to three, at the distal end. The sur-

face tends to be smooth and regular. The conspicuous forms are the hemispherical with one to

tliree pressure facets at the base, spherical, and spherical to ovoid. There are many grains of

polygonal and other forms among the smaller grains. The doublets are elliptical and the triplets

rounded triangular. The grains are of the same thickness as width and appear to be spherical

when seen on end.

The hilum is a comparatively large, round, fairly distinct spot, usually situated slightly ec-

centrically and in the median line, rarely fissured. The lines of union between the components of

doublets and triplets are marked by depressions or fissures.

The lamellce are fairly distinct, rather coarse, regular, continuous rings, usually the shape of

the margin of the gi-ain. There are 5 to 6 on the larger grains.

The grains vary in size; the smaller are 2yu; the larger are 17 by 15/x in length and breadth.

The common size is 12 by 10/x in length and breadth.

Polariscopic Properties. The figure is usually slightly eccentric, fairly distinct, and generally

clear-cut. One or more of its lines sometimes become

broadened and not clearly defined. The center may be

represented by a large dark area.

The degree of polarization is fair, varying somewhat
in different grains and in different aspects of the same

grain. It is lower than that of the grains of I. speciosa.

With selenite the quadrants are fairly well defined,

imequal in size, and generally regular in shape. The
colors are pure.

Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains color a fairly deep blue-violet; with 0.125

per cent solution they color rather lightly and the color

deepens slowly. It is not quite so deep as that of the

grains of /. speciosa. After heating in water until the

grains are completely gelatinized, the solution colors

lightly and the swollen grains very deeply on the addi-

tion of iodine. After boiling for 2 minutes the solution

colors deeply and the grain-residues fairly to not at all.

The capsule colors violet with an excess of iodine.

Staining Reactions. With gentian violet the grains

begin to stain at once very lightly, and in 30 minutes are lightly stained. The color is deeper than

that of the grains of /. speciosa.

With safranin the grains begin to stain at once and in 30 minutes are fairly stained. The color

is deeper than that of the grains of I. speciosa.

Temperature Reaction. The temperature of gelatinization is 82 to 84 C, mean 83.

Effects of Various Reagents. With chloral hijdrale-iodine reaction begins in some grains in 30

minutes, and in all in a minute. It is over in most of the grains in 6 minutes and in all in 12 min-

utes. It is qualitatively the same as that of the grains of /. speciosa.

The reaction with chromic acid begins in 15 seconds and is over in 1^ minutes. It is the same

qualitatively as that of the grains of /. speciosa.

The reaction with pyrogallic acid begins in 45 seconds and is over in 18 minutes. It is the same

qualitatively as that of the grains of /. speciosa.

The reaction with ferric chloride begins in many grains in 45 seconds and is over in 15 minutes.

It is the same qualitatively as that of the grains of /. speciosa.

Reaction with Purdy's solution begins in some grains in 3 minutes; in 10 minutes a few and in

30 minutes all are nearly completely gelatinized. The reaction is the same qualitatively as that of

the grains of /. speciosa.
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STARCH OF IXIA VAR. (EMMA). (Plate 78, figs. 463 and 464. Chart 300.)

Histological Characteristics. In form the grains are simple and isolated, with the e.xception of
a number of aggregates, usually in the form of doublets or triplets. Most of the isolated grains are
marked by one or more, generally one or two, pressure facets at the distal end. The surface is usually
quite smooth and regular. The conspicuous forms are the hemispherical with one to three pressure
facets at the base or distal end, and the spherical; also the ovoid and oval to elliptical. The smaller

grains are of similar forms. The doublets are oval to elliptical and the triplets roundly triangular.
The grains are of the same thickness as breadth, and appear to be spherical when viewed on end.

The hiliim is a fairly distinct, comparatively large round spot, usually slightly eccentrically
situated and in or slightly to one side of the median hne. There is sometimes a round cavity at the

hilum, and the hilum is seldom fissured. Lines, fissures, or depressions commonly mark the place
of union of the components of aggregates.

The lamellcB are rather indistinct, rather coarse, regular continuous rings which have the shape
of the grain, except those immediately surrounding the hilum. The number could not be accurately
determined, but there appeared to be about 5 or 6 on the larger grains.

The grains vary in size; the smaller are 2n, the larger 20 by 16m in length and breadth. The
common size is 14 by 12/i in length and breadth.

Polariscopic Properties. The figure is usually somewhat eccentric, distinct, and generally clear-

cut. In some grains commonly one, sometimes more, of

the lines are broad and not clearly outlined.

The degree of polarization is fair, varying somewhat
in different grains and in the same aspect of a grain. It

is sometimes lower at the distal end near the facets than
elsewhere. It is slightly higher than that of the grains
of /. speciosa.

With selenite the quadrants are fairly well defined,

generally regular in shape, and unequal in size. The
colors are pure.

Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains color a fanly deep blue-violet; with 0.125

per cent solution they color lightly and the color deepens

slowly. The color is less than that of the grains of /.

speciosa. After heating in water until the grains are com-

pletely gelatinized, the solution colors lightly and the

swollen grains very deeply on the addition of iodine.

After boiling for 2 minutes the solution colors deeply
and the grain-residues fairly to not at all. The cap-
sules color violet with an excess of iodine.

Staining Reactions. With gentian violet the grains begin to stain at once very lightly and in

30 minutes are hghtly stained, but slightly less than the grains of /. speciosa.

With safranin the grains begin to stain at once and in 30 minutes are fairly stained, but less

than those of /. speciosa.

Temperature Reaction. The temperature of gelatinization is 84 to 85 C, mean 84.5.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in most grains in 45

seconds. It is over in two-thirds of the grains in 5 minutes and nearly all are gelatinized in 20 min-

utes. The reaction is the same qualitatively as that of the grains of /. speciosa.

Reaction with chromic acid begins in 15 seconds and is over in 2 minutes. It is the same qual-

itatively as that of the grains of /. speciosa.

The reaction with pyrogallic acid begins in all the grains in a minute and is over in 17 minutes.

It is the same qualitatively as that of the grains of /. speciosa.

Reaction with ferric chloride begins in most grains in 45 seconds and is over in 20 minutes. It

is the same qualitatively as that of the grains of /. speciosa.

With Purdy's solution reaction begins in a few grains in 2 minutes, very few are partially

gelatinized in 5 minutes, and all are nearly completely gelatinized in 30 minutes.

s
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Differentiation of Certain Starches of the Genus Ixia.

BbsTOLOGiCAii Characteristics.

Conspicuous Forms.

I. speciosa: Simple, many aggregates, usually in the

form of doublets and triplets, 1 to 3 or more

pressure facets on isolated grains. Hemispherical
with 1 to 3 pressure facets at base, spherical,

spherical to oval and elliptical.

/. viridiflora: Essentially the same as in /. speciosa.

I. var. (Emma): Essentially the same as in /. speciosa.

Hilum Form, Number, and Position.

I. speciosa: Form comparatively large, round, distinct,

rarely fissured, fissures single, short, transverse.

Position usually shghtly eccentric.

/. viridiflora: Form essentially the same as in I . speciosa.
Position usually slightly eccentric.

/. var. (Emma): Form essentially the same as in /.

speciosa. Position usually slightly eccentric.

Lamellae General Characlerislics and Number.

I. speciosa: Fairly distinct, rather coarse, regular con-

tinuous rings of same shape as the grain when
distal to the hilum. About 4 to 6 on larger grains.

/. viridiflora: Essentially the same as in /. speciosa.
About 5 to 6 on the larger grains.

/. var. (Emma): Essentially the same as in /. speciosa.
About 5 to 6 on the larger grains.

Size.

I. speciosa: From 2 to 18m, commonly 12m.

/. viridiflora: From 2 to 17m, commonly 12m.

/. var. {Emma): From 2 to 20m, commonly 14m.

PoLABiscopic Properties.

Figure.

I. speciosa: Usually eccentric, fairly distinct, usually
clear-cut.

/. viridiflora: The same as in /. speciosa.
I. var. {Emma): The same as in /. speciosa.

Degree of Polarization.

I. speciosa: Fair, somewhat variable.

/. tnridiflora: Fair, somewhat variable, lower than in /.

speciosa.
I. var. {Emma): Fair, somewhat variable, shghtly

higher than in /. speciosa.

Polarization with Selenite Quadrants and Colors.

I. speciosa: Quadrants fairly well defined, generally
regular, unequal in size. Colors pure.

/. viridiflora: Quadrants the same as in /. speciosa.
Colors pure.

/. var. {Emma): Quadrants the same as in /. speciosa.
Colors pure.

Iodine Reactions.

Intensity and Color.

I. speciosa: Fairly deep; blue-violet.

/. viridiflora: Fairly deep, less than in /. speciosa; blue-

violet.

Iodine Reactions. Continued.

Intensity and Color. Continued.

/. var. {Emma): Fairly deep, less than in /. speciosa;
blue-violet.

Staining Reactions.

With Gentian Violet.

I. speciosa: Light.
/. viridiflora: Light, more than in /. speciosa.
I. var. {Emma): Light, shghtly less than in /. speciosa.

With Safranin.

I. speciosa: Fair.

/. viridiflora: Fair, more than in /. speciosa.
I. var. {Emma): Fair, less than in I. speciosa.

Tempehature op Gelatinization.

/. speciosa: 83 to 85 C, mean 84.
I. viridiflora: 82 to 84 C, mean 83.
/. var. {Emma): 84 to 85 C, mean 84.5.

Effects of Various Reagents.

Reaction with Chloral Hydrate-Iodine.

I. speciosa: Begins in all in 20 seconds; complete in all

in 8 minutes.
/. viridiflora: Begins in some in 30 seconds; complete in

12 minutes.

/. var. (Emma): Begins in most in 45 seconds; complete
in nearly all in 20 minutes.

Reaction with Chromic Acid.

I. speciosa: Begins in all in 5 seconds; complete in all

in IH minutes.
/. viridiflora: Begins in all in 15 seconds; complete in

all in \% minutes.

/. var. {Emma:) Begins in all the grains in 15 seconds;

complete in all in 2 minutes.

Reaction ivith Pyrogallic Acid.

I. speciosa: Begins in all in 30 seconds; complete in all

in 10 minutes.

/. viridiflora: Begins in all in 45 seconds; complete in

all in 18 minutes.
7. var. {Emma): Begins in all in 60 seconds; complete

in all in 17 minutes.

Reaction with Ferric Chloride.

I. speciosa: Begins in many in 30 seconds; complete in

all in 8 minutes.

/. viridiflora: Begins in many in 45 seconds; complete
in all in 15 minutes.

I. var. (Emma): Begins in most in 45 seconds; complete
in all in 20 minutes.

Reaction with Purdy's Solution.

I. speciosa: Begins in most in 13^^ minutes; nearly com-

plete in all in 30 minutes.

I. viridiflora: Begins in some in 3 minutes; nearly com-

plete in aU in 30 minutes.

I. var. {Emma): Begins in a few grains in 2 minutes;

nearly complete in all in 30 minutes.

NOTES ON THE STARCHES OF LXIA.

The three Ixia starches show no essential histological differences, and the correspondence be-

tween their reactions is close. However, I. speciosa could with readiness be distinguished from the

other two, which latter could also be diagnosed, one from the other.
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GENUS BABIANA.

The babianas are natives of South Africa and number about 50 species. Very few species but

quite a number of horticultural varieties are in cultivation. The starchy corms are eaten by baboons,
hence the name of the genus; and the same part when roasted resembles chestnuts prepared in the

same waj', and are used as fooil by the Hottentots. Starches of two horticultural varieties of

unknown parentage were used as sources of starch: B. var. (Violacea) and B. var. (Athradion).

STARCH OF BABIANA VAR. (VIOL.\CEA). (Plate 78, figs. 465 ami 466. Chart 301.)

Histological Characteristics. In form the grains are siniple and isolated, with the exception of a

number of aggregates, in the form of doublets and triplets which maj' consist of components of

equal or unequal size. The isolated grains have usually from one to three pressure facets at the

distal end. The surface of the grains is smooth and quite regular. In some grains secondary de-

posits appear to have been added to the facets and adjacent parts. The conspicuous forms are the

hemispherical with usually two to three facets at the base, and spherical; also forms ranging from
the spherical to oval and elliptical, and various polygonal forms due to multiple facets. The doublets

are usually elliptical or oval antl the triplets are rounded triangular. The grains are not flattened,

and when seen on end are spherical.

The hilum varies from indistinct to fairly distinct, and is a comparatively large round spot,

rarely a cavity, and usuallj- very slightly eccentricalh' situated. The hilum is rarely fissured. In

some grains there are two lines extending from each side of this cavity to the corners of the facets.

There are sometimes 2 hila in a single isolated grain.

The lamellcB are as a rule not distinct, and are rather coarse, regular, continuous rings having
near the margin the form of the outline of the grain. The number could not be accurately estimated,
but there are probably about 5 to 6 on the larger grains.

The grains vary in size; the smaller are 3 by S/x; the

larger are 20 bj' 20/i and 18 by 20yu in length and breadth.

The common size is usuallj' 14 by 14//.

Polariscopic Properties. The figure is usually slightly

eccentric, distinct, and clear-cut, sometimes very sharply
clear-cut and regular. The lines may be broad or nar-

row, and may not be clearly defined. They are gener-

ally straight.

The degree of polarization is low to high, usually fair.

It varies in different grains and in different aspects of

the same grain.

With seUnite the quadrants are usually well defined

and regular in shape, but usuallj^ unequal in size. The
colors are fairly pure.

Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains color a rather light bluish-violet and the

color deepens rapidly; with 0.125 per cent solution they
color lightly and the color deepens fairly rapidly. After

heating in water until the grains are completely gelatin-

ized, the solution colors lightly and the gelatinized grains very deeply on the addition of iodine. After

boiling for 2 minutes the solution colors very deeply and the grain-residues fairly. When an excess

of iodine is added the capsules become violet.

Staining Reactions. With gentian violet the grains begin to stain very lightly in 13^ minutes

and in 30 minutes some are stained lightly and others fairly well.

With safranin the grains begin to stain at once lightly and in 30 minutes are fairly stained.

Temperature Reaction. -The temperature of gelatinization is 79 to 81 C, mean 80.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in 30 seconds. It is

over in four-fifths of the grains in 7H minutes and in all in 20 minutes. The grains stain a light

violet, and then the corners and edges of the facets darken and swell slightly. From these points

this process extends around the margin and inwards. It advances more rapidly inwards from the

distal end. When the hilum is reached the whole grain swells, but not to a great size. The gelat-
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inized grains are not very large, they retain much of their original form, and are usually of a uni-

form dark-blue color.

Reaction with chromic acid begins in 5 seconds and is over in IJ^ minutes. The hilum swells,

or appears to swell, and fine striae radiate from this point in all directions. The less resistant starch

is converted into a semifluid, gelatinous mass in the central portion of the grain, and the grain swells.

The more resistant starch forms a thick, coarsely striated, marginal band, which progressively

grows thin and transparent as the grain swells. One portion is dissolved, usually at one corner or

edge of a facet, and the semifluid mass in the interior flows out and is dissolved, and the remainder

of the marginal band dissolves later.

The reaction with 'pyrogallic add begins in 30 seconds and is over in 20 minutes. The hilum

appears to enlarge, and fine but distinct striae radiate from the hilum in all directions. The less

resistant starch is transformed into a semifluid mass in the interior of the grain, and the more

resistant starch forms a thick, finely striated, marginal band, which as the grain swells grows clearer

and somewhat thinner and transparent. The gelatinized grains are large, not very much distorted,

and retain much of their original form.

With ferric chloride the reaction begins in many grains in 45 seconds and is over in 15 minutes.

It begins at the distal end, where the corners and edges of the facets become gelatinous and swell

out irregularly. Sometimes this process is followed by gelatinization and swelling of the marginal

part of the proximal end. The process now spreads over the rest of the grain, and when the hilum is

reached the whole grain swells greatly. The swollen grains are large, greatly folded and sacculated,

and do not retain much of the original form of the grain.

The reaction with Purdifs solution begins in many grains in 15 seconds, and in all in 40 seconds.

It is over in about two-thirds of the total number, including most of the smaller grains, in 4 min-

utes. It is qualitatively the same as that to pyrogallic acid.

STARCH OF BABIANA VAR. (ATHRACTION). (Plate 78, figs. 467 and 468. Chart 302.)

Histological Characteristics. In form the graixis are simple. They are isolated, with the excep-

tion of a few aggregates, usually in the form of doublets and triplets. The isolated grains have from

one to four pressure facets at the distal end. The surface of the grains is smooth and quite regular.

The conspicuous forms are the hemispherical with usually

one to three pressure facets at the base, and spherical ;
also

ovoid to oval and elliptical, and some polygonal forms.

The doublets range from elliptical to oval, and the triplets

are usually rounded triangular. The grains are not flat-

tened and appear to be spherical when seen on end.

The hilum is a fairly distinct and usually a compara-

tively large round spot, commonly slightly eccentric; oc-

casionally marked by a small round cavity and rarely

slightly fissured. Two or more hila are rarely observed

on an isolated grain. In some grains there are two lines

extending from each side of the cavity or cleft to the

angles made at the facets.

Lamellce indistinct and, when seen, appear regular,

rather coarse, and continuous. Number not determined.

The grains vary in size; the smaller are 2 by 2/x; the

larger are 19 by 14/i and 14 by 18^ in length and breadth.

The common size is about 12;u.

Polariscopic Properties. The^^ure is usually slightly

eccentric, distinct, clear-cut, and regular; its lines are generally straight and clearly defined.

The degree of polarization is low to fairly high, usually fair. It varies in different grains and

in different aspects of a grain. It is lower than in B. var. (Violacea).

With selenite the quadrants are usually well defined, fairly regular in shape, and commonly

unequal in size. The colors are, as a rule, pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a rather light blue-violet

and the color deepens rapidly; with 0.125 per cent solution the grains color lightly and the color

deepens fairly rapidly. It is less than that of the grains of B. var. (Violacea). After heating in
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water until the grains are completely gelatinized, the solution colors lightly and the gelatinized

grains very deeply on the addition of iodine. After boiling for 2 minutes the solution colors very

deeply and the grain-residues fairly. The capsules all color violet when an excess of iodine is added.

Staining Reactions. With gentian violet the grains begin to stain very lightly in 1 to 2 minutes
and in 30 minutes are colored lightly. Color deeper than that of grains of B. var. {Violacca).

With safranin the grains begin to stain lightly at once and in 30 minutes are fairly colored,

slightly deeper than the grains of B. var. {Violacea).

Temperature Reaction. The temperature of gelatinization is 81 to 83 C, mean 82.

Effects of Various Reagents. With chloral hydrate-iodine the reaction begins in 30 seconds and is

over in nearly all in 10 minutes. It is the same qualitatively as that of the grains of B. var. {Violacea}.

Reaction with chromic acid begins in 15 seconds and is over in 2 minutes. It is the same quali-

tatively as that of the grains of B. var. (Violacea).

The reaction with pyrogallic acid begins in 15 seconds, and all are nearly completely gelatinized
in 8 minutes. The reaction is the same qualitatively as that of the grains of B. var. (Violacea).

The reaction with ferric chloride begins in some grains in a minute and is over in 17 minutes.

It is the same qualitatively as that of the grains of B. var. (Violacea).

Reaction with Purdy's solution begins in a few grains in 2 minutes, a few are partially gelati-

nized in 12 minutes, and nearly all are partially gelatinized in 30 minutes. The reaction is the

same quaUtatively as that of the grains of B. var. (Violacea).

Differentiation of Certain Starches of the Genus Babiana.

Iodine Reactions.

Intensity and Color.

B. var. {yiolacea): Rather light; blue-violet.

B. var. {Alhraxiion): Rather light, less than in B. var.

{Violacea); blue-violet.

Staining Reactions.

With Gentian Violet.

B. var. {Violacea): Light to fair.

B. var. (Athraclion): Light, less than in B. var. (7ioiacea).

With Safranin.

B. var. (Violacea): Fair.

B. var. (Athraclion): Fair, slightly deeper than in B.
var. (Violacea).

Temperature op Gelatinization.

B. var. (Violacea): 79 to 81 C, mean 80".

B. var. (Athraclion): 81 to 83 C, mean 82.

Effects of Various Reagents.
Reaction with Chloral Hydrate-Iodine.

B. var. (Violacea): Begins in 30 seconds; complete in
four-fifths in 7}^ minutes, and in all in 20 minutes.

B. var. (Athraclion): Begins in 30 seconds; complete in

nearly all in 10 minutes, no further change.

Reaction with Chromic Acid.

B. var. (Violacea): Begins in all in 5 seconds; complete
in all \nl% minutes.

B. var. (Athraclion): Begins in aU in 15 seconds; com-
plete in all in 2 minutes.

Reaction with Pyrogallic Acid.

B. var. (Violacea): Begins in all in 30 seconds; complete
in all in 20 minutes.

B. var. (Athraclion): Begins in all in 30 seconds;
nearly complete in all in 8 minutes.

Reaction with Ferric Chloride.

B. var. (Violacea): Begins in many in 45 seconds; com-
plete in all in 15 minutes.

B. var. (Athraclion): Begins in some in 60 seconds;
complete in all in 17 minutes.

Reaction with Purdy's Solution.

B. var. (Violacea): Begins in many in 15 seconds; com-

Histoloqicai, Characteristics.

Conspicuous Forms.

B. var. (Violacea): Simple, isolated except a number of

aggregates chiefly in the form of doublets and
triplets, isolated grains faceted, surface rounded
and smooth, often 2 lines from hilum to facets.

Hemispherical with usually 1 to 3 pressure facets

at base, and spherical.
B. var. (Athraclion): Same as in B. var. (Violacea).

Hilum Form, Number, and Position.

B. var. (Violacea): Form indistinct to fairly distinct,

comparatively large round spot or sometimes a

cavity; rarely fissured; occasionally 2 liila. Posi-

tion usually very shghtly eccentric.

B. var. (Athraclion): Form fairly distinct, otherwise the
same as in B. var. (Violacea). Position usually

very slightly eccentric.

Lamelke General Characteristics and Number.

B. var. (Violacea): Not as a rule distinct, rather coarse,

regular, continuous, of the shape of the grain near
the margin. Probably 5 to 6.

B. var. (Athraclion): Less distinct than in B. var.

(Violacea), otherwise the same. Number not
estimated.

Size.

B. var. (Violacea): From 3 to 20/i, commonly 14;i.

B. var. (Athraclion): From 2 to 19;i, commonly 12;j.

PoLARiscopic Properties.

Figure.

B. var. (Violacea): Usually shghtly eccentric, distinct,
clear-cut and regular.

B. var. (Athraclion): The same as in B. var. (Violacea).

Degree of Polarization.

B. var. (Violacea): Low to high, usually fair.

B. var. (Athraclion): Low to fairly high, less than in

B. var. (Violacea).

Polarization vnlh Selenite Quadrants and Colors.

B. var. (Violacea): Quadrants usually well defined, reg-
ular in shape, and unequal in size. Colors usually

pure.
B. var. (Athraclion): Quadrants the same as in B. var.

(Violacea). Colors usually pure.

plete in two-thirds in 4 minutes.
B. var. (Athraclion): Begins in a few in 120 seconds;

nearly all partially gelatinized in 30 minutes.
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NOTES ON THE STARCHES OF BABIANA.

The gross histological differences in these starches are of a very minor character and probably
of no real value in diagnosis. The starches differ, however, in every reaction, B. var. {Violacea)

having a higher degree of polarization, a higher reactivity with iodine and gentian violet, a lower

reactivitjr with safranin, a lower temperature of gelatinization, a lower sensitivity to chloral hydrate-
iodine and pyrogallic acid, and a higher sensitivity to chromic acid, ferric chloride, and Purdy's
solution.

NOTES ON THE STARCHES OF IRIDACE^. (Charts 303 to 319.)

From an examination of the descriptions and the plates it will be seen that the starches from

Iridacecc include a number of distinct types characterized by their conspicuous forms. Among
the irises there are two distinct types, as already referred to under Iris. The starches of Morcea

and Homeria appear to be essentially modifications of one of the Iris tj^jes, and the same might be

said of the starch of Tigridia, but in the latter instance the departure is more marked. Iris, Morcea,

Homeria, and Tigridia are closely allied genera. Another distinct tj-pe is observed in Gladiolus,

and which is represented in more or less modified form in Watsonia, Tritonia, Freesia, Aniholyza,

Crocus, Romulea, Sparaxis, Ixia, and Babiana. Finally, another type is apparent in Marica and

Gelasine, the form of the grains in one of them being, it appears, a modification of that of the other.

In a comparison of the reaction-curves of the representatives of these genera, it will be noticed

that there are more or less marked generic differences throughout the members of the family, but

there is no grouping of the genera curves that corresponds with the grouping based on the histo-

logical characters. The reactions of each genus represented are definitely distinctive of the genus,
and it will be noted that while in some instances there is a closeness of the curves in closely related

genera, in others there is not. Thus, botanically. Iris, Morcea, Homeria, and Tigridia are closely

allied genera, but while there are likenesses in the histology of their starches the reaction-curves

do not show corresponding closeness. Gladiolus and Watsonia are botanically closely related, the

starches are histologically alike, and the reaction-curves are of the same type, one being a modifi-

cation of the other. Tritonia and Freesia are closely allied in botanical characteristics, and allied

in turn withGladiolus and Watsonia. The starch-grains are very much alike, and the correspondence
in the reaction-curves is distinct. In Antholyza and Crocus not only are the starches of the same

histological type, but the reaction-ciu-ves have the same fundamental characters. Romulea is

closely allied to Crocus, but while the starches are of the same histological type the reaction-curves

show distinctive differences, the starch of the former being distinctly more resistant, but the

differeiaces in the curves may be quantitative rather than qualitative. Marica and Cypella are

allied genera, and this is indicated both in the histology and the reactions of the starches. Sparaxis,

Ixia, and Babiana are all closely allied South African genera, and have the same type of grains and

the same type of reaction-curve. (See Prefatory Notes.)
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STARCHES OF MUSACE/E.

Class, Monocotyledones. Order, Scitaminales.

Genus represented, Musa.

GENUS MUSA.

Family, Musacese.

The genus Musa, one of the four genera of Musacece, which includes about 50 species, comprises
about 20 species of tropical plants that are widely distributed, especially in the tropical regions of

the Old World. Some of the species or varieties are extensively cultivated, chiefly for the fruit

or for the fiber that is ol)tained from the tree-like stems, one species (M. textilit) being the source

of Manila hemp. Starches from 3 species were studied, including M. cavendishii Lamb. {M.
sinensis Sagot, M. chinensis Sweet), the Chinese dwarf banana, and known in the central parts of

America as the dwarf Jamaica banana; Af. sapientum Linn., the conunon banana; and M. ensele

Gmel., the Abyssinian banana. The first is a native of Southern China, the second is a native of

India and the East Indian Islands, and the third a native of Abyssinia. There are at least a half

dozen varieties of M. sapientum, the most important being M. sapientum var. paradisiaca Hort.

{M. paradisiaca Linn.), which is commonly known as the plantain banana, cooking banana, or

Adam's fig; and most of the banana fruit of commerce in this country is of this variety. It is grown
extensively for its fruit, which is used as a food directly or in the form of

" banana starch," the

latter being obtained from the unripe fruit. As the fruit ripens the starch disappears. M. caven-

dishii is extensively cultivated in the Southern States and West Indies, chiefly for its fruit. M.
ensetc is the largest of the species, and is cultivated chiefly as a decorative plant.

STARCH OF MUSA CAVENDISHII OBTAINED FROM THE STALK.

(Plate 79, figs. 469 and 470. Chart 320.)

Histological Characteristics. In form the grains are simple, and are isolated with the exception
of a few clumps. No pressiu-e facets were observed. The surface of the grains is flattened and the

margin tends to be irregular, owing to depressions and rounded projections, and to nipple-like

processes. The edges of some grains are serrated and appear as though they had been eroded. The

conspicuous forms are the mussel-shell, clam-shell, and oyster-shell shapes. There are also ovoid,

circular, oval, elliptical, spindle, and various irregular

forms. The grains are very much flattened, and when
viewed from the end or edge are of a long, slender, and
more or less irregular spindle form.

The hilm?i is a very small, round, non-refractive, not

very distinct spot, generally situated very eccentrically,

commonly at the base of a more or less distinct projec-

tion from the end, usually in the median line or only

slightly to one side. It is never fissured, and grains with

double hila were not seen.

The lamellce are distinct and are in the form of fine rings

around the hilum and segments of rings beyond, which

follow the outline of the distal margin. Those at the

distal end are not so fine but more distinct than the others,

and they also vary in distinctness in different grains. In

fairly large grains the number is usually from 35 to 45.

The grains vary in size from 8 to 80/z. The common
size is about 40^.

Polariscopic Properties. The figure is usually very

eccentric, fairly distinct, but not clear-cut. Usually two

of its lines are visible which generally become very broad and dim toward the margin; the lines

may be bent or otherwise cUstorted, and often obscured in some part by variations in the degree of

polarization. The figure is distinct and clear-cut when the grain is viewed on edge or end.

The degree of polarization is low. Polarization is often absent or very low in large areas of

the grain, which may be due in part at least to thinness of the substance at these points. Polariza-

tion is high when the grain is seen on edge or end and when overlapping of the grain occurs.
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With selenite the quadrants are not well defined, very unequal in size, and irregular in shape.
The colors are not pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color immediately and very

deeply a bluish-violet; with 0.125 per cent solution they color immediately, and the color deepens

quickly. After heating in water until the grains are completely gelatinized, the solution colors

lightly but the grains deeply on the addition of iodine. If much iodine is added a violet-colored

capsule appears in some grains. After boiling for 2 minutes the solution is colored somewhat more

deeply, but the grain-residues slightly; with an excess of iodine the capsules are colored a ))lue-violet.

Staining Reactions. With gentian violet staining begins in 30 seconds, but after 30 minutes
the grains are fairly deeply stained, some more than others.

With safranin staining begins immediately, but at the end of 30 minutes the grains are only fairly

deeply stained, some more than others. This reaction is much less than that with gentian violet.

Temperature Reaction. The temperature of gelatinization is 67 to 68.5 C, mean 67.75.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in most grains in a

minute; in all in 3 minutes. Most grains darken in 5 minutes and all are darkened in 13 minutes.

The hilum is prominent and the lamellse are not obscured. If the grain is eroded, as is the case

with some in the preparation studied, there is swelling and protrusion from the various irregular

points about the margin. Swelling and protrusion usually begins at one or two points at the distal

end. These join and the process extends gradually upward over the whole grain. At times both

proximal and distal ends swell, followed by swelling of other parts of the grain; or very frequentlj-
the process extends upward around the margin from the distal end and stops on each side of the

hilum, until the other parts of the grain are gelatinized, and then the hilum swells; or the entire

margin may be gelatinized so that there is a ring of gelatinous material about the ungelatinized
central part of the grain. The gelatinized grains are small and show two or three or four long,

finger-like projections at the proximal end, and a number of dark lines or folds more or less completely

separated by light spaces at the distal end, arranged like the lamellse.

The reaction ndth chromic acid begins in 30 seconds and is over in A}/n minutes. The grain is

divided by fine fissures, which rapidly grow coarse and more distinct. The hilum swells out in the

form of a long, narrow projection from the end of the grain. The jiroximal end is dissolved and

opens out. The rest of the grain becomes divided into rows of granules following the lines of the

lamellae, and these in turn are divided at the distal end into concentric crescents, one of which rarely

separates and is dissolved independently. The rest of the grain dissolves slowly, the upper portion

just beneath the swollen hilum, where the largest granules are, being the last to dissolve.

With pyrogaUic acid the reaction begins in 30 seconds and is over in 45 minutes. The hilum
and lamellse are both distinct. The hilum swells slightly and two lines appear, one on each side,

which are like the hilum in appearance and widen out as the hilum swells. The hilum continues to

increase in size, or rather the inner portion of the grain is broken down into a finely granular, gelat-

inous mass. A slight line of resistant starch persists for a time at the margin, but soon clears awa}\
The grain swells slowly and evenly. There are often formed two or tliree rows of coarse granules,
the gi-anulcs near the hilum being gelatinized last. When the reaction is complete the gelatinized

grains are large, somewhat folded and otherwise distorted.

With ferric chloride the reaction begins in 23^2 minutes and is over in 10 minutes. The hilum
and lamellce are distinct and the margin becomes clear. Various points, especially at the distal

end, begin to gelatinize, and the process spreads towards the proximal end over the whole grain,

the swelling proceeding in succession from row to row. The hilum protrudes as a long, finger-like

projection, and usually before this process is complete similar protrusions occur at two or three

nearby points. The gelatinized grains formed during the process show an irregular, sacculated

appearance at the proximal end and a somewhat irregular margin with the inner portion laid in

folds which follow the lines of lamellse.

The reaction with Purdy's solution begins immediately and is over in 4 minutes. A few grains
are probably not completely gelatinized even at the end of an hour or more. The hikun and lamellse

are made very distinct. The hilum swells somewhat, often without any saccular protrusion. The
inner portion of the grain is divided into rows of granules by fine strite and by transverse fissures

which follow the lines of the more prominent, non-refractive lamellse. These granules are converted

into a clear, gelatinous, finely granular mass as the grain swells slowly and evenly. The gelatinized

grain is large and shows folds in the lower part corresponding to the lines of lamellse. It maj^ or may
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not show saccular projections from the proximal end.

the two ends gelatinize first, then the central part.

Another method of reaction is one in which
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STARCH OF MUSA CAVENDISHII OBTAINED FROM THE GREEN FRUIT.

(Plate 79, figa. 471 and 472. Chart 321.)

Histological Characteristics. Inform the grains are simple, and they are isolated with the excep-
tion of a few clumps. No pressure facets were observed. Grains are much flattened and the margin is

generally more or less irregular, owing in part to depressions and rounded protuberances and nipple-
like projections, as in the case of the stalk starch. The conspicuous forms are the ovoid to the clam-

shell-shaped. There are also rounded triangular, straight or bent, elongated elliptical, elliptical,

rod-like, pyriform, and various irregular forms. The grains when seen from the end or edge appear
as more or less irregular, elongated ellipses.

The hilum is not very distinct. It is a comparatively small, round, non-refractive spot, situated

generally very eccentrically, and may be in, but usually to one side, of the median line. It is never

fissured, and it may be elongated in a transverse direction. Several grains with double hila were
observ'ed.

The lamella are very distinct, fine rings about the hilum and rather irregular arcs of circles

beyond. They are often wa\'>', or other-n-ise irregular in outline, owing to the deviations of the sur-

face. Those near the distal end are more distinct and not

so fine as those near the hilum. The average number on

fairly large grains is from 30 to 45.

The grains vary in size from 6 to 70;:. The common
size is 35/i.

Polariscopic Properties. The figure is usually very
eccentric, fairlj* distinct, and not well defined. Its lines

are apt to be very broad and dim, and may be somewhat
bent or otherwise distorted. If the grain is xiewed from
the end or edge the figure is very clear-cut and distinct.

The degree of polarization is low, but distinctly

higher than that of the starch of the stalk. It is ab-

sent at some points, and very low throughout in some

grains, which may be accounted for in part by the thin-

ness of the grains. It is quite high when grains are viewed

from the end or edge; in other words, in accordance with

the thickness of the starch.

With selenite the quadrants are not well defined,

very unequal in size, and irregular in shape.
Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains color immediately and deeply a bluish-\aolet; with 0.125 per cent solution thej- color

lightly immediately, but the color deepens rapidly. The color in both these reactions is deeper than

that showii by the stalk-starch. After heating in water until al' the grains are completely gelatin-

ized, the solution is shghtly colored on the addition of iodine and some grains are colored deeply
and others lightly. Some of the latter show a violet-colored capsule. After boiling for 2 minutes

the solution is much more deeply colored but the grain-residues much less deeply. With a very

slight excess of iodine the capsules are seen to be colored a blue-violet and are much wrinkled and

crumpled, but none are disintegrated.

Staining Reactions. With gentian violet the grains begin to stain at once. After 30 minutes

the color is fairly deep, deeper than that shown by the stalk-starch.

With safranin staining begins at once rather lightly, but after 30 minutes it is fairly uniform.

There is no difference in the staining of the fruit-starch and the stalk-starch.

Temperature Reaction. The temperature of gelatinization is 66.5 to 68.5 C, mean 67.5.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in most grains in a

minute. All are darkened in 6 minutes. The hilum becomes more prominent. The lamelltc after

a preliminary clearing are not entirely obscured. Irregular points on the margin begin to darken,

usually at the distal end of sides. The points become joined, as the process spreads, and the hilum is

approached. The process maj- stop on one side of the hilum and then spread inward until the whole

s
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grain is affected; or the hilum may swell out at the same time the margin begins to darken; or the

hilum may not swell until the process is spreading over the margin, so that the inner portion of the

grain, which later becomes affected, may be entirely surrounded by a swollen irregular, gelatinous

ring. The gelatinized grains so formed are fairly large, often much sacculated, especially about

the hilum, which with two or three adjacent points swell out into a long, irregular, finger-like pro-

jection. At the distal end the grain shows concentric dark lines, more or less completely separated

by light spaces after the fashion of the arrangement of the lamellce. The grains may also be irregu-

lar and sacculated all around the margin.
The reaction with chromic acid begins in 15 seconds and is over in 2}/2 minutes. The hilum

swells out very rapidly in the form of a long, finger-like projection which may or may not be dis-

solved at one point and open out. The rest of the graia is seen to be crossed by fine radial strise,

which become more and more distinct. The distal end of the grain is di\aded into a number of

concentric crescents, each consisting of not more than 2 lamellae. These crescents are usually sep-
arated serially, then break up into pieces which dissolve, and finally, the reaction reaches the upper

part of the giain, which has been divided into large granules by the radial strise and transverse

fissures following the Unes of the most prominent, non-refractive lamellae. These granules dissolve

one by one until the grain has disappeared.
Reaction with pyrogallic acid begins in a minute and is over in 4.5 minutes. The hilum and

lamellae become more distinct. The hilum swells slightly and two non-refractive lines extend out on

each side, towards the distal end, and widen as the hilum swells. The grain now becomes divided

irregularly by many irregular fissures ruiuiing through the substance in all directions and also by
regularly fine, radial striae. The central part is now converted into a granular mass, the process

extending toward the distal end from the hilum. There is thus formed a large, gelatinized grain

that is much lobulated, folded, and crumpled, and which does not retain any of the original form

of the grain.

The reaction with /erne chloride begins in 13^ minutes and is over in 4 minutes. The hilum is

prominent and the lamellae are not obscured. The reaction begins with gelatinization and swelling
at one or two points on the margin on one side, followed by the same process at one or two points
on the opposite side, or at either end. Other parts of the margin become clear and darker and the

process may proceed around it with great swelling and irregular protrusion. The inner portion
later becomes divided by fissures and the parts so formed separate quickly and gelatinize independ-

ently, accompanied by great and sudden expansion of the whole grain and subsequent invagination
and unfolding of one side. Or the process may proceed from the proximal towards the distal end, in

which case the grain is marked with folds which follow the lines of the principal lamellae. The prox-

imal end shows many long, narrow sacculations. A less common method of reaction is the swelling

and gelatinization of the hilum and distal end, the central portion being the last to be affected.

The gelatinized grains thus formed are essentially like those formed from the starch of the root.

The reaction with Purdij's solution begins in 15 seconds and is over in 5 minutes. The hilum and

lamellae are rendered very prominent. Usuallj' the hilum and distal end begin to gelatinize coinci-

dently. The central portion is radially striated and is divided into rows of granules, corresponding to

the lamellte, by transverse fissures which follow the lines of the non-refractive lamellae. This is fol-

lowed by the rapid transformation of the granules into a gelatinous mass, accompanied by great swell-

ing of the whole grain. The grains so formed are very large and retain very little of the original form.

STARCH OF MUSA SAPIENTUM OBTAINED FROM THE STALK.

(Plate 79, figs. 473 and 474. Chart 322.)

Histological Characteristics. In form the grains are simple, and are isolated with the exception
of a few clumps. There are no pressure facets. The outlines of the grains are usually quite irregular,

owing to rounded projections and nipple-like processes. The conspicuous forms are the irregularly

ovoid, clam-shell-shaped, oyster-shell-shaped, and mussel-shell-shaped, and oval to spindle-shaped.
These different forms are modified in various ways, so as to give a most varied assortment of shapes.

The grains are very flat, and when seen on edge or end usually appear to be of a narrow, spindle form.

Some of the irregularities appear to be due to additions after the grain was nearly fully formed.

The hilum is a not very distinct, comparatively small, round, non-refractive spot. It is usually
situated very eccentrically, sometimes almost at the extreme proximal end, and in or to one side of the

median line. Some elongated, ellipsoidal hila occur, but neither multiple hila nor fissures are seen.
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In other grains the hilum swells and the capsule is dissolved at the proximal end, allowing any-

broken-down starch to escape. Solution of the rest of the grain follows slowly, the starch apparently

being first divided by fine fissures, then broken off and gelatinized, and in this form flowing out into

the reagent in which it is dissolved. Rarely concentric crescents separate serially from the distal

end, along the lines of the most prominent lamellae, and dissolve independently.
The reaction with pyrogalKc acid begins in a minute and is over in 45 minutes. The hilura and

lamellae are very distinct. The hilum begins to swell slowly at first, this accompanied by the ap-

pearance of two non-refractive lines, which extend out on each side towards the distal end of the

grain. As the hilum swells, these lines appear to open out and become broader. The next step is

the dissolution of the rest of the substance of the grain. No one part seens to be affected before

another, but all melt gradually into a finely granular mass, which later clears and becomes quite

homogeneous. As this change goes on, the entire grain swells and is converted into a large, sac-

culated, folded, and invaginated ovoid mass.

Reaction with/emc chloride begins in a minute and is over in 6 minutes. The reaction starts at

the margin at one point or at two points, usually at two points opposite one another, and these

begin to gelatinize, accompanied with great protrusion, the process extending around the margin,

usually towards the proximal end first. The hilum swells out into a long, saccular projection, and

many points on the surrounding margin likewise protrude. Finally, the rest of the margin is sim-

ilarly affected, so that the ungelatinized central portion is completely surrounded by a gelatinous

margin with long, irregular projections. This central part becomes divided into several portions

by fissures. These portions are separated quickly and dissolve independently of one another. The

gelatinized grains are very irregular in outline and often reduced to a large, shapeless, granular mass.

With Purdy's solution the reaction begins at once and is over in Ij^ minutes. The reaction is

so quick that it is chfEcult or impossible to distinguish clearly the separate steps. It appears to

begin usually by enormous swelling of the hilum, followed by rapid gelatinization and swelling of

other parts of the grain; or both ends of the grain may gelatinize and swell. The upper portion of

the central parts of the grain becomes di\dded into granules by fine, radial stria; which extend from
the now swollen hilum, and also by fissures which appear along the lines of the most prominent
lamellffi. This ungelatinized portion quickly swells in every direction and a large, gelatinized grain
is formed. The gelatinized grains may exhibit a number of sacculations; or may be merely unfolded

and wrinkled
;
or may show a series of folds following the lines of the lamellae. Sometimes there is a

long, finger-like projection at the distal end.

STARCH OF MUSA ENSETE. (Plate 80, figs. 475 and 476. Chart 323.)

Histological Characteristics. In form the grains are simple, and are isolated with the exception
of clumps and a few aggregates in the form of doublets. Rarely grains show two or three hila, which

appear to have one non-refractive lamella around each, but all inclosed by the outer common
lamellae. There are no pressure facets on the isolated grains. Many of the grains are very irregular

in outline, owing to depressions, rounded protuberances, and nipple-like processes. The conspicuous
forms are the mussel-shell-shaped, clam-shell and oyster-shell types; also elongated ovoid, elongated

oval, rounded triangular, elliptical, straight or bent spindle form, and various irregular forms. The

grains are flattened, and when seen on edge or end they are irregular ellipses or spindles, sometimes

somewhat pyriform.
The hihiin is a round or oval, not very distinct, usually non-refractive spot, eccentric about one-

sixth to one-fourth, usually one-jsixth, of the longitudinal axis. There are sometimes 2 or 3 hila. Occa-

sionally there may be either an arched fissure or an irregular, small cavity at the position of the hilum.

The lameUce are quite chstinct, and they are finer but not so distinct in the immediate vicinity
of the hilum. In some grains they are quite coarse at the distal margin, in others fine. There are

frequently 3 to 5 very coarse and distinct refractive lamellae. The lamellae in the elongated ovoid

forms may form complete rings about the hilum, but beyond this region they generally assume the

form of the outhne of the grain and are more or less irregular throughout. They also vary in the

coarseness. In some of the larger projections of the grain separate systems of lamellae seem to have
been added after the formation of the main part of the grain. The number is about 48 to 54 on the

long slender forms, to 28 to 40 on the broad shell-shaped.
The size of the small grains is 10 by 8^ in length and breadth; of the larger elongated grains

44 by 22,u, and of the broad, large grains 30 by 50/x. The common size of the elongated grains is

24 by 14ju, and of the broad grains 26 by 30/i in length and breadth.
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Polariscopic Properties The figure is usually very eccentric, fairly distinct
,
but not clear-cut.

Its linos are frotn moderately thin to broad, anil may lie straight, but often bent, or bisected, or

distorted because of variations in their width. The figure is better defined when the grain is

on edge or end.

The degree of polarization is fair, varying somewhat in different grains and sometimes much in

different parts of the same aspect of a grain. It is distinctly higher than in M. cavendishii (stalk),

and on the whole not so variable.

With selenite the quadrants are not clearlj- defined,

are irregular in shape, and unequal in size. The colors

are not pure.

Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains color a deep blue-violet; with 0.125 per cent

solution they color lightly and the color deepens fairly

rapidly. It is shghtly deeper than that of the grains of

M. cavendishii (stalk). After heating in water until all

the grains are completely gelatinized, the solution colors

deeply and the grains deeply on the addition of iodine.

After boiUng for 2 minutes the solution colors very deeply
and the grain-residues lightly or not at all. The capsules
all color a red-violet with, an excess of iodine.

Staining Reactions. With gentian violet the grains

begin to stain at once and in 30 minutes are fairly deeply

stained, some more than others. The stain is slightly

deeper than that of the grains of M. cavendishii (stalk).

With safranin the grains begin to stain at once and

in 30 minutes are deeply stained, some more than others,

grains of M. cavendishii (stalk).

Temperature Reaction. The temperature of gelatinization is 62 to 64 C, mean 63.

Effects of Various Reagents.^With chloral hydrate-iodine reaction begins in most grains in 30

seconds, and all are darkened in 10 minutes. It is the same qualitatively as that of the grains of

M. cavendishii (stalk).

The reaction with chromic acid begins in most grains at once, and in the rest in a few seconds,

and is over in 50 seconds. As far as could be determined, it is the same qualitatively as that of the

grains of M. cavendishii (stalk).

Reaction with pyrogallic acid begins in some grains in a few seconds and in all in 15 seconds.

Nearly all the grains are completely gelatinized, and the rest nearly completely gelatinized in5minutes;
and all are gelatinized in 15 minutes. The reaction is the same qualitatively as that of the grains

of M. cavendishii (stalk).

The reaction with ferric chloride begins in a few grains in 20 seconds. Nearly all are gelatinized

in 4 minutes and all in 7 minutes. The reaction is the same qualitatively as that of the grains of

M. cavendishii (stalk).

The reaction with Purdy's solution begins in many grains in 15 seconds and in all in 30 seconds.

Nearly all are completely gelatinized in 2}4 minutes and all in 8 minutes. The reaction is quali-

tatively the same as that of the grains of M. cavendishii (stalk).

p
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Differentiation of Certain Starches of the Genus Musa. Continued.

Histological Characteristics. Continued.

Lamellw General Characteristics and Number.

M. cavendishii {stalk): Distinct, fine rings or segments
of rings, tend to be wavy and irregular. 35 to 45

on the fairly large grains.
M. cavendishii {green fruit): Same as in the foregoing,

but more distinct. 30 to 45 on the larger grains.

M. sapientum: The same as in M. cavendishii (stalk),

but more distinct. 48 to 70.

M. ensete: The same as in M. cavendishii (stalk). 48

to 54.

Size.

M. cavendishii {stalk): From 8 to 80m, commonly 40m.

M. cavendishii {green fruit): From 8 to 70m, commonly 35m-

M. sapientum: From 9 to 70m, commonly 46m.

M. ensete: From 10 to 44m, commonly 26m.

PoLARiscopic Properties.

Figure.

M. cavendishii {stalk): Usually very eccentric, distinct,

not clear-cut, usually irregular.

M. cavendishii {green fruit): Same as the foregoing.
M. sapientum: Same as in M. cavendishii (stalk).

M. ensete: Same as in M. cavendishii (stalk).

Degree of Polarization.

M. cavendishii {stalk): Low.
M . cavendishii {green fruit): Low, but distinctly higher

than in M. cavendishii (stalk).

M. sapientum: Fair, higher than in M. cavendishii.

M. ensete: Fair, liigher than in M. cavendishii.

Polarization with Selenite Quadrants and Colors.

M. cavendishii {.'^talk): Quadrants not well defined, irreg-
ular in shape, and unequal in size. Colors not pure.

M. cavendishii {green fruit): Quadrants same as in M.
cavendishii (stalk). Colors not pure.

M. sapientum: Quadrants same as in M. cavendishii

(stalk). Colors not pure.
M. ensete: Quadrants same as in M. cavendishii (stalk).

Colors not pure.

Iodine Reactions.

Intensity and Colors.

M. cavendishii {stalk): Deep; bIue-\'iolet.

M. cavendishii {green fruit) : Deep, deeper than the fore-

going; blue-violet.

M. sapientum: Deep, deeper than in M. cavendishii; blue-

violet.

M. ensete: Deep, shghtly deeper than M. cavendishii

(stalk); blue-violet.

Staining Reactions.

With Gentian Violet.

M. cavendishii {stalk): Fairly deep.M . cavendishii {green fruit) : Fairly deep, deeper than
the foregoing.

M. sapientum: Quite deep, much deeper than in M.
cavendishii (stalk).

M. ensete: Fairly deep, slightly deeper than in M.
cavendishii (stalk).

Staining Reactions. Continued.

With Safranin.

M. cavendishii {stalk): Fairly deep.
M. cavendishii {green fruit): Fairly deep, the same as the

foregoing.
M. sapientum: Fairly deep, rather deeper than in M.

cavendishii (stalk).
M. ensete: Deep, deeper than in M. cavendishii (stalk)

Temperature of Gelatinization.

M. cavendishii {stalk): 67 to 68.5 C, mean 67.75.
M. cavendishii {green fruit): 66.5 to 68.5 C, mean 67.5.
M. sapientum: 67 to 69 C., mean 68.
M. emcte: 62 to 64 C, mean 63.

Effects of Various Reagents.

Reaction with Chloral Hydrate-Iodine.

M. cavendishii {stalk): Begins in most in 60 seconds.
All darkened in 13 minutes.

M. cavendishii {green fruit): Begins in most in 60 seconds.

All darkened in 6 minutes.
M. sapientum: Begins in 60 seconds. All darkened in

7 minutes.
M. ensete: Begins in most in 30 seconds. All darkened

in 10 minutes.

Reaction with Chromic Acid.

M. cavendishii {stalk): Begins in 30 seconds; complete
in 4}^ minutes.

M. cavendishii {green fruit): Begins in 15 seconds; com-

plete in 2J^ minutes.
M. sapientum: Begins in 30 seconds; complete in 2 min-

utes.

M. ensete: Begins in most at once; complete in 50 seconds.

Reaction with Pyrogallic Acid.

M. cavendishii (.stoU).' Begins in 30 seconds; complete
in 45 minutes.

M. cavendishii {green fruit): Begins in 60 seconds; com-
plete in 45 minutes.

M. sapientum: Begins in 60 seconds; complete in 45
seconds.

M. ensete: Begins in all in 15 seconds; complete in all

in 15 minutes.

Reaction with Ferric Chloride.

M. cavendishii {stalk): Begins in 23^ minutes; complete
in 10 minutes.

M. cavendishii {green fruit): Begins in lJ-2 minutes;
complete in 4 minutes.

M. sapientum: Begins in 60 seconds; complete in 6 min-
utes.

M. ensete: Begins in a few in 20 seconds; complete in

7 minutes.

Reaction with Purdy's Solution.

M. cavendishii {stalk): Begins at once; complete in 4
minutes.

M. cavendishii {green fruit) : Begins in 15 seconds; com-

plete in 5 minutes.

M. sapientum: Begins at once; complete in I'j minutes.

M. ensete: Begins in many in 15 seconds; nearly complete
in 2H minutes, and complete in all in 8 minutes.

NOTES ON THE STARCHES OF MUSA.

The Musa starches differ in very minor degree in their gross histology; but in their reactions

not only is each species readily differentiated from the others, but also, in case of M. cavendishii,

the starch of the stalk from that of the green fruit. It is a curious coincidence that the starches

of the fruit of M. cavendishii and of the stalk of M. sapientum are in closer correspondence than

the two stalk starches. M. cavendishii and M. sapientum, in accord with botanical data, are in

closer agreement than either with M. ensete.
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STARCHES OF ZINGlBERACEl^.

Class, Monocotyledones. Order, Scitaminales. Family, Zingiberacese.
Genera represented : Zingiber, Hedychium, Curcuma.

The family Zingiberacece includes 23 genera and about 315 species, chiefly tropical, and mostly
natives of Indian China.

GENUS ZINGIBER.

There are about 30 species o' Zingiber. Ginger is extensively cultivated throughout tropical

Asia, and also in many other tropical countries, particularly in Jamaica and nearby regions. The
rhizome of Zingiber officinale Rose, is the officinal ginger of the materia medica. The most esteemed

form is Jamaica ginger, which is probably a variety of Zingiber officinale, the rhizomes of which are

designated commercially black or white in accordance with whether the dark integument is intact

or has been scraped off. Starches from four sources were examined, as follows; (1) Z. officinale

Rose, the preparation being obtained directlj^ from the rhizome from the Botanical Gardens of the

University of Pennsylvania; (2) a preparation made from ground ginger sold commercially as Ja-

maica ginger; (3) another preparation made from the white rhizomes sold as Jamaica ginger;

and (4) another preparation obtained from rhizomes in the materia medica collection of the Uni-

versity of Pennsylvania, marked Cochin ginger, which has been bottled for a period of perhaps over

50 years, and is regarded as a variety of Z. officinale.

STARCH OF ZINGIBER OFFICINALE. (Plate 80, figs. 477 and 478. Chart 324.)

The starch was prepared from the fresh rhizome obtained from the Botanical Gardens of the

University of Pennsylvania.

Histological Characteristics. In form the grains are simple with the exception of rare compound
grains consisting of two components. There are a few clumps, no aggregates, and no pressure
facets. The surface tends somewhat to irregularity, due

chiefly to small, rounded protuberances and nipple-like

projections, the latter especially at the proximal end. The

margin of the grain, particularly of the proximal end, may
be undulating owng to erosions. The most conspicuous
form is a flattened ovoid with a tendency for the whole

grain, particularly the proximal end, to be more or less

curved along the longitudinal axis. The proximal end

is usually more or less pointed, and sometimes this pro-

jection is very marked, particularly in grains that have

undergone erosion. This end may be so modified as to

form a very acute or a very obtuse angle, or all tran-

sitional angles. Some of the grains are dome-shaped,

triangular, oval, almost square, and in some there is an

approach to the clam-shell type. The grains are dis-

tinctly flattened, being usually about one-third as thick

as broad. In this specimen many grains showed more
or less marked erosion at the proximal end.

The hilmn is not usually visible, chiefly because of

its smallness and its extremely eccentric location, it being
situated at the apex of the small point that projects from the proximal end. When it can be seen

it is a small round spot, never fissured. Double hila are rare.

The lamellce are very distinct, fine, and regular, and arranged in regular series running trans-

versely to the longitudinal axis as arcs of circles which are in all probability parts of continuous

rings. Near the hilum are two usually coarser and more distinct than the others. Occasionally those

near the distal end are larger and coarser than those in the middle of the grain, and there are more or

less variations in different parts. On a large grain the common number is about 57.
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The grains vary in dze from 7.5 to 64/i. The common size is about 44 by 22/x in length and breadth.

Poluriscopic Pruperlies. The figure is extremely eccentric, very tlistinet, but not sharply

defined. Its lines are apt to be broad, of nearly uniform width, but not clear-cut. As a rule only

one or two lines are seen. When only one is present it follows closely the longitudinal axis of the

grain; but when there are two they are marginal, the part of the grain corresponding to the longi-

tudinal axis being bright.

The degree of -polarization is fair. It varies according to the position of the grain. It is highest

when the grains are observed on end or edge. It varies in different grains, is almost absent in eroded

parts, and is higlier when grains are overlapped.
With selenite the quadrants are fairly well defined. Usually only one or two quadrants are

visible, sometimes one and parts of two, and rarely parts of four. The quadrants tend to be quite

regular in shape, but are usually unequal in size. The colors are generally fairly pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color fairly deeply a blue-

violet; with 0.125 per cent solution the color is light at first, but deepens fairly rapidly. After heat-

ing until the grains are completely gelatinized, the solution reacts very lightly and the grains deeply
on the addition of iodine. After boiling for 2 minutes, the solution is much more deeply colored,

but the grain-residues only slightly. With an excess of iodine, some grains react a dark blue with a

violet-colored capsule; others show but little of the blue-reacting substance and a violet-colored

capsule.

Staining Reactio7is. With gentian violet the grains begin to stain at once, but the distal end

is much more deeply stained than the rest and a very sharp line of demarcation usually exists be-

tween the two parts. After 30 minutes they are fairly deeply stained.

With safrantJi the grains begin to stain at once rather lightly, but even after 30 minutes they
are lightly colored, the distal end more deeply than the proximal, although there is not so much
difference as when gentian violet is used.

Temperature Reaction. The temperature of gelatinization is 73.3 to 74.4 C, mean 73.85.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in most grains in 30

seconds and is over in 2 minutes. The hilum and lamella are obscured. The distal end becomes dark

and begins to swell somewhat smoothly, appearing like a cap fitted on the end of the grain. This

cap is probably freshly deposited starch. The grains now become dark thi-oughout the distal end,

and irregular points on the periphery darken, and swelling and gelatinization proceed from the

distal end along the margin of these points, usually along only one side, continuing around the

proximal end before extending upward along the other side. Wlien the process has progressed all

around the mai-gin, the central portion is invaded and the outer part of the grain becomes a capsule,

which contains a mass of gelatinized starch. The gelatinized grains show a smooth, rounded distal

end, separated from the swollen cap previously noted. The grain is swollen, and many fine lamella

are seen, such as would appear in an ungelatinized grain. At the distal end there may be one or

more elongated sacculations, and rarely the whole margin may show these irregular protrusions.

The reaction with chromic acid begins in 20 seconds and is over in 2 minutes. The hilum swells

quickly and protrudes from the end of the grain, the upper part undergoing solution. The lamellae

are very distinct. The cap-hke part at the distal end of the grain separates from the rest, becomes

as a rule finely granular and swells, and finally is dissolved sometimes in a manner similar to thatof

the major part of the grain. The lamella appear to be detached one by one, but there is no definite

separation of crescents as in certain starches. This process continues until the grain is entirely

dissolved.

With pyrogallic add in 2 minutes there is a reaction in a few grains, and in 30 minutes all show
some reaction. After 45 minutes there is practically no further change; the preparation is dried at

this time. The hilum and lamellae are both very clear. The hilum swells slightly and the portion
of the grain around it becomes rapidly striated. A line of demarcation in the form of a gradually

widening, clear space appears between the cap-like end and the body of the grain, and small fissures

extend upward into the grain from the distal end. The main jiart of the grain appears to be grad-

ually transformed into a gelatinous mass, the inner part going first, the outer appearing as a very

distinct, homogeneous wall, which becomes gradually thinner and clearer. The gelatinized grains
are fairly large, crumpled, and wrinkled.

Reaction with ferric chloride begins in a few grains in 45 seconds and is completed in 5 minutes.

The hilum and lamella; are not visible. The hilum and near-by parts swell greatly with irregular
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protrusion. In some grains one or two irregular points in the margin also swell. This process ex-

tends all around the margin anil is charaeterizeti by great irregularities. It now extends inward

slowly, anil sometimes the inner, ungelatinized portion is divided by fissures into separate pieces

which swell separately. The gelatinized grains so formed are very large, greatly distorted, folded,

crumi)lod, and sacculated.

With Furdy's solution the reaction begins immediately and is over in IJ^ minutes. The hilum

and one or two contiguous points protrude, fine striae radiate from the hilum throughout the grain,

and the entire substance of the grain is changed gradually into a gelatinous mass. The gelatinized

grains are large, ovoid in shape, and often very smooth. Rarely, the two ends of the grain begin to

react first, and then the central portion.

ST.\RCH OF ZINGIBER OFFICIN.A.LE VAR. JAMAICA No. 1. (Plate 80, figs. 479 .and 480. Chart 325.)

The starch was prepared from the ground white rhizomes bought in the open market and sold as

Jamaica ginger.

Histological Characteristics. In form the grains are usually simple. There are rare compound
grains consisting of two or three components; also a few aggregates and clumps, but no pressure

facets. The surface of the grains is smooth and there is not much irregularity of outline. The

margin may be marked by small, rounded protuberances, depressions, or nipple-like projections.

The most conspicuous forms are the short, broad, ovoid, and oval; also flattened ovoid and oval,

nearly circular, approaching the clam-shell type, sugar-loaf, rounded, triangular, and rounded

quadrilateral. There is a tendency to a nipple-like protrusion at the proximal end of many grains.

The grains are so much flattened that top and bottom sides are almost parallel, and the thickness

is about one-fourth of the breadth. There is more or less

amorphous foreign matter adherent to some grains.

The hilum is not distinct, but usually visible and

quite eccentric. It is a small, round spot with two non-

refractive lines or fissures which extend outward and

dowmward from it on the sides. Occasionally the hilum

shows a small transverse or a 3-armed fissure, not wide

or deep or prominent. There are apparently no double

hila.

The laniellm are fairly distinct, fine, regular, appar-

ently continuous segments of rings, not showing any

irregularities; rarely several may be more prominent
than the others. They were not distinct enough in any

grain to determine the number accurately.

The grains varj^ in size from 5 to 45ai. The common
size is 30/i.

Polariscopic Properties. The figure is very eccentric,

distinct, but not clearly defined. Its lines are broad and

not sharply defined, and tend to become somewhat wider

and less sharply defined as the margin is approached.

Two marginal lines are usually the only part of the figure seen; occasionally three or four lines are

observed. There may be bending and other irregularity of the figure, due to depressions or eleva-

tions on the surface of the grain and to the addition of later deposits of starch at the base of some

of the grains, which causes the appearance of a cross-bar connecting the two long lines about two-

thirds of the distance from the hilum to the margin.

The degree of polarization is low, much lower than in Z. officinale. The distal end is apt to be

more polariscopic than other parts. Polarization varies with the position of the grain, being much

higher when the grain is viewed from the end or side.

With selenite the quadrants are not clearly defined, fairly regular in shape, but unequal in size.

The colors are not pure, both yellow and blue appearing to be mixed with much red.

Iodine Reactions. WiXh 0.25 per cent Lugol's solution the grains color a fairly deep blue-violet,

but less than Z. officinale; with 0.125 per cent solution the grains tint very lightly and the color

deepens slowly, but at no time does it become so deep as that of Z. officinale. After heating in water

until the grains are completely gelatinized, the solution is colored very lightly and the grains generally
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deeply. A few grains are colored lightly and these have a violet-colored capsule. After boiling for

2 minutes, the solution is colored much more deeply, the grain-residues somewhat less, and most of

them have a violet-colored capsule.

Staining Reactions. With gentian violet the reaction begins immediately rather lightly, and

after 30 minutes the stain is fairly deep, deeper in some grains than in others; not so deep as the grains

of Z. officinale.

With safranin staining begins immediately, but very faintly, and even after 30 minutes the

grains are lightly stained. There is slightly less coloration than in Z. officinale.

Temperature Reaction. The temperature of gelatinization is 81.7 to 82.8 C, mean 82.25.

Effects of Various Reagents. With chloral hydrate-iodine some grains begin to react in a minute

and reaction is complete in 10 minutes. There is no further change within 6 hours. The hilum is

usually very distinct as a small, dark spot or bubble. The lamellae are visible. In the grains that

react, the distal end becomes very dark and swells. The hilum swells and protrudes from the top

of the grain as a small, rounded knob. From both ends the process of gelatinization extends over

the whole grain. Occasionally one of the ends is affected at first. The gelatinized grains are fairly

large and appear more or less homogeneous, though they may show some irregular, light cracks

or fissures in the central parts.

Reaction with chromic acid begins in IJ^ minutes and is completed in 20 minutes. The hilum

becomes very distinct, but the lamella; are invisible. The central portions of the grain, extending

from the hilum to the distal end, become divided irregularly by many small fissures which gradually

widen until this part is transformed into an irregular, granular mass. The more resistant starch

at the margin forms a wall, which is especially thick at the sides of the grain and is usually quite

homogeneous, though it may be crossed irregularly by stria. The distal end is dissolved and the

granular starch pours out and is dissolved; the proximal end disappears; and, finally, the resistant

starch at the sides goes into solution.

The reaction with pyrogallic acid begins in a few grains in 2 minutes, but after 20 minutes a

few grains are partially gelatinized, and one or two are completely gelatinized. (The preparation

dried in about 45 minutes.) The hilum is always distinct and the lamellse are distinct throughout

the grain. The grain is altered into a gelatinous mass, beginning at the hilum. The more resistant

starch at the margin forms at first a homogeneous wall, through which are seen wedge-shaped

fissures. This wall or capsule gradually becomes clear and thinner, but apparently never entirely

disappears. The gelatinized grains so formed are large, irregular in outline, somewhat sacculated,

wrinkled, and involuted.

The reaction with ferric chloride begins in 23^ minutes and is practically over in lj<i hours.

(A few grains near the edge of the cover-slip apparently never become completely gelatinized.)

The hilum is prominent as a dark spot or bubble. The lamellae are invisible. In general, the re-

action appears to consist of the homogeneous dissolution and swelling of the entire grain, without

the formation in most cases of a definite capsule. In some grains the inner portion from the hilum

to the distal end is divided by irregular fissures, becomes granular, and forms a well-marked capsule,

which later disappears. The gelatinized grains formed by these processes, which are not very dif-

ferent fundamentally, are large, folded, crumpled, and shapeless.

After 2 hours there is no reaction with Purdy's solution.

STARCH OF ZINGIBER OFFICINALE VAR. JAMAICA No. 2. (Plate 80, figs. 479 and 480. Chart 326.)

The starch was prepared from white rhizomes bought in the open market as Jamaica ginger.

Histological Characteristics. In form the grains are simple. No compound grains, aggregates,

or pressure facets were noted, but there are many clumps. The grains tend to be quite regular in

outUne, though some of them have a small, pointed projection at the top of the grain. The most

conspicuous grains are ovoid, somewhat narrowed at the proximal end; also short, elliptical forms,

oval, rounded triangular, rounded quadrangular, circular, and a few approaching the clam-shell

type. The grains are about one-fourth as thick as broad and usually appear as narrow, flattened,

elongated ellipses when seen on edge.
The hilum is a medium-sized spot, fairly distinct, round and non-refractive. It is very eccen-

tric, but not at the very edge of the grain, as in Z. officinale, and it is usually in or near the median

line. There is often a non-refractive line on each side, extending out towards the distal end. It is

not fissured and there are no double or multiple hila.
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The lamellce are not usually visible. When they can be seen they are very faint and appear
to be regular, fine arcs of circles, commonly quite uniform in size and distinctness. Rarely one or

two were coarser and more distinct than the others. They are so faint that it is impossible to count

them ^^^th any accuracy.
The grains vary in size from 4 to 42/i. The common size is about 28fi.

Polariscopic Properties. The figure is distinct, bxit not clearly defined. Its lines are usually
thick and the edges are dim. The lines are not bent or otherwise distorted.

The degree of polarization is low. It is lower in Z. officinale and Z. officinale v&r. Jamaica No. 1.

When the grains are viewed from the edge or from the end they appear highly polariscopic.
With selenite the quadrants are not especially well defined, are unequal in size, regular in shape.

The colors are not pure.
Iodine Reactions. With 0.25 per cent Lugol's solution the grains color immediately a fairly

deep blue-violet, not so deep as Z. officinale and about the same as Z. officinale var. Jamaica No. 2;
with 0.125 per cent solution they tint lightly at once and the tint deepens slowh'. Alter heating
in water until the grains are completely gelatinized, the solution is somewhat colored and the grains

fairl}' deeply by the addition of iodine. Some show a

violet capsule. After boiling for 2 minutes the grain-

residues are less deeply colored, but the solution much
more deeply. All the grains show a violet capsule, and
there are capsules which do not retain any blue-react-

ing starch.

Staining Reactions. With gentian violet the grains

begin to stain at once and after 30 minutes are all fairly

deep, some more than others. The coloration is lighter

than in Z. officinale.

With safranin the grains begin to stain lightly in a

minute, but slowly, so that at the end of 30 minutes they
are only lightly stained. The color is less than that of

Z. officinale.

Temperature Reaction. The temperature of gelatin-

ization is 85.5 to 86.3 C, mean 85.9.

Effects of Various Reagents. With chloral hydrate-
iodine the reaction begins in most grains in 45 seconds

and is complete in all in 8 minutes. The hilurn is very
distinct as a dark bubble or spot. The lamellae are invis-

ible. The margin, as in most other starch-grains, becomes darker and clearer. Irregular points at

the distal end and sides of the grain now darken and protrude. The hilum at this time frequently
swells out into a small knob. From these points the process extends over the whole grain, smoothly
and without any more swelling at one point than at another. There is in the grains occasionally a

perpendicular fissure which extends from the swollen hilum almost to the distal end of the grains.

The grains are uniformly dark and show resemblance to the original form of the grain.

The reaction with chromic acid begins in 2 minutes and is over in 13 minutes. The hilum be-

comes very prominent, and the lamellse may be made out dimly. As the hilum swells slightly, fine

strise appear which radiate throughout the grain, growing coarse and more distinct. In the majority
of the grains the whole interior now changes into a gelatinous, finely granular mass inclosed in a thin

capsule, which dissolves at one point and opens out, thus allowing the gelatinized starch of the inside

to flow out and dissolve. The remaining portion of the capsule dissolves slowly. In a few grains

the hilum swells out quickly before other parts of the grain react in any way, and following its solu-

tion the rest of the grain disappears, the gelatinous starch flowing out of the opening at the hilum.

Reaction with pyrogallic acid begins in some grains in 3 minutes and about half the number
are partially gelatinized in 35 minutes. The hilum is prominent and some fine lamellie may be seen.

The hilum swells somewhat and fine striae appear radiating throughout the grain. The entire grain

now appears to be transformed into a finely granular, gelatinous mass which gradually e.xpands,

forming a large mass with a thin capsule. This capsule does not show many folds, lines, or wrinkles.

The reaction with ferric chloride begins in a few grains in 3 minutes. It is general in about 15

minutes, when about one-fourth are completely gelatinized. The reaction is over in 45 minutes.

p
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The hilum is very distinct as a dark spot or bubble. A line of irregular fissures extends down the

middle of the grain from the hilum to the base, and as the grain swells the inner portion is converted

into a gelatinous, finely granular mass. Reaction occurs most rapidly at and near the distal end.

The gelatinized grains so formed are usually large, smooth, rounded, sometimes irregular, sacculated,

and wrinkled. Many retain some of the original form of the grain.

With Purdy's solution there is some reaction in many grains within 15 minutes and after 3

hours most of the grains are swollen, but none completely gelatinized. The hilum is verj^ distinct

and the lamellae may be made out. The hilum swells somewhat, and there is splitting and Assuring

of the grain and generally swelling.

STARCH OF ZINGIBER OFFICINALE VAR. COCHIN. (Plate 81, figs. 481 and 482. Chart 327.)

The starch was prepared from rhizomes deposited in the Materia Medica Museum of the

Medical School of the University of Pennsylvania. It is a very old specimen, having been in the

museum for probably 50 years or more.

Histological Characteristics. Inform the grains are usually simple, with a few compound grains,

many clumps, no aggi'egates, and no pressure facets. The surface is quite smooth and tends to be

quite regular. Nipple-like processes are common. The most conspicuous form is the flattened

ovoid, which often has a small, pointed projection at the proximal end; also oval, elliptical, circular,

and various irregular shapes, a few of which approach the clam-shell type. The graii^ are much

flattened, and are about one-third as thick as broad. On edge they appear as long, flattened, nar-

row ellipses.

The hilum is rarely visible and it appears as a small, round, non-refractive spot situated very

eccentrically, almost at the edge. It shows in some grains two non-refractive lines which extend

outward and downward from it, one on each side, but it is not fiss\ired. It is usually in the median

line and it may occasionally be double.

The lamellce are very indistinct, and when seen they appear as fine, regular arcs of circles, prob-

ably continuous; the hilum is so eccentric that it is difficult to determine whether they are contin-

uous or not. There are probably very many on one grain, some more prominent than others. The pro-

jections and mammary processes from the surface of the

grains are included in the structure of the original grain.

The grains vary in size from 5 to 40m. The coinmon

size is 28^.

Polariscopic Propeiiies. The figtire is very eccen-

tric, fairly distinct, though its lines are rather broad and

margins dim. Only one or two lines are usually seen.

If one line, it is in or near the median line, but if there

are two they are placed marginally. Parts of other lines

may also be seen in some grains.

The degree of polarization is low, lower than that

of Z. officinale and about the same as that of Z. offidiiale

var. Jamaica No. 2. There is not much difference in dif-

ferent grains. When the grains are viewed from the end

or edge it is high.

With selenite the quadrants are not well defined, are

fairly regular in shape, and unequal in size. Usually but

two quadrants are visible, or one with parts of two.

Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains react readily and become a fairly deep
blue-violet; with 0.125 per cent solution the grains color very lightly. The reaction is somewhat

deeper than in Z. officinale. After heating in water until the grains are completely gelatinized,

the solution is colored fairly well and the grain fairly deeply on the addition of iodine. Many of

the grains have a violet-colored wall. After boiling 2 minutes the solution is colored very deeply
and the grain-residues very lightly or not at all. When an excess of iodine is adiled the capsules

appear violet-colored.

Staining Reactions. With gentian violet the grains begin to stain in less than a minute and
after 30 minutes the stain is fairly deep, not quite so deep as that of the grains of Z. officinale.
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With safranin the grains begin to stain in a minute. After 30 minute.s they are lightly stained,

sliglitly less than in Z. officinale.

Temperature lieadiun. The temperature of gelatinization is 89.5 to 90.5 C, mean 90.

Effects of Various Reagents. With chloral hydrate-iodine the reaction begins in some of the

injured grains in 30 seconds and these are completely darkened, though not fully swollen, in 3 min-
utes. The reaction begins in the intact grains in 2J^ minutes and is complete in all in 10 minutes.

The hilum is prominent as a dark spot. The grain becomes clearer and darker around the margin,
the lower portion darkens and swells somewhat and the process extends upward over the other

parts of the grain. It usually spreads more rapidly up the margin than over the central portion.
Sometimes the distal end becomes dark and the hilum swells at the same time. The reaction then
extends over the grain from these two points. After the grains are darkened, they swell, and irreg-
ular fissures appear. There is usually a very light space of varying shape at the proximal end,

representing the swollen hilum. After 2 or 3 hours the grain often shows a transverse fissure which

nearly separates the grain into 2 parts.

Reaction with chromic acid begins in 2 minutes and is complete in 11 minutes. The hilum is

very distinct and also some of the lamellis. Two non-refractive lines extend outward and down-
ward on either side of the hilum, thus outlining an inner, fan-shaped area, which becomes divided
into granules by many fine fissures which are very wide at the proximal end. The whole mass be-

comes gelatinized. The marginal starch above the hilum is more resistant and appears as a broad,

quite homogeneous band. The gelatinized grain so formed is now dissolved at one point, usually
the distal end. The gelatinous starch inside flows out and is dissolved. The more resistant, marginal
starch in the region of the hilum dissolves more slowly and finally the entire grain has disappeared.

The reaction with pyrogallic acid begins in about 5 minutes in those grains which are not under-

neath the cover-slip, and all of these are completely gelatinized in 20 to 25 minutes. Those under-

neath the cover-slip do not react. The hilum is prominent, and the lamellae may be made out in

some grains. The imier part of the grain may either be changed into a gelatinous mass or it may be

divided by a perpendicular irregular fissm-e and the grain be broken up into granules which become a

gelatinous mass, the result being the same as that of the first method. The gelatinized gi-ains so

formed are thin-walled, large, somewhat irregular, but rounded in outline and without much wrink-

ling and folding.

With feiTic chloride the reaction begins in a few in 3 minutes and is complete in all in 55 minutes.

The hilum is prominent, but the lamellae can not be seen. The whole interior of the grain is changed
into a gelatinous, gi-anular mass and swells out, forming a large, irregular, thin-walled mass, which
is at first smooth and rounded; later the capsule becomes wrinkled and folded. In some grains a

number of irregular fissures may extend from the hilum to the distal end, along the longitudinal

axis, and subsequent to this the imier portion of the grain becomes a gelatinous mass, with swelling,

and the final formation of a large gelatinized grain.

There is no reaction to Purdy's solution after 2 hours.

Differentiation of Certain Starches of the Genus Zingiber,

Histological Characteristics.

Conspicuous Forms.

Z. officinale: Usually simple, rarely compound, no aggre-
gates, no pressure facets, surface somewhat irregular

owing to small rounded protuberances and nipple-
like projections, the latter especially at proximal end,
flattened, flattened ovoid, curved longitudinally,

especially the proximal end, proximal end usually
pointed.

Z. officinale var. Jamaica No. 1: Essentially the same
as in Z. officinale, except that the conspicuous
grains are short, broad ovoid and oval.

Z. officinale var. Jamaica A'o. 3: Essentially the same
as in Z. officinale var. Jamaica No. 1 .

Z. officinale var. Cochin: Essentially the same as Z.

officinale var. Jamaica No. I.

Hilum Form, Number, and Position.

Z. officinale: Form not usually visible, small round spot,
never fissured. No double hila. Position extremely
eccentric.

Histological Characteristics. Continued.

Hilum Form, Number, and Position. Continued.

Z. officinale var. Jamaica No. 1: Form not distinct,
small round spot, occasionally shghtly fissured, no
double hila. Position very eccentric.

Z. officinale var. Jamaica No. 2: Form fairly distinct,
medium-sized round spot, not fissured, no double
hila. Position very eccentric.

Z. officinale var. Cochin: Form rarely visible, small

round spot, not fissured, occasionally double hila.

Position very eccentric.

Lamella: General Characteristics and Number.

Z. officinale: Very distinct, fine, regular. About 57.

Z. officinale var. Jamaica No. 1: Fairly distinct, fine,

regular. Not determined.
Z. officinale var. Jamaica No. 2: Usually not visible;

fine, regular. Number not determined.
Z. officinale var. Cochin: Very indistinct, fine, regular.

Number not determined.
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Differentiation of Certain Starches of the Genus Zingiber. Continued.

Histological Chabactekistics. Continued.

Size.

Z. officinale: From 7.5 to 64^, commonly 44m.
Z. officinale var. Jamaica No. 1: From 5 to 45ai, com-

monly 30m.
Z. officinale var. Jamaica No. 2: From 4 to 42m, com-

monly 28m.
Z. officinale var. Cochin: From 5 to 40m, commonly 28m.

PoLARiscopic Properties.

Figure.

Z. officinale: Extremely eccentric, very distinct and not

sharply defined. Usually only 1 or 2 of the 4 lines

of the figure are visible.

Z. officinale var. Jamaica No. 1: Essentially the same
as in Z. officinale, but less eccentric.

Z. officinale var. Jamaica No. 2: Essentially the same
as in Z. officinale, but less eccentric.

Z. officinale var. Cochin: Essentially the same as in Z.

officinale, but less eccentric.

Degree of Polarization.

Z. officinale: Fair.

Z. officinale var. Jamaica No. 1: Low.
Z. officinale var. Jamaica No. 2: Low, lower than in Z.

officinale var. Jamaica No. 1.

Z. officinale var. Cochin: Low, the same as in Z. officinale
var. Jamaica No. 2.

With Selenite.

No marked differences.

Iodine Reactions.

Intensity and Color.

Z. officinale: Fairly deep; blue-violet.

Z. officinale var. Jamaica No. 1: Fairly deep, less than in

Z. officinale; blue-violet.

Z. officinale var. Jamaica No. 2: Fairly deep, less than
in Z. officinale var. Jamaica No. 1; blue-violet.

Z. officinale var. Cochin: Fairly deep, deeper than in

Z. officinale; blue-violet.

Staining Reactions.

With Gentian Violet.

Z. officinale: Fairly deep.
Z. officinale var. Jamaica No. 1: Fairly deep, but less

than in Z. officinale.

Z. officinale var. Jamaica No. 2: Fairly deep, but less

than in Z. officinale.

Z. officinale var. Cochin: Fairly deep, but less than in

Z. officinale.

With Safranin.

Z. officinale: Light.
Z. officinale var. Jamaica No. 1: Light, slightly less than

in Z. officinale.

Z. officinale var. Jamaica No. 2: Light, less than in

Z. officinale.

Staining Reactions. Continued.

With Safranin. Continued.

Z. officinale var. Cochin: Light, slightly less than in

Z. officinale.

Temperature of Gelatinization.

Z. officinale: 73.3 to 74.4 C, mean 73.85.
Z. officinale var. Jamaica No. 1: 81.7 to 82.8 C, mean

82.25.
Z. officinale var. Jamaica No. 2: 85.5 to 86.3 C, mean

85.9.
Z. officinale var. Cochin: 89.5 to 90.5 C, mean 90.

Effects of Various Reagents.

Reaction with Chloral Hydrate-Iodine.

Z. officinale: Begins in most in 30 seconds; complete
in all in 2 minutes.

Z. officinale var. Jamaica No. 1: Begins in 1 minute;
complete in all in 10 minutes.

Z. officinale var. Jamaica No. 2: Begins in most in

45 seconds; complete in all in 8 minutes.
Z. officinale var. Cochin: Begins in 2J-^ minutes; com-

plete in all in 10 minutes.

Reaction with Chromic Acid.

Z. officinale: Begins in 20 seconds; complete in 2 minutes.
Z. officinale var. Jamaica No. 1: Begins in IJ^ minutes;

complete in 20 minutes.
Z. officinale var. Jamaica No. 2: Begins in 2 minutes;

complete in 13 minutes.
Z. officinale var. Cochin: Begins in 2 minutes; complete

in 11 minutes.

Reaction with Pyrogallic Acid.

Z. officinale: Begins in most in 2 minutes; all partially

gelatinized in 35 minutes.
Z. officinale var. Jamaica No. 1: Begins in a few in 2

minutes; a few partially gelatinized in 20 minutes.
Z. officinale var. Jamaica No. 2: Begins in some in 3 min-

utes; about half partially gelatinized in 35 minutes.
Z. officinale var. Cochin: No reaction.

Reaction icith Ferric Chloride.

Z. officinale: Begins in 45 seconds; complete in 5 minutes.
Z. officinale var. Jamaica No. 1: Begins in 2}^ minutes;

partially complete in IJ^ hours.

Z. officinale var. Jamaica No. 2: Begins in 3 minutes;
complete in 45 minutes.

Z. officinale var. Cochin: Begins in a few in 3 minutes;
complete in 55 minutes.

Reaction with Purdy's Solution.

Z. officinale: Begins at once
; complete in 1 J/^ minutes.

Z. officinale var. Jamaica No. 1: No reaction after 2
hours.

Z. officinale var. Jamaica No. 2: Begins in some in 15

minutes; most are affected after 3 hours.

Z. officinale var. Cochin: No reaction after 2 hours.

NOTES ON THE STARCHES OF ZINGIBER.

The starch of Z. officinale differ.s in histology and in reactions from the specimens of Jamaica

ginger which are marketed as Z. officinale; and both of these in turn from Z. officinale var. Cochin.

The true Z. officinale is particularly distinguished by the conspicuousness of the nipple-like proximal

end, the distinct lamellae, and average greater size. Cochin ginger bears a closer resemblance to

Z. officinale than to the Jamaica gingers. In their reactions Z. officimde likewse stands apart, and

the Jamaica and Cochin gingers have relationships which, on the whole, are in accord with those

of their histologj'. The high temperature of gelatinization of the Jamaica and Cochin gingers is

notable (82.25, 85.9, and 90), especially of the latter, which is the highest record of any starch yet
examined. The comparatively great resistance shown by the Jamaica and Cochin gingers in com-

parison with Z. officinale in the reactions with the chemical reagents is very marked.
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Chart No. 328.

GENUS HEDYCHIUM.
This genus includes about 25 species of rhizomatous plants, natives of tropical Asia, many of

them being found in India. Some are in cultivation, chiefly as green-house plants, and are popularly
knowni as the garland flower, the butterfly lily, and the ginger lily. Starches from 2 species,

both natives of India, were studied: H. coronarium Kocnig and H. gardnerianum Roscoe. The
starch of the latter we were not able to free entirely from foreign matter.

STARCH OF HEDYCHIUM CORONARIUM. (Plate 81, figs. 483 and 484. Chart 328.)

Histological Chamderistics. Inform the grains are simple, with the exception of rare compound
grains of two components. There are no aggregates and no pressure facets, and there are few clumps.
The surface is rounded, and tends to an irregularity of outline, owing chiefly to nipple-like projec-

tions, especially at the proximal end. The conspicuous form is that of a flattened ellipse with
the pointed proximal end which is usually bent laterally; also triangular, spindle-shaped, pyriform,

nearly circular, approaching the clam-shell type, and various irregular forms. The grains generally
tend to be more or less bent along the longitudinal axis, especially the proximal end; many exhibit

the effects of erosion of the proximal end, which may be

very limited or extend to or beyond the middle. The

grains are distinctly flattened, being about one-fourth

as thick as broad. When on edge they are very slender

and spindle-shaped, and often curved and irregular.

The hilum is always invisible in the simple grains,

probablj^ because it is situated at the extreme tip of the

pointed projection of the end of the grain. In some of

the rare compound grains a small, round, indistinct hilum

may be seen in the median line in each of the two parts of

the grain. The hilum in these grains is extremely eccentric.

The lamellw are distinct, fine, regular arcs of circles,

probably continuous. They follow closely the outline of

the distal end. They vary much in distinctness, those

at the distal end generally ajjpearing to be the most

distinct and the coarsest. There are about 58 to 60 on

the larger grains.

The grains vary in size from 8 to 62;u. The dimen-

sions of the most conspicuous grains average about 48

by 20ai. The common length is about 42^.

Polariscopic Properties. ^The figure is extremely eccentric, fairly distinct, but not clear-cut.

Usually only one line of the figure is seen, occasionally two. The lines are broad and not sharply

defined, and in some grains are joined by a cross-line at about two-thirds of the distance from the

hilum to the distal end.

The degree of polarization is low. It varies in different grains and even in different parts of

the same grain, and according to the aspect of the grain. When the grains are viewed on end or on

edge, polarization is quite high.

With selenite the quadrants are not well defined, are irregular in shape, and unequal in size.

The colors are not pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color at once a bluish-violet

fairly well; with 0.125 per cent solution the grains color lightly at first, and then slowly deeper.
After heating in water until the grains are completely gelatinized, the solution colors deeply and

the grains deeply to very deeply on the addition of iodine. After boiling for 2 minutes, the solution

colors much more deeply and the grain-residues somewhat less. The grains are much swollen and

distorted, and with an excess of iodine many of the more lightly colored show a dark-violet capsule.

Staining Reactions. With gentian violet and with safranin the grains begin to stain at once and

after 30 minutes are deeply stained.

Temperature Reaction. The temperature of gelatinization is 71.5 to 73.1 C, mean 72.3.

Effects of Various ReagenU. With chloral hydrate-iodine reaction begins in most grains in

30 seconds; most arc darkened in 5 minutes, and all in 10 minutes, and the reaction is complete
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in 45 minutes. They begin to darken at the distal end and at the ends of any projections from the

surface. The hiium swells out as a little knob, and this becomes joined with other like swellings,

so that the whole margin becomes swollen and dark. The process usually extends along one side

more rapidly than the other. There is not often a very sharp line of demarcation between the

swollen and unswollen portions. The unswollen central part of the grain is quickly involved, but

the swelling as a whole is not great. The gelatinized grains when first formed are fairly large and

somewhat distorted, owing to the enlargement, twisting, and bending of the various projections

from the margin, and of a uniform dark color. After a little time the lower portion separates par-

tially from the rest of the grain and is seen to have a somewhat lamellated structure.

With chromic acid the grains begin to react in 15 seconds, and reaction is over in 11 minutes.

The hilum protrudes from the top, and the grain shows on its surface long, irregiilar indentations

which later become irregular fissures. The lower end of the grain becomes fissured and granular,

and separates off bodily from the upper part, soon dissolving entirely; the remaining part divides

into rows of coarse granules in part by the irregular fissures before mentioned, and also by the other

fissures which extend transversely in the direction of the principal lamellae. The parts separated

by the latter fissures do not appear to separate serially from the grain, but the whole grain becomes

gradually thinner and more transparent until it disappears entirely.

With pyrogallic acid a few grains begin to react in IJ^ minutes; there is practically no further

change after an hour, except in the grains outside the cover-slip. The hilum (when it can be

seen at all) and the lamellae become very prominent. The hila of grains outside the cover-slip

may swell somewhat, such exposed grains all becoming gelatinized in a very short time. In such

gi-ains the process appears to consist in the swelling of the hihnn, the invasion of the distal part of

the grain by many irregular fissures, and the gelatinization and swelling of this part. The gelatinized

grains are large and irregular in outline. The distal end shows a number of concentric folds arranged
somewhat like the lamellse. The grains under the cover-slip show no change after 25 minutes except
that they become clearer and more transparent; the lamellse more distinct; and the distal end of

the grain often partly separated from the rest, as if it were a cap adherent to the grain but not an

integral part of it.

Reaction with ferric chloride is general in 30 seconds and complete in 6 minutes. The hilum

and one or two points nearby swell in long, finger-like projections. The rest of the grain, having
been divided Ijy irregular longitudinal striae and transverse fissures into granules, is converted into

a granular mass, with great swelling and much distortion. The distal end often separates, or par-

tially separates, from the main body and appears to gelatinize independently. The gelatinized

grains are very large, much distorted, folded, and bent. The lower portion shows lamella-like

rows of folds of the capsule.

The reaction begins at once with Purdy's solution and is over in 3 minutes. The hilum and one
or two contigiious points protrude. The grain becomes divided by fine radiating striae and the entire

substance is changed into a gelatinous mass, inclosed by a thin, transparent capsule. The gelati-

nized grains are large and ovoid in shape, and the capsule or outer part is smooth.

STARCH OF HEDYCHIUM GARDNERIANUM. (Plate 81, figs. 485 and 486. Chart 329.)

Histological Characteristics. In form the grains are simple with the exception of rare compound
grains consisting of two components. There are no aggregates or pressure facets, and little ten-

dency to form clumps. The surface is rounded, with a marked tendency to irregularities of the

margin, due chiefly to nipple-like projections, especially from the proximal end. The grains are

quite varied in form, very much more than in H. cororiarium. The conspicuous forms belong
to the clam-shell type and the flattened, elliptical type with a pointed proximal end; also ovoid,

pyriform, triangular, spindle form, and various irregular forms. The grains arc much flattened,
and on an average are from one-fifth to one-fourth as thick as \vide. Wlien seen on edge they
are spindle-shaped.

The hilum is generally not visible, due probably to its extreme eccentricity. In some double

grains a faint, very eccentric hilum may be discerned in each of the components, which is very
small and round, and situated in the median line. The hilum is never fissured.

The lainella; are fairly distinct, regular, fine arcs of circles which are probably continuous and
follow closely the outline of the distal end. Those nearer the distal end are usually coarser and more
distinct than those near the hilum. There are about 30 lamellaj on the larger grains.
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The grains vary in size from 5 to 42fi. The dimensions of the clam-shell-shaped grains are on
an average 26 by I7fi in length and breadth, and those of the elliptical grains 36 l)y 28(U in length
and l)readth. In the two forms the long and short diameters are reversed in relation to the longi-
tiulinal and transverse diameters. The common size is about 28//.

Polariscopic Properties. The figure is extremely eccentric, not distinct, and not clear-cut.

Usually only one and sometimes two lines are visible and they are usually broad and blurred, es-

pecially when near the margin, and sometimes bent and distorted. Rarely a grain is observed in

which all four lines of the figure are seen.

The degree of polarization is very low, much lower than in the grains of H. coronarium. It

appears very high in the grains on end or edge, but does not vary much in different grains nor in a

given aspect of a grain.

With selcnite the quadrants are not well defined, are variable in shape and unequal in size. The
colors are not pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a blue-violet fairly well,

but not so deeply as the grains of H. coronarium; with 0.125 per cent solution the grains react

lightly at once and the color deepens somewhat. After heating in water until the grains are com-

pletely gelatinized, the solution colors rather lightly and
the grains very deeply with iodine. After boiling for 2

minutes the solution colors much more deeply and the

grain-residues less deeply. WTien an excess of iodine is

added most of the capsules show a dark-\-iolet colora-

tion. The color is Hghter than in H. coronarium.

Staining Reactions. With gentian violet and with

safranin the grains begin to stain at once and after 30

minutes are deeply stained. The color is slightly less

than that of H. coronarium.

Temperature Reaction. The temperature of gelatin-

ization is 70.2 to 72.1 C, mean 71.15.

Effects of Various Reagents. With chloral hydrate-

iodine reaction starts in most grains in 15 to 30 seconds;
all are darkened in 3 minutes and the reaction is com-

plete in 45 minutes. The nipple-hke projections and the

distal end darken and swell. These parts become joined
about the margin by progressive action, so that there is

formed a somewhat swollen gelatinous ring inclosing a

non-gelatinized center, which latter finally becomes in-

volved in the reaction. There is usually a sharp line of demarcation between the swollen and the

unswollen portions. The whole grain then swells until a fairly large, uniformly dark, gelatinous

mass is formed, which is somewhat distorted owing to the swelling and bending of the nipple-like

projections; otherwise the gelatinized grain retains much of the original form.

With chromic acid the reaction begins at once in most grains and is completed in 5 minutes.

The hilum becomes prominent and then swells. The portion of the grain between the hilum at the

distal end is di\aded by irregular fissures, then passes into a gelatinous mass. The grains continue

to swell, the capsule at the proximal end dissolves, the inner granular material flows out and is

dissolved, and then the rest of the capsule disappears.

There is reaction with pyrogallic acid in one-fifth in a minute, but it apparently consists in

only a gradual fading of the lamella;, an increasing transparency of the grain, and occasionally a

slight swelling of the hilum and body of the grain. In about 25 minutes these grains show some

swelling and a partial gelatinization of the body of the grain.

Reaction with ferric chloride is general in 30 seconds, and is over in 4 minutes. The reaction

consists in the swelling of the hilum and its protrusion as a more or less irregular projection from

the proximal end of the grain, usually accompanied by one or two similar protrusions from nearbj'

points. The body of the grain becomes divided by irregular fissures into granules which are trans-

formed into a gelatinous mass, and the whole grain swells. The gelatinized grains so formed are

large, lobulated, and irregular at the top, and folded in irregular lamella-like folds at the base.

They retain but little of the original form of the grain.
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The reaction with Purdy's solution begins immediately and is over in 1 J^ minutes. The hilum

protrudes, the inner portion is converted rapidly into a gelatinous mass, and the grain swells. The

gelatinized grains so formed are smooth, as a rule, and retain some of the original form.

Differentiation of Certain Starches of the Genus Hedijchium.

Histological Chabacteristics.

Conspicuous Forms.

H. coronarium: Usually simple, rare compounds, surface

may be irregular owing chiefly to nipple-like pro-

jections, flattened. Flattened ellipses with pointed

proximal end which commonly is curved.

H. gardnerianum: Essentially the same as in H. corona-

rium, but conspicuous forms belong to the clam-
shell type and flattened elhptical type.

Hilum Form, Number, and Position.

H coronarium: Form invisible in simple grains; small,

round, single, and indistinct in compound grains;
not fissured. Position extremely eccentric.

//. gardnerianum: Form the same as in H. coronarium.
Position extremely eccentric.

LamellcB General Characleristics and Number.

H. coronarium: Distinct, fine, regular arcs of circles. 58
to 60.

H. gardnerianum: Fairly distinct, fine, regular arcs of

circles. 30.

Size.

H. coronarium: From 8 to 62^, commonly 42m.
H. gardnerianum: From 5 to 42^, commonly 28^-

PoLARiscoPic Properties.

Figure.

H. coronarium: Extremely eccentric, fairly distinct, not
clear-cut.

H. gardnerianum: Extremely eccentric, not distinct or

clear-cut.

Degree of Polarization.

H. coronarium: Low.
H. gardnerianum: Very low, lower than in H. coronarium.

Polarization irith Selenile Quadrants and Colors.

H. coronarium: Quadrants not well defined, irregular in

shape, and unequal in size. Colors not pure.
H. gardnerianum: Quadrants the same as in H. corona-

rium. Colors not pure.

Iodine Reactions.

Intensity and Color.

H. coronarium: Fair; blue-violet.

H. gardnerianum: Fair, less than in H. coronarium; blue-

violet.

Staining Reactions.

With Gentian Violet.

H. coronarium: Deep.
H. gardnerianum: Deep, slightly less than mH. coronarium.

With Safranin.

H. coronarium: Deep.
//. gardnerianum: Deep, but less than in H. coronarium.

Temperature of Gelatinization.

H. coronarium: 71.5 to 73.1 C, mean 72.3.
H. gardnerianum: 70.2 to 72.1 C, mean 71.15.

Effects of Various Reagents.

Reaction with Chloral Hydrate-Iodine.

H. coronarium: Begins in most in 30 seconds; complete
in 45 minutes.

H. gardnerianum: Begins in most in 15 to 30 seconds;
complete in 45 minutes.

Reaction with Chromic Acid.

H. coronarium: Begins in 15 seconds; complete in 11

minutes.
H. gardnerianum: Begins at once; complete in 5 minutes.

Reaction with Pyrogallic Acid.

H. coronarium: Begins in a few in 90 seconds
; very slight

reaction in 25 minutes.
H. gardnerianum: Begins in one-fifth in 60 seconds; about

one-fifth are only partiaUygelatinized in 25 minutes.

Reaction with Ferric Chloride.

H. coronarium: General in 30 seconds; complete in 6 min-
utes.

H. gardnerianum: General in 30 seconds; complete in 4
minutes.

Reaction with Purdy's Solution.

H. coronarium: Begins at once; complete in 3 minutes.

H . gardnerianum: Begins at once; complete in l}i minutes.

NOTES ON THE STARCHES OF HEDYCHIUM.

The specimens of these starches are not very favorable for histological comparison, because

that of H. gardnerianum contains not only an abundance of eroded grains, but also much foreign

matter that could not be removed. The chief differences appear to be in the tendency of the latter

to a relative abundance of the clam-shell type, to a smaller size of grain, to less distinct lamellation,

and to a less tendency to the formation of a nipple-like proximal end. In their reactions they differ

BufEciently to be distinguished, H. gardnerianum having the lower degree of polarization, lower

reactivity with iodine and the anilines, lower temperature of gelatinization, and higher sensitivity

to chromic acid, ferric chloride, and Purdy's solution.

GENUS CURCUMA.

The genus Curcuma includes a few species of tuberous-rooted, herbaceous perennials that are

essentially tropical. They are to some extent cultivated as green-house plants, and some are of

more or less commercial importance. C. angusiifolia, C. leucorrhiza, and C. rubescens are the chief

sources of a form of East Indian arrowroot (see Marantacece, page 813) ;
C. longa yields turmeric,

which is of importance especially as a dye-stuff and as a condiment; C. amada is the source of mango
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ginger; C. zedoaria and C. aromatica furnish the East Indian drug known as zedoary, which is used
in medicine and in the preparation of incense, the latter species also yielding a turmeric-Uke article

of commerce. Starches from two sources were examined: C. longa Linn, and C. petiolata Roxb.

STARCH OF CURCUMA LONGA. (Plate 82, fig.s. 487 and 488. Chart 330.)

Histological Characteristics. In farm the grains are simple, and are isolated with the exception
of a few in clumps. The grains are frequently irregular, owing chiefly to the following causes: to

small protuberances which are usually found at the proximal end or side nearby; to an indentation

at one side of the hilum; and to a slight deflexion at the proximal end and to small extensions of

the corners forming the ciirved margin of the dista. end. The conspicuous forms are ovoid, often

mth flattened sides and somewhat abruptly pointed proximal end; triangular with curved base;

pjTiform, often with flattened sides; shield-shaped, somewhat mussel-shell-shaped, and imperfect

quadrilateral. The grains are much flattened and usually of narrow elliptical form when viewed on

edge.
The hilimi is very indistinct and occasionally may be observed as a round or lenticular spot,

very eccentric according to the length of the grain, usually eccentric one-eighth to one-fifteenth of

the longitudinal axis.

The lamellcB are usually not clearly demonstrable, especially near the hilum. When observed

they vary from rather fine to fairly coarse layers, which follow the outline of the distal margin and
are probably incomplete. On grains of large size 32 may
be counted, rarely 40.

The grains vary in size; the smaller are 10 by 6ju;

the larger are 42 by 16/i in length and breadth. The
common size is about 24 by 18/i in length and breadth.

Polariscopic Properties. The figure is very eccentric

and usually indistinct where the lines intersect. Its lines

are rather broad and frequently bent.

The degree of polarization is fair, varying in the same

aspect of a given grain. At the proximal end polariza-

tion is absent or very low, but fair in from two-thirds to

four-fifths of grain.

With selenite the quadrants are not clearly defined

and the one at the proximal end can rarely be distin-

guished. They are irregular in shape and unequal in

size. The colors are usually not quite pure.

Iodine Reactions. With 0.2-5 per cent Lugol's solu-

tion the grains become a light, dull reddish-violet, some

deeper than others, the color deepening rapidly in some Curve of Reaction-intensities of Smrch of Curcuma longa.

grains and gradually in others. With 0.125 per cent

solution the grains soon color a dull, light reddish-violet or gray (ashes-of-roses), deepening rap-

idly in most grains. After heating in water until all the grains are gelatinized, and then adding

iodine, the solution becomes a deep indigo-blue and the grains a fairly deep, rather dull blue, some

ha\"ing a reddish tint. If the gelatinized grains are boiled for 2 minutes and then treated with

iodine, most of the grain-residues become a very light blue, with a few scattered ones of fairly

deep tint, and the solution colors more deeply. With an excess of iodine the grain-residues become

a deep, dull blue with reddish tint and the capsules a light to rather deep heliotrope color.

Staining Reactions. With gentian violet the grains do not color at once, but in 30 minutes

are fairly stained. The starch contained much yellow coloring matter (turmeric), which affected the

tint of the aniline reaction.

With safranin the grains do not color at once, but in 30 minutes are fairly stained. The yellow
coloration of the starch affects the tint of the reaction.

Temperature Reaction. The temperature of gelatinization is 82 to 83 C, mean 82.5.

Effects of Various Reagents. Viith chloral hydrate-iodine reaction begins at once. A few grains

are gelatinized in 10 seconds, nearly all in 20 seconds, and all in 30 seconds. The grains immediately
color an old-rose and the hilum becomes more distinct. Gelatinization accompanied by a deep
bluish coloration starts at the distal end or at any prominent projections. The deep color spreads

52
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around the margin and then advances rapidly towards the center from the distal margin until the

entire grain is gelatinized. The gelatinized grain is deeply colored, uniformly swollen, and retains the

general shape of the untreated grain.

The reaction begins immediately with chromic add. A few grains are dissolved in 2 minutes,

more than half in 5 minutes, nearly all in 6 minutes, all but rare resistant grains in 8 minutes, and

all in 10 minutes. The hilum swells and the starch encircling it is quickly gelatinized. A large,

plume-like fissure or channel extends from this area, and the lamellae distal to the hilum become

sharply defined and striated. The capsule at the proximal end is soon ruptured and quickly dis-

solved, but gelatinization proceeds very gradually along the course of the branched fissure towards

the distal end accompanied by the appearance of numerous refractive granules, which remain for

a while embedded in the soluble starch; finally, the entire grain is dissolved.

Reaction with pyrogallic acid begins in a few grains in 30 seconds. A small number are gelat-

inized in 3 minutes, practically all are partially gelatinized in 15 minutes, nearly all in 30 minutes,
with but slight signs of any progress from this time to the end of an hour. The hilum swells, the

lamellae towards the distal end become more distinct, and usually a delicate short fissure passes

from each side of the hilum, but sometimes one longitudinal branched fissm-e extends towards the

distal end. Gelatinization begins around the hilum and the starch at the proximal end quickly
becomes gelatinized, accompanied by a slight distension of the capsule. The reaction then proceeds
either between the two short, radiating fissures, or along the course of the single, branched fissure

until about one-half to three-fifths of the grain is gelatinized. In the grains with a large, single,

branched fissure the lamellae are cut down into a serrate lining of the capsule. The gelatinized grains

are swollen but retain the shape of the untreated grain.

The reaction with ferric chloride begins in 30 seconds. A few grains are gelatinized in 2 minutes,
more than half in 3 minutes, about four-fifths in 4 minutes, and all but the central part of a few

resistant grains in 53^ minutes, in which gelatinization is complete in 10 minutes. A narrow border,

which more sharply defines the lamellae, forms around the grain. Gelatinization usually begins at

the proximal end, accompanied by rapid distension of the capsule, and quickly followed by swell-

ing at any prominent projections. Gelatinization proceeds for about the proximal third of the grain

towards the distal end, where the border of the more transparent lamellae has gradually broadened.

The starch at this margin now breaks into larger fragments, which quickly gelatinize. The lamellae

of the central part of the grain are the most resistant, but finally break into granules which are

broken down and the entire grain becomes gelatinized. The gelatinized grain is much swollen and

distorted.

Reaction with Purdy's solution begins in a few grains in 30 seconds. A small number are gelat-

inized in 2 minutes, more than half in 3 minutes, nearly all in 5 minutes, and all but a few resistant

grains in 6 minutes, in which latter the reaction is complete in 10 minutes. The lamellae become
more distinct and striated, and the hilum swells. Gelatinization usually begins at the hilum, although
if there are very prominent protubei ances swelling may start first and be more rapid in them. The
reaction usually proceeds towards the distal end, with a gradual breaking down of the lamellae

until the entire grain is gelatinized. Sometimes one longitudinal, somewhat oblique fissure may
be observed proceeding from the hilum, from which occasionally large branches may form, so

that the lamellae are cut into a deep serrate lining of the capsule during gelatinization. The

gelatinized grains are swollen and somewhat distorted, but have a general resemblance to the

untreated grain.

STARCH OF CURCUMA PETIOLATA. (Plate 82, figs. 489 and 490. Chart 331.)

Histological Characteristics. In form the grains are simple and are isolated, with the exception
of a few in clumps. The grains are often irregular owing to the same causes as noted under C. longa.

The conspicuous forms are the same as in C. longa, but there are more irregular grains; the protuber-
ances are more prominent, those at the proximal end ranging from nipple-like to finger-shaped,
and those at the corners limiting the curved distal margin lieing longer and sometimes curved towards

the proximal end.

The hilum is very indistinct, but rather more often visible than in C. longa, and always very

eccentric; thus the range varies with the length of the grain. It is usually eccentric from about
one-sixth to one-nineteenth of the longitudinal axis.
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Differentiation of Certain Starches of the Genus Curcuma.

HiSTOLOQICAl. ChAHACTERISTICS.

Conspicuous Forms.

C. hnga: Simple, isolated, frequently irregular; ovoid,
often with flattened sides and somewhat abruptly-

pointed proximal end; triangular with curved base;

pyriform, often with flattened sides, shield-shaped,

mussel-shell-shaped, and imperfect quadrilateral
when viewed on end, usually narrow elliptical.

C. peliolata: Same as in C. longa, but more irregular;

protuberances more prominent, corners limiting
distal end longer; sometimes curved towards the

proximal end.

HilumForm, Number, and Position.

C. longa: Form very indistinct, round or lenticular spot.
Position eccentric usually about 0.12 to 0.07 of

longitudinal axis.

C. petiolaia: Form rather more often visible than in C.

hnga. Position eccentric usually about 0.16 to 0.05
of longitudinal axis.

Lamelloe General Characierisiics and Number.

C. longa: Usually not clearly demonstrable, especially
near the hilum, rather fine to fairly coarse, follow

outline of distal margin, probably incomplete. 32
to 40 on larger grains.

C. peliolata: Rather more distinct, and can be counted
over the whole surface in a larger number of grains
than in C. longa. 35 to 50 on fair to large grains.

Size.

C. longa: From 10 to 42m, commonly 24 by 18m.
C. peliolata: From 9 to 50m, commonly 2S by 20m.

POLABISCOPIC PbOPERTIES.

Figure.

C. longa: Very eccentric, usually indistinct in area in

which the lines intersect; hnes rather broad and
frequently bent.

C peliolata: Lines more often bent than in C. longa.

Degree of Polarization.

C. longa: Fair. Very low or absent at proximal end.
C. peliolata: Fair. A httle higher than in C. longa, other-

wise the same.

Polarization with Selenite Quadrants and Colors.

C. longa: Quadrants not clearly defined, one at proximal
end rarely seen, irregular in shape, vmequal in size.

Colors not quite pure.

PoLAKiscopic Properties. Continued.

PolarizatiomvithSelenite Quadrants andColors. Cont'd.

C. peliolata: Quadrants same as in C. longa except more
irregular. Colors not quite pure, blue, more often

pure than in C. longa.

Iodine Reactions.

Intensity and Color.

C. longa: Light; dull red-violet.

C. peliolata: Light, deeper than in C. longa; brighter than
in C. longa.

Staining Reactions.

With Gentian Violet.

C. longa: Fair.

C. peliolata: Fair, slightly deeper than in C. longa.

With Safranin.
C. longa: Fair.

C. peliolata: Fair, slightly deeper than in C. longa.

Temperature of Gelatinization.

C. longa: 82 to 83 C, mean 82.5.
C. petiolaia: 82 to 83 C, mean 82.5.

Effects of Various Reagents.

Reaction with Chloral Hydrate-Iodine.

C. longa: Begins at once; complete in 30 seconds.

C. peliolata: Begins at once; complete in 40 seconds.

Reaction with Chromic Acid.

C. longa: Begins at once; complete in 10 minutes.
C. peliolata: Begins at once; complete in all in 8}^ minutes.

Reaction ivilh Pyrogallic Acid.

C. longa: Begins in a few in 30 seconds; in nearly all in

30 minutes; incomplete in 60 minutes.
C. peliolata: Begins in a few in 30 seconds; most are from

one-third to two-fifths gelatinized in 30 minutes;
incomplete in an hour.

Reaction with Ferric Chloride.

C. longa: Begins in 30 seconds; complete in 10 minutes.
C. peliolata: Begins in a few in 60 seconds; complete in

10 minutes.

Reaction with Purdy's Solution.

C. longa: Begins in a few in 30 seconds; complete in 10
minutes.

C. peliolata: Begins in a few in 60 seconds; complete in

10 minutes.

NOTES ON THE STARCHES OF CURCUMA.

The Curcuma starches show important histological dififereiices, as instanced in C. peliolata, hav-

ing grains more irregular and prominences more marked; the corners limiting the distal end

larger and sometimes curved towards the proximal end; the hilum more often visible; the lamellae

rather more distinct; and the grains slightly larger, as a whole. In their reactions they show
distinct differences, except in the case of heat, ferric chloride, and Purdy's solution. The varia-

tions are quite important.

NOTES ON THE STARCHES OF ZINGIBERACE^. (Charts 332 to 334.)

Leaving out of consideration the starches of the varieties of Z. officinale, it will be observed that

the starches of all three genera are in very close correspondence in their histological characteristics.

Those of Z. officinale and H. coronarium are very much alike, the chief differences being in H. cor-

onarium in the more marked lamellation; more marked tendency to a decidedly pointed proximal

end; the distinct tendency to a hooked proximal end, and to a nodular projection from one side of

the grain. In H. coronarium polarization is lower; and there are more or less marked differences in

the reactions. In Curcuma, while there is the same type of grain, the grains are more closely allied

to Zingiber than to Hedychium and the tendency to a broadening of the distal end is very noticeable.
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in which respect they bear close resemblances to H. gardnerianum. In comparing the composite
reaction-curves, it will be seen that each genus has a type different from the others, and that the
curve of Curcuma is nearer related to that of Zingiber tlian Hedychium. It is of especial interest

to note that the temperatures of gelatinization of Z. officinale and the two Hedychium starches are

very close, that the temperatures of Curcuma are about 10 higher; and that the temperatures of

gelatinization of the varieties of Zingiber are from 10 to 15 higher. The Jamaica and Cochin

ginger starches, judging from their histological and reaction differences, as compared with the offici-

nal ginger, were doubtless obtained from mongrel plants.
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STARCHES OF CANNACEyE.

Class, Monocotyledones. Order, Scitaminales. Family, CannaceJB. Genus, Canna.

GENUS CANNA.

The cannas, popularly known as the Indian shot plant, because of the small, round, shot-like

seeds, are ornamental, herbaceous plants that are natives of the tropics and semi-tropics of both

hemispheres and now cultivated extensively in a number of countries as foliage plants and for other

economic purposes. There are a number of tribes or types, species, varieties, and horticultural

forms, and during comparatively recent years the evolution of the latter by hybridization, by cross-

ing hybrids, etc., and by selection and cultivation has gone on to so great a degree that a very large

number of forms are offered by the trade. It is quite impossible in most cases to properly refer these

forms to either the actual, immediate, or remote parentage. The tuberous roots are rich in starch,

and in some countries the canna is cultivated especially for this substance, or for the roots, which are

eaten as a vegetable. The well-known arrowroot, Tous-les-7nois (see Marantacece, page 813), is

attributed to Canna edulis, a native of tropical America. The starches of the cannas are in the form
of exceptionally large, markedly lamellated grains, which render them especially useful for the study
of starch-properties. Starches from ten sources were examined, including the following: C. wars-

zewiczii Dietr., a native of Costa Rica, is a well-marked species, and one of only two of this list

that are recognized as such; C. roscoeana Bouche is referred to C. lutea Miller; C. muscefolia we have
not been able to indentify; C. edulis Ker. (C. esculenta Lodd.), a well-defined species, is a native of

tropical America; C. var. {Konigen Charlotte), C. var. {President Carnot), C. var. (L. E. Bally),
C. var. (Mrs. Kate Grey), C. var. {Jean Tissot), and C. var. {J. D. Eisele) are cultural forms and

probably hybrids of some kind and of varied source.

STARCH OF CANNA WARSZEWICZII. (Plate 82, figs. 491 and 492. Chart 335.)

Histological Characteristics. In form the grains are usually simple and isolated. A few com-

pound grains consisting of two components are present, characterized by two hila and a more or

less well-defined depression or fissure at the line of union of the two grains. There are no pressure
facets. There is some irregularity of outline which tends to be most conspicuous in the region of

the hilum. The most conspicuous forms are the broad ovoid and clam-shell type. The pecuUar
formation of the latter seems to be the result of a tendency to the formation of lateral depressions
at each side of the hilum, which is associated with a shortening of the long diameter of the large,

ovoid grains. In some ovoid grains the depression is unilateral and others bilateral, thus giving
rise to the appearance of an extrusion of the part of the grain on which the hilum is located. Be-
tween the best-defined, broad ovoid, and clam-shell types of grains there are all transitional forms

oval, reniform, pyriform, cylindrical, circular, quadrangular, triangular, and irregular. Viewed on

edge, the grains are seen to be flattened, elliptical, or ellipsoidal, and one end may be thicker than
the other, rendering them somewhat prismatic.

The hilum is a small, distinct, circular, eccentric spot, near or on the margin, and slightly to

the right or left of the longitudinal axis. Occasionally the hilum is elongated instead of circular,

and a grain of an elongated, flattened form is noted rarely, which has the hilum centrally located.

Fissuration is sometimes noted in the region of the hilum, and similar fissures may be seen in other

parts of the same or other grains. In the conspicuous grains 2 hila are present; in some apparently
single grains 3 or 4 hila are linearly arranged.

The lamellce are very distinct, generally coarser and more distinct near the hilum than near the
distal margin and more distinct in some grains than in others. They are coarse, regular rings about
the hilum, and arcs of circles beyond which are probably continuous and follow very closely the out-

lines of parts of the grain distal to the hilum. They are arranged so that 1 or 2 very large, coarse
lamella alternate with a group of very fine, rather indistinct lamellae. On a large grain the average
number is 48 to 50.

The grains vary in size from 15 to 70yu. The common size is about 50ju. The large, ovoid

grains range from about 45 by 30/i to 72 by 60m in length and breadth, and the clam-shell type
from 40 by 40/x to 50 by 40;* in length and breadth. In some of the latter the longitudinal diameter
is shorter than the transverse diameter.
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Polariscopic Properties The figure is very distinct and generally clear-cut. Its lines are rather

broad, becoming slightly broader and less clear-cut near the margin. Usually two lines are for the
most part visible and cross the grain diagonally; sometimes there are only one and small parts of

others, in which case the single line corresponds with the longitudinal axis of the grain. The lines

are usually regular, but placed at varying angles to one another.

The degree of polarization is very high; when seen on edge or end it is higher than in other

aspects and does not vary materially in different grains or in different parts of the same aspect of a

given grain. Polarization colors appear in most grains.
With selenite the quadrants are fairly well defined, fairly regular in form, and unequal in size.

The colors are usually pure.
Iodine Reactions. With 0.25 per cent Lugol's solution the grains color very deeply a blue-

violet, the marginal part being more deeply colored than the rest of the grain; with 0.125 per
cent solution the grains color readily, but the tint deepens rapidly. After heating in water until all

the grains are completely gelatinized, the solution becomes a deep indigo color and the grains a

very light indigo upon the addition of iodine. After boil-

ing for 2 minutes the solution colors even more deeply
and the grain-residues light or not at all. The capsules
all color a red-violet with a slight excess of iodine.

Staining Reactions. With gentian violet the grains

begin to stain at once. After 30 minutes they are deeply
stained, some more than others, and the margins more
than the inner portion.

With safranin the grains begin to stain deeply at

once. After 30 minutes they are very deeply stained.

This coloration is more intense than with gentian violet.

Temperature Reaction. The temperature of gelatini-

zation is 68 to 70 C, mean 69.

Effects of Various Reagents. With chloral hydrate-
iodin some grains begin to react in a minute and all are

darkened in 25 minutes. The hilum and lamellae become
indistinct. The prominent points on the margin grow
dark and begin to protrude and the reaction extends along
the margin from one point to another. The protrusion
from the margin may surround the grain entirely, inclos-

ing a central, unswoUen portion which swells later. In some grains the hilum and one or two

adjacent points may swell out first, then the distal end, and finally the central portion. After the

whole grain is darkened, swelling continues for some time. The resulting gelatinized grains are

fairly large, the proximal portion is lobular, and the distal rounded. The part between the hilum
and the distal margin shows a number of irregular concentric bands of darkened starch, which are

partially or completely separated by light fissures. (See plate 86, figs. 511 to 516.)

With chromic acid the reaction begins in 30 seconds, and is over in 2 minutes. The hilum and
lamelliB become more distinct. The hilum swells, and fine striae appear which radiate from the

hilum throughout the grain. Fissures take the place of the most prominent of these striae and ex-

tend deeply throughout the grain. The upper margin of the proximal end of the grain is dissolved,
then the rest of the grain swells and dissolves in a very typical manner. The fine striae which have
obscured the lamellae disappear from a crescentic zone at the distal end and the lamellae reappear,
and then the zone separated from the rest of the grain is dissolved; another such zone forms and

separates, and then a third is formed, but this rarely separates. The rest of the grain, which con-

sists of rows of large granules, becomes clearer and more transparent and finally dissolves also.

(See plate 87, figs. 519 to 522.)

With pyrogallic acid the grains begin to react in a minute and about one-sixth of the total

number are gelatinized in 20 minutes, the rest being in all stages of the reaction, from a slight swell-

ing of the hilum to partial gelatinization. There is no further change. The hilum swells slightly,

and fine striae appear which radiate from the hilum through the grain, 4 or 5 of which develop into

very deep fissures which split the grain into pyramids with bases on the distal margin and apexes
directed towards the hilum. As the grain continues to swell these parts are repeatedly subdivided

P 1 GV T
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and become more gelatinous until finally they disappear in the form of a homogeneous, gelatinous

mass. The gelatinized grains resulting from this reaction are large, irregularly lobulated at the

proximal end, and folded in an irregularly lamellated fashion at the distal end.

The grains begin to react in 2 minutes with ferric chloride. About half are gelatinized in 5

minutes and all in 15 minutes. The hilum and lamellae become indistinct, and the margin becomes

darker and clearer than the rest of the grain. A small fissure appears in the neighborhood of the

hilum, and one or two secondary fissures may develop near this which widen g:-eatly, jiermitting of

swelling and protrusion from one or more points on the margin, distending the capsule. Stria;

radiating from the hilum may also develop. Following this there may be more or less irregular

Assuring and swelling of the whole grain. In some grains the margin reacts more rapidly than

the inner portion, which latter is therefore surrounded by an irregular, gelatinous ring. The reac-

tion now moves inward, and small portions of the grain-substance are broken off and gelatinized

separately until the whole grain is ultimately completely gelatinized. The gelatinized grains are

very large and irregular, folded and nodular at the proximal end, and rounded and lamellated at

the distal end.

The reaction with Purdy's solution begins in a few seconds and is complete in 2 minutes. The

hilum and lamellae become more distinct. The hilum and one or two nearby points swell rapidly

and protrude, forming two or three irregular, finger-like projections. The grain Ijecomes covered by
fine striae which radiate from the hilum. Four or five of these striae become very deep fissures which,

as the grain swells, open out, dividing the grain-substance into pyramids with their bases at the distal

margin and the apexes towards the proximal end. These parts are repeatedly subdivided again and

finally are converted into a homogeneous gelatinous mass. In the grains that react very rapidly

this process does not appear. The hilum swells out and the rest of the grain-substance passes rapidly

into a gelatinous mass. The gelatinous grains are very large, lobulated and irregular at the proximal

end, and folded in lamellar fashion at the chstal end.

STARCH OF CANNA ROSCOEANA. (Plate 83, figs. 493 and 494. Chart 336.)

Histological Characteristics In form the grains are simple. No compound grains or aggre-

gates were observed and no pressure facets were detected on any grains. The surface of the grains

tends to be quite regular, and when iriegularities of outline are noted they are usually at the proxi-

mal end and in the form of unilateral or bilateral depres-
sions. The most conspicuous forms are the broad ovoid

and clam-shell type. This form varies also in relative

length and breadth and in the relative size of the two
ends. The clam-shell type is not so well formed as in C.

warszewiczii. There are also reniform, long triangular,

quadrilateral, and various incidental forms. Seen from

the side, the grains are elliptical or ellipsoidal, and fre-

quently one end is thicker than the other, giving them
a prismatic form.

The hilum is a relatively small, not very distinct,

round, refractive spot, situated very eccentrically. In

the ovoid, triangular, and related forms it is usually in

the median line and at the narrow end. In the other

forms it may be to one side of the median line. Rarely
it is marked by a fissure.

The lamellce are very distinct, alternately hght and

dark, continuous, concentric rings or arcs of circles which
are very regular. In some cases the outer lamellae follow

some irregularities in the margin. The hilum is their

common center. They vary greatly in distinctness in the same gi-ain, and somewhat in different

grains. They are slightly coarser and more distinct than in C. warszeiviczii. There are about 45

on the larger grains.

The grains vary in size from 13 to 88/i. The common size is 60yu. Some of the larger ovoid

grains measure 88 by 55/i, and some of the larger clam-shell or reniform grains measure 35 by 55/i

in length and breadth.
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Polariscopic Properties. The figure is very eccentric and clear-cut. The lines are very broad
and do not vary much in breadth. Usually only one or two lines are visible throughout their course.

If one, it is in or near the longitudinal axis; if two, they run obliquely from the hilum. The lines are

not distorted and are placed at less varying angles to one another than in C. warszevnczii.

The degree of polarization is very high. Polarization colors may be seen in some grains. It is

higher and the colors are more visible when the grains are viewed on end or edge, and higher than
in the grains of C. -warszewiczii.

With selenite the quadrants are fairly well defined, fairly regular in form, unequal in size. The
colors are very pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color blue-violet very deeply;
with 0.125 per cent solution the grains color at once and the color deepens rapidly. The color is

deeper than that of C. warszewiczii. After heating in water until the grains are completely gelati-

nized, the solution becomes a deep indigo color and the color of the grains varies from deep indigo
to a very faint tint upon the addition of iodine. After boiling for 2 minutes, the solution is colored

very deeply and the grain-residues very little. With a slight excess of iodine all the capsules are

of a red-violet color.

Stainiiig Reactions. With gentian violet the grains begin to stain at once, the margins being
first affected, and in 30 minutes they are deeply stained, a few more deeply than the rest. The
stain is about the same as that of C. warszewiczii.

With safranin the grains begin to stain deeply at once, and in 30 minutes are very deeply stained,
some much more than others. The stain is not so deep as that of the grains of C. warszewiczii.

Temperature Reaction. The temperature of gelatinization is 69 to 70 C, mean 69.5.

Effects of Various Reagents. -With chloral hydrate-iodine the grains begin to react in a minute;
about half are swollen in 5 minutes and the reaction is complete in 15 minutes. The hilum and the

laraellifi are rendered indistinct. Then the hilum grows prominent as a black spot. In the mean-

time, the grains become colored a light violet, the distal end staining more deeply than the other.

The imier portion of the grain becomes lighter and the margin darker, the dark coloration of the

latter extending to the projections in the regions of the hilum, which begin to protrude, followed by
protrusion of other nearby portions. The hilum may now either darken and swell suddenly, or

gradually be included in the general swelling. The final result of the coloring and swelling is the

formation of masses characterized by an unswollen violet-colored center surrounded by a gelatinized

indigo-blue mass. As the reaction proceeds, the central portion swells in common with the rest of

the mass and becomes a deep blue, and darker than the surrounding parts.

The grains begin to react in 30 minutes with chromic acid, and the reaction is complete in 3

minutes. Both hilum and lamellae become more distinct. Then, as the hilum begins to swell,

fine striae radiate from this point and the lamellse are obscured. The proximal end of the grain
is dissolved, leaving a clear, open space. At the distal end lamellation again becomes distinct

and more and more marked until there occurs a splitting off serially of several concentiic portions.

The main body of the grain in the meantime becomes clearer and finally disappears. If the

first crescent does not separate, the whole grain will after a time open out from the proximal
end and dissolve.

With pyrogallic add swelling of the grain begins in 2 minutes. One or two grains are entirely

swollen and the rest are in all stages of the reaction in 16 minutes, but the reaction does not progress

any further. The hilum swells slightly and protrudes. Two fissures on either side of the hilum

partially divide the grain, then many fine stride appear which radiate from the hilum, and deep
fissuration occurs in four or five directions attended by great swelling of the hilum; or vertical

fissuration may occur more or less irregularly without great swelling of the hilum, the parts so

defined sweUing independently of one another, forming a very large, irregularly lobulated mass. This

form of swelling seems to be peculiar to the large ovoid grains. The gelatinized clam-shell and

reniform grains have a lamellated, somewhat rounded form, except at the point corresponding to

the location of the hilum, where the mass is clear and not so much crumpled and protruding.

The reaction with ferric chloride begins in 13^ minutes and is complete in 10 minutes. It is

similar qualitatively to that of C. warszewiczii.

Reaction with Purdy's solution begins in 15 seconds and is complete in almost all the grains

ml]/2 minutes and in all in 5 minutes. It is qualitatively the same as that of the grains of C.

warszewiczii.
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STAUCH OF CANNA MUS^FOLIA. (Plate 83, figs. 495 and 496. Chart 337.)

Histological ChaTacterislics.\n form the grains are usually simple, with a few compound
grains consisting of two or three components. There are no aggregates or grains with pressure

facets. The grains are rounded but somewhat irregular in outline, especially near the hilum. The

conspicuous form is the broad ovoid with the proximal end usually narrowed, and the clam-shell

type. They resemble quite closely the grains of C. roscoeana. There are also reniform, pyriform,

triangular and quadrangular with rounded angles, and various irregular forms. Some of the longer

grains are bent about the longitudinal axis. The grains are distinctly flattened, being about one-

fourth as deep as wide. When seen on edge they may have a spindle form or be prismatic.

The hilum appears as a small, round, very distinct, very eccentric spot, in or near the median

line. Occasionally the hilum is lenticular and more rarely it is centric. Multiple linearly arranged
hila occur rarely. Fissuration is uncommon.

The lamella are very distinct coarse circles or regular arcs of circles which are proJDably con-

tinuous and follow closely the outline of the grain most distal to the hilum. As a rule, those nearest

the hilum are the coarsest and most distinct and vary much on different parts of the same grain.

On different grains they vary in distinctness and coarseness. The lamellae are more distinct and

slightly coarser than in C. warszewiczii. There are about 60 on the larger grains.

The grains vary in size from 15 to 82yu. The common size is 55;u.

Polariscopic Properties. The^^wre is very eccentric, distinct, and usually clear-cut and regular.

The lines are broad, but usually of the same size and distinctness throughout their length. One or

two may be visible throughout their length; if one, it lies

in the longitudinal axis of the grain; if two, they cross the

grain diagonally from the hilum.

The degree of polarization is very high, slightly higher
than that of the grains of C. warszewiczii. Polarization

colors are seen in many grains. It is highest when the

grain is on edge or end, and it does not vary greatly in

different grains.

With selenite the quadrants are fairly well defined,

fairly regular in shape, and unequal in size. The colors

are pure.
Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains color very deeply a blue-violet; and with

0.125 per cent solution they color readily and the tint

deepens rapidly, the margins coloring more intensely
than the rest of the grain. The reaction is of the same

intensity as that of C. warszewiczii. After heating in

water until the grains are all completely gelatinized, the

solution colors a deep indigo and the grains a very light

indigo on the addition of iodine. After boiling for 2

minutes the solution colors even more deeply and the grains not at all or very lightly,

slight excess of iodine the capsules color a red-violet.

Staining Reactions. With gentian violet the grains begin to stain at once and after 30 minutes

are deeply stained, some more than others. Most of them show deeply staining oval marks on their

surfaces. The shade is about the same as that of the grains of C. warszewiczii.

With safranin the grains begin to stain at once and after 30 minutes are very deeply stained.

They are of about the same color as those of C. tvarszetviczii.

Temperature Reaction. The temperature of gelatinization is 70 to 71 C, mean 70.5.

Effects of Various Reagents. With chloral hydrate4odine reaction begins in a minute and is over

in half the grains in 7 minutes and in all in 20 minutes. It is qualitatively the same as that of C.

warszewiczii.

Reaction with chromic acid begins in 30 seconds and is over in 3H minutes. It is qualitatively
the same as that of the grains of C. warszewiczii.

The reaction with pyrogallic acid begins in 13^ minutes. In 15 minutes a few grains are fully

gelatinized, while about one-fifth are partially gelatinous and the remainder merely show the begin-

ning of reaction.
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Effects of Various Reagents. With chloral hydrate-4odine reaction begins in 1)^ minutes. Most

grains are entirely gelatinized in 10 minutes and all in 18 minutes. The hilum and lamellae disap-

pear. The margin becomes clearer and darker, which by contrast causes the inner portion of the

grain to appear lighter and opaque. The one or two shoulder-like projections near the proximal

end, or projections elsewhere, become dark and swollen, and the changes are followed by the dark-

ening and swelling of other parts. The hilum and one or two nearby marginal points protrude as

very long projections, the hilum swelling first and the reaction extending to the margin. The result

of this is the formation of a ring of indigo-colored, gelatinized starch surrounding a violet-tinted,

ungelatinized central mass which later is gradually included in the process. The gelatinized grains

are large, irregularly rounded, and show a number of irregular bands of dark material separated by
fissural lines in the distal portion. The marginal portion often breaks away in long strips from the

rest of the grain, while in the central part a dark mass remains which is often fissured in one or two

directions. At the proximal end there are often narrow projections.

Reaction with chromic acid begins in 15 seconds and is over in 2]/i minutes. The hilum and

lamella; are distinct. A line extends out transversely on each side of the hilum. The hilum swells

greatly, and the inner portion of the grain becomes divided by fine cross-fissm-es into a number of

granules. The margin at the hilum is dissolved and the capsule opens out. One or rarely two large

crescents containing several lamellae now appear at the distal end of the grain and may separate
and dissolve separately. Often they do not separate, but gradually become clear and finally dis-

appear with the rest of the grain, the inner granular portion disappearing last.

The reaction with pyrogallic acid begins in 30 seconds and ends in 20 minutes. The hilum and
lamellae are distinct. A refractive line extends from each side of the hilum, the hilum swells, and

three or four deep fissures radiate through the substance of the grain, open out as the hilum con-

tinues swelling, and the grain is thus divided into small pyramids which become divided and re-

peatedly subdivided as the grain swells, and finally pass into a granular gelatinous mass. The

gelatinized grains are large and rounded or reniform in shape. At the proximal end there is a clear

space representing the swollen hilum, and at the distal end a series of concentric folds, which may be

lobulated and much distorted.

Reaction with ferric chloride begins in 4 minutes and is over in 45 minutes. The hiliun and

lamella; disappear. The margin of the grain becomes clear and dark and a few lamellfe reappear
within it. The clearing and darkening spread inward and involve the central portion of the grain.

Swelling with great protrusion begins at either one or both of the projections of the proximal end.

A small crack or fissure appears in the margin at the point at which protrusion occurs, distending a

gelatinized capsule. From this point the grain may proceed to swell in one of two ways: Either a

ring of gelatinization extends from the two points already mentioned around the margin, which is

followed by swelling and great protrusion of the hilum, leaving a central unswollen portion which

becomes divided by fissures into several pieces which subsequently gelatinize; or the hilum may swell

first and gelatinization proceed distally with Assuring throughout the grain, the distal end being
affected last. Occasionally the grain may begin to swell at both ends and at indifferent points on

the margin. The gelatinized grains are large and very much folded, crumpled, and distorted. The

proximal end is characterized by two or three long, finger-like projections, and the distal end by
a crumpled, irregular mass.

The reaction with Purdy's solution begins in 15 seconds. Most grains are gelatinized in 13^
minutes and all in 3 minutes. The hilum and lamellae become very distinct and a refractive line

extends on each side from the hilum, and the hilum swells slowly and then very rapidly. As the

swelling extends distally over the whole grain, the grain dissolves rapidly or slowly, as the case may
be Usually there is no fissuration or only very fine fissures appear, or occasionally there may be

deep fissiu'es which radiate from the swollen hilum and open out as the grain swells, thus dividing
the substance of the grain into four or five pyramidal parts. No longitudinal Assuring of the grain
occurs. The gelatinized grains are large, somewhat ovoid, or round; they show a clear space with

little projection outward at the proximal end, representing the swollen hilum and a rounded portion

below, with either concentric rows or folds and sacculations.

STARCH OF CANNA VAR. (KONIGEN CHARLOTTE). (Plate 84, figs. 499 and 500. Chart 339.)

Histological Characteristics. Inform the grains are simple with the exception of rare compounds.
There are no aggregates, clumps, or pressure facets. The surface is usually quite regular except
for rounded or nipple-like protuberances at the side or at either end of the grain. The primary
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grain is sometimes completely surrounded by a secondary system of lamellae. The conspicuous
forms are the flattened ovoid; also oval, pyriform, eUiptical, nearly spherical, irregularly quadri-
lateral and triangular with rounded corners, a few clam-shell type forms, and various irregular
forms. The grains are usually much flattened and from one-fourth to one-half as thick as they are

broad, and from one-third to three-fourths as broad as long. Seen on edge they are elliptical and

may be narrower at one end than at tlie other.

The hilum is often invisible on account of its extreme eccentricity. When it can be seen it is

a very small, fairly distinct, round spot. It is usually single, but may be multiple, and it is never
fissured. It varies in position from the extreme margin to one-sixth to one-ninth of the longitudinal

axis, and is in or near the median line.

The lamellcB are very distinct, fine, fairly regular circles near the hilum, or arcs of circles beyond
the hilum which are probably continuous. They are arranged so that groups of fine lamellae

alternate with coarse ones. They are not usually so fine and not so distinct at the distal end.

They generally follow closely the outline of the distal margin, but are sometimes wavy and irregular.

There are from 65 to 70 on the large grains.

The grains vary in size from 8 to 90^. The common size is 46//.

Polariscopic Properties. The figure is very eccentric, very distinct, but not usually clear-cut.

The fines are generally broad and only one or two are visible throughout their length; their margins
are hazy and often somewhat bent and otherwise dis-

torted. Two lines are sometimes connected by a third

cross-line at about two-thirds the cfistance from the

hilum to the distal end. When one long line is present
it is usually in the longitudinal axis, and when there are

two lines they are diagonal.
The degree of polarization is high as a rule. It varies

in dift'erent grains, in different aspects of the same grain,

and in the same aspect of a grain. It is not so high as

that of the grains of C. warszewiczii.

With selenite the quadrants are usually fairly well

defined, fairly regular in shape, and unequal in size.

The colors are not always pure.
Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains color at once a deep violet-blue; with

0.125 per cent solution they color fairly and the color

deepens rapidly. The color is not so deep as that of the

grains of C. warszewiczii. After heating in water until

the grains are completely gelatinized, the solution colors

fairly and the grains deeply on the addition of iodine.

After boiling for 2 minutes the solution colors deeply and the grain-residues Hghtly or not at all.

With an excess of iodine the capsules become a violet color. Some capsules retain blue-reacting
starch in the proximal end.

Staining Reactions. With gentian violet and with safranin the grains begin to stain at once

and in 30 minutes they are deeply stained, some more than others. The color is the same as that

of the grains of C. warszewiczii.

Temperature Reaction. The temperature of gelatinization is 64.5 to 66 C, mean 65.25.

Effects of Variov^ Reagents. With chloral hydrate-iodine reaction begins in 30 seconds and is

over in 11 minutes. It is quafitatively the same as that of C. warszewiczii.

The reaction with chromic acid begins in 15 seconds and is over in IJ^ minutes. It is the same

qualitatively as that of the grains of C. warszewiczii.

Reaction with pyrogallic acid begins in a minute and half are fully gelatinized in 10 minutes,

about three-fourths are gelatinized in 15 minutes, and all in 40 minutes. The reaction is qualitatively

the same as that of the grains of C. warszewiczii.

With /err/c chloride the reaction begins in a few grains in a minute. Most grains are gelatinized

in 7 minutes and all in 18 minutes. The reaction is qualitatively the same as that of the grains of

C. warszewiczii.

Reaction ^nth Purdy's solution begins in a few seconds and is over in 1}4, minutes. It is the

same qualitatively as that of the grains of C. warszewiczii.

P 1 GV IP
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STARCH OF CANNA VAR. (PRESIDENT CARNOT). (Plate 84, figa. 501 and 502. Chart 340.)

Histological Characteristics. In form the grains are simple, except rare compound grains con-

sisting of two components. There are no aggregates, clumps, or pressure facets. The surface shows
a marked tendency to irregularity, owing in part to a curving of the grains, but chiefly to rounded

protuberances and nipple-like projections. The conspicuous forms are flattened, irregular ovoid,
also broad ovoid, oval, pointed oval, flattened oval, irregularly quadrilateral, pyriform, bent or

straight lenticular, triangular with rounded angles, clam-shell type and mussel-shell type. The
grains are flattened and from one-fourth to one-half as thick as they are broad, and about one-half

to three-fourths or more as broad as long.

The hilimi is sometimes invisible, owing to its extreme eccentricity; when not so eccentric, it

appears as a small, distinct, round or rarely elliptical spot, which may be located as far inward as

one-sixth to one-ninth of the longitudinal axis, and in or to one side of the median line. There are

occasionally 2 hila, and rarely more than 2 maj' be present
and arranged linearly. The hila may or may not be sepa-
rated from one another by a depression or a fine fissure,

but the hilum itself is never fissured.

The lanwllce are very distinct, fine, regular or irregu-

lar circles, or arcs of circles which are probably continu-

ous. Except those immediately surrounding the hilum,

they tend to follow the outline of the distal end, but are

often wavy and otherwise irregular. They are frequently

arranged so that bands of varying numbers of fine lamellae

are grouped by scattered large, coarse lamellae. The
lamellae vary somewhat in size and distinctness in the

different grains and also in the same grain, being usually
not so fine but more distinct near the distal end. There
are sometimes two systems of lamellae. There are about
70 lamellae on the larger grains.

The grains vary in size from 6 to 76fi. The com-
mon size is 50^1.

Polariscopic Properties. The figure is very eccentric,

distinct, and sometimes clear-cut. One or two arms

may be seen throughout their length, and they are often broadened and not clearly outlined in

some part of their length, and they may be bent or otherwise much distorted or bisected. If one

long line is present it is usually located longitudinally; but if two are present they are usually oblique.
The degree of polarization is high. It varies somewhat in the different grains and very much in

different aspects of the same grain, being highest when the grain is viewed on end, and occasionally
it varies in different parts of the same aspect of a grain. It is not so high as in the grains of C.

warszewiczii.

With seleniie the quadrants may be well or poorly defined, and are fairly regular in shape and

unequal in size. The colors are usually not quite pure.
Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a deep bluish-violet,

some more than others; with 0.125 per cent solution they color fairly and the color deepens rapidly.
The color is deeper than that of the grains of C. warszewiczii. After heating in water until the grains
are completely gelatinized, the solution colors fairly and the grains fairly deeply on the addition of

iodine. After boiling for 2 minutes the solution colors more deeply and the grain-residues lightly
or not at all. The capsules all color a red-violet when an excess of iodine is added, and some of them
retain some blue-reacting starch at the proximal end.

Staining Reactions. With gentian violet and with safranin the grains begin to stain at once
and in 30 minutes are deeply stained, some more than others, not so deeply as those of C. toarszewiczii.

Temperature Reaction. The temperature of gelatinization is 64 to 66 C, mean 65.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in a minute and is over
in 9 minutes. It is the same qualitatively as that of the grains of C. warszewiczii, except that in

the beginning the grains are colored a much deeper violet.

The reaction with chromic acid begins in 15 seconds and is over in 1^ minutes. It is the same
qualitatively as that of the grains of C. warszewiczii.

Curve of Reaction-Intensities of Starch of Canna var.
(President Carnot).
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Reaction with pijrogallic acid begins in 45 seconds. Most grains are gelatinized in 6 minutes

and all in 12 minutes. It is the same qualitatively as tliat of the grains of C. ivarszewiczii.

With feiTic chloride a few grains begin to react in 45 seconds. Nearly all are gelatinized in 9

minutes and all in 15 minutes. The reaction is qualitatively the same as has been recorded in the

grains of C. ivarszewiczii.

The reaction with Purdij's solution begins at once and is over in 40 seconds. It is the same

qualitatively as that of the grains of C. warszewiczii.

STARCH OF CANNA VAR. (L. E. BALLY). (Plate 84, figs. 503 and 504. Chart 341.)

Histological Characteristics. Inform the grains are simple, with the exception of very few com-

pounds. There are no aggregates, clumps, or pressure facets. The surface of the grains tends to be

quite regular excepting for slight depressions at the sides of the proximal end. The conspicuous
forms are the flattened, broad ovoid. There are also flat-

tened oval, oval, pyriform, lenticular, triangular and quad-

rangular with rounded angles, poorly formed clam-shell

type, and various irregular forms. The grains are all flat-

tened and about one-fo\irth to one-half as thick as wide,

and the larger grains are from three-fourths to as broad

as long.

The hilum is a very eccentric and fairly distinct

small, round, or rarely lenticular spot. Eccentricity usu-

ally ranges from the extreme margin to from one-sixth

to one-ninth of the longitudinal axis of the grain. The
hilum lies in or to one side of the median line. It is never

fissured. There may be 2 or more hila linearly arranged.

The la7nellce are distinct, fine circles about the hilum

or segments of circles, beyond which they are probably
continuous. They usually follow closely the outline of the

distal end, but sometimes show waviness and other irregu-

larities not in accordance with the marginal outline. They
are usually so arranged that a band of fine lamellse alter-

nate with one large, coarse lamella. They are not so fine

but more distinct in some grains than in others and are commonly coarser though not necessarily

more distinct near the distal end. There are generally from 60 to 70 lamellae on the larger grains.

The grains vary in size from 6 to 70/:. The common size is 35/i.

Polariscopic Properties. The figure is very eccentric, very distinct, but commonly not clear-cut

and broad. Usually one or two of its lines are visible throughout their length and become somewhat

broader and hazy near the margin of the grain. They may be somewhat bent or otherwise distorted.

The degree of polarization is high. It varies greatly in different grains, in different positions of

the same grain, and also sometimes in different parts of the same aspect of a grain. It is not so high as

that of the grains of C. warszewiczii.

With selenite the quadrants are fairly well defined, unequal in size, and fairly regular in shape.

The colors are usually not pure.

Iodine Reactions.V{\i\\ 0.25 per cent Lugol's solution the grains color a deep violet-blue;

with 0.125 per cent solution they color fairly and the color deepens quickly, some more than others.

The color is slightly deeper than that of the grains of C. warszewiczii. After heating the grains in

water until they are completely gelatinized, the solution colors fairly and the grains deeply on the

addition of iodine. After boiling for 2 minutes, the solution colors deeply and the grain-residues

Ughtly or not at all. The capsules color a red-violet with excess of iodine and many of them retain

blue-reacting starch at the proximal end.

Staining Reactions. With gentian violet and with safranin the grains begin to stain at once and

in 30 minutes are deeply stained, some more than others. The color is not quite so deep as that of

the grains of C. warszewiczii.

Temperature Reaction. The temperature of gelatinization is 68 to 70 C, mean 69.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in a minute and is

over in 22 minutes. It is the same qualitatively as that of the grains of C. warszewiczii.
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Staining Reactions. With gentian violet and with safranin the grains begin to stain at once
and in 30 niinntes are fairly deeply stained, some more than others. The color is not so deep as

that of the grains of C. wartszciviczii.

Temperature Reaction. The temperature of gelatinization is 62 to 63 C, mean 62.5.

Effects of Various Reagents. AVith chloral hydrate-iodine reaction begins in a minute and is

over in 13 minutes. It is qualitatively the same as that of the grains of C. warszeiviczii, except
that the grains are colored a much deeper violet at the beginning of the reaction.

Reaction ^^^th chromic acid begins in a very few seconds and is over in Ij^ minutes. It is

qualitatively about the same as that of the grains of C. warszeiviczii, the main point of differ-

ence being that with these grains a serial separation of crescents from the distal end does not

often occur.

With iii/roijaUic acid the reaction begins in 30 seconds. Nearly all are completely gelatinized
in 10 minutes and all are fully gelatinized in 20 minutes. The reaction is the same qualitatively
as that of the grains of C. warszeiviczii.

The reaction with /erne chloride begins in some grains in a minute and in nearly all in 2 minutes.

Almost all are gelatinized in 10 minutes and all in 16 minutes. The reaction is qualitatively the

same as that of the grains of C. warszeiviczii.

Reaction mth Ptirdi/s solution begins at once and is over in 30 seconds. It is qualitatively
the same as that of the grains of C, warszewiczii.

STARCH OF CANNA VAR. (JEAN TISSOT). (Plate 85, figs. 507 and 508. Chart 343.)

Histological Characteristics. Inform the grains are simple with the exception of a few compound
grains consisting of two components. There are no aggregates, few clumps, and no pressure facets.

The sm-face of the grains is fairly regular. In these, as in other Canna grains, small, roimded pro-
tuberances and nipple-like projections render the margin
of some grains irregular. The conspicuous forms are the

broad ovoid, also flattened ovoid, flattened elliptical, len-

ticular, oval, pyriform, triangular and quach'ilateral with

roimded angles, clam-shell type, and various irregTilar

forms. The grains are all flattened so that they are

about one-fourth as thick as they are broad, and on end

or edge ajipear as thin flattened ellipses. They range
from about half to as broad as long.

The hilum is often invisible owing to its extreme mar-

ghial location. When visible it is a distinct, small, round,
or rarely lenticular spot. It is usually eccentric from the

extreme margin to about one-sixth to one-ninth of the

longitudinal axis, and in or near the median line. It is

rarely double and rarely fissured. If a fissure is present
it is a very small, single, transverse or diagonal line.

The lamella are very distinct, fine, fairly regular cir-

cles around the hilum, or segments of circles beyond,
which are probably continuous. They usually follow the

outline of the distal margin, but occasionally show an

irregular waviness not in accordance with the outline of the grain. Those nearer the distal end are

often not so fine, though not more distinct, than those near the hilum, and are coarser and more

distinct in one grain than in another. There are about 60 lamellae on the larger grains.

The grains vary in size from 5 to 60^. The common size is 40yu.

Polariscopic Properties. The figure is very eccentric, very distinct, but not clear-cut. The

lines are broad, and usually one or two are visible throughout the length of the grain. If there is

one such fine, it is in or close to the longitudinal axis, but if two Unes they are diagonally placed.

The lines are sometimes cormected by a transverse line at about half the distance between the hilum

and distal end, and also often vary in width or are bent.

The degree of polarization is high. It is variable in different grains, being comparatively low

in some grains to very high in others. It also varies in different aspects of the same grain and in

different parts of the same aspect of a grain. It is not so high as that of the grains of C. warszewiczii.
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With selenite the quadrants are fairly well defined, fairly regular in shape, and very unequal
in size. The colors are usually not pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a deep violet-blue;

with 0.125 per cent solution they color fairly well and the color deepens rapidly. The color is slightly

deeper than that of the grains of C. warszewiczii. After heating in water until the grains are com-

pletely gelatinized, the solution colors lightly and the grains fairly deeply on the addition of iodine.

After boiling for 2 minutes, the solution colors very deeply and the grain-residues lightly or not at

all. The capsules color a pinkish-violet with an excess of iodine; some retain blue-reacting starch

at the pro.ximal end.

Staining Reactions. With gentian violet the grains begin to stain lightly at once and in 30

minutes are deeply stained, some more than others. The color is the same as that of the grains of

C. warszewiczii.

With safranin the grains begin to stain at once and in 30 minutes are deeply stained, some more
than others. The color is slightly less than that of the grains of C. tvarszewiczii.

Temperature Reaction. The temperature of gelatinization is 69 to 71 C, mean 70.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in 45 seconds. It is

complete in nearly all in 10 minutes and in all in 20 minutes. It is qualitatively the same as that

of the grains of C. ivarszewiczii.

The reaction with chromic acid begins in 15 seconds and is over in 2J^ minutes. It is quali-

tatively the same as that of the grains of C. warszewiczii.

The reaction with pyrogallic acid begins in a minute. All are partially and one-third com-

pletely gelatinized in 10 minutes, and about half are completely and the rest nearly completely
gelatinized in 15 minutes. The reaction is qualitatively the same as that recorded of the grains of

C. warszewiczii.

Reaction with ferric chloride begins in some grains in a minute and is general in 23^ minutes.

Nearly all are gelatinized in 10 minutes and all in 23 minutes. The reaction is quahtatively the
same as that of the grains of C. ivarszewiczii .

The reaction with Purdy's solution begins in a very few seconds and is over in 2 minutes. It

is the same qualitatively as that of the grains of C. warszewiczii.

STARCH OF CANNA VAR. (J. D. EISELE). (Plate 85, figs. 509 and 510. Chart 344.)

Histological Characteristics. In form the grains are simple, with the exception of a few com-

pounds which consist of two components. There are no aggregates, few clumps, and no pressure
facets. The surface of the grains is usually quite regular. There is slight irregularity of the margin
at the proximal end, owing to one- and two-sided slight depressions or to nodular or nipple-like projec-
tions. The most conspicuous form is the broad to flattened ovoid; also oval, elliptical, lenticular,

pyriform, triangular and quadrangular ^^^th rounded angles, almost round, clam-shell type, and
indefinite forms. The grains are much flattened and about one-fourth to one-half as thick as broad.

Usually the largest grains are one-half to three-fourths as broad as long.
The hilum is sometimes invisible on account of an extreme marginal position. When seen it

is a fairly distinct, small, round spot, eccentric from the extreme margin to about one-sixth to one-
ninth of the longitudinal axis and in or near the median line. It is rarely fissured. The fissure is

a short, shallow, single, transverse line. There may be 2 or rarely more hila linearly arranged and
sometimes separated by fissures.

The la7nell(e are very distinct, fairly regular circles in the region of the hilum, or arcs of circles

beyond, which are probably continuous. The arcs usually' follow the outline of the distal margin
but sometimes are wavy and otherwise irregular. They are generally arranged so that bands of

varying numbers of fine, not very distinct lamellae alternate with one or two very coarse, dis-

tinct lamellse. They vary in size and distinctness in the different grains and even in the same
grain are not so fine but usually more distinct near the distal end. There are about 55 on the

larger grains.

The grains vary in size from 6 to 78^. The common size is 44;u.

Polariscopic Properties. The figure is very eccentric, very distinct, but usually not clear-cut.

One or two long lines may be seen; if one line, it is usually in or near the longitudinal axis; if

two lines, they are oblique. Two lines may be connected by a transverse line at about two-thirds
of the distance from the hilum to the distal end. The lines are also often bent and vary in width.
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Differentiation of Certain Starches of the Genus Canna. Continued.

Histological Characteeistics. Continued.

Hilum Form, Number, and Posilion. Continued.

C. edulis: Form small, not very distinct, single, round,

occasionally double; no fissures. Position usually

very eccentric.

C. var. (Kunigen Charlotte): Form very small, fairly

distinct, round, single, may be multiple, never

fissured. Position usually very eccentric, from ex-

treme margin to 0.16 to 0.11 of longitudinal axis.

C. var. {President Carnot): Form small, distinct, round or

rarely elliptical, never fissured, usually single, may
be multiple. Position usually very eccentric, from

extreme margin to 0.16 to 0.11 of longitudinal axis.

C. var. (L. E. Baity): Form fairly distinct, small, round
or rarely lenticular, single or rarely multiple, never

fissured. Position usually very eccentric, from
extreme margin to 0.16 to 0.11 of longitudinal axis.

C. var. (Mrs. Kate Grey): Form fairly distinct, small,

round or lenticular, single or may be double,

occasionally fissured, fissures small and shallow.

Position usually very eccentric, from extreme

margin to 0.16 to 0.11 of longitudinal axis.

C. var. {Jea7i Tissot): Form distinct, small, round or

rarely lenticular, single or rarely multiple, rarely

fissured, fissures small and shallow. Position

usually eccentric from extreme margin to 0.16 to

0.11 of longitudinal axis.

C. var. (J. D. Eisele): Form fairly distinct, small, round,

single or rarely multiple, rarely fissured, fissures

small and shallow. Position usually eccentric, from
extreme margin to 0.16 to 0.11 of longitudinal axis.

Lamella: General Characteristics and Number.

C. warszewiczii: Very distinct, regular, fairly coarse

circles or arcs of circles. About 48 to 50 on larger

grains.
C roscoeana: Very distinct, regular, coarse circles or arcs

of circles. More distinct and slightly coarser than
those of C. warszeinczii. About 45 on larger grains.

C. jnuscrfolia: Very distinct, regular, coarse circles or arcs

of circles. More distinct and slightly coarser than
those of C. xcarszewiczii. About 60 on larger grains.

C. edulis: Very distinct, regular, coarse circles or arcs

of circles. A little fiiner than those of C. loarsze-

wiczii. About 85 on larger grains.
C. var. (Konigen Charlotte): Very distinct, fairly regular,

fine circles or arcs of circles, sometimes wavy,
not so fine and not so distinct near the distal end.

About 65 to 70 on larger grains.
C. var. {President Carnal): Very distinct, fine, fairly

regular circles or arcs of circles, sometimes wavy,
not so fine and more distinct at the distal end.

About 70 on larger grains.
C. var. (L. E. Bally): Distinct, fine, fairly regular circles

or arcs of circles, sometimes wavy, not so fine but
of the same distinctness at distal as at proximal
end. About 60 to 70 on larger grains.

C. var. {Mrs. Kate Grey): Distinct, fine, fairly regular
circles or arcs of circles, wavy, not so fiine and more
distinct at distal end. About 65 on larger grains.

C. var. {Jean Tissol): Very di-stinct, fine, fairly regular
circles or arcs of circles, occasionally wavy, not so

fine bvit of the same distinctness at the distal end.

About 60 on larger grains.
C. var. (J. D. Eisele): Very distinct, fine, fairly regular

circles or arcs of circles, sometimes wavy, not so

fine and more distinct near the distal end. About
55 on larger grains.

Size.

C. warszetviczii: From 15 to 70^, commonly 50^.
C. roscoeana: From 13 to 88m, commonly 60m.
C. muscpfolia: From 15 to S2m, commonly 55m.
C. edulis: From 15 to 120m, commonly 60m.

Histological Characteristics. Continued.

Size. Continued.

C. var. {Konigen Charlotte): From 8 to 90m, commonly 45m.
C. var. {President Carnot): From 6 to 76m, commonly 50m.
C. var. {L. E. Bally): From 6 to 70m, commonly 35m.
C. var. {Mrs. Kale Grey): From 7 to 68m, commonly 40m.
C. var. {Jean Tissot): From 5 to 60m, commonly 40m.
C. var. {J. D. Eisele): From 6 to 78m, commonly 44m.

Polabiscopic Properties.

Figure.

C. warszewiczii: Very eccentric, very distinct, usually

clear-cut, sometimes irregular, lines rather broad,

usually only 1 or 2 lines visible for whole length,
if 1 line it is longitudinal, and if 2 lines they are

oblique. Lines often bent or otherwise distorted,
or occa-sionally bisected.

C. roscoeana: Essentially the same as in C warszewiczii.

C. muscefolia: Essentially the same as in C. warszewiczii.

C. edulis: Essentially the same as in C. warszewiczii.

C. var. {Konigen Charlotte): Essentially the same as in

C. warszeinczii.

C. var. {President Carnot): Essentially the same as in

C. warszewiczii.

C. var. {L. E. Bally): Essentially the same as in C.

warszewiczii.

C. var. {Mrs. Kate Grey): Essentially the same as in

C. warszewiczii.

C. var. {Jean Tissot): Essentially the same as in C.

warszewiczii.

C. var. {J. D. Eisele): Essentially the same as in C.

warszewiczii.

Degree of Polarization.

C. warszewiczii: Very high.
C. roscoeana: Very liigh, liigher than in C. warszewiczii.

C. muscefolia: Very high, slightly higher than in C.

warszewiczii.

C. edulis: Very high, higher than in C. warszewiczii.

C. var. {Konigen Charlotte): High, not so high as in C.

warszewiczii.

C. var. {President Carnot): High, not so high as in C.

warszewiczii.

C. var. {L. E. Bally): High, not so high as in C. wars-

zewiczii.

C. var. {Mrs. Kale Grey): Very high, not quite so high
as in C. jvarszetoiczii.

C. var. {Jean Tissol): High, not so high as in C. ivars-

zewiczii.

C. var. {J. D. Eisele): Very high, the same as in C.

warszewiczii.

Polarization with Selenite Quadrants and Colors.

C. warszewiczii: Quadrants fairly well defined, fairly regu-
lar in form, unequal in size. Colors usually pure.

C. roscoeana: Quadrants the same as in C. warszewiczii.

Colors very pure.
C. muscefolia: Quadrants the same as in C. u'arszewiczii.

Colors pure.
C. edulis: Quadrants the same as in C. warszewiczii.

Colors very pure.
C. var. {Konigen Charlotte): Quadrants the same as in

C. warszewiczii. Colors usually pure.
C. var. {President Carnot): Quadrants the same as in

C. warszewiczii. Colors usually pure.
C. var. (L. E. Bally): Quadrants the same as in C.

warszewiczii. Colors usually not pure.

C. var. {Mrs. Kale Grey): Quadrants the same as in C.

warszewiczii. Colors usually not pure.
C. var. {Jean Tissot): Quadrants the same as in C.

warszewiczii. Colors usually not pure.
C. var. (J. D. Eisele): Quadrants the same as in C.

warszetviczii. Colors usually pure.
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Differentiation of Certain Starches of the Genus Canna Continued.
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Iodine Reactions.

Inlensily and Color.

warszewiczii: Deep; blue-violet.
roscoeam: Very deep, deeper than in C. warszewiczii;

blue-violet.

mttsa-folia: Deep, the same aa in C. warszewiczii; blue-
violet.

edulis: Very deep, much deeper than in C. warsze-
wiczii; blue-violet.

var. {Konigeti Charlotte): Deep, not so deep as in C.
warszewiczii; blue-violet,

var. {President Carnot): Deep, deeper than in C.
warszewiczii; blue-violet.

var. (L. E. Bally): Deep, slightly deeper than in C.
warszeuriczii; blue-violet.

var. (Mrs. Kale Grey): Very deep, deeper than in C.
warszewiczii; blue-violet.

var. (Jean Tissol): Deep, slightly deeper than in C.
tvarszewiczii; blue-violet.

var. (J. D. Eisele): Deep, sUghtly deeper than in C.
warszewiczii; blue-violet.

Staining Reactions.

With Gentian Violet.

warszewiczii: Deep.
roscoeana: Deep, the same as in C. warszewiczii.
musaefolia: Deep, the same as in C. warszeiviczii.
edulis: Fairly deep, not so deep as in C. warsze-

wiczii.

var. (Kmigen Charlotte): Deep, the same as in C.
warszeiviczii.

var. (President Carnot): Deep, not so deep aa in C.
warszewiczii.

var. (L. E. Bally): Deep, not quite so deep as in C.
warszewiczii.

var. (Mrs. Kale Grey): Fairly deep, not so deep as in
C. warszewiczii.

var. (Jean Tissot): Deep, deeper than in C. warsze-
iviczii.

var. (J. D. Eisele): Deep, deeper than in C. warsze-
wiczii.

With Safranin.

warszewiczii: Very deep.
roscoeana: Deep, not so deep as in C. warszeiviczii.

muscefolia: Very deep, the same as in C. warsze-
wiczii.

edulis: Deep, not so deep as in C. warszeiviczii.
var. (Kiinigen Charlotte): Deep, not so deep as in C.

warszeiviczii.

var. (President Carnot): Deep, not so deep as in C.
warszewiczii.

. var. (L. E. Bally): Deep, not so deep as in C. wars-
zewiczii.

var. (Mrs. Kale Grey): Fairly deep, not so deep as in
C. warszewiczii,

var. (Jean Tissol): Deep, shghtly less than in C.
warszeuriczii.

var. (J. D. Eisele): Very deep, the same as in C.
warszewiczii.

Temperature of Gelatinization.

tvarszewiczii: 68 to 70 C, mean 69.
roscoeana: 69 to 70 C, mean 69.5.
musmfolia: 70 to 71 C, mean 70.5.
edulis: 67 to 68 C, mean 67.5.
var. (Konigen Charlotte): 64.5 to 66 C, mean 65.25.
var. (President Carnot): 64 to 66 C, mean 65.
var. (L. E. Bally): 68 to 70 C, mean 69.
var. (Mrs. Kate Grey): 62 to 63 C, mean 62.5.
var. (Jean Tissol): 69 to 71 C, mean 70.
var. (J. D. Eisele): 62 to 63 C, mean 62.5.

Effects of Various Reaqents.

Reaction with Chloral Hydrate-Iodine.

C. warszewiczii: Begins in a minute; complete in 25
imnutes.

C. roscoeana: Begins in a minute; complete in 15 minutes
C. miistefoha: Begms inaminute; complete in 20 minutes
C. eduhs: Begins in 1"^ minutes; complete in most in

10 minutes, and in all in 18 minutes.
C. var. (Konigen Charlotte): Begins in 30 seconds; com-

plete in 11 minutes.
C. var. (President Carnot): Begins in a minute; completem 9 mmutes.
C. var. (L. E. Bally): Begins in a minute; complete in

22 mmutes.
C. var. (Mrs. Kate Grey): Begins in a minute; complete

in 13 mmutes.
C. var. (Jean Tissot): Begins in 45 seconds; complete in

nearly all in 10 minutes, and in all in 20 minutes.
C. var. (J. D. Eisele): Begins in a minute; complete in

most m 7 minutes, and in all in 14 minutes.

Reaction with Chromic Acid.

C. warszewiczii: Begins in 30 seconds; complete in 2
minutes.

C. roscoeana: Begins in 30 seconds; complete in 3 minutes
C. muswfoha: Begins in 30 seconds; complete m Z14

minutes.
C. edulis: Begins in 15 seconds; complete in 2'^ minutes
C. var. (Konigen Charlotte): Begins in 15 seconds; com-

plete in IJ^ minutes.
C. var. (President Carnot): Begins in 15 seconds; com-

plete in 1 J4 minutes.
C. var. (L. E. Bally): Begins in 15 seconds; complete in

2 mmutes.
C. var. (Mrs. Kate Grey): Begins in a few seconds; com-

plete in 1^ minutes.
C. var. (Jean Tissot): Begins in 15 seconds; complete

in 23^ minutes.
C. var. (J D. Eisele): Begins in 15 seconds; completem 154 minutes.

Reaction vrith Pyrogallic Acid.

C. warszewiczii: Begins in a minute; complete in one-
si.xth in 20 minutes.

C roscoeana: Begins in 2 minutes; complete in 1 or 2
and all reacting in 16 minutes.

C. muscefolia: Begins in l}4 minutes; complete in a few
grains and one-fifth partially gelatinized in 15
minutes.

C. edulis: Begins in 30 seconds; complete in 20 minutes.
C. var. (Kmigen Charlotte): Begins in a minute; com-

plete in three-fourths in 15 minutes, and in all in
40 minutes.

C. var. (President Carnot): Begins in 45 seconds; com-
plete in most in 6 minutes, and in all in 12 minutes.

C. var. (L. E. Bally): Begins in a minute; complete in
one-half in 10 minutes, and nearly complete in all
in 30 minutes.

C. \a.T. (Mrs. Kale Grey): Begins in 30 seconds; complete
in nearly all in 10 minutes, and in all in 20 minutes.

C. var. (Jean Tissot): Begins in a minute; about one-
half are completely and the rest nearly completely
gelatinized in 15 minutes.

C. var. (J. D. Eisele): Begins in 30 seconds; complete
in three-fourths in 6 minutes, and in practically
all in 15 minutes.

Reaction with Ferric Chloride.

C. warszewiczii: Begins in 2 minutes; complete in 15
minutes.

C. roscoeana: Begins in 1>^ minutes; complete in 10
minutes.
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Differentiation of Certain Starches

Effects of Various Reagents. Continued.

Reaction with Ferric Chloride. Continued.

C. muswfolia: Begins in I'a minutes; complete in 25

minutes.
C. edidis: Begins in 4 minutes; complete in 45 minutes.

C. var. {Kimigeit Charlotte): Begins in a minute; com-

plete in most in 7 minutes, and in all in 18 min-
utes.

C. var. (President Carnal): Begins in 45 seconds; com-

plete in most in 9 minutes, and in all in 15 min-
utes.

C. var. (L. E. Bally): Begins in 114 minutes; complete
in most in 10 minutes, and in all in 22 minutes.

C. var. {Mrs. Kate Grey): Begins in a minutej complete
in most all in 10 minutes, and in all m 16 min-
utes.

C. var. {Jean Tissot): Begins in a minute; complete in

nearly all in 10 minutes, and in all in 23 minutes.

C. var. {J. D. Eisele): Begins in IJ^ minutes; complete
In most in 12 minutes, and in all in 20 minutes.

of the Genus Canna. Continued.

Effects op Various Reagents. Continued.

Reaction with Purdy's Solution.

C. ivarszewiczii: Begins in a few seconds; complete in

2 minutes.
C. roscoeana: Begins in 15 seconds; complete in 5

minutes.
C. musoefolia: Begins in 15 seconds; complete in 6 minutes.
C. edulis: Begins in 15 seconds; complete in 3 minutes.
C. var. {Konigen Charlotte): Begins in a few seconds;

complete m\]/i minutes.
C. var. {President Camot): Begins at once; complete in

40 seconds.
C. var. {L. E. Bally): Begins at once; complete in a

minute.
C. var. {Mrs. Kale Grey): Begins at once; complete in

30 seconds.
C var. {Jean Tissot): Begins in a very few seconds; com-

plete in 2 minutes.
C. var. {J. D. Eisele): Begins at once; complete in

45 seconds.

NOTES ON THE STARCHES OF CANNA.

There are variations, mostly of a minor character, in the forms, sizes, hila, and lameliifi, which
are useful in the differentiation of the seveial starches. In their reactions, the differences are suf-

ficient, but not, on the whole, marked, to enable the distinction of one from another; and it will be

noted upon a comparison of the reaction-curves that there is a general correspondence in the curves

of the first four specimens (four species), and also of the curves of the six horticultural varieties

that follow.
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STARCHES OF MARANTACE/E.

Class, Monocotyledones. Order, Scitaminales. Family, Marantacea;. Genera

represented: Maranta, Calathea, Stromanthe.

The Marantacece include about 12 genera and 150 species of herbaceous plants, all natives of

the tropics, mostly of America. The genera represented in this research are very closely allied,

and most of the cultivated forms of Maranta belong to other genera of the family, especially to

Calathea and Stromanthe.

GENUS MARANTA.
This genus includes about a dozen herbaceous tropical plants which are natives of Central

and Southern America. Maranta, Calathea, Stromanthe, Phrynium, and Thalia are closely allied,

and many of the Calathea and Stromanthe are marketed as Marantas. Starches from four recognized

species of Maranta were studied, including M. arundinacea Limi., M. massangeana E. Morr. (Cal-
athea massangea?ia Hort.), M. leuconeura E. Morr., M. kerchoveana E. Morr., M. kerchovei Hort.

(Calathea kerchoveana Hort.), and M. musaica Hort. In addition to these, two forms of commercial
arrowroot obtained from leading English importers, and stated to be from M. arundinacea, were
studied. The supplj* of Maranta arrowTOot to the trade originally came from Bermuda, hence the

name Bermuda arrowroot
;
but now the supply seems to be from St. Vincent.

The true Marantas include very few species. They are cultivated chiefly as foliage plants
and as a source of arrowi-oot. Arrowroot is a generic name, originally applied to starches obtained

from the rhizomes of a number of members of this genus, especially from M. arundinacea, but it soon

became a commercial term that has been attached to a number of starches from various species of

different genera, families, and orders. The word had its origin in the application by the Indians of

Jamaica of the crushed rhizome to poisoned-arrow wounds to extract the poison. The nutritive

value of tliis starch was recognized by Hughes in 1751, and it is due to this property that arrowroot

became an article of commerce and of importance as an article of diet of the sick.

The true arro^TOot was originally obtained solely from M. arundinacea, which was taken from
the island of Dominica to Barbados, and later to Jamaica, and since then cultivated in various

parts of the West Indies, East Indies, Ceylon, Africa, Southeastern United States, and other coun-

tries. The same or different kinds of arrowroot are often distinguished in commerce merely b}' the

names of the countries in which they are produced. Next in importance to M. arundinacea as a

source of true arrowroot is M. indica Tussac, regarded as a distinct species, but only a variety. Its

chief differences from M. arundinacea are in its having leaves that are smooth on both sides and

pointed, and in the color of the seeds.

Wickstrom concluded that M. arundinacea and M. indica are identical, and Fliickiger (Phar-

makognosie des Pflanzenreiches, 1881, 220) states that the differences are so slight that the latter

can not be regarded as a distinct species. Fliickiger records that the starches are identical,

but Hanausek (Microscopy of Technical Products, Trans, by Winton, 1907, 43) described certain

minor differences. In comparing the starches of M. arundinacea and M. indica, and a starch from

an uncertain soxnce which was described by von Hohnel (Die Starke und die Mahlproducte, 1882,

31) as a West Indian product, Hanausek found that the grains of M. indica are characterized by
their pronoimced wavy, angular outhnes; those of the von Hohnel starch by their rounded form;
and those of M. arundinacea by intermediate characteristics. Pariera (Materia Medica and Ther-

apeutics, edited by Joseph Carson, 1854, 226), one of the earliest authorities to describe West Indian

arro\vroot, refers to it as white, colorless, and tasteless, and in the form either of a light opaque white

powder or of small, pulverulent masses. The grains are convex, more or less elliptical, and mod-

erately uniform in size. The shape is more or less irregular, but often oblong, or usually somewhat
ovate oblong, frequently triangular, or oyster-shaped or mussel-shaped. In some of the samples,

after ha\'ing been digested in water, one or rarely two mammillary processes are seen projecting

from the surface of some of the particles. In some specimens these processes appeared like short

spines. The rings are very distinct, though fine. The hilum is usually very distinct, and generally
located towards one end of the grain; normally it is circular, but frequently cracked in a linear.
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stellate manner. Forms resembling Bermuda arrowroot are known as Montserrat and St. Vincent

arro\\TOots. The grains of the former are stated to be larger and to have a larger number of narrow

fissures; while those of the latter not only show a larger number having fissures than in the Bermuda

variety, but also form larger masses or clumps of grains, and the starch is not so white. Nageli's

description, recorded a few years later, will be found on page 224.

The starch Maranta arundinacea is described by Wiesner, a very recent authority, as being

in the form of simple grains, and that when viewed from the side they are oval, rounded triangular,

or deltoid-shaped wth obtuse angles; and in transverse section, circular or somewhat flattened.

The size of the grain is very variable, so that the average can not be expressed by one number, but

by the range. The longest diameter of the starch-grain varies between 13 and 70^, the average being
between 27 and 54/i. Lamellae can always be traced but are never strongly marked. The hilum

may lie in the center, but more frequently is about one-sixth eccentric and then located nearer the

broad or the narrow end. There is usually a transverse cleft, filled with air, proceeding from the

hilum, this cleft being usually in the form of a double curve.

East Indian arrowroot comes from two entirely different sources, one in the rhizomes of M.
arundinacea and the other in the roots of several species of Curcuma (Zingiberaceaf), especially C.

angustifolia, C. leucorrhiza, and C ruhescens. The Curcuma starches are also known as tikor, Bom-

bay, Malabar, and Tellicherry arrowroot, and also as white and buff-colored tikor. The white

tikor, according to Pariera [loc. cit., page 238), differs from the buff-colored by the absence of various

impurities, indicating that both have a common source of origin, the difference being due to differ-

ent degrees of care in the preparation. AVliite tikor is described as being in the form of a fine, white

powder, transparent, flattened disks (about 0.0003 inch in thickness, the largest being about 0.0027

inch long and 0.00129 inch broad), ovate, oblong ovate, with a very short neck or nipple-like pro-

jection at the extremity at which the hilum is located. The hilum is very small, circular, not very

distinct, and placed at the narrow end of the grain. The lamellse are apparent on both the flat

surfaces and the edges, and are numerous, close, and very fine. (See Curcuma, page 790.)

Portland arrowroot or Portland sago, made in the island of Portland, is obtained from the

corms of Arum maculalum (Aroidece) and is described by Pariera {loc. cit., 158) as being in the form of

exceedingly small (average size, 0.00022 inch in diameter), circular, muller-shaped, or polygonal

grains, having angularities which appear to be due to compres.sion. The hilum is circular and ap-

parently lies in a small depression and it cracks in a linear or stellate manner. Tavoo starch is said

to come from Arum esculentum. (See Artim, page 440.)

Queensland arrowroot is prepared from the rhizomes of various Cannas (Cannacece). The

grains are stated to belong to the same type as the true arrowroots and are described by Hanausek {loc.

cit., page 46) as being simple, rarely in semi-aggregates, flattened, Ijroadlj' ovate, or reniform, or

even fiddle-shaped, drawn out at the end into a short point. An eccentric hilum is always evident,
and the starch is characterized by the large grains which vary in size up to 130/^ in length. Tous-

Us-mois, a well-known arrowroot of the English and French, was for a time thought to be derived

from Canna coccinea, but Pariera {loc. cit., page 227) states that the probable source (since confirmed)
is C. edulis, a plant known on the western coast of South America as achira. He records the grains
as being very large (in this respect exceeding those of all other starches), somewhat egg-shaped,
oval or oblong, but generally more or less ovate. The hilum is very distinct, circular, and usually

placed at the narrow extremity of the grain; very rarely it is double, and once it was seen to be

triple. The rings are fine, numerous, concentric, and regular, but somewhat irregularly spaced.
The hilum and the body of the grain are frequently cracked. (See Cannacece, page 796.)

Two entirely different kinds of arrowToot come from Guiana. One form known as Guiana

arrowroot, or yam starch, is made from several species of Dioscorea {Dioncoreacecv) , especially D.
saliva and D. alata. These grains are described by Hanausek {loc. cit., page 47) as being simple,

flattened, irreg-ularly ovate, elliptical, or club-shaped, with a more or less distinct point at which
the hilum is located. The large grains are 14 by 80^, usually 30 by 45/i long. The other starch is

derived from the fruit of the banana, chiefly from Musa sapientum and M. paradisiaca, which latter

is probably not a distinct species but merely a variety of M. sapientum. Hanausek {loc. cit., ]3age 47)
states that the simjjle starch-grains are elongated, ovate, pear-shaped, and rod-shaped, with an
eccentric hilum, distinct rings, and 30^ to 76m long. (See Musacea;, page 771.)

Brazilian arrowroot, variously known as cassava, manioc, mandioca, and tapioca, is obtained
from the tuberous roots of several species of Manihot, chiefly from Manihot utilissima, M. aipi,
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and M. carthaginensis {Euphorbiacem). M. utilissima yields the bitter cassava and M. aipr the

sweet cassava. Pariera (loc cit., page 383) states that this starch consists of single grains which in

the living plant were united in groups or compound grains, each being composed of two, three, or

four grains. Most are muller-shaped, and therefore were united in the plant in groups of two each.

When seen endwise they appear circular or globular. Some are truncated, egg-shaped grains with

one or two facets at the truncation. The hilum is circular and surrounded with rings, and bursts

in a stellate manner (see Manihot, page 876). Another form of Brazilian arrowroot and from an

entirely different kind of plant is the starch of the common sweet potato, Batatus edulis or Ipomcea
batatas {Convolvulacea:). This starch is described by Hanausek {loc. cit., page 46) as being a fine

powder consisting either of aggregates or of grains separated from aggregates, the individual grains

being hemispherical, sugar-loaf-shaped, club-shaped, and polygonal, the larger measuring 20 to

50/i. The hilum is eccentric, mostly with radiating clefts, and the lamellae are distinct. (See Batatus

edulis, page 884.)

Tahiti arrowroot comes chiefly from the Hawaiian Islands, and for a time was stated to be
obtained from Tacca oceanica, but it has since been shown that this plant is identical with T. pin-

natifida (see Taccacece, page 686). From this plant a starch is also prepared in the East Indian

province of Arracen. Pariera {loc. cit., page 221) records it as a white powder with a slight musty
odor. The grains are circular, muller-shaped, or polyhedral. Some midler-shaped forms are slightly
narrowed at the base, and the base instead of being flat appears to be hollowed out. The hilum is

small and circular and is cracked in a linear or stellate manner. The lamellae are few and not very

distinct, and the prevalent size is 0.008 by 0.00007 inch. (See Tacca, page 686.)

A starch from Chili which is sold under the name of Talcahuano arrowroot is made from the

tuberous root of several species of Alstrcemeria, chiefly probably A. ligtu. (See Alstrwmeria, page
658.)

Colocasia (Aroidea;) also yields a starch that has been marketed as an arrowroot.

Under the name of koonti, or coontie, is sold an arrowroot prepared in Florida and in Bahama
and West Indian islands from the rhizomes of several species of Zamia {Cycadacew). The Florida

species are chieflj' Z. floridana and Z. pumila, which are usually referred to Z. integrifolia, the latter

being West Indian. ArrowToot is prepared from the seeds of Dioon {CycadaceoB) . (See Dioon,

page 896.)

A Chinese arrowroot is made from the root-stocks of Nelumbo speciosa (Nymphceacew), from
which species was also obtained the Pythagorean bean or sacred bean of the ancients. (See iVeZ-

umho, page 849.)

A so-called English arrowroot was claimed to be a true or a pseudo potato starch, but Nageli

(Die Starkekorner, etc., loc. cit.) found that it is a variety of Jamaica or West Indian arrowToot.

He describes the grains as being oval, elongated coniform, three- or four-cornered, and most of them
more or less irregular. The diameter corresponding to the hilum is from two-thirds to twice the

length of the transverse diameter. The hilum end is the thicker and narrower. The lamellae are

fine and fairly distinct, the outer lamellae often forming a separate system. Most grains are unfis-

sured; occasionally in place of the hilum there is a very short, longitudinal, or transverse fissure,

or there may be short radiating fissures. The fissures may form a three-armed figure, or an oblique

cross, but seldom a true cross.

It will be observed from the foregoing that the arrowi-oots of commerce have been obtained

from various species, varieties, and forms which represent eleven families, including, Marantacece,

Zingeberacece, Aroidece, Cannacece, Dioscoracea, Musacece, Euphorbiacece, Convolvulacea;
, Amarylli-

dacece, Nymphacece, and Cycadaceoe; seven orders, including Scitaminales, Araks, Liliales, Geraniales,

Cycadales, Polemoniales, and Ranales; and three classes, Monocotyledones, Dicotyledones, and Gymno-

spermce. Doubtless a careful search into the literature of the true and false arro^TOots would show

other sources. The importance that has fallaciously been attributed to arrowroots as an article of

diet in the sick room because chiefly of their assumed greater digestibility than starches generally

has been referred to elsewhere (see Part I, page 194).

STARCH OF MARANTA ARUNDINACEA. (Plate 88, figs. 523 and 524. Chart 345.)

Histological Characteristics. In form the grains are almost wholly simple and isolated, with

the exception of a small number which rarely occur in small aggregates (doublets). There are a few

compound grains. Pressure facets are very seldom observed. More of the grains are regular,
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Temperature Reaction. The temperature of gelatinization is 7G to 78 C, mean 77.

Effects of Various Reaycnts. With chloral hydrate-iodine reaction begins immediately. A few

grains are gelatinized in a minute, nearly all in 2 minutes, all but a few resistant grains in 3 minutes,
in which the reaction is usually complete in 6 minutes, rarely not until 7 minutes. The grains color

an old-rose at once, and the hilum appears as a dark spot, ring, or lines. Gelatinization accompanied
by a dark bluish color begins at the distal end, or at any prominent corners or jjrotuberances on
the grain, quickly spreads around the margin and then advances more rapidly from the distal mar-

gin towards the hilum than from other points, the region of the hilum being the last to undergo
the reaction. The grain is deeply colored, uniformly and slightly swollen, but retains the general

shape of the untreated grain.

Reaction with chromic acid begins immediately. Several grains are dissolved in a minute, nearly
all in 2 minutes, and all but parts of a few resistant grains in 3J^ minutes, in which the reaction is

usually complete in 43-2, rarely 5\4, minutes. The structures at the hilum swell and a bubble ap-

pears which enlarges and then collapses, followed in most grains by a rapid disorganization of the

surrounding region, accompanied by the appearance of an irregular mass of refractive granules
embedded in the gelatinized starch. The outer lamelte are sharply defined and striated, and as

they become broken down the refractive granxiles appear first in linear arrangement; the grain
continues to enlarge and finally the capsule is ruptured. The rupture occurs at the distal end of

the narrow forms, or usually at one corner of the distal margin in the broadened triangular and

shell-shaped grains; which comer during the reaction becomes prominent and extended laterally.

The entire grain now passes into solution, the capsule of the proximal end and sides nearby usually

being the most resistant. An exception occurs to this method, when a large, cone-shaped extension

is present at the proximal end, the capsule then being ruptured first at this point, but the other

steps of the reaction are the same, except that from the slightly eccentric hilum, fissures extend

towards both the proximal and the distal ends. During the process of gelatinization in the more
resistant grains, two or three parallel, branched fissures in the narrower forms, and a cluster of

fissures with two, sometimes three, more prominent ones in the broader forms can be observed

extending from the hilum towartls the distal end; the steps of the process are the same as those de-

scribed above.

The reaction with pyrogallic acid begins immediately. iSeveral of the grains are gelatinized in

10 seconds, nearly all in 30 seconds, and all in 45 seconds. The structures at the hilum swell and a

bubble appears which quickly enlarges and then suddenly collapses by the rapid gelatinization of the

grain with the exception of the outermost lamelte, which are soon gelatinized. The reaction is so

rapid that the various steps are difficult to determine, but in the less reactive grains, two or three

large, branched fissures extend distalwards from the hilum, along which gelatinization proceeds
with a faint trace of granules embedded in the more soluble starch until the process is complete.
The gelatinized grain is much swollen and the capsule is thrown into folds at the distal end, but

retains the general contour at the proximal end, so that it resembles the untreated grain.

The reaction with ferric chloride begins in a few gi-ains immediately. A small number are gelat-

inized in a minute, about three-fourths in 2 minutes, about seven-eighths in 4 minutes, and all but

rare resistant grains in 5 minutes, in which latter the reaction is usually complete in 8 minutes,

rarely 10 minutes. The structures at the hilum become very distinct, then a bubble usually appears
at this point, and a lustrous border forms around the grain. This border increases in width, more

rapidly generally at the distal end, and gelatinization begins at the hilum in the narrower forms,
but at the corners of the distal margin in the broadened forms, accompanied in each type by the

rapid distension of the capsule. Gelatinization in the latter case proceeds towards the proximal end

accompanied by irregularly arranged, refractive granules embedded in the more soluble starch;

finally, as the reaction approaches the region of the hilum, the bubble rapidly enlarges, then col-

lapses, followed by the fissuration of this more resistant starch into rather large, irregular masses

which gradually become gelatinous. In many grains, the lustrous border gradually closes around

the hilum, the lamellae in this border becoming more sharply defined; the bubble at the hilum swells

rapidly, collapses, and gelatinization quickly spreads over the grain, with the exception of the outer

lamellse of the proximal end and sides nearby, which gradually become gelatinous. In grains in

which this process is less rapid, gelatinization is frequently accompanied by the appearance of

fissures extending inward from the distal end and outward from the region of the hilum. Ex-

ceptions of these two general types of gelatinization are found in those grains which have large
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protuberances and in elongated ellipsoidal grains having the hilum located in the middle of one side.

In the grains with a large, cone-shaped protuberance at the proximal end, gelatinization with dis-

tension of the capsule begins at this end, followed rather rapidly from the distal end, the starch of

the region surroimding the hilum being the most resistant. In the elongated, ellipsoidal grains

above noted, gelatinization begins simultaneously at both ends. The gelatinized grains are much
swollen but retain the general shapes of the untreated grain.

Reaction with Purdy's solution begins in a few grains in 30 seconds. About one-fortieth are

gelatinized in 5 minutes, about one-twentieth in 15 minutes, about one-sixteenth in 30 minutes,

and about one-eighth in 60 minutes. The hilum swells, but generally no bubble appears; the fis-

sures are similar in character and arrangement to those described for the resistant grains when
treated with pyrogallic acid, but are much deeper and more clear-cut. The lamelJEe are sharply

defined and striated, and during their disorganization refractive granules appear, which are less

resistant and irregularly massed around the hilum and center of the grain, but linearly arranged
near the distal margin and also at the proximal end, when they appear at this point. Gelatinization

proceeds more rapidly from the hilum to the distal end between two coarser, radiating fissures,

between which there is a cluster of delicate fissures. Or the starch at the proximal end and sides

nearby, usually being the most resistant, often remains as a homogeneous, solid border in the other-

wise gelatinized gi-ain, but sometimes it breaks into fairly large, irregular fragments which may
persist or gradually gelatinize; or this border may become differentiated into sharply defined and

striated lamellae, which, if they become disorganized, result in the appearance of linearly arranged,

refractive granules. The gelatinized grains are swollen, but retain the general shape of the untreated

grain, and there is usually either a trace of a few lamellae or some refractive granules present.

STARCH OF MARANTA ARUNDINACEA VAR. No. 1. (Plate 88, figs. 525 and 52G. Chart 346.)

Histological Characteristics. In fwm the grains are simple, excepting some rare compounds
consisting of two components; there appears no tendency to form aggregates or clumps, and pres-
sure facets are rare. The surface of the grains tends to be more or less irregular, owing to rounded

protuberances, nipple-like processes, and spicules, which are most commonly found at the distal

end of the grains. The most conspicuous forms are ovoid to oval and elliptical, clam-shell-shaped,

mussel-shell-shajied, triangular with rounded angles, and spherical; also pyriform, quadrangular
with rounded angles, elongated dome-shaped, and various

regular forms. The proximal may be the broader or

narrower end, but when the grain is seen on edge the

distal end is the narrower. When viewed on end the

grain is ovoid to sjjherical at the proximal end, and
narrow and irregularly elliptical at the distal end. The
ovoid to the oval and elliptical forms are commonly from
about one-half to two-thirds as broad as long, but the

shell-shaped and allied forms may be broader than long.

The hilum is a small, round, non-refractive spot, usu-

ally eccentric about one-sixth to one-fourth of the longi-
tudinal axis. It may be in or somewhat to one side of

the median line. It is sometimes marked by a short, but

deep, transverse fissure having a double curve, and the

fissure may be divided at the ends into several smaller

fissures; or it may be crossed by another fissure to form
a 2-armed figure. Compound grains with 2 hila are seen,
and the line of jimction of the component grains may be
indicated by a linear depression or a fissure.

The lamellcB are continuous circles or arcs of circles,

which are often irregular as they follow the outline of the margin. They are not usually very
distinct and are rather coarse. They vary in size and spacing in the same grain and in different

grains, and those added last are often the largest and most distinct. They may be wavy in outline

without reference to the form of the margin of the grain, and vary in number, averaging about 23
on the larger grains.

The grains vary in size from 11 to 54/i. The common size is 20/i.

Chart No. 346.
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Polariscopic Properties. The figure is usually eccentric, distinct, clear-cut, and irregular.

Its lines are usually well defined, comparatively narrow, and approaching the same size and dis-

tinctness throughout, with a tendency to widening at the margin. Usually four lines appear and

may be somewhat bent or otherwise distorted and placed at varying distance from one another,
and the longer lines may cross the grain diagonally, longitudinally, or transversely.

The degree of polarization is high. It is higher if the grain is viewed on edge or end, and it

varies somewhat in different grains and in some grains in the same aspect of a given grain. Polari-

zation is about the same as in M. arundinacea, but the variations are greater.

With selenite the quadrants are well defined, irregular in shape, and unequal in size. The
colors are generally pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a fairly deep blue-

violet, a little deeper than M. arundinacea; with 0.125 per cent solution they tint lightly at first

and the color deepens slowly, but more rapidly than in M. arundinacea. After heating the solu-

tion until the grains are completely gelatinized, the grains are deeply colored with iodine, but

the solution is colored lightly, if at all. After boiling for 2 minutes, the grain-residues color less

and the solution very markedlj'. On the addition of an excess of iodine the capsules are colored

violet, while the contents of the grain-residues representing the greater part of the grain are of an

indigo color.

Staining Reactions. ^With gentian violet the grains begin to stain slightly at once and after 30

minutes are fairly stained. The individual grains are evenly colored, but some grains more deeply
than others. The color is a little deeper than in M. arundinacea.

With safranin the grains begin to tint at once and in 30 minutes are fairly deeply stained,

slightly deeper than in M. arundinacea.

Temperature Reaction. The temperature of gelatinization is 71 to 72 C, mean 71.5.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins at once. A few grains

are gelatinized in 45 seconds, nearly all in 2 minutes, all but a few resistant grains in 2>)4, minutes,
and all in 10 minutes. The hilum becomes very distinct as a small black spot or bubble. The
lamelliB are rendered invisible. The distal end and the tips of the spicules and nipple-like processes,

whenever thej' appear, may become dark, and gelatinization begins at these parts \vith swelling and

protrusion, which is especially marked at the distal end. The process extends sometimes half way
around the margin. Occasionally swelling occurs at both ends. Usually after a time the grains

swell out enormously at the distal end and sides, leaving a triangular portion, including the hilum,
that remains for a time ungelatinized; later this portion is also included in the process. The gelat-

inized grains are large, but do not exhibit much ilistortion of the original shape. They often show
alternate light and dark bands at the distal end and in the body of the grain. These bands may not

be entirely separated, and proximally there is a clear, smooth, round space representing the swollen

hilum. In some cases the interior of the grain is very dark and shows merely irregular fissures.

The reaction with chromic add begins in two-thirds of the grains in 15 seconds, is over in prac-

tically all in 2 minutes, and in all in 5^2 minutes. The hilmn and sometimes the lamella; become

prominent. Two refractive lines now appear to extend from the hilum, one on each side, to the

distal end of the grain, outlining an oval, inner space, which becomes divided by fine, longitudinal

striae or fissures which extend from the hilum. The hilum now swells enormously and, as it

enlarges, the striated, inner portion of the grain is pushed before it towards the distal end. The

margin becomes distinct and much thicker at the distal than the proximal end, and shows fine or

coarse striations according as the grain reacts quickly or slowly. The marginal part of the grain is

in the form of a capsule and becomes dissolved at one point at the proximal end where it is thin,

and the inner part of the grain flows out and is dissolved, followed by solution of the remaining

part of the capsule. In a few cases a formation of crescents occurs as in certain other starches.

Reaction with pyrogallic acid begins at once. Most of the grains are gelatinized in 30 seconds

and all in 65 to 105 seconds. After a bubble appears at the hilum, the hilum and lamellse become

very distinct. The hilum swells slightly, and at times refractive lines extend from each side to the

distal end and fine stria; radiate from the hilum tlu-ough the grain. The hilum now swells greatly

and the bubble is moved to one side and then disappears. The inner part of the grain is pushed

by the swelling process towards the distal end, which becomes granular. The margin is broad

and very distinct, is finely striated, and shows two or three bands. This banded appearance

eventually clears away, as does also the granular mass at the distal end. The swollen grains so
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formed are large and ovoid and retain somewhat the original shape of the grain. The proximal

end is rounded; the distal is crumpled and irregular.

With /err/c chloride reaction begins in two-thirds of the grains in 2 minutes, about seven-tenths

are gelatinized in 5 minutes, and practically all in 10 minutes. The reaction is complete in all in

20 to 35 minutes. The hilum is prominent as a dark bubble, the lamellte disappear, the margin

becomes clear and darker, and the inner portion of the grain appears light and opaque. The distal

end becomes gelatinized and has irregular protrusions. In grains in which the transverse diameter

is the longest (triangular and certain related forms), the two poles of this diameter become gelat-

inized first, then the hilum swells enormously just before or just as this process of gelatinization

reaches it, and the bubble which appears at the hilum during the first part of the reaction now be-

comes very large and then disappears. The gelatinized grains are very large, round, and smooth

at the proximal end, and crumpled, lobulated, and folded at the distal end. The margin is at first

distinct and shows indistinctly striated bands; later it becomes thin and clear.

Reaction with Purdy's solution begins immediately and almost all of the grains are swollen in

2 minutes; about four-fifths are gelatinized in 5 minutes and nearly all in 30 minutes; no further

progress occurs in an hour. The hilum and lamellce become distinct and fine strise radiate from the

hilum throughout the inner portion of the grain. The hilum swells rapidly, pushing the striated

part before it to the distal end, where it collects as a granular mass. Some of the gelatinized part of

the grain is formed into a marginal band which is very distinctly marked with fine striations. If

the hilum is fissured and the reaction slow, the grain may be divided by deep fissures, which open
out in a stellate fashion as the hilum swells. The gelatinized grains are large, ovoid to elliptical.

The proximal end is smooth and rounded, while the distal is crumpled, lobulated, and distorted.

STARCH OF MARANTA ARUNDINACEA VAR. No. 2. (Plate 88, figs. 527 and 528. Chart 347.)

Hislological Charaderislics. In form the grains are simple, with the exception of a few com-

pounds in the form of two or three components. There is no tendency to form aggregates or clumps,

and pressure facets are rare. The surface of the grains tends to be irregular, owing to rounded

protuberances and spicular or nipple-like projections,

which are most frequently found at the distal end of the

grain. The conspicuous forms are ovoid to oval and

elliptical, clam-shell- and mussel-shell-shaped, pyriform,

triangular, spherical, and dome-shaped; also various irreg-

ular forms. The proximal end may be the narrower or

broader end. The grains are from about half to a third

as thick as wide, and conmionly from one-third to tlu-ee-

fourths as broad as long. When observed on end the

proximal end is ovoid to spherical or elliptical, while

the distal end is oval to elliptical, the distal end being
flattened more than the proximal. In the ovoid to ellip-

tical forms the longitudinal axis is longer than the trans-

verse, while in some of the clam-shell and related types
the reverse is often the case.

The hilum is a distinct, relatively large, round, re-

fractive spot. Double hila are common, and three hila

may be seen arranged triangularlj'. It is usually eccen-

tric about one-sixth to one-fourth of the longitudinal
axis and in or slightly to one side of the median line. It

is often fissured, and the fissuration is commonly in the form of a short, deep, transverse or longi-

tudinal fissure, whose ends often branch into a number of small fissures; or there may be an

irregular or stellate arrangement of small fissures.

The lamellce are not very distinct. They vary greatly in distinctness and size in different

grains, and somewhat in the same grain. They are circles or arcs of circles, and those more distal

to the hilum tend to follow the outlines of the margin. In grains with double hila, two sets of lamel-

Ise corresponding to the hila are noted, but a short distance from the hila they are merged into one
another. Their number varies from 16 on the small to 38 on the large grains. The average is 22.

The grains vary in size from 7 to 45>i. The common size is 28/^.
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Polariscopic Properties. The figure is usually eccentric and distinct. Its lines are very clearly
defined and some tend to widen materially as they are nearer the margin of the grain. They are so

arranged usually that one corresponds with the longitudinal axis of the grain; in some grains they
divide the ficUl obliquely.

The degree of polarization is high, about the same as that of Maranta arundinacea, but with

greater variation. It varies a little in different grains, in different aspects of a given grain, and

occasionallj' in the same aspect of a grain.

With sdenite the quadrants are very well defined, irregirlar in shape, and unequal in size. The
colors are generally pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a fairly deep blue-

violet, the same depth of color but more blue than in M. arundinacea; wdth 0.125 per cent solution

they tint lightly, the color deepens slowly, but more rapidly than in M. arundinacea. When heated
in water until complete gelatinization has occurred the solution is colored a deep indigo on the
addition of iodine; the gelatinized grains are colored deeply to lightly, mostly the latter. The gelat-
inized grains are smooth, rounded, and nodular, and granular at the distal end. After boiling for

2 minutes the solution is much more intensely colored and the grain-residues but little or not at

all. With an excess of iodine all the capsules take on a red-violet color and are folded and twisted.

Staining Reactions. With gentian violet the grains begin to stain slightly at once and after 30
minutes they are fairly colored, slightly deeper than in M. arundinacea.

AVith safranin staining begins immediately and after 30 minutes the grains are fairly deeply
stained, slightly deeper than in M. arundinacea.

Temperature Reaction. The temperature of gelatinization is 71 to 73" C, mean 72.

Effects of Various Reagents. With chloral hydrate-iodine some grains show the beginning of

a reaction at once. A few are gelatinized in 45 seconds, more than half \n\]4, minutes, nearlj' all in

2 minutes, and all but rare resistant grains in 43/2 minutes, in which latter the reaction may not be

complete until 15 minutes. The lamellae become indistinct, but the hilum grows more distinct as

a black spot, or is fissured. All the grains take on a light violet tint, the margin becomes clearer

and forms a clear ring which spreads inward, causing the central portion to assume a lighter, more
refractive appearance. The lamellae reappear in the marginal clear space, this being accompanied
by the development of dark points on the margin, especially on the nodular projections and at the

distal end. Protrusion and gelatinization begin at these points and then proceed gradually towards

the hilum. The grain as a whole in the meantime becomes colored a dark violet. Gelatinization

may begin at opposite ends of the grain at the same time and proceed centrally, gradually approach-

ing the hilum, which finally swells.

Reaction with chromic acid begins in two-thirds of the grains in 15 seconds and in the remain-

ing one-third in 45 seconds. Nearly all are dissolved in 1}^ minutes and all in 4 minutes. The
lamellae are indistinct, but the hilum becomes distinct and swells, accompanied by the formation

of fine, radiating stria throughout the grain. Coarse striae or folds appear at the distal end of the

grain. The margin dissolves at a point above the swollen hilum, and the space formed by the swol-

len hilum opens out. One faintly lamellated, finely striated crescent usually forms at the distal

end of the grain, which generally does not split off, but if it does, a second much fainter one forms.

After the widening out of the swollen hilum, the grain gradually becomes clearer and finally dissolves.

When the hilum is fissured, the fissures widen and deepen, and extend through the grain. One por-
tion of the margin now dissolves and the fissures widen, followed by the solution of the grain.

With pyrogallic acid evidences of swelling appear in most grains at once. Several are gelat-

inized in 10 seconds, nearly all in 35 seconds, all but rare resistant grains in 50 seconds, and all

within 2 minutes. There is no further change. The hilum and lamelliE become very distinct.

The hilum swells and highly refractive lines, probably fissures in the interior of the grain, extend

on each side to the margin. The hilimi gradually becomes larger and fine striae appear in the grain.

Later coarse striae or folds develop at the distal end. The hilum gradually enlarges, and the lamel-

lated substance of the grain is pushed out to the margin until a large, gelatinized grain is formed

which exhibits a clear inner space that is surrounded by a dark margin having still darker striated

bands and a granular mass at the distal end. In grains in which the hilum is centric, granular
masses are formed at two parts of the grain. If the hilum is fissm-ed, the fissures widen, but there

are no essential differences in the type of swelling. The fully gelatinized grains are large, clear,

oval, and somewhat folded.
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With ferric chloride a beginning of a reaction is seen in some grains at once. A few are gelat-

inized in a minute, about four-fifths in 5 minutes, nearly all in 10 minutes, all but rare resistant

grains in lo minutes, and all in 25 to 30 minutes. The lamellse disappear and the hilum becomes

distinct as a black spot. There is often a protrusion or gelatinization of the margin at the nodules

or nipple-like processes of the grain or from the distal end. The rest of the margin becomes clear

and shows lamellation, and a ring is formed which widens as it spreads inward, lessening the area

of the inner, lighter portion. The swelling is slight until a bubble is formed at the hilum. This is

followed by great swelling and the disappearance of the bubble. By this swelling a clear inner

space is formed, surroundeil by a darker portion that exhibits striated rings, and granular masses

are present where protrusion first took place from the margin. The gelatinized grains gradually

become clear and are finally quite transparent. They are very large, oval, and somewhat folded

and crumpled.

Swelling begins in 30 seconds or less with Purdy's solution. A few grains are gelatinized in a

minute, about one-fourth in 5 minutes, about two-thirds in 30 minutes, and four-fifths in 60 min-

utes. The hilum and lamella become more distinct. Two refractive lines extend from the hilum to the

margin, and the grain becomes finely striated. The hilum and the grain swell very rapidly, form-

ing a smooth, gelatinized grain which has a distal end with a lobulated outline, and a collection of

granular starch. The margin is darker than other parts of the grain, and shows one or three finely

striated darker bands, which gradually disappear, as does the granular mass at the loljulated distal

end. There is no essential difference in the gelatinization of grains with fissured hilum. The gelat-

inized grains finally formed are very large and of a regular, rounded, ovoid outline.

STARCH OF MARANTA MASSANGEANA. (Plate 89, figs. 629 and 530. Chart 348.)

Histological Characteristics. In Jonn the grains are simple and consist of isolated ones which

were the components of small aggregates, wdth the exception of a small number which have never

existed as aggregates and a few small aggregates. No compound grains were observed. Pressure

facets are found on most of the grains. The grains are generally regular, but a slight concave in-

dentation, possibly a pressure facet, may be found at one

side of the distal margin of the larger, rounded grains

which have a broadened and somewhat thinned distal

margin. The conspicuous forms are dome-shaped with

squared or pointed base, round, and polygonal. There

are also a few ellipsoidal and rounded with broadened

and somewhat thinned distal end which approach the

triangular \vith rounded angles. Scattered among the

numerous separated grains are much larger ones which

are gelatinized and so distorted tliat their structure can

not be studied. The grains are more regular than those

of M. arundinacea, differ generally in shape, and in the

frequent presence of pressure facets.

The hilum is a round, clear, refractive spot, centric

to slightly eccentric about two-fifths to five-twelfths of

the longitudinal axis. The hilum is usually not fissured.

Clefts which form either a stellate, a Y-shaped, or a

soaring-bird figure are sometimes present.

The lamellce are demonstrable, and in the round

forms of large size from 12 to l(j rather fine, complete,
circular rings may be counted. In the dome-shaped type the lamella;, even those immediately around
the hilum, usually have the form of the grain. There are 8 to 10 lamellaj on the large, dome-shaped
gi-ains. They are more often demonstrable throughout the entire grain than in M. arundinacea.

The grains vary in size; the smaller are 4 by 3,u; the largcT, dome-shaped grains are 24 by 20^,
and the large, round forms are 26 by 2Gfi in length and breadth. The common size of the dome-

shaped grains is about 18 by 16// and of the round grains about IG by 16// in length and breadth.

Polariscopic Properties. The figure is centric to slightly eccentric, rarely quite eccentric, dis-

tinct, and clear-cut. Its lines are rather fine and usually straight; they often cross at right angles,
but sometimes obliquely. The figure is more regular than in M. arundinacea.
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The degree of polarization is high. The average is about the same as in M. arundinacea. There
is a greater variation among the grains; in some it is lower, yet it is high in a larger proportion of

grains than in ^f. arundinacea. A variation in the same aspect of a given grain is much more fre-

quently observed than in those of M. arundinacea.

With selenite the quadrants are clearly defined and clean-cut, about the same as in M. arun-
dinacea. They are commonly slightly imequal in size and irregular in shape, but less so than in

M. arundinacea. The colors are generally pure, the degree of purity being a little less than in M.
arundinacea.

Iodine Reactions. With 0.25 per cent Lugol's solution most grains color a fairly deep blue-

violet, some a reddish-violet, which deepens rather rapidly, more quickly than in M. arundinacea;
with 0.125 per cent solution they soon color a rather light blue-violet, a little deeper Init some-
what redder than in M. arundinacea, which deepens rather rapidly. After heating in water until

the grains are gelatinized and then adding iodine, the solution becomes a deep indigo-blue, and the

gelatinized grains a dull, rather deep blue, some with a reddish tint to reddish-violet. The solution

is deeper and the grains rather lighter in color than in M. arundinacea. If the gelatinized grains are
boiled for 2 minutes and then treated with iodine, the solution becomes a ver}' deep blue, while
the grain-residues either do not color or become a very light blue, some with reddish tint, much
lighter than in M. arundinacea. With an excess of iodine the capsules color a deep old-rose to wine-

red, deeper and redder than in M. arundinacea.

Staining Reactions. With gentian violet the grains begin to color lightly at once and in 30
minutes are lightly colored, lighter than in M. arundinacea.

With safranin the grains begin to color slightly at once and in 30 minutes are fairly colored,

lighter than in M. arundinacea.

Temperature Reactions. The temperature of gelatinization is 68 to 70 C, mean 69. This

temperature refers to the separated and round grains, since the rare, scattered grains which appar-
ently bear a resemblance to M. arundinacea are either entirely or partially gelatinized before sub-

jecting to heat.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins immediately. A
few grains are gelatinized in a minute, about half in 2 minutes, nearly all in 4 minutes, and all but
a few resistant gi-ains in 7 minutes, in which latter the reaction is usually complete in 10 minutes,

rarely in 15 minutes. The grains color an old-rose at once, which deepens in many to a wine-red

before the appearance of the bluish color which accompanies gelatinization. The hilum becomes

very distinct either as a dark dot, a ring, or a lustrous structure. Gelatinization starts at the distal

end of the dome-shaped grains, accompanied by a narrow line of bluish color which spreads quickly
to the sides and proximal end, and then advances more rapidly towards the hilum from these latter

points than from the distal end until the entire grain is gelatinized. In the round forms, which are

the most resistant of all the grains, gelatinization begins at indifferent parts of the margin, accom-

panied by a narrow border of bluish color that closes in around the structure at the hilum, which is

frequently large and metallic in appearance. The hilum gradually shrinks and becomes dark as

gelatinization approaches it, usually more rapidlj^ from one pole than the other, until the entire

grain is gelatinized and deeply colored. The gelatinized grains are uniformly swollen, are slightly

larger, and retain the general shape of the untreated grain. The reaction is qualitatively the same
as in M. arundinacea, but the structure at the hilum is more prominent and the grains color a pm-er
old-rose and more often become wine-red previous to gelatinization.

Reaction with chromic acid begins immediately. A few grains are dissolved in 30 seconds,

nearly all in 2 minutes, all but parts of resistant grains in 3 minutes, and all in 3]-^ minutes. The
reaction is qualitatively the same as in M. arundinacea, except that the capsule more often either

breaks at both corners of the distal margin of dome-shaped grains, followed by the solution of the

sides and proximal end; or first ruptures at the proximal end, the lamella; and capsule of the distal

margin in each case being the last to undergo solution. In very resistant grains the solution of the

entire grain is very uniform, and occasionally the capsule at the distal margin is the fii'st part to be

ruptured.
Reaction begins immediately with pyrogallic acid. A few of the grains are gelatinized in 10

seconds, nearly all in 30 seconds, all but rare resistant grains in 45 seconds, and all in 60 seconds.

The reaction is qualitatively the same as in M. arundinacea, but as the shapes of the grains are so

different, the arrangement of the fissures is not the same, one extending from each end of the hilum

54
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to the corners of the distal margin of dome-shaped grains, and delicate radiating ones from the

hilum of the round grains. The gelatinized grains are swollen and somewhat distorted, but bear a

general resemblance to the untreated grain.

The reaction begins immediately with ferric chloride. A few grains are gelatinized in a minute,
about one-third in 2 minutes, about two-thirds in 5 minutes, about seven-eighths in 10 minutes, and

ail but rare resistant grains in 15 minutes, in which the reaction is usually complete in 25 minutes,

rarely 32 minutes. The reaction is qualitatively the same as in M. arundinacea. The gelatiniza-

tion of the grains more often follows the second type described for M. arundinacea, the chief point
of difference in this reaction being that the border which forms around the grain advances towards

the hilum more rapidly from the sides and proximal end than from the distal margin. In dome-

shaped grains with pointed distal margin, gelatinization with distension of the capsule often starts

at the central, sharp corner of this margin. The gelatinized grains are much swollen and some-
what distorted, but retain the general shape of the untreated grain.

The reaction with Purdy's solution begins in a few grains in a minute. Only a very few
scattered grains are gelatinized in 5 minutes, not more than about one-fiftieth in 15 minutes, very

slight progress in 30 minutes, and about one-tenth gelatinized in 60 minutes. The reaction is qual-

itatively the same as in M. arundinacea, except that: (1) since the grains differ so in shape, the

arrangement of the fissures is not the same, but similar, deeper, and more clear-cut than those

described in the reaction with pyrogallic acid; (2) gelatinization in the dome-shaped grains with

squared base proceeds more rapidly towards the corners at the distal margin and the proximal end
than in the central part of the distal margin. Rare ovoid grains appear in which gelatinization has

progressed further towards the distal end tlian the proximal, but it is not complete. The gelatinized

grains are swollen, but retain the shape of the untreated grain.

STARCH OF MARANTA LEUCONEURA. (Plate 89, fig. 531. Chart 349.)

Histological Characteristics. In form the grains are usually simple, chiefly isolated ones which
have been the components of small aggregates. There are rare compound grains of few components
and a very few small aggregates. Most grains have pressure facets. The grains are usually regular,
but occasionally a small protuberance is observed near the proximal end in the large grains. The
conspicuous forms are dome-shaped with either squared
or pointed base, round, and polygonal; also few large,

ovoid, pyriform, clam-shell-shaped, oyster-shell-shaped,
'' '

and club-shaped. The smaller grains (which form the vh '

largest number) are more regular than those of M. arun-

dinacea and differ generally in shape and in the frequent

appearance of pressure facets. The smaller are not flat-

tened, the larger are usually ovoid in shape when viewed
on edge.

The hilum is a clear, round spot, usually centric,

slightly eccentric, or rarely quite eccentric. The eccen-

tricity may range from six-thirteenths to one-sixth of

the longitudinal axis. The hilum is usually not fissured,

but occasionally a small transverse fissure is observed in
*"

the large grains. The hilum is less frequently fissured

and usually less eccentric than in M. arundinacea.

The lamellce are not demonstrable in the small, dome-
^'- ^

shaped, and round grains. They are distinct in the rather

large ovoid, triangular, and shell-shaped grains, forming
*'""

delicate circular rings around the hilum and following
the outline of the grain nearer the distal end. Large ovoid grains have 32 delicate lamellae, and
on the rounded triangular and clam-shell-shaped grains 20 to 26 have been counted. The lamellae

are demonstrable on a much smaller number of grains than in M. arundinacea, but are similar in

character to those found on the grains of that species.
The grains vary in size; the smaller are 2 lay 2fi; the larger dome-shaped are 13 by 12ai; the

larger, round grains are 14 by 14/^, in length and breadth. The common size for the dome-shaped
grains is 10 by 8m, and of the round 10 by 10^ in length and breadth. The larger of the scattered
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ovoid grains arc 30 by 16m, and of the siiell-shaped 28 by 24fi in length and breadth. The common
size is about 22 by 20/i in length and breadth.

Polariscopic Properties. The figure is usually centric to slightly eccentric, rarely quite eccen-

tric. Its lines are distinct, usually straight, and rather fine, and cross each other at right angles,

rarely obliquely, and they may be bent. Compared with M. arundinacea the lines generally cross

each other at a different angle and are much less often bent.

The degree of polarization is high, but slightly lower than in M. arundinacea. The same varia-

tion is found in the different grains, but the proportion in which polarization is very high is much
smaller. A similar variation is found in the same aspect of a given grain as that of M. arundinacea.

With selenite the quadrants are distinct and clean-cut, and generally equal in size and regular in

shape. The colors are generally pure. The quadrants are as clean-cut and the purity of the colors

the same as in M. arundinacea, but they are commonly nearer equal in size and more regular in shape.
Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a deep dull blue to

reddish-violet (about the same for both large and small grains), which deepens rapidly. The tint

is deeper, duller, and more reddish in some grains, and deepens more rapidly and with less variation

in intensity than in M. arundinacea. After heating in water until the grains are gelatinized and then

adding iodine, the solution becomes blue, somewhat lighter than in M. arundinacea, and the large

grains a lighter, somewhat brighter blue than those of M. arundinacea; and some of the small grains
a light blue, many with reddish tint to red-violet. The blue is lighter, and those with reddish tint

are somewhat redder than in M. arundinacea. If the gelatinized grains are boiled for 2 minutes
and then treated with iodine, the solution colors a very deep blue and the grain-residues of the small

grains a light old-rose, those of the large grains a deep blue with reddish tint to red-violet. With
an excess of iodine the capsules color a deep old-rose to a wine-red; the color is deeper and redder

than in M. arundinacea.

Staining Reactions. With gentian violet the grains begin to color slightly at once and in 30

minutes are very lightly stained, the large scattered grains a little deeper than the others, but all

distinctly lighter than in M. arundinacea.

With safranin the grains begin to color slightly at once and in 30 minutes are lightly colored,

the larger ones somewhat deeper than the others, but all distinctly lighter than in M. arundinacea.

Temperature Reaction. The temperature of gelatinization for the small grains is 73 to 75 C,
mean 74. Several scattered, large grains are gelatinized at 78 to 80 C, mean 79; but others

are unaffected at this temperature. The scarcity of material in this preparation and the effect of

very high temperature upon the smaller grains in the solution prevented carrying it fm-ther. In view

of the resistance of these large, scattered grains to some of the chemical reagents, it is probable
that the majority are not gelatinized until a higher temperature is reached than the above.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins immediately. A few

grains are gelatinized in 30 seconds, nearly all in l}4 minutes, all but a few resistant in 2 minutes,

and these latter usually in 4 to rarely 11 minutes. The most resistant grains are the rather large,

mussel-shell-shaped type; some of these large grains, however, are gelatinized in 2 minutes, and

since they are very few it is difficult to form conclusions as to their rate of gelatinization. The
reaction is qualitatively the same as in M. arundinacea with the following exceptions: First, the

grains color a deeper old-rose at once; second, in the few large grains under observation the last

region of the grain to become gelatinized is distal to the hilum, and thus nearer the center of the

grain. The gelatinized grain is uniformly swollen and thus retains the shape of the untreated grain.

Reaction begins at once with chromic add. Several grains are gelatinized in a minute, nearly

all in 1}/^ minutes, and all but rare resistant grains in 2 minutes, in which the reaction is usually

completed in 43^, rarely 6}4 minutes. The most resistant grains are the scattered shell-shaped,

triangular, and ovoid forms. The reaction is qualitatively the same as in M. arundinacea with the

follomng exceptions: First, no bubble was observed at the hilum and the refractive granules which

appear at the region surrounding it during gelatinization are more briUiant. Second, since most

grains differ so much in shape the arrangements of the fissures are very often not the same; one

radiating fissm-e passes from each side of the hilum to the corners of the distal margin of dome-shaped

grains, the capsule ruptures at one of these points and the sides and proximal end are dissolved

before the distal margin. Third, in the few large grains under observation, no bubble was foimd at

the hilum and the capsule ruptured at one side near the proximal end, the lamellae were more sharply

defined, and when disorganized the refractive granules were more brilliant.
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The reaction with pyrogalMc acid begins at once; several are gelatinized in 10 seconds, nearly

all in 25 seconds, and all in 35 seconds except rare, large, triangular grains, in which the reaction

may take 9 minutes. The reaction is qualitatively the same as in M. arimdinacea with the follow-

ing exceptions: First, in the small dome-shaped, round, etc., grains a bubble appears at the hilum,

but it is quite small and does not enlarge so much. Second, in the few large grains under observa-

tion the fissures are much more clear-cut, the lamelliE more sharply defined and striated, and the

refractive granules more brilliant, with more frequent linear arrangement during the progress of the

reaction. The gelatinized grains are swollen but retain the general shape of untreated grain.

The reaction begins immediately with ferric chloride. A few grains are gelatinized in a minute,

about two-fifths in 2 minutes, nearly all in 5 minutes, and all but rare resistant grains in 6 minutes,

in which the reaction is usually complete in 10 minutes, rarely 17 minutes. The more resistant

grains are the larger forms. The reaction is qualitatively the same as in M. arundinacea, and the

method usually observed is the second type described for that species. The following exceptions

are observed: First, the border formed around the grain is rather dull. Second, the starch of the

larger grains is broken into rather large fragments, the lamellae of which are very sharply de-

fined and as they disorganize refractive granules appear in linear arrangement, which often do

not completely gelatinize. The gelatinized grains are swollen but retain the general shape of the

untreated grain.

Reaction begins immediately with Purdy's solution. Only a few scattered grains are gelatinized

in 5 minutes, about one-twentieth in 15 minutes, about one-ninth in 30 minutes; no further progress

in an hour. The reaction is qualitatively the same as in M. arimdinacea with the following excep-
tions: First, since the majority of the grains are very different in form, the arrangement of the

fissures is not the same; in the dome-shaped grains one coarse, clean-cut cleft passes from the hilum

to the corners of the distal margin, and numerous delicate fissures radiate from all other points of

the hilum. In round grains the fissures radiate like the rays of a star, often about five larger ones

with delicate ones between; diu'ing gelatinization these fissures extend to the periphery of the grain,

breaking the resistant starch into fairly large fragments. Second, in the large grains similar in shape
to those of M. arundinacea, much more refractive lamellae appear at varying points on the grain
and (as they gelatinize) a larger mass of more brilliant, refractive granules develops, which more
often have a Unear arrangement. The gelatinized grains are swollen, but retain the general sliape

of the untreated grain. A few refractive granides and sometimes fairl}' large fragments of solid

starch are found in the otherwise gelatinized grains.

STARCH OF MARANTA MUSAICA. (Plate 89, figs. 533 and 534. Chart 350.)

Histological Characteristics. In form the grains are usually simple and are generally isolated,

with a few aggregates and compound grains. Pressure facets are occasionally observed. Most

grains are either slightly or quite irregular, much more so than in M. arundinacea. The irregularities

appear as noted for M. arundinacea, but there is a greater variation in the contour of the different

sides of a grain and the presence of a secondary set of lamellae placed at varying angles to the pri-

mary set is very frequently observed. The conspicuous forms are irregular pyriform, sometimes
with flattened sides, triangular, clam-shell-shaped, elongated ovoid, and ellipsoidal; also knob-

shaped, club-shaped, oyster-shell-shaped, imperfect quadrangular with rounded angles, elongated

cone-shaped, and grains of indefinite form. The broadened grains are elongated ovoid, having the

distal end narrow and pointed, when viewed on edge. The other grains are not flattened.

The hilum is frequently not demonstrable, but it may be observed as a clear, round, non-re-

fractive spot, usually eccentric about one-sixth to one-ninth, rarely one-twelfth, of the longitudinal
axis. The hilum is rarely fissured, but sometimes a short, transverse cleft is found at this region.
The hilum is much less distinct and the absence of clefts at this region is much more noticeable than
in M. arundinacea.

The lamellae are quite distinct and form circular rings near the hilum, but follow the outline of

the grain quite closely at other points, especially in the triangular and shell-shaped grains. In some
grains the lamellae of one set vary in outline and direction, while very often a secondary set is placed at

different angles to the primary set. The lamella; are mostly fine, but often one to three rather coarse
ones are interspersed among them between the hilum and the distal margin. A band of less distinct,

very fine lamellae is sometimes observed at the distal margin. On the larger grains often 28 to 32,

occasionally 36 to 40, lamellae are counted. The appearance of a large addition on the grain of a
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many more grains. During the disorganization of the lamella near the central part of the grain,

the refractive granules often appear in linear arrangement, which is not the case in M. arundinacea,

as well as in those of very resistant lamella? at the distal margin, which is observed but in a smaller

number of lamellffi at this point in M. arundinacea. While the capsule of more grains is ruptured

first at the distal end, it may break at the sides or even at the proximal end; in the latter method

there may have been a protuberance or a secondary set of lamellse at this end, since the lamellse in

such grains, when observed, are found to pass into solution first. The lamella of the triangular

forms are more resistant than in those of M. arundinacea, gradually becoming either more and more

homogeneous, slightly undulating, and the capsule finally breaking here, followed by solution of

the entire grain; or the capsule first ruptures at both corners of the distal margin and the lamellae

at the proximal end; the sides nearby and three or four at the curved distal margins remain intact

for some minutes later. Sometimes there is a lateral extension of one corner followed by the break-

ing of the capsule at this point. The reaction is qualitatively the same as in M. arundinacea, but

the lamellse are more resistant and dming their disorganization more refractive granules first appear

in linear arrangement, there is a greater variation in the points at which the capsule first ruptures,

and the fissures extending distalwards from the hilum are always clearly defined.

Reaction begins immediately with pyrogallic acid. A few grains are gelatinized in 30 seconds,

about half in 2 minutes, nearly all in 4 minutes, and all but rare grains in 5 minutes, these usually

in 9, seldom in 11 minutes. The reaction is qualitatively the same as in M. arundinacea, but the

hilum is not so distinct nor does a bubble usually form there; fissures extending distalwards from

the hilum are always clearly observed and in the pyriform grains are often in the form of a single,

root-like structure, while in the triangular and shell-shaped grains one coarse fissure radiates from

each side of the hilum, with a cluster of smaller delicate ones (the central one of which is sometimes

more prominent) between them; the lamella are more sharply defined and striated and during their

disorganization refractive gi-anules appear both irregularly embedded in the gelatinized starch and

in linear arrangement, while in M. arundinacea only a trace of such granules may be observed in

the more resistant grains. During gelatinization of the broadened grains with prominent corners at

the distal margin, the lamellse at these points are gelatinized before the curved central portion, with

accompanying small swellings at these points; sometimes a similar small swelling in the center of

the distal margin appears previous to the entire gelatinization of these very resistant lamellse; this

method of gelatinization has not been noted in M. arundinacea. The capsules are more irregular

and distorted and bear less resemblance to the untreated grain than in M. arundinacea.

The reaction with ferric chloride begins in a few grains immediately. A very small number are

gelatinized in a minute, only a few scattered grains in 5 minutes, about one-twelfth in 15 minutes,

about one-fourth in 30 minutes, and about five-sixths in 60 minutes. The reaction is qualitatively

the same as in M. arundinacea, with the exception of the following points: First, the hilum, while

becoming more distinct than in the untreated grain, is neither so prominent nor does a large bubble

appear there as in M. arundinacea. Second, the process of gelatinization is usually similar to that

of the second type described for M. arundinacea, but the border which forms around the grain

generally spreads over the hilum, a point slightly distal to this region being the last to be inclosed,

instead of that directly around and including the hilum as noted for M. arundinacea. As the border

advances over the hilum, its contour changes from a circle to a crescent-shaped figure with ends

directed distalwards, from each end of which one fissure radiates. Fissures are now formed as noted in

M. arundinacea, but during the disorganization of the lamella? many more refractive granules appear
in linear arrangement, and in the triangular forms there is a flaring at the corners of the distal margin,

and very often a single row of refractive granules remains between these two points, even when the

rest of the grain is gelatinized. Third, in grains with a secondary set of lamellse, a separate border

forms for the main body of the grain and for the addition; these finally include the entire grain,

the last point to be affected in the secondary set being located at the border of the main body
of the grain. Each set then has its separate center of gelatinization, that of the secondary lamellse

being more rapid ;
the different stages of the process are the same as those already noted. Fourth,

the gelatinized grains are more distorted than in M. arundinacea and often retain refractive granules.

Reaction with Purdy's solution begins in a small number in a minute. Only rare scattered grains

are gelatinized in 5 minutes. There is slight progress in 15 minutes, about one-thirtieth are gelatinized

in 30 minutes, and about one-twentieth in GO minutes. The reaction is qualitatively the same as in

M. arundinacea with the exception of the following points: First, the hilum does not swell so much.
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Second, when fissures of a similar character are present they are more sharply defined, but frequently

very irregularly arranged clefts appear, which have no connection with the hilum. Third, the starch

is often broken into many rather large, irregularly arranged, refractive fragments by means of the

clefts above mentioned, and gelatinization in many grains does not advance beyond this stage.

Fourth, the lamellae throughout the grain are more resistant and, when disorganized, more brilliant,

refractive granules apjDear, many having a linear arrangement. The gelatinized grains are much
swollen and some retain the general shape of the untreated grain, while more of the ungelatinized
starch is often present than in M. arundinacea, which appears to cause some distortion of the grain.

Differentiation of Certain Starches of the Genus Maranta.

Histological Characteristics.

Conspicuous Forms.

M. arundinacea: Usually simple, few aggregates and com-
pounds, pressure facets rare, usually regular, irregu-
larities due to depressions or to rounded, pointed,
cone-stiaped or nipple-like protuberances; ovoid,
ellipsoidal, pjTiform, triangular, nearly round,
mussel-shell-shaped, ellipsoidal with central eleva-
tion at the side. Somewhat flattened.

M. arundinacea var. No. I: Usually simple, rare com-
pounds, no aggregates, pressure facets rare, gener-
ally irregular. Ovoid to oval and elliptical, clam-

shell-shaped, mussel-shell-shaped, triangular with
rounded angles, spherical.

M. arundinacea var. No. 2: Usually simple, few com-
pounds, no aggregates, pressure facets rare, usually
irregular. Ovoid to oval and elliptical; also clam-

sheU-shaped, mussel-shell-shaped, pyriform, trian-

gular, spherical, dome-shaped.
M. massangeana: Simple, no compounds, many aggregates,

pressure facets common, generally regular. Dome-
shaped, round, polygonal.

M. leuconeura: Usually simple, rare compounds and ag-
gregates, pressure facets common, usually regular.

Dome-shaped, round, polygonal.
M. musaica: Usually simple, few aggregates and com-

pounds, pressure facets occasional. Irregular pyri-

form, triangular,clam-8hell-shaped,elongated ovoid,
and ellipsoidal.

Hilum Form, Number, and Position.

M. arundinacea: Form clear, round or lenticular spot;
small round cavity or one or more fissures may
be present. Position usually eccentric about 0.33

to 0.25 of longitudinal axis.

M. arundinacea YHT. No. 1: Form small, round, non-refrac-

tive; sometimes fissured. Position nearly eccentric

about 0.16 to 0.25 of longitudinal axis.

M. arundinacea vai. No. 2: Form distinct, relatively large,

round, refractive; double hila common; often fis-

sured. Position usually eccentric about 0.16 to 0.25
of longitudinal axis.

M. massangeana: Form round, clear, refractive spot; usu-

ally not fissured. Position usually eccentric about
0.40 to 0.42 of longitudinal axis.

M. leuconeura: Form round, clear spot; usually not fis-

sured. Position usually eccentric from 0.46 to 0.16

of longitudinal axis.

M. musaica: Form frequently not demonstrable, clear,

round, non-refractive spot; rarely fissured. Posi-

tion usually eccentric about 0.16 to 0.11 of longi-

tudinal axis.

Lamellae General Characteristics and Number.

M. arundinacea: Fine, less fine near the hilum than near
the distal end; complete rings near hilum, but have

shape of margin peripherally. 28 to 32 on larger

grains.
M. arundinacea var. No. 1: Usually not very distinct,

rather coarse, continuous circles or arcs of circles;

vary in size and spacing in different grains. About
23 on larger grains.

HisTOLoaicAL Characteristics. Continued.

Lamelloe General Characteristics and Number. Cont'd.

M. arundinacea var. No. 2: Not very distinct circles or
arcs of circles; these marginally follow outline of

grain; two sets where double hila are present.
About 38 on large grains.

M. massangeana: Fine, complete circular rings in round

grains; have form of gi-ains in dome-shaped grains.
About 8 to 16.

M. leuconeura: Not demonstrable in small dome-shaped
and round grains; distinct and delicate in large

ovoid, triangular, and shell-shaped grains. About
32 on large ovoid and 20 to 26 on rounded triangu-
lar and shell-shaped.

M. musaica: Quite distinct, circular rings near hilum, but
follow outline of grain when distal; secondary sets

of lamellse common; mostly fine. About 28 to 32
on the large grains.

Size.

M. arundinacea: From 3 to 36m, commonly 24^.
M. arundinacea var. No. 1: From 11 to 54;, commonly

20m.
M. arundinacea var. No. 2: From 7 to 54m, commonly

28m.
M. massangeana: From 4 to 26m, commonly 16m-
M. leuconeura: From 2 to 30m, commonly 22m.
M. musaica: From 4 to 36m, commonly 26m.

PoLARiscopic Properties.

Figure.

M. arundinacea: Quite eccentric to slightly eccentric

and centric; lines distinct, fine, and intersect

obliquely; generally straight; sometimes bent or
bisected.

M. arundinacea var. No. 1: Usually eccentric, distinct,

clear-cut; fines usually well defined and compara-
tively narrow; may be bent or otherwise distorted

and placed at varying angles.
M. arundinacea var. No. 2: Usually eccentric, distinct;

fines very clearly defined; lines at varsdng angles.
M. massanseana: Usually eccentric, distinct, fines rather

fine, usually straight and usually intersect at right

angles.
M. leuconeura: Usually eccentric, distinct, lines rather fine

and usually straight, and usually intersect at right

angles.
M. musaica: Eccentric, usually distinct, lines rather fine

and intersect obliquely, frequently bent and some-
times bisected; more eccentric and more irregular

than in M. arundinacea.

Degree of Polarization.

M. arundinacea: High, slightly variable in different grains
and in same aspect of a given grain.

M. arundinacea var. No. 1 : High, about the same as in

M. arundinacea, but more variations.

M. arundinacea var. No. 2: High, about the same as in

M. arundinacea, but more variations.

M. massangeana: High, about the same as in M. arundi-

nacea, but more variations.
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Differentiation of Certain Starches of the Genus Maranta. Continued.

PoLARiscoPic Properties. Continued.

Degree of Polarization. Continued.

M. leucmeura: High, slightly lower than but of same

variability as in M. arundinacea.

M. musaica: High, but not so high as in M. arundinacea,

variation greater than in M. arundinacea.

Polarization with Selenite Quadrants and Colors.

M. arundinacea: Quadrants clearly defined, clear-cut,

sometimes irregular in shape, and usually unequal
in size. Colors generally pure.

M. arundinacea var. No. 1 : Quadrants well defined, irreg-

ular in shape, and unequal in size. Colors generally

pure.
M. arundinacea var. No. 2: Quadrants very well defined,

irregular in shape, and unequal in size. Colors gen-

erally pure.
M. massangeana: Quadrants clearly defined, clear-cut,

commonly slightly irregular in shape and unequal
in size. Colors genersilly pure, slightly less pure
than in M. arundinacea.

M. leuconeura: Quadrants distinct, clear-cut, generally

regular in shape and unequal in size. Colors

generally pure.
M. musaica: Quadrants generally well defined, fairly

clear-cut, usually irregular in shape and vmequal
in size. Colors generally pure, more often purer
than in M. arundinacea.

Iodine Reactions.

Intensity and Colors.

M. arundinacea: Fairly deep; blue-violet.

M. arundinacea var. No. 1: Fairly deep, a little deeper
than in M. arundinacea; blue-violet.

M. arundinacea var. No. 2: Fairly deep, the same as in

M. arundinacea; blue-violet; more blue than in

M. arundinacea.

M. massangeana: Fairly deep, deeper than in M. aruTidi-

nacea; blue-violet to a reddish-violet.

M. leuconeura: Deep, deeper than in M. arundinacea;
dull blue to a reddish-violet.

M. musaica: Fairly deep, less than in M. arundinacea;
reddish to a blue-violet.

Staining Reactions.

With Gentian Violet.

M. arundinacea: Fair.

M. arundinacea var. No. 1: Fair, little deeper than in

M. arundinacea.

M. arundinacea var. No. 2: Fair, slightly deeper than in

M. arundinacea.
M. massangeana: Light, lighter than in M. arundinacea.

M. leuconeura: Very light, distinctly lighter than in M.
arundinacea.

M. musaica: Light, lighter than in M. arundirmcea.

With Safranin.

M. arundinacea: Fairly deep.
M. arundinacea var. No. 1: Fairly deep, slightly deeper

than in M. arundinacea.

M. arundinacea var. No. 2: Fairly deep, slightly deeper
than in M. arundinacea.

massangeana: Fair, lighter than in M. arundinacea.

. leuameura: Light, distinctly lighter than in M. arun-
dinacea.

. musaica: Fair, lighter than in M. arundinacea.

Temperature of Gelatinization.

, arundinacea: 76 to 78 C, mean 77.
M. arundinacea var. No. 1: 71 to 72 C, mean 71.5.
M. arundinacea var. No. 2: 71 to 73 C, mean 72.
M. massangeana: 68 to 70 C, mean 69.
Af . musaica: 88 to 89 C, mean 88.5.

M.
M.

M.

M.

Effects op Various Reagents.

Reaction with Chloral Hydrate-Iodine.

M. arundinacea: Begins immediately; complete in prac-

tically aU in 3 minutes.

M. arundinacea var. No. 1: Begins immediately; com-

plete in practically all in 3J^^ minutes.

M. arundinacea var. No. 2: Begins immediately; com-

plete in practically all in 43^ minutes.

M. massangeana: Begins himiediately; complete in prac-

tically aU in 7 minutes.
M. leuconeura: Begins immediately; complete in practi-

cally all in 2 minutes.
M. musaica: Begins immediately; complete in practically

all in 9 minutes.

Reaction with Chromic Acid.

M. arundinacea: Begins immediately; complete in practi-

cally all in 3 J^ minutes.

M. arundinacea v&T. No. 1 : Begins immediately; complete
in practically all in 2 minutes.

M. arundinaceavax. No. 2: Begins immediately; complete
in practically all in 1 J/^ minutes.

M. massangeana: Begins immediately; complete in prac-

tically all in 3 minutes.

M. leuconeura: Begins immediately; complete in practi-

cally all in 2 minutes.
M. musaica: Begins immediately; complete in practically

all in 8 minutes.

Reaction with Pyrogallic Acid.

M. arundinacea: Begins immediately; complete in 45 sec-

onds.
M. arundinacea var. No.l: Begins immediately; complete

in all in 1 to 154 minutes.
M. arundinacea var. No 2: Begins immediately; complete

in all in 2 minutes.
M. massangeana: Begins immediately; complete in all in

a minute.
M. leuconeura: Begins immediately; complete in practi-

cally all in 35 seconds.

M. musaica: Begins immediately; complete in practically
aU in 11 minutes.

Reaction with Ferric Chloride.

M. arundinacea: Begins in a few immediately; complete
in practically all in 5 minutes.

M. arundinacea var. No. 1: Begins in two-thirds in 2 min-

utes; complete in practically all in 10 minutes.

M. aruiidinacea var. No. 2: Begins in some at once; com-

plete in practically all in 15 minutes.

M. massangeana: Begins immediately; complete in prac-

tically all in 15 minutes.
M. leuconeura: Begins immediately; complete in practi-

cally all in 6 minutes.
M. musaica: Begins immediately; complete in about five-

sixths in 60 minutes.

Reaction with Purdy's Solution.

M. arundinacea: Begins in a few in IJ^ minutes; complete
in one-eighth in 60 minutes.

M. arundinaceavar. No. 1 : Begins immediately; complete
in nearly all in 30 minutes; no further progress in an
hour.

M. arundinacea var. No. 2: Begins in 30 seconds or less;

complete in two-thirds in 30 minutes, and in four-

fifths in 60 minutes.
M. massangeana: Begins in a few in a minute; complete

in one-fiftieth in 30 minutes, and in one-tenth in 60

minutes.
JW. Zeuconeura." Begins immediately; complete in one-

ninth in 30 minutes with no further reaction in an
hour.

M. musaica: Begins in a few in a minute; complete in one-

thirtieth in 30 minutes, and one-twentieth in an
hour.
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NOTES ON THE STARCHES OF MARANTA.

Differences in the starches of the several species and varieties of this genus are very striking.

Taking the starch of M. arnndinacea as the type, it will be seen that the starches of the two varieties

(see plates 88 and 89, figs. 523 to 534) and M. musaica belong to the same common type, the starches

in each case being readily differentiated from each other, except probably as regards the two varie-

ties. The starches of M. massangeana (stated by the grower to be the true species) and M. leuconeura

have an entirely different type of grain. Notwithstanding this difference in the types of grains the

reactions are in close correspondence. The starch of M. musaica differs quite as much from M.
arundinacea and its varieties, although the grains belong to the same type, as do the starches of

M. 77iassangeana and M. leuconeura from the same group. The correspondence between the reac-

tions of R[. arundinacea and its varieties is very marked; and M. massangeana differs from the

former chiefly in the aniline, temperature, and chloral hydrate-iodine reactions; M. leuconeura

differs particularly in the aniline and temperature reactions; and M. musaica most noticeably in

the aniline, temperature, chloral hydrate-iodine, chromic acid, pyrogallic acid, ferric chloride, and

Purdy's solution reactions. The latter differs very markedly from the other Marantas and bears

on the whole such close resemblances to Calathea that it seems that it should be classed with the

latter.

GENUS CALATHEA.
As stated under Maranta, most forms of the latter offered by the trade are Calatheas. These

two genera and Stromanthe, Phrynium, and Thalia are closely related, all of which are in common
cultivation mainly because of their fine foliage. The genus Calathea contains from 70 to 80 species,

all natives of tropical America and Africa, chiefly the former. Starches were obtained from four

species: C. lietzei Morr., C. wiotiana Makoy (C. wioli Hort.),C. vandenheckei Regel, and C. vittata

Koern. The Calatheas studied in this section were received from horticulturists marked Marantas,
and it was not until after the laboratory studies had been recorded, and comparisons made with

Maranta arundinacea var. (Commercial No. 1), that it was found that they were Calatheas.

STARCH OF CALATHEA LIETZEI. (Plate 90, figs. 535 and 536. Chart 351.)

Histological Characteristics. In form the grains are simple, with no compounds, aggregates,

clumps, or pressure facets. The surface is usually irregular owing to the unequal development.
The conspicuous form is the clam-shell type, the grains

being usually somewhat longer than broad; also triangu- Chart No. 35 1.

lar with rounded corners, oval, elliptical, almost spherical,

and elongated dome-shaped. The grains are flattened,

and commonly about one-third to one-half as thick as

wide. On edge they appear to be of a long, slender, ovoid

form, the distal end being narrower than the proximal
end. Frequently the proximal end is nodular, owing to

lateral depressions, and the distal end is often notched.

The hiluni is a rather small, fairly distinct, round spot,

usually eccentric about one-fifth of the longitudinal axis of

the grain and in or near the median line. There are no

multiple hila. The hilum is sometimes marked by a round

cavity or by a shallow and clean-cut fissure, which may
be straight or curved, transverse or longitudinal. Rarely
a number of thin fissures radiate from the hilum.

The lamella are fairly distinct, rather fine circles or

arcs of circles. They are quite regular, and a short dis-

tance from the hilum tend to follow the marginal outline.

They vary somewhat in size in different grains and are

usually larger and more distinct near the distal end. There

The grains vary in size from 4 to 32jii.

P 1 GV T



832 STARCHES OF MARANTACE^.

The degree of polarization is fair, varying in diiferent grains from high to low; it varies also in

different aspects of the same grain, being highest when the grain is viewed on end or edge, and in

different parts of the same aspect of a grain, being lower as a rule near the margin than near the

hilum. It is not so high as that of the grains of M. arundinacea var. (Commercial No. 1).

With selenite the quadrants are fairly well defined, irregular in shape, and unequal in size.

The colors are not pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a fairly deep blue-

violet; with 0.125 per cent solution they color lightly but the color deepens rapidly. The color is

not so deep as that of the grains of M. arundinacea var. (Commercial No. 1). After heating in water

until the grains are completely gelatinized, the solution colors fairly and the gelatinized grains very

deeply on the addition of iodine. After boiling for 2 minutes the solution colors deeply and the

grain-residues faintly or not at all. The capsules all color a red-violet with an excess of iodine and

many retain blue-reacting starch at the proximal end.

Staining Reactions. With gentian violet the grains begin to stain in 2 minutes, and in 30 minutes
are fairly deeply stained, one as much as another. The color is not quite so deep as that of the

grains of M. arundinacea var. (Commercial No. 1).

With safranin the grains begin to stain very lightly at once and in SOminutesthey are fairly deeply
stained. The color is not quite so deep as that of the grainsof M.. arundinacea var. (Commercial No. 1).

Temperature Reaction. The temperature of gelatinization is 78 to 79 C, mean 78.5.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in most grains in 2

minutes, half are gelatinized in 9 minutes, and all in 20 minutes. The reaction is qualitatively
the same as that of M. arundinacea var. (Commercial No. 1).

Reaction with chromic acid begins in 45 seconds and is over in 53-^ minutes. It is the same

qualitatively as that of M. arundinacea var. (Commercial No. 1).

The reaction with pyrogallic acid begins in some grains in 30 seconds and in most of the rest in

1)4, minutes. About four-fifths of the grains are completely gelatinized in 8 minutes. The reaction

is the same qualitativelj'^ as that of the grains of M. arundinacea var. (Commercial No. 1).

The reaction with /erne chloride begins in a minute and is over in 13 minutes. It is qualitatively
the same as that of M. arundinacea var. (Commercial No. 1).

Reaction with Purdy's solution begins in some grains in 2 minutes and a few are partially or

completely gelatinized in 10 minutes. The reaction is qualitatively about the same as that of M.
arundinacea var. (Commercial No. 1).

STARCH OF CALATHEA VITTATA. (Plate 90, figs. 537 and 538. Chart 352.)

Histological Characteristics. Inform the grains are simple, except a few compounds and aggre-

gates, chiefly in the form of grains of two components. Pressure facets are rarely observed. There
are a few clumps of grains and also of foreign matter. The surface of the grains is usually some-
what irregular, owing to slight depressions and nipple-like projections. The conspicuous forms are

oval to ovoid and elliptical; some approach the clam-shell-shaped and mussel-shell-shaped. There
are also spherical or nearly spherical, rounded triangular, pointed elliptical, and rod-like. Some of

the rounded triangular forms are compound grains, usually doublets or triplets. When viewed
from the edge the ovoid to oval and elliptical forms are usually broadly lenticular or spindle-shaped.

The hilum is a fairly distinct round spot, usually centric or nearly centric, or sometimes eccen-
tric to about four-ninths to two-fifths, usually four-ninths. There may be 2 or more hila in the simple
grains and at times as many as 4 to 6. The hilum may be fissured by a single fissure or the fissm-a-

tion may be ragged and much branched.
The lamella are distinct, coarse, quite regular, complete rings around the hilum. In many

angular and otherwise irregular forms they tend to assume the shape of the margin of the grain at
about the third or fourth conspicuous lamella from the hilum; and in the case of grains with double
or triple hila the first lamella around the hila may have the marginal shape. In the large grains
there are 10 to 14 lamellEe.

The size of the smaller grains is 6 by 6/i, and of the larger 24 by 38ju in length and breadth.
The common size is 20 by 28ju in length and breadth.

Polariscopic Properties. The figure is usually centric or slightly eccentric and not very clear-

cut, but regular. Its lines are rather thick and usually broaden as they proceed from center to mar-
gin. They are usually straight, but may be more or less bent, bisected, or otherwise distorted.
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one, sometimes 2 or more, distinct, refractive lamellte at about half the distance between the hilum

and the distal mai'gin of the grain. The number of lamellce is about 12 to IG on the larger grains.

The size of the smallest grains is 6 by 6ju; the large are 24 by 12ju to 18 by 12/i in length and

breadth; the common size is about 18;u.

Polariscopic Properties. The figure is eccentric and fairly clear-cut and generally regular.

Its lines are usually straight and rather thin, but occasionally they are bent and they may be at

various angles to one another.

The degree of polarization is fair. It varies in different grains and somewhat in the same aspect

of a grain. It is not so high as M. arundinacea var. (Commercial No. 1).

With selcnite the quadrants are fairly well defined, irregular in shape, and unequal in size.

The colors are fairly pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a deep violet tinged

with blue; with 0.125 per cent solution they color lightly and the color deepens somewhat. The
coloration is not quite so deep as that of the grains of M. arundinacea var. (Commercial No. 1).

After heating in water until the grains are completely gel-

atinized, the solution colors lightly and the gelatinized

grains very deeply on the addition of iodine. After boil-

ing for 2 minutes the solution colors fairly deeply and

the grain-residues fairly. The capsules become of a violet

color when an excess of iodine is added.

Staining Reactions. With gentian violet and with saf-

ranin the grains begin to stain at once and in 30 minutes

they are very lightly stained, one as much as another.

The color is very much less than that of the grains of M.
arundinacea (Commercial No. 1).

Temperature Reaction. The temperature of gelatin-

ization is 85 to 86 C, mean 85.5.

Effects of Various Reagents. With chloral hydrate-

iodine the reaction begins in all the grains in 30 seconds;

nearly all are gelatinized in 5 minutes and all in 7 min-

utes. It is the same qualitatively as that of the grains of

M. arundinacea Vax. (Commercial No. 1), but all the mar-

ginal starch usually becomes gelatinized before that of

the interior of the grain.

Reaction with chromic acid begins in some grains in 15 seconds and in all in 30 seconds and is

over in 6 minutes. It is the same qualitatively as that of the grains of M. arundinacea var. (Com-
mercial No. 1).

The reaction with pyrogallic acid begins in some grains in 13^^ minutes. All are partially gelat-

inized in 15 minutes and about half are completely gelatinized in 22 minutes. The reaction is

qualitatively the same as that of the grains of M. arundinacea var. (Commercial No. 1).

Reaction with ferric chloride begins in some grains in a minute; almost all are partially gelat-

inized in 22 minutes; half are completely gelatinized in 1^ hours, nearly all in 2 hours, and all in

2^ hours. The reaction is the same qualitatively as that of the grains of M. arundinacea var.

(Commercial No. 1).

The reaction with Purdy's solution begins in some gi-ains in 45 seconds, and in 7 minutes one-

third are partially gelatinized. The reaction is the same qualitatively as in M. arundinacea var.

(Commercial No. 1).

STARCH OF CALATHEA VANDENHECKEI. (Plate 91, figs. 541 and 542. Chart 354.)

Histological Characteristics. In form the grains are usually simple, with a few compounds and
a few small aggregates usually in the form of one very large grain with one very minute grain. Pres-

sure facets are occasionally found; clumps are rare. The surface of the grains is often somewhat
irregular, owing chiefly to lateral protuberances, or nipple-like projections, or to indentations,
usually of the distal end. The conspicuous forms are oval, ovoid, roimded triangular, and oyster-,

mussel-, and clam-shell-shaped; also some elliptical, spherical, and nearly spherical forms. In a few

grains the transverse diameter is larger than the longitudinal.

p
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The kilum is a distinct round spot, eccentric about one-fourth to one-fifth, usually one-fourth,
of the longitudinal axis. The hiluin frequently is fissured. The fiss\iration may be in the form

usually of a short, well-marked, transverse fissure, sometimes having a double curve. Fissures may
be arranged in groups to form cither irregular stellate figures or a cross.

The lamelloe are distinct, coarse, complete rings near the hilum. They are not so coarse but are

more distinct near the margin and distal end. There are 2 or 3 or more highly refractive lamellae

in some forms at varj-ing distances between the hilum and within one-half to about two-thirds of

the length of the grain. The number may vary in the short broad to elongated from 8 to 23.

In size the smaller grains are about 8m, and the larger oval and allied forms 46 by 28ju in length
and breadth. The common size is 28 by 16^ in length and breadth.

Polariscopic Properties. The figure is usually eccentric, distinct, clear-cut, and regular. The
lines are rather thin and usually straight, but occasionally they are bent or otherwise distorted or

bisected.

The degree of polarization is rather high. It varies somewhat in different grains and in the

same aspect of a grain. It is not so high as in M. arundinacea var. (Commercial No. 1).

With selenite the quadrants are usually well defined

and irregular in shape and unequal in size. The colors

are not pure.
Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains color a fair blue-violet; with 0.125 per
cent solution they color lightlj^ and the color deepens
somewhat. It is not quite so deep as that of the grains

of M. arundinacea var. (Commercial No. 1). After heat-

ing in water until the grains are completely gelatinized,

the solution colors fairly and the grains deeply on the

addition of iodine. After boiling for 2 minutes the solu-

tion colors deeply and the grain-residues lightly. The

capsules are colored violet with an excess of iodine.

Staining Reactions. With gentian violet and with

safranin the grains begin to stain at once and in 30

minutes they are fairlj' stained, some more than others.

The color is less than that of the grains of M. arun-

dinacea var. (Commercial No. 1).

Temperature Reaction. The temperature of gelatin-

ization is 77 to 78.5 C, mean 77.75.

Effects of Various Reagents. With chloral hydrate-iodine the reaction begins in many grains in

a minute. About two-thirds of the grains are completely gelatinized in 15 minutes and nearly all

in 40 minutes. The reaction is the same qualitatively as that of the grains of M. arundinacea var.

(Commercial No. 1).

The reaction -mth chromic acid begins in some grains in 15 seconds and in all in 30 seconds,

and is over in 4J-2 minutes. It is the same qualitatively as that of the grains of M. arundinacea

var. (Commercial No. 1).

The reaction with pyrogallic acid begins in most gi-ains in 45 seconds, and four-fifths are com-

pletely gelatinized in 8 minutes. The reaction is qualitatively the same as that of the grains of

M. arundinacea var. (Commercial No. 1).

Reaction with /erric chloride begins in a few grains in 13^ minutes. About two-fifths are com-

pletely gelatinized in 17 minutes; one-half are completely or nearly completely gelatinized in 23

minutes, two-thirds in an horn-, and all are completely gelatinized in 43^2 hours. The reaction is

the same as that of the grains of M. arundinacea var. (Conunercial No. 1).

The reaction vnih Purdij's solution begins in a few grains in 2 minutes, and a few are partially

gelatinized at the end of 30 minutes. The reaction is the same qualitatively as in M. arundinacea

var. (Commercial No. 1).
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Differentiation of Certain Starches of the Genus Calathea.

Histological Characteristics.

Conspicuous Forms.

C. liclzei: Simple, surface somewhat irregular, rarely

pressure facets. Clam-shell tyiie triangular with

rounded corners, oval, elliptical, almost spherical,

elongated dome-shaped.
C. viUata: Usually simple, a few compounds and aggre-

gates, rarely pressure facets, surface usually some-

what irregular. Oval to ovoid and spherical; some

approach clam-shell and mussel-shell shapes.

C. wiotiana: Simple, surface sometimes slightly irregular.

Oval, clam-shell-shaped, mussel-shell-shaped, tri-

angular with rounded corners, elliptical, flattened

oblong.
C. vandenheckei: Usually simple, few compounds and ag-

gregates, surface often irregular. Oval, ovoid,

rounded triangular, oyster-shell-shaped, mussel-

shell-shaped, and clam-shell-shaped.

Hilum Form, Number, and Position.

C. lielzei: Formrathersmall,fairlydistinct, round, single;

sometimes fissured; fissures usually small, single,

shallow, straight or curved, transverse or longi-

tudinal. Position usually eccentric about 0.2 of

longitudinal axis.

C. villala: Form fairly distinct, round, single or some-

times double; may be fissured, fissure single or

ragged or much branched. Position usually
eccentric about 0.44 to 0.40, commonly about 0.44,

of longitudinal axis.

C. wiotiana: Form fairly distinct, small round, single or

rarely double, no fissuration except probably in

injured grains. Position usually eccentric about
0.40 to 0.20, commonly about 0.40, of longitudinal
axis.

C. vandenheckei: Form distinct, round, single; frequently

fissured; fissure usually short, well-marked and
transverse. Position eccentric 0.25 to 0.20, com-

monly about 0.25, of longitudinal axis.

Lamellce General Characteristics and Number.

C. lietzei: Fairly distinct, rather fine, complete circles or

arcs, quite regular. 16 to 20 on larger grains.
C. vittata: Distinct, coarse, quite regular complete rings

around hilum; may be irregular and follow margin.
10 to 14 on larger grains.

C. wiotiana: Distinct, coarse, complete rings around

hilum, probably incomplete near distal margin,

fairly regular. 12 to 16 on larger grains.
C. vandenheckei: Distinct, coarse, complete rings near the

hilum, and less coarse but more distinct nearmargin
and distal end. 8 to 23 on larger grains.

Size.

C. lielzei: From 4 to 32m, commonly 22m.
C. viltata: From 6 to 24m, commonly 20m.

C. wiotiana: From 6 to 24m, commonly 18m.

C. vandenheckei: From 8 to 46m, commonly 28m.

PoLARiscopic Properties.

C. lielzei: Usually eccentric, fairly distinct, usually not
clear-cut.

C. viltata: Usually centric or slightly eccentric, usually
not very clear-cut, but regular.

C. wiotiana: Usually eccentric, fairly clear-cut, usually
regular.

C. vandenheckei: Usually eccentric, usually clear-cut and
regular.

Degree of Polarizalion.

C. lielzei: Fair, lower than in M. arundinacea var. (Com-
mercial No. 1).

PoLARiscopic Properties. Continued.

Degree of Polarization. Continued.

C. vittata: Rather high, but not so high as in M. arundi-

nacea var. (Commercial No. 1).

C. wiotiana: Fair, lower than in M. arundinacea var.

(Commercial No. 1).

C. vandenheckei: Rather high, but not so high as in M.
arundinacea var. (Commercial No. 1).

Polarization with Selenite Quadrants and Colors.

C. lietzei: Quadrants fairly well defined, irregular in shape
and unequal in size. Colors not pure.

C. vittata: Quadrants usually not sharply defined, quite

irregular, unequal in size. Colors not pure.
C. wiotiana: Quadrants fairly well defined, irregular in

shape, unequal in size. Colors fairly pure.
C. vandenheckei: Quadrants fairly well defined, irregular.

Colors not very bright.

Iodine Reactions.

Intensity and Color.

C. lietzei: Fairly deep, not so deep as In M. arundinacea

var. (Commercial No. 1); blue-violet.

C. viUata: Fair, not so deep as in M. arundinacea var.

(Commercial No. 1); blue-violet.

C wiotiana: Deep, not quite so deep as in M. arundi-

nacea var. (Commercial No. 1); violet tinged with

blue.

C. vandenheckei: Fair, not so deep as M. arundinacea var.

(Commercial No. 1); blue-violet.

Staining Reactions.

With Gentian Violet.

C. lielzei: Fairly deep, not quite so deep as in M. arun-

dinacea var. (Commercial No. 1).

C. viUata: Fair, not so deep as in M. arundinacea var.

(Commercial No. 1).

C vnoliana: Very light, very much less than in M.
arundinacea var. (Commercial No. 1).

C. vandenheckei: Fair, less than in M. arundinacea var.

(Commercial No. 1).

With Safranin.

C. lietzei: Fairly deep, not quite so deep as in M. arundi-

nacea var. (Commercial No. 1).

C. vittata: Fair, not so deep as in M. arundinacea var.

(Commercial No. 1).

C. vnoliana: Very light, very much less than in M.
arundinacea var. (Commercial No. 1).

C. vandenheckei: Fair, less than in M. arundinacea var.

(Commercial No. 1).

Temperature of Gelatinization.

C. lielzei: 78 to 79 C, mean 75.5.
C. viltata: 82.5 to 84 C, mean 83.25.

C. wiotiana: 85 to 86 C, mean 85.5.

C. vandenheckei: 77 to 78.5 C, mean 77.75.

Effects of Various Reagents.

Reaction with Chloral Hydrate-Iodine.

C. lielzei: Begins in most in 2 minutes; complete in half

in 9 minutes and in all in 20 minutes.

C. vittata: Begins in many in 15 seconds, and in all in

V/2 minutes; complete in nearly all in 10 minutes.

C. wiotiana: Begins in all in 1}^ minutes; complete in

all in 7 minutes.

C. vandenheckei: Begins in many in a minute; complete
in two-thirds in 15 minutes and in nearly jill in

40 minutes.

Reaction with Chromic Add.

C. lietzei: Begins in all in 45 seconds; complete in all in

5yi minutes.
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Differentiation of Certain Starches of the Genus Calathea. Continued.

Effects of Various Reagents. Continued.

Reaction with Chromic Acid. Continued.

C. triUala: Begins in all in 30 seconds; complete in all

in 5 minutes.
C. u'iotiana: Begins in all in 30 seconds; complete in all

in 6 minutes.
C. vandenheckei: Begins in all in 30 seconds; complete in

all in 4J^ minutes.

Reaction with PyrogalHc Acid.

C. lietzei: Begins in most in IJ^ minutes; complete in

four-fifths in 8 minutes.
C. viitala: Begins in most in 45 seconds; complete in

three-fourths and partial in one-fourth in 20
minutes.

C. wiotiana: Begins in some in IJ/^ minutes; complete in

about one-half in 22 minutes.
C. vandenheckei: Begins in most in 45 seconds; complete

in four-fifths in 8 minutes.

Effects of Various Reagents. Continued.

Reaction with Ferric Chloride.

C. lietzei: Begins in some in a minute; complete in 13
minutes.

C. villala: Begins in some in 45 seconds; complete in half

in an hour, and in all in 3J^ hours.

C. wiotiana: Begins in some in a minute; complete in half

in 15^ hours, and in all in 2% hours.

C. vandenheckei: Begins in a few in IJ/^ minutes; complete
in two-thirds in an hour and in all in 4}-^ hours.

Reaction with Purdy's Solution.

C. lietzei: Begins in some in 2 minutes; partially in a few
in 10 minutes.

C. vittala: Begins in some in 15 seconds; complete in half

in 30 minutes.
C. wiotiana: Begins in some in 45 seconds; partially in

one-third in 7 minutes.
C. vandenheckei: Begins in some in 2 minutes; partially

in a few in 30 minutes.

NOTES ON THE STARCHES OF CALATHEA.

The four Calathea starches differ sufficiently in their histological features to permit of their

differentiation from one another. The variations in the conspicuous forms, hilum, lamellae, and size

taken collectively are quite characteristic. In their reactions they may also be distinguished. It

will be seen that C. lietzei and C. vandenheckei are in close accord, and that C. vittala and C. wiotiana

similarly agree, the chief differences between the couples being in the temperatures of gelatinization,

and in the chloral hydrate-iodine, chromic acid, pyrogallic, and Purdy's solution reactions.

GENUS STROMANTHE.

This genus includes only five species of tropical foliage plants which, as before stated, are closely

allied to Maranta, Calathea, Phrynium, and Thalia. Several of the species are commercially known
as Marantas. Starch from S. sanguinea Sonder {Maranta sanguinea Hort.), probably of Brazilian

nativity, was studied.

STARCH OF STROMANTHE SANGUINEA. (Plate 91, figs. 543 and 544. Chart 355.)

Histological Characteristics. In form the grains are simple. There are a few small aggregates

and a few small clumps. A few pressure facets are noted. The surface of the grains is generally

quite smooth and regular. In a few grains irregularities are noted, due chiefly to single or double,

nipple-like projections from the distal end and occasionally to lamellated masses of starch, probably

added, usually to the distal end, after the rest of the grain was formed. The conspicuous forms are

the elongated ovoid, with the distal end slightly narrower than the proximal, and often somewhat

squared with a narrow depression in the center of this squared portion; and the narrow eUiptical,

which may be straight or bent, whose proximal and distal ends are of the same size; also a few

obtuse-angled triangles, and among the small grains a few spherical or almost spherical forms. The

grains are not flattened, and when seen on end appear spherical.

The hilum is not distinct and is often invisible. It is a small round spot, eccentric from about

one-third to one-sixth of the longitudinal axis and in or near the median line. It is occasionally

fissured, the fissure being either a small, single, curved, clean-cut, transverse line, or two small

lines forming a cross. There is never more than one hilum.

The lamelloe are fairly distinct, rather coarse ellipses, or segments of ellipses, which are probably

continuous. They usually follow the outline of the margin, but sometimes show waviness and other

irregularities of outline. They vary in size in different grains, and are usually coarser and more

distinct near the distal end than near the hilum, and in some grains one or more sets of lamellse

are added to or near the distal end, with their longitudinal axis forming an angle with the same axis

of the primary part of the grain. There are about 12 to 15 lamellaj on the larger grains.

The grains vary in size from 4 to 46^. The common size is 30ju.



838 STARCHES OP MARANTACE^.

_ Chart No. 355.

Polariscopic Properties. The figure is eccentric, distinct, fairly clear-cut, and regular. Its

lines are rather thin and sometimes broader and less clear-cut as they are nearer the margin, and

sometimes bent, and bisected.

The degree of polarization is high. It does not vary greatly in different grains, but varies some-

what in different aspects of the same grain. It is highest when the grain is viewed on end. It is

slightly higher than that of M. arundinacea var. (Commercial No. 1).

With selenite the quadrants are usually well defined, generally regular in shape, but unequal in

size. The colors are pure.

Iodine Reactions. With 0.2.5 per cent Lugol's solution the grains color a light blue-violet;

with 0.125 per cent solution they color fairly, some slightly more than others, and the color deepens

rapidly. It is much lighter than that of the grains of M. arundinacea var. (Commercial No. 1).

After heating in water until the grains are completely

gelatinized, the .solution colors fairly and the grains very

deeply on the addition of iodine. After boiling for 2

minutes the solution colors deeply and the grain-residues

lightly or not at all. The capsules are colored a red-violet

with an excess of iodine, and many of them retain blue-

reacting starch at their proximal end.

Staining Reactions. With gentian violet the grains

begin to stain at once very lightly, and in 30 minutes they

are only fairly stained, one grain as much as another.

The color is much lighter than that of the grains of M.
arundinacea var. (Commercial No. 1).

With safranin the grains begin to stain at once

lightly, and in 30 minutes they are fairly stained, one

grain as much as another. The color is much lighter

than that of the grains of M. arundinacea var. (Com-
mercial No. 1).

Temperature Reaction. The temperature of gelatin-

ization is 82 to 83.5 C, mean 82. 75.

Effects of Various Reagents. With chloral hydrate-

iodine reaction begins in most grains in IJ4 minutes. It is complete in half in 12 minutes, in prac-

tically all in 20 minutes. The reaction is qualitatively the same as that of the grains of M. arun-

dinacea var. (Commercial No. 1), except that the reaction begins at the distal end.

The reaction with chromic add begins in some grains in less than 30 seconds and in all in a

minute, and is over in 7 minutes. It is the same qualitatively as that of the grains of M. arundinacea

var. (Commercial No. 1).

With pyrogallic acid there is a very slight general reaction in 3 miautes and all the grains are

partially or completely gelatinized in 15 to 25 minutes. The reaction is the same qualitatively as

in M. arundinacea var. (Commercial No. 1).

The reaction with ferric chloride begins in some grains in 2 minutes. Most grains are gelatinized

in 15 minutes and all in 30 minutes. The reaction is the same qualitatively as that of the grains of

M. arundinacea var (Commercial No. 1).

Reaction with Purdy's solution begins in many grains m \]4, minutes. A few are completely

gelatinized and some others show a slight reaction, about two-fifths of the total niunber of grains

being affected, in 15 minutes. The reaction is qualitatively the same as in ikf . arundinacea var.

(Commercial No. 1).

NOTES ON THE STARCHES OF MARANTACE.E. (Charts 356 to 358.)

Among the starches of Maranta two types of grains will be observed, one represented in the

starches of M. arundinacea and its varieties and M. musaica; and the other type by M. massangeana
and M. leuconeura. Among the Calathea starches two types appear to be distinguished, primarily by
the position of the hilum, in C. lietzei, C. wiotiana, and C. vandenheckei it being distinctly eccentric,

and in C. vitlata nearly or quite centric. There are also distinct differences in the forms and other

characteristics of the grains. The starch of Strovianthe is histologically closer to Calathea than

to Maranta; and that of M. musaica might upon histological grounds be taken for a Maranta
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or a Calathea starch. In tlioir reactions these genera, while exhibiting the same typo of reaction-

curve, fliffer so tliat one is loadily distinguishal)lo from tlie other. Comparing Maranta with

Calathea, it will Ix' found tliat witii the exception of tiie gentian violet reaction, tlie reaction-curve

throughout is liigher; and when compared with the curve of Slromanthe it is throughout distinctly

iiiglier. Calathea shows higher reactivity, except in the chromic acid, pyrogallic acid, ferric chloride,
and Purdy solution. Tlie differences brought out in the reactions are in accord with the generic
classification of the botanist, except in the case of M. musaica, which, according to the peculiarities
of the starch, is probably a Calathea.

Chart No. 356.
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STARCHES OF NYMPH^EACE^.

Class, Dicotyledones. Order, Ranales. Family, Nymphseacese.

represented: Nymphsea and Nelumbo.
Genera

This family includes 8 genera and 53 species of water-lilies, widely distributed in temperate and

tropical waters. It is typified by the genus Nymphwa.

GENUS NYMPH/EA.

This genus includes over 30 species and there is a large number of varieties and hybrids. Cas-

pary divides the Nytnphma into two sections, which in turn are subdivided into 6 subgenera :

(1) Lotos, including two or three species native of Southern Europe, Asia and Africa.

(2) Hydrocallis, including about nine species native of tropical America.

(3) Xanthantha, including two American species.

(4) Castalia, including about six species native of Europe, Asia, and America.

(5) Brachyccras, including about twelve species distributed in the tropics of both worlds.

(6) Anecphya, including but a single Australian species.

Hybridization has been carried on quite extensively, so that a large number of garden varieties

have been obtained in this way. Starches from six sources were prepared, all of them being refer-

able to Castalia. The specimens include the following: N. alba Lmn.; N. marliacea var. albida;

N. marliacea var. carnea; N. gladstoniana; N. odorata Ait., the sweet-scented water-lily; and N.

odorata var. rosea Pursh., the Cape Cod water-lily or pond-lily. N. alba is a well-known species from

Europe and Siberia, and the next three are recorded as garden varieties of N. alba and N. alba var.

rosea and are very much alike. N. odorata is common in the eastern United States, and its variety

is referred to Massachusetts.

STARCH OF NYMPILEA ALBA. (Plate 91, fig. 545. Chart 359.)

Histological Characteristics. In form the grains are usually simple. There are a few compound

grains and small aggregates, which commonly are in the form of doublets or triplets. Pressure

facets are often found upon the isolated grains. There are some clumps. The surface of the grains

is usually more or less irregular, owing chiefly to the depo-

sition of secondary lamellse placed at varymg angles to

the original set or to depressions of the margin. The

conspicuous forms of the simple grains are ovoid, oval,

and round; also dome-shaped to hemispherical, trian-

gular with rounded angles, irregular ovoid or oval with

squared end, elliptical, and various irregular forms. The

grains are not flattened in any diameter.

The hilum is a distinct round, or occasionally lentic-

ular, refractive spot. It is centric or nearly so in the

roimd forms, and eccentric from very slightly to one-

third, usually about two-fifths, of the longitudinal axis

in other grains. Two hila are sometimes found in the

simple grains. The hilum is often fissured; there may
be either a single transverse fissure, two short fissures

intersecting each other in the form of a cross or several

arranged in a stellate figure, or two or three short radial

fissures proceeding from the hilum. It is situated in the

broader end of the ovoid type.
The lamellm are frequently not distinct directly around the hilum, but in some grains are coarse

and plainly observed throughout the entire gram. They form complete rings around the hilum
,
tend

to have the form of the grain not far from the hilum, and are sometimes undulating m outline as

they approach the distal margin. One especially prominent lamella is frequently found at about half

the distance between the hilum and the distal end. Secondary sets of lamellae are not uncommon.

The number of lamellse varies from 8 to 15 in some of the larger grains.

Chart No. 339.
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The grains vary in size; the smaller are 3 by 3;u; the larger arc 27 by 24(1 in length and breadth.

The common size is 19 by 16ju in length and breadth.

Polariscopic Properties. The figure is eccentric except in the relatively few round grains, in

which it may be centric. Its lines are distinct and broader, tliough less clear-cut at the margin;

usually straight, but may be bent, of irregular thickness, or rarely bisected.

The degree of pohrization is fair to high, varying somewhat in the same aspect of one grain,
in different aspects of a given grain, and in different grains.

With selenite in most grams the quadrants are well defined, irregular in shape, and unequal in

size. The colors are usually pure.
Iodine Reactions. With 0.25 per cent Lugol's solution the grains all color a fair blue-violet;

with 0.125 per cent solution they color very lightly and the color deepens slowly. After heating in

water until the grains are completely gelatinized, the solution colors lightly and the gelatinized grains

very deeply on the addition of iodine. After boiling for 2 minutes, the solution colors very deeply and
the grain-residues fairly. The capsules are all colored a red-violet when an excess of iodine is added.

Staining Reactions. With gentian violet the grains begin to stain lightly at once and in 30 min-
utes are lightly stained.

With safranin the grains begin to stain lightly at oucc and in 30 minutes are fairly stained.

Temperature Reaction. The temperature of gelatinization is 68 to 70 C, mean 69.

Effects of Various Reagents. With chloral hydrate-iodine the reaction begins in a few grains,
which are probably injured or in the process of digestion, in 30 seconds and in all the rest in 1}^ min-
utes. About half of the total number are gelatinized in 6 minutes, nearly all in 10 minutes, and all

in 15 minutes. The reaction begins at the distal end of the grains, the starch becoming dark and

swelling. The whole margin then darkens and the process proceeds inwards, but more rapidly usu-

ally from the distal end and one side than from the rest of the margin. Just before the starch sur-

rounding the hilum becomes much involved in the reaction, a bubble at the hilum begins to increase

in size, and as the grain becomes more and more gelatinous the bubble increases to a great size.

Finally, when the whole grain is darkened and presumably gelatinous, the bubble decreases in size

and finally disappears. The gelatinized grains are fairly large and retain much of their original form;

they show a central, round light portion surrounded by a dark band.

The reaction with chromic acid begins in some grains in 10 seconds, in the rest in 20 seconds, and
is over in 2 minutes. The starch about the hilum becomes gelatinous and fine striae appear radiating
from the hilum throughout the grain. The grain swells rapidly and the less resistant starch passes
into a semifluid mass in the center; the resistant starch forms a thick, coarsely striated band at the

margin. This band is often divided into an inner and an outer portion, and the inner portion is

divided by coarser striae than the outer, and disappears as the grain continues to swell, while the

outer portion forms a thin, homogeneous-looking capsule. Finally, this capsule dissolves at one

point, usually the distal end. The semifluid starch within flows out and is dissolved, followed by
solution of the rest of the capsule.

Reaction with pyrogallic acid begins in 20 seconds and is over in 23^ minutes. The starch about

the hilum is transformed into a gelatinous mass and fine striae appear radiating from the hilum

throughout the grain. The less resistant starch is changed into a gelatinous mass which occupies
the irmer portion of the grain, and the more resistant starch forms a thick, striated band at the mar-

gin which becomes divided into an inner and an outer portion. The inner portion is not so dense

and is more coarsely striated than the outer, and as the reaction progresses it is gelatinized. The
outer portion remains, but as the grain swells it becomes thinner, less dense and homogeneous, until

it has the form of a thin, transparent capsule which is much folded and crumpled. The gelatinized

grains are very large and are distorted.

Reaction with ferric chloride begins in a few grains in 30 seconds, and is over in 13 minutes. A
bubble appears at the hilum, and a very narrow marginal portion grows darker and somewhat clearer

than the other part of the grain. The distal end shows slight fissures, and from these there is a protru-

sion of gelatinous material. The reaction progresses from these points to all parts of the distal end,

until all the starch at this point is changed into a gelatinous mass inclosed in a thin, transparent, much

folded, and wrinkled capsule. From the distal end the reaction progresses proximally until it nearly
reaches the hilum, when the bubble, which is usually at the hilum, begins to increase in size, and then

the whole proximal end of the grain swells. The more resistant starch is converted into a gelatinous

marginal band, and while this is taking place the bubble at the hilum, having reached a large size.
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Chart No. 360.
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begins to shrink and finally disappears. Finally, when the grain is fully gelatinized it consists of a

very thin, transparent capsule, much folded and crumpled, and inclosing a mass of .semifluid starch.

The reaction with Purdy's solution begins in a few grains in 45 seconds and in aliout one-third

in 2 minutes. About two-fifths are nearly completely gelatinized in 15 minutes. The reaction, as

far as it goes, is qualitatively the same as that with pyrogallic acid.

STARCH OF NYMPH^A MARLIACEA VAR. ALBIDA. (Plate 92, figs. 547 and 548. Chart 360.)

Histological Characteristics. Inform the grains are simple. No compound grains were observed.

There are some small aggregates, generally in the form of doublets and triplets, and also a few clumps.

Pressure facets were noted on some grains. The surface of the grains is usually somewhat irregidar,

owing to the same causes as noted under A'^. alba. The conspicuous forms are round, ovoid, and oval;

also elliptical, dome-shaped, hemispherical, angular with well-rounded angles, and variovis indefinite

forms. The grains are not flattened. They are somewhat more irregular than A'', alba.

The hilum is a fairly distinct, round, refractive spot, centric or nearly centric in the round forms,

and eccentric from very slightly to one-third, usually about two-fifths, of the longitudinal axis.

There are 2 hila in some grains. Fissures are fairly often found at the hilum; they may be transverse,

diagonal, two short ones intersecting each other and form-

ing a cross, three meeting at one point, or two slightly

curved which proceed from a central point slightly nearer

the proximal end.

The lamella; are indistinct in many grains, but if ob-

served they are seen to form fairly coarse rings around

the hilum; and when distinct throughout the gi'ain they

tend to follow the outline of the margin. Frequently
one lamella, at from about one-fourth to one-half of the

distance between the hilum and the distal margin, is

more prominent than the others; secondary sets of lamel-

lae are not uncommon. The number was not determined.

The grains vary in size; the smaller are 6 by 6/^; the

larger are 30 by 30^ or 28 by 24;u in length and breadth.

The common size is Id/x.

Polariscopic Properties. The figure is centric or

slightly eccentric. Its lines are rather thick and become

broader towards the margin. They are straight in many
grains, while in others they are bent and occasionally

bisected. The figure is essentially the same as in N. alba.

The degree of polarizalio7i is fair to high. There are variations in different grains, in difl'ercnt

aspects of the same grain, and occasionally in the same aspect of a grain. It is higher than in N. alba.

With selenite the quadrants are usually well defined, irregular in shape, and unequal in size.

The colors are usually pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains all color a fair blue-violet;

with 0.125 per cent solution they color lightly and the color does not deepen rapidly. It is slightly

less than that of the grains of N. alba. After heating in water until the grains are completely gelat-

inized, the solution colors lightly and the gelatinized grains very deeply on the addition of iodine.

After boiling for 2 minutes, the solution colors very deeply and the grain-residues fairly. The cap-

sules all color a red-violet with an excess of iodine.

Staining Reactions. With gentian violet the grains begin to stain very lightly at once and in 30

minutes are rather lightly stained, the same as that of the gi-ains of A^. alba.

With safra)un the grains begin to stain lightly at once and in 30 minutes are fairly stained,

stain is slightly less than that of the grains of N. alba.

Temperature Reaction. The temperature of gelatinization is 67 to 09 C, mean 68.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in a minute. It is

over in half the grains in 15 minutes, in three-fourths in 50 minutes, and in all but a few in l^/^ hours.

It is the same qualitatively as that of the gi-ains of N. alba.

The reaction with chromic acid begins in 45 seconds and is over in 33^ minutes. It is the same

qualitatively as that of the grains of A'', alba.

s
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The roaction with pyrngalh'c add begins in a minute. It is over in ncarl}' all in 5 minutes and
in all in 10 minut(;s. It is the same qualitatively as that of the grains uf A'^. alba.

Reaction with ferric chloride begins in a few grains in 2 minutes. It is over in half the grains in

20 minutes, in nearly all in 40 minutes, and in all in 50 minutes. It is the same qualitatively as that

of the grains of N. alba.

The reaction with Purdy's solution begins in some grains in 2^2 minutes and about one-sixth

are partially gelatinized in 20 minutes. The reaction is the same qualitatively as in A^. alba.

STARCH OF NYMPH^A MARLIACEA VAR. CARNEA. (Plate 92, figs. 549 and 550. Chart 361.)

Histological Characteristics. In form the grains are simple, no comjjound grains observed.

There are a number of small aggregates, usually in the form of triplets or of doublets, the components

frequently being very unequal in size. Pressure facets are noted on some grains. The surface is

rather irregular, owing to the same causes as those noted for N. alba. The conspicuous forms are

round, ovoid, and oval; also sugar-loaf, dome-shaped, and various irregular forms. The grains are

not flattened in any diameter; they are quite similar in form to N. alba, Ijut somewhat more irregular.

The hilum is a fairly distinct, round, refractive spot centric or nearly centric in the round forms,

and commonly eccentric one-fifth to one-third, usually about two-fifths, of the longitudinal axis in

most grains. There are sometimes 2 or 3 hila in one grain. The hilum is sometimes fissured,

there being usually one short, diagonal, or transverse fissure, or several short fissures so arranged as

to form a stellate figure, or three meeting at the hilum.

The lamella; are rather coarse and form complete rings aroimd the hilum. Frequently they are

indistinct throughout or either near the hilum or near the margin . There is generally one coarse, very

prominent lamella about half the distance between the

hilum and the margin. The lamellte are sometimes undu-

lating and somewhat flattened towards the distal end, and

those situated marginallj' tend to have the form of the

outline of the grain. The number was not determined.

The grains vary in size; the smaller are 2 by 2/^; the

larger are 36 by 32/i in length and breadth. The com-

mon size is 22ju.

Polariscopic Properties.^Thc figure is centric or gen-

erally more or less eccentric. Its lines are rather straight

and thick and tend to be broader at the margin in many
grains; they may lie bent and occasionally are bisected.

The degree of polarization is fair to high. There is

some variation in different grains, in different aspects of

the same grain, and in the same aspect of a grain. The de-

gree of polarization is the same as in the grains of A'', alba.

With selenite the quadraiits are usually well defined,

irregular in shape, and unequal in size. The colors are

generally pure.
Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains all color a fair blue-violet; with 0.125 per cent solution they color very lightly and the

color does not deepen rapidly. The color is the same as that of the grains of N. alba. After heat-

ing in water until the grains are completely gelatinized, the solution colors lightly and the gelatinized

grains very deeply on the addition of iodine. After boiling for 2 minutes, the solution colors very

deeply and the grain-residues fairly. The capsules all color a red-violet with an excess of iodine.

Staining Reactions. With gentian violet the grains begin to stain very lightly at once and in 30

minutes are lightly to fairly stained. The stain is more than that of the grains of A'', alba.

With safranin the grains begin to stain very lightly at once and in 30 minutes are fairly stained.

The stain is more than that of the grains of A'^. alba.

Temperature Reaction. The temperatvn-e of gelatinization is 00 to 07 C, mean 00.5.

Effects of Various Reagents.Wiih chloral hydrate-iodine the grains begin to react in a minute.

It is over in most grains in 13 minutes and in all in 25 minutes. It is the same qualitatively as that

of the grains of A'^. alba.

The reaction with chromic acid begins in 10 seconds and is over in a minute. It is the same

qualitatively as that of the grains of A'', alba.
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Reaction with pyrogallic acid begins in 15 seconds and is over in 2J^ minutes. It is the same qual-

itatively as that of the grains of N. alba, except that the bubbles formed at the hilum are larger and

persist longer, and more starch is reduced to a semifluid condition, causing the capsule to be very thin.

The reaction with ferric chloride begins in a few grains in 30 seconds and is over in 25 minutes.

It is the same qualitatively as that of the grains of N. alba.

The reaction with Purdy's solution begins in 15 seconds. It is over in half the grains in 3

minutes and in three-fourths of the grains in 10 minutes. It is the same qualitatively as that of

the grains of A^. alba.

STARCH OF NYMPHiEA GLADSTONIANA. (Plate 92, figs. 551 and 552. Chart 362.)

Histological Charactenstics. Inform the grains are simple; no compound forms were observed.

There are several small aggregates, usually in the form of doublets consisting of grains of imequal

size. There are a few clumps. Pressure facets are sometimes seen. The surface of the grams is

usually irregular, owmg chiefly to slight depressions and to secondary sets of lamellae, which are

placed at varying angles to the longitudinal axis of the pri-

mary set and are more commonly found than in N. alba.

The conspicuous forms are irregular ovoid and oval and

roimd
;
also dome-shaped to sugar-loaf and hemispherical,

elliptical, and various indefinite forms. The grains are not

flattened in any diameter. They are more irregular than

in N. alba and have a stronger resemblance to N. odorata.

The hilum is a fairly distuict, roxmd, refractive spot
which is centric or nearly centric in the round forms, and

eccentric about one-third to one-fifth, usually about one-

fourth, of the longitudinal axis in other grains. It is

located in the broader end of the ovoid forms, as is the

case in all the species of Nymphoca studied. The hilum

is frequently fissured. There may be 3 fissures in the

form of Y; or two slightly diagonal fissures, which may
meet at the hilum; or one fissure slightly above another

at the hilum, from which they emerge at different planes;
or a slightly curved transverse line.

The lamellm in many grains are indistinct, but if

observed they appear rather coarse and may be visible

throughout the entire grain. They form complete rings around the hilum, but towards the distal

end and lateral margin tend to assume the shape of the margin. There is generally a shifting

laterally of the axis of the lamellae which lie near the distal margin, and sometimes a distinct second

set appears at varying angles to the longitudinal axis of the first set. The number of lamellae in

some of the larger grains is 15.

The grains vary in size; the smaller are 2 by 2;u; the larger are 39 by 24/i in length and breadth.

The common size is 26 by 16ai in length and breadth.

Polariscopic Properties. The figiwe is centric in some round grains, but usually eccentric. Its

lines are distinct and broaden towards the margin, but are usually bent and sometimes bisected.

The figure is more irregular and less distinct than in A'^. alba.

The degree of polarization is fair to high, varying in different grains, in different aspects of the

same grain, and in the same aspect of a given grain. It is the same as in the grains of N. alba.

With selenite the quadrants are usually well defined, irregular in shape, and unequal in size,

more irregular than in N. alba. The colors are usually pure.
Iodine Reactions.- With 0.25 per cent Lugol's solution the grains all color a light blue-violet;

with 0.125 per cent solution they color very lightly and the color deepens slowly. The color is

much less than that of the grains of N. alba. After heating in water until all the grains are completely

gelatinized, the solution colors lightly and the gelatinized grains very deeply on the addition of

iodine. After boiling for 2 minutes the solution colors very deeply and the gelatinized grains fairly.

The capsules all color a red-violet with an excess of iodine.

Staining Reactions. With gentian violet the grains begin to stain very lightly at once and in

30 minutes are lightly stained. The color is less than that of the grains of A'^. alba.

p
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With safranin the grains begin to stain very lightly at once and in 30 minutes are rather lightly

stained. The color is less than that of the grains of N. alba.

Temperature Reaclion. The temperature of gelatinization is 69 to 71 C, mean 70.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in 2 minutes. About
half the grains are gelatinized in 15 minutes, nearly all in 35 minutes, and all in an hour. It is the

same qualitatively as that of the grains of N. alba.

Reaction with chromic acid begins in some grains in 15 seconds and in the rest in 30 to 60 sec-

onds, and is over in 3 minutes. It is the same qualitatively as that of the grains of N. alba.

The reaction with pyrogallic acid begins in all the grains in 1^ minutes and is over in 6 minutes.

It is the same qualitatively as that of the grains of N. alba.

The reaction with ferric chloride begins in some grains in IJ^ minutes. It is over in nearly all

in 30 minutes and in all in 45 mmutes. It is the same qualitatively as that of the grains of N. alba.

Reaction with Purdy's solution begins in some grains in a minute and in 15 minutes about

two-thirds of the total number of grains are partially gelatinized. The reaction is qualitatively

the same as in N. alba.

STARCH OF NYMPH^A ODORATA. (Plate 93, figs. 553 and 554. Chart 363.)

Histological Characteristics. Inform the grains are simple. No compound grains were observed.

There are a few small aggregates, mostly in the form of doublets and triplets, and a few clumps.
Some grains have one or more pressure facets. The surface of the grains is rather irregular, owing
to the causes noted under A^. alba. The conspicuous forms are oval, ovoid, ovoid with pointed distal

end, and roimd; also dome-shaped, rounded oval, either

squared or cut off obliquely at the distal end, and vari-

ous irregular forms. The grains are not flattened in any
diameter. This starch resembles that of A'', gladstoniana

more closely than of N. alba, the irregularity of surface

being more marked and there being a larger variety

of forms.

The hilum is a fairly distinct, round, refractive spot,

centric or nearly centric in the round forms and in the

others eccentric one-fifth to one-third, usually one-third,

of the longitudinal axis. There are sometimes more than

one hilum in a single grain. A crescent-shaped cleft or

irregular transverse cavity may be noted at the hilum, or

fissures of various characters may be present. The most

common fissuration is in the form of a short, curved fis-

sure proceeding from each side of the hilum
;
or a slightly

curved fissure just below the hilum; more rarely two

fissures may intersect each other and form a cross, or

three fissures may meet at the hilum, or several fissures

may be arranged as a stellate figure.

The lamellce form in some grains coarse, distmct rings or ellipses around the hilum, and are

sometunes less promment towards the distal end, while in other grains they are plamly observed

throughout the entire grain. They tend to have the shape and irregularities of the outline of the

grains when they are located near the distal margin, as in the case of N. alba. Secondary lamellae

are sometunes noted. The number of lamellse in some of the large grains is 17.

The grams vary in size; the smaller are 4 by 4^; the larger are 38 by 30^ in length and breadth.

The common size is 24 by 20^ in length and breadth.

Polariscopic Properties. The figure is centric in a few round grains, but more or less oblique

in all other grains. Its lines are distmct and sometimes straight and generally broader and less

clearly defined at the margin. They are frequently bent and occasionally bisected, and are more

irregular than in N. alba.

The degree of polarization is fair to high, higher than in N. alba, with less variation among
the grains.

With seknite the quadrants are usually well defined, irregular m shape, and unequal in size.

The colors are usually pure. The quadrants are more irregular than in N. alia.
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Iodine Reactions. With 0.25 per cent Lugol's solution the grains all color a light to fair blue-

violet; with 0.125 per cent solution they color lightly and the color deepens slowly. The color is

slightly less than that of the grains of A'^. alba. After heating in water until the grains are completely

gelatinized, the solution colors lightly and the gelatinized grains very deeply on the addition of

iodine. After boiling for 2 minutes the solution colors deeply and the grain-residues fairly. The

capsules all color a red-violet with an excess of iodine.

Staining Reactions. With gentian violet the grains begin to stain lightly at once and in 30 min-

utes some are lightly and others are fairly stained. The coloration is deeper than that of N. alba.

With safranin the grains begin to stain lightly at once and in 30 minutes are fairly stained.

The reaction is deeper than that of A'^. alba.

Temperature Reaction. The temperature of gelatinization is 67 to G8 C, mean 67.5.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in 40 seconds. Most

grains are gelatinized in 10 minutes and all in 25 minutes. The reaction is the same qualitatively
as that of the grains of N. alba.

The reaction with chromic acid begins in 15 seconds and is over in 2^ minutes. It is the same

qualitatively as that of the grains of N. alba.

The reaction with pyrogallic add begins in 15 seconds and is over in 2J/2 minutes. It is the same

qualitatively as that of the grains of N. alba.

Reaction with ferric chloride begins in some grains in 45 seconds and is over in 20 minutes. It

is the same qualitatively as that of the grains of A'', alba.

Reaction with Purdy's solution begins in most grains in 15 seconds and is over in four-fifths of

the grains in 30 minutes. It is the same qualitatively as that of the grains of A'', alba.

STARCH OF NYMPH^A ODORATA VAR. ROSEA. (Plate 93, figs. 555 and 556. Chart 364.)

Histological Characteiistics. In form the grains are simple. No compound ones are observed.

There are a number of small aggregates m the form of doublets, triplets, and quadruplets. There
are some clumps, and a number of grains with pressure facets. The surface of the grains is generally
somewhat irregular, owing to the same causes as noted under A'', alba. The conspicuous forms are

oval, ovoid, ovoid with pointed end, and roimd; also

sugar-loaf-shaped, dome-shaped, elliptical, and various

indefinite forms. There is a greater variation in form

among the grainis than in A'', alba. Many elongated ovoid

grains similar to those in A'', odorata are observed. They
are not flattened in any diameter.

The hilum is a fairly distinct, round, refractive spot,
centric in a few of the round forms, eccentric in all other

grains. The eccentricity is usually one-fifth to one-third,

commonly about one-third, of tlie longitudinal axis. Fis-

sures are sometimes observed at the hilum. The fissura-

tion may be in the form of a short transverse line; or less

commonly two short lines intersect to form a cross; or a

diagonal line is transverse to the original or primary set

of lamelliE.

The lamellce are usually indistinct except one that

is coarse and located at about one-fourth to one-half of

the distance between the hilum and distal margin. In

all respects they are essentially the same as in A'^. alba,

but less distinct.

The grains vary in size; the smaller are 6 by 6^; the larger are 34 by 2fi/i in length and breadth,
and 30 by 28/i in length and breadth. The common size is 20 by 16^ in length and breadth.

Polariscopic Properties. The figure is usually more or less eccentric. Its lines are rather thick

and broaden towards the margin; they are straight in some grains, but in others are bent and oc-

casionally bisected. The lines are the same as in A'^. alba, except that they are less regular.
The degree of polarization is fair to high; it varies somewhat in different grains, in different

aspects of the same grain, and in the same aspect of a given grain. It is the same as in the grains of

N. alba, but less than in A'^. odorata.

p
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With selenite the quadrants are fairly well defined and usually irregular in shape and unequal
in size, more irregular than in jV. nlba. The colors are pure in many grains, while in others the blue

is quite pure and the yellow fairly pure. The colors are the same as in the grains of A'', alba except

that in some the yellow is not so pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color a light to fair blue-

violet; with 0.125 per cent solution they color very lightly and the color deepens slowly. It is

slightly less than that of the grains of N. alba. After heating in water until all the grains are cora-

pletel.y gelatinized, the solution colors lightly and the gelatinized grains very deeply on the addition

of iodine. After boiling for 2 minutes the solution colors very deejily :>nd the gelatinized grain-

residues fairly. The capsules all color a red-violet on the addition of iodine.

Staining Reactioiis. With gentian violet the grains begin to stain very lightly at once and in

30 minutes are lightly stained. The coloration is slightly less than that of the grains of A'^. alba.

'With safranin the grains begin to stain very lightly at once and in 30 minutes are lightly

stained. The coloration is less than that of the grains of A'^. alba.

Temperature Reaction. The temperature of gelatinization is G6.5 to 07.5 C, mean 67.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in 45 seconds and is

over in 15 minutes. It is the same qualitatively as that of the grains of A'^. alba.

Reaction with chromic acid begins in 15 seconds and is over in 1^ minutes. It is the same

qualitatively as that of the gi-ains of A'^. alba.

The reaction with pyrogallic acid begins in 15 seconds and is over in l}4 minutes. It is the

same qualitatively as that of the grains of A'', alba, except that more of the starch is fully gelatinized.

With ferric chloride the reaction begins in a few grains in a minute and is over in 33 minutes.

It is the same qualitativelj' as that of the grains of A'^. alba.

The reaction with Purdy's solution begins in 30 seconds. About two-thirds of the grains are

partially gelatinized in 5 minutes, four-fifths are nearly completely gelatinized in 15 minutes, and

nearly all are completely gelatinized in 30 minutes. The reaction is the same qualitatively as that

of the grains of A^. alba.

Differentiation of Certain Starches of the Genus Nytnpho'a.

Histological Characteristics.

Conspicuous Forms.

N. alba: Usually simple, few compound grains, few aggre-
gates, some pressure facets, not fiattcned, surface

usually more or less irregular, due chiefly to sec-

ondary lamellai and depressions. Ovoid, oval, and
round.

A'', marliacea var. albida: Essentially the 6ame as in N.

alba, but gi-eater abundance of round forms, and
absence of compound grains, and somewhat greater

irregularity of surface.

N. marliacea var. camea: Essentially the same as in N.

alba, but greater abundance of round forms, ab-

sence of compound grains, and more irregularity of

surface.

N. gladskmiana: Essentially the same as in A'^. alba, but

greater abundance of round forms and secondary
lamella;, absence of compound grains, and greater

irregularity of surface.

N. odorata: Essent ially the same as in JV. alba, but greater

irregularity of surface and larger variety of forms.

N. odorata \a.r. rosea: Essentially the same as in jV.orforata.

Hilum Form, Number, and Position.

N. alba: Form distinct, round or occasionally lenticular,

refractive spot; often fissured, occasionally 2 liila.

Position usually eccentric from slightly to 0.33,

commonly 0.40, of longitudinal axis.

N. marliacea var. albiila: Form fairly distinct, round, re-

fractive spot; fairly often fis.sured, occasionally 2
hila. Position usually eccentric from very slightly
to 0.33, commonly O.IO, of longitudinal axis.

N. marliacea var. camea: Form essentially the same as in

N. marliacea vur. albida. Posilion usually eccentric

about 0.20 to 0.33, commonly 0.40, of longitudinal
axis.

IIlstolggical CnAKACTBniSTios. Continued.

Hilum Form, Number, and Position. Continued.

N. gladstoniana: Form essentially the same as in A'^. mar-
liacea var. albida. Position usually eccentric about
0.20 to 0.33, commonly 0.25, of longitudinal axis.

N. odorata: Form essentially the same as in A'^. marliacea

var. albida. Position usually eccentric about 0.20

to 0.33, commonly about 0.33, of longitudinal axis.

N. odorata var. rosea: Form essentially the same as in N.
marliacea var. albida. Position usually eccentric

about 0.20 to 0.33, commonly about 0.33, of longi-
tudinal axis.

Lamellae General Charaderistics and Number.

N. alha: Frequently not distinct near hilum; complete
rings around hilum tend to have the form of the

outline of grain when not far from hilum, some-
times undulating, coarse. Secondary sets not un-
common. 8 to 15 on larger grains.

N. marliacea var. albida: Essentially the same as in A'.

alba, but less distinct. Number not determined.

N. marliacea var. camea: Essentially the same as in A'^.

alba, but less distinct. Number not determined.

N. gladstoniana: Essentially the same as in A'', alba. 15 on
the larger grains.

A'^. odorata: Essentially the same as in A'^. alba. 17 on the

larger grains.
A'^. odorata var. rosea: Essentially the same as in A'^. aJba,

but less distinct. Number not determined.

Size.

N. alba: From 3 to 27/:j, commonly 19/n.

N. marliacea var. albida: I''rom G to 30;u, commonly \9n.

N . marliacea var. carnea: From 2 to 30^, conunonly 22/i.

A'^. yUuUtuniana: From 2 to 39m, commonly 2i>ix.

N. odorata: From 4 to 38m, commonly 24m.
A^. odorata var. rosea: From 6 to 34m, commonly 20m.



848 STAKCHES OF NYMPHiEACE^.

Differentiation of Certain Starches of

PoLABiscopic Properties.

Figure.

N. alba: Usually eccentric, lines distinct, broad and usu-

ally straight.
A^. marliacea var. albida: Same as in N. alba.

N. rrmrliacea var. camea: Same as in A'^. alba.

N. gladsloniana: Same as in N. alba, but lines less regular.

N. odorala: Same as in N. alba, but lines are less regular.

N. odorala var. rosea: Same as in N. alba, but lines less

regular.

Degree of Polarization..

N. alba: Fair to high.
N. marliacea var. albida: Fair to high, higher than in N.

alba.

N. marliacea var. camea: Fair to high, same as m N. alba.

N. gladsloniana: Fair to high, same as in A^. alba.

N. odorala: Fair to high, higher than in N. alba.

N. odorala var. rosea: Fair to high, same as in N. alba.

Polarization with Selenile Quadrants and Colors.

N. alba: Quadrants usually well defined, irregular in shape
and unequal in size. Colors usually pure.

N. marliacea var. albida: Quadrants the same as in A''.

alba. Colors usually pure.
N. marliacea var. camea: Quadrants the same as in N.

alba. Colors usually pure.
A'^. gladsloniana: Quadrants the same as in A'', alba, but

more irregidar. Color usually pure.

A'', odorata: Quadrants the same as in A'^. alba, but more

irregular. Colors usually pure.
A^. odorata var. rosea: Quadrants the same as in N. alba,

but more irregular. Colors usually pure.

Iodine Reactions.

Intensity and Color.

N. alba: Fair; blue-violet.

A', marliacea var. albida: Fair, slightly less than in A''.

alba; blue-violet.

N. marliacea var. camea: Vsivc, the same as in N. alba;

blue-violet.

A'^. gladsloniana: Light, much less than in A'^. alba; blue-

violet.

AT. odorata: Light to fair, slightly less than in A'^. alba;

blue-violet.

A'^. odorala var. rosea: Light to fair, sUghtly less than in

A^. alba; blue-violet.

Staining Reactions.

With Gentian Violet.

N. alba: Light.
N. marliacea var. albida: Light, same as in A^. alba.

N. 7narliacea var. camea: Light to fair, slightly more
than in A'^. alba.

N. gladsloniana: Light, less than in A'', alba.

N. odorata: Light to fair, more than in N. alba.

N. odorata var. rosea: Light, slightly less than in N. alba.

With Safranin.
N. alba: Fair.

A'^. marliacea var. albida: Fair, slightly less than in N. alba.

N. marliacea var. camea: Fair, more than in A^. alba.

N. gladsloniana: Light, less than in A'^. alba.

N. odorata: Fair, more than in AT. alba.

N. odorata var. rosea: Light, less than in A'', alba.

Temperature of Gelatinization.

N. alba: 68 to 70 C, mean 69.
A^. marliacea var. albida: 67 to 69 C, mean 68.
N. marliacea var. camea: 66 to 67 C, mean 06.5,
N. gladsloniana: 09 to 71 C, mean 70.

the Genus Nymphcea. Continued.

Temperature of Gelatinization. Continued.

AT. odorala: 67 to 68 C, mean 67.5.

N. odoraia var. rosea: 66.5 to 67.5 C, mean 67.

Effects of Various Reagents.

Reaction with Chloral Hydrate-Iodine.

N. alba: Begins in all in l}i minutes; complete in nearly
all in 10 minutes, in all in 15 minutes.

N. marliacea var. albida: Begins in a minute; complete
in three-fourths in 50 minutes.

A^. marliacea var. camea: Begins in a minute; complete
in most in 13 minutes, in all in 25 minutes.

A^. gladsloniana: Begins in 2 minutes; complete in nearly
all in 35 minutes, in all in an hour.

A'', odorala: Begins in 40 seconds; complete in most in

10 minutes, in all in 25 minutes.

A'^. odorata var. rosea: Begins in 45 seconds; complete in

15 minutes.

Reaction with Chromic Acid.

N. alba: Begins in some in 10 seconds; complete in 2

minutes.
N. marliacea var. albida: Begins in 45 seconds; complete

in 33^ minutes.
N. marliacea var. camea: Begins in 10 seconds; complete

in a minute.
AT. gladsloniana: Begins in 15 seconds; complete in 3 min-

utes.

N. odorata: Begins in 15 seconds; complete in 2^ minutes.

A'', odorata var. rosea: Begins in 15 seconds; complete in

IJ^ minutes.

Reaction with Pyrogallic Acid.

N. alba: Begins in 20 seconds; complete in 2}^ minutes.
_

N. marliacea var. albida: Begins in a minute; complete in

nearly all in 5 minutes, in all in 10 minutes.

A'', marliacea var. camea: Begins in 15 seconds; complete
in 2J^ minutes.

A'', gladsloniana: Begins in ly^ minutes; complete in

minutes.
A'^. odorata: Begins in 15 seconds; complete in 2Kniinutes.
N. odorata var. rosea; Begins in 15 seconds; complete in

13^ minutes.

Reaction willi. Ferric Chloride.

N. alba: Begins in 30 seconds; complete in 13 minutes.

N. marliacea var. albida: Begins in a few in 2 rninutes;

complete in nearly all in 40 minutes, and in all in

50 minutes.
N. marliacea var. camea: Begins in a few in 30 seconds;

complete in 25 minutes.

A'', gladsloniana: Begins in some in
1}/^ minutes; complete

in nearly all in 30 minutes, and in all in 45 minutes.

A'^. odorata: Begins in some in 45 seconds; complete in

20 minutes.
A^. odorata var. rosea: Begins in a few in a minute; com-

plete in 33 minutes.

Reaction with Pardy's Solution.

N. alba: Begins in a few in 45 seconds; complete in two-

fifths in 15 minutes.

A'', marliacea var. albida: Begins in some in2}4 minutes;

complete in about one-sixth in 20 minutes.

A'', marliacea var. camea: Begins in 15 seconds; complete
in three-fourths in 10 minutes.

A^. gladsloniana: Begins in some in a minute; complete in

about two-thirds in 15 minutes.

N. odorala: Begins in most in 15 seconds; complete in

four-fifths in 30 minutes.

A'', odorata var. rosea: Begins in 30 seconds; complete in

nearly all in 30 minutes.

NOTES ON THE STARCHES OF NYMPH^A.

The histological differences noted in these starches are almost wholly related to variations in the

relative numbers of the different types of the conspicuous forms. In the reactions, the chfferences, as a

rule, are within narrow limits, yet the sum of the variations in the case of each starch is distinctive.
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GENUS NELUMBO.

The genus Nelurnbo or Nelumhium includes only two recognized species and a dozen or more
cultivated varieties. One of the species is American and the other Oriental. Nelurnbo is popularly
knoAvn as the Egj^Dtian lotus, but the lotus of the Ancient Egj-ptians that is figured in their statues,

monuments, buildings, etc., is a Nymphaa, either A'', ccerulea Savigny (A'', stellata Caspary, A^. scuti-

fvlia Hort.), the blue lotus of Egypt, which is a native of Egj-pt and Africa; or A'', lotus Linn. (A^.

edulis, N. thermalis), the white lotus, also a native of Egypt. Both of these species belong to

the true water-lilies in contradistinction to Nelurnbo, which does not. Nelurnbo nudfera Gsertn.

{Nelumbium speciosum Willd., N. indica Pers., N. neluvibo Karst.) is the Indian lotus, a native of

tropical and semi-tropical Asia and of Australia, and now widely cultivated, especially in China
and Japan, where the tuberous rhizomes are consumed as a food and used for the preparation of

Chinese arrowToot (see Marantacece, page 811). The beans of Nelurnbo, known as the Pythagorean
bean or sacred bean of the ancients, are also used as a food. A'', lutea Pers. is the American lotus or

water chinkapin or wankapin, and is a native of the interior and eastern parts of the United States

from the Great Lakes to Florida. Starches from both species were studied.

Chart No. 363.
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STARCH OF NELUMBO NUCIFERA. (Plate 93, figs. 557 and 558, Chart 365.)

Histological Characteristics. In form the grains are simple. Aggregates consisting of two or

rarely three components are occasionally observed. There are a few clumps and some grains have a

single pressure facet. The grains are rounded and quite regular. The most conspicuous forms are

the rounded ovoid, ovoid, and oval; also spherical, sugar-loaf, and hemispherical, the last two being

comparativelj' imcommon. The ovoid grains have often

a somewhat flattened end, suggesting the beginning of a

pressure facet. There are modifications of these forms,
such as ovoid forms with a broad and flaring end, elon-

gated forms approaching the pyiform type, and somewhat

triangular forms. Grains which are broader at the distal

end show decided flattening at this part. Viewed from
the end the grains appear spherical or ovoid.

The hilum is a very distinct, very large, round refrac-

tive spot or cavity. It is eccentric usually about two-
fifths to one-fourth of the longitudinal axis and is in most
cases marked by several deep fissures, usually arranged
in a stellate or 3-way fashion. There is occasionally a

single transverse or diagonal fissure. The main fissmes

are usually ragged and subdivided at the ends. Occasion-

ally there may be double hila, in which case there may
be a fissure between the two, indicating probably the line

of union of two component grains.

The lamella are fairly distinct, rather coarse, usually

regular, concentric rings. Those about the hilum, and
one or two centrally located, are apt to be coarser and more distinct than the others. They are gen-

erally very regular, but often show somewhat wavy outhnes near the margin, and the distal lamellae

tend to follow the outlines of the margin of the gi-ain. The number varies from 14 to 24 on the

medium-sized grains.

The grains vary in size from about 10 to 40/i. The common size is 32/i.

Polariscopic Properties. The figure is usually eccentric, distinct, quite clear-cut, and regular.
All four lines are usually distinct and fairly broad, becoming broader and less clear-cut as they
approach the margin. They may be bent. Occasionally double figures are seen.

The degree of polarization is high. It is higher when the grain is seen on end, and it varies

somewhat in different grains, but not particularly in a given aspect of a grain.
With selenite the quadrants are well defined, irregular in shape, and unequal in size. The colors

are fairly pure.
Iodine Reactions. With 0.25 per cent Lugol's solution the grains color fairly deeply a blue to

blue-violet; with 0.125 per cent solution they are only tinted. Some grains are colored more readily

s
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t hail others. After heating in water until all the grains are completely gelatinized, the grains are col-

ored very deeply, but the solution not at all, with iodine. After boiling for 2 minutes, the grain-

rc'sitlues are much less deeply colored and some are reduced to granular masses which do not color at

all; but the solution is colored deeply. With an excess of iodine the capsules become a blue-violet.

Staining Reactions. With gentian violet the reaction begins in a minute and in 30 minutes all

are deeply stained. Grains greatly fissured are at first stained more than the others.

With safranin the reaction begins at once and in 30 minutes the grains are well stainetl, but

not deeply.

Temperature Reaction. The temperature of gelatinization is 58 to 59.5 C, mean 58.75.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins slightly in 30 seconds.

All are affected and about five-sixths are fully gelatinized in 20 minutes. The hilum often becomes

very prominent as a dark spot or bubble. The margin grows clearer and darker and the inner por-

tion light and opaque. The distal end grows dark and this coloration tends to spread all around

the margin. Gelatinization with swelling and protrusion of the contents of the grain begins at the

distal end and extends over the whole grain. In the aggregates, gelatinization begins with each com-

ponent grain on one side at the line of fissuring. The pi'oximal end may become dark, but there

is very little gelatinization. The gelatinized grains are large, somewhat distorted, and somewhat
lobulated. Commonly the distal end has alternate light and dark bands, above which is a round,

clear space, representing the swollen hilum.

Reaction with chromic acid begins in 20 seconds and is over in 2 minutes. The hilum is promi-

nent, but the lamelliE not especially so. The hilum swells, and if a bubble is present it is forced to

one side and disappears. As the hilum swells, the whole grain is at first divided by fine radiating

fissiu-es, and then swells, a thin marginal ring being formed, which is striated and banded. The
main mass of the substance of the grain is forced, in the form of a granular mass, to the distal end.

This and the margin quickly clears. The grain is much swollen, one portion of the margin at the

proximal end dissolves, and the granular contents are extruded and dissolved, followed by solution

of the remaining parts.

The reaction with pyrogallic add begins in 20 seconds and is over in 2}/^ minutes. The hilum,
if fissured, becomes distinct as a dark bubble. It swells rapidly, especially in the direction of the

proximal end. The bulible is forced to one side and disappears. There is an invagination of the

margin from one side so that the grain has the appearance of a large central cavity surrounded by a

double ring of banded, striated mass with a clear space between the two rows which represents
the swollen hilum. The gelatinized grain finally becomes clear and may be either round, ovoid, or

ring-shaped, and somewhat folded and seamed.

The reaction with ferric chloride begins in 30 to 60 seconds and is over in 15 minutes. The
hilum appears as a dark bubble and the lamella; disappear. The margin becomes clear and darker

and the inner portion becomes light and opaque. Gelatinization begins with irregular protrusion
at the distal end and may progress around the margin. Usually before gelatinization has progressed

very far the hilum swells enormously. The thin, distinct marginal ring formed is finely striated.

The ring soon becomes thimier and clearer. One side of the grains invaginates. The gelatinized

grains are large, ovoid or roimd, lobulated at a distal enil, and folded and seamed.

"^riie reaction with Purdy's solution begins immediately and is over in 30 seconds. The reaction

is so rapid that it is hartlly possible to make out the steps. It appeared to resemble closely the

reaction with pyrogallic acid.

STARCH OF NELUMBO LUTEA. (Plate 94, figs. 559 and 560. Chart 366.)

Histological Characteristics. In form the grains are simple. No compounds were observed.

There are a few aggregates which generally are in the form of doublets. A single pressure facet is

noted on occasional grains. There are a few clumps. The .surface is quite regular, but a few irreg-

ular forms are seen in which a set of lamellae has its axis at an angle with that of the original set,

rarely as much as at right angles. The conspicuous forms are ovoid, oval, and rouiul, wit h modifi-

cations; also dome-shaped, hemispherical, and sugar-loaf-shaped, and some irregular forms.

The hilum is a well-defined, fairly large, sliglitly round refractive spot, centric in a few round
forms and eccentric in all other grains, usually from about two-fifths to one-third of the longitudinal
axis. Two hila .are occasionally fountl in one grain. A short transverse fissure is sometimes observed
instead of the hilum. The fissuration is less than in N. nucifera.
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Chart No. 366.

Tlio lamcUfv arc fairly distinct unci usually rather coarse concentric rings. There is frequently
a s]nu'c around the hiluni, in which the lamella; are less plainly marked than the rest of the grain,

and often one or two lamelhe are more ijrominent at about half (lie distance between the hilum and
tlistal end. The lamella; are sometimes slightly wavy towards the distal end; near this point they

always tend to assume the shape of the grain and arc probably incomi)letc. There are 13 to 24 on

the medium- and large-sized grains.

The grains vary in size from 5 to 38^. The common size is about 22/n.

Polariscopic Properties. The figure is centric in a few round grains, but eccentric in all others.

Its lines are rather thick and generally straight, but broader and less clear-cut at the margin; they
arc sometimes slightly bent and rarely bisected.

The degree of polarization is high to very high, vary-

ing somewhat in different grains, in different aspects of

the same grain, and occasionally in the same aspect of a

given grain. It is higher than that of N. nucifera.

With selenitc the quadrants are well defined, irregu-

lar in form, antl unequal in size. The colors are fairly

pure.
Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains are fairly deeply colored a blue-violet;

with 0.125 per cent solution they color lightly at first,

and the color deepens rapidly. The reaction is less than

in A'^. nucifera. After heating in water until all the grains

are completely gelatinized, the grains are colored very

deeply, but the solution colors very slightly. After boil-

ing for 2 minutes the solution colors very deeply and the

grain-residues very lightly. The capsules all color a blue-

violet \vith excess of iodine. Curve ot Reaction-intensities of starch of Nelumbolutea.

Staining Reactions. With gentian violet the grains

begin to color at once and in 30 minutes are fairly deeply stained, but not so much as N. nucifera.

With safranin the grains begin to color at once and in 30 minutes they color fairly, but not so

much as N. nucifera.

Temperature Reaction. The temperature of gelatinization is 59.5 to 60.5 C, mean 60.

Effects of Various Reagents. AVith chloral hydrate-iodine reaction begins in 15 seconds and is

over in 2>2 minutes. It is the same qualitatively as that of the grains of N. nucifera.

The reaction with chromic acid begins at once and is over in 15 seconds. It is the same quali-

tatively as that of the grains of A^. nucifera.

With pyrogallic acid the grains begin to react in a few seconds and is over in 45 seconds. The

reaction is the same qualitatively as that of the grains of jV. nucifera.

Reaction with ferric chloride begins in many grains in 30 seconds and is over in 8 minutes.

It is the same qualitatively as that of the grains of N. nucifera.

The reaction with Purdy's solution begins at once and is over in 30 seconds. It is the same

qualitatively as that of the grains of A^. nucifera.

Differentiation of Certain Starches of the Genus Nelumbo.
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Differentiation of Certain Starches of the Genus Nelumbo. Continued.

PoLARiscopic Properties Continued.

Degree of Polarization.

Temperature of Gelatinization.

N. nucifera: High.
N. IxOea: High to very high, higher than in N. nucifera.

Polarizalion with Selenite Quadrants and Colors.

N. nucifera: Quadrants well defined, irregular in shape,
and unequal in size. Colors fairly pure.

N. lulea: Quadrants the same as in A'^. nucifera. Colors

fairly pure.

Iodine Reactions.

Intensily and Color.

N. nucifera: Fairly deep; blue to blue-violet.

N. lulca: Fairly deep, less than in N. nucifera; blue-

violet.

Staining Reactions.

Wilh Gentian Violet.

N. nucifera: Fairly deep.
N. lulea: Fairly deep, less than in N. nucifera.

With Safranin.

N. nucifera: Fair.

N. lulca: Fair, less than in N. nucifera.

N. nucifera: 58 to 59.5 C, mean 58.75.
N. lulea: 59.5 to 60.5 C, mean 60.

Effects of Various Reagents.

Reaction wilh Chloral Hydrate-Iodine.

N. nucifera: Begins slightly in 30 seconds; all affected

and about five-sixths gelatinized in 20 minutes.

N. lulea: Begins in 15 seconds; complete in 2}^ minutes.

Reaction wilh Chromic Acid.

N. nucifera: Begins in 20 seconds; complete in 2 minutes.
N. lulea: Begins at once; complete in 30 seconds.

Reaction with Pyrogallic Acid.

N. nucifera: Begins in 20 seconds; complete in 2J^
minutes.

A'^. lutea: Begins in a few seconds; complete in 45 seconds.

Reaction with Ferric Chloride.

N. nucifera: Begins in 30 to 60 seconds; complete in 15

minutes.
N. lutea: Begins in many in 30 seconds; complete in 8

minutes.

Reaction wilh Purdy's Solution.

N. nucifera: Begins at once; complete in 30 seconds.

N. lulea: Begins at once; complete in 30 seconds.

NOTES ON THE STARCHES OF NELUMBO.

The Nelumho starches, in so far as their histological characters are concerned, differ noticeably

only in the degree of regularity of the outlines of the grains, in the size and fissuration of the hilum,

and in the size of the grains. In their reactions they are identical only in response to Purdy's solu-

tion. N. nucifera exhibits a higher degree of polarization, higher reactivity with iodine and the

anilines, a lower temperature of gelatinization, and less sensitivity to chloral hydrate-iodine, chro-

mic acid, pjTOgallic acid, and ferric chloride.

NOTES ON THE STARCHES OF NYMPH^ACEvE. (Charts 367 and 368.)

The starches of Nymphwa and Nelumbo exhibit similar histological characteristics, but the

variations in form, hila, fissuration, lamellse, and size are of value in distinguishing the members of

the two genera. In tlie reactions, it will be noted that with the exception of the degree of polariza-

tion the Ny7npha;a starches are less sensitive than those of Nelumbo. The differences in the chloral

hydrate-iodine, ferric chloride, and Purdy's solution reactions are very conspicuous.

aart No. 367.
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STARCHES OF ANEMONACE/E.

Class, Dicotyledones. Order, Ranales. Family, Anemonacese.
Genus represented. Anemone.

GENUS ANEMONE.

The family Ancmonacece includes the genera jhicmone and Thalictrum or meadow rue. Anem-
one includes about 85 species of bulbous-rooted hardy perennials, natives of the cool climates of

the Northern Hemisphere, for the most part of the Old World, many of which are well-known

garden plants. Starches from four species were examined: A. apennina Linn., a native of Italy;

A.fulgens Gay {A. -pavonia var. fulgens DeCand.), a native of France, and sometimes referred to as

a variety of A. hortensis Linn.; A. blanda Schott and Kotschy, a native of the Taurus Mountains
and Greece and closely related to A. apennina; and A. japonica Sieb. and Zucc, a native of China
and Japan, and one of the finest members of the genus.

STARCH OF ANEMONE APENNINA. (Plate 94, figs. 561 and 562. Chart 369.)

Histological Characteristics. In form the grains are simple and without pressure facets. There
are no aggregates or compound grains, but the grains often occur in clumps which may easily be
broken up. The surface of the grains is somewhat irregular, owing to few additions to the surface in

the form of nipple-like processes. As a rule, the grains are rounded and quite regular in outline.

They are usually elongated either in the longitudinal or transverse diameter. The most conspicuous
forms are elongated ovoid, oval, elliptical, elliptical with one side flattened, and triangular with

relatively very broad base; also broad ovoid, spindle-shaped, oval, round or nearly round, and
various indefinite forms, due chiefly to nipple-like proc-
esses. The grains are sometimes slightly bent at the

middle. They are not flattened, but may be narrower
at the distal end than at the other, or thicker in the

middle than at the ends.

The hihtni is large and fairly distinct, and there is

throughout its whole extent a depression on the surface

of the grain. It may be a round spot, eccentric about

one-third of the longitudinal axis, or it may have an

elongated, lenticular form and run the length of either

the longitudinal or transverse axis of the grain. The
hilum is not always visible. It is at times distinctly fis-

sured, but not often. From the reaction to chemical

reagents the elongated hilum appears to consist in reality

of double and triple hila.

The lamelloe are invisible.

The grains vary in size from 2 to 14/i. The dimen-

sions of an average triangular grain is 9 by 5/u in length
and width. The common size is 10^;.

Polariscopic Properties. The figure is not always

distinct, but if so it is clear-cut and usually irregular. It may be eccentric or centric and may be

in the form of a cross or a long line with bisected ends as in the beans. It is usually quite regular
in form, but the lines may be somewhat bent and otherwise distorted.

The degree of polarization is low in most grains, but is high in a few very large grains.

With selenite the quadrants are fairly well defined, irregular in shape, and usually unequal in

size. The colors, except in the rare very large grains, are not pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains are colored very deeply at

once and the color quickly deepens until they are almost black; with 0.125 per cent solution the

grains color at once and deepen rapidly. The color is bluish-violet. After heating in water until

the grains are completely gelatinized, the solution is colored lightly and the grains very deeply

upon the addition of iodine. After boiling for 2 minutes the solution is deeply stained, but the
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grain-residues very liglitly. With a slight excess of iodine, the grains show a red-violet capsule.

Some capsules still contain blue-reacting material.

Staining Rcadions. With gentian violet the grains begin to stain at once. After 30 minutes

they are fairly stained, all very evenly, but the color is not much doeix>r tliat at first.

With safranin the grains stain at once, but lightly. After 30 minutes they are evenly stained,

and but little more than at first.

Temperature Reaction. The temperature of gelatinization is 53 to 54 C, mean 53.5.

Effects of Various Reagents. With chloral hydrate-iodine the reaction l^egins at once and all

the grains are darkened in a minute; they darken at both ends, or less often at one end, and swell out

evenly. This process extends around the margin on one side more rapidly than on the other, and

then inward over the interior; when the latter part is darkened the whole mass swells somewhat.

The gelatinized grains are fairly large, retain some of the original shape of the grain, and are uni-

formly dark. Later they show a light spot or spots that mark the swollen hilum or hila.

Reaction with chromic acid begins at once and is over in 20 seconds. The reaction api^ears to

consist in the transformation of all the inner portion, attended by great general swelling, the grain

becoming converted into a large, thin-walled mass. This capsule rapidly dissolves, but it was not

possible to determine whether one part dissolved before the other.

The reaction with pyrogallic acid begins at once and is over in 334 minutes. The hilum or hila

swell. If there are hila, the starch between them is rapidly dissolved, the grain swells, and the more

resistant outer part of the gi-ains becomes a fairly thick, homogeneous l^and, which grows thinner

and more transparent during the process of swelling. The gelatinized gi-ains are large, somewhat

folded and creased, but retain much of the original shape. They may show two or three lobulations

corresponding to the number of hila in the original grain.

The reaction with ferric chloride begins at once and is over in IH minutes. The process begins

usually at both ends of the grain, with great swelling. From these points it moves inward until it

reaches the central part, which is now divided by a fissure corresponding to the fissure marking the

hilum. These two parts of the gi-ain separate and are then split up into a number of smaller pieces,

which gelatinize independently. The gelatinized grain is large, lobulated, and irregular, but retains

some of the original form.

With Piirdy's solution the reaction begins at once and is over in most grains in a very few sec-

onds and in all in a minute. The reaction is the same as that with pyrogallic acid.

STARCH OF ANEMONE FULGENS. (Plate 94, fig. 563. Chart 370.)

Histological Characteristics. In form the grains arc simple; very rarely they occur in small

aggregates and they have well-defined pressure facets. They often occur in large clumps, which

are very easily broken up. Tlie surface is sometimes irregular, owing to the unequal development
of different parts of the margin, especially to nipple-like protuberances. Some forms are bent near

the middle or near the smaller end, and they are generally elongated in either the longitudinal or

transverse diameter. The conspicuous forms are the elongated ovoid, oval, elliptical with one side

flattened, and triangular with broad base. There are also some spindle-shaped, dome-shaped, round

or nearly round, lenticular, and various indefinite forms. The grains are not flattened, but they are

often narrower at the distal than at the proximal end. They are not always of the same shape in

different aspects, owing to the nipple-like processes and other additions to the primary grain.

The hilum is large and distinct. There is usually a depression on the surface of the grain just

above the hilum. If the hilum is round, as it is in the rovmd and short broad forms, this depression

is round. In the elongated forms it is usually elongated. In some elongated forms the hilum is a

large, round spot eccentric about one-third of the longitudinal axis and in the larger end of the grain.

It is usually fissured, and the fissure may be a simple transverse line or an irregularly stellate

arrangement. There are grains with double or multiple hila.

The lamellcB arc invisible.

The grains vary in size from 4 to 14;u. The dimensions of a large triangular grain are 12 by Sn
in breadth and length. The dimensions of the ovoid grain are 14 by Qix in breadth and length. The
common size is 10^.

Polariscopic Properties. The figure is not always distinct, but appears to be clear-cut and

usually irregular. It may be in the form of a cross, or as a line which is bisected at each end, and

centric or eccentric. The lines may be bent and otherwise distorted.
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Polariscopic Properties. The figure is not always distinct. It is either centric or eccentric,

and usually irregular. The lines are clear-cut, well defined, and usually straight; they may be bent

and otherwise distorted.

The degree of polarization is low in most grains, lower than in the grains of A . apennina.
With seknile the quadrants are clear-cut, usually irregular in shape, and unequal in size. The

colors are not pure.

Iodine Reactions. With 0.25 per cent Lugol's solution, the grains are colored at once very

deeply; with 0.125 per cent solution they color well at once and the color quickly deepens. The
color is the same as that of the grains of A. apennina. After heating in water until all of the grains
are completely gelatinized, the solution is colored very lightly and the grains very deeply on the

addition of iodine. After boiling for 2 minutes, the solu-

tion is colored deeply and the grain-residues very hghtly
or not at all. When a slight excess of iodine is added

all the grahis show a red-violet capsule. The capsules
which do not contain blue-reacting starch are very much
distorted.

Staining Reactions. With gentian violet the grains

stain lightly at once and after 30 minutes are fairly

stained. The color is lighter than that of the grains of

A. apennina.
With safranin the grains stain at once very lightly

and after 30 minutes are only lightly stained. The color

is slightly lighter than that of the grains of A. apennina.

Temperature Reaction. The temperature of gelatini-

zation is 52.5 to 54 C, mean 53.25.

Effects of Various Reagents. With chloral hydrate-
iodine reaction begins at once and is complete in 45 sec-

onds. Qualitatively it is the same as that of the grains
of A. apennina.

The reaction with chromic acid begins immediately
and is over in 10 seconds. It is qualitatively the same as that of the grains of A. apennina.

The reaction with pyrogallic acid and with ferric chloride begins at once and is over in 1 to IJ/^

minutes. It is qualitatively the same as that of the grains of A. apennina.
With Purdy's solution the reaction is very quick and is over in a very few seconds. Qualitatively

it is, as far as could be determined, the same as that of the grains of A. apennina.

STARCH OF ANEMONE JAPONICA. (Plate 95, fig3. 565 and 566. Chart 372.)

Histological Characteristics. Inform the grains are simple, with no aggregates. Many have one
or two, rarely more, rather poorly defined pressure facets at the distal end. There are many easily

separated clumps. The surface of the grains has some slight irregularities, due to unequal develop-

ment, chiefly nipple-like processes. The conspicuous forms are dome-shaped to hemispherical,
with one or usually two facets of unequal size at the distal end; also polygonal, quadrangular, and

ovoid, regular or with a flat distal end, spherical, lenticular, and various indefinite forms. The
grains when seen from the top commonly appear spherical.

The hilum is a distinct, single, large, round or triangular or elongated, non-refractive spot,

usually eccentric about two-fifths of the longitudinal axis and to one side of the median line. It is

rarely fissured, and the fissure is narrow, shallow, not distinct, and appears to be ragged. There are

no multiple hila.

The lamellce are invisible.

The grains vary in size from 1 to 12/i. The common size is 8^.

Polariscopic Properties. The figure is usually eccentric, not always distinct, but clear-cut.

Its lines are not thick and are of the same size throughout their length. The figure is regular and
not distorted in any way.

The degree of polarization is low in most grains. It varies in different grains and in different

aspects of the same grain, being highest when the grain is viewed from top. It is slightly higher than
in the grains of A. apennina.

Curve of Reaction-Intenaitiea of Starch of Anemone
blanda.
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Differentiation of Certain Starches

PoLARiscopic Properties. Continued.

Degree of Polarization. Continued.

.1. hhiiula: Low in most of the grains, and lower than in

A. aijennina.
A . jupnnica: Low in most of tlic grains, liut shghtly higher

than in .1. apetinina.

Polarization xifith Selenitc Quadrants and Colors.

A. apcnnina: Quadrant.s fairly well defined, usually irreg-
ular in shape, unequal in size. Colors not pure.

A . fulgens: Quadrants the same as in A . apcnnma. Colors
not pure.

A . blanda: Quadrants the same as in j1 . apennirm. Colors
not pure.

A. japonica: Quadi-ants the same as in A. apennina.
Colors not pure.

Iodine Reactions.

Intensity and Color.

A. apennina: Very deep; blue-violet.

A. fulgens: Very deep, but not so deep as in A. apennina;
blue-violet.

A. blanda: Very decj), the .same as in ..4. iipcnnina; blue-

violet.

A. japonica: Very deep, slightly less than in ,4 . apennina;
blue-violet.

Staining Reactions.

With Gentian Violet.

A. apennina: Fair.

A. fulgens: Fair, but less than in A. apennina.
A. blanda: Fair, but less than in A. apennina.
A . japonica: Fair, but slightly deeper than in A . apennina.

With Safratiiti.

A. apennina: Light.
A. fulgens: Light, slightly lighter than in A. apennina.
A. blanda: Light, slightly lighter than in A. apennina.
A . japonica: Light, slightly more than in A. apennina.

of the Genus Anemone. Continued.

Temperature of Gelatinization.

A. apennina: 53 to 54 C, mean 53.5.
A. fulgens: 50 to 51.5 C, mean 50.75.
A. blanda: 52.5 to 54 C, mean 53.25.
A . japonica: 62 to 64 C, mean 63.

Effects of Various Reagents.

Reaction with Chlond Hytlrate-Iodine.

A. apennina: Begins at once; complete in a minute.

A.fulgetis: Begins at once; complete in IJ-^ minutes.
A. blanda: Begins at once; complete in 45 seconds.
A. japonica: Begins at once, complete in 1} 2 minutes.

Reaction witli Chromic Acid.

A. apennina: Begins at once; complete in 20 seconds.
A. fidgens: Begins at once; complete in 30 seconds.
A. blanda: Begins at once; complete in 10 second.s.

A. japonica: Begins at once; complete in 15 seconds.

Reaction loith Pyrogallic Acid.

A. apennina: Begins at once; complete in 3)^ minutes.
A. fulgens: Begins at once; oomplcte in 2 minutes.
A. blanda: Begins at once: complete in 1 to IJ-2 minutes.
A. japonica: Begins at once; complete in nearly all in 3

minutes, the rest arc nearly gelatinized.

Reaction tvith Ferric Chloride.

A. apennina: Begins at once; complete in 1^2 minutes.
A. fulgens: Begins in 20 seconds; complete in 2 minutes.
A. blanda: Begins at once; comjilete in 1 to 1 J^2 minutes.
A. japonica: Begins in most in 30 seconds; complete in

214 minutes.

Reaction with Purdy's Solution.

A. apennina: Begins at once; complete in a minute.
A. fulgens: Begins at once; complete in a very few sec-

onds.
A. blanda: Begins at once; complete in a few seconds.
A. japonica: Begins at once; complete in 13^ minutes.

NOTES ON THE STARCHES OF ANEMONE.

These starches fall into two group.s in accordance with their forms, those of A. apennina,
A. fulgens, and A. blanda being of the same type, and that of A. japonica of an entirely different

type; but there is not a corresponding division observed in relation to the reactions, excepting in

the temperatures of gelatinization, the average of the first three is 52.3 and the temperature of

the last 63. Otherwise the reactions are very nearly alike.
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STARCHES OF DELPHINACE>E.

Class, Dicotyledones. Order, Ranales. Family, Delphinaceae. Genus

represented, Aconitum.

GENUS ACONITUM.

The genus Aconitum includes from 18 to 80 species, according to different authorities. Aconite

is a native of temperate Europe, Asia, and North America, and is cultivated as an ornamental plant
in both Europe and America, chiefly in the former. Starch was prepared from the tuberous roots of

A. 7}apellus Linn. (.4. tauricum Jacq., .4. pyramidale Mill.), the true monkshood or wolfhane, which

yields a powerful poison, and is officinal.

STARCH OF ACONITUM NAPELLUS. (Plate 95, figs. 567 and 568. Chart 373.)

Histological Characteristics. In form the grains are simple, no compounds being observed,
but many aggregates and clumps. Many grains show one or more well-marked jiressure facets;

the surface of the grains is frequently irregular because of the pressure facets. The conspicuous
forms are round and broadly ovoid, dome-shaped to hemispherical with one or two pressure facets;
also pjTiform, triangular with well-rounded angles, polygonal due to many pressure facets, and
various intlefinite forms. Many grains have the appearance of concave disks.

The hilum is not always visible, but when seen it is a round or oval spot, not very refractive.

It maj', even in the round forms, be eccentric from two-fifths to one-third of the longitudinal axis,

but in most grains it is eccentric not more than two-fifths. A depression is sometimes found running

through the gTain just below the hilum. Fissures rarely

occur, but occasionally 3 short ones are found at the

hilum in the form of a Y.

The lamellcE are not demonstrable.

The grains vary in size; the larger are 12 by 12yu, or

12 by 14,u in length and breadth; the smaller 1 by 1;^.

The common size is 7ii.

Polariscopic Properties. The figure is usually more
or less eccentric. Its lines are rather thick and straight
in many forms, while in others they are bent or indistinct.

The degree of polarization is low. It varies some-
what in different grains and also sometimes in the same

aspect of one grain.

With selenite the quadrants are usually fairly well

defined, usually fairly regular in shape, but unequal in

size. The colors are fairly pure.
Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains all color a very deep blue-violet; with 0.125

per cent solution they color fairly deeply and the color

deepens rapidly. After heating in water until the grains
are completely gelatinized, the solution colors fairly and the gelatinized grains very deeply on the

addition of iodine. After boiling for 2 minutes the solution colors very deeply and some of the

grain-residues lightly or not at all. The capsules all color a violet with an excess of iodine.

Staining Reactions. With gentian violet and with safranin the grains begin to stain very lightly

at once and in 30 minutes they are only lightly stained.

Temperature Reaction. The temperature of gelatinization is 52 to 53.5" C, mean 52.75.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in 10 seconds and is

over in a minute. It begins at the distal end, which darkens first; then the starch at this point swells

out and the process of darkening and swelling moves upward and inward over the rest of the grain.

At times it affects all of the marginal region before that of the central portion. As the hilum is

approached a bubble forms there which increases in size as the grain swells, more perpendicularly'
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than transversely, and then decreases in size and finally disappears. The gelatinized grains are

not very large and seem to consist of a light central portion surrounded by a dark, thick band.

The reaction with chromic acid begins at once and is over in 13 seconds. It is so quick that it is

impossible to determine the different steps.

Reaction with pyrogallic acid begins at once and is over in 20 seconds; it is impossible to deter-

mine the separate steps. The gelatinized grains are large and distorted, but retain some of the

original form. The capsules are folded, crumpled, and wrinkled.

The reaction with ferric chloride begins in a few seconds and is over in 3 minutes. It begins at

the distal end and at the projections of the margin, which become gelatinous and swell to a great

size. The process now moves inward and upward until all the starch is gelatinized, except a small

portion at the proximal end. This end is often invaded by fissures which separate it into many
small fragments which gelatinize independently of one another; but sometimes it is not so separated

and becomes gelatinized gradually. The gelatinized grains are large, and often much distorted,

but retain some of the original form. The capsule may be wrinkled and folded, but sometimes is

emooth.

With Purdy's solution the reaction begins at once and is over in 6 seconds. It is impossible to

determine the separate steps of the reaction. The gelatinized grains are large and often somewhat

distorted, but many retain some of the original form. The capsules are often folded, creased, and

wrinkled.
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STARCHES OF HELLEBORACEL.

Class, Dicotyledones. Order, Ranales. Family, Helleboraceae. Genera

represented : Actsea, Cimicifuga, and Eranthis.

The Helleboraceoe comprise about 20 genera and 130 species of herbaceous perennials and
annuals.

GENUS ACT/EA.

The genus Aclcea includes a few both Old World and New World species which are popularly
known as the black, white, or red baneberry, cohosh, or herb-christopher. Starches from two
sources were studied: A. alba Mill. (A. rubra Bigel.), the white baneberry, a native North American

plant; and A. spicata var. rubra Ait. (A. rubra Willd.), the red baneberry, also American.

IGV
S
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STARCH OF ACT^A ALBA. (Plate 95, fig. 569. Chart 374.)

Histological Characteristics. In form the grains are simple. No compound grains are observed,
bat there are many aggregates and clumps. Many grains show one or more pressure facets, but

without the sharpness of angle noted in faceted grains of other genera generally. The surface of

many grains is irregular as the result of pressure. The conspicuous forms are round, ovoid, rounded

with one part flattened or pointed, dome-shaped to hemispherical ;
also triangular with well-rounded

angles, and ovoid with the distal end sharply pointed, sometimes polygonal with the angles rounded,
and various indefinite forms. Many appear like disks, and some Uke concave disks.

The kilum is often invisible, but when observed is seen to be in the form of a round or lenticular,

indistinct spot, sometimes centric but usually eccentric from slightly to one-third of the longi-

tudinal axis. A depression, which scarcely amounts to a

fissure, often crosses the hilum.

No lamellcB are discernible.

The grains vary in size; the smaller are 1 by l/n; the

larger are 11 by 9/i in length and breadth, or 13 by 12/i

in length and breadth; the common size is 8 by 7/* in

length and breadth.

Polariscopic Properties. The figure is usually more
or less eccentric and generally indistinct. Its lines are

rather thick but generally straight.

The degree of polarization is low. It varies in dif-

ferent grains and sometimes in the same aspect of a grain.

With selenite the quadrants are fairly well defined,

slightly irregular in shape, and unequal in size. The
colors appear to be pure but dull.

Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains all color a very deep blue-violet; with

0.125 per cent solution they color fairly deeply, and the

color deepens rapidly. After heating in water until the

grains are completely gelatinized, the solution colors fairly and the gelatinized grains very deeply

on the addition of iodine. After boiling for 2 minutes the solution colors very deeply and the grain-

residues but little or not at all. The capsules all color a violet with an excess of iodine.

Staining Reactions. With gentian violet the grains begin to stain lightly at once and in 30 min-

utes are rather lightly stained.

With safranin the grains begin to stain very lightly at once and in 30 minutes are lightly stained.

Temperature Reaction. The temperature of gelatinization is 55" to 57 C, mean 56.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins at once and is over in

45 seconds. It appears in the form of a darkening and swelling of the distal end of the grain, fol-

lowed by extension all about the margin; then the starch of the interior is affected and the whole
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Chart No. 375.
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grain becomes dark and swells. The gelatinized grains are not very large and usually have a light

area in the interior surrounded by an ovoid dark mass. They retain some of their original form.

The reaction with chromic acid begins at once and is over in 6 seconds. It is so rapid that it is

impossible to distinguish the separate steps.

Reaction with pyrogallic acid begins at once and is over in 10 seconds. It is so rapid that the

separate steps can not be made out. The gelatinized grains are large and have a thin capsule that

is much wrinkled and folded. They do not retain much of their original form.

The reaction with feiric chloride begins in many grains in 20 seconds and is over in all in 4

minutes. It begins at the distal end where the gelatinization occurs with great swelling. This

process spreads upwards and inwards until only a small portion of the grain at the distal end is

ungelatinized. This part now becomes partially divided into several pieces of unequal size which

are rapidly fully separated, though still retained in the capsule, and gelatinized independently of

one another. The gelatinized grains are large, much wrinkled, and distorted, and do not retain

any of the original form.

Reaction with Purdy's solution begins at once and is. over in 8 or 9 seconds. It is so rapid that

it is impossible to distinguish the separate steps. The gelatinized grains are large and their capsules

are much wrinkled and folded, but thicker than those formed during the reaction with pj-Togallic acid.

STARCH OF ACT^A SPICATA VAR. RUBRA. (Plate 95, fig. 570. Chart 375.)

Histological Characteristics. In fo7-m the grains are simple. No compound grains are observed,
but there are many aggregates and clumps. Facets are noted on many grains, but their angles and
lines are not so sharp as in faceted grains of other genera generallj'. The surface is often irregular as a

result of pressure. The conspicuous forms are roimd, ovoid, round with a depression or projection,

to hemispherical, and various indefinite forms. Many
grains appear like disks and some like concave disks.

The hilum is either a round or lenticular indistinct

spot, sometimes centric, usually eccentric, from slightly

to about one-third of the longitudinal axis. A depression
which scarcely amounts to a fissure is sometimes found

at the hilum, and occasionally it is fissured.

No lamellas were discernible.

The grains vary in size; the smaller are 2 by 2/i; the

larger are G by Qfi or 7 by 8yu in length and breadth. The
common size is 5 by 5fi.

Polariscopic Properties. The figure is usually eccen-

tric, and generally it is indistinct, but when it is observed

the lines are usually fairly thick and commonly straight.

The degree of polarization is low, varying in different

grains and sometimes in the same aspect of a grain. It

is the same as that of the grains of A. alba.

With selenite the quadrants are usually fairly well

defined, slightly irregular in shape and unequal in size.

The colors appear to be pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains all color a very deep blue-

violet; with 0.125 per cent solution they color fairly deeply and the color deepens rapidly. It is

deeper than that of the grains of A. alba. After heating in water mitil the grains are completely

gelatinized, the solution colors fairly and the gelatinized grains very deeply on the addition of iodine.

After boiling for 2 minutes the solution colors very deeply and the grain-residues lightly or not at

all. The capsules all color a violet when an excess of iodine is added.

Staining Reactions. With gentian imlet the grains begin to color lightly at once and in 30
minutes are rather lightly stained. The color is less than that of the grains of A. alba.

With safranin the grains begin to color very lightly at once and in 30 minutes are very lightly
stained. The color is less than that of the grains of A. alba.

Temperature Reaction. The temperature of gelatinization is 55.5 to 57.5 C, mean 56.5.

Effects of Variotis Reagents. With chloral hydrate-iodine reaction begins at once and is over in

a minute. It is the same qualitatively as that of the grains of A. alba.
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Reaction with chromic acid begins at once and is over in 6 seconds. It is so rapid that the dif-

ferent steps can not be made out.

The reaction with pyrogallic acid begins at once and is over in 20 seconds. It is so rapid that

the separate steps can not be made out. The gelatinized grains are not so wrinkled, folded, and

distorted, but the capsules are thicker than those of A. alba.

The reaction with ferric chloride begins in many grains in a few seconds and is over in 5}4 n-

utes. It is the same qualitatively as that of the grains of A. alba.

Reaction with Purdy's solulion begins at once and is over in 15 seconds. It is so rapid that the

details can not be made out. The gelatinized grains have the same appearance as those of A . alba.

Differentiation of Certain Starches of the Genus Actoea.

Histological Characteristics.

Conspicuous Forms.

A. alba: Simple, many aggregates, many pressure facets,
surface often irregular because of facets. Round,
ovoid, round with one part flattened or pointed,
dome-shaped to hemispherical.

A. spicala var. rubra: Essentially the same as in A,
alba.

Hilum Form, Nxunber, and Position.

A. alba: Form often invisible, indistinct, round or len-

ticular spot; a depression sometimes crosses the
hilum. Position usually eccentric from slightly to

0.33 of the longitudinal axis.

A. spicata var. rubra: Form the same as in A. alba,

except occasionally fissured. Position usually

eccentric, as in ^. alba.

LamellcB General Characteristics.

A. alba: Invisible.

.4. spicata var. rubra: Invisible.

Size.

A. alba: From 1 to 13^, commonly S^i.

A. spicata var. rubra: From 2 to 7ju, commonly 5i.i.

PoLABiscopic Properties.

Figure.

A. alba: Usually more or less eccentric, generally in-

distinct; the lines are rather thick and generally

straight.
A. spicata var. rubra: Essentially the same as in ^. alba.

Degree of Polarization.

A. alba: Low.
A. spicata var. rubra: Low, the same as in A. alba.

Polarization with Selenite Quadrants and Colors.

A. alba: Quadrants fairly well defined, slightly irregular
in shape, and unequal in size. Colors appear to

be pm-e but dull.

A. spicata var. rubra: Quadrants essentially the same
as in /I. alba. The colors appear to be pure but
duU.

alba:

Iodine Reactions.

Intensity and Color.

Very deep; blue-violet.

A. spicata var. rubra: Very deep, deeper than in A. alba;
blue-violet.

Staining Reactions.

With Gentian Violet.

A. alba: Rather light.
A . spicata var. rubra: Rather light, lighter than in ^4 . alba.

With Safranin.
A. alba: Light.
.4. spicata var. rubra: Very light, much lighter than in A.

alba.

Temperature of Gelatinization.

A. alba: 55 to 57 C, mean 56.
A . spicata var. rubra; 55.5 to 57.5 C, mean 56.5.

Effects of Various Reagents.
Reaction ivith Chloral Hydrate-Iodine.

A. alba: Begins at once; complete in all in 45 seconds.
A. spicata var. rubra: Begins at once; complete in all

in 1 minute.

Reaction with Chromic Acid.

A. alba: Begins at once; complete in all in 6 seconds.
A. spicata var. rubra: Begins at once; complete in all in

6 seconds.

Reaction with Pyrogallic Acid.

A. alba: Begins at once; complete in all in 10 seconds.
A. spicata var. rubra: Begins at once; complete in all in

20 seconds.

Reaction with Ferric Chloride.

A. alba: Begins in many in 20 seconds; complete in all

in 4 minutes.
A. spicata var. rubra: Begins in many in a few seconds;

complete in 5}^ minutes.

Reaction with Purdy's Solution.

A. alba: Begins at once; complete in all in 8 to 9 seconds.
A. spicata var. rubra: Begins at once; complete in all

in 15 seconds.

GENUS CIMICIFUGA.

This genus, which is allied to Actoea, includes about 10 species of perennial herbs, natives of tem-

perate regions of Europe, Siberia, and North America. The best-known form of our American gardens
is C. racemosa Nutt. (C ser'pentaria Prusch.), the common black snakeroot or bugbane, a native of

Eastern United States and Canada. The starch from this species was examined as a type of the genus.

STARCH OF CIMICIFUGA RACEMOSA. (Plate 96, figs. 571 and 572. Chart 376.)

Histological Characteristics. In form the grains are simple. No compound grains were observed,
but many aggregates and clumps. Many grains have one or more pressure facets. The surface of
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the grains is rather irregular owing to pressure. The conspicuous forms are round, oval and ovoid,

and dome-shaped to hemispherical; also low triangular with rounded base, irregular lenticular,

polygonal, and various indefinite forms.

The hilum is often not visible, and when seen it is round or oval, and not very refractive, and

appears to be more or less eccentric. There is no fissuration at the hilum, but sometimes there is a

depression passing through the center of the grain.

The lamelloe can not be distmguished.

The grains vary in size; the smaller are 1 by Ifi; the larger are 12 by 12/i or 8 by lO/i in length

and breadth. The common size is 8 by S/i.

Polariscopic Properties. The figure is usually more or less eccentric. The lines are rather

thick and usually straight and expanded towards the margin. In some grains they are bent.

The degree of polarization is low. It varies somewhat in different grains and sometimes in

the same aspect of a grain.

With selenite the quadrants are generally fairly well defined, slightly irregular in shape, and

unequal in size. The colors in a few are fairly bright and pure, while in others they are very dull.

Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains all color a deep blue-violet; with 0.125

per cent solution they color fairly, and the color deepens

rapidly. After heating in water until the grains are com-

pletely gelatinized, the solution colors fairly and the gel-

atinized grains very deeply on the addition of iodine.

After boiling for 2 minutes the solution colors very deeply
and the grain-residues lightly. The capsules all color a

violet on the addition of an excess of iodine.

Staining Reactions. With gentian violet and with saf-

ranin the grains begin to stain very lightly in a minute

and in 30 minutes they are very lightly stained.

Temperature Reaction. The temperature of gelatin-

ization is 59 to 60 C, mean 59.5.

Effects of Various Reagents. With chloral hydrate-

iodine the reaction begins in a few seconds and is over

in a minute. The distal end darkens and the grain at

this point becomes gelatinized and swells. The process
then spreads upward and inward rapidly over the whole

grain, and as it nears the hilum a bubble appears here

which increases in size, then shrinks, and disappears as the rest of the starch at the proximal end

darkens and swells. The gelatinized grams are not very large and retain much of their original

form. They have a light, round space in the center surrounded by a thick, dark margin.
The reaction with chromic add begms at once and is over in 10 seconds. It is so rapid that the

separate steps can not be determined.

The reaction with pyrogallic acid begins in a few seconds and is over in a minute. The starch

about the hilum begins to gelatinize, and this is followed by the gelatinization and swelling of all of

the grain. Striae do not appear, or if they do they are so fine that they can not be made out. The

gelatinized grains are large and thin-walled and the walls are somewhat folded and wrinkled. The

gelatinized grains retain some of the original form.

The reaction with ferric chloride begins in 15 seconds and is over in 3J^ minutes. The reaction

begins at the distal end, which becomes gelatinous and swells out irregularly. The process then

spreads upward and inward over the rest of the grain until only the proximal end is ungelatinized.

This part is fissured in several places and divided into two or three pieces of unequal size which

gelatinize. The gelatinized grain is large and distorted, and the capsule is much wrinkled and
folded.

Reaction with Purdy's solution begins at once and is over in 25 seconds. The several steps of

the reaction can not be determined, but it appears to consist of the gelatinization of the starch

surrounding the hilum and the general swelling of the grain. The more resistant starch forms a

fairly thick homogeneous band at the margin, and this grows thinner and transparent. The gelat-

inized grains are large and somewhat distorted.

P
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GENUS ERANTHIS.

Eranthis is a genus of hardy perennials which mcludes only 7 or 8 species, all natives of

Southern Europe and Asia. The starch studied in this research was obtained from E. hyemalis
Salisb. (Hellebonis hyemalis Linn.), a well-known cultivated plant in this country, often referred to

as the winter aconite.

STARCH OF ERANTHIS HYEMALIS. (Plate 96, figs. 573 and 574. Chart 377.)

Histological Characteristics. In form the grains are simple. They do not occur in aggregates,
but frequently in clumps which may readily be broken up. There are no pressure facets. The
surface of the grains is rounded, but irregular owing to depressions and protuberances, some of the
latter being nipple-like. The conspicuous forms are ovoid, round, or nearly round, oval, ellipsoidal,

lenticular, pyriform, reniform, and various irregular forms. They are flattened, but one end may
be thicker than the other.

The hilum is always fissured, but not always distinct. It is centric to var3dng degrees in the

elongated forms, and centric to slightly eccentric in the round or nearly round grains. The fissures

may be a single longitudinal line, somewhat ragged and irregular, or irregularly stellate, or less

commonly an irregular cross. Very rarely 2 hila can be

distinguished, and if present they are marked by fissures.

The lamelke are invisible.

The grains vary in size from 2 to 20/::. The dimen-
sions of the average grain are 14 by lO/i. The common
size is 14/x.

Polariscopic Properties. The figure is usually dis-

tinct, centric, or slightly eccentric, and clear-cut. It may
be in the form of a cross or of a long line bisected at

each end. The lines are rather broad and may be bent

and otherwise distorted.

The degree of polarization is high. It varies some-
what in different grains, but not much in different aspects
of the same grain.

With selenite the quadrants are fairly well defined

and vary in shape and size. The colors are pure.
Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains are colored fairly deeply a blue-violet; with

0.12.5 per cent solution the grains color lightly at first,

and then deeper. After heating in water until all the

grains are completely gelatinized, the solution is colored very faintly and the gelatmized grains

very deeply on the addition of iodine. After boiling for 2 minutes, the solution is colored deeply

and most of the grain-residues are colored lightly and some deeply. Almost all show a violet cap-

sule upon the addition of a slight excess of iodine.

Staini7ig Reactions. With gentian violet the grains begin to color at once and after 30 minutes

are deeply stained.

With safranin the grains begin to stain at once and after 30 minutes the color is fairly deep.

Temperature Reaction. The temperature of gelatinization is 51" to 52 C, mean 51.5.

Effects of Various Reagents. With chloral hydrate-iodine the reaction begms in some grains in

15 seconds and is general in a minute. Most grains are darkened in 2^^ minutes and all in 5 minutes.

The process begins usually at the distal end, which becomes dark, followed by a darkening of the

other end and then of the margin on one side. These portions now swell somewhat and the process

moves inward over the whole grain. The line of demarcation between the swollen and the unswollen

parts is fairly well marked. There is not much swelling of the whole grain until the hilum is reached, at

which time there is sudden e.xpansion in every direction. In some grains two ends are at first affected,

and the process invades the imier parts from these two points. The gelatmized grams are fairly large

and somewhat distorted, but retam some of the original form. They are uniformly dark.
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Reaction with chromic acid begins at once and is over in 30 seconds. The process appears to

consist in the widening of the fissures and the sudden dissolution of most of the starch, attended by

great swelling. The grains at first are thin-walled, somewhat invaginated and wrinkled, but they

rapidly disappear into solution.

With pyrogallic acid reaction begins at once in many grains, is general in 15 to 30 seconds, and

is over in 2 minutes. It consists in the early swelling of the hilum, the melting down of the greater

part of the grain into a gelatinous mass, and great general swelling. The gelatinized grains are large,

thin-walled, somewhat wrinkled, and distorted, but retain much of the original form of the grain.

With /erne chloride in some grains reaction begins in 30 seconds and is general in 1}4 minutes.

The majority are gelatinized in 4 miimtes and all in 7 minutes. The reaction begins at the ends of

the grains with great swelling and irregular protrusions and spreads inward. The inner portion

becomes split by fissures, usually in the position of the fissures originally dividing the hilum, and

the pieces separate and gelatinize independently v.athin the capsule. Large, irregular, gelatinized

grains are formed, which are lobulated, folded, and creased, and retain liut little of the original form.

The reaction with Purdy's soluUon appears to be practically instantaneous. In character it is

like that of pyrogallic acid.

NOTES ON THE STARCHES OF HELLEBORACE.E. (Charts 378 to 380.)

The starches of Actcea and Ciniicifuga agree in histological peculiarities, but the starch of

Eranthis is of a different type and accordingly readily differentiated. Corresponding relationships

are seen in the reactions, the most marked differences being noted in Eranthis, as compared with

Acta:a and Cimicifuga, in the high degree of polarization; the low reactivity with iodine; the high

reactivity with anilines; the low temperature of gelatinization ;
the greater resistance to chloral

hydrate-iodine, chromic acid, pyrogallic acid, and ferric chloride; and the lower resistance to Purdy',?

solution. The chief tliffcrences between Actcea and Cimicifuga are recorded in the iodine, aniline,

temperature, and Purily solution reactions. The Actcea starches present no specially marked

differences in either their histological features or reactions except in size and color reactions.

Chart No. 378.
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STARCHES OF RANUNCULACE^E.

Class, Dicotyledones. Order, Rauales. Family, Ranunculacea'.

represented: Raiumeulus and Adonis.

Genera

The Rnniniodacav include 4 genera and over 200 si)ecies whieli are widely distributed and abun-
dant throughout the workl in tempei*ate and cold regions, and a few in mountainous parts of the

tropics. The family is typified by Ranunculus.

GENUS RANUNCULUS.
Ra7iuncidus includes at least 200 species, nearly half of which are found native or naturalized

in North America, 15 species are found in Great Britain, and the others are widely distributed in

Europe, Asia, and Africa. Starches from two species were studied: R. bulbosiis Linn. (R. speciosus

Hort.), a native of Eastern Europe and Africa, and naturalized in America and poi)ularly known as

the buttercup or crowfoot, and Iiy other similar names; and R. ficaria lAnn., knowi in England as

the lesser celandine or pilewort or figwort, or Wordsworth flower, and which is native of Europe
and Asia. Many species have when fresh a very acrid juice, but the acridity disappears upon dry-

ing or boiling, and after such preparation they are used as a food by man and cattle.

STAKCH OF RANUNCULUS BULBOSUS. (Plate 97, figs. 677 and 578. Chart 38L)

Histological Characteristics. In form the grains are usually simple. There are a few compound
grains, many aggregates, and some clumps. Some grains have pressure facets. The outlines of

most grains are somewhat irregular, the conspicuous forms being the ovoid, oval, pyriforni, elliptical,

round, dome-shaped to hemispherical; also various indeterminate forms. The faceted grains do not

show the sharpness of angle of the facets so commonly seen in the faceted grains of starches of

other genera. Almost all show rounded irregularities, so that en masse they often resemble a cluster

of peh)bles. Most of them show a depression extending transversely across the grain, and some of

the elliptical grains with a flattened base have a small hole or depression in the center of this part.

Some grains ajipear to be disks and some concave disks.

The hilum is a comparatively large, quite distinct,

round, non-refractive spot, situated eccentrically com-

monly about one-fifth of the longitudinal axis of the

grain, even in the round grains. It is rarely fissured,

and the fissure is narrow, short, and inconspicuous. The
hilum is sometimes elliptical or lenticular. There were

no double or multiple hila in the specimen examined.

No lamellce are visible.

The grains vary in size from 2 to IS^u. The common
size is 5/i.

Polariscnpic Properties. In figure the grains are so

small and usually so slightly jiolariscojjic that an inter-

ference figure can not always be made out
;
when seen it

is clear-cut and distinct. It is slightly to markedly ec-

centric. The lines are of the same size and distinct-

ness throughout their length, and are bent or otherwise

distorted.

The degree of polarization is low.

With selenite the quadrants in most grains are not

well defined, are usually quite regidar in shape, but unequal in size. The colors are not pure.

Iodine Reactions.~\N\ih 0.25 per cent Lugol's solution the grains are colored a blue-violet

immediately and deeply; with 0.125 per cent .solution the grains color well and the color deepens

quickly. The reaction is not (luite so deep as that of A', ficarin. After heating in water until all

the grains are completely gelatinized, the solution is colored fairly well and the grain-residues deeply

to lightly with iodine. With an excess of iodine the capsules color a blue-violet.

p I Gv r p

Chart No. 381.
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Staining Readions. With gentian violet the reaction begins immediately, but after 30 minutes

the color is not much deeper than at first. The grains are stained less than those of R. ficaria.

With safranin the reaction begins very lightly in 30 seconds, but after 30 minutes the grains

are only slightly stained. They are not so deeply stained as those of R. ficaria.

Temperature Reaction. The temperature of gelatinization is 55 to 57 C, mean 56.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in 30 seconds and is

over in 9 minutes. Both hilum and lamellae are obscured. Some grains darken all over and then

swell; most of them show a beginning of reaction at the distal end, where a dark spot appears,

followed by much swelling, with protrusion, which process spreads over the grain. Sometimes there

is first bipolar swelling, or swelling from irregular points on the margin. The gelatinized grains so

formed are fairly large and regular in outline. They show a dark marginal ring and often a dark

mass at the distal end and a lighter inner area.

The reaction with chromic acid begins as soon as the reagent touches the grains, which vanish

immediately.
Reaction with pyrogallic acid begins immediately and is over in a minute. The hilum swells

and the rest of the grain becomes divided by five or six deep radial cracks. As the whole grain

continues to swell these cracks open widely and the several parts of the grain become thinner and

clearer until finally a large gelatinized grain is formed, which is rather smooth at the proximal end
and folded and sacculated at the other.

The reaction with ferric chloride begins immediately and is over in 30 seconds. The reaction

begins by the gelatinization of the distal end, then of the proximal end, and finally of the inner

central portion, which becomes divided by many fissures into small parts which fly apart and gelat-

inize independently. The gelatinized grains are large and very much crumpled and distorted.

The reaction with Purdy's solution begins immediately and is over in 30 seconds. The distal

end swells, then the proximal end, and finally the central part. The gelatinized grains are large,

much distorted and sacculated at the distal end, and round and fairly smooth at the proximal end.

The surface of the

Chan No. 382.
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STARCH OF RANUNCULUS FICARIA. (Plate 97, figs. 579 and 580. Chart 382.)

Histological Characteristics. Inform the grains are usually simple. There are some compound
grains, no aggregates, a few clumps, and some grains with no pressure facets

grains is quite smooth, but usually more or less irregu-

lar. The conspicuous forms are ovoid, round or nearly

round, oval, elliptical, pyriform, and triangular grains
with rounded angles. The grains are not flattened. In

a few grains there is the appearance of a hole or depres-
sion in the distal end, such as is seen in R. bulbosus.

The hilum is fairly distinct. It is usually a small,

round, non-refractive spot, very eccentrically placed,

commonly about one-fifth of the longitudinal axis of the

grain, but always in the median line, and often showing
two radiating, non-refractive lines extending from it

towards the distal end. The hilum is often marked by a

slight fissure which extends transversely. It is frequently

double, and the two hila may be very close or far apart,
and may or may not be separated by a fissure. Usually
each hilum is inunediately surrounded by its own lamellae,

which later fuse with those of the other hilum.

The lamellce are usually not very distinct, but when
they can be made out they appear as comparatively

coarse, regular rings or segments of rings, one or two
of which are especially prominent. Those nearer the margin are more distinct than those near

the hilum, but they were not sufficiently defined to be accurately counted.

The grains vary in size from 5 to 30//; the conunon size is 18/.(.

Polariscopic Properties. The figure is eccentric and distinct. Its lines are sometimes clear-

cut and at other times more or less greatly diffused. If there are two hila the figures are somewhat

confused, but not bent or otherwise distorted.

s
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The degree of polarization is fairly high. It varies in different grains, in different aspects of

the same grain, and in different parts of tlie same aspect of a given grain.

With selenitc the quadrants in most cases are not sharply defined, unequal in size, and irregular
in shape. The colors are not pure.

Iodine Reactions. With 0.25 per cent Lugol's solution the grains color very deeply a blue-

violet, especially about the edge; with 0.125 per cent solution they are fairly deeply colored and more

deeply than the grains of R. bulbosus. After heating in water until all the grains are completely
gelatinized, the solution is slightly colored and the grains very deeply on the addition of iodine.

The grains are much swollen and distorted. After boiling for 2 minutes the solution is colored

more deeply, but the grain-residues much less. With excess of iodine the capsules take on a violet

coloration; all of them contain some blue-reacting starch.

Staining Reactions. With gentian violet the reaction begins immediately and after 30 minutes
the grains are fairly deeply colored. The color is deeper than with R. bulbosus.

With safranin the reaction begins immediately and the grains color quite deeply. After 30
minutes the stain has deepened somewhat. The grains are evenly stained, and the color is deeper
than in the grains of R. bulbosus.

Temperature Reaction. The temperature of gelatinization is 63 to 65 C, mean 64.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in some grains in 30
seconds and the reaction is practically over in 30 minutes. Both hilum and lamellae are obscured.

A clear, dark area is formed about the margin which spreads inward. This area continues to darken,

especially at the distal end of the grain, and sometimes at both ends. There is usually much swell-

ing at two points at the distal end. Following this, the hilum and one or two nearby points swell in

the form of little knob-like projections. This process extends around the margin and in the larger

grains it is apt to proceed along one side more rapidly than the other. Thus, the imaffected central

part of the grain becomes surrounded by an irregular, saccular gelatinous ring. The process finally

extends all over the grain. The gelatinized grains are large and distorted. The margin is dark and

very irregular, and within this is a lighter space somewhat irregularly crossed by dark lines and

surrounding a dark mass at the center that is divided by light fissures.

The reaction with chromic add begins immediately and is over in about 20 seconds. It is so

rapid that it is difiicult to distinguish the individual steps. The process seems to consist of rapid

swelling, first of the hilum, which swells out at the end of the grain, and then of the whole grain,

the inner part swiftly passing into a gelatinous mass. The distal end of the grain is dissolved at one

point and the capsule opens, and the granular mass within flows out and dissolves, followed by solu-

tion of the capsule.

Reaction with pyrogallic add begins in 20 seconds and is over in 3 minutes. The hilum swells

greatly, expanding the proximal end of the grain. The other parts become divided by five or six

deep radial fissures which extend almost to the margin. These open more and more widely, and
more such fissures appear as the hilum, or rather the whole grain, swells, so that finally the swollen

grain has the appearance of a number of small pyramids at the base and a large, clear space above

bordered by a thick, homogeneous band. The pyramids soon become clear and finally gelatinize,

followed by gelatinization of the marginal band, forming a large gelatinized grain which is smooth
at the proximal end and folded and sacculated at the other.

With ferric chloride the reaction begins in 20 seconds and is over in 3 minutes. The hilum and
lamellae are not very distinct. The lower part of the margin first reacts with great swelling and

irregular protrusion. Then the hilum swells out in the form of a small knob. These two parts

become connected by the spreading reaction on both sides, so that there is formed an irregular,

gelatinous ring which incloses the unaffected central part of the grain. This central portion becomes

divided by fissures into small pieces which gelatinize separately. The process, however, does not take

place so rapidly as in the grains of R. bulbosus. The gelatinized grains are very large, much

crvunpled, and distorted. The distal end has folds arranged according to lines of the lamellae and the

proximal end is swollen and wrinkled.

The reaction with Purdy's solution begins immediately and is over in about 25 seconds; the

steps could not satisfactorily be distinguished. It appears that the hilimi swells greatly and that

the other parts of the grain are soon gelatinized, forming a large mass, which is smooth and saccular

at the proximal end, but folded in lamellar form at the other.
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Differentiation of Certain Starches of (he Genus Ranunculus.

Histological Chabactebistics.

Conspicuous Forms.

R. bulbosus: Usually simple, a few compound grains and

many aggregates, some pressure facets, surface

somewhat irregular. Ovoid, oval, pjTiform, ellip-

tical, round, dome-shaped to hemispherical.
R. ficaria: Usually simple, some compound grains, no ag-

gregates, no pressure facets, surface more or less

irregular. Ovoid, round or nearly round, oval,

elliptical, [jyriform, triangular with rounded angles.

Hilum Form, Number, and Position.

R. bulbosus: Form quite distinct, comparatively large,

round or elliptical or lenticular, rarely fissured, fis-

sures narrow and short. Position eccentric com-

monly about 0.2 of the longitudinal axis.

R. ficaria: Form fairly distinct, usually small, round, often

double, often fissured, fissure slight and single. Po-
sition eccentric commonly about 0.2 of the longitu-
dinal axis.

Lamellm General Characteristics and Number.

R. bulbosus: Not visible.

R. ficaria: Not very distinct, comparatively coarse,

regular rings or segments of rings. Number not
determined.

Size.

R. bulbosus: From 2 to 15m, commonly 5ti.

R. ficaria: From 5 to 30/i, commonly IS^i.

Poi^ARiscopie Properties.

Figure.

R. bulbosus: Eccentric, not always visible, but when seen

the lines are usually clear-cut and of same size

throughout and straight.
R. ficaria: Eccentric, distinct, lines clear-cut to diffused.

Degree of Polarization.

R. bulbosus: Low.
R. ficaria: Fairly high.

Polarization with Sclenite Quadrants arid Colors.

R. bulbosus: Quadrants in most cases not well defined,

usually quite regular, but unequal in size. Colors
not pure.

PoLARiscopic Ppoperties. Continued.

Polarizationuyilh Sclenite Quadrants aiid Colors. Cont'd.

R. ficaria: Quadrants in most cases not well defined, irreg-
ular in shape, and unequal in size. Colors not pure.

Iodine Rbaction.s.

Intensity and Color.

R. bidbosus: Deep; blue-violet.

R. ficaria: Deep, deeper than in R. bulbosus; blue-violet.

Staining Reactions.

With Gentian Violet.

R. bulbosus: Light.
R. ficaria: Fairly deep, deeper than in R. bulbosus.

With Safranin.

R. bulbosus: Light.
R. ficaria: Fairly deep, deeper than in R. bulbosus.

Temperature of Gelatinization.

R. bidbosus: 55 to 57 C, mean 56.
R. ficaria: 63 to 65 C, mean 64.

Effects of Various Reagents.

Reaction with Chloral Hydrate-Iodine.

R. bidbosus: Begins in 30 seconds; complete in 9 min-
utes.

R. ficaria: Begins in 30 to 60 seconds; complete in 30 min-
utes.

Readion with Chromic Acid.

R. bulbosus: Begins at once; complete in a very few sec-

onds.
R. ficaria: Begins at once; complete in 20 seconds.

Reaction with Pyrogallic Acid.

R. bulbosus: Begins at once; complete in 1 minute.

R. ficaria: Begins at once; complete in 3 minutes.

Reaction with Ferric Chloride.

R. bulbosus: Begins at once; complete in 30 seconds.

R. ficaria: Begins in 20 seconds; complete in 3 minutes.

Reaction with Purdy's Solution.

R. bulbosus: Begins at once; complete in 30 seconds.

R. ficaria: Begins at once; complete in 25 seconds.

NOTES ON THE STARCHES OF RANUNCULUS.

These starches, while belonging to the same type, differ distinctly in the degree of regularity

of outline, in the characters of the hilum and fissuration, in the lamella;, and in the common size.

The differences in the reactions are marked, except in the case of iodine, chromic acid, and Piu-dy's

solution. 7?. bulbosus exhibits the lower degree of polarization and lower reactions with the anilines;

a markedly lower temperature of gelatinization; and a higher sensitivity to chloral hydrate-iodine,

chromic acid, pyrogallic acid, and ferric chloride.

GENUS ADONIS.

This genus contains only sbc species, all natives of temperate regions of Europe and Asia. The

starch of A. amurensis Kegel and Radde, a native of Japan, was studied as a type of the genus.

STARCH OF ADONIS AMURENSIS. (Plate 96, figs. 575 and 576. Chart 383.)

Histological Characteristics. Inform the grains are simple, no compounds observed; there are

many aggregates, and very many grains have one or more pressure facets, which, however, do not

show the sharpness of line and angle commonly found in faceted grains of other genera. The sur-

face of the grains is usually irregular, owing chiefly to the jiressure facets. The conspicuous forms

are ovoid, round or nearly round, oval, dome-shaped to hemispherical, wedge-shaped, triangular with

rounded corners, polygonal with rounded angles, and various indefinite forms.
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Chan No. 383.

Tlio hUuvi is a noii-rofractivo spot, ccoontric in all tlie Riaiiis in which it could be distinguished.
It may l)o round, Icntirular, or triangular with rounded angles, with sometimes a depression passing
diagonallj' from the hilum.

No lamclke are visible.

The grains vary in size from 0.75 to Un. The common sizes are 9 by 7n and 6 by 6m in length
and breadth.

Polariscopic Properties. The figure is eccentric. Its lines are thick and sometimes straight,
but often bent. It is small and very difficult to determine in most grains.

The degree of polarization is low to fair, varying in different grains and often in the same aspect
of a grain. In the majority of grains polarization is low.

With selcnUe the quadrants are well defined in some grains, usually irregular in shape, and
unequal in size. The colors arc pure and bright in a few grains, usually apparently pure but dull.

Iodine Reactions. With 0.25 per cent Lugol's solu-

tion the grains all color a deep blue-violet; with 0.125 per
cent solution they color fairly deeply, which color deepens
rapidly. After heating in water until all of the grains
are completely gelatinized the solution colors fairly and
the gelatinized grains very deeply, on the addition of

iodine. After boiling for 2 minutes, the solution colors

very deeply and the grain-residues lightly or not at all.

The capsules all color a violet on the addition of an
excess of iodine.

Staining Reactions. With gentian violet and with

safranin the grains begin to stain at once very lightly
and in 30 minutes they arc very lightly stained.

Temperature Reaction. The temperature of gelatini-

zation is 54 to 55 C, mean 54.5.

Effects of Various Reagents. With chloral hydrate-
iodine reaction begins at once and is over in 45 seconds.

It begins at the distal end, which becomes dark and then

swells, and from here the process extends about the mar-

gin of the grain, and then inward, and the whole grain
swells. The gelatinized grains consist of a large, light space in the interior surrounded by a com-

paratively thin, dark, margmal portion. They are fairly large and retam much of the original form.

The reaction with chromic acid begins at once and is over in 6 seconds. It is impossible to

determine the separate steps of this reaction.

The reaction with pyrogallic acid begins at once and is over in 12 seconds. It is impossible to

make out the separate steps of this reaction. The gelatinized grains are large, thin-walled, and re-

tain some of their original form. The capsule is thin, and somewhat wrinkled and folded.

The reaction with ferric chloride begins in a few seconds and is over in a minute. It begins at

the distal end and at the comers or more prominent parts of the margin. The starch at these points

becomes gelatinous and the reaction spreads upward and inward over the rest of the grain, until

only the proximal end is not gelatinized. This part is sometimes divided into several pieces, which

gelatinize separately. The gelatinized grains are large and much distorted. The capsule is sac-

culated, folded, and wrinkled.

With Purdy's solution the reaction begins at once and is over in 10 seconds. It is impossible

to determine the different steps of this reaction. The gelatinized grains are large and often much
distorted. The capsule is folded, wrinkled, and sometimes sacculated.
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STARCHES OF CRUCIFERACE^.
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Class, Dicotyledones. Order, Papaverales. Family, Cruciferacese.

Genus represented, Cochlearia.

The Cmciferacece is a large family including about 175 genera and 1,500 species.

GENUS COCHLEARIA.

This genus is recognized by Warming, LeMaout and Decaisne, Joseph Hooker, and certain

other botanists as Cochlearia; by Gray as Radicula; by Britton as Roripa; and by Robert Brown as

Nasturtium. Cochlearia includes about 25 species, native of Central Europe, the mountainous

parts of the Eastern Mediterranean region, and the Arctic region. The best-known species in the

country is C. armoracia Limi. {Nasturtium ai-nioracia Fries), the common horse-radish; its fleshy

roots are used as a condiment and contain much starch. C. officinalis Linn, is the scurvy grass, a

common perennial, chiefly European, that is eaten as a food and used as medicine.

STARCH OF COCHLEARIA ARMORACIA. (Plate 97, figs. 581 and 582. Chart 384.)

Histological Characteristics. In form the grains usually are simple. There are many compound

grains, some aggregates, and groups in which the dividing lines between the grains are so wide that

they seem to be pseudo-aggregates rather than true aggre-

gates. There are a few surface indentations and also a Chart No. 384.

slight flattening of parts of some grains which might be

regarded as pressure facets, but there are no well-defined

facets. The conspicuous form is long, slender, regular

elliptical or lenticular with blunt or pointed ends. Forms

approachmg the ovoid, a few roimd, and some irregularly

polygonal and hemispherical are also to be seen. The

two latter are formed from the others by the flattening

of the surface described above.

The hilum is large, but never very distinct. In the

smaller romided grains it appears as a round spot situated

centrally or slightly eccentrically, and in or near the me-

dian line. It may be marked by a fissure or line beneath

the surface of the gram, but which never communicates

with the exterior, and there is sometimes a depression of

the surface just above it. In the long forms the hilum

takes the form of a long line extending almost from one

end of the gram to the other and conforming more or less

to the shape of the grain. It is even and clear-cut and

has no subdivisions or ramifications; but sometimes in the long grains the hilum is situated at one

end and an irregular fissure extends from it almost the length of the grain. There are no double

or multiple hila.

The lamellw are indistinct. When they could be distinguished, which was seldom, they appeared

to be coarse and regular, and numbered about 4 to 5 on the larger grains.

The grains vary in size from 2 to \2n; the common size is \%ii.

PoJariscopic Properties. The figure is usually centric, or slightly eccentric; it appears regular

and distinct, and is often clear-cut. Its lines may occasionally be bent and otherwise distorted,

and the bean type, consisting of one longitudinal line bisected at both ends, is not uncommon.

The degree of polarization is fair to high. It varies in different grains and somewhat according

to the aspect of the grain.

With selenite the quadrants are usually well defined, fairly regular in shape, and unequal in

size. The colors are not pure.
Iodine Reactions. With 0.25 per cent Lugol's solution the grains are colored an intense indigo ;

with 0.125 per cent solution they color deeply. After heating in water until all the grains are com-

Curve of Reaction-Intensities of Starch
armoracia.

)f G
MINUTES

hlearia
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pletely gelatinized, the solution is well colored and the grains very deeplj' and uniformly upon the

addition of iodine. The grains are much swollen and distorted. After boiling for 2 minutes the

solution is colored very deeply, but the grain-residues lightly. When a slight excess of iodine is

added all of the capsules take a deep violet color and many of them contain blue-reacting starch.

Staining Reactions. With gentian niolel and with safranin the grains begin to stain at once and

after 30 minutes are fairly but not deeply stained.

Temperature Reaction. The temperature of gelatinization is 62 to 63 C, mean 62.5.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins immediately and is

over in 2 minutes. The hilum becomes distinct and the distal end darkens first, except in the elon-

gated grains with the hilum extending almost the whole length; in these the two ends darken, with-

out much swelling. This process spreads inward evenly over the whole grain. When the grain is

fully swollen there is commonly some irregular lobulation along the margin. The gelatinized grains

have a dark band around the margin and a lighter inner space. They retain much of the original

shape of the grain.

Reaction with chromic acid begins immediately and is over in a minute. The hilum becomes

verj- prominent and swells. The starch at the margin of the grain forms a thick homogeneous band

which, as the grain continues to swell, becomes progressively thinner until one side or one end be-

comes invaginated. The margin at one end of the grain dissolves, followed by rapid solution of

other parts of the capsule and of the entire contents.

Reaction with pyrogallic acid begins in 15 seconds and is over in 1]^ minutes. The hilum is

very prominent. The grain often begins to gelatinize at one end and, if the hilum is elongated, it

swells near the point at which reaction has begun. This is followed by progressive swelling, ap-

parentlj' in .segments, of the rest of the grain, with the formation of a clear inner space and a homo-

geneous marginal band. The direction of swelling is mainly longitudinal, very slightly transversely.

The grains are very much elongated and thin-walled, with small dents on the margin to mark the

different segments. In some grains the reaction may begin at both poles, and in such cases the

central part often does not show much swelling. In the round or nearly round grains the process

begins at the part most distant from the hilum, and from here it extends over the grain. When
the reaction is completed the grains are much lobulated and distorted.

With ferric chloride the reaction begins in 15 seconds and is over in 2 minutes. The hilum is

prominent. The long grains show gelatinization, sometimes at one end, but often at both. The

starch at these points swells out to a marked degree. The middle portion of the hilum swells out

rapidly and divides the remaining portion of the grain into two parts, which gelatinize separately.

In the round and ovoid grains the process begins at the distal end, then at the other end, and finally

at the portion around the hilum, which often seems to have been separated from the rest by a cir-

cular fissure and to have gelatinized separately. As the grains swell and become large, they usually

invaginate at the distal end and sometimes have a segmented appearance. They are very large,

lobulated, and crumpled.
The reaction with Purdy's solution begins in 10 seconds and is over in 5 minutes. The hilum

becomes very prominent and then swells. The swelling of the grain takes place to a greater extent

in the longitudinal than in the transverse axis. As the grain swells and the marginal band becomes

thinner and clear, invagination takes place usually at one end. The swollen grains are large, much

elongated, somewhat segmented, crumpled, and uneven.
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STARCHES OF EUPHORBIACE^.

Class, Dicotyledones. Order, Geraniales. Family, Euphorbiacese. Genera

represented: Jatropha and Manihot.

The Euphorbiacca include herbs, shrubs, and trees widely distributed in both temperate and

tropical regions, especially in South America, comprising 200 genera and over 3,000 species. Some

are poisonous, while others are edible; some are rich in starch; others yield castor oil, or croton

oil, or caoutchouc, etc., and some are cultivated as foliage plants, etc.

GENUS JATROPHA.

Jatropha is a genus of herbs and shrubs widely distributed in the warmer parts of both hemi-

spheres, especially in South America. It embraces about 68 species, some of especial importance

because of their richness in starch or oil. Starch was prepared from the roots of J. curcas Linn.,

the French physic or purging nut, which is grown for ornamental purposes, and also on a large scale

in the Cape Verde Islands especially for the seeds or nuts, which yield a purgative oil. Other species

of Jatropha bear seeds that have a similar oil.

STARCH OF JATROPHA CURCAS. (Plate 98, figs. 583 and 584. Chart 385.)

Histological Characteristics. In form the grains are simple, isolated or in aggregates of two,

three, and four components. Nearly all the isolated grains have pressure facets. The grains are

rather irregular in outline, owing to the projections of the facets and to nipple-like or spicular

processes. On account of the latter, the forms are not so

regular as the faceted grains of other genera generally.

The conspicuous forms are dome-shaped to hemispheri-

cal, round to nearly round, ovoid, and oval. Various

polygonal and indefinite forms arise, chiefly through pe-

culiarities of the pressm-e facets or nipple-like and spicu-

lar jjrojections. In some aggregates the lines of demarca-

tion between the component grains can not be made out.

Seen from the side, they ajipear the same shape as from

above, while from the end they are seen to be spherical,

oval, or ovoid.

The hilinn is a comparatively large refractive spot.

It may be round or elongated. If elongated, the form is

probably due in some grains to a slight fissure; but in

others it appears to be the actual shape of the hilum.

It is fairly distinct and occasionally marked by a shght
transverse or diagonal fissure, which may be divided.

It is centric or eccentric from slightly to about two-

fifths of the longitudinal axis and slightly to one side

of the median line. There are rarely double hila.

The lameUce are distinct, rather coarse, refractive and non-refractive rings. When an elongated

hilum is present they are elliptical rather than circular; in other grains they are circular. Those

nearest the hilum and in the central parts of the grain are coarser than those nearer the margin.

They vary also in size and distinctness in different grains. In number they vary from 6 to 15.

There are about 10 on a medium-sized grain.

The grains vary in size from 4 to 32^, commonly 16/*.

Polariscopic Properties. The figure is centric or eccentric and very distinct. The four lines

of the cross are usually of about the same size and distinctness throughout their length, though
some may be broader at the margin or elsewhere. If the hilum is elliptical in form, the figure is a

single dark line divided at each end, instead of a well-marked cross.

P 1 GV T P
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The degree of polarization is very high. It is higlier when the grain is seen on end and varies

in the same aspect of a grain; it is low over some of the facets.

With selenite the quadrants are well defined, irregular in shape, and unequal in size. The colors

are pure.
Iodine Reactions. With 0.25 per cent Lugol's solution the grains color deeply a blue-violet;

with 0.125 per cent solution they tint readily. After heating in water until all the grains are com-

pletely gelatinized, the solution colors lightly and the grains deeply with iodine. The grains are

foldetl, crumpled, and much distorted. After boiling for 2 minutes the solution is deeply colored,

but the grain-residues much less. With excess of iodine the capsules become a dark violet.

Staining Reactions. With gentian violet the grains tint slightly in 1,!^ minutes and after 15

minutes show a fairly deep color; all appear to stain with equal readiness.

With safranin the grains tint slightly in a minute and at the end of 15 minutes show a fairly

deep color.

Temperature Reaction. The temperature of gelatinization is 59 to G0 C, mean 59.5.

Effects of Vai^ious Reagents. -With chloral hydrate-iodine reaction begins in 30 seconds. Almost

all the grains are fully swollen in 10 minutes, but a few remain only partly swollen after an hour.

The hilum and lamellse are rendered distinct. The hilum appears as a dark spot or bubble. Gelat-

inization begins at the lines bordering the facets, with considerable protrusion, causing a fringe-

like projection around each facet. Occasionally the proximal end also begins to gelatinize. If

the grain has a long, transverse diameter, the ends corresponding to this diameter may darken and

occasionally gelatinization will extend all around the margin; but usually the process extends

from the distal end and finally includes the whole grain. The gelatinized grains are large, but

not much distorted, and they show either an inner clear space surrounded by a dark marginal band

or an inner dark mass surrounded by a lighter area, which latter is in turn surrounded by a dark

marginal band.

Reaction with chromic acid begins in 20 seconds and is over in 45 seconds. The hilum swells

very rapidly, forcing the substance of the grain out to the margin, which becomes more distinct.

The margin is thick and shows finely striated, alternate refractive and non-refractive bands. The

grain swells greatly and becomes lighter and more transparent, and finally one point in the marginal

band or capsule is dissolved and the contents are extruded, the remainder of the marginal band

finally disappearing in solution.

The reaction with pyrogallic acid begins in 30 seconds and is over in 2 minutes. The hilum

becomes very distinct and is often marked by a dark bubble. It swells rapidly, as does the rest of

the grain, especially the corners and lines of anion of the facets, while the facet surfaces appear to

become hollow. The substance of the grains is pushed out to form a wide, finely striated ring,

which occasionally shows refractive and non-refractive bands. This ring becomes thinner and more

transparent as the grain is gelatinized. The gelatinized grains are large, ovoid, or rounded, and

somewhat distorted and folded at the faceted ends.

The reaction with ferric chloride begins in a minute. It is over in four-fifths in 5 minutes and

in all in 16 minutes. The hilum is fairly distinct, but the lamella? are indistinct. Gelatinization with

some irregular protrusion first occurs at the edges of the facets. It occurs occasionally at both

ends and may extend over the greater part of the grain before the hilum assumes a bubble-like ap-

pearance, and then suddenly swells to a great size, the bubble in the meantime disappearing. The

portion of the grain still ungelatinized is pushed out to the margin, which appears as a wide, finely

striated line partly surrounding a clear space. The gelatinized grains are large ovoid with a clear

space representing the swollen hilum, which is elongated and narrow, and with a lobulated and

crumpled appearance at the end where gelatinization began.

Reaction with Purdy's solution begins in 20 seconds and is practically over in 3 minutes,

although a few grains are not completely swollen until 15 minutes have passed. The hilum swells

enormously, pushing the substance of the grain out to form a narrow but very distinct marginal

ring with clearly defined, striated, alternately refractive and non-refractive bands. There is a row

of coarse granules just inside this ring. The grain continues to swell sliglitly and the band becomes

clearer and thinner. There is formed a large, ovoid gelatinized mass, slightly folded and crumpled

at the faceted end, at which there may be a granular mass which disappears in time. The gelatinized

grains are fairly regular in outline and not much distorted.
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GENUS MANIHOT.

This genus includes about 80 species of American perennial herbs and shrubs which are dis-

tributed chiefly in Brazil and Mexico Manihot, Manioc, and Manioca, as the plants are variously
called, and the cassava plant. M. utilissima Pohl, or the bitter cassava, is cultivated extensively,

especially in Brazil, where starch is obtained from the tuberous roots, which sometimes weigh from
15 to 20 kilograms, and is prepared by drying on heated plates. This starch is sold as tapioca, also

known as Brazilian arrowroot. (See Marantacece, page 813.) During this heating many grains are

partially or completely gelatinized.

STARCH OF MANIHOT UTILISSIMA (COMMERCIAL TAPIOCA). (Plate 98, figs. 585 and 586. Chart 386.)

Owmg to the injury to most of the grains by heating during the preparation of the starch,
the grains are not normal in form or in their behavior with reagents.

Histological Charadenstics. In form the normal grains, which may be separated from the

partially gelatinized masses, are simple and rarely found m aggregates of two or three components.
They are fairly regular in outlme and with no prominences or spicules. All of the isolated grains
show pressure-facets, usually one or two or rarely three or four. The conspicuous forms are the dome-
shaped to hemispherical; also spherical, ovoid forms with one or two facets, and polygonal forms
with three or more facets. There are gelatinized and partly gelatinized grains, which may be readily

distinguished from the non-gelatinized by their clearness, great size, and irregularity of shape,
especially at the faceted ends, where there is especial

prominence of the corners.

The hilum varies greatly in size. In the fully gelatin-
ized grams it is not visible. In those partly gelatinized it

varies in size according to the degree of gelatinization.
In those apparently unaffected it is comparatively large
and distinct, centrally placed, and slightly fissured, often

in a stellate fashion. Often the imgelatinized grains show
a concavity at the facets which appears to extend as far

as the liilum.

The lamellw are indistinct, round, rather coarse, reg-

ular, concentric rings, one or two of which may be larger
than the others without much regard to position. There
are about 8 to 10 lameOse on a medium-sized gram.

The migelatinized grains vary m size from 5 to 20/i.

The common size is about ISju.

Polanscopic Properties. In the ungelatmized grains
the figure appears centric or slightly eccentric and dis-

tinct. The lines are of very much the same size and ^""' '

'*""'""'"utri!rma.'
^"""^ ' Manihot

distinctness throughout their length.

The degree of polarization is fairly high, varymg according to the aspect of the grain viewed.
If the hilum is partially gelatinized the grain is not polariscopic in the center, and the completely
gelatinized grains have entirely lost their polarization.

With selenite the unaffected grains vary in the definition of the quadrants, which sometimes are

very well defined and at other times not well. They may or may not be regular in size or shape. In
the unaffected grains the colors are fairly pure.

Iodine Reactions. The gelatinized and partially gelatinized grains were colored an indigo in

varying degrees. The apparently unaffected grains showed very little blue-violet coloration even
with a 0.5 per cent solution. After heating in water until all the grains were completely gelatinized,
the solution was colored deeply and the grains faintly with iodine; some of the grains were reduced
to granular masses. After boiling for 2 minutes, the grain-residues do not color at all except on
adding excess of iodine, when the capsules becomes a pinkish-violet. Most are more or less reduced
to granular masses.

Staining Reactions. With gentian violet there is a slight reaction in 3 minutes, but after 25
minutes the normal grains are stained only faintly.
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With safranin the grains begin to stain immediately and at the end of 25 minutes tlie normal

grains are deeply stained. This reaction is much greater than with gentian violet.

Temperature Reaclion. The temperature of gelatinization is 61 to 63 C, mean 62.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in 2 minutes in the

ungelatinized grains and is over in 25 minutes. It is the same qualitatively as that of the grains of

the nearly related genus Jalropha aircas.

The reaction with chromic acid begins in 15 seconds and is over in 2 minutes. It is qualitatively
the same as that of the grains of Jatropha curcas.

Reaction with pyrogallic acid begins in 15 seconds and is over in 3 minutes. It is qualitatively
the same as that of the grains of J. curcas.

Reaction with /er?'ic chloride begins in some grains in 30 to 60 seconds and is over in 18 minutes.

It is qualitatively the same as that of the grains of J. curcas.

With Purdy's solution reaction begins in 13-^ minutes and consists in the rapid, complete gelat-
inization of those grains already partially gelatinous and in a slight enlargement of the hilum in

the uninjured grains. After this initial reaction there is no further change.

NOTES ON THE STARCHES OF EUPHORBIACEiE.

The starches of Jatropha and Manihot bear close histological resemblances, exhibiting only
minor differences in the characters of the hilum and lamelliE. In their reactions they show marked
differences in most instances. Jatropha has a lower degree of polarization, higher sensitivity to iodine

and gentian violet, lower sensitivity to safranin, lower temperature of gelatinization, and greater

sensitivity to all of the chemical reagents.
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STARCHES OF PRIMULACE/E.

Class, Dicotyledones. Order, Primules. Family, Primulacese. Genus

represented. Cyclamen.

The Priniulacea; comprise about 25 genera and 315 species of herbaceous plants, for the most
part natives of the Northern Hemisphere, chiefiy of temperate and alpine regions, including many
of the most highly prized species of garden plants.

GENUS CYCLAMEN.

Cyclamen is a genus of about a dozen species of low, tuberous herbs, natives of the Mediterranean

region and Western Asia. The fondness of swine for the tubers or corms led to the vulgar name sow-

bread, that was formerly applied to the genus. Starches from two species were prepared, C. repandum
Hort. and C. couni Mill., both from Southern Europe, the former probably a variety of the latter.

STARCH OF CYCLAMEN REPANDUM. (Plate 99, figs. 589 and 590. Chart 387.)

Histological CharaclerisHcs. In form the grains are usually simple. There are a few compound
grains consisting of two components, with a few aggregates. Not infrequently several very small

grains adhere to the distal end of one of the large grains. There is no tendency to form in clumps.
There are pressure facets on some of the isolated grains.

The surface of the grains is quite smooth, except when
rendered irregular by nipple-like processes or pressure
facets. The conspicuous forms are ovoid; oval, which

usually have the distal end pointed and a small hole or

depression at the end; and round or nearly round; also

pyriform, dome-shaped to hemispherical, angular with

rounded or sharp corners, elliptical, and some indefinite

forms. The grains are not flattened.

The hilum is a comparatively small, round non-
refractive spot, eccentric usually from one-fourth to one-

sixth of the longitudinal axis of the grain, and on or to

one side of the median line. Frequently there are 2, 3,

or more hila in one grain, separated from one another by
small fissures. They appear sometimes to be connected

by a line and may not be of the same size. In one grain
the hilum appeared to be an elliptical spot expanded at

each end. Fissuration is rare.

The latnelke are distinct, rather fine, and decidedlj'

irregular. There appear to be two sets in many grains,
one appears to partially or completely inclose the other; the internal system may be very large or

very small, and it may lie transversely or diagonally to or in the same direction as the long axis of

the inclosing system. If there are two hila, each has its set of lamella;, at first separate and then
fused. The lamellae nearest the hilum are the larger and more distinct. There are usually about 20
on the larger grains.

The grains vary in size from 5 to 48/j. The common size is 28/u.

Polariscopic Properties. The figure is eccentric and very distinct. Four lines are visible.

These are frequently much bent and otherwise distorted because of irregularities of the surface of

the grain and the presence of the two sets of lamella;. If there are more than one hilum, each shows
the begiiming of a figure of which two lines unite with the lines of the figure from another hilum
and do not extend farther, or they may fuse and be prolonged along the long axis of the grain.
Double and curiously modified figures are occasionally noted.

The degree of polarization is high. At some points it is almost absent owing to thinness of

the grain, at others very high, owing to thickness of the grain. It varies according to the aspect

s
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of the grain viewed, being iiigher when tlie grain is viewed from the end. In some grains it is absent,

except from small areas of the marginal part.

With selenite the quadrants are well defined, unequal in size, and irregular in shape. The colors

are very pure.
Iodine Reactions. With 0.25 per cent Lugol's solution the grains are colored immediately

and deeply a blue-violet, but slightly less than the grains of C. coum; with 0.125 per cent solution

the grains tint lightly and the colors deepen quickly. After heating the grains until all are completely
gelatinized, the solution is very slightly and the grains deeply colored on the addition of iodine.

The grains, while swollen, are not much distorted. After boiling for 2 minutes the solution is much
more deeply colored, but the grain-residues very little. With a slight excess of iodine the capsules
take on a violet color and but few of them retain some blue-reacting starch.

Staining Reactions. With gentian violet the grains stain immediately, but rather lightly. After

30 minutes they are fairlj- deei)ly and evenly stained. The color is slightly less than in the grains
of C. coum.

With safranin the reaction begins immediately, but the color is very light, and in 30 minutes
the grains are fairly well and evenly stained. The reaction is the same as in C. coum.

Temperature Reaction. The temperature of gelatiuizatioii is 55 to 56 C, mean 55.5.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in a minute and in 10

minutes all the grains are gelatinized. The hilum becomes prominent as a dark spot; the lamelliE are

obscured; the distal end darkens; and darkening gradually extends upward over the grain, especially
around the margin, not, however, with much swelling or with much extension into the interior. The
distal portion then swells and protrutles in the form of several saccular projections, and it becomes

quite differentiated from the remainder of the grain before there is much change in the latter. The
gelatinization which has somewhat extended proximally on both sides of the grain now advances over

the grain as a whole, the hilum swells, and swelling occurs at the same time smoothly and evenly
in other parts. In a few cases a thin-walled, blue-colored mass could be seen entirely surrounding
the partiallj' swollen inner part. The gelatinized grains are elongated and show a dark marginal

ring surrountling a lighter inner space, which is cut up irregularly by dark projections from the mar-

ginal ring that extends entirely or only partially across this space.
Reaction with chromic acid begins immediately and is over in a minute. The hilum becomes

prominent as a dark bulible, which later disappears. The lamellte are not at this time altered.

The hilum swells rapidly, and this process extends do\\Tiward over the grain, which is broken into

granules and then reduced to a finely granular, gelatinous aggregate as the grain continues swelling,

until a large, gelatinized mass is formed which folds in at one side. The margin of the grain is now
dissolved at the proximal end and opens out, allowing the gelatinized starch within to flow out and

be dissolved, solution of the rest of the marginal part following.

With pyrogallic acid reaction begins at once and is over in 2 minutes. The hilum becomes

very prominent as a dark bubljle, and the lamellse very distinct. The hilum begins to swell and the

bubble quickly expands, then shrinks, and finally disappears. As the hilum continues to swell

the margin at the proximal end invaginates, the invagination running along in a longitudinal line

almost the whole length of the grain. The more resistant marginal parts of the grain form a thick,

homogeneous-looking ring, which becomes thinner and clearer and finally remains only as a thin

wall of the gelatinized grain. The gelatinized grains are large, somewhat irregular and sacculated

at the distal end, and folded at the proximal end where the invagination took place.

W^ith ferric chloride the reaction begins in 30 seconds and is over in 3 minutes. The hilum ap-

pears very prominent as a dark bubble. The lamellae are oliscured. The margin and the greater

part of the central part of the grain become clearer and darker, leaving only a small, light, and opaque
area about the hilum. The marginal starch at the distal end first swells out and becomes gelatinous

and thin, and suddenly the process spreads over the entire grain until it reaches the light area about

the hilum. This area becomes divided by several fi.ssures into a number of small parts which rapidly

separate and become gelatinized independently of one another. As the grains enlarge a line of

invagination along the longitudinal axis occurs. The gelatinized grains are large, somewhat irreg-

ularly folded, and sacculated.

The reaction with Purdy's solution begins immediately and is ov(>r in a minute. The hilum

and lamellae become very distinct. The hilum swells and pushes out the end of the grain. The
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Chart No. 388.

outer and more resistant parts of the grain are transformed into a thick, homogeneous ring which

becomes gradually thinner and clearer as the grain continues to swell. Soon a line of in\'agination

advances from the proximal end longitudinally along the whole length of the grain. The marginal

ring finally disappears. The gelatinized grains are large and ovoid and usuallj' deeply wrinkled in

two or three places.

STARCH OF CYCLAMEN COUM. (Plate 99, figs. 591 and 592. Chart 388.)

Histological Characteristics. In form the grains are usually simple. There are a few compound
grains and occasional aggregates of small grains which consist of two, three, or four components.
There are no clumps and but few grains with pressiu-e facets. The surface of the grains is quite

smooth, nipple-like processes being very uncommon, and the grains are markedly more regular than

in C. repandum. The conspicuous forms are ovoid, oval frequently having the distal end pointed
or flattened and a hole or depression, and round or nearly round. There are also pyriform, dome-

shaped to hemispherical, angular with rounded corners, elliptical, and various indefinite forms.

The grains are more regular in outline, there are fewer nipple-like processes, and a greater tendency
to the ovoid and round types than in C. reparidum. The grains are not flattened in any diameter.

The hilum is not very distinct, and is a small, round, non-refractive spot, eccentric about

one-third to one-fourth of the longitudinal axis of the grain. There are rarely doul^le hila, but

never more than 2, and the hilum is never fissured. When there are 2 hila they are verj^ close to

one another, and never are separated by a fissure.

The lamellcE are usually distinct. Many grains ap-

pear to be surrounded by secondary deposits which do

not show a lamellar structure. The lamella? are fine and

generally regular and are more distinct near the hilum.

There appears to be a certain waviness and irregularity

in some of them which do not correspond with irregu-

larities of the margin, but are less marked than in C.

repandum, and there is no division of the lamelke into

two distinct sets or systems as in C. repandum. There

were about 20 lamellae on the larger grains.

The grains vary in size from 4 to 36/^. The com-

mon size is about 18;ii.

Polariscopic Properlics. The figure is eccentric and

very distinct. The four lines are more or less visil^le in

whole or in part and are well defined and become broader

at the margin of the grain. They are straight or slightly

ciuved, as a rule, in marked contrast with the commonly
markedly irregular lines of C. repandum.

The degree of polarization is high. It vai-ies in different grains, in different aspects of the same

grain, and sometimes in the same aspect of a given grain. It is not so high as in C. repandum.
With selenite the quadrants are well defined, irregular in shape, and unequal in size. The

colors are pure.
Iodine Reactions. With 0.25 per cent Lugol's solution the grains tint immediately and deeply

blue-violet; with 0.125 per cent solution they tint lightly at once and the color deepens rapidly.

The color is slightly deeper than that of the grains of C. repandum. After heating until all the grains

are completely gelatinized, the solution is colored very slightly and the grains very deeplj' with

iodine. The grains are swollen, but not much wrinkled or distorted. After boiling for 2 minutes,

the solution is colored much more, but the grain-residues much less. All the grains have a violet

capsule. The grains are not so much disintegrated as those of C. repandum.

Staining Reactions. With gentian violet the reaction begins lightly at once and after 30 minutes

the grains are fairly deeply and evenly stained, slightly deeper than the grains of C. repandum.
With safranin the reaction begins at once and after 30 minutes the grains are fairly and evenly

stained. The coloration is the same as C. repandum.

Temperature Reaction. The temperature of gelatinization is 56 to 57 C, mean 56.5.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in IJ^ minutes and

is complete in 15 minutes. It is the same qualitatively as that of the grains of C. repandum.
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Reaction with chromic acid begins immediately and is over in less than 30 seconds. It was so

rapid that the details could not he made out, but appeared to be the same as in C. repandum.
The reaction with pyrogallic acid begins immediately and is over in 2 minutes. It is qualita-

tively the same as that of C. repandum.
The reaction with/erriic chloride begins in 30 seconds and is over in 3 minutes. It is qualitatively

the same as that of the grains of C. repandum.
Reaction with Purdy's solution begins immediately and is over in less than 30 seconds. It is

so rapid that it is impossible to determine the exact changes, but apparently is the same as the

reaction with pjTogallic acid.

DiffererUiaiion of Certain Starches of the Genus Cyclamen.

Histological Characteristics.

Conspicuoxis Forms.

C. repandum: Usually simple, few compound grains and
aggregates, a few grains with pressure facets, not

flattened, surface sometimes iiTegular on account
of nipple-like processes and pressure facets. Ovoid,
oval with usually a sharp pointed distal end in

which there is a hole or depression, round or nearly
round.

C. coum: Essentially the same as in C. repandum, but
the grains are more regular in outline, fewer nipple-
hke processes, and greater tendency to ovoid and
round types.

HUum Form, Number, and Position.

C. repandum: Form distinct, comparatively small, round,
single, or multiple, may be elongated with en-

largement on one or both sides; fissuration rare.

Position eccentric usually from 0.25 to 0.16 of

longitudinal axis.

C. coum: Form not very distinct, small, round, usually

single and rarely double; fissuration rare. Position

eccentric usually from 0.33 to 0.25 of longitudinal
axis.

Lamella; General Characteristics and Number.

C. repandum: Distinct, rather fine, decidedly irregular;
often two sets, inner set diagonal, transverse, or

in the same axis as the outer. Usually about 20
on larger grains.

C. coum: Usually distinct, fine, little irregularity; only
one well-defined set of lamellae. Usually about 20
on larger grains.

Size.

C. repandum: From 6 to 48^, commonly 28/i.

C. coum: From 4 to 36;i, commonly IS^i.

PoLARiscopic Properties.

Figure.

C. repandum: Eccentric, very distinct, usually clear-cut,

lines much bent.

C. coum: Same as in C. repandum, but the lines are

straight or sUghtly curved.

Degree of Polarization.

C. repandum: High.
C. coum: High, not so high as in C repandum.

PoLARiscopic Properties. Continued.

Polarization with Selenite Quadrants and Colors.

C. repandum: Quadrants well defined, very irregular in

shape and unequal in size. Colors very piu-e.

C. coum: Quadrants well defined, irregular in shape, and

unequal in size, but much less irregular than in

C. repandum. Colors pure.

Iodine Reactions.

Intensity atid Color.

C. repandum: Deep; blue-violet.

C. coum: Deep, slightly deeper than in C. repandum;
blue-violet.

Staining Re.^ctions.

With Gentian Violet.

C. repandum: Fairly deep.
C. coum: Fairly deep, shghtly more than in C. repandum.

With Sajranin.

C. repandum: Fair.

C. coum: Fair, the same as in C. repandum.

Temperatdrb of Gel.^tinization.

C. repandum: 55 to 56 C, mean 55.5.
C. coum: 56 to 57 C, mean 56.5.

Effects of Various Reagents.

Reaction with Chloral Hydrate-Iodine.

C. repandum: Begins in a minute; complete in 10 minutes.

C. coum: Begins in 1 J^ minutes; complete in 15 minutes.

Reaction with Chromic Acid.

C. repandum: Begins at once; complete in a minute.

C. coum: Begins at once; complete in less than 30 seconds.

Reaction with Pyrogallic Acid.

C. repandum: Begins at once; complete in 2 minutes.

C. coum: Begins at once; complete in 2 minutes.

Reaction with Ferric Chloride.

C. repandum: Begins in 30 seconds; complete in 3 minutes.

C. eoum: Begins in 30 seconds; complete in 3 minutes.

Reaction with Purdy's Solution.

C. repandum: Begins at once; complete in a minute.

C. coum: Begins at once; complete in less than 30 seconds.

NOTES ON THE STARCHES OF CYCLAMEN.

The very marked tendency of the starch of C. repandum to the oval and pointed oval form

and to the prevalence of nipple-like processes is quite distinctive; and coupled with these features

are differences in the hilum and size that are of importance. The starch of C. cilicum (plate 99,

figs. 593 and 594) is distinctly different in gro.'^s histological characteristics from the other two,

and can therefore be readily distinguished. The reactions of the starches of C. repandum and C.

coum are very closely alike, yet sufficiently different to permit of the differentiation of the two

starches.
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STARCHES OF SOLANACE^.

Class, Dicotyledones. Order, Polemoniales. Family, Solanaceaj.

represented, Solanum.

Genus

The Solanacece include about 72 genera and 1,500 species, among which are a large number of

well-known plants, of importance as sources of medicines, foods, condiments, etc. They are widely

distributed in the warm climates of both hemispheres.

GENUS SOLANUM.

The enormous genus Solanum includes, according to published accounts, about 950 species,

about three-fourths of which are distinct. About 15 species are natives of the United States. Starch

was prepared from the tubers of S. tuberosum Linn., which were bought in the open market, and

therefore of some horticultural form. This species, the common potato and so-called Irish potato,

is a native of the Andes of Chili and Peru, from which regions it has been distributed over the civil-

ized world. In the wild state the tubers are small, but by cultivation they have been increased to

fifteen to thirty times the natural bulk. They are rich in starch, which is used in the manufacture

of dextrin, sugar, and alcohol, and for laundering and other economic purposes, and it has at times

been marketed as an arrowroot. (See Marantacece, page 813.) The consumption of the tubers as a

food, as is well-known, is enormous.

STARCH OF SOLANUM TUBEROSUM. (Plate 100, figs. 595 and 596. Chart 389.)

Histological Characteristics. In form the grains are usually simple. There are a few compound

grains which consist of two or three components; and there are aggregates, especially among the

smaller grains, which consist of from two to four components. There are pressure facets on a few

grains, sometimes one or two. There is no tendency to occur in clumps. The surface of the grains

is rounded and quite smooth and irregularities of the margin are quite slight. The conspicuous

forms are ovoid, flattened ovoid, oval, and round; also

pyriform, rarely triangular with romided angles, and

dome-shaped to hemispherical. Some of the larger grains

are slightly flattened.

The hilimi is a distinct, small, usually round, non-

refractive spot. Rarely it is elliptical or lenticular. It is

usually at the larger end of the grain, but often very
much to one side of the longitudinal line. The hilum is

sometimes marked by a small fissure which may be trans-

verse, diagonal, longitudinal, and 3- or 4-armed. Double

liila are not imcommon, and even 3 and 4 hila may be

seen in a single grain. These may be grouped closely or be

far apart, and they are usually separated by slight fissures.

The lamellce are distinct, fine, and, as a rule, regular

in outline and tend to follow the outline of the margin.
The lamellae average from 27 to 42 on medium-sized and

large grains.

The grains vary in size from 15 to 70/u. The common
size is 44ju.

Polariscopic Properties. The figure is eccentric and

distinct. All four of the lines are seen in part or in whole, one or two being much longer than the

others. The lines are usually fairly clear-cut; they vary in width and are broader near the margin.

Double figures are occasionally noted.

The degree of polarization is very high. Some of the larger grains show polarization colors.

Polarization is as high in this starcli as in .any of the starches examined, with the possil)le exception

of the cannas. It varies somewhat in different grains, in different positions of the same grain,

and sometimes in different p.arts of the same aspect of a given grain.
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With sclemte, in most grains, the qiiailrants arc very well defined, irregular in shape, and unequal
in size. The colors are quite pure. In those grains which show polarization colors the quadrants
are not well defined, the yellow quadrants are very light with greenish streaks, and the blue quad-
rants are almost yellow.

Iodine Keactions. With 0.25 per cent Lugol's solution the grains are colored at once very
deeply a blue-violet; with 0.125 per cent solution they color lightly at once and the color deepens
quickly. After heating in water until all the grains are completely gelatinized, the solution is colored

fairly deeply, and most of the grains very deeply on the addition of iodme. After boiling for 2

minutes, the solution is colored very deeply and the grain-residues very lightly. With an excess of

iodine the capsules take on a violet color. Many of the grains are more or less disintegrated.

Staining Reactions. With gentian violet the staining begins immediately and in 30 minutes
the color is very deep, in some grains much deeper than in others.

With safranin staining begins immediately and in 30 minutes the color is a very deep rose.

The grains appear to be uniformly colored.

Temperature Reaction. The temperature of gelatinization is 65 to 67 C, mean 66.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in 5 minutes. Almost
all the grains are gelatinized in 15 mmutes and all in 30 minutes. The hilum becomes prominent
as a dark spot or bubble, but the lamellae are invisible. A light space may be seen extending from
the hilum and opening out fan-wise at the margin. The margin becomes dark at the distal end at

several points at which protrusion begins, the separate points soon becoming joined; or the reaction

may begin at the proximal end, or at both ends, from which the reaction progresses over the grain
and the grain swells imtil a large, gelatinized mass is formed which is composed of a dark, mar-

ginal ring surrounding a large, lighter, inner portion. (See plate 87, figs. 517 and 518.)

Reaction with chromic acid begins in 30 seconds and is over in 6 minutes. Both hilum and
lamella; are prominent. The hilum begins to swell and a number of irregular cracks or fissures

appear in the central part of the grain, which run transversely or diagonally and widen out as the

grain swells. The hilum continues to swell and the more resistant portions of the grain form a

double ring whose inner portion is radially striated, while the outer shows very distinct alternate

light and dark concentric rings. The inner substance of the grain collects at the distal end, where
it forms a granular mass. The grain continues to swell, especially at the proximal end, until it is

about five times the normal size. Invagination occurs, usually only at the proximal, sometimes also

at the distal end. The marginal part which has been growing thinner and clearer dissolves at the

proximal end, and also sometimes at the other end, and the inner, granular starch flows out and is

dissolved. Solution of other parts of the margin follows slowly.

The reaction with pyrogallic acid begins in 3 minutes. Almost all the grains are affected and

nearly all are completely gelatinized in 25 minutes. After this time there is no reaction. The hilum

and lamellae are more prominent than usual. The hilum swells slightly and a diagonal fissure

extends down the grain on each side, outlining a very narrow iimer portion. As the hilum con-

tinues to swell, this inner portion is split by a number of irregular fissures, the portions of grain-

substance often adhering for some time. These parts are transformed into a granular mass at the

base of the grain. The more resistant marginal portion of the grain forms a thick ring, which shows

distinct, alternate refractive and non-refractive concentric bands, but is not distinctly striated.

This ring becomes invaginated at the base as the grain continues to swell, and the marginal band
clears verj' gradually until a large gelatinous mass is formed, which is rounded at the proximal end

and folded and lobulated at the distal end.

The reaction with ferric chloride begins in 2J^ minutes and is completed in 23 minutes. The
hilum is prominent, but the lamellae are obscured. The margin darkens and becomes clearer, and

is fissured at the distal or proximal end, from which fissures a gelatinous substance protrudes. Sud-

denly the hilum swells and invagination occurs from the distal end of the grain almost up to the

other end, causing the grain to show a double row of striated, banded material on either side of a

clear space. This banded material gradually clears and becomes thinner, and there is left a very

large, rather shapeless, gelatinous mass. Near the edge and outside of the cover-slip the grains

do not react so quickly.
Reaction with Purdij's solution begins in 20 seconds and is over in 45 seconds. Both hilum and

lamella; become very prominent. The hilum swells slightly and a fine diagonal fissure extends

down on each side from the hilum to the distal end, and outlines a very narrow, iimer portion of
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the grain, which becomes broken by irregular transverse and diagonal fissures. As the grain con-

tinues to swell, the iiuier portion is converted into a homogeneous, granular mass that collects at

the distal end. The more resistant parts of the grain are formed into a thick marginal ring which
is finely striated and shows 2 or 3 very distinct, alternate light and dark, concentric rings. These

rings become thinner and clearer, and the grain becomes invaginated at the base and a large and

shapeless mass is thus formed.

STARCHES OF CONVOLVULACE^.

Class, Dicotyledones. Order, Polemoniales. Family, Convolvulacese . Genus

represented, Batatas.

The Convolvulacece are closely allied to Solanacece, and include about 30 genera and 800 species
of herbs and shrubs, chiefly of a twining or trailing character, which are natives of temperate and

tropical regions of both the Old and New Worlds. Some are used as medicines, some as foods, some
as garden plants, etc.

GENUS BATATAS.

The genus Batatas is by some authors included in the larger genus Ipomcea. It comprises
about 20 species, mostly natives of tropical America. Starch was prepared from B. edulis Chois.

{IniTponKBa batatas Poir.), which has been cultivated and naturalized in various countries and whose

origin remains unkno^^^i. The tuberous roots, like those of Solanum tuberosum, are rich in starch,
but contain much more sugar.

STARCH OF BATATAS EDULIS. (Plate 100, figs. 597 and 598. Chart 390.)

Histological Characteristics. In form the grains are simple, and seldom occur in aggregates.
Nearly all have pressure facets, and the facets are sharply defined and rarely number more than three
on a smgle grain, generally only one or two. The conspicuous forms are the dome-shaped to hemi-

spherical; quadrangular, spherical with or without one
small facet, polygonal with three or more facets, very
rarely ovoid, or oval, and various indefinite forms. From
the top the grain appears to be spherical.

The hilum is a distinct, fairly large, round, non-

refractive spot, eccentrically placed, even in the spherical

grains. It is in or slightly to one side of the median line

and may be marked by a small transverse fissure, usually
with small branches extending from it. The hilum is

never double or multiple.
The lamella; are quite distinct and follow the outline

of the margin, even those near the hilum. They are com-

paratively fine, one or two being especially large and dis-

tinct. On the larger grains they vary in number from
14 to 28.

The grains vary in size from 3 to 26/f. The com-
mon size is about IQjjl.

Polariscopic Properties. The figure is eccentric and
distinct. Four straight lines are seen, of much the same

size, sometimes becommg broader at the margin of the grain; at the facets they may become very
broad, or appear to widen and to merge into one another, which is probably due to the existence

of a depression here.

The degree of polarization is fairly high. It varies with the position and size of the grain and
in the same aspect of a given grain. It is apt to be absent at the facets.

With selenite the quadrants are well defined, usually irregular in shape, and unequal in size.

The colors are fairly pure. The red dividing lines are broad.

Chart No. 390.
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Iodine Rcaclions. With 0.25 per cent Lugol's solution the grains are colored immediately
and very deeply a blue-violet; with 0.125 per cent solution th(> grains immctliately color lightly
and the color deepens quickly. After heating in water until all the grains are completely gelatin-
ized, the solution is colored lightly and the grains deeply on the addition of iodine. Some grains
have the violet-colored capsule. After boiling for 2 minutes, the solution is colored much more
deeply, the grain-residues but little or not at all. All of the capsules are colored violet by using

very little iodine. A few grains arc completely disintegrated.

Staining RcncUons. With gentian violet staining begins immediately and aft(ir 30 minutes
the grains arc colored fairly well.

With safranin the grains begin to stain immediately and after 30 minutes they are stained a

}-ellowish-red, which is not very deep.

Tempcmturc Reaction. The temperature of gelatinization is 73" to 75" C, mean 74".

Effects of Varioiis Reagents. With chloral hydrate-iodine reaction begins in 30 seconds. Al-

most all are blue in 7 minutes and after an hour all are completely gelatinized. The hilum becomes
prominent, but the lamelkc are usually invisible. The margin becomes clearer and darker; and the

edges and corners of the facets become darker and begin to swell quite uniformly. The process
extends around the margin, without very much swellmg, and then inward over the rest of the grain,
which may be crossed by fissures and so divided into several pieces which gelatinize independently.
The gelatinized grains are large and not much distorted except about the edges of the facets, and
have a very thick marginal ring which shows in some cases concentric bands of varying degrees of

darkness. Within the ring there is a lighter round or pyramidal area.

The reaction with chromic acid begins in 30 seconds and is over in 7 minutes. The lamellaj and
hiluni become very prominent. The hilum begins to swell regularly and uniformly. The more
resistant outer part of the grain is formed into a thick marginal band, which is striated and very
distinctly marked by two or three alternate light and dark refractive and non-refractive rings
and bordered on the inside by a row of large granules or pyramids. The granules or pyramids
occasionally break off and move inwardly, where they are broken do\\'n. One point in the margin
protrudes, grows thin, and dissolves. The gelatinous granular material within the grain flows out
and is dissolved, followed by solution of the remaining portion of the margin.

Reaction with purogallic acid begins in some grains in 30 seconds, and all are affected and nearly
all completely gelatinized in 45 minutes. The hilum and lamellae become very prominent. The
grains are covered with fine stricc, and the hilum swells until all the resistant outer substance forms
a striated, banded ring at the margin, which ring becomes thinner, clearer, and homogeneous as the

grain swells, until a gelatinous mass is formed. The gelatinized grain is large and somewhat dis-

torted and it maj- be much folded and sacculated, particularly at the distal end.

The reaction with ferric chloride begins in a minute and is over in 5 minutes. The lamella; are

not entirelj' obscured. The hilum swells, as a dark bubble, the bubble grows larger, then shrinks,
and finally disappears. A marginal ring is formed, bordered by large granules on the inner side;

it gradually grows thinner antl clearer as the grain swells, and when the grain becomes very large the

ring moves inward from the side and thus gives the appearance of a hole in the grain. The

gelatinized grains are large and not much folded or crumpled, but somewhat distorted by the

invagination from the side already referred to.

The reaction with Purdy's solution begins in some of the smaller and in the injured grains in

a minute and in the normal grains in about 10 minutes. After 30 minutes there is not much change,
and fully haff are never affected. The hilum and lamellte become very prominent. The reaction,

as far as it goes, is qualitatively like that with pyrogallic acid.
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STARCHES OF GESNERACE/E.

Class, Dicotyledones . Order, Polemoniales . Family, Gcsneraceae.

represented : Gesneria and Gloxinia (Sinningia) .

Genera

The Gesneracece include about 70 genera and 700 species of herbs and shrubs, natives of tropical
and semitropical regions, chiefly of America. They are cultivated chiefly for their flowers. The
fruits of some are used as a food.

GENUS GESNERIA.

This genus comprises alout 50 species of tuberous, bulbous, or rhizomatous herbs, natives of

South America, chiefly of Brazil. Starch was prepared from G. luhijlora Hort.

STARCH OF GESNERIA TUBIFLORA. (Plate 100, figs. 599 and 600. Chart 391.)

Histological Characteristics. In form the grains are simple; there are no aggregates or pressure
facets, and only a few small clumps. The surface of the grain is generally irregular, owing in part
to secondary deposits of starch, made after the original grain has been formed and other such irreg-
ularities of development, and in part to nipple-like processes. The additions are lamcllated and
usually at the sides or near the base of the grain. Often the lamella composing them may be seen
to be continuous around the grain. A small hollow frequently extends into the substance of the

grain from the distal end, which is usually squared. The conspicuous forms are the flattened ellip-

soidal, which is usually straight but may be bent on the

long or longitudinal axis. The proximal end is rounded
and commonly larger than the distal end. There are also

ovoid, pj^riform, round and also triangular, club, gourd,
and boot shapes, and various indefinite forms which arise

from causes noted. The grains are not flattened, but

owing to the secondary deposits they are sometimes
broader than thick. They bear certain general and

striking resemblances to the starches of Dicffenbachia.
The hilum is a not very distinct, small, non-refrac-

tive spot, situated usually very eccentrically at the larger
or proximal end of the grain. It is commonly in or near

the median line. There are neither double nor multiple
hila. It is rarely fissured, and if so the fissure is a very
small transverse line. In the grains with secondary ad-

ditions, the hilum is always in the primary part of the

grain, but it may be very much to one side of the

longitudinal axis.

The lanielloe are distinct and comparatively fine.

Those near the distal end are the coarser, but not always
the more distinct. In the grains with secondary lamella) the lamella? of the original grain are

usually the more distinct. The lamellse are regular, and excepting the circles around the hilum

are in the form of arcs of circles having the form of the distal margin. They vary in distinctness in

different grains. There are from 35 to 40 on the larger grains.

The grains vary in size from 6 to 46ai. The common dimensions of the largest ellipsoidal grains

are 44 by 14/u in length and breadth. The common size is 22/Lt.

Polariscopic Properties. The figure is very eccentric, distinct, and clear-cut. It exliibits many
peculiarities, some being due to the secondary additions before noted, in which cases the lines, in-

stead of ending at the margin of the primary part of the grain, may curve aroimd the margin and

are bent so as to extend down to the secondary additions, where they end. They are usually quite

sharply defined and may be straight or curved, and a given line may be of equal or unequal width

in its course.

The degree of polarization is fairly high. It varies in different grains, in different aspects of

the same grain, and in parts of the same aspect of a grain.

r>
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With selenite the quadrants are well defined, very irregular in shape, and unequal in size. The
colors are pure.

Iodine Readions. With 0.25 per cent Lugol's solution the grains are colored immediately
and very deeply a blue-violet; with 0.125 per cent solution they color deeply. After heating until
all the grains are completely gelatinized, they color very deeply and the solution very lightly with
iodine; some have a red-violet capsule. After boiling for 2 minutes the solution colors very deeply,
but the grain-residues very lightly. With a slight excess of iodine all the grains exhibit a deeply
colored red-violet capsule. Some of the capsules retain starch in the upper portion that colors a
faint blue. The capsules are much lobulated, twisted, and distorted, especially at the base.

Staining Reactions. With gentian violet the grains begin to stain at once. After 30 minutes
they are deeplj' and evenly stained.

With safmnin the grains begin to stain at once and after 30 minutes are fairly deeply and
evenly stained.

Temperature Reaction. The temperature of gelatinization is 64 to 65 C, mean 64.5.

Effects of Varioiis Reagents. With chloral hydrate-iodine the reaction begins in 30 to 60 seconds
and most of the grains are darkened in 5 minutes. All are gelatinous and swollen and the reaction
is complete in 15 minutes. The hilum usually becomes prominent, but not the lamellae. The grain
shows a dark spot at either the distal or the proximal end; this spot swells somewhat and the same
process occurs at the opposite end and from these two points gelatinization spreads over the whole
grain. There is usually a sharp line of demarcation between the swollen and unswollen portions.
In the grains with secondary deposits which show a double base or distal end, the reaction begins
in the part last formed. In a few cases the reaction begins at but one end and spreads over the grains.

Usually the whole margin in such cases becomes darkened first, and then the inside of the grain.
After the whole grain is completely darkened, swelling continues for a short time. During this

reaction there is formed a comparatively large gelatinous mass, the enlargement occurring partic-

ularly in a longitudinal direction. There is formed a very irregular base or distal end that is lobu-

lated and divided by hght fissures; a round proximal end that has a round area surrounded by a
dark ring; and a middle portion which may be homogeneously dark, but is usually crossed by one
or two light fissures separating the dark mass into more or less irregular bands. The gelatinized

grains retain some of the original shapes of the grains. There is often a wide, light space between
the original grain and the added portion.

The reaction with chromic add is general in 30 seconds and is over in 5 minutes. The hilum
becomes prominent, but not the lamellae. Two lines or fissures extend downward, one on each side

of the hilum. The portion included by these fissures becomes lighter in color and is quickly broken

up by other irregular fissures. The hilum swells, the swelling extending especially upward; the

inner portion of the grain, which is irregularly granular, breaks down into a gelatinous mass. The
more resistant starch at the margin appears as a rather thin ring, ragged on the inner edge and di-

vided by fissures into a row of granules. This ring soon becomes a thin transparent coating which

invaginatcs at one side. It dissolves either at the top or at the side, and the inner liquefied starch

flows out and is dissolved, followed by a solution of the rest of the margin.
With pyrogallic add there is a very slight general reaction in l)^ minutes. The majority of

the grains are fullj' gelatinized in 15 minutes and all in 30 minutes. Both the hilum and lamellaj

become very prominent. The hilum enlarges somewhat and two lines or fissures extend downward
from the hilum, one on each side. The portion included between them becomes more transparent,
the lamellae fade away, and the grain presents a striated appearance, the striae extending upward
from the base. The proximal end enlarges rapidly as the hilum continues to swell. There is here

a rather thin, homogeneous-looking band. The inner lower portion also finally passes into a gelat-

inous mass, leaving the margin very irregularly lobulated and foldetl. The margin becomes clearer

and more transparent until finallj- a thin-walled mass is formed. This gelatinized grain is large

and does not retain much if any of the original form. It is rounded and somewhat folded at the

proximal end and is very irregular at the distal end.

There is a restricted reaction with ferric chloride in a few minutes, which becomes general in

3 minutes. Most grains are gelatinized in 6 minutes and all in 10 minutes. The hilum becomes

prominent, but not the lamellae. There are in general two methods by which the reaction may
start and proceed: The hilum may swell somewhat and two fissures extend, one on each side, into

the substance of the grain, the inclosed area becoming fissured from the base. The hilum continues

58
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The grains are often irregular, which is

Chart No. 392.

to enlarge, the enlargement taking place particularly upward. The distal end in the meantime
becomes gelatinous with much irregular swelling and lobulation, the central part finally reacting.

The other type of process begins at the distal end, followed by reaction at the hilum, after which
the changes are similar to that of the first type. The gelatinized grains so formed are very large,

thin-walled, and transparent. They are very much distorted, lobulated, and infolded, and bear

but little resemblance to the original grain.

With Purdy's solution there is a slight general reaction in a minute. A very few grains are

completely gelatinized in 15 minutes, about half in an hour, and nearly all except the smaller grains
are gelatinized in 2}^ hours. The hilum and lamella are both very prominent. The reaction is

similar to that with pyrogallic acid, but there seems to be a form of starch about the depression at

the distal end of the grain which is especially resistant to this reagent.

GENUS GLOXINIA (SINNINGIA).

The garden gloxinias belong to the genus Sinningia (which includes Rosanowia) and are forms
of the Sinningia spedosa type. The genus comprises about 16 species, all of which are Brazilian.

The starch studied in this investigation was obtained from an unnamed garden variety, and in

accordance with usage is referred to as a Gloxinia. Gesneria and Gloxinia {Sinningia) have been

hybridized.

STARCH OF GLOXINIA VAR. (Plate 101, figs. 601 and 602. Chart 392.)

Histological Characteristics. In form the grains are almost wholly simple and isolated, except
a small number which occur in small aggregates and occasional small clumps. There are a few com-

pounds. Some of the isolated grains bear pressure facets,

chiefly due to the following causes : to the deposition of a

secondary set of lamellse placed at varying angles to the

primary lamellae; to the appearance of one or more inden-

tations, probably pressure facets of small grains, at differ-

ent points on the surface; and, rarely, to the presence of

a finger-like or one or two small nipple-like protuberances
at or near the proximal end. The conspicuous forms are

club-shaped, elongated ovoid with a squared or sharply

pointed end, ovoid, ellipsoidal, and triangular with

romided angles and either a curved or diagonal base.

There are also nearly round, pyriform, somewhat mussel-

shell-shaped, knob-shaped, and boot-shaped grains. The
grains when seen on end are not flattened, except a few

which are broader at the distal end.

The hilum is usually observed as a clear, romid

spot eccentric about one-sixth to one-fourth of the longi-
tudinal axis. It is generally not fissured. A curved

transverse cleft, or two clefts which intersect and form
a cross, may be observed.

The lamellcB are arranged in groups of numerous fine lamellae interspersed with from two to

five which are coarser and more refractive. They are circular or elliptical complete rings near the

hilum, but are probably incomplete and follow the outline of the grain when near the distal end.

On the large grains 80 to 85 lamellae have been counted and 46 to 50 on the medium-sized ones.

The grains vary in size; the smaller are 5 by 3/i; the larger are 76 by 28fi in length and breadth;
the grains of common size are 30 by IS/x in length and breadth.

Polariscopic Properties. The figure is eccentric and clean-cut. Its lines are rather narrow and
intersect at an oblique angle. They are sometimes straight, but more often bent and occasionally
bisected.

The degree of polarization is high to very high.
With selenite the quadrants are well defined, but unequal in size and irregular in shape. The

colors are generally pure; there is a greenish tint in a few grains.
Iodine Reactions. With 0.25 per cent Lugol's solution all the grains color a deep blue-violet,

which deepens rapidly; with 0.125 per cent solution they soon color a light blue-violet, which

p
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deepens rapidly. After heating in water until all the grains are completely gelatinized and then

adding iodine, the solution colors a bright indigo-blue and the gelatinized grains a deep blue. If

the grains are boiled for 2 minutes and then treated with iodine, the solution colors a very deep

indigo-blue, but most of the grain-residues remain colorless. With an excess of iodine the grain-

residues color a deep blue, some with reddish tint, and the capsules color a wine-red.

Stai7ii72^ Reactions. With gentian violet and with safranin the grains begin to color immediately
and in 30 minutes are lightly to fairly colored.

Temperature Reaction. The temperature of gelatmization is 68.5 to 70 C, mean 69.25.

At this temperature there are several grains which show no apparent effect of the heat.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins immediately. A few

grains are gelatinized in 30 seconds, and practically all in a minute. In the rare resistant grains
the reaction is complete in 2 minutes. The grains color a deep old-rose immediately and a dark

dot or line frequently appears at the hilum. Gelatinization begins either by the darkening of the

distal end or in the secondary sets of lamellEe or protuberances on the grain, and gradually spreads
all over the grain, accompanied by uniform swelling. The gelatinized grains are swollen, but retain

the shape of the untreated grain.

The reaction with chromic add begins immediately. A few grains are dissolved in 15 seconds,

nearly all in 30 seconds, and all in 40 seconds. The hilum swells and a large bubble frequently

appears at this point, which as it collapses is often accompanied by an invagination of the proximal
end. Gelatinization quickly follows, and one or two large, internal, branched fissures pass from

this gelatinized area towards the distal end. The outer lamella become sharply defined and stri-

ated, and when disorganized at the distal end a cluster of refractive granules may remain for a few

seconds embedded in the more soluble starch. The grain continues to swell and the capsule is

ruptured at the proximal end, followed quickly by a complete solution of the outpouring starch

and later of the capsule.

The reaction with pyrogallic acid begins immediately. A few grains are gelatinized in 15 seconds

and all but rare resistant grains in 30 seconds. All are usually gelatinized in a minute, but rarely

the reaction takes 3 minutes. A bubble appears at the hilum, which increases in size and then is

expelled, frequently accompanied by an invagination of the proximal end. In the narrower grains

from two to five internal longitudinal fissures, and in the broader grains a cluster of fissures, pass

from around the hilum to the distal end and gelatinization of the entire grain with the occasional

exception of a few refractive granules quickly follows. The gelatinized grains are much swollen

and are more distorted at the distal end.

Reaction with ferric chloride begins in a few grains in 30 seconds. A small number are gelatinized

in a minute, about two-thirds in 5 minutes, nearly all in 7 minutes, and all in 10 minutes. The hilum

becomes distinct and sometimes a bubble appears which enlarges and collapses, the latter being

accompanied by a breaking up of resistant starch into large refractive granules, which are finally

dissolved. A lustrous border forms around the grain. Gelatinization accompanied by a rapid

distension of the capsule usually begins at the distal end and advances towards the proximal end.

In the less resistant grains the bubble at the hilum breaks, followed by similar gelatinization at

the proximal end. In the most resistant grains the bubble continues to enlarge and persists until

gelatinization has moved from the distal end and has about reached it, when it is expelled, the

resistant starch breaking up into large granules which usually become completely gelatmized.

Occasionally a few small, refractive granules remain. The gelatinized grain is much swollen and

distorted and does not resemble the form of the untreated grain.

Reaction with Purdj/'s solution begins immediately. Many grains are gelatinized in 15 seconds,

about three-fifths in 30 seconds, nearly all in 2 minutes, and all but very rare resistant grains and the

distal parts of a few resistant grains in 4 minutes. The reaction is usually completed in the distal

end in 6 minutes; but in the rare resistant grains (one m many hundred) the reaction may take an

hour for completion. The hilum swells, a large bubble appears at this point, and the lamellaj

become very distinct and striated. The bubble collapses, frequently accompanied by an invagination

of the proximal end, and gelatinization of the starch m this region qiiickly follows. During this rapid

gelatmization there is often a decided lateral expansion of the grain at this point. From the gelat-

inized area of the narrower grains two to five internal parallel longitudinal fissures, and from the

broader grains a cluster of fissures, pass to the distal end, the starch of which latter is much more

resistant than that of the proximal end. The lamella; are finally gelatinized, except occasionally a



890 STARCHES OF GESNERACE^ AND CUCURBITACEiE.

few refractive granules at the distal end. The gelatinized grain is much swollen and is slightly-

distorted at the distal end, but the outline has a general resemblance to imtreated grains.

NOTES ON THE STARCHES OF GESNERACE^.

The starches of Gesneria and Gloxinia exhibit histological peculiarities as regards form, hilum,

lamellae, and size that render them easily distinguishable. In their reactions they differ definitely

in every one, excepting with ferric chloride. Gesneria is recorded as having a lower degree of polari-

zation, a higher reactivity with the anilmes, a lower temperature of gelatinization (4.75), and less

sensitivity to all of the chemical reagents except ferric chloride.

STARCHES OF CUCURBITACE/E.

Class, Monocotyledones . Order, Campanulales . Family, Cucurbitacefe .

represented, Trianosperma.

Genus

The Cucurbitacem include about 80 genera and 600 species. Most of them contain an acrid

principle and in some this is present in sufficient quantity to render them acrid poisons. Some are

used medicinally; others jaeld fruits, such as the cucumber, water-melon, pumpkin, etc., which are

used as foods; and some are cultivated as garden plants.

GENUS TRIANOSPERMA.

This small genus is native chiefly of Brazil and the West Indies; one is from the Old World,
from tropical Africa. The plants have thick, fleshy roots, which contain much starch. A prepara-

tion was obtained from T. ficifolia and studied as a type of the genus.

STARCH OF TRIANOSPERMA FICIFOLIA. (Plate 98, figs. 587 and 588. Chart 393.)

Histological Characteristics. In form the grains are usually simple, with occasional compound
grains and some small aggregates ; nearly all have one or more large, clear-cut pressure facets. The
surface is rounded and regular in outline, except when
altered into irregular forms by pressure facets. The con-

spicuous forms are the dome-shaped to hemispherical,

ovoid, round, pyriform, lenticular, quadrangular and

polygonal, and indefinite forms.

The hihwi is a very distinct, comparatively large,

round spot, centrally or somewhat eccentrically placed
and usually in the median line. At times it appears as a

round cavity. It is sometimes fissured deeply, radially

or irregularly. Rarely it is marked by a clear-cut cross

or by a small transverse or diagonal fissure.

The lamelke are very distinct, coarse, circular, and

regular, and do not generally follow the outline of the

margin, except when very near it. There is usually one

very prominent lamella about halfway between the hilum

and the margin. There are about 5 to 8 lamellae on the

larger grains.

The grains vary in size from 3.5 to 26/^; the com-
1 A ,. Curve of Reaction-Intensities of Starch of Trianospermamon Size is 14,. (icifoUa.

Polariscopic Properties. The figure is centric or

slightly eccentric, distinct, and usually clear-cut. One or two of the lines are usually broader and

less clear-cut than the others and usually straight, but tend to vary in thickness along their course.

The figure varies in distinctness in different grains.

The degree of polarization is high. It is highest in the ovoid and round grains, varying some-

what in different aspects of a grain and also in parts of the same aspect of some grains. At the facets

it is low.
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With selenite the quadrants are well defined, usually unequal in size, antl irregular in shape.
The colors are fairl.y pure.

Iodine Rraclions. With 0.25 jicr cent Lugol's solution the grains are colored very deeply
blue-violet; with 0.125 per cent solution they color deeply. After heating in water until all the

grains are completely gelatinized, the solution and some of the grains are colored deeply on the
addition of iodine. After boiling for 2 minutes, the solution is colored very deeply, but the grain-
residues nuich less deeply or not at all. When an excess of iodine is a<l(lcd all the caiisules are colored
a dark violet.

Staining Reactions. With gentian violet and with snfranin the grains begin to stain at once and
in 30 minutes they are fairly deeply stained, some more than others.

Tempa-ature Reaction. The temperature of gelatinization is 58 to G0 C, mean 59.
Effects of Various Reagents. With chloral hydrate-iodine reaction begins at once and is over

in 5 minutes. Both hilum and lamellae become very prominent. A dark Imbble appears at the hilum.
The distal end of the grain begins to darken, especially about the edges of the facets, antl there is

often much swelling at these points. The whole margin darkens and the process spreads inward.
Meanwhile the dark bubble at the hilum swells, the hilum swells, and the bubble first increases
and then decreases in size. The hilum continues to swell with other parts of the grain until a gel-
atinous mass is formed. The gelatinized grains are large, but not very much distorted, and the

edges of the facets are somewhat puffed out. In some cases there appeared to be two parts to the

margin, a thick, dark inner ring, and a thin, light outer envelope.
The reaction with chromic acid begins immediately and is over in IJ'^ minutes. The hilum is

frequently marked by a bubble. The lamellis become distinct. The hilum swells somewhat and
fine radial strite appear running throughout the grain. The bubble begins to swell, accompanied
by sweUing of the hilum and other parts of the grain, and shrinks after reaching a certain size.

The hilum and the grain, as a whole, swell with increasing rapidity as gelatinization proceeds.
The more resistant part of the grain at the margin forms, at first, a thick, homogeneous band,
which rapidly becomes thinner and transparent and finall}^ invaginated at one side. One point

dissolves, the contents are exuded and dissolved, followed by solution of other parts of the capsule.
Reaction with pyrogallic acid begins in 20 seconds and is over in 2 minutes. Both hilum and

lamellae become very prominent. The hilum swells slightly and the grain becomes divided by fine,

radiating striae. The starch at the margin forms a thick, radially striated band, which becomes
thin and clearer. As the grain continues to swell invagination occurs, often very deeply in one side.

The edges of the facets are swollen out, frill-like, about the facets. The gelatinized grains are large
and occasionally somewhat distorted, especially when invaginated, but generally they are smooth
and not wrinkled, except about the edges of the facets.

With ferric chloride the reaction begins in 30 seconds and is over in 5 minutes. The hilum be-

comes very pronoinent as a dark bubble, which frequentlj' does not appear until other parts of the

grain begin to react. As this bubble enlarges, the inner part of the grain is gelatinized and the

grain swells. The bubble at the hilum, having reached its limit of expansion, begins to shrink

and finally disappears. The grain continues to swell, but even more rapidly. The starch at the

margin forms a thick, homogeneous ring, which becomes thinner, and finallj^ in many grains

invaginates, usually deeply, at some point. The gelatinized grains are very large, some are deeply

invaginated, and the edges of the facets are filled.

The reaction with Purdy's solution begins in 30 seconds and is over in 3 to 5 minutes, but none
of the grains is fully gelatinized. Both hilum and lamella; become very prominent. The grain

becomes divided by fine striae, and the inner portion is transformed into a gelatinous mass, while

the outer portion forms a striated, banded ring, which at first is very thick, but later somewhat

thin, homogeneous, and transparent.
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STARCHES OF CYCADACE/E.

Class, Gymnospermse . Order, Cycadales. Family, Cycadacese.

represented: Cycas, Dioon, and Zamia.
Genera

Chart No. 394.

The GynmospermcB are regarded by some authors as a subclass of Dicotyledones. Of the three

orders of this class (Gnetacem, Coniferacece, and Cycadacea) the starches of representatives of only

Cycadacece were examined. This peculiar order has affinities with the ferns, but resembles the

palms, and its sexual characters are transitional between angiosperms and vascular cryptogams.
There are recorded 9 genera and 75 species of Cycadacece; Cycas is the chief genus and includes

about 20 species, several of which are quite widely cultivated.

GENUS CYCAS.

The various species of Cycas are widely distributed throughout the tropical and subtropical

parts of the Eastern hemisphere. Starches from the side-shoots of two species were studied: C.

revoluta Thunb., the sago palm, a native of Japan and China, and the most common Cycad in cul-

tivation; and C. drcinalis Linn. (C. thouarsii T. Br.), a native of the East Indies to New Guinea.

STARCH OF CYCAS REVOLUTA. (Plate 101, figs. 603 and 604. Chart 394.)

Histological Characteristics. In form the gi-ains are simple. There are a few aggi-egates and

clumps. Most grains have pressure facets, which rarely exceed three on a single gi-ain, although four

or five may occiu". Occasionally three facets are grouped about a common center at the base of the

grain and are usually sharply defined. The fundamental
form of the grain is obviously spherical, and any modi-
fications of this are due to the mutual pressure of grains.
The small grains are generally spherical. The conspicu-
ous forms are the hemispherical to dome-shaped with one
to three facets at the base, round or nearly round, and
ovoid. Various polygonal and indefinite forms owe their

peculiarities chiefly to the presence of many facets.

The hilum is a distinct, non-refractive, round spot of

medium size, in most cases having the appearance of a

round cavity communicating with the interior of the

grain. It is placed centrally or very slightly eccentric-

ally, and usually in the median line. Occasionally it is

transversely fissured, but not extensively, and there may
be a longitudinal or a 3-armed fissure. In one case a

double, or ijo.ssibly an elongated, hilum was noted.

The lamella are usually distinct, regular, concentric

rings. Those near the margin tend to follow the marginal
outline. In some of the larger and round types, one or

two of the prominent, inner lamellse show distorted areas which apparently are the remains of old

pressure facets that have been covered by layers of starch. Some of the lamellse are broader and
more distinct than others, especially those midway between the hilum and the margin, and also

those near the hilum. The lamellaj average about 10 to the larger gi-ains.

The grains vary in size from 5 to 25/i. The conamon size is 14yu.

Polariscopic Properties. The figure is centric, or slightly eccentric, and distinct, and is in the

form of a very distinct cross. At the base another figure may be frequently seen which appears on
the chstal side of a depression of a facet. The lines of the cross are clear, straight, and of equal dis-

tinctness throughout, except towards the margin, where they are broader and less well defined.

The degree of polarization is high. It varies in different grains, but not very much in different

aspects of the same grain, except at the base, where it is less marked.
With selenite the quadrants are sharply defined, regular in shape, but unequal in size,

colors are pure.
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Iodine Reactions. With 0.25 per cent Lugol's solution the grains iire colored immediately
and deeply a bluish-violet; with 0.125 per cent solution the grains tint quickly and the color deepens
rapidly. After heating the grains in water until all are completely gelatinized, the solution colors

very slightly wth iodine, but the grains color a dark blue. The grains are very much swollen and
distorted. After boiling for 2 minutes the solution colors deeply, but the grain-residues less deeply
to but slightly. The capsules are colored blue-violet and are much folded, crumpled, and otherwise
distorted.

Stai7iing Reactions. With gentian violet the grains begin to stain in 3 to 4 minutes and in 30
minutes are deeply stained a dark, dull violet.

With safranin the grains begm to stain very slightly in 4 minutes and in 30 minutes the color
is not much deeper.

Temperature Reaction. The temperature of gelatinization is 73 to 74 C, mean 72.5.

Effects of Varioiis Reagents. With chloral hydrate-iodine the reaction begins in the smaller

grains in a minute, in the larger grains in 3 or 4 minutes, and is complete in three-fourths of the

grains in 45 minutes. The hilum becomes prominent. One of the central laraellse stands out as a

ridge. The grain begins to darken first at the angles of the facets and then all around the margin;
or less commonly irregular points on the margin darken increasingly, the darkening spreading and
later joining. This process usually extends inward evenly. The hilum swells last. The gelatinized

grains so formed consist of a dark, very distinct marginal ring inclosing a lighter inner portion.

They are not very large, and while somewhat distorted by protrusion of the parts first affected,
much of the original shape of the grain is retained.

Reaction with chromic acid begins in 30 seconds and is completed in 5 minutes. The hilum
becomes prominent as a dark spot or bubble, and the lamellae are not increased in distinctness.

Fine strife radiating from the hilum appear throughout the grain; the hilura begins to swell and
the striae grow coarser and more distinct. The outer part of the grain is pushed outward to form
a thick ring, which is radially striated and has alternate refractive and non-refractive bands. The
band, as a whole, becomes much clearer and thimier, then dissolves at one place, and the inclosed

liquefied starch flows out and then the rest of the ring dissolves rapidly. Often at one point this

marginal band will be much thinner than at any other and dissolve more rapidly than the marginal
parts generally of this and other grains.

The reaction with pyrogalUc add begins slightly in 13^2 minutes and all but a few grains are

completely gelatinized in 30 minutes. Both hilum and lamellae are rendered more distinct than
normal. The grains which react quickly show fine striae radiating from the hilum. The hilum swells,
while at the same time the base of the grain, especially at the angles of the facets, is invaded by large

fissures, which portions of the grain swell out coincidently with the swelling of the hilum. In the

proximal part of the grain the unaffected portion at the margin is formed into a striated band,
which becomes thimier and more transparent, and finally forms a thin, homogeneous coating around
the gelatinized inner part of the grain. In grains which react more slowly, the hilum swells and the

rest of the grain is divided by fine radial striae which extend from the hilum. A marginal ring is

formed of the more resistant starch and this gelatinizes fuiallj^ the whole grain then becoming a

gelatinous mass. At times there are two distinct parts of this marginal ring, both of which are

finely striated and divided by a clear space or ridge which appears to occup}' the same position as

the promment lamellae noted in the normal grain. The gelatinized grains so produced are large
and somewhat distorted, especially at the base, but retain much of the original form.

Reaction with ferric chloride begins in some grains in 3 minutes and is over in all in 25 minutes.

The hilum is usually rendered very distinct as a dark spot or bubble. None of the lamellie is visible

except the one especially prominent about midway between the hilum and margin. The marginal
starch becomes clear and darker; the inner portion of the grain, which is very much contracted,

is opaque and hght in color. In most grains practically all parts gelatinize at the same time, but in

some grains the central part reacts first and the margin later. The gelatinized grains are large,

but not greatly folded or otherwise distorted.

With Purdy's solution a verj' few grains show reaction in 7 minutes. Only a few grains are at

all affected, but some are completely gelatinized in 3 hours. The hilum and lamellae become very
distinct in all the grains. In the very few grains which gelatinize completely, the process consists

in the division of the grain by fine radial striae, swelling of the hilum, and the gelatinization of the

inner portion first, and the formation of a striated, ringed, marginal band with alternate refractive
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and non-refractive rings. Tliis band is finally gelatinized and there is ultimately formed a large

gelatinous mass. In most of the reacting grains the process stops at various stages.

STARCH OF CYCAS CIRCINALIS. (Plate 101, figs. 605 and 606. Chart 395.)

Histological Characteristics. In form the grains are simple. There are a few small aggregates
and many large clumps. Nearly all the grains show pressure facets which are very clearly defined.

The number of facets to a single grain is commonly one or two or three, which facets are grouped
at the base; but a larger number is not infrequent. The basic form of the grain is spherical,
which form becomes modified in various ways by the position, size, and number of the facets. The
conspicuous grains are hemispherical to dome-shaped, spherical, quadrangular and other polygonal
forms. The grains are on the whole much more irregular in form than in C. revoluia. Lookmg
down at the proximal end, the grains usually appear round.

The hilum is a fairly distinct, medium-sized, round, non-refractive spot, usually not fissured;

rarely a small transverse and longitudinal fissure may be seen. In some cases a distinct cavity at

the hilum appears to conmiunicate with the interior of the grain. The hilum is centrally or only
slightly eccentrically placed. No double hila were pres-
ent. One lenticular-shaped hilum was noted.

The lamellce are in the form of distinct, regular, con-

centric rings. Those near the hilum are much more
distinct than those near the margin, and one midway
between the hilum and the margin and one quite near

the margin are usually very distinct. Generally only
those near the margin follow the marginal outUne, the

others being regular circular rings. They are compara-
tively fine and average about 8 in large grains.

The grams vary in size from 3 to 20/i. The conomon
size is 12/x.

Polariscopic Properties. The figure is centric or

slightly eccentric and distinct. All the lines show equally
well and are of equal distinctness throughout their length,

except near the margin of the grain, where they usually be-

come wider and less distinct; they tend to vary in width.

At the facets there is often an appearance as of another

figure, owing probably to the depression of the surface.

The degree of polarization is high, about the same as in C. revoluta. It does not vary notably
in the different aspects of the same grain, but there may be low degrees of polarization at the facets,

probably due to a depression at this point. It varies in different grains.
With selenite the quadrants are sharply defined, of equal size, and regular in shape. The colors

are usually pure.
Iodine Readio7is. With 0.25 per cent Lugol's solution the grains are colored immediately

and deeply a blue-violet; with 0.125 per cent solution the grains color at once lightly and the color

deepens quickly. The depth of color is the same as that with C. revoluta. After heating in water
until the grains are all completely gelatinized, the solution and the gelatinized grains color a fairly

deep blue on the addition of iodine and many grains show a violet capsule on the addition of very
little iodine. After boiling for 2 minutes, the solution colors more deeply, but the grain-residues
color a very faint blue-violet. Some contaui deep, blue-colored starch and all are much wrinkled,

crumpled, and otherwise distorted.

Staining Reactions. With gentian violet staining begins very lightly in 3 minutes and the grains
are deeply and evenly stained a dull violet in 30 minutes. The depth of color is the same as with
C. revoluta.

With safranin staining begins slightly in 4 minutes and in 30 minutes the grains are colored

faintly and evenly, about the same as in (7. revoluta.

Temperature Reaction. The temperature of gelatinization is 71 to 73 C, mean 72.
Effects of Various Reagents. With chloral hydrate-iodine the reaction begins in some of the small

grains in a minute and in the larger grains in 3 or 4 minutes. In 40 minutes almost all are completely
swollen. The hilum is rendered prominent as a dark spot or bubble and the lamellae become

s
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invisible. There occurs a darkening of irregular points on the margin, usually at the angles of the

facets at the base, but sometimes on the rounded sides. These points protrude and from them the

process extends all over the grain, causing a general swelling. The margin is usually affected before

the central portion and in some grains it is the only part involved, in which case the grains have a

blue, gelatinous rmg in the form of manj' irregular, saccular projections surrounding a violet-colored,

non-gelatinized, central mass. The gelatinized grains are not very large nor much distorted. The

reaction affects a larger proportion of grains than in the starch of C. rcvoluta.

The reaction with chromic acid begins in 45 seconds and is over in 3J^ minutes. The hilum

becomes prominent, also the lamellae. Fine stria; appear, which radiate from the hilum throughout
the grain. The hilum swells and the marginal, ungelatinized portion of the grains forms a thick band,

finely striated but not showing refractive and non-refractive rings. This band becomes dissolved

at a given point, usually the angle of one of the facets, and the granular, gelatinous, semi-licjuid

starch mside flows out and is dissolved. The remainder of the band rapidly passes into solution.

Reaction with pyrogalKc acid begins slightly in IJ2 minutes and all the grains are completely

gelatinized in 25 minutes. There appeared to be more reaction in grains outside the cover-slip

than beneath it. The hilum and lamella' are rendered more distinct. Some grains are invaded at

the base by fissures, which extend from the margin and become gelatinized at these points, the

rest of the grain meanwhile becoming covered by fine radial striae. The hilum swells and a band

of gelatinized starch forms at the margin, which band is finely striated, but not distinctly marked

by alternate refractive and non-refractive rings. This part of the grain is transformed gradually

to a thin, homogeneous, enveloping substance. The gelatinized grains thus formed are large and

also somewhat distorted and folded if there has been any independent swelling at the base. As a

rule, they retain much of the original shape of the grain.

With fen-ic chloride the reaction begins in some grains in a minute and is completed hi 25 minutes.

The hilum becomes prominent as a dark spot or bubble. The margin of the grains becomes clearer

and darker, while the inner portion, which is very small, appears by contrast to be more opaque
but lighter. A very rapid gelatinization of the more soluble portions of the grain occurs and then

of the less soluble portions, the latter being located at the margin. Gelatmization is attended by

great swelling; in some grains there is at first great swelling and protrusion from the angles of the

facets, followed by gelatmization of the grain as a whole. The gelatinized grains are very large

and ovoid in shape, and do not retain any of the original shape, but they are not much folded,

invaginated, or crumpled.
With Purdy's solution the reaction begins in a few grains in 3 to 4 mmutes and a very few are

completely gelatinized m 1^ hours, although most are unaffected. The hilum and lamellae become

very prominent. The reaction consists, as in C. rcvoluta, in the appearance of fine striae throughout

the grain; the swelling of the hilum; the formation of a striated, peripheral band which shows more

or less distinctly alternate refractive and non-refractive rings; the dissolution of this band; and the

formation of a large, gelatinized grain which retams some of the original form, showing few wrinkles,

lines, or distortions of any sort.

Differentiation of Certain Starches of the Genus Cycas.

Histological Characteristics. I
Histoloqical Chabacteristics. Continued.

Conspicuous Forms. Size.

C. revolula: Simple, few aggregates, pressure facets on C- revoluta: From 5 to 25m, commonly 14m.

most grains. Hemispherical to dome-shaped, round ;

C. aranaZw; From 3 to 20m, commonly 12^

or nearly round and ovoid.

C. circinalis: The same as in C. revoluta, but with greater
abundance of angular forms.

PoLARiscopic Properties.

Figure.

C. revolula: Centric or very sUghtly eccentric, distinct

cross; lines straight and vary in width.Hilum Form, Number, and Position.

C. revoluta: Form distinct, medium-sized, round spot
C. circinalis: Same as in C. revolula.

or cavity; sometimes fissured, fissures not ex- Degree of Polarization.

tensive. Position centric or very shghtly eccentric,
j q^ revoluta: High.

C. circinalis: Form and position the same as in C. revoluta.
j

q circinalis: High, the same as in C. revoluta.

Lamellce General Characteristics and Number. Polarization with Selenite Quadrants and Colors.

C. revoluta: Distinct, regular, concentric, rather fine. C. revoluta: Quadrants sharply defined, regular in shape,

About 10 on the larger grains. unequal in size. Colors pure.

C. circinalis: Same as in C. revolula. About 8 on the C. circinalis: Quadrants the same as m C. revolula.

large grains. Colors usually pure.
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Differentiation of Certain Starches of the Genus Cycas. Continued.

Iodine Reactions.

Intensity and Color.

C. revoluta: Deep; blue-violet.

C. drcinalis: Deep, the same as in C. revoluta; blue-violet.

Staining Reactions.

With Gentian Violet.

C. revoluta: Deep.
C. drcinalis: Deep, the same as in C. revoluta.

With Safranin.

C. revoluta: Very light.

C. drcinalis: Very light, the same as in C. revoluta.

Temperature of Gelatinization.

C. revoluta: 73 to 74 C, mean 73.5.

C. drdnalis: 71 to 73 C, mean 72.

Effects of Various Reagents.

Reaction with Chloral Hydrate-Iodine.

C. revoluta: Begins in 1 to 3 or 4 minutes; complete in

three-fourths in 45 minutes.

C. drcinalis: Begins in from 1 to 3 or 4 minutes; com-

plete in almost all in 40 minutes.

Effects op Various Reagents. Continued.

Reaction mth Chromic Add.

C. revoluta: Begins in 30 seconds; complete in 5 minutes.
C. drdnalis: Begins in 45 seconds; complete in 3J^

minutes.

Reaction with Pyrogallic Add.

C. revoluta: Slight reaction in 1}^ minutes; complete in

nearly all in 30 minutes.
C. drdnalis: Slight reaction in IJ/^ minutes; complete

in all in 25 minutes.

Reaction with Ferric Chloride.

C. revoluta: Begins in 3 minutes; complete in 25 min-
utes.

C. drdnalis: Begins in 1 minute; complete in 25 min-
utes.

Reaction with Purdy's Solution.

C. revoluta: Begins in a few in 7 minutes; only a very
few are completely gelatinized after 3 hours.

C. drdnalis: Begins in a few in 3 to 4 minutes; only a

very few are completely gelatinized in 1^^ hours.

NOTES ON THE STARCHES OF CYCAS.

Histologically the two starclies are practically identical and in the reactions they so closely

correspond that such differences as have been recorded may fall within the limits of error of experi-

ment.

GENUS DIOON.

The genus Dioon of Cycads includes two species, both natives of tropical Mexico. The best-

known is D. edide Lindl.; D. tomenosum is a variable species. Dioon is stated to be the nearest of

the Cycadacece to the fossil plants belonging to this family. A starch is prepared from the seeds and

sold as a form of arrowroot. The starch used in this uivestigation was obtained from a specimen of

D. edule obtained from the Botanical Garden of the University of Pennsylvania.

STARCH OF DIOON EDULE. (Plate 102, figs. 607 and 608. Chart 396.)

Histological Characteristics. In for?n the grains are simple, with the exception of rare compound
grains of few components. There are a few aggregates and small clumps. The majority have well-

marked pressure facets. The grains are generally regular, but slight depressions and elevations of

the surface are not infrequent, and occasionally a nipple-shaped process near the hilum or a pointed

excrescence at either end of an ellipsoidal grain may be found. The most conspicuous forms are

round, nearly round, dome-shaped, elongated ovoid, ovoid, pyriform, and ellipsoidal. There are

also hemispherical, oyster-shell-shaped, polygonal and various irregular forms.

The hilum is observed as either a clear, round, or elliptical spot usually eccentric about one-

third to one-sixth of the longitudinal axis, but centric in some of the round grains of fair size. The
hilum is generally not fissured, but a delicate transverse or diagonal cleft may intersect it; or a small

rounded cavity may be located at the hilum.

The lamellw are often not demonstrable, but on some of the dome-shaped and ovoid grains it is

possible to count 10 which are rather coarse, complete rings. The shell-shaped forms, which are

few, have from 14 to 20 lamelliB appearing as indistinct, complete circles near the hilum, and which

are probably incomplete and have the shape of the grain near the distal end.

The grains vary in size; the smaller are 3 by 2/^; the larger dome-shaped ones are 18 by 16;u;

the large ovoid are usually 20 by 14/j, rarely 32 by 18ju, in length and breadth. The common size

of the dome-shaped is 12 by lOyit and of the ovoid 12 by 8^i in length and breadth.

Polariscopic Properties. The figure is usually eccentric. Its lines are rather broad, increasing

in width as thej' near the margin of the grain, and they generally intersect obliquely. They may be

straight, but often are bent and sometimes bisected.
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grains a fairly deep, brilliant indigo-blue, a few with a reddish tint. After boiling for 2 minutes and
then treating with iodine, the solution becomes a very deep l)lue, while most of the grain-residues
color very lightly, but a few fairly deep. The capsules become of a light reddish-violet color. With
an excess of iodine the grain-residues color a deep reddish-purple and the capsules a deep helio-

trope.

Staining Reactions. With gentian violet the grains begin to color slightly immediately and in

30 minutes are lightly stained.

With safranin the grains begin to color slightly at once and in 30 minutes are fairly colored.

Temperature Reaction. The temperature of gelatinization is 76 to 77 C, mean 76.5.

Effects of Various Reagents. With chloral hydrate-iodine reaction begins in a few grains im-

mediately. A small number are gelatinized in 5 minutes, about one-tenth in 30 minutes, and about

one-eighth in an hour. Only a few scattered grains color an old-rose at once, but gradually they
take on this tint. The hilum becomes very distinct. As the clefts or the cavity sometimes found
at the hilum swell, bubbles often are formed here which are expelled during the reaction. The deep
blue color which accompanies gelatinization starts at the pressure facets of dome-shaped grains
and gradually spreads. In grains in which a protuberance exists, the reaction starts at this point,
while in round and nearly round grains a ring of dark blue color is formed marginally and gradually

spreads over the entire grain. The gelatinized grains are uniformly swollen and retain the general

shape of the untreated grain.

The reaction with chromic acid begins in a few grains in 30 seconds. A small number are dis-

solved in 3 muiutes, nearly all in 6 minutes, and all in 10 minutes. The hilum swells and a branched

longitudinal fissure proceeds from each side of the hilum towards the distal end. The lamellae

become sharply defined and striated, and are first gelatinized around the hilum and between the two

longitudinal fissures. During gelatinization a great mass of refractive granules appears which grad-

ually passes into solution. The grain continues to swell and finally the capsule is ruptured, usually
at the distal end. The gelatinized starch gradually flows out and it and the capsule pass into solution.

Reaction with pyrogallic acid begins immediately. A few grains are gelatinized in 30 seconds,
about three-fifths in a minute, about five-sixths in 5 minutes, and all but rare resistant grains in 6

minutes. The reaction is usually complete in these in 10 minutes, but rarely a grain may take 20

minutes for gelatinization. The hilum swells and a bubble appears, which enlarges and then grad-

ually disappears as a succession of small bubbles is expelled. Usually either one or two large,

branched, longitudinal canals pass from the hilum towards the distal end and the lamellae become

sharply defined and striated. As the starch is gelatinized a number of refractive granules appear,
most of which are soon gelatinized. The reaction is more rapid at the distal than at the proximal

end, where the lamellae are comparatively resistant. In the round and nearly round grains, the

starch is gelatinized without the formation of the large, branched fissures, but the reaction proceeds
more rapidly from the distal to the proximal end than in the reverse direction. The gelatinized

grains are much swollen and distortctl.

The reaction with ferric chloride begins in a few grains in 2 minutes. A small number are gelat-

inized in 5 minutes, very slight progress occurs in 30 minutes, and only a few grains are gelatinized

even in an hour. The hilum swells and a large bubble usually appears, which is very persistent. A
transparent, lustrous border forms marginally, which may increase in width until the entire grain

is involved, followed by gelatinization. In other grains gelatinization begins at the distal end

accompanied by rapid distension of the capsule at this point. When the reaction reaches the prox-

imal end, the resistant starch here is broken into large granules, which are finallj^ gelatinized. The

gelatinized grains are swollen and distorted.

Reaction with Pvrdi/s solution begins in a few grains in a minute and a very small number are

gelatinized in 5 minutes. There is very little progress in 60 minutes, at the end of which time the

reaction is complete in only a few grains. The hilum swells and the lamellte become more sharply

defined and striated. Usually one or two branched, longitudinal fissures pass from the hilum to the

distal end. Gelatinization begins at the distal end, or in dome-shaped and hemispherical grains at

the corners limiting the distal margin, and advances rather rapidly until near the proximal end,

at which point the lamella? are very resistant. Many refractive granules appear during gelatiniza-

tion, which may persist for an hour, but in most of the very few grains that are affected they are

finally gelatinized. The gelatuiized grains are swollen and somewhat distorted, but many of them

closely resemble the imtreated grain in shape.
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NOTES ON THE STARCHES OF CYCADACE^. (Charts 398 to 400.)

All the starches of Cycadacece belong to the same type. Those of Cycas and Dioon are so alike

in all particulars that differentiation by gross histological characteristics seems impossible, but
the starch of Zamia may readily be distinguished from those of Cycas and Dioon by the marked
difference in size. By means of their reactions each genus can positively be differentiated one from
the others, Crjcas and Dioon being closer than either with Zamia.

p



INDEX OF STARCHES.

Abildgaardia monostachya Vahl. Root-stock, 233, 269
Abroma angustum Linn. Seed, 220
Abronia arenaria Hook. Seed, 289
Acacia f;u-nesiana Willd. Seed, 251

latitolia Desf. Seed, 251

melanoxylon R. Br. Seed, 251

Acanthus mollis Linn. Seed, 203

Acer laurinum Hook. Seed, 250

pseudoplatanus Linn. Seed, 250
Achimenes alba Hort. Root-stock, 213

hirsuta. (See Locheria hirsuta.)
tubiflora Nichol. Root-stock, 231

Achnodonton bellardia Beauv. Seed, 277

Achyranthcs argentea Lam. Seed, 288
fruticosa Lam. Seed, 288

patula Linn. f. Seed, 288
Acnida tuberculata Moq. Seed, 287

Aconitum anthora Linn. Root, 217, 272

napellus Linn. Root, 72, 272, 859

pyramidale Mill. (See A. napellus.)
tauricum Jacq. (See A. napellus.)

Acorus calamus Linn. Root-stock, 72, 235

Acroglochin chenopodioides Schrd. Seed, 287

persicarioides Moq. Seed, 287

Actsea alba Willd. Root, 861
rubra Bigl. Root. (See A. spicata var. rubra.)

rubra Willd. Root. (See A. spicata var. rubra.)

spicata var. rubra Ait. Root, 862

Actinocarpus damasonium Sm. Seed, 206
Adamsia scilloides Willd. (See Puschkinia scilloides.)

Adansonia digitata Linn. Pulp of Fruit, 241

Adenogramma galioides Fzl. Seed, 291

Adiantum oapillus-veneris Linn. Root-stock, 232

Adonis amurensis Regel and Radde. Root-stock, 870

Adoxa, 50, 67, 68, 70, 71
moschatellina Linn. Root-stock, 187, 217

iEgiceras majus Gart. Seed, 265

JSgilops. Seed, 246

jEgilops caudata Linn. Seed, 206
truincialis Linn. Seed, 206

.^gopogon cenchroides Willd. Seed, 276
multisetus Trin. Seed, 276

.Slsculus hippocastanum Liim. Seed, 181, 183, 186,

220, 438

Agathophyllum aromaticum Willd. Seed, 248

Agropyrum. Seed, 246

Aeropyrum cristatum R. S. Seed, 205

rigidumR. S. Seed, 205

Agrostemma coronaria Linn. Seed, 292

Agrostis spica-venti Linn. Seed, 277
verticUlata

Vill._
Seed, 277

Aira agrostidea Loisl. Seed, 280

csespitosa Linn. Seed, 280
canescens Linn. Seed, 280

globosa Thore. Seed, 280
iuncea Vill. Seed, 280

pulchella Willd. Seed, 280
tenorei Guss. Seed, 280

Airopsis agrostidea Loisl. Seed, 280

ampla Nees. Seed, 280

globosa Desv. Seed, 280

Aizoon canariense Linn. Seed, 290

hispanicum Linn. Seed, 290

Alangium decapotaluni Lam. Seed, 267

liexapetalum Lam. Seed, 267
Albersia blitum Kth. Seed, 288
Alchemilla alpina Linn. Root-stock, 263
Aleurites moluccana Willd. Seed, 250

sp. Seed, 250
Alisma plantago Linn. Root-stock, 234

ranunculoidcs Linn. Seed, 206

Alismacea;, 197
Allionia incarnata Linn. Seed, 289

nyctaginea Mich. Seed, 289
ovata Pursh. Seed, 289

Alocasia putzeysi Hort. Rhizomes, 472

Alopecurus alpinus Sm. Seed, 277

geniculatus Linn. Seed, 277

pratensis Linn., 277
utriculatus Schr., 277

Alpinia galanga Sw. Root-stock, 230
nutans Rose. Pollen, 243

Alstroemeria aurantiaca (aurea) Don. Root-stock, 661

brasiliensis Spreng. Root-stock, 660

ligtu Linn. Root-stock, 659, 815
Altemanthera paronychoides St. H. Seed, 288
Althaea officinalis Linn. Root, 218

rosea Cav. Root, 241
Althenia filiformis Petit. Seed, 209

AJysicarpus ferrugineus Steud. Root-stock, 263
Amarantus blitum Linn. Seed, 288

bullatus Bess. Seed, 288
frumentaceus Roxb. Seed, 288

sanguineus Linn. Seed, 288

Amaryllidaceae, 625-685

Amaryllis belladonna major Linn. Bulb, 625
formosissima Linn. Bulb. (See Sprekelia

formossisima.)

Amblyogyne polygonoides Rafn. Seed, 288
Ambrina graveolens Moq. Seed, 287
Ammannia baccifera Linn. Seed, 250

latifolia Linn. Seed, 250
vesicatoria Rxb. Seed, 250

Ammophila arenaria Lk. Seed, 278
Amomum cardamomum Linn. Seed, 253

granura-paradisi Afz. Seed, 253

javanicum. Seed, 253

zingiber Linn. Seed, 253

AmorphophaUus rivieri Dur. Tuber, 472

Ampelodesmos tenax Lk. Seed, 200

Amphicarpsea monoica Nutt. Seed, 221, 268

Amphicarpum purshii Kunth. Seed, 199

Amyris sylvatica Jacq. Seed, 221

sp. Seed, 221
Anacardium occidentale Linn. Seed, 210

Anarthria prolifera R. Br. Seed, 286
Anatherum iwarancusje. Root, 66, 255

muricatum Beauv. Root, 255

Andropogon aciculatus Retz. Seed, 201

argentcus DC. Seed, 201

cemuus Rxb. Seed, 201

contortus Linn. Seed, 201

cymbarius Hochst. Seed, 202

cymbarius Linn. Seed, 202
d'issitifiorus Michx. Seed, 201

diversiflorus Steud. Seed, 201
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Andropogon ischsemum Linn. Seed, 201

laguroides DC. Seed, 201

leucostachyus H. B. Seed, 201
muricatus Retz. Root, 255

nepalensis H. berol. Seed, 202

sorghum Brot. Seed, 176, 201
var. (ShaUu) Hort. Seed, 360

(W. K. corn) Hort. Seed, 357

(Y. B. Sorghum) Hort. Seed, 359
umbrosus Hochst. Seed, 201

Androsa;mum officinale Ail. Root, 241

Androscepia gigantea Brongn. Seed, 202

Anemonaceae, 853-858
Anemone apennina Linn. Root-stock, 853

blanda Schott & Kotschy. Root-stock, 855

fulgens Gay. Root-stock, 854
hortensis There. (See A. fulgens.) Root-

stock, 854

japonica Sieb. and Zucc. Root-stock, 856

pavonia var. fulgens DC. (See A. fulgens.)
ranunculoidea Linn. Root-atock, 217, 272

Angiopteris. Leaf-stem, 229

Anigosanthus rufa Lab. Root-stock, 257

Anthephora elegans Schreb. Seed, 200
Anthestiria cymbaria Rxb. Seed, 202

laxa Andr. Seed, 202

pseudocymbaria Steud. Seed, 202

Antholyza crocosmoides. Corm, 740
meriana Hort. Corm. (See W. meriana.)

paniculata. Corm, 742
Anthoxanthum amarum Brot. Seed, 275
Anthurium acaule Sweet. Seed, 209

Antigonon sp. Seed, 203

Anychia dichotoma Michx. Seed, 291

Apera spica-vcnti Beauv. Seed, 277

Aphelia cyperoides R. Br. Seed, 285

Apios tuberosa Moench. Tubers, 219

Apium graveolens Linn. Root, 260

Apluda gigantea Spr. Seed, 202

Apocynum, 72

Apollonias canariensis Nees. Seed, 248

Aponogeton. Tuber, 66, 257

Aponogeton distachyum Thbg. Seed, 265
Arachis hypogoea Linn. Seed, 250, 414

Archangelica officinalis Iloffm. Root, 239
Arenaria globulosa Lab. Seed, 291

graminifolia Sclird. Seed, 291

grandiflora Linn. Seed, 70, 291
holostcoides. Seed, 291

Arisa?ma triphyllum Torr. Tuber, 446
Aiistida amplissima Trin. Seed, 276

funiculata Trin. Seed, 276

hystrix Linn. f. Seed, 276

kotschyi Hochst. Seed, 276

plumosa Linn. Seed, 276

stipiformis Lam. Seed, 276
Aristolochia clematitis Lam. Root-stock, 237

longa Linn. Root, 271

pistolochia Linn. Root, 258

serpentaria Linn. Root, 258
Armeria alpina Willd. Seed, 249

formosa Hort. Seed, 248
var. angastifolia. Seed, 249

Aroidea;, 440-473
Arrhenatherum elatius M. K. Seed, 280

var. Hort. Seed, 375
Arum cornutum Hort. Tuber, 441

cylindricum Gasp. Tuber. (See A. italicum.)
dracunculus Hort. Tuber. (See D. vulgaris.)
esculentum. Tuber, 814
italicum Miller. Tuber, 443

Cell-sap, 62
maculatum Linn. Tuber, 66, 70, 814
orient ale Brbst. Seed, 286

pala;stinum Boiss. Tuber, 440
sanctum Hort. Tuber. (See A. palsestinum.)

Arum ternutum Thumb. Tuber, 270
Ai-undo donax Linn. Root-stock, 274

mauritanica Dsf . Seed, 278
tenax Vahl. Seed, 200

Anmdinella nepalensis. Seed, 276
Asarum europceum Linn. Stolon, 237

Aspidium filix-mas Sw. Root-stock, 233
Asplenium marinum Linn. Root-stock, 232
Asprella hystrix Willd. Seed, 206
Astragalus incanus Linn. Root-stock, 242, 263
Astrantia major Liim. Root-stock, 238
Atheropogon oUgostachyus Nutt. Seed, 280
Atraphaxis spinosa Linn. Seed, 203

Atriplex calotheca Rafn. Seed, 287
hastata Linn. Seed, 287
hortensis Linn. Seed, 287

Atropa belladonna Linn. Seed, 259, 265
Root, 237

Avena, 176, 178
Avena brevis Roth. Seed, 280

elatior Linn. Seed, 280
fragili-s Linn. Seed, 280
hirsuta Roth. Seed, 280
orientalis Schrb. Seed, 280
pubescens Linn. Pollen, 243
sativa var. Hort. Seed, 374

Avicennia tomentosa Linn. Seed, 289

Axyris amarantoides Linn. Seed, 287

Ayenia pusilla Linn. Root, 274
Babiana var. (Athraction) Hort., 766

(Violacia) Hort., 765
Banisteria sp. Seed, 250
Barbacenia rogieri Hort. Seed, 264

Barclaya oblonga Wall. Seed, 290
Basella alba Linn. Seed, 288

ramosa Jacq. Seed, 288
Batatas eduUs Cliois. Tuber, 22, 58, 191, 192, 194, 259,

815, 884

jalappa Chois. Root, 213
littoralis Chois. Stolon, 237, 258

Beckera petiolaris Hoclist. Seed, 200
Beckmannia erucaeformis Hochst. Seed, 275
Begonia. Leaves, 26, 268
Begonia sp. dichotoma. Leaves, 26
Belladonna. Root, 72
Bernhardia dichotoma. Stem, 66
Beta orientalis Heyn. Seed, 287

vulgai'is Linn. Seed, 181, 287

Billbergia amoena Lindl. Root-stock, 215, 257
zebrina Lindl. Seed, 202, 264

Bixa orellana Linn. Seed, 210
Bletia tankervilleae R. Br. Tuber, 213. (See Phaius.)
BUtum capitatum Linn. Seed, 287

Blysmus compressus Panz. Seed, 247
Boerhavia repens Linn. Root, 257
Boissiera bromoides Hochst. Seed, 244

Boi'ya acuminata Willd. Seed, 248

Botrychium lunaria Sw. Root-stock, 233

Bougainvillea spectabilis Willd. Seed, 289

Brachypodium pinnatum Beauv. Seed, 243
Braconnotia elymoides Goodr. Seed, 206, 246
Brassica napus Linn. Seed, 249, 266
Breevortia ida-maia Wood. (See Brodiaea coccinea.)

coccinea Watts. (See Brodia^a coccinea.)
Briza geniculata Thbg. Seed, 281

triloba Nees. Seed, 281

Brizopyrum acutiflorum Nees. Seed, 281
siculum Lk. Seed, 281

Brodiaea californica Lindl. Bulb, 598
Candida Baker. Bulb, 592

capitata Benth. Bulb, 602
coccinea Gray. Bulb, 596

congesta Smith. Bulb, 603

grandiflora Smith. Bulb, 597
ixioides var. splendens Wats. Bulb, 591
lactea Wats. Bulb, 594
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Brodisea laxa Wats. Bulb, 595

pediini'iilaris Wats. Bulb, 589

purilyi Eastes. Bulb, 600
stellaris Wats. Bulb, GDI
uniflora Baker. (See Tritcloia uniflora.)

Bi'oinus. Seed, 197, 244
Bromus adccnsis Hochst. Seed, 245

aleutensis Trin. Seed, 245
arduennensis Kth. Seed, 246
ai-vensis Linn. Seed, 244

asper Murr. Seed, 246

hrachystachys Horng. Seed, 245
briza-formis F. M. Seed, 245
canadensis Michx. Seed, 246
caucasicus Fisch. Seed, 245
oiliaUis Linn. Seed, 245
commutatus Schrad. Seed, 245
confertus Bbrst. Seed, 246
diandrus Curt. Seed, 246
tlivarieatus Rohde. Seed, 246
crectus Huds. Seed, 245

giganteus Linn. Seed, 283

gussonii Parlat. Seed, 244
hordeaceus Gmel. Seed, 245
inermis Linn. Seed, 245
lanceolatus Roth. Seed, 245
laxus Homem. Seed, 245
littoralis Hort. Seed, 285

longiflorus WUld. Seed, 245
madritensis Linn. Seed, 244
maximus Dsf. Seed, 245
mollis Linn. Pollen, 243

Seed, 246

patulus M. K. Seed, 245

pendulinus Schrd. Seed, 246

polystachyus DC. Seed, 245

purgans Linn. Seed, 245

rigidus Roth. Seed, 245
rubens Linn. Seed, 245

rupestris Host. Seed, 244
schraderi Kth. Seed, 245
secaUnus Linn. Seed, 246

var. hordeaceus. Seed, 245

squarrosus Linn. Seed, 245
sterilis Linn. Seed, 245
tectorum Linn. Seed, 245
unioloides Willd. Seed, 245
velutinus Schrad. Seed, 245
vestitus Nees. Seed, 246

wolgensis Jacq. Seed, 245

Bryonia dioica Jacq. Root-stock, 66, 272
Buettneriaceae. Seed, 220
Bufonia annua DC. Seed, 291

Buginvillea spectabihs Willd. Seed, 289
Bulbochajte setigera Ag. Spore, 204

spha?rocarpa A. Br. Spore, 204
Bulbocodium vemum Linn. Tuber, 234, 269
Bunium bulbocastanum Linn. Tuber, 217, 271

Bupleurum longifoUum Linn. Root-stock, 238
ButomacetE, 197
Butomus umbellatus Linn. Seed, 208

Root-stock, 234

Byrsonima crassifolia DC. Bark, 241, 262

Cacao, 176
Cactus brasiliensis. Stem, 241

flagelhformis. Stem, 240
monstrosus. Stem, 240

opuntia tuna. Stem, 241

pereskia grandiflora. Stem, 241

peruvianus. Stem, 240

serpentinus. Stem, 240
Caladium seguinum Vent. Root-stock, 231

Calamagrostis arenaria Roth. Seed, 278

sylvatica DC. Seed, 278
willdenowii Trin. Seed, 278

Calandrinia compressa Schrd. Seed, 290

59 [3]

Calathea bicolor Steud. Root-stock, 257
lietzii Mon-. Root-stock, 831

massangcana Hort. Root-stock. (See Mar-
anta massangeana.)

vandenheckei Regel. Root-stock, 834
vittata. Root-stock, 832
wioti Hort. (See C. wiotiana.)
wiotiana Makoy. Root-stock, 833

Calla aithiopica Linn. Root-stock. (See Richardia
africana.)

eUiottiana Hort. Root-stock. (See Richardia
eUiottiana.)

palustris Linn. Root-stock, 235

Seed, 209
Calochortus albus Dougl. Corm, 511

benthanii Baker. Corm, 513
howellii Wats. Corm, 517
leichthnii Hook. Corm, 518
lilacinus Kellogg. Corm, 515
luteus var. oculatus. Corm, 519
maweanus var. major Hort. Corm, 513
nitidus Dougl. Hort. Corm, 516

splendens Dougl. Hort. Corm, 520
umbellatus Wood. (See C. lilacinus.)
uniflorus. (See C. lilacinus.)

Calophyllum lanceolatum Bl. Seed, 250
tacamahaca Willd. Seed, 250

Calotheca triloba Beauv. Seed, 281

Calumba, 72

Caly.xhymenia paniculata Dsf. Seed, 289

Campanula sp. Seed, 249
CanavaUa obtusifoha DC. Seed, 211
Canella alba Murr. Bark, 262
Canna. Root-stock, 33, 45, 46, 57, 59, 65, 72, 176,

225
Canna albiflora Hort. Root-stock, 225

altensteinii Bouch6. Root-stock, 225
coccinea Ait. Root-stock, 226, 254, 813
cubensis Hort. Root-stock, 226
discolor Lindl. Root-stock, 227
edulis Ker. Root-stock, 191, 193, 194, 226, 801,

814

elegans Hort. Root-stock, 225
csculenta Lodd. (See Canna edulis.)
floribunda Hort. Root-stock, 225

gigantea Dsf. Seed, 229

Root-stock, 227

glauca Linn Root-stock, 227
heliconiEefoMa Hort. Root-stock, 226
indica Lmn. Seed, 27, 47, 229

var. aureo-vittata. Root-stock, 226

lagunensis Lindl. Root-stock, 226, 252, 254, 270

lanuginosa Bosc. Root-stock, 226, 252, 254
limbata Rose. Root-stock, 226
linkii Bouch6. Root-stock, 225
musaefoha Hort. Root-stock, 194, 800

pedunculata Sims. Root-stock, 225, 254, 270

picta Hort. Root-stock, 225
ramosa Hort. Root-stock, 225
roscoeana Bouch6. Root-stock, 194, 798

spectabihs Hort. Root-stock, 225

stelligera Bauer. Stellate bodies, 268
var. (J. D. Eisele), 808

(Jean Tissot), 807

(Konigen Charlotte), 802

(L. E. Bally), 805

(Mrs. Kate Grey), 806

(President Camot), 804

variegata Hort. Root-stock, 225
vittata Hort. Root-stock, 225
warszewiczii Dietr. Root-stock, 194, 270, 796

CannacesB, 796-812

Capsicum, 72

Caragana altagana Poir. Seed, 210
arborescens Lam. Seed, 210

Cardamine granulosa AU. Root-stock, 218
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Cardamomiim minus. Seed, 64, 72, 253
Carex arenaria Linn. Seed, 247, 209

Root-stock, 233
atrata Linn. Root-stock, 233
bicolor All. Root-stock, 233, 255
distioha Huds. Root-stock, 233
birta Linn. Root-stock, 233, 269
intermedia Good. Root-stock, 233
maxima Scop. Seed, 247

Root-stock, 255

pulicaris Linn. Seed, 247
Carolinea princeps Linn. Seed, 219, 266
Carum bulbocastanum Koch. Tuber, 217, 271

Caryophyllus aromaticus Linn. Seed, 176, 221
Castanea. Seed, 193
Castanea americana Raf. Seed, 430

dentata Booksh. (See C. americana.)

pumila Mill. Seed, 434
sativa var. Hort. Seed, 433
var. numbo Hort. Seed, 432
vesca Gart. Seed, 247

Castanospermum australe Cunn. Seed, 273
Catabrosa aquatica Beauv. Seed, 282
Celosia cristata Linn. Seed, 288
Ccnchrus tevigatus Trin. Seed, 200

lappaceus Linn. Seed, 200
Centotheca lappacea Beauv. Seed, 200

Centrolepis fascicularis Lab. Seed, 285

Cepha?lis ipecacuanha Rich. Root, 271

Cephalotus foUicularis R. Br. Root-stock, 217
Cerastium chlorsfolium F. M. Seed, 292
Ceratochloa pendula Schrad. Seed, 245

unioloides DC. Seed, 245

Ceratophyllum submersum Linn. Seed, 209
Cereus erinaceus Haw. Stem, 240

flagelliformis Mill. Stem, 240
martianus Zucc. Stem, 240
moustrosus DC. Stem, 240

peruvianus Haw. Stem, 240

quadrangularis Hort. Stem, 240

serpentinus Lag. Stem, 240
variabilis Pfeiff. Stem, 240, 252, 273

Chffirophyllum bulbosum Linn. Tuber, 272

Chietospora nigricans Kth. Seed, 247
Chseturus fasciculatus Lk. Seed, 278

Chamagrostis minima Borckh. Seed, 278
Chamissoa albida Mart. Seed, 288

Chara, 242

alopecuroidea Del. Spore, 205, 243

asperaW. BulbUs (?), 207

Spore, 205, 243
barbata Mey. Spore, 205, 243
baueri A. Br. Spore, 205, 243
contraria A. Br. Spore, 205, 243
coronata Ziz. Spore, 205, 243
crinita Wallr. Spore, 205
foetida A. Br. Nodal cells, 268

Spore, 205, 242

fragilis Desv. Spore, 205, 243

gymnophylla A. Br. Spore, 205, 243

hispida Linn. Spore, 204, 243, 254
Tubular cells, 26

stelligera Bauer. Star-shaped bodies, 251

Chascolytrum trilobum Nees. Seed, 281
Chehdonium majus Linn. Seed, 53, 249

Root-stock, 261

Chenopodium aristatum Linn. Seed, 287

quinoa W. Seed, 287
Chiococca racemosa Linn. Root, 274
Chionodoxa lucilife Boiss. Bulb, 546

sardensis Hort. Bulb, 548
tmolusi Hort. Bulb, 547

Chloris petraea Thumb. Seed, 279
submutica H. B. Seed, 279

Chondrosium sp. Seed, 279
Chrysophyllum glycyphJoeum Cas. Bark, 274

Chrysopogon aciculatus Trin. Seed, 201

Chrysurus eeliinatus Beauv. Seed, 282

Chusquea cumingii Nees. Seed, 201
Cicer. Seed, 268
Cicer arietinum Linn. Seed, 69, 210, 268

Cimicifuga racemosa Nutt. Root, 71, 863
Cinchona, 72, 237
Cinchona. Bark, 72
Cinna arundinacea Linn. Seed, 278

racemosa. Seed, 277
Cinnamomum ceylanicum. Inner bark, 72, 176, 267

Seed, 248
Circa;a lutetiana Linn. Stolon, 273
Cistus creticuB Linn. Seed, 210

vulgaris Spach. Seed, 210
Cladium mariscus R. Br. Seed, 247

triglomeratum Nees. Seed, 247
Claytonia perfoliata Don. Seed, 290
Closterium lanceolatum Kg. Seed, 293
Cocculus palmatus DC. Root, 217
Cochleaiia armoracia Linn. Root, 239, 872
Coelogyne fimbriata Lindl. Tuber, 235
Coix lacryma Linn. Seed, 199

Root, 255
Colchicum autumnale Linn. Bulb, 66, 72, 256

Seed, 22

parldnsoni Hook. Bulb, 623

variegatum Linn. Bulb, 256
Coleanthus subtiUs Seid. Seed, 277
Colocasia odora Brongn. Seed, 232

Root-stock, 623

Colpodium steveni Trin. Seed, 277
Comarum palustre Linn. Root-stock, 262
Commelina coslestis Willd. Seed, 252

hirsuta R. Br. Root-stock, 214
nudicaulis Burm. Seed, 253

Conostylis involucrata Endl. Root, 235
Convallaria majalis Linn. Root, 72, 616

stanhopea. Root, 45

Convallariaceffi, 616-622
Convolvulus. Root, 188
Convolvulus imperati Vahl. Stolon, 237, 258

lineatus. Root-stock, 237, 258
soldanella Linn. Stolon, 237, 258

Convolvulaceaj, 882-883

Corispermum hyssopifolium Linn. Seed, 288
marshallii Stev. Seed, 288

Cornucopia; cucullatum Linn. Seed, 275
Cornus suecica Linn. Root-stock, 239, 261

Corrigiola littoralis Linn. Seed, 291

Corydalis bulbosa Pers. Root-stock, 218
cava Schw. K. Root-stock, 218
fabacea Pers. Root^stock, 261
lutea DC. Seed, 266

pumila Host. Root-stock, 261
solida Sm. Root-stock, 261

Corylus avellana Linn. Seed, 265

Corynephorus canescens Beauv. Seed, 280
Costus sp. Seed, 253

comosus Rose. Root-stock, 230

speciosus Sm. Root-stock, 230

spiralis Rose. Root-stock, 230
Crinum americanum Linn. Bulb, 636

fimbriatulum Baker. Bulb, 634
Critho aegiceras E. Meyer. Seed, 206
Crocus sativus All. Bulb, 257

susianus Hort. Bulb, 744
var. (Baron von Brunow) Hort. Bulb, 747
vernus All. Bulb. 274
versicolor Ker. Bulb, 745

Crotalaria incana Linn. Root, 263
Croton eluteria Sw. Bark, 241

Crypsis schcenoides Lam. Seed, 277
Ctenium chapadense Trin. Seed, 279

elegans Kth. Seed, 279

Ctenopsis pectinella Notar. Seed, 279
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Cubeba, 72
Cuccvibalus baccifcrua Linn. Seed, 292
Cucumis sativuB Linn. Seed, 250
CucurbitaeeiB, 8SS-8S9.

(^iipania tomontosa Sw. Seed, 207

Cupuliferse, 79, 95.

Curcuma, 72, 176, 262

angustifolia Rxb. Root-stock, 224, 814
leucorrhiza Rxb. Root-stock, 223, 814

longa Linn. Root-stock, 224, 791

petiolata. Root-stock, 792

pubescens. Root-stock, 814
zedoria Salisb. Tuber, 70, 223, 262

Cyanotis cristata Don. Seed, 253

Cycadaceae, 890-898
Pith, 65

Cyca.s circinalis Linn. Side-shoot, 38, 256, 894
revoluta Thunb. Side-shoot, 892

Cyclamen cUicum Boiss and Heldr. Tuber, 881
coum Mill. Tuber, 880
hederifolium Ait. Tuber, 210

repandum Hort. Tuber, 878

Cyclolepis platyphylla Moq. Seed, 287

Cynodon dactylon Pers. Seed, 279

Stolon, 255
linearis Willd. Seed, 279

Cynosurus echinatus Linn. Seed 282

Cypella herberti Herb. Bulb, 751

CyperacecB. Seed, 246

Cyperus tegyptiacus Glox. Root-stock, 214
esculentus Linn. Root-stock, 214
flavesoens Linn. Seed, 240

phymatodes Mhlbrg. Root-stock, 209

polystachyos Rottb. Root-stock, 233

repens Ell. Root-stock, 209

strigosus Linn. Seed, 240

Cypripedium calceolus Linn. Root-stock, 71, 274

Cystoptcris bulbifera Bernh. Bulbils, 233

fragilis Bernh. Root-stock, 233

Dactyloctenium segyptiacum Willd. Seed, 279

Dahlia, 33
Dahlia variabilis Dsf . Tuber, 237
Damasonium indicum Willd. Seed, 550
Danthonia decumbens DC. Seed, 281

koestlini Hochst. Seed, 281

provincialis DC. Seed, 281

Delphinium ajacis Jiinn. Seed, 249

Delphinaceoe, 857-858
Dentaria bulbifera Linn. Young bulbs, 239

digitata Lam. Root-stock, 218

enneaphyllos Linn. Root-stock, 231

polyphyila W. K. Root-stock, 218

Deschampsia ca-spitosa Beauv. Seed, 280

juncea Beauv. Seed, 280

pulchella Trin. Seed, 280
Desmanthus virgatus WiUd. Root, 203

Desmidiacea;, 293
Desmocha;ta patula R. S. Seed, 288
Desvauxia billardieri R. Br. Seed, 285

Deyeuxia retrofracta Kth. Seed, 278

Dhoura, 176
Dianthus atrorubons All. Seed, 292
Diarrhena amcricana Beauv. Seed, 285

Dicentra formosa Walp. Root-stock, 213

Dichelachne vulgaris Trinn Seed, 276

Diclytra formosa DC. Root-stock, 213
Dictamnus albus Linn. Root, 242
Dieffenbachia baumanni Hort. Stalk. (See D. seguine

var. irrorata.)
D. illustris Hort. Stalk, Cortex, 407
D. illustris Hort. Stalk, Pith, 466
D. irrorata Schott. (See D. seguine var. irrorata.)

D. late-maculata Lind. and Andr6. (See D. illustris.)

D. nobilis Hort. (See D. seguine var. nobihs.)

D. seguine Schott. Stalk, 21, 22, 49, 69. 179, 194

D. seguine var. irrorata Engl. Stalk Cortex, 464
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D. seguine var. irrorata Engl. Pith, 402
D. seguine var. maculata Lowe. Stalk Cortex, 460
D. seguine var. maculata Lowe. Pith, 458
D. seguine var. nobilis Engl. Stalk Cortex, 457
D. seguine var. nobilis Engl. Pith, 455

Digitalis lutca Linn. Fruit, 249
Diodia dasycephala Cham. Root, 271
Dioon edule Lmdl. Seed, 815, 896

Dioscorea, 59
alata Linn. Root-stock, 223, 814
batatas Dcsn. Tubers, 222
sativa Linn. Root-stock, 223, 814

Diplachne fascicularis Beauv. Seed, 624

Diplazium plantagineum Sw. Root-stock, 233

Dipteryx odorata Willd. Seed, 293
Dodeoatheon meadia Linn. Root, 216
Dolichodeira tubiflora Hanst. Tuber, 231
Dolichos lablab Linn. Seed, 389

monachalis Brot. Seed, 212
Dorstenia brasilicnsis Linn. Root-stock, 230, 274

contrajer^'a Linn. Root-stock, 274
Dracunculus vulgaris Schott. Tuber, 447

Drepanocarpus lunatus Mey. Seed, 212

Drimys winteri Forst. Bark, 272

longifolia Linn. Seed, 203
Drosera rotundifoUa Linn. Root, 201

Drosophyllum lusitanicum Spr. Seed, 230
Drummondia mittelloides DC. Root-stalk, 239

Drymaria cordata Willd. Seed, 70, 291

Dr3T5is spinosa Linn. Seed, 292

Dyckia remotiflora Otto. Seed, 265
Echinaria capitata Dsf. Seed, 279
Echinocactus erinaceus. Stem, 240

Echinopogon ovatus Beauv. Seed, 278

Echinopsilon hyssopifoUum Moq. Seed, 287
Ectrosia Icporina R. Br. Seed, 282
Ehrharta panicea Smith. Seed, 275
Eichhornia tricolor Seub. Seed, 208
Eleocharis. (See Heleocharis.)
Elettaria cardamomum White. Seed, 253
Eleusine coracana Gart. Seed, 279
Elodia canadensis, 40

Elymus. Seed, 240

Elymus engelmanni Hort. Seed, 206

hystrix Linn. Seed, 206

Elyna caricina M. K. Seed, 247

spicata Schrad. Seed, 247

Elytrophorus articulatus Beauv. Seed, 282
Emex spinosa Camb. Seed, 203

Encephalartos spLraUs Lehm. Embryo, 219, 263

Seed, 244
Entada gigalobium DC. Seed, 293

Ephedra alata Desn. Seed, 205
distachva Linn. Seed, 205

fragilis Dsf. Seed, 205

Epilobium hirsutum Linn. Stolon, 202

Epimedium alpinmn Linn. Root-stock, 274
macranthum Lindl. Root-stock, 274

Equisetiun hyemale Linn. Young tuber, 232

Eragrostis abyssinica Lk. Seed, 281

Eranthis hyemalis Salisb. Root, 805
Erharta panicea Sm. Seed, 275
Eriachne ampla Nees. Seed, 280

microphylla Nees. Seed, 280
Erianthus ravenna; Beauv. Seed, 202

Eriobotrya japonica. Leaves, 181

Eriolirna sp. Seed, 220

Eriophorum alpinum Linn. Seed, 247

capitatum Host. Root-stock, 234
scheuchzeri Hopjie. Root-stock, 234

vaginatum Linn. Seed, 247

Erysijihea;, 64
Ervum agrigentinum Guss. Seed, 211

lens Linn. Seed, 210, 208

Erycibe paniculata Rxb. Seed, 249

Erythronium americanum Smith. Bulb, 563
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Erythronium angustatum Raf . (See E. americanum.)
bracteatum Boott. (SeeE.americanum.)
californicum Hort. Bulb, 567
eitrinum Wats. Bulb, 565
dens-canis Linn. Bulb, 222, 561

var. grand. Hort. Bulb, 562

giganteum Lindl. (SeeE. grandiflorum.)

grandiflorum Pursh. Bulb, 564
lanceolatum Pursh. Bulb. (See E.

americanum.)

Erythroxylon columbinimi Mart. Seed, 267
mucronatum Bth. Seed, 267
nitidum Mart. Seed, 267
obtusum DC. Seed, 267
rufum Cav. Seed, 267

sp. Seed, 267
Eudianthe coeli-rosa Fzl. Seed, 292

Euglenae, 63

Eunonymous, 72

Euphorbia, 40, 53, 65
arborea. Latex, 213

cyparissias Linn. Ijatex, 212

Root-stock, 241
dulcis Linn. Latex, 212

Root-stock, 218

epithymoides Linn. Latex, 212

fragifera Jan. Latex, 212

glareosa Bbrst. Latex, 212

globosa. Latex, 213

lathjTis Linn. Latex, 212

myrsinites Linn. Latex, 69
nereifolia Linn. Latex, 213
nicaeensis All. Latex, 212

palustris Linn. Latex, 212

procera Bbrst. Latex, 212
triacantha. Latex, 213

virgata W. K. Latex, 212

Euphorbiaceae, 874-877

Eustachys petreea Desv. Seed, 279
submutica R. S. Seed, 279

Eutooa viscida Benth. Seed, 249
Eutriana abyssinica Schimp. Seed, 621

oligostachya Kth. Seed, 280
Euxolus caudatus Moq. Seed, 288

emarginatus Br. B. Seed, 288
Faba vulgaris Mill. Seed. (See Vioia faba.)

Fagopynmi cymosum Meisn. Seed, 203
esculentum Moench. Seed, 181, 184, 203,

254

Fagua sylvatica Linn. Seed, 248
Festuca abyssinica Hclist. Seed, 284

alopecurus Schsb. Seed, 284
arundinacea Schrb. Seed, 282
borealis M. K. Seed, 284
bromoides Linn. Seed, 284
broteri Boiss and Rent. Seed, 284
calamaria Sm. Seed, 283
ciliata Lk. Seed, 285
coreahs Mert. and Koch. Seed, 283

cynosuroides Dsf. Seed, 284
delicatula Lag. Seed, 285
distans Kth. Seed, 281
divaricata Dsf. Seed, 285
diversifoha Bal. Seed, 282
dumetorum Linn. Seed, 284
elatior Linn. Seed, 282

elegana Boiss. Seed, 283
fascicularis Lam. Seed, 282
fenas Lag. Seed, 283
flavescens Bell. Seed, 282

geniculata Willd. Seed, 285

gigantea Vill. Seed, 283

glauca Lam. Seed, 284

heterophylla Haenk. Seed, 283, 284
lachenalil Spenn. Seed, 283
lolium Bal. Seed, 284
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Festuca macrophylla Hchst. Seed, 285
maritima DC. Seed, 284

memphitica Boiss. Seed, 285
myurus Linn. Seed, 284
nigrescens Lam. Seed, 284
nutans Willd. Seed, 283
ovina var. Seed, 284

pectinella Del. Seed, 279

petraia Guthn. Seed, 283

pinnata Monch. Seed, 244

poa Kth. Seed 283

pratensis Huds. Seed, 282

procumbens Kth. Seed, 283

pscudo-eskia Boiss. Seed, 283

pumila Vill. Seed, 283

rigida Kth. Seed, 285
rottbcelloides Kth., 284
rubra Linn. Seed, 283, 284
sabulicola Duf. Seed, 284
salzmanni Boiss. Seed, 283

spadicea Linn. Seed, 283

spectabilis Jan. Seed, 283
stuartina Steud. Seed, 284

sylvatica Vill. Seed, 283
tenella W. Seed, 284
tenuiflora Sclu-d. Seed, 285
thalassica Kth. Seed, 281
triflora Dsf. Seed, 284

uniglumis Sol. Seed, 284
unioloides Kth. Seed, 281
urvilleana Steud. Seed, 283

vaginata W. K. Seed, 283
varia Haenk. Seed, 282

Ficaria ranuncidoides Mch. Root, 228, 239, 252

verna, 65

Fimbristylis annua R. S. Seed, 247
brizoides SM. Seed, 247
dichotoma Vahl. Seed, 247

_

laxa Vahl. Seed, 247

Flagellaria indica Linn. Seed, 247

Floridea;, 63
Forestiera acuminata Poir. Seed, 248

Frangula, 71
Frankenia pulverulenta Linn. Seed, 290
Freesia refraeta var. alba Hort. Bulb, 194, 736

leichtUnii Hort. Bulb, 738
Fritillaria. Bulb, 65
Fritillaria armena Boiss. Bulb, 504

aurea Schott. Bulb, 503
inferialis var. aurora Hort. Bulb, 605
latifoha Willd. (See F. aurea.)
lutea Miller. (See F. aurea.)
liUacea Lindl. Bulb, 506

meleagris Linn. Bulb, 189, 222, 496

per.sica Linn. (Plate 27, figs. 161, 162.)

pudica Spreng. Bulb, 499

pyrenaica Linn. Bulb, 498
recurva Benth. Bulb, 507

Froelichia floridana Moq. Seed, 289

graciUs Moq. Seed, 289

Gagea lutea Schult. Bulb, 234, 269

stenopetala Rchb. Bulb, 234
Galanthus ehvesii Hook. Bulb, 656

nivalis Linn. Bulb, 188, 223, 270, 655

pUcatus Bbrst. Bulb, 235

Galega biloba Sweet. Seed, 250

GaUpea officinalis Hanc. Bark, 241
Galtonia candicans Decne. Bulb, 574
Gastridimn australe Beauv. Seed, 278

muticum Spr. Seed, 278
Gaudinia fragihs Beauv. Seed, 280

Gaya simplex Gd. Root-stock, 238
Gelasine azurea Hort. Root-stock, 754

Gelsemium, 72

Geranium, 72
lividum Her. Root-stock, 218



INDEX OF STARCHES.

Geranium molle Liuii. Pollen, 243

plueuiu Linn. Iloot-stoclc, 218
piatense Linn. I'ollcn, 243

sylvaticuin Linn. Root-stock, 219
Gesneraceae, SS4-SSS
Gesnciia tubiflora Hort. Root-stock, 886
Gesneriana. Bulb, 188
Geum moutanum Linn. Root-stock, 263

urbanum Linn. Root-stock, 263
Gladiolus byzautinus Miller. Conn, 715

cai-dinalis (Blusliinf; Bride) Hort. Conn, 717
communis Linn. Corm, 256
floribundus Jacq. Corm, 718

primulinas Hort. Corm, 716
Glaux maritima Linn. Stem, 238, 260
Globba marantina Linn. Seed, 228

nutans. Pollen, 585
Globularia pilulifera. Androspore, 208
Gloriosa superba Linn., 201
Gloxinia Mrsuta Lindl. Tuber, 216

speciosa Lodd. Tuber, 216
tubiflora Hook. Tuber, 231
var. Hort. Tuber, 888

Glutinosa, 53

Glyceria aquatica Presl. Seed, 281
distans M. K. Seed, 281
maritima M. K. Seed, 281
michauxii Kth. Seed, 281
nervata Trin. Seed, 281

Glycyrrhiza. Root, 72, 242
Gomphrena decumbens Jacq. Seed, 289
Goniolimon eximium Boiss. Seed, 249

Gossypium. Bark, 72

Gossypium indieum Lam. Root, 273
Graminaceffi. Seeds, 343

Granatum, 72
Gratiola officinalis Linn. Root-stock, 238, 259
Guaiacum officinale Linn. Bark, 242
Guarea trichilioides Linn. Seed, 267
Guilandina bonduc Linn. Seed, 251
Guthnickia atrosanguinea Reg. Root-stock, 231

Gymnopogon foliosus Nees. Seed, 200

Gymnothrix cenchroides R. S. Seed, 200

Gynerium argenteum Nees. Seed, 278
cinereum Humb. Seed, 278

Gypsophila altissima Linn. Seed, 292
Hablitzia tamnoides Bbrst. Seed, 287
Hsemanthus katherinae Baker. Bulb, 644
Ha;modorum sp. Seed, 264

Harpachne schimperi Hochst. Seed, 282
Heckeria sida^folia Kth. Seed, 287

Hedychium coronarium Koenig. Root-stock, 787
flavescens Car. Root-stock, 224

gardnerianum Wall. Seed, 253

Root-stock, 230
Roscoe. Root-stock, 788

hirsutum. Root-stock, 230

HelleboraceiE, 859-864
Hellebonis hyemalis Linn. (See Eranthis hyemalis.)
Heleocharis ovata R. Br. (Eleocharis) . Seed, 246

palustris R. Br. (Eleocharis). Seed, 246

Helianthemum segyptiacum Mill. Seed, 210
Heliconia sp. Seed, 254
Helleborus dumetorum W. K. Root-stock, 272

viridis Linn. Root-stock, 272

Helopus annulatus Nees. Seed, 200
Hemarthria fascieulata Kth. Seed, 201

HemerocaJUs fulva Linn. Root-stock, 229

Heritiera littoralis Ait. Seed, 266
Hermarmia althea;foUa Linn. Seed, 220

nemorosa Eckl. Seed, 220

Hernandia. Seed, 248
Hemiaria glabra Linn. Seed, 291

Hesperoscordum hyacinthum Hort. (See B. lactea.)

lactum Hort. (See Brodiiea lactea.)

Heterachtia pulcheUa Kze. Seed, 253
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Heteranthelium piliferum Hchst. Seed, 205
Heteranthera limosa Vahl. Seed, 208
Heteropogon contortus R. S. Seed, 201
llierocliloa borealis R. S. Seed, 275
Himantoglossum hircinum Rich. Bulb, 230
Hippeastrum aulicum var. robustum Ilort. Bulb, t)30

equestre Herb. Bulb, 629
vittatum Herb. Bulb, 627

Hohenbergia strobilaeoa Sohult. f. Seed, 202, 264
Holcus lanatus Linn. Seed, 275
llomeria collina Vent. Bulb, 710
Hookera californica Greene. (See Brodia'a californica.)

coronaria Salisb. (See Brodiaa: grandiilora.)
Hoplotheca floridana Nutt. Seed, 289

texana A. Br. Seed, 289
HordeaceiE. Seed, 205-246
Hordeum. Seed, 65, 69, 166, 169, 176, 177, 178,

179, 180, 187, 189, 190, 191, 192, 193, 194,
246

Hordeum bulbosum Linn. Seed, 206
distichum Lirm. Seed, 179

himalayense Ritt. Seed, 206
sativum var. (Champion) Hort. Seed, 372
vulgare Linn. Seed, 206

Hyacinthus. Bulb, 50, 68
H. botryoides Hort. (See Muscari botryoides.)
H. candicans Baker. Bulb. (See Galtonia candicans.)
H. comosus Hort. Bulb. (See Muscari comosum.)
H. compactus Hort. Bulb. (See Muscari compactum.)
H. orientalis Linn. Bulb, 188, 222, 251, 254
H. orientalis var. alba superbissima Hort. Bulb, 570
H. orientalis albulus (white) Hort. Bulb, 571
H. orientalis albulus (Italian )Hort. Bulb, 573
H. racemosus Hort. Bulb. (See Muscari racemosum.)
Hydrastis, 71

Hydrocharis raorsus-ranae Linn. Seed, 209
Hydrocotyle vulgaris Linn. Root, 260
Hydrodictyon, 54

Hydrophyllum virginicum Linn. Root-stock, 227
Hydropyrum esculentum Lk. Seed, 275

Hymenocallis calathina Nicols. Bulb, 648
undulata Herb. Bulb, 646

Hypericmn coris Linn. Root-stock, 241
elodes Lirm. Root, 262

Hypogynium campestre Nees. Seed, 201
Icica pubescens Bnth. Seed, 267
Illecebrum verticillatum Linn. Seed, 291

Imperata arimdinacea Cjt. Seed, 202

Imperatoria ostruthium Linn. Root-stock, 239
Ipecacuanha, 72, 271

Ipomoea batatus. (See Batatus edulis.)

pin-ga Schlcht. Tuber, 213

turpethum R. Br. Root, 237
Iresine nervosa Hort. Seed, 289
Iridaceae, 688-670
Iris alata Poir. Bulbous rhizome, 702

bismarckiana Hort. Rhizome, 693
caucasica Hoffm. Bulbous rhizome, 703
florentina Linn. Rliizome, 65, 72, 230, 688

germanica Linn. Rhizome, 36, 50, 67, 69, 70
liistrio Reichb. Bulbous rhizome, 700
iberica Hoffm. Rhizome, 694

pallida Lam. Rhizome, 36, 230

speciosa Hort. Rliizome, 690

pumila var. cyanea Hort. Rhizome, 691
reticulata M. Bieh. Bulbous rhizome, 699
sambucina Linn. Rhizome, 230

tingitana Boiss and Reut Bulbous rhizome, 698

xiphium var. Grand Tresorier Hort. Bulbous
rliizome, 695

xiphium var. Lusitanica Hort. Bulbous rhizome,
697

Wilhelmine Hort. Bulbous rhizome,
696

Isachne australis R. Br. Seed, 199
Ismene calathina Herb. (See Hymenocallis calathina.)
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Isoetes lacustris Linn. Gyinnospore, 243

Stem, 2(39

Isolepis cckloniana Schrd. Seed, 247
holosclioenus R. S. Seed, 247
setacea R. Br. Seed, 247

supina R. Br. Seed, 247
veiTUCulosa Steud. Seed, 247

Isoloma vestitum Bnth. Root-stock, 227
Ixia speciosa Andr. Bulb, 760

var. (Emma) Hort. Bulb, 763
vuidifloia Lam. Bulb, 762

Jambosa vulgaris DC. Seed, 221

Jati'opha curcas (Manihot) Linn. Root, 60, 262, 874
Juucus. Seed, 206
Juncus aeutiflorus Ehrh. Seed, 207

balticus Deth. Seed, 207

Root-stock, 234
bulbosus Linn. Seed, 207

Root-stock, 234

compressus Jacq. Seed, 207

Root-stock, 234
effusus Linn. Seed, 207

glaucus Elirh. Seed, 207

sylvaticus Reich. Seed, 207
var. macroceplialus. Seed, 207

tenuis, 41

Kobresia caricina Willd. Seed, 247
Kochia scoparia Schrd. Seed, 287
Koeleria laxa Lk. Seed, 282
Krameria triandra R. P. Root, 72, 231, 262
Krokeria edulis. Seed, 210

Kyllingia odorata Vahl. Seed, 246
Lablab vulgaris Sav. Seed, 212
LachenaUa fendula Ait. Bulb, 610

tricolor var. luteola Hort. Bulb, 611

Lachnanthes tinctoria Ell. Seed, 209

Lagurus ovatus Linn. Seed, 278
Lamarkia aiu'ea Mnch. Seed, 282

Lappago racemosa Willd. Seed, 200

Laaiagrostis calamagrostis Lk. Seed, 276
Lathiv-ea. Seed, 188, 189
Lathraea squamaria Linn. Root-stock, 65, 216

Lathyrus, 72, 174

aphaca Linn. Seed, 211

latifolius var. albus Hort. Seed, 398

magellanicus var. albus Hort. Seed, 399
nissolia Linn. Seed, 211
odoratus var. shahzada Hort. Seed, 395

palustris Linn. Root-stock, 263

pratensis Linn. Root-stock, 263
sativus Linn. Seed, 211

sylvestris Linn. Seed, 397
Laurus exaJtatus Sieb. Seed, 214

nobiUs Linn. Seed, 214, 265

Lecanocarpus cauliflorus Nees. Seed, 287
Lechia thymifolia Michx. Seed, 210
Leersia oryzoides Sw. Seed, 275

LeguminosDB, 378^17
Lens esculenta var. Hort. Seed, 174, 176, 193, 393

Lepigonum medium Wahlbg. Seed, 291

Leptandra, 71

Lepturus fihformis Trin. Seed, 285
incurvatus Trin. Seed, 285

Lepyrodiclis holosteoides Fzl. (Ai-enaria). Seed, 291

Leucoium ffistivum Linn. Bulb, 621
vemum Linn. Bulb, 223, 653

Lcvisticum officinale Koch. Root, 239, 260
Lileae subulata H. B. Seed, 206

Liliacece, 40, 65, 474-615
Lilium auratum Lindl. Bulb, 485

autumnale Hort. Bulb. (See L. superbum.)
bloomerianumKcU. Bulb. (SeeL. pardalinum.)
bulbifcrum Linn. Bulb, 222

Seed, 248
californicum Domb. Bulb. (SeeL. pardalinum.)

Hort. Bulb. (See L. puberulum.)
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Lilium candidum Linn. Bulb, 188, 222, 474
Seed, 188, 189

dalhansoni Hort. Bulb. (See L. martagon.)
dalmaticum Vis. Bulb. (See L. martagon.)
e.ximium Nichol. Bulb. (See L. longifolium

var. eximium.)
harrisii Carr. Bulb (See L. longifolium var.

eximium.)
humboldtii Roez. and Leicht. Bulb. (SeeL.

pardalinum.)
henryi Baker. Bulb, 484.

longifolium var. eximium Nichol. Bulb, 478

giganteum Hort. Bulb, 476
martagon Linn. Bulb, 488

pardalinum Kellogg. Bulb, 171, 492
parryi Wats. Bulb, 479

l)hiladelplucum Linn. Bulb, 481

puberulum Duchr. Bulb, 493

pumilum Hort. Bulb. (See L. tenuifolium.)
rubellum Baker. Bulb, 480

speciosum var. album Hort. Bulb, 487
superbum Linn. Bulb, 489
tenuifolium Fisch. Bulb, 491

tigrinum var. splendens Leicht. Bulb, 483

washingtonianum Hort. Bulb. (See L. parda-
linum.)

Limeum glomeratum E. Z. Seed, 292
Limnocharis plumieri Rich. Seed, 208
Limonia trifoliata Linn. Seed, 266
Linum raphanthus, 189
Locheria hirsuta Reg. (Achimenes). Root-stock, 227
Loliura canadense Michx. Seed, 285

speciosum Link. Seed, 285
temulentum Linn. Seed, 285

Lophochlaena californica Nees. Seed, 281
obtusiflora Trin. Seed, 281

Lopholepis ornithocephala Dcsue. Seed, 200
Loranthus europsus Linn. Seed, 219
Lotus edulis Linn. Seed, 210
Lucsea colorata Hchst. Seed, 264
Lucuma cainito, A. DC. Seed, 266

riviooa Gart. f. Seed, 265

sp. Seed, 266
Luzula. Seed, 206
Luzulu forsteri Desv. Seed, 207

multiflora Lejeun. Seed, 207
nivea DC. Seed, 207

spadicea DC. Root-stock, 234, 256

Lychnis coeU-rosa Desr. Seed, 292
coronaria Desr. Seed, 292
dioica Linn. Seed, 292

vespertina Sibth. Seed, 292

Lycurus phalaroides H. B. Seed, 276

Lygeum spartum Linn. Seed, 275

Lysimachia vulgaris Linn. Root-stock, 238, 260
Macis, 72, 176
Maizilla stolonifera Schlcht. Seed, 199

Mayaca michauxii, Sch. E. Seed, 286
vandellii Sch. E. Seed, 286

Malva borealis Wallm. Root, 273
Mamillaria discolor. Stem, 240
Mammea americana Linn. Seed, 232

Mangifera sp. Seed, 210
Manihot aipi Pohl. (See M. palmata var. aipi.)

carthagenesis. Root, 815

palmata var. aipi Mtill. Root, 814
utilissima Pohl. Root, 814

Seed, 72, 170, 176,190,191,
262, 876

Manisuris gi-anularis Sw. Seed, 201

Maranta, 27, 65, 66, 70, 169, 174, 176, 177, 180, 189,

190, 191, 193, 194
arundinaceaLinn. Root Stock, 194, 224, 81 3,

814, 815
var. Hort., 818, 820

bicolor Ker. Root-stock, 257
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Maranta iiuiica Rose. Root-stock, 257, 813
kerohovcauaE. Morr. Root-stock. (SeeM.

leuooneura.)
kerchovei Hort. Root-stock. (See M. leu-

ooneura.)
leuconeura E. Morr. Root-stock, 824

massangeana E. Morr. Root-stock, 822
musaica Hort. Root-stock, 820
ramosissima Wall. Seed, 229

sanguiuea Ilort. (See Stroinanthe sanguinea.)
sp. Seed, 255

Marantaceie, 813-839
Marattia. Leaves, 66
Marica gracilis Herb. Rhizome, 753
Mariscus elatus Vahl. Root-stock, 209

jacquini H. K. Seed, 240
umbellatus Vahl. Seed, 246

Marsilea diffusa, 38

pubescens Ten. Androspore, 208

Gymnospore, 208, 251

Mayaca michauxii Schott and Endl. Seed, 286
vandellii Schott and Endl. Seed, 280

Melanocenchrj-s royleana Nees. Seed, 280
Melhania didyma E. Z. Seed, 220

erythrox>-lon R. Br. Seed, 220
Mehca cihata Linn. Seed, 281
Melochia corchorifoha Linn. Seed, 220

pyramidata Linn. Seed, 220

Root, 261

Memecylon amplexicaule Rxb. Seed, 221, 267

capense E. Z. Seed, 221, 267

Menispermum palmatum Lam. Root, 217
Menodora. Seed, 249

Meristostigma silenoides Dietr. Bulb, tuber, 256

Mesembrj'anthemum pinnatifidum Linn. Seed, 290
Meum athamanticum Jacq. Root, 238

Mezereum, 72
Microchloa setacea R. Br. Seed, 279
Microlcena stipoides R. Br. Seed, 275
Microtea ma>'purensis Don. Seed, 292
Milium effusum Linn. Seed, 275

vernale Bbrst. Seed, 275
Mirabilis jalapa Lmn. Seed, 181, 185, 280

longiflora Linn. Seed, 289
Mitella diphj'Ua Linn. Root-stock, 239

peutandra Linn. Root-stock, 239
Moacurra sp. Seed, 293
Molinia coerulea Much. Seed, 282

Root, 233

MoUugo cerviana Ser. Seed, 290
verticillata Linn. Seed, 290

Monochoria plantaginea Kth. Root-stock, 256
Monocosmia corrigioloides Fzl. Seed, 290

Monolepis chenopodioides Moq. Seed, 288
Montbretia pottsii Baker. Bulb. (SeeTritoniapottsii.)
Montia minor Gmel. Seed, 290
Moraa coUina Thumb. (See Homeria coUina.)

tristis Ker. Corm, 708

Mougeotia gracilis Kutz. Seed, 293
Mucuna pruriens DC. Seed, 214, 391

urens DC. Seed, 214

Muehlenbergia glomerata Trin. Seed, 277
wUldenow-ii Trin. Seed, 277

Musa, 176, 193, 194
cavendishii Lamb. Green fruit, 773
ensete CJmel. Stalk, 771

paradisiaca Linn. Fruit, 231, 814

sapientum Linn. Stalk, 814

Musacejie, 771-778
Muscari botryoides Mill. Bulb, 222, 577

commutum Guss. Bulb, 582
comosum Mill. Bulb, 586

compactum Baker. Bulb, 585
conicum Baker. Bulb, 591

micranthum Baker. Bulb, 580

paradoxum C. Koch. Bulb, 579

Muscari raccmosum Mill. Bulb, 583

Myriophylhnn verticillatum Linn. Stalk, 242, 262
Myristica nioschata Thbg. Seed, 72. 260

salicifoha VVilld. Seed 266
NsBgelia zebrina Reg. Root-stock, 216
Naias major Roth. (N. marina Linn.) Pollen, 243

Seed, 209
Narcissus biflorus Curt. Bulb, 674

bulbocodiuni Linn. Bulb, 609
var. conspioua Hort. Bulb, 609

monophyllus Baker. Bulb,
670

clusii Dunal. Bulb. (Sec N. bulborodiuin
var. mon()i)hylIus.)

horsfieldii Burb. Bulb, 605

incomparabilis Mill. Bull), 671

jouquilla Linn. Bulb, 675

campernelli var. rugulosua Hort.

Bulb, 678
var. rugulosus Hort Bulb, 677

maximus Hort. Bulb, 667

monophyllus Moore. Bulb. (See N. bulbo-
codium var. monophyllus.)

odorus Linn. Bulb, 672

poeticus Linn. Bulb, 188, 235, 073
tazetta var. orientalis Hort. Bulb, 679

Nardus stricta Linn. Seed, 276
Narthecium ossifragum Huds. Root-stock, 234, 269
Nectandra rodiici Schomb. Seed, 265
Nelumbo lutea Willd. Root-stock, 850

Seed, 210
nucifera Ga;rtn. Root-stock, 849

Seed, 209

speciosa Willd. Seed, 209

Root-stock, 815
Neottia nidus-avis, 189

Nepenthes destillatoria Linn. Seed, 203

Nephrolepsis exaltata Schott. Base of frond, 268
Nerium oleander Linn. Leaves, 268

Niphffia oblonga Lindl. Root-stock, 213
Nitella batrachosperma. Spores, 204

exilig A. Br. Spores, 204
fasciculata A. Br. Spores, 204
fiabellata Kiitz. Spores, 204
flexilis Ag. Spores, 204

graciUs Ag. Spores, 204

hyahna Kiitz. Spores, 204

syncarpa Kiitz. Spores, 204
tenuissima Kiitz. Spores, 26, 204
translucens Pers. Spores, 204

Nolana prostrata. Root, 259

Nuphar luteum Sm. Seed, 289

Nyraphaja alba Linn. Root-stock, 218, 272, 840
caerulea Savign. Seed, 289
dentata Th. and Schum. Seed, 289

gladstoniana Tricker. Root-stock, 844
marliacea var. albidaHort. Root-stock, 842

carneaHort. Root-stock, 843
odorata Ait. Root-stock, 845

var. rosea Pursh. Root-stock, 840
rubra Roxb. Seed, 289

Nymphaeaceae, 840-852
Ochna lucida Lam. Seed, 250

squarrosa Linn. Seed, 250

Qidogonium echinospermum A. Br. Spore, 204

landsboroughii Kiitz. Spore, 204
vesicatum Lk. Spore, 204

Olfersia undulata Presl. Root-stock, 232

Olyra paniculata Sw. Seed, 199

Omphalodes verna Much. Root-stock, 237, 258

Onobrychis caput-galli Lam. Seed, 211
sativa Lam. Seed, 211

Ononis spinosa Linn. Root, 242

Ophioglossum vulgatum Linn. Spore, 233

Ophiunis a^thiopicus Rupr. Seed, 263
61iformi8 R. S. Seed, 285
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Ophiurus incurvatus Beauv. Seed, 285

papillosus Hohst. Seed, 263

Ophryoscleria sp. Seed, 247

Oplismenus colonus H. K. Seed, 199

Root-stock, 255
frumentaceus Kth. Root-stock, 199

Opuntia brasiliensis Haw. Stem, 241

cocoinellifera Mill. Green paHs, 268
curassavica Mill. Stem, 241

ficus-indica Mill. Stem, 241
tuna Mill. Stem, 241

Orchis globosa Linn. Tuber, 235
latifolia Linn. Tuber, 235
mascula Linn. Tuber, 235
mUitaris Linn. Tuber, 235

Oreodaphne exaltata Nees. Seed, 214

Ornithogalum narbonense (pyramidale) Hort. Bulb,
557

nutans Linn. Bulb, 555

thyrsoides var. aureum Ait. Bulb, 558
umbellatum Linn. Bulb, 215, 556

Orobanche. Seed, 188, 189
Orobanohe procera Koch. Root-stock, 216

sp. Root-stock, 216, 260
Orobus. Seed, 268
Orobus albus Linn. Root, 219, 273

lathyroides Linn. Seed, 211

niger Linn. Seed, 211
tuberosus Linn. Tuber, 274

Orthoclada laxa Beauv. Seed, 201

Oryza sativa Linn. Seed, 53, 58, 65, 70, 166, 168, 169,

170, 176, 177, 178, 180, 181, 185, 180,

189, 190, 191, 192, 194, 275
var. Hort. Seed, 363

Ostericum palustre Bess. Root-stock, 261
Ottelia alismoides Pers. Seed, 208
Oxalis acetosella Linn. Root-stock, 219

crenata Jacq. Tuber, 228
lasiandra Zucc. Young bulb, 228

ortgiesi, 69
pentaphylla Sims. Young bulb, 228
stricta Linn. Root, 274

Oxybaphus cervantesii Lag. Seed, 289

Oxyria digyna Camp. Seed, 202

Pachysandra procumbens Michx. Root-stock, 262
Paeonia. Seed, 260
Pffionia officinalis Retz. Root-stock, 217, 272

Paepalanthus caulescens Kth. Seed, 286

frigidus Mart. Seed, 286
Pancratium calathinum Ker. (See Hymenocallis cal-

athina.)
Panderia pilosa F. M. Seed, 287
Panicum. Seed, 59, 176, 178, 185, 190
Panicum acuminatum Sw. Seed, 200

alopecuroideum Schi'b. Seed, 199

antipodum Spr. Seed, 199
arenarium Brot. Root-stock, 255
colonum Linn. Seed, 199

Root-stock, 255
commelinjefolium Rdg. Seed, 275

crus-galli var. Hort. Seed, 362
frumentaceus Rxb. Seed, 199

glaucua Linn. Seed, 199

hoffmannseggii, R. S. Seed, 200
italica Linn. Seed, 199
miliaceum Linn. Seed, 200

repens Linn. Root-stock, 255
tonsum Steud. Seed, 200

Paniculaceae, 878-891

Papaver, 189
orientale Linn. Root-stock, 239

Papilionacese, 203

Pappophorum macrostachyum Nees. Seed, 279

nigricans R. Br. Seed, 200, 279

persicum. Seed, 278
pumilio Trin. Seed, 244

Pappophorum schimperianum Hchst. Seed, 278

Pareira, 72

Pari, 193, 194
Parietaria diffusa M. K. Root-stock, 236, 257
Paris quadrifolia Linn. Root-stock, 215
Parnassia palustris Linn. Root-stock, 240

Paspalum complanatum Nees. Seed, 199
dilatatum Poir. Seed, 199

platycaule Poir. Seed, 199
stoloniferum Bosc. Seed, 199

Pastinaca sativa Linn. Root, 239

Patomorphe sidajfolia Miq. Seed, 287
Pedicularis acaulis Scop. Root, 238, 259

barrelierii Rchb. Root, 238, 259
rosea Wulf . Root, 238, 259

Peganum harmala Linn. Seed, 221

Pelargonium, 43
Pellionia daveauana, 43, 44, 45, 48, 49, 50, 51, 68, 70,

71
Peltandra virginica. Root-stock, 472
Penicillaria pluckenetii. Seed, 200

spicata Willd. Seed, 200
Pennisetum cencliroides Rich. Seed, 200

longistylum Hchst. Seed, 200

typhoideum Rich. Seed, 200

Peperomia maculosa Hook. Seed, 287

monostachya R. P. Root-stock, 270
Pereskia grandiflora Haw. Pith, 241
Perotis latifolia Ait. Seed, 278
Petiveria alliacea Linn. Seed, 292
Petroselinum sativum Hoffm. Root, 200
Peucedanum cervaria Lap. Root-stock, 201
Phaca alpina Jacq. Root, 242
Phacelia congesta Hook. Seed, 249

Phaius, 33, 41, 188
bicolor Lindl. (See P. wallichii.)

grandiflonis Reichb. f. (See P. wallicliii.)

Pseudotuber, 37, 38, 70, 189,
223

grandifolius Lour. Seed, 515. (See Blctia.)
wallichii Lindl. Pseudotuber, Plate 103, figs.

017, 018. (See P. grandiflorus.)
Phalaris bulbosa Cav. Seed, 275

canariensis Linn. Seed, 275
coerulescens Dsf. Seed, 275

Phallus, 03
Pharnaceum verticillatum Spr. Seed, 290
Pharus scaber H. B. Seed, 199
Phaseolus aureus Ham. Seed, 21 1

lunatus var. Hort. Seed, 387
raultiflorus Lam. Seed, 181, 188, 211

saponaceus Sav. Seed, 211

vulgaris Linn. Seed, 38, 65, 176, 178, 185,

180, 211
var. Hort. Seed, 386

Philodendron grandifolium Schott. Root-stock, 22,

45, 231

Philydrum lanuginosum Gart. Seed, 208

Phippsia algida R. Br. Seed, 277

Phipsalis, 20
Phleum asperum Vill. Seed, 277

tenue Sclird. Seed, 277

Phragmites communis Trin. Seed, 278

Physalis alkekengi Linn. Stolon, 259

Phvsostigma, 72

Phytolacca esculenta V. H. Seed, 72, 292

Phytophysa treubii, 04
Pilularia globulifera Linn. Gymnospore, 205

minuta Dur. Gymnospore, 205

Pimenta, 72

Pimpinella saxifraga Linn. Root, 260
Pinus sylvestris Linn. Pollen, 243

Seed, 38

Piper. Seed, 254

Piper cubeba Linn. Seed, 286

nigrum Linn. Seed, 71, 176, 286
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Piper sidafolia. Seed, 2S7

Piptatherum multifioruin Beauv. Seed, 276
Pircuiiia latbonia Moq. Seed, 292
Pisonia aculeata Liun. Seed, 203
Pistia stratiotes linn. Seed, 265

texensis Kltzsch. Seed, 265
Pisum. Seed, 26S
Pisum sativum Linn. Seed, 65, 72, 174, 176, 178, 190,

210, 2(38

var. (Electric Extra Early) Hort.

Seed, 107

(Eugenie, Green) Ilorl. Seed, 402

(Eugenie,Yellow) Hort. Seed, 404

(Large White-AIarrowfat) Hort.

Seed, 409

(Mammoth Grey Seeded) Hort.

Seed, 408

(Thomas Laxton) Hort. Seed, 406
Pitcairnia albucajfolia Schrd. Seed, 202, 264

punicea Lindh Seed, 202, 264

Plantago maritima Liun. Root-stock, 237, 271
media Linn. Root-stock, 237, 271

Platanthera bifolia Rich. Tuber, 235

Plectopoma fimbriatum Hanst. Root-stock, 231

Plumbagella micrantha. Seed, 249

Plumbaginaeea;. Seed, 248

Plumbago micrantha Led. Seed, 249
Poa nemoraUs Linn. Seed, 281

Podophyllum peltatum Linn. Root-stock, 72, 239, 274

Polemonium reptans Linn. Root-stock, 237, 259

Polycarpoea leneriffiE Lam. Seed, 291

Polycnemum majus A. Br. Seed, 289

PoIygonaceiB, 418-420
Underground parts, 236

Polygonum alpinum All. Trunk, 230
a\dculare Linn. Root, 230, 270
bistorta Linn. Root-stock, 188, 230
convolvxilus Linn. Root, 236, 270

fagopyrum Linn. Seed, 181, 184, 188, 203,
254

var. Hort. Seed, 418, 419

orientale Linn. Seed, 203
tinctorium Lour. Seed, 202

viviparum Linn, Root-stock, 236

Polypodium distans Kaulf. Root-stock, 237

vulgare Linn. Root^stock, 237

Polypogon monspeliensis Dsf. Seed, 278

Polystichum thelj^Jteris Roth. Root-stock, 233

Pommerculla royleana Steud. Seed, 280
Pontederia sp. Seed, 208
Portulaca grandiflora Hook. Seed, 290

Root, 241, 261

megalantha Steud. Seed, 290
Root, 241, 261

Potamogeton natans Linn. Seed, 209

pralongus Wulf. Seed, 209

Potentilla aurea Linn. Root-stock, 203

tormentilla Linn. Root-stock, 242

Pothos acaulis Linn. Seed, 209

Potomorphe sidicfolia Miq. Seed, 287

Primula calycina Dub. Root, 238, 260

glaucescens Mor. Root, 260

officinalis Jacq. Root-stock, 238

Protium pubescens. Dry cotyledons, 267

Prunus virginiana, 71_
Pailurus nardoides Trin. Seed, 285

Psittacanthus vellozianus Mart. Seed, 219

Pteridophyta. Green parts, 268

Pterostegia drymarioides F. M. Seed, 202

Ptiloneilema plumosum Steud. Seed, 279

Punica granatum Linn. Root, 242

Pupalia prostrata Mart. Seed, 289

Puflehkinia libanotica Zuce, Bulb. (See P. scUloides

var. libanotica.)
scilloides Adams. Bulb, 551

var. libanotica Boiss. Bulb, 552

Puschkinia siccula Hort. Bulb. (See P. scilloides var.

libanotica.)

Pyrola rotundifolia Linn. Root-stock, 238, 260

Pyrus communis Linn. Seed, 267
maliis Linn. Fruit, 262, 267

Quassia, 71

Quercus. Seed, 59, 176, 178

Quercus acuminata Sarg, Seed. (SeeQ.muelilenbergi.)
alba Linn. Seed, 421

ambigua Michx. Seed. (See Q. rubra,)
banisteri Michx. Seed. (See Q. ilicifolia.)

castaneaWilld. Seed, (SeeQ.muelilenbergi.)
cerris Linn. Seed, 248
femina Mill. Seed. (See Q. pedunculata.)
ilicifoUa Wangh. Seed, 248

muehlenbergi Englm. Seed, 423
montana Willd. Seed. (See Q. prinus.)
nana Sarg. Seed. (See Q. ilicifoha.)

pedunculata Ehrh. Seed, 181, 182, 248, 273

prinus Linn. Seed, 424
var. acuminata Michx. Seed. (See Q.

muehlenbergi.)
monticolla Michx. Seed. (See Q.

prinus.)
robur Liim. (See Q. pedunculata.)

var. pedunculata DC. Seed. (See Q.

pedunculata.)
rubra Linn. Seed, 426
texana Buckl. Seed, 427

Quillaya, 72
Ranunculus aconitum Linn. Root, 228

bulbosus Linn. Root, 217, 272, 867

Pollen, 243
ficaria Linn. Root, 228, 239, 252, 868
flammula Linn. Root, 261

garganicus Ten. Root, 217

pyrcna;us Linn. Root, 239
rutxfohus Linn. Root, 261

speciosus Hort, Root. (See R. bulbosus.)
thora Linn. Root, 261

Ranunculaceis, 865-869
Reaumuria vermiculata Linn. Seed, 293
Restio ferruginosus Link. Seed, 286

incurvatus Thbg. Root-stock, 256
Reussia triflora Endl. Seed, 208
Rhamnus purshiana, 71
Rheum hybridum Ait. Seed, 202

rhaponticum Linn. Seed, 187, 202
undulatum Linn. Root, 257

sp. Root of rhubarb, 72, 257

Rhipsalis funalis Salm. Stem, 240

Rhizophora mangle Linn. Root, 228

Rhyncospora fusca R. S. Seed, 247

Richardiaxthiopica Hort. Rhizome. (SeeR.africana.)
africana Kunth. Seed, 286

Rliizome, 451

albo-maculata Hook., 452
elliottiana Knight, 449
solfatarre Hort. Rhizome. (Plate 16, fig. 94.)

Richardsonia scabra Kth. Root, 215, 271
Riedleia corchorifolia DC. Seed, 220

Rivina purpurascens Schrd. Seed, 292

Romulea rosea var. speciosa Baker. Bulb, 750

Rottboella arundinacea Hclist. Seed, 201, 264

campestris Nutt. Seed, 264

Rubus, 72

Rumex, 72
acetosa Linn. Root-stock, 236, 270

I

arifolius AJl. Root-stock, 236, 257

crispus Linn. Root, 236
' maritimus Linn. Root, 236, 271

obtusifolius Linn. Root, 236

patientia Linn. Seed, 203

sanguineus Linn. Root, 236
tuberosus Linn. Root, 257

Ruppia maritima Linn. Pollen, 243
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Ruppia maritima Linn. Seed, 209, 273
Saccharum ravenn* Mvirr. Seed, 202

spontaneuni Linn. Seed, 202

Sagina apetala Linn. Seed, 291

Sagittaria sagittaifolia Linn. Seed, 206

Sagus rumphii Willd. Stem, 66, 166, 167, 171, 176,

190, 191, 270
Salsola soda Linn. Seed, 207

Sanguinaria canadensis Linn. Root-stock, 72, 239, 272

Sapindacese, 438^39
Saponaria officinalis Linn. Root, 241

Cell-sap, 62

persica Mey. Seed, 292
vaccaria Linn. Seed, 292

Saprolegniacese, 63, 64

Sarsaparilla, 72

Sassafras, 72
Saururus cernuus Linn. Root-stock, 213

Saxifraga granulata Linn. Bulbils, 65, 228
Scabiosa atropurpurea Linn. Seed, 265
Scheeria mexicana Seern. Root-stock, 227
Scheuchzeria palustris Linn. Seed, 20G

Root-stock, 234
Schismus marginatus Beauv. Seed, 282
Schmidtia utriculosa Stbg. Seed, 277
Schoberia comiculata Mey. Seed, 288

salsa Mey. Seed, 288
Schoenus compressus Pers. Seed, 247

mucronatus Linn. Root-stock, 214

nigricans Linn. Seed, 247

Sciadocalyx warszewiczii Reg. Root-stock, 227

Scilla amoenavar. praecoxDon. Bulb. (SeeS.sibirica.)
autumnalis Linn. Bulb, 222
bifolia Linn. Bulb, 543
ciliaris Hort. Bulb. (See S. peruviana.)
clusii Pare. Bulb. (See S. peruviana.)
maritima Linn. Bulb, 209

peruviana Linn. Bulb, 215, 542
sibirica Andr. Bulb, 540

Scirpus holosclioenus Linn. Seed, 247
maritimus Linn. Seed, 240

Root-stock, 255
mucronatua Linn. Seed, 246

pungens Vahl. Root-stock, 234
rothii Hoppe. Root-stock, 234
setaceus Linn. Seed, 246

supinus Linn. Seed, 246

triqueter Linn. Root-stock, 233

Scitaminse, 65
Scleranthus perenuis Linn. Seed, 291
Scleria bracteata Cav. Seed, 247

hispidula Hchst. Seed, 247

microcarpa Nees. Seed, 247

ophryoscleria sp. Seed, 247

triglomerata Michx. Seed, 247
Sclerochloa rigida Panz. Seed, 285

Scleropus amarantoides Schrd. Seed, 289

Scolopendrium ofFicinarum Sw. Root-stock, 233

Scrophularia nodosa Linn. Root-stock, 237, 259
Secale cereale Linn. Seed, 65, 69, 174, 176, 178, 180,

187, 191, 193, 194, 206, 246
var. (Mammoth Winter) Hort. Seed, 308

(Spring) Hort. Seed, 370
Sedum fabaria Koch. Root-stock, 239
Seemannia ternifolia Reg. Root-stock, 231

Serpentaria, 72
Sesleria elongata Host. Seed, 282
Setaria flava Kth. Seed, 199

glauca Beauv. Seed, 199
italica Beauv. Seed, 199

Shorea robusta Rxb. Seed, 250
Silene ambigua Camb. Seed, 292

conoidea Linn. Seed, 292

Sinapsis, 189

Sinningia, 888

Siphoneae, 63

Smilax china Linn. Root-stock, 234, 257
ornata. Root-stock, 64, 66

sp. Root, 257

Solanacea!, 880, 882
Solauum nigrum Linn. Root, 259

tuberosum Linn. Tuber, 19, 20, 22, 26, 41,

46, 55, 56, 59, 67, 68, 70, 72, 166, 167, 168,

169, 170, 172, 174, 176, 177, 178, 179, 180,

181, 182, 185, 186, 189, 190, 191, 192, 193,

194, 195, 213, 882
Soldanella alpina Linn. Root-stock, 238, 200

Sorghum cernuum Willd. Seed, 201

vulgare Pers. Seed, 69, 201

Sparaxis grandiflora alba Hort. Bulb, 756
var. (Albertine) Hort. Bulb, 758

Sparganium natans Linn. Seed, 248
ramosum Huds. Root-stock, 257

Spartina cynosuroides Willd. Seed, 279

Spergula arvensis Linn. Seed, 291

Spergularia saUna Prsl. Seed, 291

Spinacia glabra Mill. Seed, 287
inermis Mnch. Seed, 287

Spigelia, 71

Spiraea filipendula Linn. Root, 242, 273

Spirogyxa jugalis Kutz. Seed, 293

orthospira var. spiralis Nag. Seed, 293

Sporobolus coromandelinus Kth. Seed, 277

pungens Kth. Stolon, 255

Sprekelia formosissima Herb. Bulb, 642
Statice elata Fisch. Seed, 249

limonium Linn. Seed, 249
SteUaria bulbosa Wulf. Tuber, 218, 261

Sterculiaceae, 219

Stembergia lutea Ker. Bulb, 235, 664

Stillingia, 72

Stipa calamagrostis WUbg. Seed, 276
gigantea Lag. Seed, 205, 276

papposa Nees. Seed, 276

peunata Linn. Seed, 276
Stratiotes aloides Linn. Seed, 208
Stromanthe sanguinea Sonder. Root-stock, 837

Strophanthus, 72
Sturmia minima Hoppe. Seed, 278
Succisa pratensis Mnch. Root-stock, 258
Sumbul, 72
Swertia perennis Linn. Root-stock, 237, 258

Symphoricarpus racemosus, 33

Symphytum bulbosum Schinp. Tuber, 215
tuberosum Linn. Root-stock, 216, 258

Sjrringa vulgaris Linn. Pollen, 243

Syzygium guineense DC. Seed, 221
Tacca oceanica. Rhizome, 815

pinnatifida Linn. Rhizome, 256, 686, 815

Taccaceae, 684-685
Talinum patens Willd. Seed, 290
Tamus communis Linn. Root-stock, 229
Teleianthera polygonoides Moq. Seed, 289

Telephium imperati Linn. Seed, 291

Teloxys aristata Moq. Seed, 287

Tetragonia expansa Ait. Seed, 290
Teucrium hyi-canioum Linn. Fruit, 258
Tlialia dealbata Fras. Seed, 253
Thea bohea Linn. Seed, 250, 266
Theobroma cacao Linn. Seed, 266

Thunbergia fragrans Rxb. Seed, 240

Tigridia pavonia var. conchiflora Hort. Bulb, 713

grand, alba Hort. Bulb, 711
Tinnantia fugax Scheidw. Seed, 253
Tofieldia calyculata Whlbg. Root-stock, 234

Tonka, 72
TormentUla erecta Linn. Root-stock, 242
Tradescantia dicolor. Leaves, 181

virginica Linn. Seed, 253

Tragacantha, 72

Tragopyrum lanceolatum Bies. Seed, 203

Trapa natans Linn. Seed, 207

12]



INDEX OF STARCHES.

Trapa natans Liun. Stolon, 212
Trevirania longilloia Reg. Root-stock, 227
Triachyruiu coidofanuui Hchst. Seed, 277

longifolium Hchst. Seed, 277
Trianospcrma ficifolia. Root, 890
Trianthema monogynum Linn. Seed, 290
Tribulua teirestris Linn. Root, 274
Trichilia micrantha Benth. Seed, 266

sp. Seed, 267
Tricholsena tonsa Nees. Seed, 200
Trichonema bulbocodium Ker. Bulb, 256
Trifolium alpinum Linn. Root-stock, 242

badium Schrb. Root-stock, 242
montanum Linn. Root-stock, 242

Triglochin barrelieri Lois. Seed, 206
Root-stock, 215, 269

maiitimum Linn. Root-stock, 234
Trillium erythrocarpum Hort. Root-stock. (See T.

grandiflorum.)
grandiflorum Salisb. Root-stock, 618
ovatum Pursh. Root-stock, 619
rhomboideum Mchx. Root-stock, 215
sessile var. californicum Wats. Root-stock, 620
var. giganteum Torr. Root-stock. (See T.

sessile var. californicum.)
Triodia decumbens Beauv. Seed, 281

Triphasia aurantiola Lour. Seed, 266
Tripsacum hermaphroditum Linn. f. Seed, 200
Trisetum argenteum R. S. Seed, 280

neglectum Willd. Seed, 280
Tristachya barbata Nees. Seed, 280
Triteleia uniflora Linn. Bulb, 608
Triticum. Seed, 46, 55, 56, 58, 59, 65, 69, 72, 166,

167, 168, 169, 170, 171, 172, 174, 176, 177,
178, 180, 185, 186, 187, 189, 191, 193, 194

Triticum amyleum Ser. Seed, 205
cristatum Schrb. Seed, 205
dicoccum Schrnk. Seed, 205
monococcum Linn. Seed, 205

rigidum Schrd. Seed, 205
8ati\aim var. dicoccum Hort. Seed, 362

vulgareHort. Seed, 181, 184, 364
turgidum Linn. Seed, 205

Tritonia crocata Ker-Gawl. Bulb, 726
var. lilacina Hort. Bulb, 727

rosea Hort. Bulb, 729
crocosmsflora Lemoine. Bulb, 733
pottsii Benth. Bulb, 732

securigera Ker-Gawl, 730
Triumfetta schimperi Hchst. Root, 262
Tudaea picta Dcsn. Root-stock, 227

regelii Heer. Root-stock, 227

Tulipa, 65, 188
australis Lirm. Bulb, 537
billietiana Jord. and Four. Bulb, 528
clusiana Vent. Bulb, 532

var. persica Hort. Bulb, 633
didieri Jord. Bulb, 529

var. fransoniana Hort. Bulb, 531
mauriana Jord. Bulb, 530

florentina Hort. Bulb. (See T. sylvestris.)
var. ordorata Hort. Bulb. (See T.

sylvestris.)

gesneriana Linn. Bulb, 222

greigi Regel. Bulb, 527

hageri Held. Bulb, 524
oculus-solis St. Araan. Bulb, 534

prsecox Tenore. Bulb, 535

sylvestris Linn. Bulb, 222, 526
Tunica saxifraga Koch. Seed, 292

Typha minima Hoppe. Koot-stock, 270
tenuifolia H. B. Seed, 286

Ullucus tuberosus Loz. Tuber, 241

Ulmus, 72
Umbilicus pendulinus DC. Root-stock, 217
Uniola latifolia Mchx. Seed, 201

Urachnc parviflora Trin. Seed, 276
Uralepis aristulata Nutt. Seed, 281
Urochloa deprcssa Steud. Seed, 276
Vaccaria vulgaris Host. Seed, 292
Valeriana officinalis Linn. Root-stock, 72, 258

saliunca All. Root-stock, 237, 258
tuberosa Linn. Root-stock, 237, 258

Vallisneria si)iralis Linn. Root-stock, 230
Vallota purjiurea Herb. Bulb, 633
Vanilla planifolia, 31
Vatica robusta Steud. Seed, 250
Vaucheria tuberosa A. Br. Tuber, 232
Veratrum album Linu. Root-stock, 234, 269

viride. Root-stock, 72
Verbascum schraderi Mey. Placenta, 249

Seed, 249
Veronica austriaca. Root, 238, 259

ehamaedrys Linn. Pollen, 243
Viburnum opulus, 71

prunifolium, 71
Vicia calcarata Dsf . Seed, 211

faba Linn. Seed, 69, 211, 381

fulgens Batt. Seed, 382
gerardi Vill. Seed, 384
narbonensia. Seed, 42
sativa Linn. Seed, 211, 378
villosa Roth. Seed, 380

Vigna glabra Sav. Seed, 212
Vilfa coromandelina Beauv. Seed, 277

pungens Beauv. Stolon, 255
Vinca minor Linn. Stolon, 215

Root, 258
Viola cornuta Linn. Pollen, 243

cucullata Ait. Root-stock, 261

palustris Linn. Root-stock, 240, 261

pirmata Linn. Root-stock, 261
Viscum album Linn. Seed, 219
Visenia tomentosa R. P. Seed, 220
Vulpia delicatula Lk. Seed, 284, 285

membranacea Lk. Seed, 284
Wachendorfia hirsuta Thbg. Seed, 264
Waltheria indica Linn. Seed, 220
Watsonia alba Hort. Bulb. (See W. iridifolia var.

o'brieni.)
ardernei Hort. Bulb. (See W. iridifolia

var. o'brieni.)
humilis Mill. Bulb, 721
iridifolia var. alba W. Rob. (See W. iridi-

folia var. o'brieni.)
iridifolia var. o'brieni N. E. Br. Bulb, 722
meriana Mill. Bulb, 723

var. alba Hort. Bulb. (See W.
iridifolia var. o'brieni.)

o'brieni Mast. Bulb. (See W. iridifolia

var. o'brieni.)
Willdeiiowia teres Thbg. Root, 256
Wistaria chinensis Linn. Seed, 413
Wulfeuia carLnthiaca Jacq. Root-stock, 238, 259
Xanthoxylum, 72

Xyris operculata Lab. Seed, 286
semifuscata. Seed, 286

Zamia integrifolia Ait. Root-stock, 815, 898
Zannichellia pediccllata Fr. Seed, 209
Zantedeschia athiopica Spr. Seed, 286
Zea mays Linn. Seed, 31, 39, 40, 41, 55, 56, 65, 69,

72, 166, 167, 168, 169, 170, 171, 172, 174,
176, 177, 178, 180, 186, 187, 189, 190, 191,

192, 193, 194, 199
var. everta (Golden Queen) Hort. Seed, 343

(White rice) Hort. Seed, 344
indentata (Early Learning) Hort. Seed,

348

(Hickory King) Hort. Seed,
349

indurata(Compton's Early) Hort. Seed,
347

[13]
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Zea mays var. indurata (North Dakota) Hort. Seed,
346

eaccharata (Black Mexican) Hort.

Seed, 351

(Golden Bantam) Hort.

Seed, 352

(Stowell's Evergreen) Hort.

Seed, 350

Zephyranthes Candida Herb. Bulb, G39
rosea Lindl. Bulb, 6-10

Zingiberacea;, 65, 176, 779-795

Zingiber officinale Rose. Seed, 223, 253

Zingiber officinale Hort. Root-stock, 70, 72
var. cochin Hort. Root-stock, 784

Jamaica Hort. Root-stock,
781, 782

Zizania aquatica Linn. Seed, 275
clavulosa Mchx. Seed, 275

Zornia angustifolia Sm. Root, 263
Zostera marina Linn. Seed, 209

nana Roth. Root-stock, 215

Zoysia tenuifoUa Willd. Seed, 202

Zygnema cruciatum Ag. Seed, 293

ZygnomacecB, 293
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Abderhalden and Rona, 153

Albertoni, 9

Appiana (with Mcnozzi), 9

Arabel, 110

Archbold, 107

Armstrong, 149, 151

Armstrong and Hortoii, 98

Asboth, 107
Auld (\vith Henry), 149

Bach, 157

Bayer, 157

Baker, 135, 147
Baker (with Ling), 117, 130, 131, 145, 146

Baranetzky, 17S, 181, 189

Bau, 144

Baudrimont, 91

Bechamp, 89, 104, 109, 121

Belknas, 176

Belzung, 40

Berg, 223, 226, 227, 255

Berge, 99, 106, 128, 131

Bernard, 63, 128, 170

Berthelot, 158
Berthelot and Gaudechon, 158

Berthold, 63

Berzehus, 85, 156
Bevan (with Cross), 6

Beyerinck, 63

Bial, 128

Binz, 43

Biot, 175
Biot and Persoz, 85, 93, 120

Bioz, 88

Bisohoff, 230
Blocmeudal, 53, 170

Blondeau, 169
Blondeau de CaroUes, 88, 121

Blumer, 105

Bokomy, 159

Bokomy (with Loew), 159

Boubier, 54
Bouchardt and Dandras, 88
Bouillac and Giustiana, 159

Bourquelot, 98, 141

Bom'quelot (with H6rrisy), 98

Brion, 8
Brown and Heron, 17, 41, 98, 102, 103, HI, 123,

141, 178
Brown and Millar, 11, 134, 147, 152
Brown and Morris, 64, 94, 105, 115, 124, 126, 141,

145, 146

Brown, Morris, and Millar, 13, 145, 193

Brucke, 84, 93, 94, 122

Bruckner, 39

Brunner, 87, 140
Buchner (with Meisenlieimer), 98

Billow, 117, 130, 137
Bumclie and Wolfenstein, 6
Bums (with GolenHn), 63

Buscalioni, 41

Butlerow, 157

Butschli, 45, 46, 79

Butyozin, 190

139,

142,

Castaro, 120

Caventcau, 18, 85

Clodounsky and Sulc, 131, 145
Cohen and Jahn, 157
Com'ad (witli Werner), 9
Convisait (with Ni6pcc Kaint-Victor), 90
Coombes, 112

Cremer, 63

Cross, 105
Cross and Bevan, G

Crtiger, 22, 89, 230, 231, 259

Cuisenier, 141

Gushing, 9

Czepeck, 159

Dafert, 175
Dandras (with Bouchardt), 88

Darbisliire, 73

Day, 58, 160, 180, 189, 190, 192
Dean (with Henderson), 153
Defren (witli Rolfe), 15, 152

Delffs, 27, 91

Demoussy, 109

Denniston, 56, 04, 296
De Saussaure, 18, 84, 140
De Vries, 40

Dierssen, 148, 162

Dioscorides, 18

Dodel, 43
DoUfus and Scheurer, 107

Dragendorff, 28, 92

Dubosc, 107, 171

Dubrunfaut, 10, 84, 138, 177

Duclaux, 98

Dufour, 62
Diill (with Lintner), 98, 100, 102, 116, 129, 130, 143,

144, 151, 152

Duroy, 91

Eberdt, 42

Effront, 126, 142, 150, 152, 108, 179, 192
EhrUch (with Einborn), 9
Einbom and Elu-lich, 9

Enamerling, 149
Emslander and FreuHch, 167

Erlenmeyer, 157

Errata, 63

Euler, 158, 159

Ewart, 62

Famintzin, 76

Fehling, 88, 89, 121

Fembach, 168, 179, 180
Fernbach and Hubert, 168
Fembach and Wolff, 103, 107, 111, 138, 149, 192

Fenton, 158

Findlay, S3

Fischer, 4, 12, 51, 55, 79, 96, 98, 142, 158, 167
Fischer (with Lindner), 98

Flourcns, 127, 142

Fliickiger, 28, 91, 813

Ford, 103, 118, 168, 109, 192
Ford and Guthrie, 148, 170, 193

Fouard, 6, 83, 103, 104

Franz, 108
Franz (with Zulkowski), 127
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Fritzsche,'l9,'G4, 86, S7, 102, 111, 224, 226, 230, 243

Fursteuberg, 121

Gastine, 38, 176
Gatin-Gruzewska and Maqucnne, 106
Gaudechon (with Bertlielot), 158

Geduld, 142, 143

Geinsbcrgen, 6
Geronamous (with Rolfe), 148, 152
Gibson and Titherly, 159

GmeUn, 3

Goldschmidt, 76
Golenkin and Burns, 63

Grafe, 159
Grafe and Vieser, 159

Green, 103, 171

Gregory, 72

Grierson, 191

Griessmayer, 41, 84, 93, 94, 115, 121, 142

Gris, 185
Gruber (with Musculus), 94, 95, 114, 139

Griiss, 146
Griiters. 119, 148, 153

Gu6rin-Varry, 18, 19, 80, 177

Guibourt, 18, 85, 101
Guistiana (with Bouillac), 150

Guthrie (with Ford,) 118, 170, 193

Guye and Walden, 5
Haddock (with Rolfe), 148, 152

Hale, 118, 135
Halske (with Siemens), 106

Hamburger, 145

Hammarsten, 178, 190

Hanausek, 180, 813, 814

Hanofsky, 127

Hansen, 63, 79
Hansen (with Henriques), 153

Hartmg, 23, 229

Hartwig, 106

Harz, 57, 119, 137, 174
Hasse (with Windisch), 99
Hefelmann and Schmitz-Dumout, 132

Henderson, 151
Henderson and Dean, 153

Henriques and Hansen, 153

Henry and Auld, 149

Hensen, 128
Heron (with Brown), 17, 41, 98, 102, 103, HI, 139, 141

Heruaacy, 64

Herzfeld, 114, 124

Hiepe, 116, 130, 144

Hill, 149, 156
Hoffmann and Philippe, 167

Hofmeister, 96
Horton (with Armstrong), 98
Hubert (with Fernbach), 168

Hughes, 813
Ihl, 172

Ishizuka, 8

Jacobson, 98

Jacquelin, 87, 114, 140
Jalm (with Cohen), 157

Jalowetz, 144, 145

Jcssen, 26, 28, 29, 90, 92, 93

Johnson, 146, 150, 151

Kabsch, 28, 92, 310

Kahlenberg and True, 8

Kahlinowsky, 88, 121

Kantorowicz, 110
Kattein (with Rodewald), 46, 109, 111

Kemper, 91, 92

Kimpelin, 159

Kirchoff, 18, 84, 93, 138, 191

Klebs, 63

Knappe, 6

Knop, 28, 91

Konig, 166

Konig, Spieckmann, and Olig, 158

Konigsberger, 43

Kojike (with Stolle), HI
Krabbe, 186

Kraemer, 55, 71, 172

Kraut, 91

Kuhnemann, 146
Kulz and V'ogel, 144

Kiitzing, 20

Lagerheim, 171

Lake, 105

Lauga, 124

Laurent, 63
Le Bel, 3

Leeuwenliock, 18, 64, 84
Leitner, 108, 127

Lenz, 174

Leuchs, 85

Levberg, 190

Liebig, 88

Lindet, 192

Ling, 118, 137, 140, 147, 168, 177, 179, 192

Ling and Baker, 117, 130, 131, 145, 146

Lintner, 104, 131, 141, 142, 143, 144, 175, 178
Lintnerand Dull, 98, 100, 102, 116, 129, 130, 143, 144,

151, 152

Lijipmann, 91, 175

Lob, 158

Loew, 158
Loew and Bokorny, 159

Loewi, 153

Low, 93

Magendie, 128

Maly, 157

Maquenne, 102, 112, 113, 178, 180

Maquenne and Roux, 46, 58, 99, 112, 149

Maquenne, Fernljach, and Wolff, 111

Maquenne (with Gatin-Gruzewska), 106
Marker (with Schulze), 93

Martens, 176
Matlueu de Donibaslc, 191

Mayen, 20, 64

Mayer, 8, 9, 158

Mayer (with Neubcrg), 8

Meisenheimcr, 08

Melscns, 23, 90
Menozzi and Ajipiana, 9

Meyer, 17, 35, 36, 37, 41, 47, 67, 77, 102, 115, 117, 130,

166, 169, 172, 179

Miahle, 88

Miescher, 7

Mikosoh, 40, 78
Millar (with Brown), 118, 134, 142
Millar (with Brown and Morris), 13, 145
Mittelmeier (with Schcibler), 127, 142

Mohr, 76
Moore and Roaf, 97

Moreau, 119, 136, 137, 148

Mori, 159

Morris, 144
Morris (with Brown), 64, 94, 105, 115, 124, 126, 141,

145, 140, 147, 152
Morris (with Brown and Millar), 13, 145
Morris and Wells, 116

Mulder, 20, 87, 90, 121, 150

Munche, 144

Miinter, 20, 71, 224, 257

Musculus, 30, 91, 92, 93, 97, 98, 114, 121

Musculus and Gruber, 94, 95, 114, 122, 139

Muter, 71, 176

Nagano, 8

Niigeli, C, 1, 23, 34, 60, 06, 75, 77, 78, 90, 92, 814, 815,

167, 177, 185, 197, 814, 815

Nageli, W., 30, 84, 115, 122, 170

Nasse, 39, 121, 122, 139
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NastukofT, 6

Neuberg and Mayor, S

Neuberg and Wohlgemuth, 8
Neumann (with Parow), 170

Ncumeister, 95

Newcombe, 6-1

Niepce de Saint-Victor and Convisait, 90

Nossian, 91, 167

Noyes, 137, 148

Olig (witli Konig and Spieckmaun), 158

Ost, 117, 130, 145

Ostwald, 79, 96

O'Sullivan, 84, 93, 94, 99, 103, 122, 124, 138, 146, 148,

178, 190

Ott, 175

Pariera, 813, 814, 815

Parow, 170
Parow and Neumann, 170

Pasteur, 3, 7, 11

Pauli, 96, 97

Pavy, 89

Pavy and Bywaters, 63

Payen, 64, 87, 90, 91, 92, 121, 167, 199, 211, 213, 217,

222, 223, 227, 228, 235, 239, 240, 241, 243, 255,
259

Payeu and Persoz, 19, 85, 88, 93, 97, 120
Pellet 91
Persoz (with Biot), 85, 93
Persoz (with Payen), 19, 85, 88, 93, 97

Petit, 99, 102, 131, 134, 135, 138, 146, 151

Pfeffer, 53

Philip, 93

Phihppe (with Hoffmann), 167

Piutti, 9
Plander and Ravenna, 159

Poggendorff, 17, 84, 87

Pohl, 8, 91

PoUacci, 157, 159

Potter, 40

Potte\dn, 99, 102, 118, 132, 133, 134, 146, 117, 177, 179

Poulsson, 9

Pregl, 108, 135

Priestly (with Usher), 157, 158, 159

Pringsheim, 63

Prior, 117, 130, 144

Puriewitsch, 46

Raspail, 18, 84, 85, 223
Ravenna (with Plander), 159

Reichard, 109, 120, 138

Reichert, 156, 177, 194

Remke, 143, 159

Reinsch, 23, 90

Rcissek, 20, 88

Renard, 158

Reychler, 191

Reymond, 137

Rheinfeld, 119
Roaf (with Moore), 97

Robert, 51

Rodenwald and Kattein, 46, 79, 109, HI
Roessing, 149

Rohmann, 128

Rolfe and Defren, 151, 152

Rolfe and Geronamous, 148, 152

Rolfe and Haddock, 148, 152

Rona (with Abderhaldcn), 153

Rosanoff, 5

Roux, 46, 112, 149, 192

Roux (with Maquenne), 46, 48, 99, 112, 149

Roux (with Wolff), 108

Saare, 169

Sacharow, 95, 186

Sachs, 28, 29, 185

Sachsse, 138

Salomon, 111, 115, 124, 140, 166, 167, 190

Schacht, 230

Schardinger, 112
Scheibler and Mittelmeier, 127, 142
Scheurer (with Dellfus), 107

Schiff, 128

Schiffercr, 116, 129, 143

Schimpcr, 30, 31, 33, 63, 76

Schleidcu, 20, 21, 64, 84, 88, 222, 223, 224, 226, 231,
255, 257

Schmerber, 107
Schmidt and Tiemann, 9

Schmitz, 33, 63
Sciimitz-Dumont (with Hefelmaun), 132

Schonbein, 91

Schryer, 159

Schulze, 64, 88, 124, 140
Schulze and Marker, 93

Schumann, 99, 126

Schiitzenberger, 93

Schwann, 85

Schwarz, 88

Schwarzer, 93

Seegen, 139

Shubert, 39

Sieben, 141
Siemens and Halske, 106
Siemens and Witt, 107

Slvraup, S3, 106, 153

Soubeiran, 213, 223, 224, 241, 256, 259, 288

Southy, 123

Soxlet, 140, 150, 167, 169

Spieckmann (with Konig and Olig), 158

Sqmre, 123
Stolle and Kopke, 111

Stone, 191

Strasburger, 37, 53
St. Jentys, 46, 58
Sulc (wth Chlodounsky), 131, 145

Syniewski, 51, 96, 102, 109, 110, 118, 132, 135, 136,

146, 147, 151

Tanret, 106, 138

Tebb, 153

Thompson, 108
Tiemann (with Schmidt), 9

Timberlake, 54

Titheriy (with Gibson), 159

ToUens, 109, 143

Tr^boux, 159

Trommer, 88
True (with Kahleuberg), 8

Ulhk, 167

Uh-ich, 145

Unger, 20
Usher and Priestly, 157, 158, 159
Van Bosse, 64
Van Laer, 135, 152
Van't Hoff, 3, 4, 5, 156
Van Tieghem, 63

Vaqu(?Un, 18, 84, 120
Vieser (with Grufc), 159

Villiers, 128, 143

Vines, 34

Virneisel, 105

Vogel, 120

Vogcl (with Kulz), 144
Von AlUhn, 140
Von HOhnel, 813
Von Lang, 76
Von Mering, 139, 141

Von Mohl, 27, 84, 90
Von Wittich, 128

W'acker, 138
W'alden (with Guye), 6

Walla-ton, 3

Walpors, 21, 223, 256, 257
W'eber van Bosse, 64

Wederhake, 62
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Weisner (with Weiss), 92
Weiss and Weisner, 92

Weldon, 73
Wells (with Morris), 110

Welwart, 106
Werner and Conrad, 9

Whympcr, 175

Wioke, 27, 90
Wickstrom, 813

Wiesner, 814
Windisch and Hasse, 99

Winton, 72

Wislicenus, 3

Witt (with Siemens), 107

Wolff, 90, 106
Wolff and Roux, 108
Wolff (with Fernbach), 103, 107, HI, 138, 149

Wohler, 5

Wohlgemuth (with Neuberg), 8
Wolfenstein (with Bumcke), 6

Wortmann, ISO, 189

Wotherspoon, 103

Wroblewsld, 109, 110, 117

Young, 131

Ziramermarm, 42, 62

Zopf, 63, 64

Zulkowski, 99, 108, 127
Zulkowski and Franz, 127
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