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PREFACE. 

This memoir is complementary and supplemen- 
tary to publication No. 116 of the Carnegie Insti- 
tution of Washington, entitled “The Differentia- 
tion and Specificity of Corresponding Proteins 
and other Vital Substances in relation to Biological 
Classification and Organic Evolution: The Crystal- 
lography of Hemoglobins,” and publication No. 173 
of the same series, entitled “ The Differentiation and 
Specificity of Starches in relation of Genera, Species, 
ete.: Stereochemistry applied to Protoplasmie Proe- 
esses and Products, and as a strictly scientific basis 
for the Classification of Plants and Animals.” Like 
its predecessors, this is a report of an exploratory 
investigation. In the preface of No. 173 there ap- 
peared the following statement of the thoughts that 
underlie these studies, and of their support up to that 
time by the results of experimental inquiry: 

“The present memoir, which is purely in the nature 
of a report of a preliminary investigation, is comple- 
mentary and supplementary to Publication No. 116 of 
this Institution, entitled ‘The Differentiation and Spe- 
cificity of Corresponding Proteins and other Vital Sub- 
stances in Relation to Biological Classification and Or- 
ganic Evolution: The Crystallography of Hemoglobins,’ 
in the preface of which the following statement was made 
of the hypothesis upon which the research was founded, 
and of the support of the hypothesis by the results of 
the inquiry: 

“<The trend of modern biological science seems to 
be irresistibly toward the explanation of all vital phe- 
nomena on a physico-chemical basis, and this movement 
has already brought about the development of a physico- 
chemical physiology, a physico-chemical pathology, and 
a physico-chemical therapeutics. The striking parallel- 
isms that have been shown to exist in the properties and 
reactions of colloidal and crystalloidal-matter in vitro and 
in the living organism lead to the assumption that. 
protoplasm may be looked upon as consisting essentially 
of an extremely complex solution of interacting and in- 
terdependent colloids and crystalloids, and therefore that 
the phenomena of life are manifestations of colloidal and 
erystalloidal interactions in a peculiarly organized solu- 
tion. We imagine this solution to consist mainly of 
proteins with various organic and inorganic substances. 
The constant presence of protein, fat, carbohydrate, and 
inorganic salts, together with the existence of protein-fat, 
protein-carbohydrate, and protein-inorganic salt com- 
binations, justifies the belief that not only such sub- 
stances, but also such combinations, are absolutely essen- 
tial to the existence of life. 

“<The very important fact that the physical, nutri- 
tive, or toxic properties of given substances may be 
greatly altered by a very slight change in the arrange- 

ment of the atoms or groups of molecules may be 
assumed to be conclusive evidence that a trifling modifi- 
cation in the chemical constitution of a vital substance 
may give rise to even a profound alteration in its physio- 
logical properties. This, coupled with the fact that 
differences in centesimal composition have proved very 
inadequate to explain the differences in the phenomena 
of living matter, implies that a much greater degree of 
importance is to be attached to peculiarities of chemical 
constitution than is universally recognized. 

“The possibilities of an inconceivable number of 
constitutional differences in any given protein are in- 
stanced in the fact that the serum albumin molecule 
may, as has been estimated, have as many as 1,000 million 
stereoisomers. If we assume that serum globulin, myoal- 
bumin, and other of the highest proteins may each have a 
similar number, and that the simpler proteins and the 
fats and carbohydrates, and perhaps other complex or- 
ganic substances, may each have only a fraction of this 
number, it can readily be conceived how, primarily by 
differences in chemical constitution of vital substances, 
and secondarily by differences in chemical composition, 
there might be brought about all of those differences 
which serve to characterize genera, species, and individ- 
uals. Furthermore, since the factors which give rise to 
constitutional changes in one vital substance would 
probably operate at the same time to cause related 
changes in certain others, the alterations in one may 
logically be assumed to serve as a common index of all. 

“Tn accordance with the foregoing statement, it can 
readily be understood how environment, for instance, 
might so affect the individual’s metabolic processes as 
to give rise to modifications of the constitutions of cer- 
tain corresponding proteins and other vital molecules 
which, even though they be of too subtle a character for 
the chemist to detect by his present methods, may never- 
theless be sufficient to cause not only physiological and 
morphological differentiations in the individual, but 
also become manifested physiologically and morphologi- 
cally in the offspring. 

“¢ Furthermore, if the corresponding proteins and 
other complex organic structural units of the different 
forms of protoplasm are not identical in chemical con- 
stitution, it would seem to follow, as a corollary, that 
the homologous organic metabolites should have specific 
dependent differences. If this be so, it is obvious that 
such differences should constitute a preéminently im- 
portant means of determining the structural and physio- 
logical peculiarities of protoplasm. 

““Tt was such germinal thoughts that led to the 
present research, which I began upon the hypothesis 
that if it should be found that corresponding vital sub- 
stances are not identical, the alterations in one would 
doubtless be associated with related changes in others, 
and that if definite relationships could be shown to 
exist between these differences and peculiarities of the 
living organism, a fundamental principle of the utmost 
importance would be established in the explanation of 
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heredity, mutations, the influences of food and environ- 
ment, the differentiation of sex, and other great prob- 
lems of biology, normal and pathological. 

““To what extent this hypothesis is well founded 
may be judged from this partial report of the results 
of our investigations: It has been conclusively shown 
not only that corresponding hemoglobins are not identi- 
cal, but also that their peculiarities are of positive generic 
specificity, and even much more sensitive in their dif- 
ferentiations than the “ zodprecipitin test.” Moreover, 
it has been found that one can with some certainty pre- 
dict by these peculiarities, without previous knowledge 
of the species from which the hemoglobins were derived, 
whether or not interbreeding is probable or possible, and 
also certain characteristics of habit, etc., as will be seen 
by the context. The question of interbreeding has, for 
instance, seemed perfectly clear in the case of Canide 
and Murida, and no difficulty was experienced in fore- 
casting similarities and dissimilarities of habit in Sciu- 
ride, Muride, Felide, etc., not because hemoglobin is per 
se the determining factor, but because, according to this 
hypothesis, it serves as an index (gross though it be, with 
our present very limited knowledge) of those physico- 
chemical properties which serve directly or indirectly to 
differentiate genera, species, and individuals. In other 
words, vital peculiarities may be resolved to a physico- 
chemical basis,’ 

“Before and since the inception of the foregoing 
research, data have been slowly accumulating which 
point more and more strongly to the extremely import- 
ant interrelationships that exist between the intramolecu- 
lar configurations of various substances that play active 
roles in life’s processes and the configurations of proto- 
plasm. Hence, any progress in the application of stereo- 
chemistry to metabolic processes brings us closer to an 
understanding of those peculiar mechanisms of proto- 
plasm which give rise to the phenomena which in the 
aggregate -constitute life in its normal and abnormal 
manifestations. 

“ Hemoglobin, next to protoplasm, is unquestionably 
the most important organic substance of vertebrate life, 
and in conjunction with the stroma with which it is asso- 
ciated is an active functionating protein, the main func- 
tion of which is the conveyance of oxygen from the 
external organs of respiration to the internal organs of 
respiration or the tissues generally. Starch is similarly 
an extremely important constituent of a vast number of 
forms of plant life, but its réle in vital processes, while, 
on the whole, as essential to the continuance of life, is 
of an entirely different character. Moreover, the general 
and special characters of these substances in relation to 
those of the bodies which originate them, and the mechan- 

isms of their formation, are likewise strikingly different. 
Hemoglobin constitutes nearly the whole of the erythro- 
cyte or red-blood corpuscle, and that portion of the ery- 
throcyte which is not this substance may properly be 
regarded as being in the nature of an adjunct, but 
nevertheless essential. In early embryonic life the ery- 
throcytes are nucleated and probably derived directly 
from the mesoblastic elements, and they increase in num- 
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ber by mitosis. Later, proliferation occurs in all parts 
of the circulation, in certain capillary areas more than 
others, especially in those of the liver, spleen, and bone- 
marrow. During the progress of fetal development the 
erythrocytes, primarily spherical and nucleated, in time 
lose their nuclei, and become smaller, and take on the 
peculiar disk or cup-shaped form of postnatal life. After 
birth the red bone-marrow is the chief or sole seat of 
formation of erythrocytes. It is the common conception 
that in this structure these corpuscles arise from nucle- 
ated red cells which exist at first as colorless, nucleated 
erythroblasts, and subsequently as smaller, denser, 
colored, nucleated normoblasts. The former, which are 
looked upon as the hereditary representatives of the 
embryonal erythrocytes, are generally conceived to be 
converted into normoblasts by mitosis, and the latter in 
turn to become ordinary erythrocytes upon the disappear- 
ance of the nuclei by solution or extrusion. It is, how- 
ever, more likely, as suggested in 1882 by Malassez, and 
very recently (1912) by the investigations of Emmel by 
means of plasma cultures, that the erythrocyte of late 
fetal and post fetal life is formed from the cytoplasm 
of the erythroblast by a simple process of budding and 
detachment.* According to either conception the ery- 
throcyte is a separated portion of the mother substance 
that has been set free in a highly specialized life-sustain- 
ing medium, but in a distinctly modified form, inasmuch 
as it has a much higher hemoglobin content and is lacking 
in the amceboid activities and power of reproduction of 
the parent substance, the latter differences being readily 
accounted for in the absence of nuclear matter. Starch, 
on the other hand, is a synthetic product of metabolic 
activity which bears no resemblance to the protoplasm 
that gave rise to it, and which is destined to serve an 
entirely different purpose from that of hemoglobin in the 
life-history of the organism. With hemoglobin as it 
exists associated with the stroma in the erythrocytes we 
are dealing with an active, living, functionating, highly 
specialized form of protoplasm; with starch, we deal 
with an absolutely inert, non-living, non-functionating, 
extremely complex carbohydrate in the nature of a stored- 
up pabulum, and a synthetic product of plastids which 
are specialized forms of protoplasm. In the hemoglobin 
research it was shown that the hemoglobin molecule is 
modified in specific relationship to genus, species, etc., 
which may be taken to mean that the form of protoplasm 
that is expressed by the term erythrocyte is correspond- 
ingly stereochemically modified ; with starch it has been 
found, as will be seen by the context, that the molecule 
is likewise changed in specific relationship to genera, 
species, etc., which accordingly may also be taken to 
mean that during synthesis the products of activity are 
altered in their molecular peculiarities in specific rela- 

*See Science 1912, xxxv, 873; 1914, xxx1x, 334. Kite (Proc. Soc. 
Exp. Biol. Med., 1914, x1, 112) and Oliver (Science, 1914, xt, 
648) have found that erythrocytes can be so modified structur- 
ally and vitally as to have ciliate or flagellate processes, and Oliver 
has shown that some of the latter exhibit a high degree of irrita- 
bility in relation to mechanical] stimulus. 
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tionship to the stereochemic modifications of the forms 
of protoplasm which produce them. In other words, one 
may lay down the dictum that each and every form of 
protoplasm existent in any organism is stereochemically 
peculiarly modified in specific relationship to that organ- 
ism, and that, as a corollary, the products of synthesis 
will be modified in conformity with the molecular pecu- 
liarities of the protoplasm giving rise to them. It fol- 
lows, therefore, that if the plastids of any given plant 
be of different stereochemic structure from those of 
others, the starch produced will show corresponding 
stereochemic variations, and hence be absolutely diag- 
nostic in relation to the plant. Abundant evidence will 
be found in the pages which follow in justification of this 
statement. Moreover, if such differences are diagnostic, 
it is evident that they constitute a strictly scientific basis 
for the classification of plants. 

“The research on starches was undertaken with three 
primary objects in view: First, to determine if the hy- 
pothesis underlying the hemoglobin investigation would 
be supported by the stereochemic peculiarities of other 
complex synthetic metabolites; second, to add materially 
to our knowledge of one of the most important substances 
in the life-history of both plant and animal kingdoms; 
and third, to throw open fields of investigation which 
offer extraordinary promise, particularly in adding to our 
knowledge of the all-important properties of protoplasm.” 

Since the beginning of these researches, facts 
have been accumulating steadily along various chan- 
nels of investigation which are in support of the 
propositions: That. all vital phenomena are or will 
be found to be explicable upon a physico-chemical 
basis; that the line of demarcation between chemical 
and biochemical laws and phenomena is fast disap- 
pearing; that it is becoming recognized that the 
genesis of living matter, individuals, sex, varieties, 
species, and genera is being resolved to studies of the 
genesis of chemical compounds and interactions, and 
of the laws and applications of physical chemistry ; 
and that the specificities of stereoisomerides in rela- 
tion to various tissues, organs, and organisms is one 
of the most extraordinary and fundamental phe- 
nomena of living matter, and inseparable from 
specificities of molecular constitutions and vital char- 
acteristics of various forms of protoplasm. 

In the introduction of the Hemoglobin memoir 
references were made to certain differences that have 
been noted in corresponding substances, plant and 
animal, in relation to biological classification ; and in 
the corresponding chapter of the Starch memoir many 
instances were cited of various substances, inorganic 
and organic, that appear in stereoisomeric forms and 
exhibit marked physical, nutritive, and toxic differ- 
ences in accordance with peculiarities of molecular 
configuration. Among such substances, those of bio- 

Ix 

logic origin are of preéminent interest because of 

their direct or indirect dependence upon protoplasm 

for their existence and peculiarities, and many in- 

vestigations bearing upon them have been carried 

out (during especially the last decade) that are of 

such particular importance in their bearings upon 

the objects of these investigations as to demand here 
at least casual notices. It has already been noted 

that some years ago Hoppe-Seyler and others found 
that the pepsins of warm-blooded and cold-blooded 
animals are not identical, and that Wréblewsky and. 
others recorded ditferences in the pepsins of ditfer- 
ent animals. Now, it is of interest to note that these 
differentiations have been added to by Hedin (Zeit. 
£, physiolog. Chemie, 1911, uxxxir, 187; 1911, Lxx1v, 
242; 1912, txxx1r, 175), who found in comparative 
studies of renninogens from species of ditferent gen- 
era that either rennase or antirennase can be pre- 
pared at will from the same renninogen, and that the 
antirennase is inhibitory to the rennase of the same 
species but not to the rennase of other species, there- 
fore showing distinct generic specificity. Moreover, 
it is probable, as Hedin pointed out, that the in- 
vertases from different yeasts, bacteria, molds, etc., 

are not identical. Scherman and Schlesinger (Proc. 
Soc. Exp. Biol. and Med., 1915, x11, 118) have re- 
ported that the amylases from pancreas and malt 
are not identical. Malt amylase they found to be 
most active in a somewhat acid solution, while the 
optimum solution for pancreatic amylase is slightly 
alkaline, and the amylase of pancreas was less than 
half as active as that of malt. The investigations of 
Dudley and Woodman (Biochem. Jour., 1915, 1x, 
97) indicate that the casein of sheep differs from 
that of the cow; and the studies by Dakin and Dudley 
(Biochem. Jour., 1918, xv, 271) in digestion, 
Schmidt (Proc. Soc. Exp. Biol. and Med., 1917, 
xiv, 104) in immunization, Ten Broeck (Biolog. 
Chem., 1914, xv, 369) in antigenic tests, and 
Underwood and Hendrix (Biolog. Chem., 1915, 
xx, 453) in toxicity experiments have shown that 
“yvacemic” casein is not identical with casein. 

The specificities of the hemoglobins and starches 
in relation to the animal or plant source, as set forth 
in the preceding memoirs, has had abundant support 

by various biologic reactions (complement-fixation,. 
agglutinin, precipitin, anaphylactic). It seems evi- 
dent that all of these reactions or tests have a bio- 
chemic basis; that they are dependent upon peculiari- 
ties of chemical constitution or structure of protein 
molecules; and that they are “group” reactions in 
the sense that they are restricted to the same or to 
similar proteins of the same individual or closely 
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related or allied species or genera. Since Magendi 
in 1839 found that when egg albumin is injected into 
rabbits the animals become so sensitized that death 
is caused by a second injection, an enormous amount 
of work has been done in similar and allied experi- 
ments. The literature that has accumulated is so 
exceedingly voluminous and of such a character that 
even a review of the most important of the investi- 
gations is quite impossible within the allotted limits 
of space of this report. But there are several re- 
searches that have appeared since the publication 
of the preceding memoirs which, like the foregoing, 
are of such especial importance in connection with 
the present investigations that they, as in the case 
of several others above referred to, should receive at 
least a passing notice. For instance, Bradley and 
Sansun (Jour. Biolog. Chem., 1914, xvi, 497) 
found that guinea pigs that are sensitized to beef 
or dog hemoglobin, fail to react, or react only slightly, 
to hemoglobins of other origins. They tried the hemo- 
globins of the dog, beef, cat, rabbit, rat, turtle, pig, 
horse, calf, goat, sheep, pigeon, and chicken, and of 
man, and they found reasons ‘for the conclusion that 
the hemoglobins from different sources are chemically 
different. 

The studies of Wells and of Wells and Osborne of 
the biological reactions of vegetable proteins (Jour. 
Infect. Dis., 1911, viz, 66; 1913, xm, 341; 1914, 
xiv, 877; 1915, xvu1, 259; and 1916, xrx, 183) show 
among various findings of variable degrees of im- 
portance that chemically similar proteins from the 
seeds of different genera react anaphylactically with 
one another, while chemically dissimilar proteins 
from the same seeds in many cases fail to do so. 
Blakeslee and Gortner (Carnegie Institution of 
Washington Year-Book, No. 12, 1913, 99) record evi- 
dence in their investigations of the precipitin reactions 
of the proteins of mold that is consistent with the con- 
clusion that there are not only “species proteins” but 
also “sex proteins’ (see Chapter vi, pages 366 and 
367); and Gohlke and Mez, and Lange (Umschau, 

1914; Scientific Amer. Sup. 1914, No. 2016, 122) 
have recorded most significant data in the determina- 
tion of plant relationships by means of sero-diagnosis. 
Taxonomic relationships of a number of families were 
studied and references are also made by Gohlke to 
the differentiations of plant albumins by Kowarski 
and to the experiments of Magnus and Friedenthal 
which showed a relationship between truffles and yeast. 
Legrand (Revue Generale des Sciences, 1918 ; Scien- 
tific American Supplement, 1918, No. 2238, 322) 

has brought together a large number of diversified 
facts in support of zoologic biochemic specificities. 

Comparing the results of the various “biologic 
tests” with those recorded by means of the methods 
used in the starch and hemoglobin researches, it seems 
to be conclusively demonstrated, as far as these 
investigations have gone, that the latter are capable of 
practically unlimited development by addition and 
improvement. The studies of the starches and hemo- 
globins are not more than merely started, and there 
remain virtually untouched (for exceptionally invit- 
ing and extensive investigation) albumins, globulins, 
proteoses, glycogens, fats, cholesterols, alkaloids, en- 
zymes, hormones, and a host of other substances that 
undoubtedly appear in animal and plant life in stereo- 
isomeric forms that are specifically modified in rela- 
tion to the protoplasmic source. When one pictures 
what these three exploratory researches have brought 
forth and what they suggest as being in part the 
outcome of further inquiry the imagination becomes 
bewildered by the marvellous richness of what is thus 
forecasted. 

The methods used in the preceding research have 
in the present investigation been extended and so 
improved as to yield records that are satisfactory in 
quantity, kind, and accuracy ; and in reference thereto, 
it seems needless at this juncture to do more than pre- 
sent certain excerpts from reports by the writer that 
have appeared in the Year Books of the Carnegie 
Institution of Washington or elsewhere, as follows: 

“The investigations with the starches were neces- 
sarily carried on by methods that are quite different 
from those employed in the study of the hemoglobins. 
Although the starch granule is a spherocrystal that lends 
itself to crystallographic study, very little can be learned 
of its molecular characters that is of usefulness in the 
differentiation of various starches. Other methods, how- 
ever, offer very satisfactory means of study, especially 
those which elicit molecular differences by means of 
peculiarities of gelatinization. These methods, all micro- 
scopic, have included inquiries into histological charac- 
ters; polariscopic, iodine, and aniline reactions; tem- 
peratures of gelatinization; and quantitative and quali- 
tative gelatinization reactions with a variety of chemical 
reagents which represent a wide range of difference in 
molecular composition. 

“ Each starch property, whether it be manifested in 
peculiarities in size, form, hilum, lamellation or fissura- 
tion, or in reactions with light, or in color reactions with 
iodine or anilines, or in gelatinization reactions with 
heat or chemical reagents, is an expression of an inde- 
pendent physico-chemical unit-character that is an index 
of specific peculiarities of intramolecular configuration, 
the sum of which is in turn an index which expresses 
specific peculiarities of the constitution of the proto- 
plasm that synthetized the starch molecule. The unit- 
character represented by the form of the starch grain is 
independent of that of size ; that of lamellation independ- 
ent of that of fissuration, etc. This is evident in the 
fact that in different starches variations in one may not 
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be associated with variations in another, and that when 
variations in different properties are coincidently ob- 
served they may be of like or unlike character. Gela- 
tinizability is one of the most conspicuous properties of 
starch and it represents a primary physico-chemical unit- 
character, which character may be studied in as many 
quantitative and qualitative phases as there are kinds 
of starches and kinds of gelatinizing reagents, the phe- 
nomena of gelatinization by heat being distinguishable 
from those by a given chemical reagent, and those by 
one reagent from those by another, and those of one 
starch by a given reagent from those of another starch. 
The gelatinization of the starch grain is certainly not, 
as is commonly supposed, a manifestation of a simple 
process of imbibition of water, such as occurs in the 
swelling of particles of dry gelatin or albumin, but in 
fact a very definite chemical process corresponding to 
that which occurs in the swelling of liquid crystals, and 
which must vary in character in accordance with the 
reagent entering into the reaction. It therefore follows, 
as a corollary, that the property of gelatinizability of 
any specimen of starch may be expressed in as many 
independent physico-chemical unit-character-phases as 
there are reagents to elicit them. By these methods 
both physico-chemical unit-characters and unit-character 
phases can be reduced to figures, from which charts can 
be constructed which show in the case of each starch 
that the sum total of these values is as distinctive of the 
kind of starch and plant source as are botanical characters 
of the plant. 

“ Individualities of one or the other of the parental 
starches may or may not be observed in the starch of 
the offspring, and if present they may or may not appear 
in modified form. Moreover, the starch of the offspring 
may exhibit peculiarities that are not seen in either of 
the parental starches, and when two or more sets of 
hybrids have resulted from separate crosses of the same 
parental stock, each lot of hybrids may not only exhibit 
in common distinctive variations from parental charac- 
ters but also independent individualities, and, as a corol- 
lary, differ,from each other in well-defined respects. 
Hence, not only may a given hybrid be definitely attached 
to definite parentage, but also the hybrids of separate 
crosses may be recognized as such. 

“The studies of the starches of parent- and hybrid- 
stocks have been supplemented by corresponding and 
somewhat laborious histological examinations of plant 
tissues associated with some macroscopical inquiry. The 
results of this supplementary research are in striking 
accord with those of the starch investigations, and both 
are in entire harmony with universally recognized prin- 
ciples of the plant and animal breeder and with the dic- 
tum underlying these researches, ‘vital peculiarities 
may be resolved to a physico-chemical basis ’—with 
which may be coupled a second dictum, ‘ corresponding 
complex organic substances exist in stereoisomeric forms 
that are modified specifically in relation to and diag- 
nostic of the protoplasmic source.’ ” 

While the present research treats almost solely of 

the properties of parent-stocks and hybrid-stocks, and 

correspondingly of heredity, it will be found that the 

results can be utilized in very broad applications to 

biology. Apart from the derogation of intermedi- 

ateness as a criterion of hybrids, there is perhaps no 

single feature of the report that will appeal more 

immediately to biologists in general than the facts that 

have been collated that indicate a far greater degree 

of importance of hybridization in the genesis of 

species and evolution than has thus far been recog- 
nized. Moreover, to every student who has kept 
abreast of the developments of modern biologic science 
it must be evident that the great advances now fore- 
shadowed seem to be inseparably associated with 
physics and physical chemistry; and from the results 
of these researches on the physical chemistry of 
starches and hemoglobins it seems that it may with 
safety be predicted that the principles and methods 
herein presented will serve as one of the essential 
starting-points that will certainly lead to results of 
great if not epochal importance. What physics prom- 
ises in explanation of the phenomena of organic 
growth and form, physical chemistry promises in the 
explanation of organic function. 

Finally, an apologetic word may not be amiss. 
This investigation like its two predecessors has been 
pursued amidst the endless interruptions and discon- 
certions that are inseparable from the exactions of 
professorial duties and other unavoidable conditions, 
and not infrequently it has of necessity been set aside 
for weeks or months. This obviously has not only 
somewhat but seriously interfered with that continu- 
ity of work and thought that is so important in the 
successful pursuit of elaborate investigations in un- 
explored fields of inquiry. On this account there 
will appear not a little evidence of a lack of uniformity 
of treatment of corresponding parts of the work; an 
absence here and there of sufficient and careful detail, 
correlation, and analysis; and a failure not infre- 
quently to discuss with sufficient fullness many facts 
in their biologic relationships and applications. 
Moreover, inasmuch as the writer is not a botanist, 
some facts that may be of especial botanic interest 
may not have been given adequate treatment, while 
some of minor interest may have been unduly 
accentuated. 

Epwarp Tyson Rercuert, 
From the 8S. Weir Mitchell Laboratory of Physiology, 

University of Pennsylvania. 
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CHAPTER I. 

: INTRODUCTION. 

1. Ozsszcts oF THIS RESEARCH. 

In both of the preceding researches satisfactory evi- 
dence was recorded to justify the conclusion that com- 
plex organic substances exist in different stereoisomeric 
forms in different organisms, and that the differences 
are specific in relation to genera, species, and varieties, 
and in general in striking accord with the accepted data 
of the systematist. Naturally it seemed to be a matter 
of the greatest fundamental importance to determine 
to what recognizable degree these physico-chemical prop- 
erties are transmitted from seed and pollen parents in 
altered or unaltered form in the hybrid; if it is possible 
to predict the heritability of this or that property; 
whether or not new physico-chemical properties appear 
in the hybrid; and if the phenomena of physico-chemical 
inheritance are not only consistent with but also in ex- 
planation of the data of the systematist and with the 

experience of the plant breeder. 

9. Crrverta or Hysrips anp Murants. 

A FOREWORD. 

Beginning with the elementary investigations of 
Linneus, data pertaining to the comparative peculiari- 
ties of parents and of hybrids have been accumulating, 
and at present, notwithstanding that thousands of such 
sets are known in literature, only very few of them have 
been recorded in a way that renders them of more than 
general value in formulating laws of inheritance. Stand- 
ards for the recognition of hybrids and mutants, respec- 
tively, have found widespread acceptance, yet one may 
well hesitate to inquire if in the restrictedness of our 
analyses and comparisons, the narrowness of our con- 
ceptions, and the manifest prejudices and errors of judg- 
ment we have not been fostering many views that have 
led to general misunderstanding and illusory conclusions. 

The universally recognized primary or essential dis- 
tinguishing characters of hybrids are: Intermediateness 
of the first generation; lessened vitality that may be 
expressed in many ways; partial or complete sterility, 
especially as regards the pollen; instability and Mende- 
lian inheritance in the second and succeeding generations. 
But if we were to carefully examine a large number of 
diversified characters of say a dozen hybrids selected at 
random, what percentage of these characters would be 
found to be intermediate, and what percentages of these 

intermediate characters would be of mid-intermediate 
value or nearly the same as in one or the other parent? 
Are there not many hybrids that are nearly or quite as 

fertile as their parents, or if their fertility is subnormal 

in the first generation may it not become normal during 

subsequent generations? Are there not many hybrids 

that show little or no tendency toward Mendelian in- 

heritance, or which, in other words, breed true? Is it 

not common to find in hybrids unimpaired vitality and a 

luxuriance of growth even exceeding that of the parents? 

The primary or essential distinguishing character- 
istics of mutants are set forth in the laws formulated 

by DeVries: 

(1) New elementary species arise suddenly, without 
transitional forms. 

(2) New elementary species are, as a rule, absolutely 
constant from the moment they arise. 

(3) Most of the new forms that have appeared are 
elementary species, and not varieties in the strict sense 
of the term. 

(4) New elementary species appear in large num- 
bers at the same time or at any rate during the same 
period. 

(5) The new characters have nothing to do with 
individual variability. 

(6) The mutations, to which the origin of new 
elementary species is due, appear to be indefinite, that 
is to say, the changes may affect all organs and seem to 
take place in almost every conceivable direction. 

Do not all of these laws conform in all essential re- 
spects with the data in many hybrids? Is not partial 
or complete sterility common among mutants? Do not 
mutants when crossed give rise as commonly as hybrids 
to offspring which exhibit Mendelian phenomena? In 
a word, has a definite line of demarcation been established 
between hybrids and mutants? In the present research 
mutants, as such, are of only indirect interest, but if they 
are hybrids, as is held by many, they are obviously of 

direct and fundamental importance. 
One need not turn many pages of the vast literature 

of heredity before becoming bewildered by the conflicting 
statements of recognized authorities and noting that 
many of even the more important deductions rest upon 
false premises. In the following elementary sketch the 
botanist, zoologist, evolutionist, and others who are very 
familiar with the subject of heredity will not find any- 
thing new, either in facts or deductions, the sole purpose 
of the presentation being to lay before the general reader 
data—to show the antipodal views of different authori- 
ties; to indicate with what reserve we should accept cer- 
tain well-known laws, rules, criteria, and conceptions; 
and to point to what should, in a general sense, be ex- 
pected in heredity upon the bases of recognized facts of 
hybridization and mutation. 

3 
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3. INTERMEDIATENESS AND LESSENED VITALITY 

or Hysrips, ETC. 

The gross structural characters of plants have at- 
tracted the attention of mankind from time immemorial, 
and for generations they have constituted the essential 
means by which plants have been differentiated and 
classified ; yet beneath them there lay an infinitude of 
microscopical, chemical, physical, and physico-chemical 
properties of tissues and various protoplasmic substances 
which will undoubtedly be found to be of far greater sig- 
nificance in differentiation, not only in taxonomy and 
phylogeny, but also in the elucidation of various prob- 
lems that constantly confront the botanist. The scien- 
tific value of the histological method of plant study to 
the systematist was satisfactorily demonstrated in 1883 by 
Radlkofer in “Uber die Methoden in der botanischen 
Systematik insbesondere dieanatomische Methode.” This 
method he holds is applicable to the study of species, and 
since his time it has been successfully extended to varie- 
ties and hybrids. A century ago De Candolle found the 
microscope useful in plant classification, and Radlkofer 
predicted in his memoir that the energies of the systemat- 

ist would for the next century be devoted to the histo- 
logical method. Previous to the investigations of the 
latter, much work on the micro-anatomical and the micro- 
chemical peculiarities of plants was recorded, and since 
then literature of this character has accumulated to an 
enormous volume, as is evident at a glance through the 
encyclopedic pages of Solereder’s “ Systematische Ana- 
tomie der Dicotyledonen ” that appeared in 1898. While 
such researches have proved to be of value in taxonomy, 
in the explanation of many problems that baffled the old- 
school systematist, and in throwing open new avenues of 
thought and investigation, but little has been systema- 
tized that seems to be of immediate practical usefulness 
to the plant-breeder and to the student of evolution. 
Time will undoubtedly show, with the sifting out of these 
records in conjunction with recent work, a wealth of 
material that far exceeds in value even the greatest 
expectations. ; 

All of our knowledge of hybrids dates from a period 
scarcely more than two centuries ago. It was near the 
end of the seventeenth century when the existence of 

sexual organs of plants was recognized, and it was some- 
time shortly antedating 1719 that Thomas Fairchild, a 
London gardener, produced a hybrid (Fairchild Sweet 
William) by the fertilization of Dianthus caryophyllus 
(the clove pink) with D. barbatus (the common Sweet 
William). This was followed by investigations of 
parents and hybrids by Linneus. To Kélreuter, how- 
ever, whose laborious experiments in hybridization began 
in 1760 by crossing Nicotiana rustica with N. panicu- 
lata, must be given the credit for laying a working foun- 
dation that has proved of the greatest value in arousing 
interest and active investigation in this exceptionally 
important field of research. What had been recorded 
of both naturally and artificially produced hybrids up 

to 35 years ago was summarized and commented upon 

by Focke (Die Pflanzen-Mischlinge: ein Beitrag zur Bio- 
logie der Gewachse, 1881). Probably as many as 2,000 
hybrids are here referred to. Since then the number has 
been considerably added to in botanical literature. Such 

investigations, up to the time of the appearance of the 
memoir by Macfarlane on “ A Comparison of the Minute 
Structure of Plant Hybrids with that of their Parents, 

and its Bearing on Biological Problems ” that appeared 
in 1892, were confined practically wholly to the grosser 
phenomena of plant life, such as the parentage, size, 
vigor, rapidity of growth, length of life, appearance of 
malformations, fertility, etc—in a word, gross charac- 
ters such as have been and continue to be the tools of 
the old-school systematist. 

InTERMEDIATENESS or HistoLogic PRoPERTIEs 

o¥r HyBrIps. 

Macfarlane in referring to the earlier microscopical 
investigations states that Henslow (Cambridge Phil. 
Trans., 1831) made a microscopic comparison of a hybrid 
Digitalis with its parents and showed that in the size 
and shape of the hairs and other structures the hybrid is 
intermediate between the parents; that Wichura (Bas- 
tardefruchtung, 1865) with Salix, and Kerner (Mono- 
graphia Pulmonar., 1878) with Pulmonaria, likewise 
found the hybrid to be intermediate; and that Wettstein 
(Sitz. der. Kaiser. Akad. der Wissen., 1888), in compar- 
ing the leaves of four coniferous hybrids observed in 
transverse sections of the leaves that each hybrid in the 
number of stomata, depth of the epidermal cells, and 
number and arrangement of the sclerenchyma elements 
of the bundles is exactly intermediate between their 
parents. 

In investigations of the minute characters of over 60 
hybrids in comparison with their parents, Macfarlane 
found it necessary to adopt certain precautionary meas- 
ures in order to secure safe comparative results. Inas- 
much as they have served as our guide in the anatomical 
part of the present research they are here quoted in full: 

1. AVERAGE ORGANISMAL DEVELOPMENT AND DEVIATIONS. 

“Tt is now recognized by botanists that every species 
exhibits a sum-total of naked-eye characters which dis- 
tinguish it with greater or less precision from allied 
species. These are duly given in every local Flora. 
But further, specific features—alike macroscopic and 
microscopic—which are of great importance, are passed 
over. Radlkofer (Akad. der Wissenschaften, Munich, 
1883) has already insisted that the anatomical method 
must be applied to the study of species, and I have 
pointed out that this is equally true of subspecies and 
varieties (Trans. Bot. Soc. Edin., vol. x1x, 1891). But 
it is the sum-total or accumulation of minute peculiari- 
ties which gives specific identity to any organism, and it 
is to be expected that evident or naked-eye variations 
will often have their commencement in trivial structural 
deviations, which, being perpetuated and exaggerated 
it may be in size, will ultimately appeal to the naked 
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eye. It was this, well illustrated in the group Cirripedia, 
which forced Darwin slowly but surely to frame and 
enunciate his evolution hypothesis. 

“ As plant after plant has passed under my observa- 
tion, I have been greatly impressed, not only with the 
average similarity in development that each shows, but 
even more with the constant tendency there is for indi- 
viduals to vary from that average either in under or 
over development, it may be only of some part or area 
or of some large organ. As illustrations on a somewhat 
large scale, I may refer to the number, position on the 
stem, and size of leaves, a line of inquiry which has been 
entirely overlooked by systematists, but which can afford 
characters of considerable value. Thus Hedychium gard- 
nerianum, when well grown and not overcrowded in a 

hot-house, sends up flowering shoots which bear on the 
average 13 lamina-producing leaves, beside one or two 
basal scales. H. coronarium bears 21, while the hybrid 
H. sadlerianum bears 17%. But not unfrequently from 
overcrowding, lack of light and nourishment, or other 
unfavorable surroundings, the number in each may be 
considerably reduced. Conversely, when very favorable 
vegetative conditions occur, these are accompanied with 
greater luxuriance. 

“A shoot of Sazifraga aizoon, with freedom for 
growth, produces annually 23 to 26 leaves; S. geum, 
40 to 45; and their hybrid, 8. andrewsii, 30 to 32. 

“During the autumn of 1890 I happened to go over 
a large bed of sunflowers, and, in by far the greater num- 
ber, 27 to 28 leaves were formed between the cotyledons 
and terminal capitulum. A few instructive cases of 
variability from the average were noted. The bed was 
one which sloped to the sun and some plants at the back 
that were slightly overshadowed by trees had been starved 
in their light and moisture supply. Their leaves were 
reduced to 20 or 21. On the other hand, one in a favor- 
able situation produced 31 leaves. 

“But minute changes are correlated with these 
grosser variations, such as an increase or decrease in the 
stomata over a given area or in the length and number 
of hairs, etc. In the choice of material, therefore, for 
hybrid investigation one should either be acquainted 
with the parent individuals and the conditions under 
which they were grown or try to choose an average speci- 
men of each for study. 

2, Limit oF VARIABILITY. 

“A wide field of patient and laborious work is open 
in the direction of ascertaining how far the individuals of 
a species may differ microscopically without losing spe- 
cific identity. As yet this field may be said to be un- 
trodden. The contributions that have recently been 
made (Bot. Central., Bd. x1v, xtv1) by Schumann are 
exactly on the lines desiderated and form a valuable 
study in tissue variability, but if we are to get an exact 
estimate alike of species and hybrid production the 
knowledge must be forthcoming. Thus Lapageria rosea 
is a parent form which I have chosen for pretty exhaus- 
tive description, and though I have tried to select mate- 
rial from what I regard as an average strain, this may 
still differ from the parent plant used, as several varieties 
are known to be in cultivation. This may partially ex- 
plain why it is that hybrids at times exhibit a slight 

divergence toward one parent. Again, I shall have to 
refer at some length to the remarkable change of color 
exhibited by the flowers of Dianthus grievei, from white 
on first opening to rich crimson or crimson-purple on 
fading. The one parent, D. alpinus, shows scarcely any 
trace of such floral change, but among the numerous 
varieties of D. barbatus in cultivation one exhibits the 
above peculiarity in an equally or even more striking 
manner. 

“Now, every varietal form inherits certain common 
specific peculiarities, and also the points that stamp it as 
a variety, so that one would err in comparing the ordi- 
nary species with the hybrid. But the very fact that 
varieties are often inconstant in their varietal details, and 
do not hand these down in all cases so steadily as a 
marked species, are reasons for our giving a certain lati- 
tude in comparison with the hybrid, but equally are 
reasons for our desiring an exact knowledge of how far 
a specific form may vary. 

3. COMPARISON OF SIMILAR PaRTs. 

“In my earlier investigations it was sometimes 
found that a certain part or organ of a hybrid did not 
exhibit intermediate blending of the structure of both 
parents, but a decided leaning to one. This was at first 
regarded as an instance of variation from average hybrid- 
ity, but more careful and exhaustive comparison showed 
that the apparently exceptional conditions arose from 
choice of material that did not agree in age, position, or 
opportunities for growth. Thus I stated in the ‘ Gar- 
deners’ Chronicle’ (April 1890) that while Savifraga 
aizoon had many stomata on its upper leaf surface and 
S. geum had none, 8. andrewsit resembled the latter in 
this respect. Now, I had expected to find some on the 
leaf chosen from the hybrid, which was one of the lowest 
of an annual shoot, those of the parents being from the 
upper parts of shoots. On returning to the matter more 
recently, it was found that the closely intermediate 
character of the hybrid was established when leaves of 
the same relative position and age were chosen. Thus, 
since S. aizoon produces on the average 25 leaves annually, 
the hybrid 32, and S. gewm 40, if the tenth leaf from the 
base be chosen in the first, we should select the four- 
teenth in the hybrid and the eighteenth in the other 
parent. The same principle of judicious selection of 
material must be applied not only in dealing with large 
organs but also in minuter details, such as bundle ele- 
ments, matrix cells, and sclerenchyma, as well as starch 
grains, chloroplasts, and other cell products. 

4. AVAILABLE LIMIT FoR COMPARISON OF PARENTS WITH THEIR 

Hyprip Progeny. 

“During the last decade problems bearing on the 
relative potency of the male and female elements in the 
development of an organism have been greatly discussed. 
The present investigation not only throws great light on 
these, but will enable us to compare more accurately than 
hitherto the capabilities of each sex element. It is mani- 
fest, however, that when a hybrid is the product of 
parents that are widely divergent in histological details 
the comparison will be easy, but when we attempt to 
compare a hybrid with two parents which are regarded 
as species, but whose chief specific differences are those 
of coloring and size, it is almost or quite impossible to 
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detect microscopically any blending of patent characters, 
even though these may occur. Some may demur to 
accepting conclusions drawn from comparison of the 
hybrids of two parents that are even moderately removed 
from each other in affinity, particularly since we know 
that such are frequently less fertile than the pure product 
of either parents, or are entirely sterile. The objection 
will afterwards be considered, but here I may premise 
that, as a rule, whether the parents are remotely or closely 
related their evenly blended peculiarities appear, if com- 
parison is at all possible. 

“To the above general conclusion, however, we must 

make an important exception. In not a few cases, which 

will afterwards be cited, a separation or prepotency of 

the sexual molecules of each parent seems clearly to be 
indicated. 

5, RELATIVE STABILITY OF PARENT Forms. 

“ Some species, both in the wild state and under culti- 

vation, show a greater degree of stability, or want of 

variation tendencies, than do others. This is probably to 
-be explained by an average structure having been slowly 

but steadily evolved through crossing and recrossing of 

an aggregate of like individuals with survival of those 

best fitted for a set of environmental conditions that re- 
mained constant through long periods of time. These, 

therefore, even when removed to rather disadvantageous 
surroundings, do not readily exhibit change. As exam- 
ples, I may name Erica tetralia, E. cinerea, and Philesta 

busifolia. One finds that the opposite is equally true 
of not a few species. Thus, if a series of individuals 
of Geum rwale or Dianthus barbatus (cultivated) be 
compared microscopically, considerable variation is 

traceable. 
“ But even species which are considered to vary little, 

if compared from wide areas, may present unexpected 
changes. An interesting illustration is furnished by a 
plant just cited as one of the most invariable, viz, Hrica 
tetraliz. I have shown elsewhere * that this species re- 
solves itself into four subspecies, three of which are 
found in Connemara, and these, so far as they have been 
experimented on, remain true under cultivation. It is 
necessary, therefore, in the selection of a hybrid to 
know the exact type of each parent, if not the actual 
parent, and to examine such alongside the hybrid 
offspring.” 

Macfarlane made detailed studies of the microscopic 
peculiarities of nine sets of parent-stocks and hybrid- 
stocks, including the following: 

1. Lalageria rosea, Philesia buxifolia, P. veitchii. 
2. Dianthus alpinus, D. barbatus, D. grievei. 
3. Geum rivale, G. urbanum, G. intermedium. 
4, Ribes grossularia, R. nigrum, R culverwellii. 
5 Saxifraga geum, S. aizoon, S. andrewsii. 
6. Erica tetralix, E. ciliaris, E. watsoni. 
7. Mensiesia empetriformis, Rhododendron chamecistus, Bry- 

anthus erectus. 
8. Masdevallia amabilis, M. veitchiana, M. chelsoni. 
9. Cypripedium spicerianum, C. insigne, C. leeanum. 

He also recorded many data respecting other hybrids 
and parents, including in the text only some special 
features which seemed to deserve consideration, to- 

*Trans. Bot. Soc. Edin., xrx, 1891. 

gether with a rather full account of the characters of a 

graft hybrid, Cytisus adam. The following is Mac- 

farlane’s “General Summary of Results on Seed 

Hybrids”: 

“Tt has been demonstrated that in hair production, 

if the parents possess one or more kinds that are funda- 

mentally similar, but which differ in size, number, and 

position, the hybrid reproduces these in an intermediate 

way. Illustrations of this were presented by Geum tnter- 

medium, Erica watsoni, Cypripedium leeanum, and Mas- 

devallia chelsoni. But if only one parent possesses hairs 

over a given region the hybrid usually inherits these to 

half the extent, as in the petals of Dianthus barbatus 

and some floral parts of Bryanthus erectus. If the hairs 

of two parents are pretty dissimilar, instead of blending 

of these in one, the hybrid reproduces each, though re- 

duced in size and number by half. The gland hairs of 

Saxifraga andrewsii, the simple and gland hairs of Ribes 

culverwellii, and those on the vegetative organs of Bryan- 

thus erectus are examples. The peculiar case of air dis- 

tribution in relation to color formation noticed in the 

sepal of Cypripedium leeanum may also be noted here. 

“In the formation of nectaries as traced in Phila- 
geria, Dianthus, Saxifraga, Ribes, etc., the above prin- 

ciples also hold. 
“The distribution of stomata over any epidermal 

area has been proved to be a mean between the extremes 
of the parents, if the stomata of the parents occur over 
one surface or both, and if the leaves are similar in 
consistence, but, as in Hedychium sadlerianum, and to a 
less degree in Sasxifraga andrewsii, if the stomatic distri- 
bution and leaf consistence differ in the parents, this may 
give rise to correspondingly different results in the 
hybrid. 

“Tn amount of cuticular deposit, and arrangement 
of it into ridges or other localized growths, hybrids have 
been proved intermediate between the parents. We may 
merely recall here the case of Philageria stem, which in- 
herited cuticular ridges from Lapageria, though reduced 
e half the size, since the Phtlesia parent was devoid of 
them. 

“ As Wichura has already proved for the vegetative 
leaves of hybrid willows, the venation of hybrid leaves is 
very uniformly intermediate between those of the parents. 
Figures are given with this paper of the vegetative leaves 
of Philageria and Saxifraga, and of the petals of Dian- 
thus and Geum. The relation of the bundles to special 
terminations, as in the water stomata of Sazxifraga, is in 
conformity with the venation. 

“But the growth of tissue in a hybrid which is to 
determine the outline or angular position which any 
organ or part of one will assume is intermediate between 
those of the parents when the latter show traceable dif- 
ferences. Thus the sepals and petals, as also the styles 
and style-arms, of Geum intermedium, the floral parts 
as a whole of Sazifraga andrewsti and Ribes culverwellii, 
the frilling of some of the floral parts of Bryanthus and 
Cypripedium leeanwm are pronounced cases, while minor 
ones have been referred to. 

“Turning to minuter anatomical details, every hy- 
brid has yielded a large series of examples which prove 
that the size, outline, amount of thickening, and local- 
ization of growth of cell walls, is, as a rule, intermediate 
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between those of the parents. We have repeatedly stated 
that as the outcome of growth localization, intercellular 
spaces of a hybrid are modified in size and shape as are 
the cells which surround them. Now this clearly demon- 
strates that the living protoplasm which has formed the 
cells is so organized in its molecular or micellar consti- 
tution that in every cell and over every infinitesimally 
minute area on its surface where cellulose is to be laid 
down the balanced effect of both parents is felt. 

“ Equally in the laying down of secondary wall thick- 
enings, whether of a cuticularized, lignified, or colloid 
nature, numerous citations have been made where the 
amount and mode of deposition is evenly between the 
extremes of the parents. Perhaps the most striking case 
is that of the bundle-sheath cells of Philageria and its 
parents, where usually five lignified lamelle are traceable 
in each cell of Lapageria, eleven or twelve in Philesia, 
and eight or nine in Philageria. 

“In summarizing as to protoplasm and its modifica- 
tions as plastids, where considerable differences can be 
traced in the plastids of two parents the hybrid gives 
excellent results. Only in a few parent plants have these 
differences been sufficiently marked to allow of compari- 
son with the hybrid. The leucoplasts in the epidermal 
cells of the parents of Dianthus lindsayt are very differ- 
ent in size, while most of the leucoplasts in the hybrid 
are exactly intermediate, but from careful measurement 
of lantern projection images of these it has been found 
that some very nearly resemble those of the female parent. 
The chromoplasts of the petal cells in Geum intermedium 
and of the sepal cells in Masdevallia chelsom are addi- 
tional illustrations. Those of the former are very varia- 
ble in size and number, but this is probably to be ex- 
plained from its inheriting half of its hereditary features 
from Geum rivale, which is equally variable as a species. 
Leaves of corresponding age and position from Sazifraga 
andrewsitt and its parents have furnished chloroplasts 
of small size and dark green color in one parent, of large 
size and soft emerald green color in the other, and an 
intermediate type in the hybrid, though some dwerge 
towards the “ Geum ” parent in having large chloroplasts. 

“ But the average size, shape, and lamellar deposition 
in starches of Hedychium hybrids are perhaps the most 
interesting cases adduced. When we remember that 
these are bodies formed temporarily as reserve food, and 
that they are built up by addition of successive micelle 
through the agency of minute protoplasmic masses or 
leucoplasts, we have a direct proof that these leucoplasts 
are themselves fundamentally modified. Their activity 
in the cells of the hybrid is evinced by the building up of 
starch grains which, though only of temporary duration 
in the history of the plant, are so accurately constructed 
as to be an exact combination in appearance of a half 
corpuscle of each parent. 

“Finally, we may recall the facts advanced as to 
color, flowering period, chemical combinations, and 
growth vigor, which, though scanty and fragmentary in 
their nature, all point to the conclusion that hybrids 
are intermediate between their parents in general life 
phenomena.” 

In reviewing this summary one is struck by the rec- 
ords of universality of intermediateness by blended or 
exclusive inheritance of every property. In not a single 

instance is any character developed in either direction be- 
yond the extremes of development of the corresponding 
character of the parents. However, these conclusions 
are doubtless to be taken as being general or broad rather 
than as dogmatic, inasmuch as here and there in the text 
of the memoir there are records of departures beyond 
parental extremes, as in Philageria veitchwi, in connec- 
tion with which it is stated it is generally to be noticed 
that both upper and lower epidermal cells of the hybrid 
are equal to, if not larger than, the largest of either 
parent. “Those of the one parent (Lapageria rosea) 
are on an average larger than those of the other parent 
(Philesia folia), while in the hybrid they may be larger 
than in either”; also, in the hybrid Bryanthus erectus, 
in which “the power of conglomerate crystal formation 
is not only inherited from the male parent (Menztesia 
empetriformis var.) but also appears on a more exag- 
gerated scale, there being at least 50 per cent more crys- 
tals in a given area of the hybrid pit than in the 
parent”; and also, as is quite common, in the greater 
luxuriance of growth of the hybrid than of the parents, 
as instanced in Philageria veitchu, Geum intermedium, 

Bryanthus erectus, etc., which peculiarity is attributed 
by Macfarlane to an increase in the size rather than in- 
creased multiplication of the cells of the hybrid over the 
parents; but in either case it is obvious that there is 
higher development of the hybrid in relation to the 
parents ; moreover, even where intermediateness has been 
recorded, it has been recognized in some instances that 
the characters of the hybrid “ very nearly resemble those 
of female parent,” etc. In support of Macfarlane, Davis 
(American Naturalist, 1911, xLv, 193; 1912, xiv1, 377), 
in studies of the offspring of different species of Oeno- 
thera, found that in gross morphological characters the 
hybrids are intermediate between the parents, and he has 
since recorded that in histological characters they exhibit 
the same peculiarity. Holden (Science, 1913, xxxvitt, 
932) states that spontaneous hybrids that are recegnized 
as varietal modifications of species can often be diagnosed 
by their internal anatomy, both vegetative and reproduc- 
tive, referring particularly to the intermediate histologi- 
cal characters of the tissues and to abortive pollen. A 
number of references are given by Holden to the results 
of the investigations of Betula and Equisetum, instanc- 
ing in the hybrid transitional features between the 
parents in internal and external anatomy associated with 
abortive spores of hybrids. Reference might be made, 
did space permit or were it necessary, to various other 
articles which also are in support of the conception that 
hybrids are in morphological and anatomical characters, 
distinguished by “ intermediateness.” 

INTERMEDIATENESS OF THE STARCHES or Hysrins. 

Macfarlane (loc. cit.) made notes of the starches of 
Ribes culverwellit and its parents, of Bryanthus erectus 
and its parents, and of Hedychtum hybrids and their 
parents. He records that in Ribes grossularia (parent) 
the largest grains are 7 and the average 4; in R. nig- 



8 INTRODUCTION. 

rum (parent) 3 and the average 1.54; and in R. cul- 
verwellit (hybrid) 5 and the average 3p. In Menziesia 
empetriformis var. the largest starch grains are 6p, and 
in all cases they are larger than in the other parent 
Rhododendron chamecistus; while in the hybrid Bryan- 
thus erectus the grains are 4p across at their largest, 
though most are from 2 to 3p, the size being intermediate 
but falling rather toward the latter parent. Macfarlane 
states: 

“ Hedychium gardnerianum, the one parent of H. 
sadlerianum, forms strong rhizomes, whose storing cells 
are large, but scantily filled with starch in all that I 
have examined. Each starch grain is a small, flat, trian- 
gular plate, measuring 10 to 12m from hilum to base, 
and the lamination is not very distinct. H. coronarium, 
the other parent, forms smaller and fewer rhizomes, 
and the starch-storing cells are from half to three-fourths 
the size of the last, but these are densely filled, particu- 
larly in the central parenchyma, with large starch gran- 
ules. Each is ovate, or in some cases is tapered rather 
finely to a point at the hilum. They are from 32 to 
60» long, measuring as before, and the lamination is 
very marked. The cells of the hybrid are on the average 
between those of the parents; but if one may judge by 
opacity of cells the amount of stored starch approaches 
more closely to that of the latter parent. The grains 
may best be described if we suppose a rather reduced one 
of the first parent to be set on the reduced basal half of 
one of the latter. The lamination also is more pro- 
nounced than in the first, less so than in the second. 

“A second cross was effected by Mr. Lindsay with 
H. coronarium, and examination of the rhizome starches 
proves that the second hybrid approaches very closely to 
the species parent. But the grains of H. lindsayi illus- 
trate microscopically a phenomenon which has been re- 
peatedly referred to, viz, the greater variability and 
instability of a second over a first hybrid; for many of 
the grains (in some specimens the majority) have fantas- 
tic shapes, appearing as if undergoing rapid disintegra- 
tion by leucoplasts, or perhaps more truly as if the latter 
were incapable of building up the shells of starch in a 
regular and uniform manner. 

“ A set of crosses has been effected between H. elatum 
and H.coronartum. The grains of the first are like those 
of H. gardnerianum, except that they are larger (18 to 
24y), and that the lamination is coarse. The grains of 
the hybrid are larger than those of H. sadlerianum, and 
exhibit even more evident lamella. They measure on the 
average, 40u, but vary from 30 to 50u. Not infrequently 
all the above hybrids have (mixed up with grains more 
typically intermediate) some grains which can scarcely, 
if at all, be distinguished from the small ones peculiar 
to one parent, while very rarely I have observed grains 
so large and rounded as to pass for those of H. coro- 
narium. Now, when describing the epidermal leuco- 
plasts of Dianthus grievet it was stated that, though the 
average was nearly 3u, some measured 2.5 or slightly 
less, others as much as 3.54. The occurrence of these, 
and similar minute differences in protoplasmic masses, 
or in formed materials like starch grains which are due 
to manufacture by these masses, induced me to prepare 
a set of micro-photographs, and to project lantern trans- 

parencies of these on a 7-foot screen. Thus it was pos- 

sible to study their dimensions more exactly than under 

the microscope. It was then found that while the shape, 

appearance, and size of most starch grains of Hedychium, 

of Dianthus leucoplasts, and of Geum and Masdavallia 
chromoplasts were intermediate, examples might be got 
which reverted powerfully to one parent, and, so far as 
they have yet been studied, the reversion was most fre- 
quently towards the parent with the more minute cell- 
contents.” 

The results of the studies of starches are therefore 
in entire accord with Macfarlane’s conclusions pertaining 
to the tissues in showing intermediateness of the hybrid, 
with a tendency at times to a leaning to one parent. 

Investigations of the starches of varieties and of 
parents and hybrids of varieties of round and wrinkled 
peas have been made by Gregory (The New Phytologist, 
1903, 11, 226), Weldon (Biometrica, 1902, 1, 246), and 
Darbishire (Proc. Roy. Soc., B., 1908, txxx, 122; Breed- 
ing and the Mendelian Discovery, 1912, 124). 

Gregory (The New Phytologist, 1903, 11, 226) found 
that the starches of round and wrinkled peas occur in 
two very different types. In the round seeds the periph- 
eral cell-layers of the cotyledons contained a few oval 
starch-grains which did not exceed 0.06 mm. in the great- 
est diameter. In the third layer the grains reached 0.2 
mm. in length, while the more deeply situated cells were 
crowded with oval grains measuring as much as 0.34 mm. 
in the greatest dimension. The grains were regular in 
shape, with a definite center surrounded by well-marked 
lines of stratification. In the wrinkled peas the grains 
of the peripheral layers were of about the same size as 
those of the round peas, but were of a different type, 
occurring in irregular spheres with several centers, thus 
forming a compound grain which has a strong tendency 
to break up into smaller parts. In the cells which lie 
deeply these compound grains never attain a greater 
length than 0.1 mm. in the greatest dimension. Table 1 
gives a list of the seeds examined. 

Taste 1. 

Form of 
Seed 

Race. character. | 8*@re h- 
grain. 

FOXPYOSS vs xis /ehimiideis ss S50) aie dad avadbawpar das Round Large 
Pill basket op. ccineiutians scien annewewentanes Do. Do. 
Trée nain de Bretagne................. Do. Do. 
Maple (purple-flowered)............... Do. Do. 
Carter's Telegraph.................... Do. Do. 
Victoria Marrow.............2.000000- Do. Do. 
Field pea (purple flower) .............. Indent. Do. 
Purple Sugar............00 cee eee cee Do. Do. 
William the First. . See below. Small 
Telephone ....... .| Wrinkled. Do. 
Laxton’s Alpha... . Do. Do 
Serpette nain blanc Do. Do. 
Dark: Jubilee’y .'s:03 ses 4 avkaecesac haces Do. Do. 
Barly Giantis <2 045.54 asteagiever sae s Do. Do. 
British Queen.................-020000- Do. Do. 
Windsor Castle.............. 000020 e ee Do. Do. 

Gregory notes that seeds of intermediate and dubious 
shapes were not uncommon in certain of the races. The 
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depressions in these seeds were sometimes mere pitting, 
as in Victoria Marrow; or they may be so marked that 
the seed would be described as wrinkled. The latter were 
especially common in William the First, but microscopic 
examination showed at once that these seeds are really 
of the round type. There are, therefore, states Gregory, 
two entirely different types of wrinkling, and while it is 
clear that the process by which wrinkling is produced 
is connected with shrinkage on drying, the regularity of 
the shrinking of the round type and its irregularity in 
the two other types can not at present be explained. 
There occasionally occur among the offspring of hybrids 
between round and wrinkled types seeds of dubious shape 
which it is difficult, on superficial examination, to classify 
as round or wrinkled. The existence of such seeds and 
types of doubtful shape was taken by Weldon to indicate 
irregularities of Mendelian segregation and dominance, 
but Gregory states that no seed has been found which 
upon histological examination allowed of any doubt as to 
its true character, and consequently that occasionally 
pitting and spurious wrinkling must be distinguished 
from the true wrinkling of the wrinkled types. 

The nature of the starch-grain in the hybrid, and 
how the characters of the starch-grains segregate, if they 
do so at all, in subsequent generations, are points which 
suggested themselves to Darbishire, who states that they 
are matters on which we are ignorant. He found that 
the starch-grains of the round pea, such as of the 
“ Eclipse,” appear as single potato-shaped grains, with 
an average length of 0.0322 mm. and an average breadth 
of 0.0213 mm. The length-breadth-index (7.e., 100 

breadth ~ length) is 66.14. Besides these potato-shaped 
grains, there are extremely few very much smaller 
grains which are round. The grains of wrinkled peas 
like the “ British Queen ” are compound, each consisting 
of a number of pieces which vary between 2 and 8. These 
pieces are held together by a refrangent yellow substance 
which does not color blue with iodine, and they are likely 
to break apart. The commonest types are those with 4, 5, 
or 6 components; grains with 7 or 8 are rarer; grains 
with 2 or 3 are intermediate in frequency between those 
with 4, 5, or 6 on the one hand and 7 or 8 on the other. 
While the grains with 7 to 8 pieces are not much larger 
than those with 4, 5, or 6; grains with 2 or 3 are always 
conspicuously smaller than those with 4, 5, or 6. The 
average length is 0.0269 mm., the average breadth 
0.0248 mm., and the length-breadth-index is 92.19. In 
these peas are a number of very small single grains which 
can be distinguished from the pieces of the compound 
grains by the fact of their being circular and always 

smaller than the grains consisting of two pieces. Very 
rarely will be found isolated potato-shaped grains. 

The grains of the F, cotyledons produced by crossing 
the round with the wrinkled pea are nearly round; the 
majority of the grains are single and the remainder com- 
pound; the compoundness exhibited by the compound 
grains in F, seeds is intermediate between singleness and 

the degree of compoundness in the grains of wrinkled 

peas, for while in the latter the number of pieces varies 
between 2 and 8 and the commonest is 6, in the F, grain 
it varies between 2 and 4 and the commonest is 3. The 
differences in the measurements of the three starches are 
shown in table 2, by which it will be seen that in shape 
the F, grain is intermediate between the potato-shaped 
grain and the compound grain, but nearer the latter. 

TABLE 2. 

Round. | | Wrinkled. 
nee round | compound 
pe ey grain grain. 

mm. mm. mm. 

Average length........... ..| 0.0322 0.0276 0.0269 

Average breadth.............] 0.0213 0.0236 0.0248 
Length-breadth-index ........| 66.14 86.5 92.19 

Darbishire also examined the grains of F,. These 
he did not measure, but he states that no differences could 
be seen between the potato-shaped, compound, and round 
grains from the three types already described. He notes 
that the evidence points to the fact that the heterozygote 
round peas in generations subsequent to F, are character- 
ized by the possession of irregular round or round grains, 
and homozygote round peas by potato-shaped grains. 
Darbishire records that if the association of round grains 
with heterozygote round and of potato-shaped grains with 
homozygote round holds good for the F, generation, we 
have a means of distinguishing between DD round and DR 
round in F,, instead of, as at present, having to wait 
until their progeny are mature in the following year. 
Another point demonstrated by the nature of grains in 
F,, and borne out by those of F,, is that the shape of 
the grain is inherited separately from its composition— 
if we may use this term to cover the singleness or com- 
poundness of the grain. In the round pea the grains are 
single and long; in the wrinkled peas they are compound 
and round; in the hybrid they may be either single or 
compound, but are more round than long. In F, there 
are round grains exhibiting much compoundness and 
others exhibiting little. Possibly there are potato-shaped 
grains either with no compounds or with few, and inter- 
mediate grains either with few compounds or with many. 
The wrinkled peas of this generation contained, as was 
to be expected, compound grains, but some of them had 
in addition, very sparingly potato-shaped grains. Dar- 
bishire also studied the absorptive capacities of the three 
starches in relation to water. The following facts are 
summed up from the results of his investigations: 

1. Although roundness is dominant over wrinkled- 
ness in peas, the round starch-grain of the F, generation 
is a blend between the type of grain of the round pea 
(the potato-shaped) and the type of grain of the wrinkled 
pea (the compound) in respect of three characters: (a) 
it is intermediate in shape as measured by its length- 
breadth-index, that of the potato-shaped grain being 
66.14, that of the compound grains 92.19, and that of the 
round grain 8.5; (6) it is intermediate in the distribu- 



10 INTRODUCTION. 

tion of compoundness, inasmuch as some of the round 
grains are compound and some single; (c) it is inter- 
mediate in the degree of compoundness, inasmuch as 
amongst those round grains which are compound the 
most common number of constituent pieces is 3, whereas 
in compound grains it is 6. 

2. In a subsequent generation (F,) the homozygote 
round peas contain potato-shaped grains and the hetero-. 
zygote round peas contain round or intermediate grains. 
But both round and intermediate grains may be asso- 
ciated either with a high or a low degree of compoundness. 

3. Potato-shaped grains occasionally occur in 
wrinkled peas in F,, and the evidence suggests that the 
existence of these grains in wrinkled peas tends to make 
them less wrinkled. 

4, A wrinkled pea takes up more water when it ger- 
minates than a round one. The hybrid between a round 
and a wrinkled pea is intermediate in respect to this 
character between its two parents. 

5. But the intermediateness of the hybrid in absorp- 
tion capacity is not occasioned by the intermediateness 
of the starch-grain of the hybrid, because both F, peas 
containing round grains and peas containing potato- 
shaped grains have the same absorption capacity as the 
F, pea. 

6. When, therefore, a round pea is crossed with a 
wrinkled pea, four separately heritable characters are 
dealt with: (a) the shape of the pea, whether round 
or wrinkled; (b) the absorption capacity of the pea as 
regards water, whether low or high; (c) the shape of the 
starch-grain, whether long or round ; (d) the constitution 
of the starch-grain, whether single or compound. 

The results of these researches are not only confirma- 
tory of the records of Macfarlane in showing interme- 
diateness in the microscopical properties of the starch of 
the hybrid, but also go further by demonstrating other 
forms of intermediateness. 

INTERMEDIATENESS OF THE MACROSCOPIC PROPERTIES 
or Hysrips. 

No criterion of hybrids is more widely recognized 
than intermediateness of naked-eye characters. Refer- 
ences have been made incidentally in preceding sections to 
these peculiarities, but inasmuch as macroscopic charac- 
ters have been the essential tools of the systematist 
it is here that we must look for the data that constitute 
the great foundation stones upon which rests the doctrine 
of intermediateness. Macfarlane in summarizing the 
gross characters of parent-stocks and hybrids states that 
“color, flowering period, chemical combinations, and 
growth-vigor, which, though scanty and fragmentary in 
their nature, they all point to the conclusion that hybrids 
are intermediate between their parents in general life 
phenomena.” Masters (quoted by Macfarlane, ibid., 
page 209) in comparing the bigeneric hybrid Philageria 
vettchu with its parents Lapageria rosea and Philesia 
busxifolia states : 

“In habit our plant [the hybrid] is, of the two, 
more akin to the female parent (Lapageria) than to the 
male. Its foliage is singularly intermediate, but at the 
same time nearest like that of the pollen parent (Phi- 

lesia). In the characters of the flower-stalk, calyx, and 
corolla, it is more like Philesia than Lapageria, but in 
the stamens it approximates to the mother-plant, and 
diverges from the characters of the male. In color it is 
also more like the mother-plant than it is like Philesta. 
The fruit we have not seen. The characteristics of both 
parents are so curiously blended that we fear this plant 
will lend much aid to those investigators who are striving 
to determine what is the effect on the offspring of pollen 
or: seed parent, respectively. On the whole, it would 
seem as though the organs of vegetation, including the 
calyx and corolla, were more like those of the male 
(Philesia), while in the stamens and pistil the progeny 
favor the mother.” 

From the foregoing data in this and preceding sec- 
tions one is led to the belief that intermediate inheritance 
in the first generation is almost so universal as to be all 
but a law, but such a conception is inconsistent with a 
considerable mass of literature pertaining to both plants 
and animals. Focke (loc. cit.), in his Fourth Lecture, 
summarizes under five propositions a most important col- 
lection of data pertaining to the characters of hundreds 
of hybrids and their offspring. Inasmuch as these facts 
are of great interest, fundamental importance, and broad 
applicability, and as scant recognition seems to be given 
to this work, and as the book is rarely found in our librar- 
ies, a translation of his lecture is here given practically 
in full: 

Propositions OF Focks. 
First Proposition. SimpLe Prarmary Hyprips (Ax B). 

If individuals which have sprung collectively from: the crossing 
of two pure species of races are produced and grown under 
similar conditions they resemble one another exactly, or 
are, asa rule, hardly to be differentiated from one another 
just as in specimens belonging to one and the same species. 

The principle thus formulated seems in many ex- 
periments to be sufficiently well-grounded, but it has 
many exceptions. Several instances in hybrids indicate 
such similarity only of individuals produced from the 
same impregnated part (seed pod, etc.). In any event, 
the rule proves trustworthy only in cases in which simi- 
larity of conditions of production and growth are 
present. 

It is difficult to answer satisfactorily a most stren- 
uously debated question if one or the other sex has the 
stronger influence on the form of the offspring. The 
hybrids of the two species or races, A and B, are like 
one another no matter whether A in the crossing was the 
male or the female progenitor. Kdélreuter, Gartner, 
Naudin, and Wichura in common could find no differ- 
ences between the products of the two crossings A? X 

BfandB ?XA% More than 100 years after Kél- 
reuter noticed the similarity between the crosses Nico- 
tiana rustica 9 XN. paniculata yg and N. paniculata 
9 X N. rustica 3, and one of the most observant botan- 
ists of our time, Timbal-Lagrave, was astonished by a 
similar experience. All the rules and assumed prin- 
ciples by which botanists try to determine by the mor- 
phological characteristics of the hybrid which is the pol- 
len and which is the seed parent prove to be entirely 
theoretical and of no value. It has been established by 
many experiments that in the case of pure species in the 
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vegetable kingdom in general the male and female pro- 
creative elements are of equal potency. The rule of the 
similarity of reciprocal hybrids, as in all other rules in 
the study of hybrids, is not without exceptions. It is 
self-evident that a certain dissimilarity of reciprocal hy- 
brids can be correctly attributed only to the stronger 
influence of the male or of the female elements if the 
experiments are carefully carried out in the same way, 
and if they have, after many repetitions, always given 
rise to the same results. Nearly all of the reports up to 
this time leave much to be desired in these respects and 
room for justifiable doubt. The following statements on 
the dissimilarity of reciprocal hybrids are worth con- 
sideration : 

a, The female element influences most strongly all 
parts of the morphology of Pelargonium fulgidum X 
P. grandiflorum, P. peltatum X P. zonale, Epilobium 
hirsulum X E. tournefortw. In many Digitalis hybrids 
it influences most strongly the coloring of the flowers, 
and in several the forms of the corolla also. In 
Nymphea rubra X N. dentata the cotyledons are always 
much more like those of the female parent species. 

b. The female element exercises apparently a pre- 
dominating influence on the capacity of resistance to cold 
of Rhododendron (hybrid of R. arboreum), of Lycium, 
and possibly also of Crinum (hybrid of C. capense). 

c. The influence of the male element is predominant 
in all parts-of the morphology of Papaver caucasicum X 
P. somniferum and Cypripedium barbatum X C. villo- 
sum (ob constant?). It exercises a powerful influence on 
the flower coloration of Petunia. 

d, Gartner has several times noticed variations in the 
fertility of the seed of the offspring in reciprocal hybrids, 
as in Dianthus barbatus X D. superbus. Géartner’s ex- 
periments are, however, hardly sufficient to prove the 
uniformity of these findings in the hybrids concerned. 
(In literature there may be found many speculations 
advanced on the influences of the male and female ele- 
ment on the properties of a hybrid, but supported by the 
description of only one hybrid.) It is evident there can 
be no basis for comparison unless the forms resulting 
from A? X BS and B@ X Aé are both known. 

Departures of an isolated specimen of a hybrid from 
the typical form are much more frequently noticed and 
are entirely independent of the réles played by the parent 
forms in their production. Not infrequently, important 
differences appear in seedlings from a single crossing that 
are grown under absolutely similar conditions. These 
variations show themselves in various ways. 

a. Individuals resulting from a given hybridization 
show among themselves unimportant differences, espe- 
cially in the coloring of the flowers and other similarly 
easily altered characteristics, as in the hybrids of Ver- 
bascum pheniceum, Salix cuprea X S. daphnoides. 

b. The hybrid appears in two different types, each 
showing a different combination of the characters of the 
parent species. As a rule, the one type is closer to one, 
and the other to the other, parent species ; the frequency 
of the appearance of both types is often very variable. 
Gartner designated the type which appears less fre- 
quently as the exceptional type (“ Ausnahmetypus”). 
Instances may be seen among Cistus, Dianthus, Geum, 

Oenothera, Lobelia, Verbascum thapsus K V. nigrum, 
Nicotiana quadrivalvis X N. tabacum macrophylla. 

c. The hybrid appears in several different types. 
Gartner gives several examples of this, but there are 
only three known forms by a polymorphic union. ; 

d. The hybrid shows one typical form of a mid- 
intermediateness, together with a number of varying 
forms that are usually closer to one or the other parent, 
among which no well-marked types can be distinguished. 
Such is the behavior of Medicago falcata X M. sativa, 
and similarly of Melandryum album X M. rubrum. 

e. The hybrid is polymorphous from the beginning. 
The observations up to the present leave it doubtful 
whether one should in these circumstances distinguish 
between varying forms or between several fixed types 
with similar combinations of properties. Examples: 
Abutilon, hybrids of Pelargonium glaucum L’Hér., P. 
radula X P. myrrhifolium, Passiflora, Hieracium, Ne- 
penthes, Narcissus. Gartner has offered the hypothesis 
that hybrids between different species are always of the 
same form and that the hybrids between varieties are 
polymorphic. If by “ varieties” garden forms or garden 
hybrids are understood, this rule is correct ; but if, on the 
other hand, one understands constant races of pure de- 
scent it is decidedly incorrect. 

Comparisons of hybrids which arise from the same 
species, but which are produced and grown in different 
places, exhibit many other results. Spontaneous or natu- 
ral hybrids are, as a rule, more variable than those pro- 
duced artificially, as for example, Verbascum lychnitis X 
V. thapsus and V. lychnitis X V. nigrum. My own hy- 
brids between Digitalis purpurea and D. lutea were very 
much like one another when I sowed the seed, but a great 
variety of forms appeared if the seeds had by chance 
sown themselves. It may be that in these cases there is 
no real causal connection between the varieties of the 
forms and the methods of sowing ; but, on the other hand, 
it is a fact that different cultivators in crossing the same 
species have very often obtained different products. 
Hence, while similarity of the forms of all the plants of 
one crossing appears to be without doubt the rule in 
experiments in cultivation, similarity appears to be the 
exception in nature. It remains to be determined how 
great an influence dissimilar nutrition of the parent- 
species or of the hybrid embryos may have on the varia- 
bility of form of the hybrids. 

Seconp Proposition. 

The properties of the hybrids are derived from the properties of 
the parents. For the most part the hybrids differ from 
their parents .only in size and luxuriance of growth and 
in their generative powers. 

The methods and modes in which the properties of 
the parent species are combined in the hybrids are very 
variable. In general, a blending or mutual penetration 
of the different properties is found, often in such a way 
that in one respect the one and in another the other 
parent form appears to predominate. That is to say, 
in many instances the hybrid resembles one parent more 
in the leaves, and the other parent more in the flowers. 
Now and then an exceptional variety of the hybrid (the 
“ Ausnahmetypus” of Gartner) appears in which the 
properties are inversely apportioned. Many hybrids at 
first more nearly resemble one, and later more nearly 
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the other parent form; or in the Spring their leaves re- 
semble the one,and in the Autumn the other type (Cistus ; 
Populus) ; or the flower-coloring is altered during the fall 
of the bloom (as in Melandryum album X M. rubrum, 
Epilobium roseum <X E. montanum, lantana) or in the 

Autumn (as in Nicotiana rustica X N. tabacum, Tropeo- 
lum, Lobelia, etc.), sometimes also in different years (as 
in Bletia crispa X B. cinnabarina, Galium cinereum X G. 
verum). In the crossing of races, rarely of hybrids in a 
strict sense, one finds now and then the properties of the 
parents unblended and side by side (as in Cucumis melo, 
the thorniness of the Datura fruits, the flower-coloring of 
Rhododendron rhodora X R. calendulaceum, R. ponti- 
cum X R. flavum, Anagallis, Linaria vulgaris K L. pur- 
purea, Calceolaria, Mimulus, Mirabilis). The flower- 
coloration often behaves in unexpected ways. The hy- 
brids of Verbascum phaniceum, while having similarity 
of form, are very variable in the flower colorings. In 
Helianthemum hybrids variously colored flowers have 
been found on the same stem. 

Frequently, from the crossing of nearly related races, 
especially color varieties, plants are produced which are 
exactly like or closely resemble one of the parent races, 
as in Brassica rapa var., Linum, Pisum, Phaseolus, Ana- 
gallis, Atropa, Datura strammonium, Salvia hormium, 
ete. In the second generation the influence of the other 
parent race is usually first disclosed by a part of the 
seedlings reverting to it completely, or only in certain 
definite properties. Only in Atropa a reversion to the 
unstable yellow form has not been noted. 

In many cases the hybrid is so like one of the parent 
forms that it could be considered as a very slight varia- 
tion of the same. In the crossing of widely separated 
species the overwhelming influence of one parent species 
shows itself in the hybrids in a striking manner. Thus, 
the cross of Dianthus armeria X D. deltoides is much 
nearer to D. deltoides, of D. caryophyllus X D. chinensis 
to D. caryophyllus, of Melandryum rubrum X M. nocti- 
florum, to N. rubrum, of Verbascum blattaria x V. 

nigrum to V. nigrum, and of Digitalis lutea X D. pur- 
purea to D. lutea, than to the second species. 

Occasionally the hybrids of the first generation show 
properties which are entirely different from those of 
both parent species. This is particularly noticeable in 
the colors of the flowers. The most noteworthy example 
of this is the blue-blossomed hybrids of the white Datura 
ferox with the equally white species D. levis and D. 
strammonium bertolonit. Instances of unexpected blos- 
som-coloration are numerous in hybrids of species with 
colored flowers, in which the hybrids in no way show 
the coloring which one would expect from a mixture of 
the pigments of the parents, as in Clematis recta X 
C. integrifolia, Aquilegia atropurpurea X A. canadensis 
(and others), Anemone patens X A. vernalis, Begonia 
dreget X B. sutherlandi (and others), Nicotiana suaveo- 
lens X N. glutinosa, Verbascum pulverulentum X N. 
thapsiforme, and in hybrids of C. pheniceum which are 
especially good examples. In the crossing of races prop- 
erties appear many times which do not resemble the 
parent forms but other races of the same species, as in 
Papaver somniferum and Datura strammonium. The 
hybrid Nicotiana rustica X N. paniculata shows at times 
the flower coloration of NV. texana, a foreign subspecies of 

N. rustica. Other properties which in the hybrids are 
developed to a greater degree than in the parent forms 
are, for example, the greater stickiness of several hy- 
brids of Nicotiana (N. rustica X N. paniculata) ; the 
apparently greater abundance of honey in the hybrid of 
N. rustica * N. paniculata; the stronger of the nauseat- 
ing odor of the hybrids of Melandryum viscosum ; and, 
according to Kuntze, the alleged much larger quantity of 
quinine (?) in the hybrids of Cinchona. 

In later generations the offspring of the hybrids show 
still further variations from the properties of the parent 
species. 

THIRD PROPOSITION. 

Hybrids between different races and species are, as a rule, 
differentiated from specimens of a pure race by their 
vegetative power. Hybrids between widely separated 
species are frequently very weak, especially when young, 
so that the raising of the seedlings is rarely successful. 
Hybrids between more closely related species and races are, 
on the other hand, uncommonly luxuriant and strong, 
these qualities mostly showing themselves in size, quick- 
ness of growth, early blooming, luxuriance of bloom, longer 
duration of life, great power of reproduction, exceptional. 
size of some particular organs, and in analogous pecu- 
liarities. 

In support of this proposition it will be necessary to 
refer to several examples: Delicate seedlings, it is stated, 
follow from the crossing of Nymphea alba with foreign 
species, Hibiscus, Rhododendron rhodora with other spe- 
cles, Rh. sinenses with Eurhodendren, Convolvulus, hy- 
brids resulting from species of Salix where a species and a 
hybrid or two hybrids are crossed, Crinum and Narcissus. 
The fact that embryo plants from the fertilized seeds 
of hybrids are delicate and difficult to raise is, moreover, 
frequently noted. Dwarfed growth is seldom noted in 
hybrids, except in some of the hybrids of Nicotiana, espe- 
cially N. quadrivalio X N. tabacum macrophylla. Giant 
growth is, on the other hand, more frequent, as in Ly- 
cium, Datura, Isoloma, Mirabilis. In size, the hybrids 
usually exceed both parent species, or are of a height that 
is the average of the heights of the parents, as in many 
hybrids of Nicotiana, Verbascum, Digitalis. Develop- 
ment often proceeds with striking rapidity. Klotzsch 
emphasizes the rapidity of growth of his hybrids of 
Ulmus, Alnus, Quercus, and Pinus. They often flower 
earlier than the parent species, as in Papaver dubium X 
P. somniferum; in many Dianthus hybrids (Focke’s 
cross, D. arenarius 9 X D. plumarius é, showed no in- 
clination to flower earlier than the parents) ; Rhodo- 
dendron arboreum X Rh. catawbiense, Lycium, Nicoti- 
ana rustica X N. paniculata, Digitalis, Wichura’s six- 
fold Salix-hybrid, Gladiolus, Hippeastrum vittatum XX 
H. regina, and so forth, and particularly many hybrids of 
Verbascum. On the other hand, there are also several 
hybrids which do not flower at all or only after a long 
time, as in the genera Cereus and Rhododendron. Of 
the earlier ripening of seeds unconnected with earlier 
flowering, I know, at present of but one example, in 
Nuphar. Very frequently, an extraordinary wealth of 
bloom has been noticed, as in Capsella, Helianthemum, 
Tropeolum passiflora, Begonia, Rhododendron, Nico- 
tiana (N. rustica X N. paniculata, N. glutinosa X N. 
tabacum, and others) ; Verbascum, Digitalis, many Ges- 
neracee, Mirabilis, and Cyripedium. The flowers are 
very frequently larger in hybrids. In the crossing of 
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two species whose flowers are of different size, those of 
the hybrid are frequently of the same size or approxi- 
mate the size of the bloom of the species having the 
larger flowers. Examples of uncommonly large flowers 
are seen in Dianthus arenarius X D. superbus, Rubus 
cesius X R. bellardii, hybrids of Rosa gallica, Begonia 
boliviensis and Isoloma tydeum. 

A high. vegetative power is very common in hybrids, 
as in Nymphea, Rubus cesius, Nicotiana suaveolens X 
N. latissima, Linaria striata X L. vulgaris and Potamo- 
geton. A greater duration of life has been noted in con- 
nection with several hybrids of Nicotiana and Digitalis. 
An increased resistance to cold has been noted especially 
in Nicotiana suaveolens X N. tabacum latiss.; while, on 

the other hand, Salix viminalis X S. purpurea is more 
sensitive to cold than either parent species. 

These facts point in part to an apparent lessened 
vitality of hybrids in consequence of their abnormal mode 
of production ; and in part in some instances to an extra- 
ordinary vegetative power. The cause of this last phe- 
nomenon, which is observed less frequently than lessened 
vitality, has been in some degree only recently under- 
stood. Noteworthy experiments of Knight, Lecoq, and 
others have been published, but it has been through the 
painstaking researches of Charles Darwin that the ease 
with which a cross between different individuals and 
races of one and the same species is effected was first 
clearly explained. The increase of the vegetative power 
in hybrids is clearly a phenomenon that closely corre- 
sponds with the peculiar conditions of hybrid produc- 
tion, and needs not a special explanation. It was at first 
thought that lessened fertility was compensated for by 
greater vegetative luxuriance, an hypothesis that Gart- 
ner has shown to be untenable, as is evident by the fact 
that many of the most fertile hybrids (Durata, Mirabilis) 
are also notable for the largest. growth. 

4. PartiaL on ComMPLeTE STERILITY OF Hysrips. 

Subnormal fertility of hybrids, especially as regards 
the pollen, has long been recognized as one of the most 
important criteria of hybrids. It seems, however, that 
this character like intermediateness has been an almost 
unbridled conception and hence greatly overvalued as a 
distinguishing feature. Focke in his summary gives us 
a wealth of facts in this connection: 

FourtTH PROPOSITION. 

Hybrids between different species show im their anthers a 
smaller number of normal pollen-grains and @ smaller 
number of normal seed than in plants of pure descent. 
Frequently they produce neither pollen nor seed. In 
hybridization between nearly related races this weakening 
of the power of sexual reproduction is not present. The 
flowers of sterile or nearly sterile hybrids usually remain 
fresh for a long time. 

No property of hybrids has attracted so much atten- 
tion as the lessening of the ability of sexual reproduc- 
tion. K6lreuter believes that this peculiarity permits 
a sharp border-line to be drawn between species and 
varieties. Since then many botanists have accepted the 
same view, and lately B. Naudin, Decaisne, and Caspary 
have adopted it in a more or less modified form. Knight 
and Klotzsch, and before them Godron, hold that the 
pollen of hybrids is entirely impotent, which contention 

had already been disproved by Kélreuter’s accurate re- 
searches. Kélreuter is accredited with the promulga- 
tion of the doctrine of complete sterility of hybrids, but 
this erroneous charge is to be explained only through 
an ignorance or misunderstanding of the Latin texts: 
Kélreuter does not speak of complete sterility, but only 
of a lessened fertility, as a universal property of hybrids. 

In different plant genera the fertility of hybrids is 
very varied. Fertility is observed in a very low degree 
in the hybrids Papaver, Viola, Verbascum, and Digitalis ; 

it is more common in Anemone, Nicotiana, Mentha, 
Crinum, Cucurbitacee, and Passifloracee ; and it is more 
common than sterility in Aquilegia, Dianthus, Pelargo- 
nium, Geum, Epilobium, Fuschia, Cotyledon, Begonia, 

Cirsium, Erica, Rhododendron, Calceolaria, Quercus, 
Salix, Gladiolus, Cypripedium, and Hippeastrum. In 
the genera Vitis, Prunus, Fragaria, and Pirus, hybrids of 
closely related species are used as seed-bearing plants; 
and in Cereus the hybrids of widely separated species 
show undiminished fertility. 

The sterility of hybrids is expressed at times by their 
showing no inclination to flower, which peculiarity has 
been noticed especially in several hybrids of Rhododen- 
dron, Epilobium, Cereus, and Hymenocallis; but these 
are exceptions, inasmuch as hybrids usually flower more 
abundantly and earlier than true species. 

In hybrids with unisexual flowers the male flowers 
fall off when in the bud, as in Cucurbitacee and Be- 
gonia (hybrids of B. fraebeli A. DC.). In bisexual flowers 
the stamens are stunted, as noted in several hybrids of 
Pelargonium and Digitalis (D. lutea X D. purpurea f. 
tubiflora Lind].). The most common sequel of hybrid 
production is a deficient development of the pollen-grains 
in hybrid plants. Commonly the anthers of hybrids are 
sterile and do not contain any pollen; or they are 
small and do not open. Such deficiency of pollen is 
noted in Rubus ideus X R. odoratus, Ribes aureum X 
R. sanguineum, and Alopecurus geniculatus X A. pra- 
tensis. In other cases the stamens produce small pow- 
dery grains which do not swell with moisture, which are 
of varying size and shape, and with which are usually 
mixed a few single, well-formed, embryo-forming pollen 
grains. The number of normal grains is, however, fre- 
quently larger, and comprises 10, 20, or more per cent 
of the total number. Large, rough grains which swell 
with moisture, together with small well-formed grains, 
are present often in greater or less number among the 
stunted grains. In hybrids of closely related species, as 
in Melandryum album X M. rubrum, but little irregu- 
larity is usually found in the form of the pollen-grains. 
In one hybrid, Sinningia, the pollen was better in the 
second year of flowering than in the first. 

In the hybrids of unquestionably different species a 
normal formation of the stamens is seldom met with. 
Assertions in support of this still need confirmation, in 
part, therefore I refer to Nymphaea lotus x N. rubra, 
Begonia rubrovenia X B. zanthina, Isoloma tydeum 
I. sciadocalyr X Salix purpurea X 8S. repens; pollen 

‘grains which are all of nearly the same form are found 
in Saliz aurita, and 8. caprea and 8S. viminalis x 8. 
repens. 

On the other hand, a deficient development of stamens 
appears less frequently in race crossings. Possibly, fur- 
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ther research will show that it actually appears more 
often. The only two examples that I know are in my 
Anagallis cross-breeds. It is doubtful whether Raphanus 
sativus and R. raphanistrum should be considered as 
representing species or races. It seems, however, that 
some individual hybrids of closely related species are 
entirely sterile, as in Capsella rubella X C. bursa pas- 
toris, Viola alba X V. scotophylla, Papaver dubtum X 
P. rhoeas. 

Fertility of the female organs is not, as a rule, so 
much weakened in hybrids as is that of the male organs. 
It is, however, usually impaired to a great degree. Many 
hybrids never develop fruit. Assertions as to the absolute 
sterility of hybrids can not, however, be advanced without 
manifold researches. From the crossing Rubus cesius 
X R. ideus one sees many thousand flowers remain ster- 
ile and only here and there individuals producé fruit. 
See also Digitalis lutea X D. purpurea, Lobelia fulgens 
x L. syphilitica, Crinum capense X C. scabrum. A 
morphologically recognizable imperfection of the ovule 
has heretofore rarely been seen, unless by Bornet in 
Cistus. To obtain conclusive information as to the 
female fertility of a hybrid, the stigma should be fer- 
tilized with pollen from the parent species, which fertili- 
zation universally brings forth better fruit than the pollen 
of the hybrid which is weakened in its fertilizing power. 
In some cases hybrids having the pollen which has a 
subnormal potency produce normal fruit with parental 
pollen, as in Luffa. 

Several hybrids drop their unwithered flowers with 
fully formed calyx ‘and stamens, as in Ribes, Nicotiana 
rustica X N. paniculata and other hybrid Nicotianas. 

As a Tule, the corolla withers in a normal manner 
after a longer existence than in the parent species, or it 
will be thrown off as in the parent species; but following 
this there is no setting of fruit or a setting of only poor 
fruit. In many cases the fruit while externally well 
formed is seedless. In many other cases the fruit is set, 
but in smaller number and with fewer seeds than in the 
parent species. In hybrids of very closely related species 
the number of seeds appears to be somewhat less than 
in the parents. Examples of this, according to Gartner, 
are Melandryum album X M. rubrum, and Lobelia car- 
dinalis X L. fulgens. It is also true in race-crossings 
of Verbascum. 

Hybrids of essentially different species seldom show 
an undiminished fertility. However, no striking les- 
sening of fertility has been observed in Brassica napus X 
B. oleracea, Dianthus chinensis X D. plumarius sibiricus, 
Pelargonium pinnatum X P. hirsutum, Abutilon, Medi- 
cago, several Cereus and Begonias, Hieracium auranti- 
cum XH. echioides, Nicotiana alata XN. langsdorffit, 
several hybrids of Frica, Calceolaria, Isoloma, Veronica, 
and several Orchidacee. Also, among many wild-grow- 
ing hybrids one finds fruits and seeds in great quantities, 
as in many Rosa, Epilobias, Fuchsias, Cirsiet, Hieraciet, 
Salices, Lobelia, and so forth. In such cases, therefore, 
it is not sufficient to ascertain whether the plants in ques- 
tion are primary hybrids or whether, as is usually the 
case, they belong to later generations or have arisen 
from back-crossings. 

In order to produce seeds or to obtain a luxuriant 
progeny some hybrid plants require fertilization with the 
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pollen of others, as in hybrids of Cistus, Begonia, Gladi- 
olus, and Hippeastrum. 

In many hybrid plants only the first flowers produce 

seeds, as in Aquilegia, Dianthus, Silene, Lavateria Thur- 

ingiaca X T. pseudolbia, and Rubus foliosus X R. 

sprengelii. In other cases the first flowerings are usually 

sterile while the later flowerings are frequently fertile, 

as in Datura, Nicotiana rustica X N. paniculata, N. rus- 

tica X N. quadrivalvis, and Mirabilis, In long-lived 

plants, the flowers in general are sterile during the first 

year, while later, when the plant has reached a definite age, 

they produce fruit. This is noted in Rubus ideus X R. 
cesius, R. bellardii X R. cesius, Calceolaria integrifolia 

xX C. plantaginea, and Crinum capense X C. scabrum. 
The fertility of the ovule is, as a rule, diminished 

to a somewhat less extent than the fertility of the pollen, 
but there are some known examples of an opposite char- 
acter, as in Nymphea lotus X N. rubra, Ciconium XK 
Dibrachya in the genus Pelargonium, Lobelia fulgens 
x L. syphilitica, Verbascum thapsiforme X V. nigrum, 

Narcissus montanus, and so forth. These are certainly 
only of an occasional occurrence. 

The long persistence of the blossoms (especially those 
with stamens) in many sterile hybrids corresponds with 
the longer duration of unfertilized or incompletely fer- 
tilized flowers. Frequently the fruit of sterile hybrids, 
especially after fertilization with the pollen of the 
parents, develops more or less strongly without producing 
any seed, or producing only imperfect seeds. Especially 
well-developed but seedless fruits are found in the Cac- 
taceez, Passifolacer, Cucurbitaceer, and Orchidacee. 
Gartner has studied carefully these phenomena, but in 
the study of hybrids they hardly possess a great value. 
Apart from this they furnish an important demonstration 
of the correctness of the principle that the normal de- 
velopment of the pericarp follows upon the stimulation 
when the germinating pollen is discharged on the stigma, 
but which is, nevertheless, entirely independent of the 
ripening of the egg cells and the development of the 
embryo and the seeds. 

The rule in general is that hybrids of closely related 
races are on an average more fertile than those of defi- 
nitely separated species. The rule can also be stated, as 
shown above, that closely related species can more easily 
produce hybrids than widely separated species. Both 
rules, however, have only conditional values, for if it 
should be concluded from this that the more easily hy- 
brids are produced the more fertile they are, one would 
fall into error. There is no known or traceable connec- 
tion between the ease of production and fertility of the 
hybrids. 

From the teleological standpoint the sterility of hy- 
brids was formerly considered the means whereby species 
were kept separate. Just what advantage such separa- 
tion is (unless it be for the conveniences of the systemat- 
ists) was never demonstrated. On the other hand, it 
may now be asked whether or not the genesis and differ- 
entiation of species are not brought about by the lessened 
fertility of mongrels between well-marked races of the 
parent type. The notable similarity between illegiti- 
mates and hybrid offspring do not offer a basis for fur- 
ther investigations of the causes of sterility. A better 
explanation is probably afforded by the hybrids of Hqui- 
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setum and Musci, in which the production of sexual 
spores is as defective as is the production of pollen grains 
in the hybrids of Aerogams. The obstacle to the regular 
propagation of hybrids appears consequently to lie in the 
development of those individual cells which have the 
power to propagate the type of the parent form, and these 
particular cells may or may not have the power of sexual 
reproduction. At all events, more evidence must be 
gathered before such a conception of a proposition of 
such great biological importance is justifiable. As an 
hypothesis this gives no explanation, but it may prepare 
the way for the understandng of the conditions already 

noted, since it unites under one heading a number of 
different yet manifestly analogous phenomena in the 
animal and vegetable kingdoms. 

FirtH PROPOSITION. 

Malformation and odd forms, especially of the flowers, are in 
hybrid plants much more common than in specimens of 
plants of pure descent. As in Papaver, Dianthus, Pelar- 
gonium, Nicotiana, Digitalis, double flowers also appear 
to be produced with especial ease in hybrids. 

The Descendants of Hybrids—Hybrid plants are 
more easily and more successfully fertilized by the pol- 
len of the parent species than by their own pollen. Ex- 
ceptions to this rule are rarely seen (as for instance in 
Hieracium echioides X H. aurantiacum), but sufficient 
experiments in this direction have not yet been made. 
By their own pollen is understood the pollen of hybrids 
resulting from the crossing of the same species, and not 
only that of the identical specimens themselves. If hy- 
brid plants grow in the neighborhood of their parent 
species they must frequently be fertilized by these spe- 
cies; and in this case many intermediate forms between 
the hybrid and the parents will appear in their progeny. 
It has never been determined whether or not fertilization 
of the parents could take place by the pollen of the hy- 
brid. The common statement, that the progeny of a 
hybrid are very variable, is therefore of but little value. 
Occasionally also a hybrid is more easily fertilized by the 
pollen of a third species than by its own as in Nicotiana 
rustica X N. paniculata and Linaria purpurea X L. 
genistefolia. 

Progeny of Hybrids Fertilized by their Own Pollen. 
(A X B) @X (A X B) ¢ —(1) If fertile hybrids are 
protected from pollenization by the parent plants or by 
plants of a different species, one will obtain hybrid 
plants of a second generation. It is my opinion that the 
progeny of hybrids exhibit marked differences in the 
duration of life. In long-lived plants the blending and 
stronger union of the two types united in the hybrid is 
frequently more complete, so that the progeny inherit 
the characteristics of this new intermediate type. The 
progeny of annual or biennial hybrid plants are, as a 
rule, particularly variable and rich in different forms, as 
in Pisum, Phaseolus, Lactuca, Tragopogon, Datura, Nico- 
tiana alata X N. langsdorfit, and so forth. Exceptions 
are found in Brassica, Oenothera, Nicotiana rustica < 
N. paniculata, and Verbascum austriacum X V. nigrum. 
The progeny of perennial plants behave in general in 
a similar way, but the instances in which the interme- 
diate type remains constant appear to be the more fre- 
quent. Many of the hybrids often breed, moderately, 
true, as in Aquilegia, Dianthus, Lavatera, Geum, Cereus, 

Begonia, Cirsium, Hieracium, Primula, Linara, Veronica, 

Lamium, and Hippeastrum. The progeny of hybrid 
shrubs and trees are in the majority of cases moderately 
stable, as in Hsculus, Amygdalus, Prunus, Erica, Quer- 
cus, and Sali; the progeny of many Fuschi@ and Cal- 
ceolarie are constant. Some Rhododendron hybrids 
breed true and a portion variably. The progeny of the 
hybrids of Vitis, Pirus, and Crategus appear to be very 
variable. 

2. The different forms in which many primary hy- 
brids appear are usually not stable in their offspring. 
In Dianthus the less-frequent forms (“Ausnahmetypen,” 
according to Gartner) usually revert to the normal hybrid 
form. Mendel found that the different primary forms 
of the Hieracium hybrids breed true. 

3. C. F. v. Gartner and other botanists have advanced 
the proposition that the progeny of hybrids become 
weaker and less fertile from generation to generation. 
It is true that their vegetative power, which at first 
is increased, is progressively decreased by self-fertiliza- 
tion. Géartner’s researches were, moreover, instituted on 
a very small scale, so that not only very close inbreeding 
but also the many circumstances which cause deteriora- 
tion in garden-plants of which only a few specimens are 
cultivated influenced his hybrids. Giéartner himself no- 
ticed exceptions in Aquilegia, Dianthus barbatus X D. 
chinenss, and D. armeria. X D. deltoides. Hybrids of 
nearly related species are often grown perenially with 
ease, as in Brassica, Melandryum, Medicago, Petunia. 
Many gardeners assert with great positiveness that many 
hybrids can be propagated by means of seeds through 
many generations, as in Lychnis, Erica, Primula auricula 
X P. hirsuta, and Datura.* Many observations on wild 
plants seem to confirm these views. The theory has also’ 
been advanced that the fertility of hybrids is increased 
in later generations. It does not appear that such a rule 
can have a universal validity. It is much nearer the 
truth that many times fertile hybrids appear and that 
they can easily increase under favorable environment 
because of increased fertility. Fertile offspring of hy- 
brids are, in fact, often products of back-crossings. 

4. Complete reversions to the parent forms without 
influence of the parental pollen arise, except in rare in- 
stances, only in hybrids of nearly related races. In such 
hybrids true reversion appears only in a small number 
of plants, as in Phaseolus. 

5. From the variable progeny of fertile hybrids sev- 
eral dominant types are often produced in three to four 
generations. If these new types are protected from 
crossing they tend to become constant. Scientific re- 
searches which confirm these statements have been carried 
out in but small numbers, especially by Lecoq in Mira- 
bilis, by Godron in Linaria and particularly in Datura. 
Gardeners have produced many new races with well- 
marked characteristics by crossing different species, and 
many permanent wild intermediate forms have probably 
originated in this way, as for example, Brassica, Lychnis, 
Zinnia, Primula, Petunia, Nicotiana commutata, Pent- 
stemon, Mentha, and Lamium. The new types of hybrid 
progeny depart frequently in individual properties from 

* “Botanists say that species so produced” (t. c., hybrids) “revert 
to either of their parents in the third or fourth generation, or 
become sterile altogether. This is plausible enough in theory, in 
the closet, but will not do in the potting bench.” Beaton, quoted 
by Loudon, Arbeit II, p. 944. 
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both parent forms. My Nicotiana < N. paniculata had 
in the second and third generations mostly much nar- 
rower leaves than in the parent species. 

6. The sterility and inconstancy of the offspring of 
hybrids has often misled botanists into conclusions which 
are not supported by experience. As may be seen by the 
facts already set forth, it is absolutely incorrect if it is 
concluded that all hybrids must necessarily die out 
quickly because of the many and various properties which 
are combined in them. The variable forms resulting 
from a crossing are the material from which not only 
gardeners produce their new varieties, but which are also 
biologically valuable in that they furnish new species 
in the economy of nature. 

(c) Back-crossings of Hybrids with Parent Species 
(A2 XBé) ex As,(AQPXKBS) 2 XBS,AQ 
xX (A X B) ¢. As long as great stress was laid on the 
réle which the pollen of the seed-parent species played 
in the production of a hybrid a careful distinction was 
made that advancing hybrid forms approached the male 
parent species and reverting hybrid forms approached the 
female species. These distinctions are, however, accord- 
ing to the mass of recent experiments, of very secondary 
or of no significance. 

On fertilization of a hybrid with parental pollen 
there appear, as a rule, a moderately variable progeny. 
Intermediate forms between the hybrid and the parent 
are the most numerous and most fertile. With these are 
a smaller number of individuals which are similar to the 
primary hybrid or to the parent species, and both kinds 
are usually of lessened fertility. 

The three-fourths hybrid (A x B) 9X Aé are 
often moderately fertile with their own pollen and seem 
to produce stable races more readily than the primary 
hybrid, as in Mgilops spelteformis. Gartner noted 
many times that in later generations of three-fourths 
hybrids the pollen was nearer normal and the fertility 
greater, as in Dianthus (chinensis X barbatus) X D. 
barbatus, and also in other three-fourths hybrids of Dian- 
thus, Lavatera, and Nicotiana. 

If the three-fourths hybrid (A X B)?X Adébe 
fertilized with the pollen of A, there will be produced a 
seven-eighths hybrid or the third hybrid generation 
which, as a rule, is very similar to the parent species 
represented as seven-eighths of the product, but which, in 
individual specimens, still shows material differences in 
form and fertility. The last trace of the one original 
parent species is obliterated in the fourth, fifth, or even in 
the sixth hybrid generation. 

Kélreuter and Gartner have effected the transforma- 
tion from one parent species to the other in many in- 
stances. They found that for the transformation to be 
complete three to six generations are required, usually 
four to five. Manifestly, the greater or lesser duration 
of the period of transformation depends in part on col- 
lateral conditions. Godron found that Melandryum 
album X M. rubrum fertilized with its own pollen re- 
verts in the second generation to the parent species, 
while Gartner considered three to four generations neces- 
sary to carry one species over to the other through fer- 
tilization with parental pollen. 

In general, the products of the fertilization of one 
parent species with hybrid pollen,as A9 K (A X B) 6, 

are similar to those of the reverse fertilization, but 
observers agree that the variety of forms is greater if 
the hybrid is used as the male factor, as in Dianthus 
and Saliz. 

As in the direct progeny, so also in back-crossings 
of hybrids, new properties frequently appear which are 
absent in the present forms, but which are often found 
in related species or races. 

Hybrids of Several Species. Triple Hybrids.—Kol- 
reuter, during the first year of his research, succeeded in 
combining three entirely different Nicotiana species in 
one hybrid form. The only formulas according to which 
such a combination can be made are: (A & B) 2X 

Cs,Cex (AX B)é and(A X B)?X (AXC)¢. 
In the genera Dianthus, Pelargonium, Begonia, 
Rhododendron, Nicotiana, Achimenes, Calceolaria, Saliz, 
Hippeastrum, Gladiolus, and several others, many 
such combinations have been produced without 
especial difficulty. Differentiation must be made be- 
tween combinations of three entirely different species, 
and combinations in which two or all three of the factors 
are closely related. There are several manifestly different 
species which in hybridization with one another act 
almost like races of the same species, as Melandryum 
album and M. rubrum; Vitis vinifera, V. cordifolia, 

V. estwalis and V. labrusca; Lobelia fulgens, L. splen- 
dens and L. cardinalis; Rhododendron ponticum, R. 
arboreum and R. catawbiense; Rhododendron flavum, 
Ry viscosum, R. nudiflorum and R. calendulaceum; Ber- 
beris aquifolium and nearly related species. 

Hybrids produced by crossing the hybrids of two spe- 
cies of these groups with a third species of the same 
genus can as little be considered true triple hybrids as 
hybrids of three of the narrow groups belonging to the 
Vitis, Lobelia, and Rhododendron species. True triple 
hybrids formed from three essentially separate species 
usually produce a moderate variety of forms, especially 
if the male parent is a hybrid. On the other hand, in the 
combination which is easiest to produce, and which is 
formed on the formula (A X B) 2? X C2, the type of C 
usually predominates, as in Nicotiana (N. rustica X N. 
paniculata) 2 X N. langsdorffi 3, Achimenes. (A. 
grandiflora X A. candida) 9X A. longiflora 3, and 
several of the Gesneracee. 

The hybrids of Erica when crossed produce as uni- 
form a progeny as do the pure species. Several Salix 
hybrids behave in a similar manner. 

Triple hybrids in many genera (Pelargonium, Be- 
gonia, Rhododendron, Achtimenes, Isoloma, Cypripe- 
dium, Gladiolus) are for these reasons very valuable to 
gardeners. If they produce seed their progeny are very 
unstable. 

Hybrids of Four to Six Species—If the hybrids be- 
tween very nearly related species (Vitis, Rhododendron, 
and so forth) are not considered, hybrids from four or 
more parent forms are moderately rare. They are found 
especially in the genera Dianthus, Pelargonium, Bego- 
mia, Rhododendron, Nicotiana, Salix, Hippeastrum, and 
Gladiolus. The artificial combination of different species 
in a single hybrid form was practised to the widest ex- 
tent by Wichura, who has combined in Salia six species. 

Hybrids of Combined Hybrid Offspring.—In sev- 
eral genera (Pelargonium, Fuchsia, Begonia, Rosa, 

peti Bey 
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Erica, Rhododendron, Achimenes, Calceolaria, Gladiolus, 
and Hippeastrum) gardeners have crossed the species 
intentionally and unintentionally in the greatest variety 
of ways, and from the forms obtained they have used 
those most desirable for further cultivation. The off- 
spring of these complicated hybridization products are 
naturally almost always very varied. On the other hand, 
there are exceptions to this rule. Sweet particularly 
emphasizes the fact that the same hybrid form is obtained 
from the crossings of several complex Pelargonium hy- 
brids. Such constant complex Pelargonium hybrids are, 
according to him, P. involucratum X P. ignescens, and 
P. mostyne & P. ignescens. It has already been men- 
tioned that Hrica and several Salix hybrids on crossing 
furnish offspring of constant form. 

Cross-breeds and Hybrids——According to a dictum 
hybrids of two different varieties of one species are desig- 
nated as cross-breeds, and hybrids of two different species 
as hybrids. As the term varieties is vague it is necessary 
at this point to remember that only varieties which 
breed true, as well as races, or subspecies, can with cer- 
tainty transmit in some degree their properties. Un- 
stable breeds which are designated varieties are useless 
in the study of hybridization. 

Many writers have taken great pains to discover a 
sharp distinction between cross-breeds and hybrids. They 
hold to the expectation that by researches in hybridiza- 
tion a border line between species and subspecies will be 
fixed. Géartner, who in many places in his works has 
declared that the conditions of the hybrids demonstrate 
clearly the specific differences or similarities of the 
parent-forms, would soon retract if he attempted to de- 
velop any connection or continuity by the literature of 
variety hybrids. Herbert and Naudin have through 
many researches arrived at the conviction that it is im- 
possible to draw a sharp borderline between crosses and 
hybrids ; nevertheless, later botanists have always sought 
such a fixed difference. 

The following propositions have been formulated : 
1. The pollen of a cross-breed is normal; there are 

more or less numerous deformed pollen grains in a 
hybrid. 

2. The fertility of a cross-breed is normal; that of a 
hybrid is distinctly subnormal. 

3. Hybrids of two species having differently colored 
flowers bear flowers of modified coloring. Plants with 
irregularly dappled flowers are produced from the cross- 
ing of varieties. They behave similarly in regard to 
coloring, marking, and formation of fruit, and other 
properties. 

4. Cross-breeds have a decided inclination in later 
generations to revert entirely to the parent forms. 

These four propositions are in general correct, but 
give very little help to a final decision in doubtful cases. 
The hybrids of the red and blue Anagallis arvensis must 
according to the pollen be considered a hybrid, but 
according to the production of bicolored flowers, a cross- 
breed. Datura hybrids, which are manifestly character- 
istic hybrids in other ways, readily revert completely to 
the parent species. Hybrids whose fertility is apparently 
in no way weakened have already been specified. The 
rule can, therefore, be set forth that hybrids of very 
nearly related races usually show the properties attrib- 
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uted to cross-breeds, but it is another matter to establish 
a sharp boundary line between race-cross-breeds and 
species-hybrids. 

Several other properties of cross-breeds have been 
added by which they may be distinguished from species- 
hybrids. Girtner has maintained that cross-breeds of 
a similar origin will be very unlike one another even in 
the first generation, while hybrids of the first generation 
will be of the same form. This assertion, which has been 
repeated by others, is entirely unjustified. The multi- 
plicity of forms of the species-hybrids of Abutilon, Passt- 
flora, Hieracium, and so forth has already been pointed 
out and, on the other hand, race-cross-breeds of the first 
generation are usually as similarly formed as true hy- 
brids. Again, it is often maintained that the varieties 
of one and the same species if crossed with another species 
produce the same hybrid forms. Gartner especially has 
emphasized this alleged behavior of “ varieties,” although 
he must have known that Kolreuter had already noted 
the transmission of flower-coloring in races of Mirabilis, 
Dianthus, and Verbascum, the flower-filling (Bliithen- 
fiillung) of Aquilegia and Dianthus, and the form and 
leaf-shape of races of Nicotiana tabacum and Hibiscus. 
The white-blooming Datura feroxr and D. strammonium 
typ. (a white-flowered form) with the smooth-fruited 
race (var. bertolonit) of the same species forms a blue- 
flowered hybrid. Nymphea lotus < N. rubra is different 

from N. lotus x N. dentata. It is unquestionable that 

properties of races and so-called varieties which are 
hereditary in pure-breeding are also transmitted to their 
hybrid offspring. It is self-evident that forms whose 
normal offspring behave in an unstable fashion will also 
produce polymorphous hybrids and that the unstable 
characteristics of varieties will entirely disappear in the 
products of the hybridization of pure species. 

The facts in short are as follows: The nearer the 
morphological and systematic relationships of the parent 
forms the less does the procreative power of the hybrid 
depart from the normal. The farther the parent forms 
are from one another the more commonly is the fertility 
of the hybrid weakened. Exceptions, however, are not 
infrequent. ; 

The nearer the parent forms are related to one an- 
other, the more frequently does the offspring of hybrids 
show reversion to the parent forms. 

Hybrids of nearly related parent-forms show in their 
fruits the characteristic properties of the parents un- 
blended and side by side, but in hybrids of very different 
parent forms this is seldom seen. 

The most asymmetrically variegated flowers (Mira- 
bilis, Camellia, Mimulus, Petunia and so forth) have, 
moreover, originated from the offspring of hybrids. 

The propositions of Focke, although published in 

1881, are not subject to modifications in principles 
even at the present time. Much literature on the sub- 
ject of the sterility of hybrids might be quoted and 
some references might be made to extensions and addi- 
tions of a more or less important character to the data 
and propositions set forth, but this seems needless for 
the purposes of this chapter and this research. 
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5. Instapiniry anp Menpeuian INHERITANCE OF 

Hysrips anp Mutants. 

Focke’s data show that instability is usually quite 
marked in hybrids, especially in hybrids that are the 
offspring of a number of species and of crossed hybrids. 
As has long been known, there is no characteristic of 
hybrids that has been found so undesirable to the plant- 
breeder as the tendency to vary in succeeding generations, 
especially in the direction of reversion to one or the 
other parent. The partial or complete absence of fixity 
following the first generation was merely a matter of 
speculation until the contributions of Mendel (1865 to 
1870), which, however, remained practically unnoticed 
until 1900. Mendel’s discoveries and his conceptions of 
unit characters and their mode of inheritance have 
offered in an important but restricted measure explana- 
tions for the common failure of many plant and animal 
breeders to anticipate with any degree of certainty sev- 
eral results that may under certain conditions be ex- 
pected by crossing and in successive generations of the 
offspring, especially in the case of certain kinds of 

parents. Mendel recognized that hybrids, as a rule, are 
not exactly intermediate between the parent species, and 
that while with some of the more striking characters in- 
termediateness is seen, with others one of the parental 
characters is so preponderant that it is difficult or im- 
possible to detect the other in the hybrid. He was the 
first to show that in order to be able to predict with 
sureness certain characters of the hybrid it is essential to 
start with pure stock; study each character separately 
as an individual unit; group the characters in contrast- 
ing pairs, one of which pair tends to be transmitted 
entirely or almost unchanged (dominant character), 
while the other tends to lessened development (recessive 
character) or to entirely disappear, but to reappear un- 
changed in their progeny; look upon each pair as being 
independent of the others in heritability; and regard 
each generation of offspring as a distinct entity, but in 
association with the characters of preceding and succeed- 
ing generations. Mendel found that the hybrids in their 
various macroscopical characters, singly and collectively, 
either closely resemble or are almost identical with one 

or the other parent species, or are intermediate between 
the parents; that the hybrid may exhibit greater luxuri- 
ance of growth; that the hybrid seeds are often more 
spotted (the spots even coalescing in patches) than in 
the parents; that the dominant character may be paren- 
tal or hybrid in character and, if the latter, maintain 
the same behavior in the second generation ; that the hy- 
brids resulting from reciprocal crosses are formed alike 
and exhibit no appreciable difference in subsequent de- 
velopment; and that in the first and succeeding genera- 
tions bred from seeds of hybrids there appear in the 
offspring both dominant and recessive characters of con- 
trasting pairs in definite average or mathematical 
proportions. The hybrids of varieties were found to 
exhibit peculiarities like those of species, but with greater 
variability of form and greater tendency to reversion 

to the original types. Mendel’s statement that the re- 
sults of reciprocal crossing are identical must be taken 
as having a very limited application, and then only in 
a very gross sense. 

The Mendelian doctrine has found a wide though 
limited application in the explanation of the various 
phenomena of heredity, and it seems probable that when 
all or a large number of parental and hybrid characters 
of given parents and offspring are studied it will be 
found to be applicable to a fewer number of characters 
than is generally believed and of little importance in 
explaining the phenomena of heredity under natural con- 
ditions. In fact, the Mendelian doctrine deals with 
inheritance and not with origin of characters and it 
absolutely fails in so far as the possibility of the origina- 
tion of new characters is concerned, and hence is useless 
in accounting for the occurrence of characters in the 
hybrid excepting by dominance, recession, and redistri- 
bution of preéxistent ancestral characters. Mendel, while 
recognizing the commonness of intermediateness of 
parental characters in the hybrid, made no attempt to 
apply or extend the doctrine to the explanation of blended 
inheritance. In fact, he recognized that his doctrine 
was not applicable to characters that blend. In recent 
years several investigators have suggested a Mendelian 
interpretation of blended inheritance. Nilsson-Ehle 
(Lund’s Universitets Arsskrift, 1909, v, 2) holds the 
view that such form of inheritance is really a segregated 
inheritance due to the association of several independent 
but similar units or factors which yield a pseudo or actual 
blending. 

The general assumption by pro-Mendelianists that 
unit characters are constant and changeless has been 
shown by Castle (American Breeder’s Magazine, 1912, 
mu, 270; American Naturalist, 1912, xiv1, 352) to be 
without warrant, and that, to the contrary, unit charac- 
ters are variable and modifiable. It is well known that 
a hybrid has characters that may or may not be inter- 
mediate, and that may even be peculiar to itself, and 
that it is the sum of such characters that gives hybrids 
the characters of elementary new species, of which an 
illustration will be found in our histologic and micro- 
scopic study of Ipomea slotert in Part II, Chapter IT. 

Plasticity of characters as regards degree of develop- 
ment, fixity, and genesis has long been recognized as one 
of the most essential fundamental properties of living 
matter. Development of various characters exceeding 
that of the parents has been frequently observed among 
both hybrids and mutants. Increased virulence of suc- 

ceeding generations of bacteria was pointed out by Pas- 
teur, Chamberland, Roux, and many others. Loss of 
characters is of too common an occurrence to demand 
special notice. Modifiability, genesis of new characters, 
and heritability of both modified and new characters have 

been recorded by a number of investigators. 
Massini (Archiv f. Hygiene, 1907, tx1, 250) culti- 

vated a strain of Bacteria colt mutabile that gave rise 
through successive partial mutations to colonies that fer- 
mented lactose and (in the course of successive genera- 
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tions) this property became fixed and the race bred true. 
Similar phenomena have been recorded by other experi- 
menters. Permanent color changes were induced by 
Wolf (Zeit. f. ind. Abst. u. Vererb., 1909, 11, 90) in 
Bacillus prodigiosus by propagation in culture media 
containing small amounts of potassium and other salts. 
Rosenow’s (Jour. Infect. Dis., 1914, x1v, 1) investi- 
gations show mutations and transformations of the strep- 
tococcus-pneumococcus group by means of environmental 
conditions. Thiele and Embleton (Zeit. f. Immunitats- 
forsch u. exper. Ther., 1913, xrx, 643) brought about 
such morphological and physiological changes as to 
transform one species of bacillus into another. Revis 
(Proc. Roy. Soc., B, 1913, txxxvi, 373) from an orig- 
inal typical culture of Bacillus coli from a single cell 
produced two strains one of which appeared slightly 
modified but which could not be further altered, and 
another which underwent profound and increasing 
change, resulting in an organism entirely different from 
the original, the strain remaining of a permanent charac- 
ter. Jordon (Proc. Nat. Acad. Sci., 1915, 1, 160) in 
cultures of Bacillus coli obtained mutation that “seems 
to fulfil the requirements (a) of appearing suddenly 
without intermediate stages, (b) of being irreversible, 
at least for three years and for some hundreds of test- 
tube generations, (c) of comprising change in two charac- 
ters (saccharose- and raffinose-fermenting power), and 
(d) of not involving all the cells of the parent strain.” 
Henri (Compt. rend. Acad. Sci., 1914, civirr, 1032) 
found that metabolism was so affected in Bacillus an- 
thracis by ultra-violet rays as to cause marked mutations. 
Schmankewitsch (Zeit. f. wiss. Zool., 1875, xxv, 103; 
1877, xxx, 429), in experiments with various crus- 
tacee to show effects of environment, found in Daphnia 
and Branchipus that changes in salinity brought about 
marked functional and morphological alteration of char- 
acters commonly regarded as being specific. Woltereck 
(Verh. deutsch. zool. Gesellsch., 1909, 110) recorded 
variations in Daphnia that are heritable, and states that 
by selection a modified race can be bred. Literature 
such as the foregoing is plentiful, both as to plant and 
animal life. 

The Mendelian doctrine is one of fixity and constancy 
of characters which segregate in inheritance—the very 
antithesis of what must be recognized as one of the most 
fundamental principles of evolution, i.c., plasticity and 
adaptability to environmental conditions that permit 
or lead to the formation of new characters. It is im- 
portant to note that while the Mendelian doctrine is a 
scientific fact and of unquestionable value in explaining 
certain phenomena of inheritance, it is also obvious that 
it can not be accepted as, and never can be made, a 
universal principle of heredity, and that the main ques- 
tion pertaining to this doctrine is in regard to the con- 
ditions under which it holds good. In a word, it deals 
with but one of several types of mechanisms of hered- 
ity. Considerable misconception has already arisen be- 
cause of absolutely false ideas that have been promul- 
gated by hybridizers who have selected in their investi- 
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gations only such plants as yield offspring which in their 
phenomena of inheritance conform to the Mendelian 
Law, or who have selected only such characters for 
examination as agree with this law and entirely ignore - 
others which represent non-Mendelian inheritance. It 
is obvious that in order to obtain safe results for 
and against any doctrine it is essential that all 
of the characters, as far as possible, should be re- 
corded and without reference to preconceived theories or 
hypotheses. Scarcely anything in scientific investigation 
can be more pernicious than an attempt to make facts 
fit theory, hypothesis, or doctrine, and to ignore them 
if they do not. One of the manifest weaknesses of 
studies of Mendelian phenomena is to be found in an 
absence of a recognized and wholly satisfactory method 
of standardization. It is obvious that until such is 
adopted the extent of applicability of the Mendelian doc- 
trine to the explanation of phenomena of heredity must 
remain in considerable doubt. 

Among the fundamentally important contributions 
to the study. of heredity are those pertaining to mutations 
by DeVries (Mutation Theory, 1909) and by various 
subsequent investigators. A large literature has accumu- 
lated bearing especially upon Oenothera and certain other 
genera in which not only mutations but also spontaneous 
hybridizations have been recorded as being of frequent 
occurrence. Whether or not the mutants of DeVries and 
his school are in fact mutants or unquestionable hybrids 
that have arisen from spontaneous crossing is a warmly 
debated question. Bartlet (American Naturalist, 1915, 
XLIX, 129; Botanical Gazette, 1915, trx, 810) contends 
that there are Oenothera mutants; that the mutant-ratio 
can not be explained on Mendelian grounds; that muta- 
tion is a distinct process from Mendelian segregation ; 
and that the phenomena exhibited by the mutants Oeno- 
thera lamarckiana, O. biennis, and O. practincola can not 

be attributed to heterozygosis. Gates (The Mutation 
Factor in Evolution, 1915) holds the view that mutations 
are not merely manifestations of some type of heredi- 
tary behavior, but a process sui generis; that mutation 
phenomena represent a well-defined type of variability ; 
that mutations are completely inherited in some or all 
of the offspring; and that cytological evidence is in 
accord with theoretical requirements and experimental 
facts in serving to controvert the Mendelian conception 
that mutation is only Mendelism under another guise. 

On the other hand, the hybrid and Mendelian charac- 
ters of mutants have led many to believe that many 
mutants are hybrids. Heribert-Nilsson (Zeit. f. Abst. u. 
Vererb., 1912, vit, 89) holds that mutants are combina- 
tions, i.e., they represent new combinations of Men- 
delian characters. Renner (Flora, 1914, cvir, 115) also 
holds that DeVries’s mutations are explicable on a Men- 
delian basis. Davis (Amer. Nat., 1911, xv, 193; ibid., 
1912, xvi, 377) found, in studies of the offspring of 
different species of Oenothera, that in gross morphologi- 
cal characters the hybrids are intermediate between the 
parents and that some of the hybrids resemble O. la- 
marckiana, the best-known of all mutants. Jeffrey 
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(Science, 1914, xxx1x, 488; Bot. Gaz., 1914, Lv111, 322; 
Amer. Nat., 1915, xix, 5) asserts that there seems to be 
absolutely no doubt upon morphological grounds and 
sterility that the Oenothera mutants are really hybrids. 
He records that an examination of a large amount of 
material of recognized wild species of Oenothera led 
him to the conclusion that spontaneous hybridism is 
extremely common in the genus; that in general it repre- 
sents a condition of high genetical impurity; and that 
in orders such as Rosacew and Ornagracee there is 
grading of recognized species and hybrids into each 
other, having in common the character of partial or com- 
plete sterility. Such literature would make volumes. 

6. Genetic Purity in Rexation to INTERMEDI- 
ATENESS OF THE Hysnrip. 

It may be held that intermediateness of the hybrids 
depends upon the existence of purity of the parents and 
that, as a corollary, absence of intermediateness is diag- 
nostic of parental impurity. It will be noted, however, 
that while Davis (loc. cit.) with carefully selected, pre- 
sumably pure stock recorded intermediateness in the 
hybrid, Jeffrey refers to Oenothera lamarckiana as a 
hybrid having a similar intermediateness, yet being the 
offspring of spontaneous hybridism that represents a 
high degree of genetical impurity. In fact, there is no 
conclusive evidence in any of the investigations referred 
to that the parents were pure. The term pure is an 
arbitrary conception. The only test of purity we have 
at present is in the constancy of characters of the off- 
spring through successive generations. Nor are purity 
and typicalness by any means synonymous terms. A 
typical specimen of a species or hybrid is one having 
characters which in their sum total are nearest the mean 
of the species or hybrids, but a typical specimen may be 
far from being pure inasmuch as there may be latent 
or undeveloped characters that may not appear except 
under some peculiar condition. In the investigations of 
Macfarlane and others quoted by him, the parent species 
examined may have been typical, yet there is no evidence 
of purity. Darbishire used for the preparation of the 
starch only two seeds from crosses of garden varieties of 
peas—the round pea “Eclipse” and the wrinkled pea 
“ British Queen ” (hardy variety) being crossed. The 
parents referred to in Focke’s work may or may not have 
been pure, but there is no satisfactory evidence in either 
direction. Mendel was extremely careful to select speci- 
mens belonging to groups that possess constant differen- 
tiating characters, and in both of his papers he makes 
notes of only certain selected differentiating characters. 
He found, as already stated, that the hybrids, as a rule, 
are not exactly intermediate between their parents, and 
that while in the case of some of the more striking charac- 
ters intermediateness is always present, in other cases 
one of the two parental characters is so preponderant 
that the corresponding character of the other parent is 
almost or wholly absent. He also notes in Hieracium 
hybrids there may be three types, one being almost ex- 
actly intermediate, a second nearer to the seed parent, 

INTRODUCTION. 

and a third nearer the pollen parent. In all of these 

instances the parents may have been typical, yet not pure, 

and in Mendel’s experiments they might be regarded 

as being both typical and pure—pure, because of the 

constancy of Mendelian inheritance in succeeding gener- 

ations. But even here purity is questionable. Thus, in 

the second generation the dominants which breed true 

to the dominant character are looked upon as being pure, 

yet they may have latent or undeveloped characters that 

can be demonstrated only under peculiar conditions. 
This has been shown by Darbishire (Breeding and the 
Mendelian Discovery, 912, 218) in crosses of the common 
albino and the Japanese waltzing mice. In the second 
generation he found two types of albinos, one to all ap- 
pearances identical with the pure albinos and the other 
with waltzers. When these apparently pure albinos are 
mated with each other they breed true, but when mated 
with waltzers they were found to be very different from 
pure albinos, “for among the offspring of extracted 
albinos mated with waltzers there appeared pink-eyed 
and even albino mice, forms which are never produced 
when pure albinos are mated with waltzers.” : 

4. THEORETICAL REQUIREMENTS IN THE PROPERTIES 
oF StaRcHES To ConpiITIONS IN THE Hysrip 
CORRESPONDING TO THOSE oF ANATOMIC CHAR- 

ACTERS. 

It is evident from the literature quoted that the doc- 
trine of intermediateness of the hybrid and the doctrine 
of Mendel are expressions of rules that have many ex- 
ceptions and hence are only of limited applicability. 
The success of the plant and animal breeder depends 
upon the elimination of undesirable characters; the 
redistribution of characters; the variation, modification, 
and recombination of characters; the development of 
some particular characters to a degree beyond parental 
extremes, together with their perpetuation and even 
further exaggeration in subsequent generations; and the 
development of new and perpetuation of desirable char- 
acters. Neither the doctrine of intermediateness nor 
the doctrine of Mendel admits of the possibility of gen- 
erating ideal organisms by crossing and selection; nor 
are they consistent with the development of parental 
characters in the hybrid beyond parental extremes; nor 
are they compatible with the appearance of new charac- 
ters except upon the untenable assumption of such char- 
acters being latent in the parents. Both are doctrines 
of non-plasticity, yet the most significant phenomenon 
of successful breeding and the genesis of elementary 
species is plasticity which is manifested to a pre-eminent 
degree of importance in development in the offspring of 
characters beyond the extremes of the parents, new com- 
binations of characters, and the appearance of new char- 
acters. No investigations on record have shown more 
forcefully the utter inadequateness of these doctrines 
and their limitations than their application to the ex- 
planation of the building up of ideal forms and the 
appearance of elementary species by hybridization and, 
on the other hand, none has better set forth the great pos- 
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sibilities of the breeder than those of Burbank. In re- 
ferring to the results obtained by crossing and selection 
in general, he states (New Creations of Plant Life, Har- 
wood, 1912, 216) that “there is no barrier to obtaining 
fruits of any size, form, or flavor desired, and none to 
producing plants and flowers of any form, color, or fra- 
grance. All that is needed is a knowledge to guide our 
efforts in the right direction, undeviating patience, and 
cultivated eyes to detect variations in values.” 

If starch characters are heritable they should, in 
order to meet theoretic requirements, exhibit peculiari- 
ties of inheritance corresponding to those observed in 
gross and microscopic anatomic plant characters. This 
deduction will be found to have ample justification in the 
results of this research. Herein it will be found that the 
starches of the hybrids frequently exhibit in histologic, 
polariscopic, and physico-chemic properties some degree 
of intermediateness between the parents, usually nearer 
one or the other. In any given hybrid certain of the 
properties may be exactly or practically exactly inter- 
mediate, and other properties may be identical with the 
corresponding properties of one or the other parent. In 
many instances one or more of the characters of the 
hybrid, such as the relative number and the types of 
compound grains, the degree of fissuration, the regu- 
larity or iregularity of the forms of the grains, the 
characters of the hilum, the distinctness and size of the 
lamelle, the polariscopic properties, the temperature of 
gelatinization, the aniline reactions, and the qualitative 
and quantitative reactions with the various chemical reag- 
ents, were developed or manifested in degrees beyond 
the parental extremes. Moreover, peculiarities of various 
kinds were observed at times in the hybrid that were not 
apparent in either parent. In so far as these results go 
they are, in general, in entire accord with the experience 
of the plant and animal breeder and with unquestionable 
statements of literature. 

The doctrine of intermediateness of the microscopic 
characters as set forth in a preceding section is not war- 
ranted by the literature of naked-eye characters and 
is opposed to the results of the work with starches. This 
led to supplementary studies of the macroscopic and 
microscopic characters of parent- and hybrid-stocks 
which compose Chapter IX of Part II. It seems clear 
upon general grounds that if characters of the starch of 
the hybrid may be intermediate, dominant, recessive, 
blended, modified, developed beyond the parental ex- 
tremes, new characters developed, etc., corresponding 
phenomena should be exhibited by the tissues. It was 
expected when this part of the research was planned that 
in the case of each plant both starch and tissues could 
be studied coincidently and compared, but this was found 
to be impracticable; therefore the studies of the plant 
tissues were carried on as an independent but correlated 
research. Here, as with the starches, excepting [pomea, 
the specimens of both parent- and hybrid-stocks are of 
the first generation that has been perpetuated from year 
to year by the propagation of tubers, pseudo-tubers, rhi- 
zomes, bulbs, bulbils, etc. Both of the parent- and the 
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hybrid-stocks of Ipomewa were grown from seeds which 
breed true. The hybrid is of the offspring of successive 
annual seed plantings since 1908, and probably represents 
the sixth or seventh in the line of descent. The seeds 
were obtained from the originator of the hybrid, and the 
other stock from reliable plant-growers. 

The different specimens of starches were prepared 
from a number (varying usually from 5 or 10 to 100 
or more) of bulbs, rhizomes, etc., so that the prepara- 
tions may be taken as representing a fair mean ; but with 
the plants used for the supply of tissue we were dependent 
in each case usually upon one or two specimens which 
may be taken to be of about the average or fairly 
representative. 

In selecting the material from the different plants 
for the microscopic preparations the precautionary meas- 
ures promulgated by Macfarlane (page 4) to secure safe 
comparative results were as far as possible carefully 
followed out. Inasmuch as there is a tendency for indi- 
viduals of a species, even when grown under the same 
conditions, to vary in one or more of their characters 
from the average degree and manner of development, 
macroscopically and microscopically, it is manifest that 
in a comparative examination of parents and offspring 
there should be studied either the actual parents and a 
selected typical specimen of the hybrid that exhibits the 
average mean properties of the hybrids, or typical speci- 
mens of both parent- and hybrid-stocks. When neither 
is practicable, as was the case in the present inquiry, 
there are probabilities that the relative values of the 
various characters may not be wholly correct, as for in- 
stance, a given character of the hybrid may be inter- 
mediate but nearer one or the other parent instead of 
being exactly mid-intermediate, or vice versa, as might 
be the case had the plants been very carefully selected 
upon the basis of the specificity of intermediateness. 
On the other hand, it goes without saying that in the 
selection of the hybrid the assumption that the one hav- 
ing most nearly properties that are exactly intermediate 
between those of the parents is a typical hybrid is certain 
to lead to the worst of pitfalls, because it of necessity 
implies that blended inheritance is a sine qua non; there- 
fore, as a corollary, that having a given hybrid its 
parentage might positively be detected by the selection 
of species that have characteristics such as would meet 
the theoretical requirements of intermediateness in the 
hybrid. It is obvious that such a plant might be far 
more undesirable and even absolutely unreliable for com- 
parative purposes than one that has the least degree of 
intermediateness, because the latter but not the former 
may typify the mean of the hybrid characteristics. The 
results of various investigations fully justify the state- 
ment that intermediateness may be absolutely misleading 
as a criterion in the recognition of hybrids. 

8. Untt-Cuaracters anp Unit-Cuaracter- 
PuHaseEs. 

The term character is used throughout this research 

in a conventional sense to signify any property that 
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serves to characterize any part or property of starch or 
plant. Inasmuch as each such property is a unit of com- 

parison, each may appropriately and advantageously be 
referred to as a unit-character. A unit-character such 
as the property of gelatinizability may be manifested in 
varied phases or modified forms which conformably are 
distinguished as wunit-character-phases. Many of the 
unit-characters and unit-character-phases that have been 
studied in this memoir may seem to be unimportant or 
even trivial, but experience in various lines of inquiry 
has shown that the correlation of such properties may 
prove of the greatest importance. 

Each property of starch, whether it be manifested 
by peculiarities of form, hilum, lamelle, or size of the 
grains, or in the reactions in polarized light, or in the 
reactions with iodine or the anilines, or in the gelatiniza- 
tion reactions with heat and the various chemical rea- 

gents, is an expression of a physico-chemical unit-charac- 
ter that is one of many indexes of the peculiarities of 
intramolecular structure of starch, and is an independent 
unit although correlatively related to the others. These 
unit-characters fall into arbitrary but natural groups in 
accordance with the methods of investigation employed, 
and as a matter of convenience and facility of study they 
have been treated under the designations above noted. 
Under the designation form are included a number of 
unit-characters which are expressed specifically in the 
occurrence of varieties or types of the grains (whether 
as isolated, aggregates, or compound grains), their 
numerical proportions and the peculiarities of the com- 
ponents in number and arrangement of the aggregates 
and compound grains; the regularity of outline of the 
grains, and the kinds and causes of irregularities ;. the 
conspicuous forms, etc. Under the designation hilum are 
included characters that are specifically expressed in dis- 
tinctness, form, number, fissuration, and eccentricity. 
Under lamella are designated properties specifically ex- 
pressed in distinctness, form, fineness or coarseness, 

variety and distribution, and number. Under size are in- 
cluded the ratios of length to breadth, general dimen- 

sions of grains of different types, especially of those of 

common size. Under polariscopic properties are charac- 
ters that are expressed by peculiarities of the figure or 
“ eross ” in regard to eccentricity, distinctness, definition, 

courses, and other characters of the lines; the occurrence 

of single or multiple figures, the degree of polarization ; 
the appearances with selenite of the quadrants as regards 
especially definition, equality of size, form, and colors. 
Under iodine reactions are included character reactions 
of the raw starch grains; and after boiling the grains, 

the reactions of the grains, solution, grain-residues, and 
capsules. Under aniline reactions are included charac- 
ters elicited by the degree of staining by gentian violet 
and safranin immediately and after a half hour. Under 
temperature reactions are included the temperatures of 
gelatinization of a majority of the grains and of all 
or practically all of the grains. Under various reagents 
are included character manifestations that are expressed 
hv auantitative and qualitative reactions with various 
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gelatinizing reagents. With each reagent it is found 

that there are peculiarities in respect to the percentages 
of the entire number of grains and total starch gelatin- 
ized at definite time-intervals; and to the number and 
kinds of gelatinization processes, these processes varying 
in both particulars not only in different starches with the 
same reagent, but also in the same starch with different 
reagents. Hence, while the property of gelatinizability 
is a fundamental or primary unit-character, it may be 
manifested in as many phases or modifications (unit- 
character-phases) as there are starches and gelatinizing 
agents. Among all of the varied properties of starches 
there seems to be none so certain to show slight intra- 
molecular differences as these unit-character-phases. 

The independence of each of these untt-characters 
and unit-character-phases of each other will be found 
to be well exhibited in every one of the groups of proper- 
ties comprised in the several foregoing designations. 
This is most strikingly shown in hybrids—for instance, 
in the general characters of the hilum the properties 
of the hybrid may be identical with those of one parent, 
while in eccentricity identical with those of the other 
parent, or intermediate, etc.; in the qualitative reac- 
tions with chloral hydrate some of the processes of gela- 
tinization may be more like or identical with those of one 
parent; others, more like or identical with those of the 
other parent; others, which are individual are therefore 
not observed in either parent, etc. Hence, it is found, 
in summing up the unit-characters and unit-character- 
phases, that certain of the characters embraced in any 
designation may tend in one parental direction while 
others tend in another, but usually it is found that in 
the aggregate there is a variable degree of leaning to one 
or the other parent. Moreover, while such group proper- 
ties may in the case of one designation lean in the aggre- 

gate to one parent, those of another group may incline 

to the other parent, and so on. This extraordinary 

variability in parental relationship is particularly well 
shown in the qualitative reactions with the various chemi- 

cal reagents. These phenomena of variability are also 

strikingly illustrated in both macroscopic and micro- 

scopic properties of plant structure. (See Part II, 
Chapter IX.) 

9. ASSISTANTS IN THE RESEARCH. 

In the studies of the starches, the histologic data 

and the polariscopic, iodine, gentian violet, safranin, and 

temperature of gelatinization experiments were recorded 
by Dr. Elizabeth E. Clark, B.A. (Bryn Mawr), M.D. 
(Women’s Medical College of Philadelphia) ; and the 

quantitative and qualitative reactions with the various 

chemical reagents were studied by Miss Martha Bunting, 

B.L. (Swarthmore), Ph.D. (Bryn Mawr). Both of these 
assistants had had two years previous experience in the 

study of starches. The macroscopic and microscopic 
data of plants are due to Miss Margaret Henderson, B.S., 
M.A. (University of Pennsylvania), who prepared all the 
microscopic slides and made all of the measurements. 



CHAPTER II. 

METHODS USED IN THE STUDY OF STARCHES. 

The methods used in the preceding research (Publi- 
cation Ni. 173) were at its inception sufficiently satis- 
factory to meet the theoretical requirements of a purely 
preliminary and exploratory investigation, but as the 
work progressed it was found, as was to be expected, 
that radical improvements could be made in various 
directions. Advantage has been taken of this experience, 
and while the methods continue to be inexact, in the 
conventional sense, they are practically exact so far as 
satisfactory differentiation and recognition of different 
starches are concerned. For obvious reasons the descrip- 
tions of the methods given in the previous research are 
herein in a large measure repeated, with some omissions, 
modifications, and additions. 

1. PreparaTION OF THE STARCHES. 

The starches were prepared from bulbs, tubers, rhi- 
zomes, bulbils, and pseudobulbs, all in the resting state. 
The specimens were comminuted by the aid of an ordi- 
nary culinary grater. Four or five volumes of water are 
added to the pulp, the mass strained through four thick- 
nesses of cheese-cloth, and the pulp then washed with 
sufficient water and strained as before. The starch-water 
preparation is decanted in cylinders and the starch is 
cleansed by repeated washing and decantation. Finally 
the starch is collected in shallow dishes, the water as far 
as possible drained off, and the preparation dried at 
a temperature of 50° C. By this simple means starches 
can be prepared which are with rare exceptions practi- 
cally free from gross impurities. To have carried out 
purification to the extent of practical demineralization 
would have proven of far greater disadvantage than gain. 

2. SIMULTANEOUS STUDIES OF STARCHES OF THE 
Parents and Hysrip AND oF THE MrmsBers 
oF a GENUS. 

For obvious reasons, in a comparative investigation 
such as the present it is desirable to make simultaneous 
examinations of all three or four starches of a set by 
one of the various methods of study and to take up the 
methods seriatim in preference to taking one starch 
and subjecting it to the entire series of methods before 
studying another specimen; the same plan commends 
itself when there is a number of sets belonging to the 
same genus. 

3. Histotoeic MztHop. 

This method has been found to be of signal useful- 
ness, and up to recent years it has been the sole reliance 
in attempts to determine the kind of starch. It was, 
however, perfectly obvious at the very inception of these 
researches, and rendered clear as far back as the investi- 

gation of C. Nageli in 1858, that this method, unless 
associated with others, could not be depended upon, and 
that it was liable to be absolutely misleading. Moreover, 
differences in form may not in the least imply differences 
in the starch-substance, as has been pointed out in early 
chapters of the preceding memoir. Magnification rang- 
ing from 85 to 400, sometimes higher, was used, accord- 
ing to the size of the grains and incidental conditions. 
A sufficient amount of dried starch was disseminated on a 
slide and mounted in a very dilute Lugol’s solution, care 
being taken not to add a larger quantity of iodine than 
is sufficient to accentuate the lamelle. Since starches 
of different sources show wide differences in the intensity 
with which they become colored with iodine, it was found 
convenient to have on hand a number of solutions rang- 
ing from 1 to 2 per cent down. By the aid of such ordi- 
nary microscopic technique there were recorded the 
form and size of the grain; the position and form of the 
hilum; the form, number, and other characteristics of 
the lamelle; the characteristics pertaining to the form 
of the grains, whether single or in doublets, triplets, 
aggregates, etc. In describing the grains the terms 
“proximal end” and “ distal end” have been adopted, 
the former being the end nearer which the hilum is 
located. The “longitudinal axis” corresponds with an 
imaginary line, extending from the proximal end through 
the hilum to the distal end. In different starches and 
in different grains of the same kind of starch this may 
be the long or the short axis. The measurements of 
eccentricity of the hilum have reference to the distance of 
the hilum from the proximal end of the longitudinal axis. 

4, PuotomicrograPrHic Recorps. 

Verbal descriptions of the histological characteristics 
of starch-grains fail to convey adequate conceptions. 
The notes included in the text have therefore been accom- 
panied by photomicrographs of the grains lightly colored 
with iodine, as seen in the microscope. In making these 
photographs we used an ordinary Bausch and Lomb 
microscope with a 14-inch objective and a 2-inch eye- 
piece, which gave us a magnification on the field of 
projection of 300 diameters. For obvious reasons, many 
of the more minute features of the grains will not be 
seen in the photomicrographs. Moreover, inasmuch as no 
two fields are alike in case of any starch or slide, the 
pictures are to be taken as being grossly of an average 
character of a field. In recording the histological de- 
scriptions, especially as regards variations in form, many 
fields were examined. 

The photomicrographs of the plant tissues were 
made by the use of a 114-inch objective and a 2-inch 
eye-piece (draw-tube in), or a 34-inch objective and a 
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2-inch eye-piece, or a 14-inch objective and a 2-inch eye- 
piece, giving magnifications on the field of projection of 
72, 180, and 300 diameters, respectively. 

5. Reactions 1v Poxarizep Ligur WiTHOUT AND 

With SELENITE. 

Starches have been found to exhibit not only marked 
differences in the degrees with which they rotate the 
plane of polarized light, but also differences in the 
characteristics of the “interference figure” or “ cross,” 
as it is generally termed. The general characteristics, 
distinctness, shape, regularity, and position of the inter- 
ference figure, and also the approximate degree of auiso- 
tropy or intensity of polarization were readily studied. 
By the aid of selenite it was determined whether the 
optic properties were negative or positive, and also the 
size, shape, and regularity of the quadrants, as well as 
the intensity and pureness of the blue and yellow colors. 
In spherical grains with centrally located hila, the two 
parts of the “cross” intersect at the hilum, or mathe- 
matic center, of the grain, so that the term quadrant 
has a proper application ; but in the case of grains having 
eccentric hila the position of the point of intersection of 
the two parts of the cross, together with their curvatures, 
may destroy every semblance of quadrants according to 
the conventional definition of this word. This term has 
therefore been used in a very broad sense throughout 
our investigation to indicate the four parts of the grain 
that are defined by the two parts of the cross, in prefer- 
ence to the great multiplicity of terms that would be 
required to define these parts if great accuracy were 
attempted. Likewise, for convenience we have referred 
to the “lines” of the interference figure in preference 
to the “ arms” of the cross. 

All starches are “ optically negative,” hence no special 
references have been made in the text in this particular. 

The slides for polariscopic examination are prepared 
as follows: The end of a small spatula is thrust into the 
specimen of starch and moved about, withdrawn and 
sharply tapped several times in the center of the slide, 
and the slide jarred in a manner to cause a practically 
uniform distribution of the starch grains in a single 
well-disseminated layer. The margins of this layer are 
carefully removed so as to leave an area 12 mm. square. 
An expeditious way of removing the margin so as to in- 
sure a uniform area of starch is to use as a wiper a piece 
of sheet celluloid having a 12-mm. slot, wiping trans- 
versely and then longitudinally. A couple of drops of 
balsam are carefully added at the center of the area, 
a cover-slip put on, and the slide placed on the stage of 
the polarizing microscope. After determining the degree 
of polarization, the selenite plate is introduced and the 
specimen again examined. 

In order to reduce the degree of polarization into 
values in comparative terms and figures it was found 
desirable to adopt an arbitrary scale (Chart B 2, Chapter 
IV), and to select three starches as standards that give 
wide and properly separated gradations of value. Thus, 

adopting a scale of 100 divided primarily into units of 5, 
the starch of Solanum tuberosum was taken as having a 
value of 90 and “ very high”; that of Narcissus poeticus 
ornatus as having a value of 50, or “ moderate”; and 
that of Richardia albo-maculata as having a value of 30, 
or “low.” Intermediate gradations are readily expressed 
by both words and figures. If the starch examined has, 
for instance, the same degree of polarization as that of 
Narcissus poeticus ornatus it is given a value of moderate 
or 50, but if its value be between moderate (50) and 
high (70) it is recorded as being moderately high (60), 
or moderate to moderately high (55), or moderately 
high to high (65). In some instances intermediate 
values are given where it is necessary to express smaller 
differences, as between members of a set consisting of 
parents and hybrid. The different grains of any given 
specimen of starch vary in the degree of polarization, 
so that in rating the average must be estimated; as a 
consequence all of the records are averages. The method 
is of a very gross character and the personal equation 
in determining values may be very important and lead 
to more or less divergent records by different observers, 
but in practice it has been found that after a degree 
of skill has been acquired, as is common in all such 
gross methods of experiment, essentially or absolutely 
the same values are recorded when experiments are re- 
peated several times at well-separated intervals, or made 
by two individuals who have had practically the same 
training. Owing to variations in illumination from time 
to time, it is quite important to use persistently, in con- 
junction with the starch to be examined, some starch 
that has been adopted as the standard of comparison, 
preferably one that has a close value. Thus, when 
studying the starches of a group, one of the starches is 
standardized with the starch-standard and scale adopted, 
as before stated, the standard recorded for this starch 
serving as the fundamental standard for comparison for 
the others of the group. This method gives very good 
comparative results, especially when the group consists 
of a few members; but it is, on the whole, the least 
valuable of all the methods employed in this research, 
and its usefulness is chiefly because of its remoteness 
from the characters of the other methods. 

6. Iopinz Reactions. 

The use of iodine not only served to bring out certain 
histological peculiarities, but also valuable data in the 
differentiation of different kinds of starch. The typical 
or ordinarily observed reaction of starch with iodine is 
an indigo-blue, but if an excess of iodine be avoided 
the reaction of the grains will be found to vary usually 
from a blue to reddish-violet, including within these ex- 
tremes all shades of violet from a purple to a reddish- 
violet according to the kind of starch. In fact, in the 

presence of minute quantities of iodine, starches are 
colored some shade of violet, varying with the kind of 
starch. With any quantity of iodine certain starch- 

grains yield a red reaction. In studying the iodine reac- 
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tions we used 0.125, 0.25, and 2 per cent Lugol’s solution. 
Four serial reactions were studied; two with raw starch 
and two with gelatinized starch. In the first two, the 
slides are prepared as in the polarization examinations, 
substituting solutions of iodine for the balsam and 
examining the slides in ordinary light with a fully open 
diaphragm and low power. In the first reaction 2 drops 
of 0.25 per cent Lugol’s solution are placed on the 
starch, the slide quickly adjusted on the stage of the 
microscope, and the color reaction in quality and quan- 
tity at once determined, the quantitative value recorded 
being taken as the standard of comparison in relation to 
other starches. Here, as in the polarization determina- 
tions, it was found necessary to adopt an arbitrary scale 
and starch standards. The same scale is used as for 
the polarization values, but the terms light, deep, etc., 
were substituted for low, high, etc. Moreover, it was 
found necessary to modify the selection of starches to be 
used as standards. The starch of Solanum tuberosum 
was taken as having a value of 60 or “ moderately deep,” 
that of Crinum moorei as having a value of 50 or “ mod- 
erate,” and that of Watsonia humilis as having a value of 
30 or “light,” with corresponding intermediate figures 
and terms as in the polariscopic determinations. 

The second experiment is made, using 0.125 per cent 
solution, often bringing out color peculiarities which may 
be obscured or not be observed when the reagent is 
stronger. 

The third and fourth experiments are made with 
boiled starch with the object of eliciting peculiarities of 
reaction of the grains, solution, grain-residues, and cap- 
sules. After heating the grains until complete gelatiniza- 
tion occurs a variable amount of the starch passes into 
solution, so that both grains and solution give starch 
reactions. Upon boiling the preparation for 2 minutes 
a comparatvely large amount of the starch passes into 
solution, and the remains of the grains appear in the 
form of grain-residues which are made up of partially 
disintegrated grains (capsules with variable amounts of 
contents), together with some capsules that are almost 
or wholly free of starch contents. 

In the third experiment 0.05 gram of starch is placed 
in 20 c.c. of water and carefully heated over a bunsen 
burner only to the point of complete gelatinization. To 
2 e.c. of this preparation is added 2 c.c. of a 2 per cent 
Lugol’s solution, and then the colorations of grains and 
solution are determined by microscopic examination. 

In the fourth experiment the remainder of the boiled 
preparation is boiled for 2 minutes to further break 
down the starch grains; then 4 c.c. of the 2 per cent 
Lugol’s solution added; and then microscopic deter- 
mination made of the colorations of grain residues, 
capsules, and solution. 

7. Anritine Reactions. 

A number of anilines have been found by various 
investigators to be of value in the differentiation of 
starches from different sources, of different grains of 
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the same kind of starch, and of different parts of indi- 
vidual grains. Some experimenters have employed 
double or triple stains. There is also no doubt that the 
use of double or triple stains would bring out, at times 
at least, many points of much histological importance, 
but this would have involved the carrying out of the 
histological examinations in such detail as to be pro- 
hibitive in a research of this character. Safranin and 
gentian-violet were selected, not because they are prob- 
ably the best of these stains for differential purposes, but 
because they have been found very useful in starch exam- 
inations and as they yield single color reactions. 

Aniline colors in solution, especially when in weak 
solution and exposed to light, are notably unstable, and 
in order to secure strictly comparable results a quantity 
of a relatively strong standard solution was prepared 
and kept in the dark, tightly corked. The stock solutions 
were composed of 0.25 gram of aniline with 150 c.c. of 
distilled water. From day to day dilute solutions were 
prepared by adding 33 c.c. of water to 2 c.c. of the stock 
solution; 15 c.c. of the latter solution are placed in a 
test-tube containing 0.07 gram of starch, the preparation 
agitated, 1 or 2 drops withdrawn in a minute and exam- 
ined under the microscope, and a final examination made 
at the end of half an hour. In these color determina- 
tions the microscope is used, as in the iodine reactions, 
with a fully open diaphragm and low power. Owing to 
the relatively slow reaction, the values for comparative 
purposes were taken at the end of a half hour instead 
of immediately, as in the first iodine reaction. The 
method of valuation is the same as in the iodine reac- 
tions, but the starch standards for these reactions are: 
Solanum tuberosum, value 90, “very deep”; Amaryllis 
belladonna, value 50, “ moderate” ; F'reesia refracta alba, 

value 30, “ light.” 

8. TEMPERATURES OF GELATINIZATION. 

While the records of various investigators indicate 
that there are more or less marked differences in the 
temperatures of gelatinization of different kinds of 
starches, and even in case of different grains of the 
same starches, the figures applying to the same kind 
of starch are generally so at variance that not much value 
is to be attached to them. The sources of fallacy in 
such observations, unless the determinations are made 
with the greatest precautions, are well known to every 
biochemist. We therefore carried out this work with 
especial care. A long quadrangular water-bath was 
used, holding about 4 liters of water; one end was placed 
over the gas flame, and in the other end was inserted a 
thermometer which was calibrated in tenths centigrade, 
but which could readily be read in hundredths. A small 
quantity of starch with 10 c.c. of water was placed in a 
test-tube, into which was inserted, through a perforated 
cork, a thermometer similar to the one in the water- 
bath, and the test-tube immersed in a suspended wire 
basket in the part of the water-bath farthest from the 
flame. The temperature of the water was raised very 
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slowly, and the water occasionally stirred, so that at no 
time did the two thermometers differ more than about 
2°. As the temperature increased, specimens of the 
starch were examined at intervals, the tube being shaken, 
and a specimen obtained by inserting the end of the 
pipette to the bottom of the tube, a clean pipette being 
used to remove each specimen. Each specimen was 
placed on a slide, upon which was recorded both tem- 
peratures, and the slide was examined in the polarizing 
microscope. The temperatures at which there is an en- 
tire loss of anisotropy of a majority and of all of the 
grains were recorded as the temperatures of the tube. 
The lower temperature recorded on the slide was the 
record of the thermometer in the test-tube, and the higher 
temperature was that of the water-bath. The actual 
temperature of gelatinization lies somewhere between 
the two, and for convenience, especially for purposes of 
comparison, the mean of the two was for obvious reasons 
taken as the “temperature of gelatinization.” In the 
records all three temperatures are given in accordance 
with the foregoing. 

9. Action or Swetuine Reagents. 

Quite a number of swelling or gelatinizing reagents, 
of very diverse chemical composition and exhibiting more 
or less individuality of action, have been used by various 
experimenters in studies of the structural peculiarities 
of starch-grains or in the differentiation of different 
kinds of starch or for other incidental purposes. This 
method of differentiating starches seemed so promising 
that in the preceding research five such reagents were 
selected. For obvious reasons choice was made of those 
which differ widely in chemical composition and which 
yield sufficiently prompt and characteristic results. 
Those selected included chloral hydrate-iodine, chromic 
acid, pyrogallic acid, ferric chloride, and Purdy’s solu- 
tion. For evident reasons it is desirable’ to repeat 
some of the statements made in the preceding memoir. 

The chloral hydrate-iodine solution was prepared by 
saturating a saturated solution of chloral hydrate with 
iodine. This solution, sooner or later, not only causes 
swelling and ultimate partial dissolution of the grains, 
but, owing to the presence of iodine, also yields important 
accompanying color reactions ; and it is, on the whole, to 
be regarded as a very important reagent. 

Chromic acid was used in the form of a 25 per cent 
solution, and it is the only one of the five reagents that 
causes, within the periods of observation, a complete 
disintegration of the grains. It gives rise to gas bubbles 
during the decomposition processes. 

The pyrogallic-acid solution was prepared by making 
a saturated solution and diluting this with three parts 
of water, adding oxalic acid in the proportion -of 4 per 
cent to hinder oxidation. 

The ferric-chloride solution consisted of equal parts 
of a saturated solution and water. Purdy’s solution 

was made by diluting the standard solution with an equal 
volume of water. 
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The last reagent was usually found to be the least 
active of the five, and it is, so far as the effects on the 
grains are concerned, probably essentially an aqueous 
solution of potassium hydroxide, and therefore likely 
possesses no advantages, except perhaps in keeping quaii- 
ties, over the simple aqueous solution. Oxygen or ex- 
posure to the air favors the actions of pyrogallic acid, but 
hinders those of chloral hydrate and ferric chloride. In 
the former case, the grains near the edge, or on the out- 
side, of the cover-slip are decidedly more affected than 
those within, while with the latter the opposite is true. 

There are some forms of commercial chloral hydrate 
that have very little action, which may be due to under- 
hydration or over-hydration. The crystals put up by 
Schering were used throughout this investigation. 

It is important that fresh solutions of the reagents be 
prepared at short intervals, as all tend to deteriorate, and 
it is well to let them stand over night before using. 

In using these reagents a small amount of starch 
was placed in a slide as in the polarization experiments, 
several drops of the reagent were added, a cover-glass 
put on, and the progress of events examined under the 
microscope. In using a given reagent with a given kind 
of starch, it was found that there was a certain amount 
of variation in the effects from time to time, probably 
attributable to variations in temperature, so that these 
studies were made as far as possible under constant tem- 
perature conditions. The variations, as a rule, were 
unimportant. These agents give rise to gelatinization 
and swelling of the grain and cause the existence of the 
outer and inner parts of the grains to appear very con- 
spicuous—the outer part becoming sac-like and inclosing 
a less dense or semi-fluid substance. 

Experience taught us that not only the method but 
also the reagents, as regards both kind and concentration 
of solution, can be markedly improved. As previously 
stated, the method though gross seemed to meet the theo- 
retical requirements of the research—that is, the deter- 
mination whether or not starches are modified in relation 
to species and genera—without attempting to establish 
constants or strictly exact data. During the progress 
of the present research we used, in a limited number of 
experiments, certain reagents which in the text that 
follows are designated : 

SoLuTIon No. 2. 

Chloral hydrate-iodine—Schering’s crystals of chloral hydrate 
30 grams, water 17 c.c., Lugol’s solution 3 c.c. 

Chromic acid 10 grams, water 40 c.c. 
Pyrogallic acid 9 grams, oxalic acid 0.5 gram, water 40 c.c. 
Ferric chloride 50 grams, water 5 c.c. 

Ammonium nitrate 15 grams, water 10 c.c. 

After a time the ferric chloride was abandoned be- 
cause of difficulties in standardization and in obtaining 
satisfactory uniformity in the results of repeated experi- 
ments, and it was also found that other of the reagents 
could be used to better advantage in a modified form. 
A few experiments were also made.with ammonium 
nitrate and certain other reagents, but for various reasons 

were set aside. It is yet wholly problematical as to 
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what reagents and what concentrations are best adapted 
for such studies, but the following were finally adopted 
in this research, although experience has shown that all 
or nearly all can be modified to advantage in concentra- 
tion and they can be added to with great profit. Chemi- 
cally pure chemicals and distilled water were used. The 
solutions should be made only in small quantities, and 
when fresh solutions are prepared they must be tested 
with the several selected starches, the reaction-intensi- 
ties of which are known, to determine whether or not 
they are of exactly proper strength. 

Chloral hydrate—Schering’s chloral hydrate crystals 15 grams, 
water 5 c.c. 

Chromic acid 2.5 grams, water 20 c.c. 

Pyrogallic acid 4 grams, oxalic acid 0.3 gram, water 35 c.c. 

Nitric acid 10 c.c. water 35 c.c. 
Sulphuric acid 10 c.c., water 27 c.c. 

Hydrochloric acid 9 c.c., water 10 c.c. 
Potassium hydroxide 0.75 gram, water 55 c.c. 

Potassium iodide 10 grams, water 30 c.c. 

Potassium sulphocyanate 5 grams, water 30 c.c. 
Potassium sulphide 1 gram, water 40 c.c. 

Sodium hydroxide 0.5 gram, water 100 c.c. 
Sodium sulphide 1 gram, water 45 c.c. 
Sodium salicylate 10 grams, water 10 c.c. 

Calcium nitrate 8 grams, water 16 c.c. 

Uranium nitrate 8 grams, water 10 c.c. 

Strontium nitrate 5 grams, water 7 c.c. 

Cobalt nitrate 9 grams, water 15 c.c. 

Copper nitrate 15 grams, water 30 c.c. 

Cupric chloride 9 grams, water 15 c.o. 

Barium chloride 5 grams, water 12 c.c. 

Mercurie chloride 18 grams, ammonium chloride 10 grams, 
water 40 c.c. 

Occasionally modified solutions were used in qualita- 
tive experiments to meet special conditions, note being 
made in the text at the proper place whenever this has 
been done. 

In the reactions with the chemical reagents it is 
essential, in order to obtain uniform and wholly reliable 
results, that the slides should be prepared with much 
care as regards the quantity and distribution of the 
starch and the quantity of the reagent, and that imme- 
diately upon the addition of the reagent the preparation 
be protected so that changes due to alterations in concen- 
tration and to oxidation will not occur. The method 
pursued is as follows: 

A square area of starch is first prepared on a slide as 
in the polarization reactions. This square is surrounded 
by a layer of purified vaseline 5 mm. wide, applied by 
an artist’s flat camel’s hair brush. A cover-slip is now 
prepared by coating the margin of one surface with a 
corresponding band of vaseline, so that when the cover- 
slip is placed on the slide the surfaces of two vaseline 
squares form an air-tight junction, preventing change in 
concentration of the reagent by evaporation or absorp- 
tion of water and eliminating influences of the oxygen 
of the atmosphere. Two drops of the reagent are care- 
fully and quickly placed on the center of the starch layer, 
the cover-slip instantly applied, the slide placed on the 
stage of the polarizing microscope, a suitable field speed- 
ily found and examined in polarized light. 
practically exact count is made of the number of grains 
in view, but if the reaction is very rapid this part of the 
method is modified as hereinafter stated. All these 

Usually a | 

procedures are done as expeditiously as possible. In the 
starches of some species there are to be found variable 
proportions of very minute grains which for obvious 
reasons must be ignored in making the count. The num- 
ber of grains in the field ranges usually from 150 to 200, 
rarely as few as 75 to 100 or as many as 400 to 600, the 
number depending largely upon and in approximate ratio 
to the mean size of the grains; but such differences in 
number do not imply corresponding differences in the 
total amount of starch present. In specimens in which 
the grains are small, the number of grains in the field 
will be larger than when the grains are large, and the 
number will vary also because of some irregularities in 
the distribution of the grains, a field always being selected 
that is well adapted for the count and for watching the 
processes of gelatinization. Unless gelatinization occurs 
very rapidly the percentages of grains and total starch 
gelatinized are not determined until at the end of 5 

| minutes from the time of the addition of the reagent, 
and subsequently at 15, 30, 45, and 60 minute intervals, 
or as may be desirable. At these periods the number 
of grains not completely gelatinized is counted, and then 
the percentage .of grains completely gelatinized is com- 

. puted by finding the difference between the original 
number in the field and the number thus found. In 
addition to the grains completely gelatinized there will 
be seen grains in partial stages of gelatinization and 
perhaps some wholly unaffected. The amount of starch 
remaining ungelatinized is computed in terms of grains 
and is estimated by finding the number of grains that 
are unaffected and the proportions of starch ungelatinized 
in the partially gelatinized grains. Thus, in the latter 
case, if there remains an average of one-quarter of 
the starch unaffected (in some grains it may be one- 
tenth, in others one-fifth, etc.), it will take 4 grains 
to represent the amount of starch in an average grain of 
the specimen, the number thus determined being added 
to the number of grains that are unaffected, the sum 
deducted from the original number under observation, 
computing by the difference the percentage of the total 
starch gelatinized. 

When gelatinization occurs very rapidly or very 
slowly the foregoing method must be modified to suit 
conditions. Frequently complete or almost complete 
gelatinization occurs within 15 seconds after the appli- 
cation of the reagent. Obviously time is not permitted 
for a count of the number of grains in the field before 
determining the number of grains wholly and partially 
ungelatinized. By extreme alertness it is possible within 
15 seconds after the addition of the reagent to have the 
slide on the stage of the microscope, select a field, make 
a count of the ungelatinized grains, and estimate the 
parts of grains that remain ungelatinized. The number 
of grains in the field can not be satisfactorily counted 
after gelatinization because of the swollen and distorted 
condition and overlapping of the grains. Hence, in 
these very rapid reactions the average number of grains 
in a field is determined beforehand and a corresponding 
field is selected. It follows from this that the percentage 
of starch gelatinized under such conditions is very grossly 
estimated, that no importance is to be attached to the 
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figures beyond the time-limit of complete gelatinization, 

and that the figures have no value for comparison in cases 
of starches which likewise are very quickly gelatinized, 
unless by averages obtained from frequently repeated 
experiments. 

When gelatinization occurs very slowly it often is 
easier, after having made the count in the field, to deter- 
mine the number of grains gelatinized and partially 
gelatinized, as for instance when only 1 per cent of the 
total starch is gelatinized at the end of 5 minutes or 5 

or 10 per cent at the end of an hour. 

10. Constancy or Resutts Recorpep sy Tus Fore- 
cone Meruop. 

It goes without saying that such experiments should 
be carried out as far as possible under fixed conditions, 
especially as regards the quantity of starch in relation 
to the quantity of reagent. The variations in the quan- 
tity of starch, in so far as constant results are concerned, 
are absolutely negligible, as has been found not only in 
the records of repeated experiments, but also in the 

records of varieties of a species when the records should 
be expected to be very close because of the starches being 
nearly identical. The quantity of reagent used is in- 
variably 2 drops, each reagent being kept in a 50 c.c. 
bottle having a glass-stoppered finger pipette dropper 
with a rubber tip. Under practically identical laboratory 
conditions as regards quantity of starch, quantity of 
reagent, temperature, and humidity the results recorded 
by repeated experiments are either identical or vary 
within limits that are so narrow as to be absolutely with- 

out importance. Even marked variations in temperature 
and humidity have not been found to be important, except 
in rare instances. (See note under Amaryllis-Bruns- 
vigia-Brunsdonne, page 34.) 

Obviously, some variations, even though trifling, are 
to be expected, so that in order to obtain constants a given 
experiment should be repeated a sufficient number of 
times and an average taken of the records, as in the 

determination of melting-points. Experience has shown, 

however, that in so far as the requirements of the present 
exploratory research are concerned the results of a single 
experiment carefully carried out are dependable within 
narrow and wholly unimportant limits of error. The 
chief sources of error to be guarded against are leakage 
through the vaseline seal; the presence of contaminating 

substances in the starch; certain peculiarities occasion- 
ally observed in the behavior of starches towards certain 
reagents; and errors in estimation when the reactions 
are very rapid. Leakage through the vaseline seal is 
sedulously to be avoided, and if a leak occurs the slide 
and records must be discarded. 

The presence of oxalate crystals in the starch is by 
no means uncommon, but no clear evidence has been 
found to lead to the belief that, unless in exceptionally 
large quantity, they in any way influence the course or 

time of gelatinization by the reagents used. In the 
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present research in Calanthe only were there even many 
of these crystals; in the Phaius a few; and none or 
practically none in the other starches. Occasionally 
foreign matter in the form of undetermined debris is 
present which can not be gotten rid of by repeated wash- 
ing, as in Tritonia pottsii. Such matter may affect the 
polarization, iodine, and aniline reactions to a detectable 
degree, but no effect has been noted in the other reac- 
tions. With the exception of this starch all have been 
free from such contamination. Erratic behavior of an 
inexplicable character has upon rare occasions been ob- 
served in the use of the sulphide and salicylate solutions. 
Finally, when the reactions are very rapid, while satis- 
factory records may not be obtained for comparison with 
those of other starches which gelatinize with similar 
rapidity, changes in the concentrations of the reagents 
can be made so as to lengthen the time of the reactions 
and thus permit of satisfactory differentiation. 

Comparatively little importance is to be attached to 
the polarization, iodine, gentian violet, and safranin 
reactions when the reactions are close. Personal equa- 
tion and incidental conditions are here not unimportant 
factors that may greatly vary the limits of error of ex- 
periment. In future investigations these agents might 
with profit be discarded for better means of study unless 
further experience brings out greater values than they 
have thus far shown. 

11. ReaGEnts USED IN QUALITATIVE INVESTIGATIONS. 

The methods used in this research are both quantita- 
tive and qualitative, chiefly the former because of the 
ease with which the data recorded can be reduced to 
figures and charts. The qualitative reactions have been 
studied especially by means of certain of the chemical 
reagents that were selected from time to time because 
of their especial adaptation to certain kinds of starches 
to elicit qualitative phenomena, some reagents acting 
better with some kinds of starches than with others. 
Incidentally here and there special qualitative records 
were made by the use of selenite, iodine, gentian violet, 
safranin, and heat. In the qualitative reactions many 
points of varying degrees of interest and importance were 
brought out that can not be studied by the quantitative 
methods described, some of equal or greater importance 
than those obtained generally by the latter methods. 

In studying the starches of the Amaryllidacee we 

used chloral hydrate, nitric acid, potassium iodide, potas- 
sium sulphocyanate, potassium sulphide, and sodium 
salicylate, excepting in the Narcissi when the sodium 

salicylate was omitted. Additional studies were occasion- 
ally made with sodium hydroxide, sodium sulphide, co- 
balt nitrate, copper nitrate, cupric chloride, barium chlo- 
ride, or mercuric chloride. In studying the Lilliacee 
we used chloral hydrate, chromic acid, potassium hydrox- 

ide, cobalt nitrate, and cupric chloride; in the Iridacezx, 

chloral hydrate, hydrochloric acid, potassium iodide, 

sodium hydroxide, and sodium salicylate; in Begonia, 
chloral hydrate, chromic acid, pyrogallic acid, nitric acid, 
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and strontium nitrate; in Richardia, chloral hydrate, 

chromic acid, hydrochloric acid, sodium hydroxide, and 
sodium salicylate; in Musa, chloral hydrate, chromic 
acid, pyrogallic acid, sodium salicylate, and cobalt ni- 
trate; in Phaius, chloral hydrate, chromic acid, nitric 
acid, hydrochloric acid, potassium hydroxide, potassium 
iodide, potassium sulphocyanate, potassium sulphide, so- 
dium hydroxide, sodium sulphide, and sodium salicylate ; 
in Miltonia, chloral hydrate, chromic acid, hydrochloric 
acid, potassium iodide, and sodium salicylate; in Cym- 
bidium, chloral hydrate, chromic acid, sodium salicylate, 
barium chloride, and mercuric chloride; and in Calanthe, 
chloral hydrate, chromic acid, nitric acid, hydrochloric 
acid, potassium hydroxide, and sodium salicylate. In- 
stances here and there will be found where additional 
reagents, or reagents of concentrations varying from 
the standards given, were used. The special reasons for 
the selections in the various cases will be found in 
Chapter V. 

12. Cuarts or Reaction-INTENSITIES OF DIFFERENT 
STARCHES. 

It is difficult or impossible to associate the different 
reaction-intensities of a given starch with different reag- 
ents or those of different starches with a single reagent 
when expressed in figures in such a way as to form an 
accurate or even a reasonably approximate mental picture 
of their individual and related values; and, moreover, 
an association of this kind becomes increasingly difficult 
or absolutely impossible when one attempts to multiply 
such pictures in a comparison of the reactions of two 
or more starches with different reagents or of two or 
more reagents with a given starch. Hence, it has been 
found necessary to translate these figures into the forms 
of curves which, as will be seen, give not only strikingly 
clear presentations of these extremely varied reaction- 
intensities, but also, as a corollary, permit of the readiest 
and most satisfactory comparisons. It was found during 
the development of the research that it is desirable to 
exhibit these peculiarities in six kinds of charts as 
follows: 

A 1 to A 26, showing the reaction-intensities of all or 
many of the starches with each agent and 
reagent. 

B 1 to B 42, showing the reaction-intensities of certain 
starches with certain agents and reagents. 

C 1, showing the reaction-intensities of genera and sub- 
genera or other generic subdivisions as regards 
height, sum, and average. 

D 1 to D 691, showing the velocity-reactions of different 
starches with different reagents. 

E 1 to E 46, showing composite reaction-intensity curves 
of the starches of parent- and hybrid-stocks 
with different agents and reagents. 

F 1 to F 14, showing the percentages of macroscopic and 
microscopic characters of plants, and of the 
percentages of the reaction-intensities of 
starches, as regards sameness to one or the 
other or both parents, intermediateness, and 
excess and deficit of development. 
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Inasmuch as this research is primarily a comparative 

investigation of the starches of parent- and hybrid- 
stocks, the curves that represent parents and offspring 
have, whenever feasible or desirable, been plotted out 
together in order to render comparisons easy. For 
various reasons, hereafter stated, all of these charts have 

been brought together and now compose the last part of 
Chapter IV, page 175, et seq. 

In the groups of charts designated A, B, and E, in 

the polarization, iodine, gentian-violet, and safranin reac- 
tions the abscisse are in terms of quantitative light and 
color values based on an arbitrary scale of 105 in divi- 
sions of twentieths; in the temperatures of gelatinization 
in the centigrade scale from 40° to 95° in divisions of 
2.5° ; and in the gelatinization experiments with different 

reagents in a duplex scale, the upper portion giving the 
time of complete or practically complete gelatinization 
(95 per cent or more of the total starch), and the lower 
portion the percentage of the total starch gelatinized 
when complete or practically complete gelatinization has 
not occurred within 60 minutes. In Charts A 1 to A 26 
the vertical lines that are projected from the plant names 
are extended to the abscisse that represent the reaction- 
intensity values. Thus, if gelatinization is complete or 
practically complete at the end of 5 minutes the line is 
carried to the 5-minute abscissa; if 80 per cent is gela- 
tinized at the end of the 60-minute period the line is 
carried to the lower part of the scale—that is, to the 
abscissa designated 80 per cent of the total starch gela- 
tinized in 60 minutes, and so on. The second form of 
chart, including B 1 to B 40, while having the same 
abscisse as the first and fifth forms have different ordi- 
nates, and Charts B 41 and B 42 while having the same 
ordinates as the others of this group have wholly or partly 
different abscisse to meet special conditions. In these 
charts the reaction-intensity values have been recorded 
at the proper abscissa on each ordinate and then a line 
projected from ordinate to ordinate to form a curve. In 
Charts E1 to E46 the ordinates represent the various 
agents and reagents, the values are recorded as in group 
B 1 to B 40, and in each chart the curves of the reaction- 
intensities of parent-stocks and offspring are presented. 
In Chart C 1 the abscisse are in terms of height, sum, and 
average reaction-intensities, and the ordinates represent 
genera, subgenera, or generic subdivisions. In charts 
D 1 to D 670 there are given records of the progress of 
gelatinization in per cent-time, the curves of each set of 
parent-stocks and offspring being recorded on each chart, 
excepting in case of a few special charts. The abscisse 
are in terms of percentages of total starch and the ordi- 
nates are in time-intervals of 5 minutes. While deter- 
mining the percentage of total starch gelatinized at defi- 
nite time-intervals simultaneous records were made at 
the same periods of the total number of grains com- 
pletely gelatinized. When these two sets of data are 
reduced to curves it is found that varying differences 
are exhibited by the different starches, in the case of 
each starch with the various reagents, and by the differ- 
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ent starches with each reagent, the variations in the 
courses and degrees of separation of the two curves being, 
on the whole, quite as significant in the differentiation 
of the starches as differences in the percentage of total 
starch gelatinized (see Chapter IV, page 170). In case 
of some starches with a given reagent the percentage of 
total starch and the percentage of grains completely gela- 
tinized run closely together, or even almost parallel, 
while with other starches a large percentage of the total 
starch may be gelatinized, yet only a small percentage 
of grains be completely gelatinized ; the same peculiarity 
holds good in regard to any given starch with different 
reagents. Obviously all such data must be of importance 
in the formulation of the physico-chemical characteristics 
of any kind of starch. In Charts F 1 to F 14 there are 
plotted out in some percentages of macroscopic and 
microscopic characters of plants, and in others those of 
plant and starch characters, the abscisse and ordinates 
being varied to meet particular and obvious conditions. 

No one kind of chart of itself presents in full starch 
peculiarities. In fact, a satisfactory picture of the pecu- 
liarities of any starch can be had only by combining the 
curves of the several kinds of charts with histological 
peculiarities, and the polariscopical, iodine, aniline, heat, 
and chemical qualitative reactions. In other words, 
characters not brought out by one means of investiga- 
tion may be by another, etc.; hence, it is the sum-total 
of data that must be taken in the final analysis. 

13. ComparaTIVE VaLuaTIoNs OF THE ReEacTIoN- 
INTENSITIES. 

Throughout all of the reactions definite standards 
of comparison were adopted, varying somewhat with 
the different agents, yet all forming a definite coordinate 
system based upon common abscisse (Chart A 1, Chap- 
ter IV). Thus, the reaction-values in the polarization, 
iodine, gentian violet, and safranin reactions are based 
upon a “light and color reaction” scale up to 105, from 
0 to less than 20 being grouped as very low or very light, 
20 to less than 40 as low to light, 40 to less than 60 

as moderate, 60 to less than 80 as high or deep, and 80 to 
105 as very high or very deep; the terms very low, low, 
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moderate, high, and very high are applied to the polariza- 
tion reactions; and very light, light, moderate, deep, 
and very deep to the iodine and aniline reactions, the 
sets of terms being synonymous in so far as comparative 
values are concerned. The reactive-values of the tem- 
perature of gelatinization experiments range from 42° 
to 95° C. (“ temperature of gelatinization ” scale), 82.5° 
corresponding to 20, 72.5° to 40, 62.5° to 60, 52.5° to 
80, and 42.5° to 100, of the foregoing scale. The 
reaction-values of the reactions with the various chemical 
reagents are, as previously stated, in terms of complete 
and partial gelatinization—of complete gelatinization 
within a period of 60 minutes, and of percentage of total 
starch gelatinized in 60 minutes, the scale consisting of 
two parts in accordance with this division. These reac- 
tive-values based upon the light and color scale of 105, 
are as follows: 50 per cent of the total starch gelatinized 
in 60 minutes corresponding to 20, and 90 per cent to 40; 
complete gelatinization in 45 minutes to 60, in 25 minutes 
to 80, and in 5 minutes to 100. 

Comparative reactive-intensities are grossly presented 
in the text by referring the reactions to five groups upon 
the basis of the values as they fall within the five divi- 
sions enumerated; very low, low, moderate, high, and 
very high. This plan has been followed in the Summaries 
at the end of each set of parent- and hybrid-stocks, and 
each group of sets that belong to a given genus. It was 
found, however, in the final summing up of such data to 
show generic differences, that the reactive-intensities 
could better be presented when the exact value in units 
in each reaction was taken instead of the group value. 
For instance, two starches whose values fall within the 
“very high ” division may have very different numerical 
values, one a value of 80 and the other of 100 or more, 
according to the first scale given, etc. In making out 
these values each abscissa was taken as having a value 
of 5, making the range of the scale from 0 to 115, the 
abscissa having a value of 25 corresponding to 20, 45 to 
40, 65 to 60, 85 to 80, and 105 to 100 of the “light and 
color reaction” scale. This difference is owing to the 
raising of the light scale 5 points higher than it should 
have been under usual circumstances. 



CHAPTER III. 

HISTOLOGIC PROPERTIES AND REACTIONS. 

Comparisons oF THE More Important Data or 
tHE Histotogic PRoPERTIES AND THE PoLaRrt- 
scopic, Joprinz, ANILINE, TEMPERATURE, AND 
Various Reagent Reactions oF THE STARCHES 
oF Parent- anp Hysrip-Stocks.* 

The great volume of matter that has been recorded 
in the laboratory investigations of the starches of 
parents and hybrids, and which constitutes Chapter I 
of Part II of this memoir, renders it desirable, for 
various reasons that will be obvious, to bring together 
in a very succinct form such of the data as seem to be 
the more important in showing parental and hybrid re- 
lationships and peculiarities. This has been attempted 
in the present chapter, but the records of the histologic 
properties in the laboratory notes are so condensed that 
in a large number of instances the summaries in this 
chapter will be found to be more suggestive than adequate, 
or even have been omitted in order to avoid an almost full 
restatement. 

In the comparisons of the properties of parents and 
hybrids a definite system has been adopted throughout 
all of the parent-hybrid sets. In Section 1 the histologic 
properties and the qualitative polariscopic and iodine 
reactions, respectively, of the parents are with rare 
exceptions each first compared, and then those of the 
hybrid with those of the parents, and then when there 
are two hybrids of the same parentage their properties 
are compared. Much attention was given in the labora- 
tory work to the study of qualitative reactions with 
several of the reagents, which reactions have been found 
to be of importance not only in the study of the starches 
of different varieties, species, and genera, but also of 
the starches of parents and hybrids. References are 
made to these reactions in this section, especially in 
regard to the peculiarities of the hybrid in relation to 
the parents. In subsequent sections the data are quanti- 
tative, lending themselves admirably to both tabulation 
and charting. 

Section 2 records comparisons of the reaction-inten- 
sities in the polarization, iodine, gentian-violet, and tem- 
perature experiments. The data are tabulated under 
these headings in forms well adapted for ready com- 
parisons, the tables being followed by brief comparative 
summaries of the peculiarities of the reactions of the 
parents and of the reactions of hybrid and parents, and of 
the two hybrids when such exist. 

In Section 3 the reaction-intensities of the starches 
expressed in terms of percentage of total starch gelati- 
nized at definite time-intervals are tabulated under head- 

*For convenience the parent- and hybrid-stocks are usually 
referred to briefly as parents and hybrids. 

ings that designate the reagents used, and in a form that 
is well adapted to show parental and parental and hy- 
brid relationships and variations in the reactions of the 
starches with each reagent. In most of the sets of parents 
and hybrids 21 reagents were used; in some only 5, 
usually the same. It would have been desirable to have 
employed the 21 reagents throughout, and also not only 
additional reagents, but certain of the reagents in two 
or more concentrations, but limitations of time, to- 
gether with other conditions, rendered this practically 
prohibitory. 

By reference to the text of Part II, Chapter I, it will 
be seen that while making these records both the per- 
centage of the total starch and the percentage of the 
entire number of grains completely gelatinized were 
recorded at the ends of the several time-intervals. As 
will be pointed out later on (Chapter IV, page 170), 
these two percentages vary greatly in their relationships, 
and the differences are often of more or less diagnostic 
importance. It was not, however, found to be desirable 
to include these figures in the tables here given because 
any advantage gained would be more than counter- 
balanced by their interference with the clear-cut presen- 
tation of the figures given, nor have they been found to 
be of sufficient value at present to justify a separate 
tabulation. The figures recorded in most of the tables do 
not convey to the mind the same impressions that are 
exhibited by charts, because they are too numerous and 
varied; therefore, since these data are of exceptional 
value in the determination of similarities and dissimilari- 
ties of the starches from different plant sources they 
have been rendered in the form of curves (Charts D 1 
to D 691, Chapter IV, page 210), which admirably pic- 
ture the progress of the several reactions. These charts 
have been studied somewhat in detail, individually and 
comparatively, in Section 4 and also in Chapter IV, 
page 167. In these experiments records were usually 
made at time-intervals of 5, 15, 30, 45, and 60 minutes. 
Occasionally, when the processes of gelatinization were 
very rapid, records were made at 1, 2, 3, 4, or 5 minute 
intervals, and sometimes, when the processes were ex- 
ceedingly slow, only at the end of 60 minutes. Rarely 
records were also made at 10 or 20 minutes, or other 
periods. Little or no importance is to be attached to 
differences in the intensities of reactions that are recorded 
in less than 5 minutes unless the figures are quite dif- 
ferent, small differences falling within the limits of 
error of experiment. In the studies of the velocity- 
reaction curves that constitute Section 4 the data per- 
taining to the parents were first considered and then those 
of parents and hybrids and of the hybrids, as in Sections 
1 and 2. i 4 
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The marked variabilities that are exhibited by the 
reaction-intensities of the starches of the hybrids in 
relation to those of the parents, coupled with the im- 
portance that is almost invariably attached to inter- 
mediateness as a criterion of hybridism, led to the 
introduction of Section 5, which summarizes the reaction- 
intensities of the starches of the hybrid as regards 
sameness, intermediateness, excess, and deficit of reac- 
tion-values in relation to one or the other parent or both 
parents. The statements herein are based upon the tables 
A 1to A 26, and the Charts D 1 to D 670 in Chapter IV, 
page 210.’ The quantitative relations of the reactions 
of the hybrid to those of the parents could not in some 
instances be satisfactorily determined, because usually of 
too rapid or too slow reactions, variant courses of reac- 
tion, or differences that are so small as to fall within 
the limits of error of experiment; and differences may 
be seen in the tables that can not be or are not satisfac- 
torily presented in the charts, especially such as may be 
recorded during the first 5 minutes of the experiments. 
When the reactions are very rapid, any differentiation 
must be determined very early, and unless the records 
differ markedly the hybrid is credited with sameness in 
relation to one or the other or both parents, as the case 
may be. Sometimes there may be no differences early in 
the experiments, but marked differences occur later, in 
which case the values are determined late, and so on. 
Occasionally one or more of the curves will take on a 
variant course, so that the hybrid relationships to one 
or the other parent or both parents may be different at 
different periods of the experiment, in which case the 
relation of the hybrid must be determined by the general 
impression conveyed by the chart (see Chapter IV, page 
168). However, in the vast majority of cases the 
hybrid and parental relationships are presented quite 
definitely. It will be seen that particular attention has 
been given in the statements of intermediateness to note 
whether or not there is mid-intermediateness, and if not, 
the inclination to one or the other parent or both parents, 
and it will be found that intermediateness is an exception 
rather than arule. In each of these sections the reaction- 
intensities have been summarized in tabular form that 
will be found of much value for comparative purposes. 

In the preceding sections the starches of the parent- 
stocks and hybrid-stocks have been studied in their his- 
tological properties and reactions with each of the various 
agents and reagents, separately and comparatively, and 
in a measure collectively ; but as yet these reactions have 
not been so presented as to give a clear picture, as it 
were, of the reaction-intensities of each starch when 
collectively considered and of each starch with the others 
of the set. This has been attempted with a very large 

measure of success in Section 6. Herein representative 
reaction-values of each starch elicited by all of the agents 
and reagents used are so linked as to form a composite 
curve, and all three or four of the composite curves of the 
starches of the set are plotted out in the form of a single 
chart. By this means there is afforded not only a method 
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for the study of parental and hybrid relationships, but 

also species, generic, and other taxonomic peculiarities. 
The plan of plotting out these curves is described in 
Chapter II, Section 12, and these curves are given fur- 
ther consideration, especially from the aspect of plant 
classification, in Chapter IV, page 172. 

It is of importance to note that in the gelatinization 
reactions the values recorded are in terms of terminal and 
not progress values—that is, of the time of complete or 
practically complete gelatinization within 60 minutes or 
of the percentage of the total starch gelatinized when the 
process is not or practically not completed within this 
period. Therefore, when these values are compared 
with those stated in Sections 4 and 5, where they are 
based on reaction-intensities observed during the progress 
of gelatinization, there may appear to be many discrepan- 
cies of statement—discrepancies that depend solely upon 
different adopted standards of valuation. For instance, 
turning to Chart E11, the reaction-values of all four 
starches in the chromic-acid and sodium-salicylate reac- 
tions, respectively, are charted as being in each case the 
same—that is, in the former, complete or practically 
complete gelatinization in 30 minutes and in the latter 
in 5 minutes; while in Sections 4 and 5 these starches 
are differentiated in each of these reactions. The con- 
struction of these composite charts is therefore mani- 
festly seriously faulty, because important differences 
recorded during the progress of the reactions are in part 
or wholly ignored, for which reason such charts must 
have only tentative and otherwise restricted values. 
Notwithstanding such grave defects, they have a very 
great measure of usefulness, and it is obvious from the 
context that in their application to the recognition of 
parents, hybrids, varieties, species, and genera they 
should be studied conjointly with the data of the preced- 

ing sections of this chapter. 

1. Comparisons or STARCHES OF AMARYLLIS BELLA- 
DONNA, BRUNSVIGIA JOSEPHINE, Brunsponna 
SANDERCG ALBA, AND BRUNSDONNA SANDERG. 

In form the grains of Brunsvigia josephine in com- 
parison with those of Amaryllis belladonna are less regu- 
lar in outline and more varied in character, and unlike 
those of the latter are somewhat flattened. There are 
ageregates not found in the latter. Compound grains are 
more numerous and are much more varied in form. A 
type of compound grain is present that consists of two 
small components joined by incomplete secondary lam- 
elle, sometimes by tertiary lamelle, that is not seen in 
Amaryllis belladonna. Indentations of the margins of 
the grains may be noted which are absent in the latter. 
The hilum is more distinct and usually less eccentric. 
The lamelle are not so fine, more distinct, much less 
numerous, and the outermost tend, unlike in Amaryllis 
belladonna, to be irregular and often not to follow the 
outline of the grain. In size the average is less, and the 
grains are broader in proportion to length than in the 
latter. The polariscopie figure is, on the whole, con- 
siderably less eccentric and less distinct; the lines are 
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coarser and, as a rule, less oblique, and distortion and 
bisection are much more frequent; compound grains are 
much more numerous. With selenite the quadrants are 
less sharply defined, and impurity of both the blue and 
orange, due to a greenish tint, is less frequent. In the 
quantitative and qualitative iodine reactions the colora- 
tion is of a deeper blue and more reddish than in 
Amaryllis belladonna. 

In histological characters the grains of Brunsdonna 
sandere alba are in form closer, on the whole, to those 
of Amaryllis belladonna, but in some respects closer to 
Brunsvigia josephine. A type of grain peculiar to this 
hybrid is noted which consists of an amorphous-looking 
mass composed of a number of fused grains adherent to 
the side or distal end of a large grain-mass, all inclosed 
in 6 to 12 lamelle. The hilum more closely resembles 
that of Amaryllis belladonna; the lamelle in form and 

arrangement are closer to those of Amaryllis belladonna, 
but in number they are closer to Brunsvigia josephine; 
in size and in proportions of length to breadth they are 
closer to Amaryllis belladonna; in polariscopic figures 
and lines and selenite reactions and in the qualitative 
iodine reactions they exhibit a closer relationship to 
Amaryllis belladonna. The qualitative réactions with 
the chemical reagents are, on the whole, much closer to 
Amaryllis belladonna than to Brunsvigia josephine. 

In histological characters the grains of Brunsdonna 
sandere are in form much nearer to those of Amaryllis 
belladonna than to those of the other parent, but they are 
not so near those of Amaryllis belladonna as those of the 
other hybrid, and not so near Brunsvigia josephine in the 
number and type of compound grains as those of the other 
hybrid. The hilum is the same as in the other hybrid, and 
hence nearer that of Amaryllis belladonna. It differs from 
the hilum of the other hybrid in being less often fissured ; 
but it is more often fissured than in either parent. In 
character and eccentricity of the hilum these grains are 
nearer those of the parents than those of the other hy- 
brid. The lamelle in character and arrangement closely 
resemble those of the other hybrid and are closer to those 
of Amaryllis belladonna than to those of the other parent, 
but in numbers they are closer to Brunsvigia josephine. 
In the ratio of length to breadth of the grains, and in 
larger grains in length, it is nearer to Amaryllis bella- 
donna; but in the length of the common-sized grains 
it is nearer to Brunsvigia josephine. In polariscopic 
properties in the character of the figure and appearance 
with selenite this hybrid is closer to Amaryllis bella- 
donna than to the other parent, but not so close as the 
other hybrid. In qualitative iodine reactions it is closer 
to Amaryllis belladonna, but not so close as the other 
hybrid. In the qualitative reactions with the chemical 
reagents close relationship is shown to Amaryllis bella- 
donna and to the other hybrid, but closer on the whole 
to this parent than to the latter. In some respects the 
reactions are closer to Brunsvigia josephine than to 
Amaryllis belladonna, showing the influences of both 
parents. In the chloral-hydrate, nitric-acid, potassium- 
sulphocyanate, and sodium-salicylate reactions it is closer 
to Amaryllis belladonna than to the other hybrid, but 
in the cobalt-nitrate, copper-nitrate, and cupric-chloride 
reactions it is closer to the other hybrid. 
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Reaction-Intensities Expressed by Light, Color, and Tempera- 
ture Reactions 

Polarization: 
A. belladonna, very high, value 97. 
B. josephing, moderately high to very high, value 85. 
B. sandere alba, very high, value 97. 
B. sandere, very high, value 95. 

Todine: 
A. belladonna, moderate to moderately deep, value 55. 
B. josephinz, moderately deep, value 60. 

B. sanderee alba, moderate to moderately deep, value 55. 
B. sanderce, moderate to moderately deep, value 55. 

Gentian violet: 
A. belladonna, moderate to moderately deep, value 55. 

B. josephing, moderate to deep, value 57. 
B. sanderce alba, moderately deep, value 60. 

B. sanderce, moderately deep, value 63. 
Safranin: 

A. belladonna, moderate to moderately deep, value 55. 

B. josephing, moderate, value 53. 
B. sandere alba, moderately deep, value 60. 

B. sandere, moderately deep, value 60. 

Temperature: 

A. belladonna, majority at 70 to 71°, all but distal part of rare 

grains 72.5 to 73°, mean 72.7°. 
B. josephine, majority at 65 to 66°, all but rare grains at 70 to 

72°, mean 71°. 
B. sanderce alba, majority at 70 to 71°, all but distal part of rare 

grains 71.5 to 73°, mean 72.25°. 
B. sanderce, majority at 70 to 71.5°, all but distal part of rare 

grains 72 to 72.5°, mean 72.25°. 

The starch of Amaryllis belladonna in comparison 
with that of Brunsvigia josephine shows higher polariza- 
tion and safranin reactions, and lower iodine, gentian- 
violet, and temperature reactions. In the polarization, 
iodine, safranin, and temperature reactions both hybrids 
are distinctly closer to Amaryllis belladonna than to the 
other parent—Brunsdonna sandere alba showing as a 
whole a slightly closer relationship than the other hybrid ; 
in the gentian-violet reactions they show greater close- 
ness to Brunsvigia josephine, the closer being Bruns- 
donna sandere alba. In the gentian-violet and safranin 
reactions both hybrids show higher reactivities than 
either parent, and the same or almost identical reactivi- 
ties as those of Amaryllis belladonna in the polarization, 
iodine, and temperature reactions. 

Table A 1 shows the reaction intensities in percent- 
ages of total starch gelatinized at definite intervals 
(minutes). 

VELOCITY-REACTION CURVES. 

This section considers velocity-reaction curves of the 
starches of Amaryillis belladonna, Brunsvigia josephine, 
Brunsdonna sandere alba, and Brunsdonna sandere, 
showing the quantitative differences in the behavior 
toward different reagents at definite time-intervals. 
(Charts D 1 to D 21.) 

The Amaryllis and Brunsvigia curves tend, in reac- 
tions with nitric acid, sulphuric acid, hydrochloric acid, 
potassium hydroxide, potassium iodide, potassium 
sulphocyanate, potassium sulphide, sodium hydroxide, 
sodium sulphide, uranium nitrate, cobalt nitrate, and 
barium chloride, to keep very close together; while in 
reactions with chloral hydrate, chromic acid, pyrogallic 
acid, sodium salicylate, calcium nitrate, strontium 
nitrate, copper nitrate, cupric chloride, and mercuric 
chloride there is a well-marked separation during some 
important part, or the whole, of the 60-minute period. 
In the chloral-hydrate reactions the curves are very close 
up to the 15-minute record, at which time they begin 
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to diverge, showing at the end of 60 minutes a differ- 
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Taste A 1.—Continued. 

ence of 14 per cent in the total starch gelatinized. In =a ee -ldlalaladlda 
the reactions with chromic acid, pyrogallic acid, copper a\2 | Fleleisisi¢e 
nitrate, and cupric chloride the greatest differences - ee 
are noted at the end of the 5-minute period, and in the | Potassium hydroxide: 

. . . : a A. belladonna..........}100) .. a 
mercuric-chloride reactions at the end of 60 minutes. es ie 98 99 

: . josep! WA ace aie me 
The curves of the hybrids Brunsdonna sandere alba B. sand, alba...........]100}.. : 

and B. sandere likewise tend to keep close together in | _ B. sanderw............|100).. 
more than half of the reactions, and in even a larger | Potassium iodide: 

. A. belladonna....... 89 96 | 98] 99 | 99 
number than in the parents. Tendency to a well-marked fl soscalnuw. ces 85 95| 98] 99 | 99 
separation of the two hybrid curves is seen in the reac- B. sand. alba........... 6 34| 48) 56 | 64 
tions with sodium hydroxide, sodium sulphide, calcium | _B.sandere............ 16 48 | 57) 65 | 72 
nitrate, uranium nitrate, and copper nitrate. There is | Potassium sulphocyanate: 

s : : A. belladonna.......... ee 80 90 | 95) 99 | 99 
not a constant relationship of the parental and hybrid B.josephing oo 33 a 63 90] 95] 99 | 99 
curves; for instance, the parental curves may be very B. sand. alba...........|.. 1 1] 2) 4| 6 
close to one another, while the hybrid curves are well | 3B. sandere:.. a te 1 5) 812) 15 
separated from them and even from each other, as in the gree eh ee ool... |e7 98 Pe 
latter case, in the sodium-sulphide reactions; or all re : ‘go] 90 | 91 atte 2 P ; > OF B. josephinw........... 65| .. | 76 83 87 | 89] 90 | 01 
four curves may be well separated, as in the calcium- B. sand. alba...........| 77} .. | 88 91 96| 991..|.. 
nitrate reactions; or the parental curves may be fairly , ¥ panes sacs ee 90] .. | 95 99 99/..]. 

odium hydroxide: 

* Notes on the Reactive-Intensities of the Brunsdonne Starches.— A. belladonna apa iecnsa ths Uae 97 99 --|99)..)-- 
The reactions of these starches have been found at times to be quite B. josephing...........|-- 75 85 95) . . | 97 | 98 
erratic, especially with sodium hydroxide and potassium sulphide, and B. sand. alba........... me 2 8 16) 49 | 60 | 65 
they appear to be affected by variations in temperature, pressure, B. sanderee . PEPER SIE SB 10 30 65) 75 | 83 | 88 
and humidity and certain other attendant conditions to a marked | Sodium sulphide: 
degree, whereas most if not all other starches studied are either but A. belladonna Ae eee AES a 66 80) 84 | 87 | 89 
very little or not at all influenced by corresponding conditions. There B. josephinw........... ee 71 85) 90 | 93 | 96 
may be considerable variation in the percentage-gelatinization at B. sand. alba...........|-- 2 3} 5} 8/10 
different parts of the slide, so that it is always quite important that B. sandercs PRON PES Bio si) ue 5 25] 30 | 40 | 40 
the observations with these starches be made in center of the field | Sodium salicylate: 
even though the cover-slip be sealed in the manner stated in Chapter A. belladonna eng pieeens ane a 81 | 99/100) .. 
II. Sometimes the reaction appeared to be more rapid at the margin B. josephing........... ay 40 | 78 | 95) 99 
of the cover and at other times at the central part of the preparation. B. sand. alba........... ae 71} 99) 99 
Then again, where the grains are crowded the reaction appeared to B. sanderee ie Aaa GSN o> 84 | 99 |100 
be considerably retarded. The crowding may be apparent, particu- | Calcium nitrate: 
larly in clumps of grains that have been massed after the addition A. belladonna ip ain Sehantepacas oa 96 98/99) ..).. 
of the reagent. - B. josephing........... Be 60 76| 84 | 87 | 90 

B. sand. alba...........].. 4 22) 30 | 36 | 41 
B. sandere............].- 5 39] 50 | 63 | 68 

TaBie A 1. Uranium nitrate: 
= A. belladonna..........|.- as 65 91} 95 | 96 | 96 

dldaldldia His li|ajea|a B. josephine........... i 55 77| 84 | 90 | 93 

alalolwi[o/2Iisig/8 {ge B. sand. alba........... dt ae 2 7| 15 | 30 | 50 
B. sanderee............ in ees 5 20} 52 | 60 | 70 

Chloral hydrate: Strontium nitrate: 
A. belladonna uoaeenenosaes wd, Pare ee [- wae [2 50 | 85 | 92] 96 A. belladonna.......... a 98 99}... ]..4.. 
B. josephinz........... ce laslee dae d g 46 | 74 | 78 | 82 B. josephine........... oe 73 90) 97 | 98 | 99 
B. sand. alba........... ha 10 75 | 95| 97 | 98 B. sand. alba...........}.. 72 97)99]..].. 
B. sanderce Ve¥a Cow eem OX re 15 85 | 98 | 99 | 99 B. sandere............ Pen 85 99] .. 

Chromic acid: Cobalt nitrate: 
A. belladonna.......... 0 10 70} 99] . A. belladonna..........].. 12 52| 74 | 78 | 82 
B. josephine...........)..]..]..]..130 85 | 99) . _B. josephing........... 23 16 54! 67 | 71) 75 

B. sand. alba........... sa twcdeslaat 3 80 |100} . B. sand. alba........... ats 2 a Beat 3 
é B. sanderce ache a aera ssi a4 [isie Paaeae E 80] 99 B. sandere............].. 2 5} 9112 
Pyrogallic acid: Copper nitrate: 
A. belladonna Hdenadd 3 ia fae [ee |ael 6 40| 75] 85 | 90 A. belladonna..........].. 78 90] 93 | 95 | 97 
B. josephing........... ve lee | eo | aa [Be 64] 98] .. | 99 B. josephine........... se » | 52 75| 79 | 84 | 88 
B. sand. alba........... 1 2) 10) 12) 12 B. sand. alba...........].. . (0.5 2} 6| 10) 18 
B. sanderee . err et 1 0.5) 4) 7! 7 B. sanderos............. <x 1 18] 21 | 25 | 25 

Nitric acid:.............- Cupric chloride: 
A. belladonna.......... 95) 99]... et A. belladonna.......... v3 73 90) .. | 95 | 97 
B. josephine. ...... ....) 80) 93/95] . 7] 98 B. josephine........... ax . | 35 65} 80 | 86 | 86 
B. sand. alba........... 73| 88] 98 99 ne B. sand. alba........... ah . 10.5 2} 617.5| 10 
B. sanderce 5 leterba ern Wh a 35] 65] 92 98 99 B. sandere............ . 0.5 4) 7) 9}12 

Sulphuric acid: Barium chloride: 
A. belladonna.......... 95}100) . . A. belladonna.......... am . 10.5 >) eae ee ae 
B. josephing ..........] 88] 99]... B. josephing........... ee . 12.5 6) 7| 8)14 
B. sand. alba...........| 95}/100).. B. sand. alba........... Hs . 0.5 .. 10.5 
B. sandere............. 95}100) .. B. sandere............ 0.5 0.5 

Hydrochloric acid Mercurie chloride: : 
A. belladonna ealiersusile thse 95} 99]... A. belladonna.......... - (0.5 13] 16 | 26 | 40 
B. josephing........... 90} 95] 99 B. josephine........... <1 6 20] 33 | 48 | 60 
B. sand. alba........... 50} 95; 99]... B. sand. alba........... Z . 10.5 «|. 10.5 
B. sandere............ 30} 90} 97 | 99 B. sandere............].. . 0.6 0.5 
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well separated but the hybrid curves very close together, 
as in the cupric-chloride reactions. (See following 
section. ) 

Amaryllis in some reactions shows a higher reactivity 
than Brunsvigia, in others the reverse, and in others no 
essential difference. There is higher reactivity of 
Amaryllis with chloral hydrate, potassium sulphide, so- 
dium hydroxide, sodium salicylate, calcium nitrate, 
uranium nitrate, strontium nitrate, cobalt nitrate, copper 
nitrate, and cupric chloride; but a lower reactivity with 
chromic acid, pyrogallic acid, sodium sulphide, barium 
chloride, and mercuric chloride. No essential differences 
are noted in the reactions with nitric acid, sulphuric 
acid, hydrochloric acid, potassium hydroxide, and potas- 
sium iodide, because of the great rapidity of the reac- 
tions, while in the potassium-sulphocyanate reactions 
an important difference is noted only at the end of the 
5-minute period. 

Comparing the parental and hybrid curves (eliminat- 
ing reactions with nitric acid, sulphuric acid, hydro- 
chloric acid, and potassium hydroxide because of their 
high rapidity obscuring differences), it will be observed 
that the curves tend to be grouped in couples corre- 
sponding to parents and hybrids, each couple taking its 
own. course, which may be similar or dissimilar to the 
course of the other couple; that the parental curves are 
lower than those of the hybrids in the reaction with 
chloral hydrate; that the parental curves are higher than 
those of the hybrids in the reactions with pyrogallic acid, 
potassium iodide, potassium sulphocyanate, sodium hy- 
droxide, sodium sulphide, calcium nitrate, uranium ni- 
trate, cobalt nitrate, copper nitrate, cupric chloride, ba- 
rium chloride, and mercuric chloride ; and that the paren- 
tal curves tend to be intermediate, or approximately so, 
in those with potassium sulphide, sodium salicylate, and 
strontium nitrate. In the chromic-acid reactions all four 
curves run very close together, the only notable difference 
being seen at the end of 5 minutes, at which time the 
parental curves are higher than the hybrid curves, very 
soon after which the hybrid curves tend to intermediate- 
ness. The most remarkable feature of these curves, as a 
whole, is seen in most of the reactions in the more or less 
markedly lower degree of reactivity of the hybrids than 
of the parents. 

The curves of the hybrids tend, as a rule, to keep 
close together, there being a well-marked inclination to 
separation in only the reactions with sodium hydroxide, 
sodium sulphide, calcium nitrate, uranium nitrate, and 
copper nitrate. In reactions of the hybrids with nitric 
acid, sulphuric acid, hydrochloric acid, and potassium 
hydroxide, gelatinization occurs so rapidly that no satis- 
factory differentiation can be made; but in the reactions 
with chloral hydrate, potassium iodide, potassium sulpho- 
cyanate, potassium sulphide, sodium hydroxide, sodium 
salicylate, calcium nitrate, uranium nitrate, cobalt ni- 
trate, and copper nitrate the curves of Brunsdonna san- 
dere alba are lower than those of the other hybrid; and 
they are practically the same in the reactions with 
chromic acid, pyrogallic acid, strontium nitrate, cupric 
chloride, barium chloride, and mercuric chloride. 

A marked early period of resistance that is followed 
by a moderate to rapid reaction is observed in these four 

starches in comparatively few instances. In some it is 
observed in all four starches, as in the chloral-hydrate 
reactions; in others, in one, two, or three, as the case 
may be, as in the reactions with chromic acid, pyrogallic 
acid, potassium iodide, and sodium hydroxide. In a 
number of the reactions either a very rapid reaction 
occurs at once, particularly with the mineral acids, 
potassium hydroxide, and potassium sulphide, or a very 
slow reaction, as with barium chloride and mercuric 
chloride. Both types of reaction may be present, as with 
potassium sulphocyanate; in other instances there may 
be various forms of combination and gradation of these 
types of curves. 

The courses of the curves are not identical with any 
two reagents (excepting in the case of nitric acid, sul- 
phuriec acid, hydrochloric acid, and potassium hydrox- 
ide, in which it is shown that the reactions occur too 
quickly for any or at least an entirely satisfactory dif- 
ferentiation), so that each reagent carries with its reac- 
tions the stamp of individuality. While in case of 
some of the charts the curves at first glance may 
convey the impression of close similarity, as in the reac- 
tions with sodium sulphide, uranium nitrate, copper ni- 
trate, and cupric chloride, even a superficial examination 
will show well-defined differences. The parental curves 
are very nearly alike in their course, but with the im- 
portant exception that in the sodium-sulphide reactions 
the Amaryllis curve is the lower, while in the other three 
reactions it is the higher—a striking difference. The 
hybrid curves in the four reactions do not correspond 
in their courses with the peculiarities of the parental 
curves, and in no two are they identical. The curve 
of Brunsdonna sandere alba is always the lowest, and 
the curves of both hybrids show a direct quantitative 
relationship to the parental curves in so far as when the 
parental curves are lower the hybrid curves are lower. 
While the parental curves tend to run closely together 
the two hybrid curves exhibit some degree of independ- 
ence, not only of the parents but also of each other. 

The earliest period during the 60 minutes at which 
the curves are best separated for differential purposes is 
variable with the different reagents, and in some in- 
stances no definite time can be stated, owing to extreme 
rapidity of the reactions, while in other instances state- 
ments must be made with reserve. Approximately, this 
period is noted at the end of 3 minutes in the potassium- 
sulphide reactions; at the end of 5 minutes in the reac- 
tions with chromic acid, potassium iodide, potassium 
sulphocyanate, sodium hydroxide, sodium salicylate, 
strontium nitrate, and cupric chloride; at the end of 
15 minutes in the reactions with chloral hydrate, sodium 
sulphide, calcium nitrate, uranium nitrate, and copper 
nitrate; at the end of 30 minutes in the reactions with 
pyrogallic acid; and at the end of 60 minutes in the 
reactions with calcium nitrate, barium chloride, and 
mercuric chloride. 

REACTION-INTENSITIES OF THE Hysrips. 

This section treats of the reaction-intensities of the 
hybrids as regards sameness, intermediateness, excess, 
and deficit in relation to those of the parents. (Table 
A land Charts D 1 to D 21.) 

The reactivities of Brunsdonna sandere alba are the 
same as those of the seed parent in reactions with polar- 
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ization and iodine, sulphuric acid, and barium chloride ; 
the same as those of the pollen parent in none; the same 
as those of both parents in the potassium-hydroxide 
reaction in which the reactions occur with great rapidity ; 
intermediate in the temperature reactions and those of 
chromic acid, potassium sulphide, sodium salicylate, and 
strontium nitrate (in two being closer to the seed parent 
and in three being mid-intermediate) ; highest in the 
reactions with gentian violet, safranin, and chloral hy- 
drate (in two being closer to the pollen parent, and in 
one closer to the seed parent) ; and lowest in the reac- 
tions with pyrogallic acid, nitric acid, hydrochloric acid, 
potassium iodide, potassium sulphocyanate, sodium hy- 
droxide, sodium sulphide, calcium nitrate, uranium 
nitrate, cobalt nitrate, copper nitrate, cupric chloride, 
and mercuric chloride (in four being closer to the seed 
parent, in eight being closer to the pollen parent, and 
in one being as close to one as to the other parent). 

The reactivities of Brunsdonna sander@ are the same 
as those of the seed parent in the reactions with iodine, 
temperature, sulphuric acid, potassium sulphide, sodium 
salicylate, strontium nitrate, and barium chloride; the 
same as those of the pollen parent in none; the same 
as those of both parents in the potassium-hydroxide reac- 
tion, in which the reactions occur with great rapidity ; 
intermediate in the polarization and strontium nitrate 
(in one being closer to the seed parent and in one being 
mid-intermediate) ; highest in the reactions with gentian 
violet, safranin, and chloral hydrate (in two being closer 
to the seed parent, and in one closer to the pollen parent) ; 
and lowest in the reactions with chromic acid, pyrogallic 
acid, nitric acid, hydrochloric acid, potassium iodide, 
potassium sulphocyanate, sodium hydroxide, sodium sul- 
phide, calcium nitrate, uranium nitrate, cobalt nitrate, 
copper nitrate, cupric chloride, and mercuric chloride 
(in 3 being closer to the seed parent, in 8 closer to the 
pollen parent, and in 3 being as close to one as to the 
other parent). 

The hybrids differ in their parental relationships in 
the polarization, the safranin and temperature reactions, 
and in those of chromic acid, potassium iodide, potassium 
sulphide, sodium salicylate, strontium nitrate, and cobalt 
nitrate. In the polarization reactions one is the same as 
the seed parent, the other intermediate, but nearer the 
seed parent. In the safranin reactions both are highest, 
but one closer to the pollen parent and the other to the 
seed parent. In the temperature reactions one is inter- 
mediate and closer to the seed parent, and the other the 
same as the seed parent. In the chromic-acid reactions 
one is mid-intermediate, and the other the lowest, but 
closer to the pollen parent. In the potassium-iodide 
reactions both are the lowest; one is closer to the seed 
parent, and the other as close to one as to the other 
parent. In the potassium-sulphide reactions one is mid- 
intermediate and the other the same as the seed parent. 
In the sodium-salicylate reactions one is intermediate 
and closer to the seed parent and the other the same 
as the seed parent. In the strontium-nitrate reactions 
both are intermediate, one being mid-intermediate and 
the other closer to the seed parent. In the cobalt-nitrate 
reactions both are highest, but one is closer to the pollen 
parent and the other as close to one as to the other parent. 

HISTOLOGIC PROPERTIES AND REACTIONS. 

The following table is a summary of the reaction- 
intensities : 

B. sande-|B. sande- 
roe alba. re. 

Same as seed parent..... 4 6 
Same as pollen parent.... 0 0 
Same as both parents.... 1 1 
Intermediate............ 5 2 
DGghe6h: . a veaheviees ads 3 3 
| a ee re 13 14 

In none of the reactions of either hybrid is the reac- 
tion the same as that of the pollen parent, while there 
are 10 reactions of the 52 which are the same as those of 
the seed parent. The dominating influence of the seed 
parent, Amaryllis belladonna, on the properties of the 
starch of the hybrid are well marked. 

Composite CURVES OF THE REACTION-INTENSITIES. 

This section freats of the composite curves of the 
reaction-intensities showing the differentiation of the 
starches of Amaryllis belladonna, Brunsvigia joseph- 
ine, Brunsdonna sandere alba, and Brunsdonna sandere. 
(Chart E 1.) 

The most conspicuous features of this chart may be 
summed up as follows: 

(1) Taking the curves of Amaryllis belladonna as a 
standard of comparison, it will be noted that the curve 
of Brunsvigia josephine follows it very closely in the 
up-and-down courses except in the reactions with pyro- 
gallic acid, potassium sulphide, and calcium nitrate, here 
and there crossing in accordance with higher or lower 
reactivity. Except the three reactions noted and those 
with uranium nitrate, copper nitrate, and cupric chloride, 
the curves keep close together. These departures indicate 
species widely separated and belonging either to a given 
ole or to two closely related genera, in this case the 
atter. 

(2) It will be noted that the reactions of Amaryllis 
belladonna are higher than those of Brunsvigia josephine 
in polarization and in the reactions with safranin, 
chloral hydrate, potassium sulphide, sodium hydroxide, 
calcium nitrate, uranium nitrate, strontium nitrate, 
cobalt nitrate, copper nitrate, and cupric chloride; lower 
in those with iodine, gentian violet, temperature of 
gelatinization, pyrogallic acid, barium chloride, and 
mercuric chloride; and the same or practically the same 
in those with chromic acid, nitric acid, sulphuric acid, 
hydrochloric acid, potassium hydroxide, potassium 
iodide, potassium sulphocyanate, sodium sulphide, so- 
dium salicylate, and cobalt nitrate. 

(3) In Amaryllis belladonna the very high polariza- 
tion and reactions with nitric acid, sulphuric acid, hydro- 
chloric acid, potassium hydroxide, potassium iodide, po- 
tassium sulphide, sodium hydroxide, sodium salicylate, 
calcium nitrate, strontium nitrate; the high reactions 
with chromic acid, potassium sulphocyanate, uranium 
nitrate, copper nitrate, and cupric chloride ; the moderate 
reactions with iodine, gentian violet, safranin, tempera- 
ture, chloral hydrate, pyrogallic acid, and sodium sul- 
phide ; the low reactions with cobalt nitrate, and very low 
reactions with barium chloride and mercuric chloride. 

(4) In Brunsvigia josephine the very high polariza- 
tion and reactions with nitric acid, sulphuric acid, hydro- 
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chloric acid, potassium hydroxide, potassium iodide, so- 
dium hydroxide, sodium salicylate; the high reactions 
with iodine, chromic acid, pyrogallic acid, potassium sul- 
phocyanate, and strontium nitrate; moderate reactions 
with gentian violet, safranin, temperature of gelatiniza- 
tion, potassium sulphide, sodium sulphide, calcium ni- 
trate, and uranium nitrate ; the low reactions with chloral 
hydrate, cobalt nitrate, copper nitrate, cupric chloride, 
and mercuric chloride; and the very low reactions with 
barium chloride. 

(5) In the hybrids Brunsdonna sandere alba and 
Brunsdonna sandere the very high polarization and reac- 
tions with nitric acid, sulphuric acid, hydrochloric acid, 
potassium hydroxide, potassium sulphide, sodium salicy- 
late, and strontium nitrate; the high reactions with gen- 
tian violet, safranin, chloral hydrate, and chromic acid ; 
the moderate reactions with iodine and temperature of 
gelatinization; the low with potassium iodide, sodium 
hydroxide, calcium nitrate, and uranium nitrate; and 
the very low with pyrogallic acid, potassium sulphocya- 
nate, sodium sulphide, cobalt nitrate, copper nitrate, 
cupric chloride, barium chloride, and mercuric chloride. 
The following is a summary of the reaction-intensities: 

Very ‘ Moder- Very 

high. High. ate. ie low. 

A. belladonna...... 11 5 7 1 2 
B. josephing....... 8 5 7 5 1 

B. sand. alba....... 8 4 2 4 8 
B. sander@......... 8 4 2 4 8 

(6) In the curves of the hybrids which show in the 
first place a very close correspondence with each other, 
and in the second place a closer correspondence, on the 
whole, with the curves of Amaryllis belladonna than with 
those of Brunsvigia josephine, the hybrid curves are 
for the most part either lower than or practically the 
same as the Amaryllis curves, in only four instances 
are the curves higher, and then in an unimportant degree. 

Notrs oN AMARYLLIS, BRUNSVIGIA, AND BRUNSDONN A. 

The botanist has assigned Amaryllis belladonna and 
Brunsvigia josephine to separate genera. Upon the 
basis of the peculiarities of their starches in their histo- 
logic properties and reactions with the various agents and 
reagents, it seems that these species may be regarded as 
being members of either closely related genera or well- 
separated species of the same genus, such as represen- 
tatives of subgenera; but the data are too limited to 
justify more than speculation. The most remarkable 
features of these records are: (1) in the hybrids the 
many extraordinary low or high reactivities, especially 
the former, that exceed the parental extremes, this being 
noted in 15 out of the 26 reactions; (2) the absence 
of sameness of any reaction as that of the pollen parent; 
(3) the sameness of the reaction as that of the seed 
parent in 4 reactions of one and 6 reactions of the other 
hybrid. The marked departures of the hybrid curves 
shown in excessive or deficient reactivities in comparison 
with the reactivities of the parents seem to be more sug- 
gestive of bigeneric parents than of parents belonging to 
the same genus. 
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BRUNSDONNA TUBERGENI, ETC. 

This additional matter treats of descriptions of Bruns- 
donna tubergeni, Amaryllis parkeri, and A. parkert alba 
(A. belladonna kewensis alba), and comparisons of the 
starches of B. tubergent, A. parkeri alba, Brunsdonna 
sandere alba, and B. sandere. 

Brunsdonna tubergent, A. parkeri, and A. parkert 
alba are of especial interest in conjunction with the 
foregoing studies of the Amaryllis-Brunsvigia-Bruns- 
donna group because: the first is known to be a hybrid 
of Brunsvigia and Amaryllis; the second is looked upon 
as being probably a Brunsvigia-Amaryllis hybrid; the 
third is a variety of the second and is regarded as being 
the same as A. belladonna kewensis alba, the parentage 
of which is unknown; and the last two are known hy- 
brids of Amaryllis-Brunsvigia, but without positive 
knowledge of the direction of the cross. Appertaining 
to the foregoing, the following data appeared in The 
Gardeners’ Chronicle, 1909, xiv, 57; 1911, L, 210: 

Brunsdonna tubergenit: Mr. C. G. Tubergen, Jr., thus de- 
scribes the circumstances of a cross between Brunvigia 
josephine and Amaryllis belladonna: 

Principally with a view of ascertaining the parentage of the 
Kew variety of Amaryllis belladonna (see illustration in The 
Garden, November 19, 1898; also notes in The Gardeners’ 
Chronicle, February 9, 1901, etc.), in the autumn of 1892 I 
artificially impregnated Brunsvigia josephine with the pollen 
of Amaryllis belladonna. Seeds formed freely, as the two gen- 
era, Brunsvigia and Amaryllis, are very nearly related. As 
could be foreseen, with slow-growing Brunsvigia josephine as 
the female parent, a long time had to elapse before the seedling 
plants would be strong enough to reach flowering size. After 
16 years of patient waiting, two of the strongest bulbs pro- 
duced flower-spikes in September of last year. When the 
hybrid plants had been growing for a few seasons it became 
evident that they differed in habit from the Kew variety of 
Amaryllis belladonna, which produces a leaf-stem of about 4 
inches high, whereas my hybrids all bear the character of 
Brunsvigia josephine in the foliage, leaves being formed di- 
rectly above the neck of the bulbs. The infusion of belladonna 
blood is clearly shown in the bulbs, as these resemble those of 
the belladonna and produce offsets freely, whilst Brunsvigia 
never produces offsets. A comparison of the supplementary 
illustration, which was drawn by Mr. Worthington Smith from 
the inflorescensce sent from my garden, with the engraving in 
the Garden above cited, leads to the conclusion that the Kew 
plant can no longer be regarded as a hybrid between these spe- 
cies, unless it was a cross effected in the reverse way, taking 
Amaryllis belladona as the female plant. In that case the 
variety blanda must have been used, it being the only variety 
of A. belladonna known which produces a leaf-stem. The color 
of the flowers of my hybrid was a clear, deep rose, suffused 
with carmine. A single spike produced 22 flowers. 

Amaryllis parkeri (hyb.). This is assumed to be a hybrid 
between Brunsvigia josephine and Amaryllis belladonna. It 
differs in the form of the umbel from A. belladonna, being quite 
circular and carrying some 30 flowers and buds. The flowers 
are of a deep rose shade, with white and orange at the base 
and orange-colored on the exterior of the tube. It is distinct 
from the ordinary A. belladonna, possesses greater vigor, and 
has a stem some 8 feet in length. This plant is almost identical 
with the plant known as the Kew variety of A. belladonna, 
which is also A. parkeri, being the same cross and varying only 
in being a better rose color with less orange shade. Mr. Hud- 
son informed us that his Amaryllis was shown as A. bella- 
donna “Kew variety,” because it was received under this name 
from an amateur cultivator in New Zealand some six years 
ago. This is the first season of flowering at Gunnersberry 
House. It may prove to be Mr Van Tubergen’s plant, which 
he obtained from crossing Brunsvigia with Amaryllis bella- 
donna. Mr. Tubergen’s hybrid formed the subject of a sup- 
blementary illustration in The Gardeners’ Chronicle, January 

‘ : 
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Amaryllis parkeri alba. This plant is evidently a variety 
of A. parkeri. It possesses a fine umbel, a large number of 
flowers almost pure white but with the same orange shading 
at the base as in the flower described above. It is a most strik- 
ing and distinct novelty. The origin was not stated, but every- 
thing points to the same cross. This was shown as A. bella- 
ace kewenis alba by Mr. Worsley, Mandeville House, Isle- 
worth. 

Brunsdonna sandere alba. In this case the umbel resembled 
typical A. belladonna in formation, being one-sided rather than 
globular. This plant is also the result of a cross between Bruns- 
vigia and Amaryllis belladonna, but there is not sufficient in- 
formation to determine whether the parentage is the same as 
in the case of A. parker. 

Comparative examinations of a preliminary character 
were made of the starches of A. parkeri alba, Bruns- 
donna tubergem, Brunsdonna sandere alba, and B. san- 
dere, as follows: 

Histologic Properties.—All of these starches are alike 
in that all have very few compound grains which consist 
of two components, and all have very few aggregates 
which usually are in the form of doublets of equal size, 
but occasionally as triplets that are linearly arranged. 
The grains of A. parkeri alba and of Brunsdonna san- 
dere alba, and B. sanderw have about the same degree 
of irregularity of surface, while those of B. tubergem 
are much more irregular than the preceding, the irregu- 
larities in all being due to the same causes. The con- 
spicuous forms of the grains of A. parkeri alba and of 
B. sandere alba and B. sanderw are very much alike, 
but those of the first are more slender and elongated 
than those of the two latter. The grains of B. tuber- 
gent are, as a rule, intermediate in slenderness between 
those of A. parker and B. sandere alba, and B. sandere, 
but closer to those of the latter; and there is a conspic- 
uousness of elliptical, irregularly triangular, and nearly 
round grains. The hila of the grains of A. parkeri alba 
and those of B. sandere alba and B. sandere show 
the same degree of distinctness, and in all three 
more distinctness than in B. tubergeni. The eccen- 
tricity is about the same in all four starches. The 
lamelle of A. parkeri alba and B. tubergent are more 
distinct and more often coarse than those of B. san- 
dere alba and B. sandere, otherwise they are prac- 
tically the same in all four starches except that in B. 
tubergent, in which they are somewhat more often irreg- 
ular than in the others. In size the grains of B. sandere 
alba and B. sandere are smallest, those of A. parkeri alba 
intermediate, and those of B. tubergeni largest ; but there 
are no marked differences. 

Polariscopic Properties——The polariscopic figure is 
very nearly the same in all four starches, but it is more 
often irregular in B. tubergent than in the others. The 
degree of polarization is practically the same in all of 
the starches. 

Iodine Reactions —With 0.25 per cent Lugol’s solu- 
tion A. parkeri alba, B. sandere alba, and B. sandere 
color about equally and from 3 to 5 units more than 
B. tubergent. 

Antline Reactions—With gentian violet A. parkeri 
alba, B. sandere alba, and B. sandere color about the 

same and about 5 units less than B. tubergeni. With 
safranin the results are practically the same as the fore- 
going, but there is somewhat less variation of coloring 
of the grains of B. tubergent than of the starches. 

HISTOLOGIC PROPERTIES AND REACTIONS. 

The temperatures of gelatinization are as follows 
(degrees) : 

Majority at— | Complete at— | Mean. 

A. parkeri alba..........-| 71.5 74.2 to 76 75.1 
B. sand. alba..... 70 to 71.5 71.5 to 73 72.25 
B. sandere.... 70 to 71.5 72 to 72.5 72.75 
B. tubergeni.. . 62 to 63.5 64 to 65.5 64.75 
A. belladonna. . ..-| 70 to 71 72.5 to 73 Tae 
B. josephine............. 65 to 66 70 to72 71 

The reaction of A. parkert alba with sulphuric acid 
begins immediately. Complete gelatinization occurs in 
about 3 per cent of the entire number of grains and 10 
per cent of the total starch in 15 seconds; in about 70 
per cent of the grains and 80 per cent of the total starch 
in 30 seconds; in about 96 per cent of the grains and 
98 per cent of the total starch in 45 seconds; and in 
about 99 per cent of the grains and over 99 per cent of 
the total starch in 1 minute. The reactions of Bruns- 
donna sandere alba and B. sandere with sulphuric acid 
are given on pages 389 and 394, Part II, and Chart D 5. 

The reactions of Brunsdonna tubergena with sul- 
phuric acid begin immediately. Complete gelatiniza- 
tion occurs in about 80 per cent of the entire number 
of grains and 90 per cent of the total starch in 30 sec- 
onds; in about 99 per cent of the grains and in more 
than 99 per cent of the total starch in 45 seconds; and 
in 100 per cent of the starch in 1 minute. 

The reaction of A. parkeri alba with potassium iodide 
begins in a few grains in 30 seconds. Complete gela- 
tinization occurs in about 1 per cent of the entire num- 
ber of grains and 65 per cent of the total starch in 5 
minutes; in about 20 per cent of the grains and 75 per 
cent of the total starch in 15 minutes; in about 32 per 
cent of the grains and 88 per cent of the total starch in 
30 minutes; in about 52 per cent of the grains and 90 
per cent of the total starch in 45 minutes; and with little 
if any further advance in 60 minutes. 

The reactions of B. sandere alba and B. sandera 
with potassium iodide are given on pages 389 and 394, 
Part II, and Chart D 8. 

The reaction of B. tubergeni with potassium iodide 
begins immediately. Complete gelatinization occurs in 
59 per cent of the entire number of grains and 95 per 
cent of the total starch in 5 minutes; in about 95 per 
cent of the grains and in more than 99 per cent of the 
total starch in 15 minutes. 

The reaction of A. parkeri alba with sodium hydrox- 
ide begins immediately. Complete gelatinization occurs 
in about 50 per cent of the entire number of grains 
and 92 per cent of the total starch in 2 minutes; in 
about 81 per cent of the grains and 97 per cent of the 
total starch in 5 minutes; and in about 97 per cent of the 
grains and over 99 per cent of the total starch in 10 
minutes. 

The reactions of Brunsdonna sandere alba and B. 
sandere with sodium hydroxide are given on pages 390 
and 395, Part II, and Chart D 11. 

The reaction of Brunsdonna tubergent with sodium 
hydroxide begins immediately. Complete gelatinization 
occurs in about 84 per cent of the entire number of 
grains and 97 per cent of the total starch in 5 minutes. 

The most important questions here involved are: (1) 



AMARYLLIS—BRUNSVIGIA—-BRUNSDONNA. 

Do the properties of Brunsdonna tubergem, Brunsdonna 
sandere alba, and Brunsdonna sandere indicate that 
these hybrids are the offspring of the same cross or of 
reciprocal crosses; and (2) what are the indications 
of the probable parentage of Amaryllis parkeri alba? 

The starch of Brunsdonna tubergent has in compari- 
son with the starch of B. sandere alba and B. sandere 
certain properties that are closely similar or identical 
and others that are more or less markedly dissimilar, 
the latter much predominating. The grains of the for- 
mer are more irregular, and more slender and elongated ; 
the hila are less distinct; the lamelle are more distinct, 
more often coarse, and more often irregular; the grains 
are larger. In the polariscopic properties there are not 
any conspicuous differences except that the figures tend to 
be more irregular. In the iodine reactions the coloration 
is distinctly less. In the aniline reactions with both 
gentian violet and safranin the coloration is more 
marked. In most of the foregoing instances the starch 
of B. tubergent does not differ more from the starches 
of B. sandere alba and B. sandere than do the latter 
from each other. In the temperatures of gelatinization 
the figure for B. tubergeni is 64.76°, or a difference 
approximately of 7.5° less than the temperatures of 
the parental starches, these being 72.7° and 71°, re- 
spectively. The temperatures for B. sandere alba and 
B. sandere are 72.25° and 72.75°, respectively. It will 
be noted that while the temperature for the parental 
starches differ only 1.7°, that of B. tubergeni differs 
from that of the pollen parent (A. belladonna) %.94°, 
and from that of the seed parent (B. josephine) 6.24°; 
and that the temperatures for B. sandere alba and B. 
sandere and their parents differ very little, mostly within 
the narow limits of error of experiment. The very low 
temperature for B. tubergent on the one hand and the 
marked closeness of all of the temperatures for B. san- 
dere alba and B. sanderw and their parents on the 
other indicate quite conclusively that B. tubergeni and 
B. sandere alba must have arisen from reciprocal crosses. 
This conclusion is substantiated by the records (not- 
withstanding their limitation) of the reactions with 
chemical reagents. The reactions of all of the starches 
with sulphuric acid occur with such rapidity that no 
satisfactory differentiation is possible, but with both 
potassium iodide and sodium hydroxide there are marked 
and distinctly diagnostic differences. In reactions with 
potassium iodide the starch of B. tubergeni exhibits a 
somewhat higher reactivity than the starch of either 
parent, while on the other hand the starches of B. sandere 
alba and B. sandere show very much lower reactivities, 
not nearly so much of the latter being gelatinized at the 
end of an hour as there is in case of the B. tubergeni 
and parental starches in 5 minutes. It is also to be 
noted. that during the progress of gelatinization the 
curves of B. sandere alba and B. sandere tend to pursue 
the same course, they being separated at and after the 
5-minute interval by about 10 points. In the sodium 
hydroxide reactions similar results are recorded, the 
reactivity of the starch of B. tubergeni being very high 
and closely corresponding to the reactivities of the 
parental starches, but slightly higher than either, while 
the reactivities of the starches of B. sandere alba and 
B. sandere are both moderate, the reactivity of the former 
being distinctly lower than that of the latter. 
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There were studied in this research three groups of 
parental and hybrid starches in each of which were in- 
cluded two hybrids of the same cross, and it is of inter- 
est to note to what degrees in general the members of each 
pair compare with each other and with their parents 
and how these peculiarities compare with those of the 
Brunsdonne hybrids and their parents. Examining first 
the temperatures of gelatinization and taking up the 
Nerwne crispa-elegans-dainty matd-queen of roses group 
(page 165) it will be seen that the temperature of the hy- 
brids differ only 1.3° and that they are intermediate 
between the parental temperatures, which latter differ 
5.2°; in the Nerine bowdeni-sarniensis var. corusca 
major-giantess-abundance group the temperatures of the 
hybrids differ 3.35° and both are lower than either of the 
parental temperatures, these differing 3.9°; and in the 
Narcissus poeticus-poeticus poetarum-poeticus herrick- 
poeticus dante group the temperatures of the hybrids 
differ 2°, that of one being intermediate between the 
parental temperatures and the other practically the same 
as that of the seed parent, while the parental tempera- 
tures differ 5.5°, that of the seed parent being the higher. 
The temperatures of each of these pairs of hybrids keep 
close together and close to the temperatures of the 
parents, as in the case of Brunsdonna sandere alba and 
B. sandere, with wider variations in the former than in 
the latter, but there is no suggestion of a wide departure, 
such as is found in B. tubergeni, this latter indicating 
either difference in parentage or in the direction of the 
cross from that of the other Brunsdonne. 

In the reactions of the members of these groups with 
potassium iodide and sodium hydroxide corresponding 
characteristics have been recorded, that is, that the two 
starches of each group show close reaction-intensities. 
In the potassium iodide reactions of the Nerine crispa- 
elegans-dainty maid-queen of roses group, those of the 
hybrids are very much alike and, on the whole, inter- 
mediate between those of the parents; and in the Nerine 
bowdent-sarniensis var. corusca major-giantess-abundance 
group, while those of the hybrids are low and differ dis- 
tinctly, at least one and probably both tend to interme- 
diateness, and one takes more after the seed parent and 
the other more after the pollen parent. In the sodium- 
hydroxide reactions, in the first group those of the hy- 
brids are not only very close but also close to those of 
the parents ; and in the second group those of the hybrids 
are very close and lower than those of the parents. It 
will be seen that in the reactions of each of the several 
pairs of hybrids there are no such departures of the 
reactions of each of the couples as are observed in the 
case of Brunsdonna tubergent compared with B. sandere 
alba and B. sandere. From the description of B. tuber- 
gent this hybrid is more closely related in its properties 
to Brunsvigia josephine than to Amaryllis belladonna, 
while the data of B. sandere alba and B. sandere indi- 
cate that, on the whole, both of these hybrids show a 
closer relationship to A. belladonna than to B. joseph- 
ime—in other words, in each case the hybrid is more 
closely related to the seed parent. 

These data also give a clue as to the probable origin 
of Amaryllis parkeri alba. The starch of this plant 
throughout the histologic and polariscopic properties 
and the iodine and aniline reactions, with rare exceptions, 
exhibits a much closer relationship to Brunsdonna san- 
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dere alba and B. sandere than to B. tubergeni; in the 
temperature reactions it differs little from those of B. 
sandere alba and B. sandere, but much from those of 
B. tubergeni; while in the potassium-iodide and sodium- 
hydroxide reactions it is closer to B. tubergeni than to the 
other hybrids. From the foregoing it seems obvious that 
this plant is not to be identified with either B. tuber- 
gent or the sandere hybrids, although closely related. It 
seems probable, as suggested by Tubergen, that the 
parentage of A. parkeri on the Amaryllis side was A. 
belladonna var. blanda (A. blanda Gawl)—the histo- 
logic and polariscopic properties and the iodine, aniline, 
and temperature reactions pointing to the same direction 
of the cross as of B. sandere alba and B. sandere, while 

the potassium iodide and sodium hydroxide reactions 
indicate a cross in the opposite direction ; but the tem- 
perature reaction alone is almost if not conclusive. Addi- 
tional studies of the reactions would undoubtedly make 
absolutely positive the direction of the cross if A. parkert 
is a hybrid. 

2, CoMPARISONS OF THE STARCHES OF HIPPEASTRUM 
Titan, H. cLeonrIA, anD H. TITAN-CLEONIA. 

In histologic characteristics, polariscopic figures, 
reactions with selenite, qualitative reactions with iodine, 
and qualitative reactions with the various chemical reag- 
ents these three starches are very much alike. The 
starch of Hippeastrum cleonia is distinguished from that 
of the other parent chiefly in the larger number of com- 
pound grains and aggregates; the presence of isolated 
grains each having a large pressure facet; more round- 
ness but greater irregularity of the grains ; somewhat less 
fissuration and less eccentricity of the hilum; more dis- 
tinct and more regular lamelle ; somewhat larger average 
size of the grains; larger number of double and multiple 
polariscopic figures; greater frequency of equality of 
size, less frequency of irregularity of shape, and less often 
purity of color of the quadrants in the selenite reaction ; 
and some slight differences in qualitative reactions with 
iodine. The starch of the hybrid is in form, hilum, and 
polariscopic figure more closely related to the seed 
parent; and in distinctness and regularity of the lamella, 
size, and iodine reactions more closely related to the 
other parent. In the selenite reactions certain properties 
lean to one or the other parent. A given character may 
appear more conspicuously in the hybrid than in either 
parent. The qualitative reactions with chloral hydrate, 
nitric acid, potassium iodide, potassium sulphocyanate, 
and sodium salicylate are closer to those of seed parent. 

Reaction-intensities Expressed by Light, Color, and Tempera- 
ture Reactions. 

Polarization: 
H. titan, high to very high, value 83. 
H. cleonia, high to very high, lower than in H. titan, value 80. 
H. titan-cleonia, high to very high, higher than in either parent, 

value 85. 
Todine: 

Hi. titan, moderate, value 52. 
H. cleonia, moderately deep, deeper than in H. titan, value 55. 
H. titan-cleonia, moderate to deep, deeper than in the parents, 

value 58. 
Gentian violet: 

H. titan, moderately light to light, value 45. 
H. cleonia, moderate, deeper than in H. titan, value 50. 
H. titan-cleonia, moderate, the same as in H. cleonia, value 50. 

Safranin: 
H. titan, moderate, value 50. 
H. cleonia, moderate, u little deeper than in H.titan , value 55. 
H. titan-cleonia, moderate, the same as in H. cleonia, value 55. 

Temperature of gelatinization: 
H. titan, in majority at 74 to 75°, in all but rare grains at 77 to 77.5°, 

mean 77.25°. 
H. cleonia, in majority at 71 to 73°, in all but rare grains at 73 to 

74°, mean 73.5°. 
H. titan-cleonia, in majority at 72 to 74°, in all but rare grains at 

73 to 74°, mean 73.6°. 

HISTOLOGIC PROPERTIES AND REACTIONS. 

The reactivity of Hippeastrum titan is higher than 
that of Hippeastrum cleonia in the polarization reaction, 
and lower in the reactions with iodine, gentian violet, 
safranin, and temperature. The hybrid shows in the 
polarization and iodine reactions the highest reactivi- 
ties of all three starches; in the reactions with gentian 
violet, safranin, and temperature the same reactivities 
as those of Hippeastrum cleonia, all three reactions being 
higher than the corresponding reactions of the other 
parent. 

Table A 2 shows the reaction intensities in per- 
centages of total starch gelatinized at definite intervals 
(minutes). 

VELOCITY-REACTION CURVES. 
This section treats of the velocity-reaction curves of 

the starches of Hippeastrum titan, H. cleonia, and H. 
titan-cleonia, showing the quantitative differences in the 
behavior toward different reagents at definite time-inter- 
vals. (Charts D 22 to D 42.) 

Among the conspicuous features of these charts are: 
(1) The closeness of the curves of the three starches 

in all of the reactions. The reactions are so slow with 
potassium iodide, potassium sulphide, sodium sulphide, 
calcium nitrate, uranium nitrate, strontium nitrate, co- 
balt nitrate, copper nitrate, cupric chloride, barium chlo- 
ride, and mercuric chloride that there is almost if not 
absolutely no differentiation. Omitting the foregoing 
reactions, the curve of Hippeastrum titan is higher than 
that of the other parent in the reactions with chromic 
acid and sulphuric acid, and lower in those with chloral 
hydrate, pyrogallic acid, nitric acid, potassium hydrox- 
ide, potassium sulphocyanate, sodium hydroxide, and so- 
dium salicylate, indicating, on the whole, a lower reac- 
tivity of this starch. 

(2) The curves of the hybrid show marked variations 
in their parental relationships, with as much of a ten- 
dency to be higher or lower than the parental curves as 
to intermediateness. In a few reactions the curves are 
the same as those of the seed parent or of the pollen 
parent, and in about one-third they are the same as the 
parental curves. (See following section.) 

(3) In most of the charts in which there was a mod- 
erate to rapid reactivity there are indications of an early 
period of comparatively marked resistance. 

(4) The best period during the 60 minutes for the 
differentiation of the three starches is variable, and in 
case of all the very slow reactions and including those 
with chloral hydrate, nitric acid, potassium sulphocya- 
nate, and sodium hydroxide, the curves are best separated, 
if at all, at the end of 60 minutes. This period is noted 
at the end of 15 minutes in the reactions with chromic 
acid, pyrogallic acid, sulphuric acid, potassium hydrox- 
ide, and sodium salicylate; at the end of 30 minutes with 
hydrochloric acid; and at the end of 60 minutey with 
the other reagents. 

REACTION-INTENSITIES OF THE HyYsRID. 

This section treats of the reaction-intensities of the 
hybrid as regards sameness, intermediateness, excess, and 
deficit in relation to the parents. (Table A 2 and Charts 
D 22 to D 42.) 

The reactivities of the hybrid are the same as those 
of the seed parent in the reactions with sodium sulphide 
and strontium nitrate; the same as those of the pollen 
parent with gentian violet, safranin, and temperature; 
the same as those of both parents with potassium sul- 
phide, calcium nitrate, uranium nitrate, cobalt nitrate, 
copper nitrate, cupric chloride, barium chloride, and 
mercuric chloride, in all of which the reactions are ex- 
ceedingly slow; intermediate with nitric acid, hydro- 
chlorie acid, potassium iodide and potassium sulpho- 
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TaBLe A 2. 
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Chloral hydrate: 
H. titan............ us 6| 21 31 34 | 36 
H. cleonia........... 8 | 30 44 50 | 55 
H. titan-cleonia 5114 21 25 | 29 

Chromic acid: 
By Ait atie asserts 4/97/..].. 

H. cleonia........... ys 3/80/99]..].. 
H. titan-cleonia...... 8 3 | 50 | 85 | 95 | 97 

Pyrogallic acid: 

Ele AAD oe fake oo das ~ 6 | 65 86] .. | 90] 97 

H. cleonia.......... on 7|70 90 95 | 98 
H. titan-cleonia.....| .. 5 | 55 75 88 | 97 

Nitric acid: 
H. titan. ........... 2| 9 40 48 | 53 
H. cleonia 3} 25 49 60 | 75 
H. titan-cleonia...... 3 | 22 42 53 | 62 

Sulphuric acid: 

A, Vth. cc aean acca - 60 | 90 99 
Hy ClgOnia.. cickaaen| ys 50 | 88 98 
H. titan-cleonia 62 | 96 99 

Hydrochloric acid 
H. titan. ........... Pe 2| 23 28 43 | 58 
H. cleonia.......... an 4148 74 78 | 83 
H. titan-cleonia.....].. 6|28|.. | 49 57 | 62 

Potassium hydroxide: 
Ai, titan ses, 6 ides sasetas 6 | 35 48 54 | 56 

H. cleonia.......... % 19 | 48 58 63 | 65 
H. titan-cleonia...... ey 20 | 60 67 72) 76 

Potassium iodide: 
Hy, titatisecseisseas | ss 0.5)... 2 4| 8 
H. cleonia..........].. «| €@) 6 8 10/15 
H. titan-cleonia...... re 10.5) 2 4 6110 

Potassiumsulphocyanate 
H. titan............ 4| 5 13 43 46 
H. cleonia.......... we 21 8 22 54 | 60 
H. titan-cleonia.....|.. 2| & 20 39 | 56 

Potassium sulphide: 

Be Bisex deniea aie 5 a .(0.5).. 1 1 
H. cleonia..........].. 10.54 1 2 3 
H. titan-cleonia...... o (0.5) 1 rae 1 

Sodium hydroxide: 
Fates nusaw eas ay 1|] 5]. 15 22 | 24 

H. cleonia..........].. 1] 5].. | 23 25 | 28 
H. titan-cleonia...... Be 1) Bh ve |S 40 | 49 

Sodium sulphide: 
H, titan. ........... e% . {0.5} 1 2 eh oe 
H. cleonia “igs sed .| 21 5 y 10/13 
H. titan-cleonia.....|.. . (0.5) 1 is a 3 

Sodium salicylate: 
H. titan............ a 10 | 57 98 

H. cleonia..........]).. 16} 85 WO claw bes 
H. titan-cleonia...... a 4/55 94]... 1100) .. 

Calcium nitrate: 
cs ore . (0.5)... 1 ea | 2 
H. cleonia meres (nee 0.5] 1 ie 2/ 3 
H. titan-cleonia.....| .. OS x. 2 on ee 

Uranium nitrate: 
He titan cece te ialees|es = ry ee ee 2 pe aes 
H. cleonia.......... ae . (0.5) 2 2 3) 3 
H. titan-cleonia...... “4 Lt ais eee 2); 2 

Strontium nitrate: 
bass 1 eee eee 0.5} 1 2 5] 7 

H. cleonia.......... he Bl as 5 8/16 
H. titan-cleonia.....| .. 0.5) 1 3 5| 7 

Cobalt nitrate: 
Fiititanscinccscccuw s .(0.5).. 1 1 
H. cleonia.......... ya . |0.5] 1 2 2 
H. titan-cleonia.....|.. 0.5] 1 es 1 

Copper nitrate: 
He tilativescexakvaes iy 4 . {0.5} 2 aie 2 
H. cleonia..........].- a ees ee 2 2 
H. titan-cleonia.....|.. . {0.5} 2 vit 2 

Cupric chloride: 
FA AaB nuance sane ee ,/Ob) 2 sis spare 
H, eleonias ccxceccce| e+ , |OB) ss 1 vel 2 
H. titan-cleonia.....|.. . (0.5 1 2| 2 

Barium chloride: 
H, titan. ..........- . (0.5 . 10.5 
H. cleonia iia e's 0.5 0.5 
H. titan-cleonia.....|.. 0.5 0.5 

Mercuric chloride: 
Be titans .oiccccescees (0.5) 1 Dilis ell eee |. 
H. cleonia secsck|| 43 . |0.5].. Ae |S) T 
H. titan-cleonia.....|.. . (0.5 ee | 2| 2 
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cyanate (in one being closer to the seed parent and in 
three mid-intermediate); highest with polarization, 
iodine, sulphuric acid, potassium hydroxide, and sodium 
hydroxide (in two being closer to the seed parent and 
in three closer to the pollen parent) ; and lowest with 
chloral hydrate, chromic acid, pyrogallic acid, and so- 
dium salicylate (in three being closer to the seed parent 
and in one closer to the pollen parent). 

The following is a summary of the reaction-inten- 
sities: Same as seed parent, 2; same as pollen parent, 3; 
same as both parents, 8; intermediate, 4; highest, 5; 
lowest, 4. 

The seed parent shows a stronger influence than the 
pollen parent on the characters of the starch of the 
hybrid. 

Composite CURVES OF THE REACTION-INTENSITIES. 

The following section treats of the composite curves 
of the reaction-intensities showing the differentiation 

- of the starches of Hippeastrum titan, H. cleonia, and H. 
titan-cleonia. (Chart F 2.) 

Among the conspicuous features of this chart are: 
(1) The closeness of all three curves, indicating a 

very close relationship. of all three starches and plant- 
sources. 

(2) The generally lower position of the curve of 
Hippeastrum titan in relation to the curve of the other 
parent, it being lower in the reactions with iodine, gen- 
tian violet, safranin, temperature, chloral hydrate, pyro- 
gallic acid, nitric acid, hydrochloric acid, potassium 
hydroxide, potassium iodide, potassium sulphocyanate, 
sodium hydroxide, sodium sulphide, and strontium ni- 
trate ; higher with polarization and chromic acid ; and the 
same or practically the same with sulphuric acid, potas- 
sium sulphide, sodium salicylate, calcium nitrate, ura- 
nium nitrate, cobalt nitrate, copper nitrate, cupric 
chloride, barium chloride, and mercuric chloride. 

(3) The curve of Hippeastrum titan is very high 
in the polarization and chromic-acid reactions; high 
with sulphuric acid and sodium salicylate; moderate 
with iodine, gentian violet, safranin, and pyrogallic acid ; 
low with temperature, nitric acid, hydrochloric, and 
potassium hydroxide; very low with chloral hydrate, 
potassium iodide, potassium sulphocyanate, potassium 
sulphide, sodium hydroxide, sodium sulphide, calcium 
nitrate, uranium nitrate, strontium nitrate, cobalt nitrate, 
copper nitrate, cupric chloride, barium chloride, and 
mercuric chloride. 

(4) The curve of Hippeastrum cleonia is very high 
in the polarization and chromic-acid reactions ; high with 
pyrogallic acid, sulphuric acid, and sodium salicylate; 
moderate in the iodine, gentian violet, and safranin; and 
low with temperature, chloral hydrate, nitric acid, hydro- 
chloric acid, potassium hydroxide, and potassium sulpho- 
cyanate; and very low with potassium iodide, potassium 
sulphide, sodium hydroxide, sodium sulphide, calcium 
nitrate, uranium nitrate, strontium nitrate, cobalt ni- 
trate, copper nitrate, cupric chloride, barium chloride, 
and mercuric chloride. 

(5) The curve of the hybrid is very high in the 
polarization and sulphuric-acid reactions; high with 
chromic acid and sodium salicylate; moderate with 
iodine, gentian violet, safranin, and pyrogallic acid; low 
with temperature, nitric acid, hydrochloric acid, potas- 
sium hydroxide, and potassium sulphocyanate; and very 
low with chloral hydrate, potassium iodide, potassium 
sulphide, sodium hydroxide, sodium sulphide, calcium 
nitrate, uranium nitrate, strontium nitrate, cobalt ni- 
trate, copper nitrate, cupric chloride, barium chloride, and 
mercuric chloride. 
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r The following is a summary of the reaction-intensi- 
ies: 

Very ‘ Moder- Very 
high. High ate. Low. low. 

H. titan........... 2 2 4 4 14 

H. cleonia......... 2 3 3 6 12 
H. titan-cleonia.... 2 2 4 5 13 

3. CoMPARISONS OF THE STaRcHES OF H1IPPEASTRUM 
ossuLTAN, H. pyrrua, anp H. ossuLTAN-PYRRUA. 

In the histologic characteristics and polariscopic fig- 
ures, reactions with selenite, qualitative reactions with 
iodine, and qualitative reactions with the various chemical 
reagents the three starches are closely alike. The starch 
of H. pyrrha in comparison with that of the seed parent 
has fewer compound grains and aggregates, more single 
grains with one or more pressure facets, and more 
irregularities of the grains; 
quently and more extensively fissured and is more eccen- 
tric; the lamelle are distinct in a larger number of 
grains, but as a rule less in number; the size as a rule 
is less, but the proportions of length to breadth are the 
same; and the polariscopic figures, reactions with sele- 
nite, and the qualitative reactions with iodine show minor 
differences which in the aggregate are of account in 
differentiation of the starches. The starch of the hybrid 
closely resembles those of the parents. It is closer to 
that of the seed parent in size of the grains and number 
of the lamelle, but closer to the pollen parent in the 
form of the grains, fissuration and eccentricity of the 
hilum, and character of the lamelle. In the qualitative 
polarization and iodine reactions it is closer to the seed 
parent. In the qualitative reactions with chloral hydrate, 
potassium iodide, and potassium sulphocyanate it is more 
like that of the seed parent, while in the nitric-acid and 
sodium-salicylate reactions more like that of the other 
parent. 

Reaction-intensities Expressed by Light, Color, and Tempera- 
ture Reactions. 

Polarization: 
H. ossultan, high to very high, value 83. 
H. pyrrha, high to very high, higher than in H. ossultan, value 85. 

H. ossult.-pyrh, high to very high, higher than in either parent, 

value 87. 
Iodine: 

H. ossultan, moderately light to moderate, value 45. 

H. pyrrha, moderate to moderately deep, deeper than in H. ossul- 
tan, value 55. 

H. ossult.-pyrh., moderately light to moderately deep, and inter- 
mediate between the parents, value 50. 

Gentian violet: 
H. ossultan, moderate, value 50. 
H. pyrrha, moderately light to moderately deep, lighter than in 

H. ossultan, value 48. 

H. ossult.-pyrh., moderate to moderately deep, deeper than in 
either parent, value 53. 

Safranin: 
H. ossultan, moderate to moderately deep, value 55. 

H. pyrrha, moderate, lighter than in H. ossultan, value 50. 

H. ossult.-pyrh., moderate to moderately deep, deeper than in 
either parent, value 58. 

Temperature of gelatinization: 

H. ossultan, in majority at 73 to 74°, in all except rare grains at 

75 to 76°, mean 75.5°. 

H. pyrrha, in majority at 71 to 73°, in all except rare grains at 
73 to 74°, mean 73.5°. 

H. ossult.-pyrh., in majority at 70 to 72°, in all but rare grains at 
72 to 73°, mean 72.5°. 

The reactivities of H. ossultan are lower than those 
of the other parent in the polarization, iodine, and 
temperature reactions and higher in those of gentian 
violet and safranin. The reactivities of the hybrid are 
higher than those of either parent in the polarization, 
gentian-violet, safranin and temperature reactions, and 

the hilum is more fre-- 
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TaBLe A 38. 

slealgi¢gl@)laia| ala a 
21 bee ela eS 

Chloral hydrate: 
H. ossultan..........-- ae 7 | 27 37 | 421 45 
By pyr rh asic ois a gerae ce aoe 3) 19 28 | 39 | 42 
H. ossult.-pyrh......... Fi 4| 26 36 | 40 | 43 

Chromic acid: 
Hz ossultan. ce vee cnsss] ie 1| 25 | 96 | 99 
HH. pyrrha...... ee ee ee a 1] 20 | 90 | 99 
H. ossult.-pyrh.......-- oe 1 | 45 | 96 | 99 

Pyrogallic acid: 

H. ossultan...........- oi 10 | 67 80 | 90} 95 
Fi, peyrrliaecs. cence ene ed 5| 80 89 | 92 | 96 
H. ossult.-pyrh......... 20 | 85 93 | 96 | 98 

Nitric acid: 
H. ossultan...........- 4/17 30 | 43 | 56 
H. pyrrha.......-.-.-- 2) 6 16 | 33 | 50 
H. ossult.-pyrh......... 2/19 40 | 65 | 67 

Sulphuric acid: 
H. ossultan.........--- ar 45 '95 99 
H. pyrrha.......-.--5- _ 70 | 96 99 
H. ossult.-pyrh........- 40195 99 

Hydrochloric acid: 
H. ossultan...........- ye 5} 40 62 | 75 | 86 

H. pyrrha.. gages as 5|41 70 | 80 | 88 
H. ossult. ~pyth. . EL drags bis fe | 6 | 50 82] 89/91 

Potassium hydroxide: 
Hi ossultaaa vn cone ei aes 14/50 62 | 69 | 73 

H. pyrrha ss ese eee = 8/51 72 | 74 | 765 
H. ossult.-pyrh........- is 20 | 54 74176|78 

Potassium iodide: 
H. ossultan.........--- .| 4]11 19 | 21 | 23 
H. pyrrha......--.+--- . 10.5] & 7/11/17 
H. ossult.-pyrh......... 3/10 20 | 25 | 33 

Potassium eae 
H. ossultan . ern ee 4/10 34 | 48 | 64 
H. pyrrha.......-.-4- cis 21 6 25 | 46 | 61 
H. ossult.-pyrh......... ite 3110 48 |611!70 

Potassium sulphide: 
Bi, Oss0ta co, ape adgaaa | yy 10.54 1 3/ 4) 4 
Hy pyrela, s covaceese<a] -| 1] 2 3 3 
H. ossult.-pyrh......... Le . 10.5 10.5 ES 3 

Sodium hydroxide 
H. ossultan............ ea 10| 31 39 | 44 | 48 
H. pyrrha............. At 2| 8 29136! 43 
H. ossult.-pyrh......... és 3 | 27 35 | 43 | 45 

Sodium sulphide: 
H. ossultan...........-] 2. 2) 3 5] 8! 9 

By pyre he ss nacstasietes ss 1} 3 5)..] 5 
H. ossult.-pyrh......... Px 2| 4 6| 8] 8 

Sodium salicylate: 
H. ossultan............/.. 45 | 95 99 
Hi. PUTT ss eaeseawade ed cs 32 | 90 991.. 
H. ossult.-pyrh......... ee 22! 85 98 | 99 

Calcium nitrate: 
Hi, ossullam..cs00e ce ves re 1] 3 5 5 
Ps. eer ee 3 1) 2 3 3 

H. ossult.-pyrh......... Ge 0.5} 1 2 2 
Uranium nitrate: 

H. ossultan............ ane .| 215 6} 9°10 
Hy pyTthA. oc cera cress oe . (0.5) 1 4 4. 

H. ossult.-pyrh......... oe 0.5) 1 4 5 
Strontium nitrate: 

Hi. opel Ah ove ek cee town xx 21 9 10} 11:12 
H. pyrrhasy 36 ea ei pe ees 1] 2 5} 8/12 
H. ossult.-pyrh......... 2 4) 6/11 

Cobalt nitrate: 
H. ossultan............1.. .f05] 1 21 31 3 
ds PUVTNR ct dv akewnens . (0.5) 1 212 

H. ossult.-pyrh......... . (0.5) 1 2 

Copper nitrate: 
H. ossultan............ as . 10.5) 2], 3] 4] 5 

H. pyrrha.............].. -(0.5)..7. 0.5 
H. ossult.-pyrh......... . |0.6] 2). 2 

Cupric chloride: 
Hi. ossultan............ is .{05| 2 3] 4] 4 
Ws PEO ow eons per earl > . (0.5 aes 2 

H. ossult.-pyrh......... rv » (06 1 1 
Barium chloride: 

H. ossultan............ on . 10.5 1] 2] 3 
Ss or en . (0.5 - 0.6 
H. ossult.-pyrh......... . 10.5 - 0.5 

Mercuric chloride: 
A. ossultan. cscscancaas o) os + 105 1] 2/2 
Hy pyrrha.: i acccncews vas) so Secs .. 10.6 

H. ossult.-pyrh......... 0.5 1] 4 
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mid-intermediate in the reaction with iodine. In the 
polarization and temperature reactions it is closer to the 
pollen parent, and in the gentian-violet and safranin 
reactions closer to the seed parent. 

Table A 3 shows the reaction-intensities in percen- 
tages of total starch gelatinized at definite intervals 
(minutes). 

VELOCITY-REACTION CURVES. 
This section treats of the velocity-reaction curves of 

the starches of Hippeastrum ossultan, H. pyrrha, and 
H. ossultan-pyrrha, showing the quantitative differences 
in the behavior toward different reagents at definite time- 
intervals. (Charts D 43 to D 63.) 

The conspicuous features of these charts do not differ 
in many respects from those of the preceding set. 

(1) The curves of all three starches are in all of the 
reactions close and, on the whole, about the same as 
regards the extent of separation as in the first set, in 
some reactions there being a little more separation and 
in others less. In most of the reactions there is a ten- 
dency for a slightly higher reactivity than in the H. 
titan-cleonia set. Many of the reactions are so slow 
that there is no important if any differentiation, as in 
those with potassium sulphide, sodium sulphide, calcium 
nitrate, uranium nitrate, strontium nitrate, cobalt ni- 
trate, copper nitrate, cupric chloride, barium -chloride, 
and mercuric chloride. 

(2) Omitting these very slow reactions, the curve 
of H. ossultan is in the remaining 11 reactions higher 
than the corresponding curve of the other parent in 
the reactions with chloral hydrate, chromic acid, nitric 
acid, potassium iodide, potassium sulphocyanate, sodium 
hydroxide, and sodium salicylate ; and lower in those with 
pyrogallic acid, sulphuric acid, hydrochloric acid, and 
potassium hydroxide. 

(3) The curves of the hybrid bear varying relations 
to the parental curves, with very little tendency to same- 
ness in relation to the seed parent and none to the 
pollen parent; with little tendency to intermediateness 
or to being the lowest of the three curves; with a marked 
tendency to be the highest of the three; and with a ten- 
dency to sameness as both parents in the reactions that 
take place with marked slowness. (See the following 
section. ) 

(4) An early period of comparatively high resistance 
is noticed especially in the reactions with chloral hydrate, 
chromic acid, nitric acid, hydrochloric acid, and potas- 
sium sulphocyanate; the opposite with potassium hy- 
droxide and sodium salicylate. 

(5) The best period for the differentiation of the 
three starches is in case of the very slow reactions above 
referred to at the end of the 60 minutes, but in some of 
them even at this time there is very little or no differ- 
ence. The curves appear to be best separated at 5 min- 
utes in the reactions with sulphuric acid, potassium hy- 
droxide, and sodium salicylate; at 15 minutes with 
chloral hydrate, chromic acid, pyrogallic acid, and so- 
dium hydroxide; at 30 minutes with nitric acid, hydro- 
chloric acid, and potassium sulphocyanate. 

REACTION-INTENSITIES OF THE Hysrip. 

This section treats of the reaction-intensities of the 
hybrid as regards sameness, intermediateness, excess, and 
deficit in relation to the parents. (Table A 3 and Charts 
D 43 to D 63.) 

The reactivities of the hybrid are the same as those 
of the seed parent with sulphuric acid, sodium sulphide, 
and uranium nitrate; the same as those of the pollen 
parent in none; the same as those of both parents with 
potassium sulphide, calcium nitrate, strontium nitrate, 
cobalt nitrate, copper nitrate, cupric chloride, barium 
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chloride, and mercuric chloride; intermediate with 
iodine, chloral hydrate, and sodium hydroxide (in the 
first being mid-intermediate and in the last two nearer 
the seed parent) ; highest with polarization, gentian vio- 
let, safranin, temperature, chromic acid, nitric acid, 
pyrogallic acid, hydrochloric acid, potassium hydroxide, 
potassium iodide, and potassium sulphocyanate (in six 
being closer to the seed parent and in five being closer 
to the pollen parent) ; and the lowest with sodium salicy- 
late, it being in these nearer the pollen parent. 

The following is a summary of the reaction-intensi- 
ties: Same as seed parent, 3; same as pollen parent, 0; 
same as both parents, 9; intermediate, 3; highest, 11; 
lowest, 1. 

In not a single reaction is there sameness in relation 
to the pollen parent, and the stronger influence of the 
seed parent on the properties of the hybrid is quite 
marked. Intermediateness is rather exceptional, a ten- 
dency to the lowest reactivity very exceptional, and a 
tendency to the highest reactivity very marked. 

CoMPOSITE CURVES OF THE REACTION-INTENSITIES. 

This section treats of composite curves of the reac- 
tion-intensities showing the differentiation of the 
starches of Hippeastrum ossultan, H. pyrrha, and H. 
ossultan-pyrrha. (Chart E 3.) 

Among the conspicuous features of this chart are: 
(1) The remarkable closeness of all three curves, 

the differences for the most part being insignificant or 
actually falling within the limits of error of experiment, 
showing an extreme botanical closeness of the parents 
and extremely little variance of the hybrid from the 
parents. The only reactions in which the parents are 
readily differentiated are those with iodine, gentian 
violet, safranin, temperature, chromic acid, and sodium 
salicylate, and even in these the differences are without 
exception of a minor degree. 

(2) In this curve of H. ossultan compared with that 
of H. pyrrha the reactivities are shown to be distinctly 
higher in the reactions with gentian violet, safranin, 
chromic acid, and sodium salicylate, and lower with 
polarization, iodine, and temperature. In the other in- 
stances the differences are unimportant or even negligible 
excepting in so far as they tend to indicate a generally 
slightly higher reactivity of H. ossultan. 

(3) In H. ossultan the very high reactions with 
polarization, chromic acid, sulphuric acid, and sodium 
salicylate, the moderate reactions with iodine, safranin, 
gentian violet, and pyrogallic acid; the low reactions 
with temperature, nitric acid, hydrochloric acid, potas- 
sium hydroxide, and potassium sulphocyanate; and the 
very low reactions with chloral hydrate, potassium iodide, 
potassium sulphite, sodium hydroxide, sodium sulphide, 
calcium nitrate, uranium nitrate, strontium nitrate, co- 
balt nitrate, copper nitrate, cupric chloride, barium 
chloride, and mercuric chloride. 

(4) In H. pyrrha the very high reactions with polari- 
zation, sulphuric acid, and sodium salicylate; the high 
reactions with chromic acid, the moderate reactions with 
iodine, gentian violet, safranin and pyrogallic acid; the 
low reactions with temperature, nitric acid, hydrochloric 
acid, potassium hydroxide, potassium sulphocyanate; and 
the very low reactions with chloral hydrate, potassium 
iodide, potassium sulphide, sodium hydroxide, sodium 
sulphide, calcium nitrate, uranium nitrate, strontium 
nitrate, cobalt nitrate, copper nitrate, cupric chloride, 
barium chloride, and mercuric chloride. 

(5) In the hybrid the very high reactions with polar- 
ization, chromic acid, sulphuric acid, pyrogallic acid, and 
sodium salicylate; the moderate reactions with iodine, 
gentian violet, safranin, temperature, and hydrochloric 
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acid; the low reactions with nitric acid, potassium hy- 
droxide, and potassium sulphocyanate; and the very low 
reactions with chloral hydrate, potassium iodide, potas- 
sium sulphide, sodium hydroxide, sodium sulphide, cal- 
cium nitrate, uranium nitrate, strontium nitrate, cobalt 
nitrate, copper nitrate, cupric chloride, barium chloride, 
and mercuric chloride. 
i The following is a summary of the reaction-intensi- 
ies: 

Very . Mod- Very 
high. High. erate. Low. low. 

H. ossultan....... 4 0 4 5 13 
H. pyrrha,........ 3 1 4 5 13 
H. ossult.-pyrh..... 5 (0) 5 3 13 

4, CoMPARISONS OF THE StarcueEs oF HippEastRUM 
pmHonss, H, zepuyr, anp H. p#oNnES-zEPHYR. 

In histologic characteristics, polariscopic figures, 
reactions with selenite, qualitative reactions with iodine, 
and qualitative reactions with the various chemical reag- 
ents the starches of the parents exhibit properties in 
common and certain individualities, but generally a very 
close correspondence throughout. The grains of H. 
zephyr in comparison with those of the seed parent are 
found to include less numbers of aggregates and com- 
pounds; they are free from the long, narrow finger-like 
grains found in the latter; they are more regular, the 
protuberances being less numerous and not so large. 
The hilum is less distinct and less frequently fissured. 
The lamelle are less distinct, less fine, and less in num- 
ber. The common size is about the same, but the large 
grains show some differences in ratio of length to breadth. 
The polariscopic, selenite, and qualitative iodine reac- 
tions exhibit some minor differences. The starch of the 
hybrid in comparison with the starches of the parents 
contains’a relatively larger number of aggregates and 
compounds but none of the long, narrow finger-like grains 
found in H. deones but not in H. zephyr. The hilum is 
more frequently fissured than in either parent, and in 
character and eccentricity it is closer to H. deones. The 
lamelle in character and number are nearer to H. d@ones. 
The common size of the grains is somewhat less than in 
either parent, and the size of the larger grains approaches 
nearer that of H. zephyr. In the qualitative polariscopic 
properties the leaning is in certain respects toward one 
parent and in other respects toward the other, and in 
the selenite reactions there is development of properties 
in excess of the development in the parents, with a lean- 
ing closer to the pollen parent. The qualitative iodine 
reactions are closer to H. zephyr. In the qualitative 
chemical reactions with chloral hydrate, nitric acid, po- 
tassium iodide, and potassium sulphocyanate the hybrid 
is closer to H. deones, while in the sodium-salicylate 
reactions the relationship to the two parents is of equal 
degree. 

Reaction-intensities Hapressed by Light, Color, and Tempera- 
ture Reactions. 

Polarization: 
H. dezones, high to very high, value 80. 
H. zephyr, high to very high, little higher than in H. dmones, 

value 83. 
H. deon. zeph., high to very high, higher than in the parents, 

value 85. 
Iodine: 

H. dzones, moderate to moderately deep, value 55. 

H. zephyr, moderate, less than in H. dgones, value 50. 
H. deon.-zeph., moderate, same as in H. zephyr, value 50. 

Gentian violet: 
H. dzones, moderate to moderately deep, value 58. 
H. zephyr, moderate to moderately deep, lighter than in H. drones, 

value 55. 
H. deon.-zeph., moderate, lighter than in either parent, value 50. 

HISTOLOGIC PROPERTIES AND REACTIONS. 

Safranin: 
H. dwones, moderate to moderately deep, value 55. 
H. zephyr, moderate to moderately deep, the same asin H, deones, 

value 55. 
H. dzon.-zeph., moderate to moderately deep, the same as in both 

parents, value 55. 

Temperature: 

H. deones, in majority at 72.5 to 74°, in all but rare grains at 74 to 

75°, mean 74.5°. 

H. zephyr, in the majority at 72 to 73°, in all but rare grains at 
73 to 75°, mean 74°. 

H. dexon.-zeph., in the majority at 72 to 73, in all but rare grains 
at 72 to 73°, mean 72.5°, 

The reactivities of H. dwones are lower than those 
of the other parent in the polarization and temperature 
reactions, higher in the iodine and gentian-violet reac- 
tions, and the same in the safranin reaction. The reac- 
tivities of the hybrid are higher than those of either 
parent in the polarization and temperature reactions, 
lower than that of either parent in the gentian-violet 
reaction, the same as that of the pollen parent in the 
iodine reaction, and the same as those of both parents 
in the safranin reactions. On the whole the inclination 
is toward the pollen parent. 

Table A 4 shows the reaction-intensities in percent- 
ages of total starch gelatinized at definite intervals 
(minutes) : 

VELOCITY-REACTION CURVES. 
The following section treats of the velocity-reaction 

curves of the starches of Hippeastrum deones, H. zephyr, 
and H. deones-zephyr, showing the quantitative differ- 
ences in the behavior toward different reagents at defi- 
nite time-intervals. (Charts D 64 to D 84.) 

As noted in the preceding sections the three starches 
are very closely alike, exhibiting only minor differences, 
but not infrequently character developments of the hy- 
brid that exceed the parental extremes. The most con- 
spicuous features of these charts are: 

(1) The nearness of the three curves throughout. 
(2) The curve of H. deones is higher than the curve 

of H. zephyr in the reactions with chloral hydrate, chro- 
mic acid, pyrogallic acid, nitric acid, sulphuric acid, 
hydrochloric acid, potassium iodide, potassium sulpho- 
cyanate, sodium hydroxide, and sodium sulphide through 
the 60 minutes. It also tends to be above in the reac- 
tion with strontium nitrate. In the sodium-salicylate 
reaction, in which gelatinization goes on with moderate 
rapidity, the curves are about the same; and in the reac- 
tions with potassium sulphide, calcium nitrate, uranium 
nitrate, cobalt nitrate, copper nitrate, cupric chloride, 
“barium chloride, and mercuric chloride gelatinization 
proceeds so slowly that there is little or no differentiation. 
From these data H. dwones has, on the whole, the higher 
reactivity. 

(3) The curves of the hybrid show varying relation- 
ships to the parental curves, in some instances being the 
same as that of one or the other parent or both parents, 
in others intermediate, and in others higher or lower than 
both parental curves. (See following section.) 

(4) Evidence of a preliminary period of comparative 
resistance is apparent in several of the charts. 

(5) The earliest period at which the three curves 
are best separated for differential purposes is variable. 
In the very slow reactions no differentiation seems pos- 
sible even at the end of 60 minutes, the differences noted 
being wholly within the limits of error of observation and 
of no significance whatsoever. The best period for sul- 
phuric acid is at 5 minutes; for chromic acid, pyro- 
gallic acid, hydrochloric acid, potassium sulphocyanate, 
sodium hydroxide and sodium salicylate at 15 minutes; 
for sodium sulphide at 30 minutes; for strontium nitrate 
at 45 minutes; and for chloral hydrate, nitric acid, and 
potassium iodide at 60 minutes. 
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Tass A 4. 

d d aie le Ngee 
Lal oO ie) Lal N oo bl oO 

Chloral hydrate: 
H. deones............. a 9 | 29 42) 50] 53 
H. zephyr... .........0/ 0. 5 | 21 32] 36) 39 
H. dwones-zephyr...... ae 3] 13 14] 17/18 

Chromic acid: 
H. dwones............./ 0. °3/90)99/100)..].. 
H. zephyr. ............ os 2/50! 76] 95/100) .. 

H. dewones-zephyr...... ok 30 | 80 | 90|100}.. 
Pyrogallic acid: 

H. dwones.,...........].. 15 | 70 96} 96) 97 
H. zephyr............. cd 11 | 68 93) 95) 97 

H. deeones-zephyr....... a 17| 80 96 | 97| 98 

Nitric acid: 
H. dwones.............] 2. 7 | 32 70| 73) 78 
H. zephyr............. és 6 | 12 45] 60) 65 

H. deones-zephyr...... es 7 | 34 73) 79) 85 
Sulphuric acid: 

He GRONGE ai or seeneecns| os 95 | 99 bps 
Hi. 2éphy?’s « csesncawcaas si 80 | 97 99] . 

H. deones-zephyr...... a 81| 97 99 
Hydrochloric acid: 

H. dewones............. sig 12175 83 | 90] 92 
bc en ee re Se 7 | 60 73| 77| 80 
H. dewones-zephyr...... ay 8| 70 78) 83] 86 

Potassium hydroxide: 

H. dwones............. 4 16 | 67 72) 81) 83 
H. zephyr..........6.-/.. 14 | 56 72| 74| 75 
H. deones-zephyr.......].. 16 | 60 70| 77| 83 

Potassium iodide: 
H. dewones............. Bis 1) 12 29} 38] 45 
HH, gephy@. a. ccccec nan! y. &| 9 20} 25] 30 
H. deeones-zephyr........|.. 2)10 27| 33] 42 

Potassium sulphocyanate: 

H. dwones............. ea 11 | 52 68] 75) 84 
ce es ee re 6| 12 50} 65] 75 

H. deones-zephyr...... ee 8 | 34 59} 68] 80 
Potassium sulphide: 

H. deones............. <i 1] 2 3)..) 4 
His sephyr sie ciegesscasay 2 oe 1) 2 3)..) 4 

H. dseones-zephyr...... Ay 1} 1 2} 3] 4 

Sodium hydroxide: 
HH. GROWS cc ens naeveses} vs 6| 18 43] 45) 52 
Hi, zephyr: 4 desccc000% ay 1| 6 35| 42] 48 

H. dwones-zephyr....... he 2/11 41| 48] 58 

Sodium sulphide: 
H. dmones .....0..4. 2000014 2 3/10 16 | 23 | 27 
Fis SORRYE. oe cee ve peeled 21 5 10} 14) 15 
H. deones-zephyr...... = 0.5]... 1} 10} 14 

Sodium salicylate: 

HA. dwones............. me 25 | 76 96} 99}. 
Hi, wepbyr ssc secanca cal os 19 | 79 99]... 
H. deones-zephyr....... os 17 | 65 95} 99]. 

Calcium nitrate: 
H. deones............. uy (0.5) 2 na 3) 4 
No eee ee eee eee Liles 2} 3] 3 

H. deones-zephyr...... Si 0.5} 2 3] 5) 5 

Uranium nitrate: 
H; deones ceux ccvesas ae 0.5) 2 4) 5) 5 
H. zephyr.............] 2. 2) 3 1. | 4) 4 
H. dswones-zephyr...... oad 1} 2 3]../ 3 

Strontium nitrate: 
H. dwones.............].. 2) 3 11} 19} 25 
H. zephyr............. ae 3] 5 7| 9/14 

H. deones-zephyr...... ws 1] 5 9} 13) 25 
Cobalt nitrate: 

A. deones oh ag cyussecsn| os .. |O5] 2 a4 3| 3 
Fh, ZePHyYT se acs aysiavdrsnde siceth wg (0.5) 2 3|..| 3 

H. deones-zephyr...... 25 0.5] 1 1.5} .. 1.5 

Copper nitrate: 
H, dapones .. 05 ca ca a ny ¥] oe . (0.5) 2 3) 4 
Hi. gephyr . occ. acs jae el] a . |O.5).. 1) 2 

H. dwones-zephyr...... sis . (0.5 |1.5 2|- 2 

Cuprie chloride: 
H. deeones.........6--+ a . {0.5].. » | 3) 3 
H. zephyr........-..-.-].. 0.5] 1 2} 3] 3 

H. dwones-zephyr...... ead 05| 1 1.6]... |L5 
Barium chloride: 

H. deones............. + . 0.5 Salle ol 
Fi, POpR yrs os ca eaeavaes es . (0.5 < 1} 1 
H. deones-zephyr...... os . 0.5 ee] ok 

Mercuric chloride: 
H. dwones........-..--- ae 0.5) 1 6a law 
H. zephyr. .........-.-] 0. ~ (05) 2 iy 2| 2 
H. deones-zephyr...... na 1| 2 a.. | 4 
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REACTION-INTENSITIES OF THE HYBRID. 

This section treats of the reaction-intensities of the 
hybrid as regards sameness, intermediateness, excess, 
and deficit in relation to the parents. (Table A 4 and 
Charts D 64 to D 84.) 

The reactivities of the hybrid are the same as those 
of the seed parent in not a single reaction; the same as 
those of the pollen parent with iodine and sulphuric acid ; 
the same as those of both parents with safranin, potas- 
sium sulphide, calcium nitrate, uranium nitrate, cobalt 
nitrate, copper nitrate, cupric chloride, barium chloride, 
and mercuric chloride; intermediate with hydrochloric 
acid, potassium hydroxide, potassium iodide, potassium 
sulphocyanate, sodium hydroxide, and strontium nitrate 
(in three reactions being closer to those of the seed parent 
and in three mid-intermediate) ; highest with polariza- 
tion, temperature, chromic acid, pyrogallic acid, and 
nitric acid (in one being closer to the pollen parent, in 
three closer to the seed parent, and in one as close to one 
as to the other parent); and the lowest with gentian 
violet, chloral hydrate, sodium sulphide, and sodium 
salicylate (in two being closer to the pollen parent, in one 
closer to the seed parent, and in one as close to one as 
to the other parent). 

The following is a summary of reaction-intensities : 
Same as seed parent, 0; same as pollen parent, 2; same 
as both parents, 9; intermediate, 6; highest, 5; lowest, 4. 

In none of the reactions is there sameness to the seed 
and in only two is there sameness to the pollen parent; 
and intermediateness is scarcely more frequent than de- 
velopment in excess or deficit of parental extremes. Pa- 
rental influences on the starch of the hybrid seem to be 
somewhat in favor of the seed parent. 

CoMPposITE CURVES OF THE REACTION-INTENSITIES. 

This section treats of the composite curves of the 
reaction-intensities showing the differentiation of the 
starches of Hippeastrum daones, H. zephyr, and H. 
deones-zephyr. (Chart E4.) 

The most conspicuous features of this chart are: 
(1) The closeness of all three curves. 
(2) The curve of H. deones, excepting in the pola- 

rization reaction, is higher than the corresponding reac- 
tions of H. zephyr in the reactions with iodine, gentian 
violet, chloral hydrate, chromic acid, pyrogallic acid, 
nitric acid, sulphuric acid, hydrochloric acid, potassium 
hydroxide, potassium iodide, potassium sulphocyanate, 
sodium hydroxide, sodium sulphide, and strontium ni- 
trate; lower with polarization; and the same or practi- 
cally the same with safranin, temperature, potassium 
sulphide, sodium salicylate, calcium nitrate, uranium ni- 
trate, cobalt nitrate, copper nitrate, cupric chloride, 
barium chloride, and mercuric chloride. 

(3) In H. deones, the very high reactions with 
polarization, chromic acid, and sulphuric acid; the high 
with pyrogallic acid and sodium salicylate; the moderate 
reactions with iodine, gentian violet, safranin, and hy- 
drochloric acid; the low reactions with temperature, 
chloral hydrate, nitric acid, potassium hydroxide, potas- 
sium sulphocyanate, and sodium hydroxide ; and the very 
low reactions with potassium iodide, potassium sulphide, 
sodium sulphide, calcium nitrate, uranium nitrate, 
strontium nitrate, cobalt nitrate, copper nitrate, cupric 
chloride, barium chloride, and mercuric chloride reactions. 

(4) In ZH. zephyr; the very high reactions with polar- 
ization and sulphuric acid; the high with chromic acid, 
pyrogallic acid, and sodium salicylate; the moderate 
with iodine, gentian violet, and safranin; the low with 
temperature, nitric acid, hydrochloric acid, potassium 
hydroxide, and potasium sulphocyanate; the very low 
with chloral hydrate, potassium iodide, potassium sul- 
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phide, sodium hydroxide, sodium sulphide, calcium ni- 
trate, uranium nitrate, strontium nitrate, cobalt nitrate, 
copper nitrate, cupric chloride, barium chloride, and mer- 
curic chloride. 

(5) In the hybrid, H. deones-zephyr, the very high 
reactions with polarization and sulphuric acid; the high 
with chromic acid, pyrogallic acid, and sodium salicylate ; 
the moderate with iodine, gentian violet, and safranin ; 
the low with temperature, nitric acid, hydrochloric acid, 
potassium hydroxide, and potassium sulphocyanate ; and 
the very low with chloral hydrate, potassium iodide, po- 
tassium sulphide, sodium hydroxide, sodium sulphide, 
calcium nitrate, uranium nitrate, strontium nitrate, 
cobalt nitrate, copper nitrate, cupric chloride, barium 
chloride, and mercuric chloride. 

The following is a summary of the reaction intensi- 
ties : 

Very z Mod- Very 
high. High erate Low. low. 

H. deeones......... 3 2 4 6 11 
H. zephyr......... 2 3 3 5” 13 

H. deones-zephyr . . 2 3 3 5 13 

Notes oN THE HIPPEASTRUMS. 

The hippeastrums exhibit properties in general so 
closely alike as to suggest very closely related plants, 
such as in fact they are. In histological properties while 
all possess in common certain fundamental generic char- 
acters, each has certain individualities that are mani- 
fested in variable ways. Each hybrid is more closely 
related in certain histological features to one parent and 
in certain others to the other parent, but the directions of 
these variations may be the same or different in the dif- 
ferent hybrids. Thus, in form H. titan-cleonia is closer 
to the seed parent than to the pollen parent, while in 
H. ossultan-pyrrha the relationship is closer to the pollen 
parent; in hilum two of the hybrids are closer to the 
seed parent and one closer to the pollen parent; in 
Jamellse in one hybrid in characters they are nearer the 
pollen parent, but in number the same as both parents, 
in another hybrid the number is the same as in the seed 
parent but in the characters closer to those of the pollen 
parent, and in the third hybrid characters and number 
are closer to seed parent; and in size one hybrid is more 
closely related to the seed parent, another to the pollen 
parent, and another in the larger grains to the pollen 
parent. The hybrid modifications are associated with 
inherent peculiarities of the parents, and inasmuch as 
the parents of the three sets differ the hybrids differ, 
and in fact they differ as much from each other as do 
the parents. 

The uniformity or close correspondence in the courses 
of the velocity-reaction curves in the case of each reagent 
associated with a corresponding uniformity of the com- 
posite reaction curves affords striking evidence of the 
accuracy of the method employed in the recognition of 
plant relationships. In a word, there is a hippeastrum 
curve, which curve is modified in relation to each plant 
represented. 

The parental relationships of the hybrids in the 
various reactions are as variable as those indicated in 
the histological peculiarities. Each of the hybrids may 
be in some of the reactions the same as the seed parent, 
in others the same as the pollen parent or as both parents, 
in others intermediate, and in others higher or lower than 
either parent. Intermediateness is far from being the 
tule, since in only 13 out of 78 reactions was intermedi- 
ateness recorded, and in only 6 was there mid-inter- 
mediateness. In fact, reactivity of the hybrid in excess 
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Tasip A 5. 

slg ;| 8] a] a] a 

Laie elel/s}3|3 
Chloral hydrate: 

H. katherinw.............]+- 7| 20| 60] 67) 74 
H. magnificus............|-- 4] 14] 15})17| 17 
H. andromeda............ #6 5] 20] 29] 35} 47 

Chromic acid: 
H. kathering.............]-- 1/0.5| 23] 92] 97 
H. magnificus............]-- 3| 19} 27] 86] 97 
H. andromeda............ ae 0.5; 8] 25}90] 95 

Pyrogallic acid: . 

H. katherine............ os 3] 7] 10]12] 30 
H. magnificus............ ae 7| 20} 60] 76] 86 
H. andromeda............ 28 1] 3] 8/12] 26 

Nitric acid: 
H. katherine ............ a 1.5] 2] 3] 4] 6 
H. magnificus............ ie 4] 40] 45148] 50 
H. andromeda............].- 3] 12] 18] 15] 20 

Sulphuric acid: 
H. katherine............ es 10} 35| 79/90] 94 
Pia miapmiiens. 2 uxcse anaes] = 10| 75| 87/97] 99 
H. andromeda............ 9| 50] 81] 93] 98 

Hydrochloric acid: 
H. katherine............. see 1/} 3] 10/12] 15 
H. magnificus............ 7| 35| 66] 75} 83 
H. andromeda............ 3] ..] 11] 30} 42 

Potassium hydroxide: 
H. katherine.............- AlN ae on 2 
H. magnificus............ 3} 9} 11].. | 20 
H. andromeda............ 3] 6) 7} 9] 11 

Potassium iodide: 
H. katherine............. ah 1.5] .. Oi .. | 3 
H. magnificus............ hes 1) 314.5) 7; 12 
H. andromeda...........].. DY) cop QB 5] 8 

Potassium sulphocyanate: 

A, katherine, ss cesavss cal x 25] ..1..) 3] 4 
H. magnificus............ ae 7/ 11] 22] 34] 40 
H. andromeda............).. 1} 3/35] 4] 4 

Potassium sulphide: 
H. katherine............ pe LY cod 2 2 
H. magnificus...........-).. nae 1) 2.5 2.5 
H. andromeda........... a Ds) cece are 1 

Sodium hydroxide: 

H. katherine............. ‘e's Foe || ge oy P oe 
Hy meapnifictigvss aaa cewes| a? 2) 15) 24| 27] 35 
H. andromeda............].. 0.5) ../2.5].. 3 

Sodium sulphide: 
H. katherine............ Pie O05) 22] 2.) 2) 2 
H. magnificus............ 7 2! 517.5 /9.5/9.5 
H. andromeda...........).. 0.5 1) 2)2.5 

Sodium salicylate: 
H. katherine............].. 80} 99] ..]..].. 
H. magnificus............].. 9.5} 36] 70) 95 |98.5 
H. andromeda............].. 56] 98/ 99}..] .. 

Calcium nitrate: 
H. katherine............ ia DP ed Pda [ean 1 
H. magnificus............].. 2.513.5| 515.5] 6 
H. andromeda...........].. 0.5] .. 3 ie 1 

Uranium nitrate: 
H, katherin®:. cccsascee vs] ee 1 vx | wwe [heo 
He magnifieus.i. ovawsn vas] ox 2 3.5] 5] 5 
H. andromeda...........].. 0.5 ed. | 0.5 

Strontium nitrate: 
H. katherine............ ee 2] Bi cates) 8 
H. magnificus............/.. 15] 3/65] 8] 9 
H. andromeda............].. 0.5 10.75] 1.75]2.5 | 2.5 

Cobalt nitrate: 
Hi. katherine so cces vx sc cal as 0.5 1 
H. magnificus............ ons 0.5 0.5 
H. andromeda...........].. 0.5 0.5 

Copper nitrate: 
H. katherine............ a 0.5 is 1.5 
H. magnificus............].. 0.5 1 1 
H. andromeda........... ‘ed 0.5 As 0.5 

Cupric chloride: 
H. katherin®............ or 0.5 0.5 
H. magnificus............].- 0.5 3 
H. andromeda........... ee 0.5 0.5 

Barium chloride: 
H. kathering........-...].- . 1.25) 1.5 1.5 
H. magnificus...........-].. 0.5] .. 1 
H. andromeda........... 0.5 0.5 

Mercuric chloride: 
H. katherine .........--- ill as .. |1.25] 1.5 0.5 
H. magnificus.........-..].- 0.5] .. 1.5 

H. andromeda.........../-- 0.5 0.5 
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or deficit of parental extremes is more common than 
intermediateness, for in 21 reactions the hybrids were 
higher than those of either parent and in 9 lower than 
those of either parent. In case of all three hybrids the 
seed parent seems to be the more potent in influencing 
the characters of the starch, this potency being the most 
marked in H. ossultan-pyrrha and least marked in H. 
deones-zephyr. 

5. CoMPARISONS OF THE StarcHeEs oF HamantTuus 
KATHERINA, H. macniricus, ano H. anDROMEDA. 

In histologic characteristics, in polariscopic figures, 
in the reactions with selenite, in the reactions with 
iodine, and in the qualitative reactions with the various 
chemical reagents it will be noted that the parent starches 
not only exhibit properties in common in variable de- 
grees of development, but also individualities which col- 
lectively serve to distinguish them. 

The starch grains of Hemanthus magnificus contain 
proportionately a larger number of aggregates; there, 
are compound grains that are not found in H. katherine ; 
and the grains tend to more irregularity, to more breadth 
in relation to length, and to rounded ends. The hilum 
is more distinct and more frequently fissured, but the 
eccentricity is about the same; the lamelle are less 
distinct; and the size is larger, with a tendency to 
broadness. In polariscopic figure and reactions with 
selenite there are various differences. The grains of the 
hybrid H. andromeda are in form in general closer 
to those of H. katherine, and in certain respects closer 
to those of the other parent. They are more irregular 
than those of either parent, and there are compound 
grains like those found in H. magnificus, but they are 
less numerous. In the character of the hilum and in size 
they are closer to those of H. katherine, but in lamelle 
there does not appear to be a definite leaning toward one 
or the other parent. In the polariscopic figure and 
appearances with selenite the grains are closer to H. 
katherine, and the same is true in regard to their quali- 
tative behavior with iodine. In the qualitative reac- 
tions with chloral hydrate, nitric acid, potassium iodide, 
potassium sulphocyanate, and sodium salicylate the 
grains show a close relationship to those of H. katherine, 
except in the case of a few grains in each reaction which 
show a corresponding relationship to H. magnificus. On 
the whole, the relationship is very close to H. katherine. 

Reaction-intensities Expressed by Light, Color, and Tempera- 
ture Reactions. 

Polarization: 
H. katherine, high to very high, value 75. 
H. magnificus, very high, much higher than H. katherine, value 90. 

H. andromeda, high to very high, higher than H. katherine, 
value 82. 

Todine: 
H. katherine, moderate to light, value 45. 

H. magnificus, moderate, deeper than H. kathering, value 50. 

H. andromeda, moderate to deep, a little deeper than H. katherine, 
value 47. 

Gentian violet: 
H. katherine, moderate to deep, value 60. 

H. magnificus, moderate to deep; not so deep as H. katherine, 

value 55. 
H. andromeda, moderate to deep, slightly lighter than H. katherine, 

value 58. 
Safranin: 

H. katherine, moderate to deep, value 60. 
H. magnificus, moderate to deep, the same as H. katherinsg, value 60. 
H. andromeda, moderate to deep, lighter than in the parent-stock, 

value 58. e 
Temperature: 

H. katherine, majority at 79 to 81°, all at 82 to 84°, mean 83°. 
H. magnificus, majority at 77 to 77.5°, all at 78 to 79°, mean 78.5°, 
H. andromeda, majority at 75.5 to 80°, all at 81 to 82°, mean 81.5°. 

The reactivities of H. katherine are lower than 
those of H. magnificus in the reactions with polarization, 
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iodine, and temperature ; higher with gentian violet; and 
the same with safranin. The reactivities of the hybrid 
are intermediate in the reactions with polarization, io- 
dine, gentian violet, and temperature; and lower than 
those of the parents with safranin. With the excep- 
tion of the last and the temperature reaction the rela- 
tionship of the hybrid is practically exactly mid-inter- 
mediate, and in the temperature reaction it is closer to 
H. katherine. 

Table A 5 shows the reaction-intensities in percent- 
ages of total starch gelatinized at definite intervals 
(minutes) : 

VELOCITY-REACTION CURVES. 
This section treats of the velocity-reaction curves 

of the starches of Hemanthus katherine, H. magnificus, 
and H. andromeda, showing the quantitative differences 
in the behavior toward different reagents at definite time- 
intervals. (Chart D 85 to D 105.) 

The most conspicuous features of these charts are: 
(1) The individualities of each chart in.relation to 

the reagent, except in the cases where the reactions are 
so slow and the figures so close as to be within the limits 
of error. In the charts in which the reactions are other- 
wise than very slow the three curves vary in their close- 
ness to one another within wide limits. Thus, in the 
reactions with chromic acid and sulphuric acid all three 
curves keep close together throughout the 60 minutes, 
but the charts are readily distinguishable from each 
other, especially at the 15- and 30-minute periods, at 
which times the curves are much higher in the sulphuric- 
acid chart. The curves for chloral hydrate, nitric acid, 
and hydrochloric acid show a tendency during the prog- 
ress of the reactions to divergence, in all three charts 
the curves of the hybrid being intermediate, but in two 
closer to the curve of H. katherine. The chart for 
sodium salicylate stands isolated, owing especially to 
the relatively high reactivities of the hybrid and H. 
katherine during the first 5 minutes. In all of the 
charts in which the three curves are sufficiently separated 
to make satisfactory determinations, the curve of the 
hybrid, with the exception of a few instances, tends defi- 
nitely to intermediateness. 

(2) The curves of H. magnificus in the reactions 
with chloral hydrate, pyrogallic acid, chromic acid, po- 
tassium hydroxide, potassium sulphocyanate, sodium 
salicylate, and sodium hydroxide, in all of which the 
reactivities are sufficiently marked to bring out positive 
differences in reactive-intensities, are the highest except- 
ing in two cases (chloral hydrate and sodium salicylate), 
in both of which the curves of H. katherine are the high- 
est—a curious reversal of position. In all of the charts 
in which positive differences have been brought out, the 
curve of the hybrid tends to be closer to that of H. kath- 
erine irrespective of the position of the latter in relation 
to the curve of H. magnificus. 

(8) The curves of the hybrid, except in the reactions 
in which all three curves are essentially the same, tend to 
be the same as those of the seed parent or of some degree 
of intermediateness. In the latter group there is an 
obvious tendency to mid-intermediateness or to the seed 
parent. 

REACTION-INTENSITIES OF THE Hysrip. 

The following section treats of the reaction-intensi- 
ties of the hybrid as regards sameness, intermediateness, 
excess, and deficit in relation to the parents. (Table A5 
and Charts D 85 to D 105.) 

The reactivities of the hybrid are the same as those 
of the seed parent in the pyrogallic acid, potassium 
iodide, potassium sulphocyanate, sodium hydroxide, so- 
dium sulphide, calcium nitrate, uranium nitrate, and 
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strontium nitrate ; the same as those of the pollen parent 
in none; the same as those of both parents in the reac- 
tions with potassium sulphide, cobalt nitrate, copper 
nitrate, cupric chloride, barium chloride, and mercuric 
chloride; intermediate with polarization, iodine, gentian 
violet, temperature, chloral hydrate, chromic acid, nitric 
acid, sulphuric acid, hydrochloric acid, potassium hydrox- 
ide, and sodium salicylate (in four being closer to the 
seed parent, and in seven mid-intermediate) ; highest in 
none; and the lowest with safranin, in which it is as close 
to one as to the other parent. 

The following is a summary of the reaction-intensi- 
ties: Same as seed parent, 8; same as pollen parent, 0; 
same as both parents, 6; intermediate, 11; highest, 0; 
lowest, 1. 

The stronger influences of the seed parent on the 
properties of the starch of the hybrid are very marked. 
Intermediateness is quite common. In no reaction is 
there sameness in relation to the pollen parent or the 
highest reactivity of the three starches, and in only one 
reaction is the hybrid the lowest. 

COMPOSITE-CURVES OF THE REACTION-INTENSITIES. 

This section deals with the composite-curves of the 
reaction-intensities, showing the differentiation of the 
starches of Hemanthus katherine, H. magnificus, and 
H. andromeda. (Chart E5.) 

The most conspicuous features of the chart may be 
summed up as follows: 

(1) The moderate to very low, generally very low, 
positions of the curves with few exceptions, the only 
important members of the latter group being the polar- 
ization and sodium-salicylate reactions, thus showing 
that these starches exhibit generally a high to very high 
resistance. 

(2) The contiguity of all three curves throughout 
the chart and the unity of type of curve, indicating a 
close botanical relationship of the parents and no ten- 
dency for departure of hybrid characteristics from those 
of the parents. 

(3) The highest position of the curve of H. mag- 
nificus throughout the chart, excepting in the reactions 
with gentian violet, safranin, chloral hydrate, chromic 
acid, and sodium salicylate—in the safranin and chromic 
acid the curves are the same or practically the same as 
those of H. katherine, and with chloral hydrate and 
sodium salicylate distinctly lower, they being the lowest 
of all three curves. The inversion of the positions of the 
H. magnificus and H. katherine curves in the gentian 
violet, chloral hydrate, and sodium salicylate reactions 
is most interesting and significant. 

(4) In the curve of H. katherine the very high 
reaction with sodium salicylate; the high with polari- 
zation, gentian violet, and safranin; the moderate with 
iodine, chromic acid, and sulphuric acid; the low with 
chloral hydrate; the very low with temperature, pyro- 
gallic acid, nitric acid, hydrochloric acid, potassium hy- 
droxide, potassium iodide, potassium sulphocyanate, po- 
tassium sulphide, sodium hydroxide, sodium sulphide, 
calcium nitrate, uranium nitrate, strontium nitrate, 
copper nitrate, cupric chloride, barium chloride, and 
mercuric chloride. 

(5) In the curve of H. magnificus the very high 
polarization reaction; the high reactions with safranin, 
sulphuric acid, and sodium salicylate; the moderate with 
iodine, gentian violet, and chromic acid; the low with 
temperature, pyrogallic acid, nitric acid, and hydro- 
chloric acid ; the very low with chloral hydrate, potassium 
hydroxide, potassium iodide, potassium sulphocyanate, 
potassium sulphide, sodium hydroxide, sodium sulphide, 
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calcium nitrate, uranium nitrate, strontium nitrate, co- 
balt nitrate, copper nitrate, cupric chloride, barium 
chloride, and mercuric chloride. 

(6) In the curve of the hybrid H. andromeda, the 
very high reactions with polarization and sodium sali- 
cylate; the absence of high reactions ; the moderate with 
iodine, gentian violet, safranin, chromic acid, and sul- 
phuric acid, the low with temperature ; and the very low 
with chloral hydrate, pyrogallic acid, nitric acid, hydro- 
chloric acid, potassium hydroxide, potassium iodide, po- 
tassium sulphocyanate, potassium sulphide, sodium hy- 
droxide, sodium sulphide, calcium nitrate, uranium 
nitrate, strontium nitrate, cobalt nitrate, copper nitrate, 
cupric chloride, barium chloride, and mercuric chloride. 
The following is a summary of the reaction-intensities: 

Very Z Mod Very 
high. High. erate Low low. 

H. kathering...... 1 3 3 1 18 
H. magnificus...... 1 3 3 4 15 

H. andromeda..... 2 0 5 1 18 

6. CoMPARISONS OF THE STARCHES OF HaManTHusS 
KATHERINE, H. puNICEUS, AND H, KONIG ALBERT. 

In histologic characteristics, polariscopic figures, in 
the reactions with selenite and with iodine, and in the 
qualitative reactions with the various chemical reagents 
it will be noted that the parents exhibit properties in 
common in varying degrees of development and indi- 
vidualities by which collectively they can be differen- 
tiated. The most conspicuous differences in the starch 
of H. puniceus in comparison with that of Hemanthus 
katherine are to be seen in the well-marked depressions 
(sometimes slightly concave) which are not present in 
the latter starch, less frequent rounded protuberances, 
less frequent secondary lamelle, peculiar arrangements 
of the components of aggregates, and much more flatten- 
ing of the grains. The hilum is more often demonstrable 
and is, on the whole, less eccentric; the primary lamelle 
vary somewhat in general characters from those of H. 
katherine, and they are somewhat more numerous, but 
secondary larnelle are less numerous; and while the sizes 
are much alike there is a manifest tendency for a rela- 
tively greater breadth in proportion to length. In polari- 
scopic figure, selenite reactions, and qualitative reac- 
tions with iodine there are some minor differences. In 
the qualitative reactions with the chemical reagents 
there are similarities and individualities. The starch of 
the hybrid H. kénig albert, is in form, character, and 
eccentricity of the hilum, lamelle, and size more closely 
related to H. puniceus than to the other parent. In the 
polariscopic figures and reactions with selenite it is 
closer to H. puniceus, but in both qualitative and quan- 
titative reactions with iodine it is closer to H. katherine. 
In the qualitative chemical reactions with chloral hy- 
drate, nitric acid, potassium iodide, potassium sulpho- 
cyanate, potassium sulphide, and sodium salicylate it is 
closer, generally much closer, to H. katherine. 

Reaction-intensities Expressed by Light, Color, and Tempera- 
ture Reactions. 

Polarization: 
H. katherine, high to very high, value 75. 
H. puniceus, high to very high, slightly higher than H. katherine, 

value 78. 
H. kénig albert, high to very high, slightly higher than H. puni- 

ceus, value 80. 

Iodine: 
H. katherine, moderate to light, value 45. 

H. puniceus, moderate to light, lighter than in H. katherinm, 
value 40. 

H. kdnig albert, moderate to light, not so deep as in H. katherine, 
but deeper than in H. puniceus, value 43. 
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Gentian violet: 
H. katherine, moderate to deep; value 60. 
H. puniceus, moderately deep to deep, slightly deeper than H. 

katherine; value 62. 
H. kénig albert, moderate to deep, not so deep as in the parents, 

value 58. 
Safranin: 

H. katherine, moderate to deep; value 60. 
H. puniceus, moderately deep to deep, slightly deeper than in H. 

katherine, value 62. 

H. koénig albert, moderate to deep, not so deep as in the parents, 
value 58. 

Temperature: 
H. katherine, majority at 79 to 80°, all at 82 to 84°, mean 83°. 
H. puniceus, majority at 77 to 79°, all at 81 to 82.5°, mean 81.75°. 
H. kénig albert, majority at 80 to 82°, all at 82.5 to 84°, mean 83.25°. 

The reactivity of H. katherine is higher than that 
of the other parent in the reaction with iodine and lower 
in those with polarization, gentian violet, safranin, 
and temperature. The hybrid is mid-intermediate in 
the iodine reaction, the highest in the polarization reac- 
tion, lowest in the gentian violet and safranin reactions, 
and the same as that of the seed parent in the tempera- 
ture reaction. In three it is closer to or the same as 
the seed parent, in one closer to the pollen parent, and 
in one mid-intermediate. 

Table A 6 shows the reaction-intensities in percent- 
ages of total starch gelatinized at definite intervals 
(minutes). 

VELOCITY-REACTION CURVES. 
The following section deals with velocity-reaction 

curves of the starches of Hamanthus katherine, H. pu- 
niceus, and H. kénig albert, showing the quantitative 
differences in the behavior toward different reagents 
at definite time-intervals. (Charts D 106 to D 126.) 

The most conspicuous features of these charts are: 
(1) The marked tendency for the curves of H. kath- 

erine and the hybrid to run together, usually very 
closely, and well separated from the curve of H. puniceus. 
Both features are well exhibited in all of the reactions, 
with the exception of those with chloral hydrate, pyro- 
gallic acid, sodium salicylate, and barium chloride. 
Even in these instances the closer relationship of H. 
katherine and the hybrid is evident. 

(2) The tendency for the curve of the hybrid to an 
intermediate position between those of the parent-stocks, 
although distinctly closer to that of H. katherine, as 
shown in the reactions with chromic acid, pyrogallic 
acid, nitric acid, sulphuric acid, hydrochloric acid, and 
sodium salicylate. In the chloral-hydrate reaction the 
curve of the hybrid is curiously distinctly lower than 
that of either parent. In the remaining reactions, 14 
in number, the starches of both H. katherine and the 
hybrid are so resistant that such differences as are re- 
corded are slight and fall within the limits of error. 
From experience with other resistant starches modifi- 
cations in the strengths of the reagents would doubtless 
elicit peculiarities in accord with the foregoing. 

(3) The individuality of each of the charts with few 
exceptions ; hence, the peculiarity of each chart in specific 
relation to the reagent. Some bear somewhat. close 
resemblances, as for ‘instance, those particularly of 
pyrogallic and nitric acid, and those of another group 
including the potassium iodide, potassium hydroxide, 
potassium sulphocyanate, potassium sulphide, sodium hy- 
droxide, sodium sulphide, calcium nitrate, strontium 
nitrate, and cupric chloride, in which the main differ- 
ence between the positions of the curves lies in the height 
of the curves of H. puniceus. The curves of the sodium- 
salicylate reactions are of a markedly different character 
from those of other chemical reagents because of the 
high reactivities of all three starches. High reactivities 
of H. puniceus are also exhibited in the charts for pyro- 

nN 

Taste A 6. 

. . : . =| § q dq 

Sl eiala he | Ss ete 
Chloral hydrate: 

H katheringw.............].. 7| 20| 60| 67| 74 
Hi. puniceus.............../.. 14| 64| 78| 80} 82 
H. konig albert............].. 3) 18] 39] 53) 61 

Chromic acid: 
H. katherine............. ‘ 1] 5/23/92] 97 
H. puniceus...............]-- 27| 78| 87|97| 99 
H. konig albert............ 0.5} 19 | 46] 93] 98 

Pyrogallic acid: 

H. katherinw............. 3] 7/10} 12] 30 
A. puniveute cess see wecease] ow 65| 95 | 97] 98] 99 
H. konig albert............] 2. 2} 6)11) 25] 33 

Nitric acid: 
H. katherine..............].. 0.5] 2] 3} 4] 6 
H, puniceus...............].. 60] 75| 90/95] 96 
H. konig albert............].. 0/2.5; 11) 14} 22 

Sulphuric acid: 
H. kathering.............].. 10} 35 | 79} 90} 94 
H. puniceus...............].. 95)99|..].. J... 
H. konig albert............ 10] 50| 90) 95; 99 

Hydrochloric acid: 

H. katherine..............]).. 1) 3/10)12] 15 
H. puniceus...............].- 80} 91)95]..| 97 
H. kénig albert............ 1] 12| 54] 62] 67 

Potassium hydroxide: 

H. kathering.............].. HH asl Qh os 2 
H. puniceus...............,.. 70| 80} 95] 97) 98 
H. konig albert............ LS) 2f..[ 3 4 

Potassium iodide: 
H. katherine.............).. ‘2 ee ed ee 3 
H. puniceus...............] 0. 52) 56 | 67| 80] 92 
H. konig albert............].. 1... ]..f..] 1.6 

Potassium sulphocyanate: 
H. kathering............. 25a. box lt So 4 
H. puniceus............... é 72) 84) 89}..] 90 
H. k6nig albert............].. 1/2.5 13.5 4 

Potassium sulphide: 
H. katherine .........-..-/ 6. Tics) 2 2 
Ha PUnieGde; cocscecseeaasl vs 45] 60 | 66 70 
H. kénig albert............4.. Wl cx ) es 2 

Sodium hydroxide: 

H. kathering............. i Vf cee. [gis ees 3 
H. puniceus...............0-. 61] 67| 73] 80) 84 
H. konig albert............].. 0.5 1.5 2 

Sodium sulphide: 
H.-katherings. 3 css csescaasd as 0.5) .. 2 2 
Bi, punieous, csicaccacuwwues 50| 54 57| 60 
H. konig albert............ 2/2.5 aoa He 25: 

Sodium salicylate: 
Hi, kathering®. 2. secevecceel «5 80) 99] .. 
Hy PUNICORE: 4 os ees grees uns 60] 96 | 100 
H. konig albert............].. 65) 97 | 99 

Calcium nitrate: 
H, katherine... 0.0 c. ccc. echo Tl xe bas 1 
Be PUneas, . iccetienccanl dy 50] 57 | 60 62 
H. k6énig albert............).. 0.5)... 0.5 

Uranium nitrate: 
H. kathering.............. semen pee 1.25 
H. puniceus............... 26] 30} 35 35 

H. konig albert............ 0.5] . . 0.5 
Strontium nitrate: 

H. kathering.............].. ie. Cee lee 3 
H. puniceus...............]-- 44| 50/60] 68} 78 
H. konig albert............].. 0.5 Lil a 1 

Cobalt nitrate: 
Hi. katherine. 5 2+exceesees| «x OLD} ne bee Was 1 
Hy PUnebbis co aeetetewes| w4 4) 7|10/12] 14 
H. koénig albert............ 0.5 0.5 

Copper nitrate: 

H. katherine.............].. OS os baal asd Le 
FL. PUBICBUB Ls 6 coe cecaeeee| 9 4 11) 14] 15)16}) 24 
H. konig albert............ 0.5 |e. | 0.8 

Cupric chloride: s 
Hi katherine... se 2ccccn val es OS)... .. | 0.5 
TY, PUneeieys cep ecencqay cel a’ 37| 53 56| 59 
Hi konig albert... cecnaese dds 0.5} . 0.5 

Barium chloride: 
H. katherinw..............].. 125| 1.5)... 1.5 
H. puniceus............... : 1.5) 2] 6 6 
H. konig albert............) 00 0.5 0.5 

Mercuric chloride: 
H. katherine............. . {1.25/15 ]) 2...) 1.5 
H. puniceus...............].. 7| 1&1 17120) 22 
H. kénig albert............).. 0.5) . 0.5 
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gallic acid, nitric acid, sulphuric acid, and hydrochloric 
acid. It is of interest to note that while the H. puniceus 
curves are high, those of H. katherine and the hybrid 
are very low in the reactions with pyrogallic acid and 
nitric acid and variable from high to low in those with 
sulphuric acid and hydrochloric acid. 

(4) The earliest period during the 60 minutes at 
which the three curves are best separated, and hence the 
best time to differentiate the starches, varies with the 
different reagents: with sodium salicylate at 5 minutes, 
with chromic acid and sulphuric acid at 15 minutes, with 
chloral hydrate and hydrochloric acid at 30 minutes, with 
pyrogallic acid at 45 minutes, and with nitric acid and 
the remaining reagents (15 in all), all of which react 
very slowly with H. katherine and the hybrid, in 60 
minutes. 

REACTION-INTENSITIES OF THE HYBRID. 

This section treats of the reaction-intensities of the 
hybrid as regards sameness, intermediateness, excess, 
and deficit in relation to the parents. (Table A 6, and 
Charts D106 to D126.) 

The reactivities of the hybrid are the same as those 
of the seed parent with temperature, potassium hydrox- 
ide, potassium iodide, potassium sulphocyanate, potas- 
sium sulphide, sodium hydroxide, sodium sulphide, cal- 
cium nitrate, uranium nitrate, strontium nitrate, cobalt 
nitrate, copper nitrate, cupric chloride, barium chloride, 
and mercuric chloride; the same as the pollen parent in 
none; the same as those of both parents in none; inter- 
mediate with iodine, chromic acid, pyrogallic acid, nitric 
acid, sulphuric acid, hydrochloric acid, and sodium sali- 
cylate (in one being mid-intermediate, in one closer to 
the pollen parent, and in five closer to the seed parent) ; 
highest in the polarization reaction, and closer to the 
pollen parent; and the lowest in the reactions with gen- 
tian violet, safranin, and chloral hydrate, in all three 
being closer to the seed parent. 

The following is a summary of the reaction-intensi- 
ties: Same as seed parent, 15; same as pollen parent, 0; 
same as both parents, 0; intermediate, 7; highest, 1; 
lowest, 3. 

While intermediateness is common, the inclination 
here and elsewhere, with three exceptions, is to the seed 
parent, and in over half of the cases the reactions are 
the same as those of the seed parent. The closeness of 
the hybrid to the seed parent almost throughout is very 
striking. 

ComrosITE CURVES OF REACTION-INTENSITIES. 

The following section deals with the composite curves 
of the reaction-intensities, showing the differentiation of 
the starches of Hemanthus katherine, H. puniceus, and 
H. kénig albert. (Chart E 6.) ; 

The most conspicuous features of the chart may be 
summed up as follows: 

(1) The close correspondence of type of all three 
curves, excepting in the pyrogallic-acid reaction, in which 
those of H. puniceus exhibit an aberrant character, the 
curve rising instead of falling in order to be coincident 
with the curves of H. katherine and the hybrid. In 
the reactions in which both H. katherine and the hybrid 

are very resistant, which are numerous, no satisfactory 
relationship can be determined. 

(2) The tendency of the curve of H. puniceus to be 
distinctly higher in most of the chemical reactions and 
therefore to be well separated from the curves of H. 
katherine and the hybrid. In the sodium-salicylate 
reaction all three curves impinge at practically the same 
point, and in the reactions with uranium nitrate, copper 
nitrate, cupric chloride, barium chloride, and mercuric 
chloride they approximate very closely or are practically 
identical. The stereochemic peculiarities of these three 
starches are strikingly suggested in the sameness of reac- 
tion with sodium salicylate, associated with the marked 
divergencies in the reactions, especially in the pyrogallic 
acid, nitric acid, sulphuric acid, hydrochloric acid, and 
other reactions. 

(3) In H. katherine, the very high reaction with 
sodium salicylate; the high with polarization, gentian 
violet, and safranin; the moderate with iodine, chromic 
acid, and sulphuric acid; the low with chloral hydrate; 
and the very low with temperature, pyrogallic acid, nitric 
acid, hydrochloric acid, potassium hydroxide, potassium 
iodide, potassium sulphocyanate, potassium sulphide, 
sodium hydroxide, sodium sulphide, calcium nitrate, 
uranium nitrate, strontium nitrate, cobalt nitrate, cop- 
per nitrate, cupric chloride, barium chloride, and mer- 
curic chloride. 

(4) In A. puniceus, the very high reactions with 
pyrogallic acid, sulphuric acid, hydrochloric acid, and 
sodium salicylate; the high with polarization, gentian 
violet, safranin, chromic acid, nitric acid, and potas- 
sium hydroxide; the moderate with iodine, potassium 
iodide, and potassium sulphocyanate; the low tempera- 
ture, chloral hydrate, potassium sulphide, sodium hy- 
droxide, sodium sulphide, calcium nitrate, strontium 
nitrate, and cupric chloride; and the very low with ura- 
nium nitrate, cobalt nitrate, copper nitrate, barium 
chloride, and mercuric chloride. 

(5) In the hybrid, the very high reactions with pola- 
tization and sodium salicylate; the high with sulphuric 
acid; the moderate with iodine, gentian violet, safranin, 
and chromic acid; the low with chloral hydrate and 
hydrochloric acid; and the very low with temperature, 
pyrogallic acid, nitric acid, potassium hydroxide, potas- 
sium iodide, potassium sulphocyanate, potassium sul- 
phide, sodium hydroxide, sodium sulphide, calcium ni- 
trate, uranium nitrate, strontium nitrate, copper nitrate, 
cupric chloride, barium chloride, and mercuric chloride. 

The following is a summary of the reaction-intensi- 
ties: 

Very “ Mod- Very 

high. High. erate. Low. low. 

H. katherine....... 1 3 3 1 18 
H. puniceus........ 4 6 3 8 5 
H. kénig albert..... 2 1 4 2 17 

Notes ON THE H Z2&MANTHUSES. 

The hemanthuses belong to a group of plants that 
yields starches that have distinctly low mean reactivi- 
ties, all three species and their two hybrids showing this . 
peculiarity, only one-sixth of the total number of reac- 

wash eae eh 
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tions being high to very high. It is of interest to note 
that in the sodium-salicylate reactions, with the excep- 
tion of the reaction of H. magnijicus, the curves are not 
only very high but also the same, while in this species 
the curve is distinctly lower than in the former. In the 
other reactions the curves of all of the starches show 
an unmistakable tendency toward coincidence in direc- 
tion, the rises and falls being quite in harmony, except- 
ing in H. puniceus with pyrogallic acid, in which there 
is a marked aberration, this curve rising while the 
curves of the other four fall. This peculiarity has been 
found in other genera, and is doubtless of both botanical 
and general biological significance. Comparing the 
curves of the three species, the curve of H. puniceus 
tends to be the highest, that of H. katherine the lowest, 
and that of H. magnijicus intermediate, but near that 
of H. katherine. 

According to Baker, H. katherine belongs to the sub- 
genus Nerissa, and H. puniceus and H. magnificus to 
the subgenus Gyrazis, but the results of this investiga- 
tion indicate that H. katherine and H. magnificus are 
much more closely related than are H. puniceus and H. 
magnificus. The curves of the former are such as to 
indicate different species of a subgenus, while the curve 
of H. puniceus is, as a whole, so well separated from 
those of the other two species as to point to this species 
being a member of another subgeneric group. 

In comparing the influences of the parents on the 
properties of the offspring, it will be seen that in both 
sets there is a manifest greater potency of H. katherine 
than of the other parent, this being decidedly more 
marked in the H. katherine-puniceus-kénig albert set 
than in the H. katherine-magnificus-andromeda set. 

7. Comparisons oF THE SrarcuEs oF Crinum 
MOOREI, C. ZEYLANICUM, AND C. HYBRIDUM J. 
C. HARVEY. 

In histologic characteristics, in polariscopic figures, 
in the reactions with selenite, in the color reactions with 
iodine, and in the qualitative reactions with the various 
chemical reagents it will be noted that the starches of 
the parents and hybrid exhibit properties in common in 
varying degrees of development, and also individualities 
which collectively are characteristic in each case. The 
starch grains of Crinum zeylanicum in comparison with 
those of C’. mooret exhibit differences in the proportions 
of certain of the conspicuous forms; not so much irregu- 
larity of the grains; certain protuberances and curva- 
tures that are not observed in CO. moorei; differences in 

size and definition of components of certain compound 
grains ; and more broadening and flattening of the grains. 
The hilum is less refractive and has less frequently a 
rounded cavity; the fissures are more numerous and 
deeper, and a dragon-fly form may be present; a longi- 
tudinal fissure, rarely observed in C. moore, is usually 
present, and it is longer, deeper, and branched; and the 
eccentricity is more variable. The lamelle are finer 
distalward from the hilum than in C. mooret; there are 
some differences in the conspicuousness, distribution, 
and number of the coarse, fairly coarse, and secondary 
lamelle ; and the number of lamelle is less. In size there 
is less variation, and the grains are, on the whole, dis- 

tinetly larger. In polariscopic properties, reactions with 
selenite, and qualitative reactions with iodine there are 
minor differences. There are also differences in the 
qualitative reactions with the chemical reagents. The 
grains of the hybrid are, in form, characters of the hilum 
and lamelle, and in size in ratio of length to width 
closer to those of C. zeylanicum, but in length closer to 
C. mooret. In polariscopic figures,. reactions with sele- 
nite, and qualitative reactions with iodine they are dis- 
tinctly closer to those of C’. zeylanicum. In the qualita- 
tive reactions with chloral hydrate, nitric acid, potas- 
sium hydroxide, potassium iodide, potassium sulpho- 
cyanate, potassium sulphide, sodium sulphide, sodium 
salicylate, copper nitrate, cupric chloride, and mercuric 
chloride alliances to both parental starches are noted, 
but the relationship to C. zeylanicum is markedly closer 
than to the other parent. The resemblances to C. mooret 
are most prominent in the sodium-salicylate reactions. 

Reaction-intensities Expressed by Light, Color, and Tempera- 
ture Reactions. 

Polarization: 
C. moorei, high to very high, value 85. 
C. zeylanicum, very high, much higher than C. moorei, value 93. 
C. hybridum j. o. harvey, high to very high, higher than C. zeylani- 

cum, value 95. 
Iodine: 

C. moorei, moderate, value 50. 

C. zeylanicum, light to moderate, value 35. 

C. hybridum j. c. harvey, light, about the same as C. zeylanicum 

value 35. 
Gentian violet: 

C. moorei, moderate to deep, value 65. 

C. zeylanicum, moderate deep to deep, deeper than C. moorei, 

value 67. 
C. hybridum j. ce. harvey, moderately deep to deep, deeper than 

either parent, value 70. 
Safranin: 

C. moorei, moderately deep to deep, value 65. 

C. zeylanicum, moderately deep to deep, deeper than in C. moorei, 
value 67. 

C. hybridum j. c. harvey, moderate to deep, the mean lighter than 
in either parent, value 60. 

Temperature: 

C. moorei, majority at 68 to 70°, all but rare grains at 70 to 71°, 

mean 70.5°. 

C. zeylanicum, majority at 77 to 78°, all but rare grains at 79 to 
80°, mean 79.5. 

C. hybridum j. c. harvey, majority at 78 to 80°, all but rare grains 

at 80 to 82°, mean 81°. 

The reactivities of C. mooret are lower than those of 
C. zeylanicum in the reactions with polarization, gentian 
violet, and safranin, and higher in those with iodine and 
temperature. In all of these reactions, excepting the 
safranin, the hybrid is closer to C. zeylanicum than to 
the other parent. In the iodine reaction it is the same 
as that of C. zeylanicum and lower than that of C. mooret. 
In the polarization and gentian violet the reactivities are 
higher than in either parent, and in the temperature 
reaction lower than in either parent. The marked differ- 
ences in the temperature reactions of the parental 
starches and the much closer relationship of the hybrid 
to C. zeylanicum are very striking. In none of these 
reactions is there the least tendency to intermediateness 
of the hybrid, but distinctly with one exception to excess 
or deficit in relation to parental extremes. 

Table A? shows the reaction-intensities in percent- 
ages of total starch gelatinized at definite intervals 
(minutes) : 
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TaBLe A 7. 

: . . . . 8 f=) a 8 

Elalelsisigie#igis 
Chloral hydrate: 
CeMGOrel,... s.6ccccie aa nawsarsal wes 31) 45] 58] 79} 89 
C. zeylanicum............. ac 0.5) 2] 3] 5 5 
C. hybridum j. c. harvey 2) 6| 12/18) 18 

Chromic acid: 
Cy MOOTel i nas cceeeneree ses i 50} 85|100}..] .. 
C. zeylanicum............. i 1] 2] 70/94] 99 
C. hybridum j. c. harvey 1} 2] 75]/98{| 100 

Pyrogallic acid: 
C. moorei..............5-. 75| 98)... LOO) ssc: Il Sse Peas fjeeniss 
C. zeylanicum............. rere Ue 1) 15| 80) 88] 92 
C. hybridum j. c. harvey....| .. 6} 12) 50| 60| 75 

Nitric acid: 
C. moorei................-| 80]..]95]..] 97/99] ..]..]... 
C. zeylanicum.............. ae ae 11.5/..] 2 4 
C. hybridum j. cv. harvey 2] 3] 5) 6 7 

Sulphuric acid: 
C. moorei........-.....-..| 75] 98] 99{100)..).. 7.0.) 0.04... 
C. zeylanicum............. -.{..{..])..] 4/62] 89/95] 99 
C. hybridum j. c. harvey....] .. 2.5| 35 | 52167] 84 

Hydrochloric acid: 
Cumooreles os snes savnees 90 | 97 DON os: | aie see ll wae 
C. zeylanicum.............,..[.. 1] 6] 14/33) 35 
C. hybridum j. c. harvey....] .. 3) 20| 33) 35! 37 

Potassium hydroxide: 
1S. ANOOLEL. cncnamaceecarmndkes 94/../97/..] 98} 99]}..4 2.4... 
C. zeylanicum............. ‘is ats 1) 5] 7/10] 18 
C. hybridum j. c. harvey....| . . i 6) 11) 14) 15 

Potassium iodide: 
CMO... gadex ceux vaca ll es 95) 98] 99] ..]... 
C. zeylanicum............. = ee 3, 5 7 
C. hybridum j. c. harvey....|.. 1} 3)... (3.5 4 

Potassium sylphocyanate: 

Gx MOOTEL s5e:0i6i aie sie: iarend ererecerie ae 951..| 97/99] ..]..]... 
C. zeylanicum............. shes pe 1] 315.5} 9} 11 
C. hybridum j. c. harvey....|.. 1.5) 3/3.5|) 5 7 

Potassium sulphide: 
Ci MNOOPEl, 6. scsi ae oamomed % 64) 62| 70) 78] 81 
C. zeylanicum............. s DY see; Peete At ete 1 
C. hybridum j. c. harvey....|.. ah 1 

Sodium hydroxide: 
GS]. MO0Pel oecccdiees couewes a 90}..] 97/99] ..]) 0.4... 
C. zeylanicum............. si oe 1} 3] 4) 5 ¥ 
C. hybridum j. c. harvey....|.. 2 6) 6 7 8 

Sodium sulphide: 
CRMOOLEL. 4.06 0064 wa ewswee pe 90) 97] 99] ..]... 
C. zeylanicum............. ia 1) 2}2.5) 3 4 
C. hybridum j. c. harvey....| .. 3.5] 6] 919.5] 15 

Sodium salicylate: 
ChMOOLED peo es iiseace siateaerm aise ‘ics 61) 98} 99)..]... 
C. zeylanicum............. rn 5) 16] 48) 82 198.5 
C. hybridum j. c. harvey....|.. 8] 26] 87,98] 99 

Calcium nitrate: 
Ci Moorel.s.. osyie seas wwe ea 78| 85) 90}... | 91 
C. zeylanicum............. 8 (0s) eee ee ee 1 
C. hybridum j. c. harvey....| .. 0.5} . 1.5} 2.5 

Uranium nitrate: 
CUM OT Cb escsoeceetaleie giacainrg as wi 80! 84! 86) 89| 95 
C. zeylanicum............. i OS) se laatax 1 
C. hybridum j. u. harvey....| .. 0.5 1] 2) 2 

Strontium nitrate: 
C. moorei.... 2... 0. eee eee he 82195] 97} ..)... 
C. zeylanicum............. oe 0.5] . . 1/2.5| 3.5 
C. hybridum j. c. harvey....| .. 0.5/2.5] 515.5] 6.5 

Cobalt nitrate: 
Cemoorel as co caccecs ce es ale fg 52| 67} 74] 79] 80 
C. zeylanicum............. ek OD cx baw das 1 
C. hybridum j. c. harvey....| .. 0.5] . 0.5 

Copper nitrate: 
Cumoorel cccovatntinaacacintes owe 66] 72] 81) 84} 87 
C. zeylanicum............. as 0.5) ..]..]..] 0.5 
C. hybridum j. c. harvey....|.. 0.5) . 0.5 

Cupric chloride: 
CTR OLON sidan ssensesicsanesecdsonen de i 54) 66) 72) 77] 81 
C. zeylanicum............. ae OS) .. ban fue] O48 
C. hybridum j. c. harvey....| .. 0.5 141.25 

Barium chloride: 
C,. Moorei+s as xwsinesacaexah se 5) 10] 16} 21] 21 
C. zeylanicum.............].. OLS ethane [ls 1 
C. hybridum j. c. harvey....| .. 05) . 0.5 

Mercuric chloride: 
CumOor hes sdicaisiseieiaiensions a2 58] 74| 79] 83] 85 
C. zeylanicum: «ss4scce exes <9 O53 sstestes! US 
C. hybridum j. c. harvey....| .. 0.5) . 1 

VELOCITY-REACTION CURVES. 

This section treats of the velocity-reaction curves 
of the starches of Crinum moorei, C. zeylanicum, and 

C. hybridum, j. c. harvey, showing the quantitative 
differences in the behavior toward different reagents at 
definite time-intervals. (Charts D 127 to D 147.) 

Among the most conspicuous features of this group 
of curves are: 

(1) The marked differences between the curves of 
the starch of C. mooret on the one hand and those of 
C. zeylanicum and the hybrid on the other. The former 
is in nearly all reactions quick-reacting, while the latter 
is the reverse. In only 6 of the 21 reactions the former 
(including the reactions with chloral hydrate, chromic 
acid, pyrogallic acid, sulphuric acid, sodium salicylate, 
and barium chloride) is there an evident approximation 
of the curve of C. mooret to that of the other parent 
or the hybrid. In the reactions with chloral hydrate 
and barium chloride the approach of the curves is owing 
essentially (chloral hydrate) or solely (barium chloride) 
to the relatively low degree of reactivity of C. mooret 
with these reagents as compared with others; in those 
with pyrogallic acid and sulphuric acid to the relatively 
very high reactivity of C. zeylanicum and C. hybridum 
j. ¢. harvey; and in those with chromic acid and sodium 
salicylate to the combined relatively low reactivity of 
C. mooret and relatively high reactivity of C. zeylanicum 
and C. hybridum j. c. harvey. 

(2) The marked early period of resistance followed 
by a moderately rapid to a rapid reaction exhibited by 
C. zeylanicum and the hybrid in the reactions with 
chromic acid, pyrogallic acid, sulphuric acid, hydro- 
chloric acid, and sodium salicylate are in striking con- 
trast with the very marked continued resistance that is 
exhibited by the records of the remaining 16 reagents 
during the entire 60-minute interval. 

(3) A comparison of the differences in the course of 
the reaction-curves will elicit many points of interest. 
Thus, taking the acid group, and comparing the charts 
for chromic acid, pyrogallic acid, nitric acid, sulphuric 
acid, and hydrochloric acid, it will be seen, at a glance, 
that they so differ that the influence of any one reagent 
can readily be distinguished from those of others; like- 
wise, those of potassium sulphide and sodium sulphide. 
On the other hand, three groups of charts, including 
those of (a) potassium hydroxide and sodium hydrox- 
ide, (b) calcium nitrate, uranium nitrate, strontium 
nitrate, cobalt nitrate, copper nitrate, cupric chloride, 
and mercuric chloride, and (c) nitric acid, potassium 
hydroxide, potassium iodide, potassium sulphocyanate, 
sodium hydroxide, and potassium sulphide are in each 
case closely alike, notwithstanding wide differences in 
the characters of the reagents. 

(4) The earliest period during the 60 minutes at 
which the reaction-curves are farthest apart, and hence 
the best period for the differentiation of the three 
starches, varies markedly with the different reagents. 
Approximately, this optimal period occurs at the end 
of 15 minutes in the reactions with nitric acid, sulphuric 
acid, potassium iodide, and sodium hydroxide; 30 min- 
utes with chromic acid, pyrogallic acid, hydrochloric 
acid, potassium hydroxide, sodium sulphide, and sodium 
salicylate; and 60 minutes with chloral hydrate, potas- 
sium sulphocyanate, potassium sulphide, calcium ni- 
trate, uranium nitrate, strontium nitrate, cobalt nitrate, 
copper nitrate, cupric chloride, barium chloride, and 
mercuric chloride. 

REACTION-INTENSITIES OF THE HyYsrip. 

This section deals with the reaction-intensities of the 
hybrid as regards sameness, intermediateness, excess and 
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deficit in relation to the parents. (Table A 7 and Charts 
D127 to D 147.) 

The reactivities of the hybrid are the same as those of 
the seed parent in none of the reactions ; the same as those 
of the pollen parent in the reactions with iodine, chromic 
acid, nitric acid, potassium hydroxide, sodium hydroxide, 
calcium nitrate, uranium nitrate, cobalt nitrate, copper 
nitrate, cupric chloride, barium chloride, and mercuric 
chloride ; the same as those of both parents in none of 
the reactions ; intermediate in those with chloral hydrate, 
hydrochloric acid, sodium sulphide, sodium salicylate, 
and strontium nitrate, in all of which being closer to 
the pollen parent; highest with polarization and gentian 
violet, in both being closer to the pollen parent; and 
the lowest with safranin, temperature, pyrogallic acid, 
sulphuric acid, potassium iodide, potassium sulphocya- 
nate, and potassium sulphide, in 6 being closer to the 
pollen parent and in 1 closer to the seed parent. 

The following is a summary of the reaction-intensi- 
ties: Same as seed parent, 0; same as pollen parent, 12; 
same as both parents, 0; intermediate, 5; highest, 2; 
lowest, 7. 

Intermediateness is recorded in less than one-fifth 
of the reactions ; excess and deficit of reactivity is almost 
twice as frequent as intermediateness; and sameness as 
the pollen parent is noted as often as intermediateness 
and excess and deficit combined. From these data the 
seed parent has exercised very little influence on the 
properties of the starch of the hybrid. 

Composite CurRvVES oF REACTION-INTENSITIES. 

This section deals with the composite curves of the 
reaction-intensities, showing the differentiation of the 
starches of Crinum mooret, C. zeylanicum, and C. hybri- 
dum j. c. harvey. (Chart E7.) 

The most conspicuous features of the chart may be 
summed up as follows: 

(1) The wide separation of the curve of C. moorei 
in four-fifths of the reactions from the curves of C. zey- 
lanicum and the hybrid, which latter tend to run to- 
gether with remarkable closeness. 

(2) In C. moorei, the lower polarization and gen- 
tian-violet reactions coupled with higher reactions with 
iodine, heat, and with all of the chemical reagents as 
compared with C. zeylanicum. 

(3) The ‘differences in the relative positions of the 
three curves of reaction with polarization, iodine, gentian 
violet, and safranin; as for instance, the curves of C. 
mooret being lowest in polarization, highest in iodine, 
lowest in gentian-violet, and intermediate in safranin 
reactions, and thereafter in the chart always highest. 

(4) In C. mooret, the very high reactions with polar- 
ization, pyrogallic acid, nitric acid, sulphuric acid, hy- 
drochloric acid, potassium hydroxide, potassium iodide, 
potassium sulphocyanate, sodium hydroxide, sodium 
sulphide, sodium salicylate, and strontium nitrate; the 
high reactions with gentian violet, safranin, and chromic 
acid; the moderate reactions with iodine, temperature, 
calcium nitrate, and uranium nitrate; the low reactions 
with chloral hydrate, potassium sulphide, cobalt nitrate, 
copper nitrate, cupric chloride, and mercuric chloride; 
and the very low reaction with barium chloride. 

(5) In C. zeylanicum the very high polarization 
reactions ; the high reactions with gentian violet, safranin, 
and sulphuric acid; the moderate reactions with chromic 
acid, pyrogallic acid, and sodium salicylate; the low reac- 
tions with iodine and temperature; and the very low 
reactions with chloral hydrate, nitric acid, hydrochloric 
acid, potassium hydroxide, potassium iodide, potassium 
sulphocyanate, potassium sulphide, sodium hydroxide, 
sodium sulphide, calcium nitrate, uranium nitrate, stron- 
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tium nitrate, cobalt nitrate, copper nitrate, cupric chlo- 
ride, barium chloride, and mercuric chloride. 

(6) In C. hybridum j. c. harvey, the very high reac- 
tion with polarization ; the high with gentian violet and 
safranin ; the moderate with chromic acid and sodium 
salicylate; the low with iodine, temperature, pyrogallic 
acid, and sulphuric acid, and the very low with chloral 
hydrate, nitric acid, hydrochloric acid, potassium hy- 
droxide, potassium iodide, potassium sulphocyanate, 
potassium sulphide, sodium hydroxide, sodium sulphide, 
calcium nitrate, uranium nitrate, strontium nitrate, co- 
balt nitrate, copper nitrate, cupric chloride, barium 
chloride, and mercuric chloride. 

The following is a summary of the reaction-intensi- 
ties: 

Very . Mod- Very 
high. High. erate Low low. 

C. moorei............ 12 3 4 6 1 
C. zeylanicum........... 1 3 3 2 17 
C. hybridum j. c. harvey. AY 2 2 4 17 

8. CompaRISONS OF THE StTarcHES oF CrINUM 
ZEYLANICUM, ©, LONGIFOLIUM, AND O. KIRCAPE. 

In histologic characteristics, in polariscopic figures, 
in the reactions with selenite, in the reactions with 
iodine, and in the qualitative reactions with the various 
chemical reagents it will be noted that the starches of 
the parents and hybrid exhibit not only properties in 
common in varying degrees of development, but also 
individualities which collectively are in each case charac- 
teristic of the starch. The starch of C. longifolium 
shows in comparison with that of Crinum zeylanicum a 
much smaller proportion of aggregates and compound 
grains ; that irregularities are more prominent and more 
frequently present; and that the majority of the grains 
are broader, relatively and absolutely, and more flattened. 
The hilum is not quite so frequently fissured and is 
slightly less refractive ; multiple hila are absent, although 
present in C. zeylanicum ; the fissures are, as a rule, less 
deep ; and eccentricity is somewhat greater. The lamel- 
le are more distinct distalward and often more discern- 
ible in this region than in a lustrous band at the distal 
margin, which is the reverse of what is noted in C. zey- 
lanicum; there are some numerical differences in the 
lamellz and bands of lamelle, and also in the lengths 
of the bands; and the number of the lamelle is less. 
The common sizes are nearly the same, the larger grains 
are larger, and, in case of both, the width is greater than 
the length—the opposite to what is seen in C. zeylani- 
cum. In polariscopic figures, reactions with selenite, 
qualitative reactions with iodine, reactions with gentian 
violet and safranin, and qualitative reactions with the 
chemical reagents there are differences, some of them 
striking, and of variable degrees of importance in 
differentiation. 

The starch of the hybrid in form, hilum, lamelle, 
and size bears in most respects a closer relationship to 
that of C. zeylanicum than to that of the other parent, 
but in some instances the reverse. The same is true of 
the polariscopic figures and reactions with selenite. In 
the iodine reactions it is distinctly closer to C. zeylani- 
cum. In the qualitative reactions with chloral hydrate, 
nitric acid, potassium hydroxide, potassium iodide, po- 
tassium sulphocyanate, sodium sulphide, sodium sali- 
cylate, copper nitrate, cupric chloride, and mercuric 
chloride the relationships are, cn the whole, much closer 
to C. zeylanicum, but in certain respects here and there 
closer to C. longifoliwum. Marked individualities of the 
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hybrid are noted especially in the reactions with potas- 
sium iodide, potassium sulphide, and sodium sulphide. 

- Reaction-intensities Expressed by Light, Color, and Tempera- 
ture Reactions. 

Polarization: 
C. zeylanicum, very high, value 93. 
C. longifolium, high to very high, much lower than C. zeylanicum, 

value 83. 
C. kireape, high, slightly higher than C. zeylanicum, value 95. 

Iodine: 
C. zeylanicum, light to moderate, value 35. 
C. longifolium, light to moderate, deeper than C. zeylanicum, 

value 40. 
C. kircape, light to moderate, slightly lighter than C. longifolium. 

value 38. 
Gentian violet: 

C. zeylanicum, moderately deep to deep, value 67. 

C. longifolium, moderate, lighter than C. zeylanicum, value 60. 
C. kircape, moderate, the same as C. longifolium, value 60. 

Safranin: 
C. zeylanicum, moderately deep to deep, value 67. 
C. longifolium, moderate, lighter than C. zeylanicum, value 60. 

C. kircape, moderately deep to deep, deeper than either parent, 

value 70. 
Temperature: 

C. zeylanicum, majority at 77 to 78°, all but rare grains at 79 to 80°, 

mean 79.5°. 
C. longifolium, majority at 70 to 71°, all at 74 to 75°, mean 74.5°. 

C. kircape, majority at 75 to 76°, all but rare grains at 77 to 79°, 

mean 78°. 

The reactivities of C. zeylanicum are higher than 
those of C. longifolium in the polarization, gentian-violet, 
and safranin reactions, and lower in the iodine and tem- 
perature reactions. 

Interesting differences are noted in these reactions 
in the relations between those of the hybrid to one or the 
other parent. In the polarization and safranin reactions 
the hybrid reactions are higher than those of either 
parent, in both instances being nearer those of C. zey- 
lanicum, the seed parent; in the iodine reaction it stands 
intermediate, but somewhat closer to C. longifolium; 
while in the gentian-violet reaction it is lower than in 
C. zeylanicum and the same as in C. longifoluum. The 
temperature reaction is intermediate, yet distinctly closer 
to that of C. zeylanicum, the mean being 1.5° lower than 
in C. zeylanicum and 3.5° higher than in C. longifolium. 
The reactions, on the whole, are closer to C. zeylanicum. 

Table A 8 shows the reaction intensities in percent- 
ages of total starch gelatinized at definite intervals (min- 
utes). 

‘VELOCITY-REACTION CURVES. 

This section treats of the velocity-reaction curves of 
the starches of Crinum zeylanicum, C. longifolium, and 
C. kircape, showing the qualitative differences in the 
behavior toward different reagents at definite time-inter- 
vals. (Charts D 148 to D 168.) 

The most striking features of this group of curves are: 
(1) The immediate and relatively very marked 

reactivity of Crinum longifoliwm with all of the reag- 
ents excepting barium chloride. With 7 of the 21 reag- 
ents, 90 per cent or over of the total starch was gelatinized 
in 5 minutes; with 3 reagents, 60 per cent or over; the 
lowest percentage being 34; the average gelatinization for 
all of the reagents, excepting barium chloride, being 
nearly 70 per cent in 5 minutes, as compared with 
usually an average of 0.5 to 3 per cent in case of C. zey- 
lanicum and the hybrid. With the latter, in only the 
reactions with pyrogallic acid, sulphuric acid, and hy- 
drochloric acid was there any marked effect during this 
time-interval, these reactions in case of the hybrid rang- 
ing from 33 to 40 per cent, while with C. zeylanicum 
with the same reagents there was a gelatinization of 
4 per cent or less, thus showing a remarkable approach 
in the properties of the starch in relation to these three 
reagents to the properties of C. longifoliwm. In the 
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reactions with nitric acid, potasium hydroxide, and po- 
tassium sulphocyanate reactivity during the first 5 min- 
utes is distinctly higher in the hybrid than in C. 
zeylanicum. 

(2) As the reactions proceed the tendency, with two 
exceptions, is for the hybrid curves to become well sepa- 
rated from those of C. zeylanicum, becoming interme- 
diate, yet keeping closer to this parent than to C. 
longifolium. The starch therefore manifests the reac- 
tive properties of both parents, but is influenced dis- 
tinctly more by the high resistant properties of C. 
zeylanicum than by the relatively low resistant properties 
of C. longifolium. The degrees of separation of the three 
curves vary remarkably in the different reactions. In 
some reactions they are to a notable extent separated, 
showing correspondingly wide differences in reaction- 
intensities of all three starches, as is especially marked 
in the reactions with nitric acid, hydrochloric acid, 
potassium hydroxide, potassium iodide, potassium sul- 
phocyanate, sodium hydroxide, and sodium sulphide; in 
others, the three curves tend to be comparatively close, 
as in especially the sulphuric-acid reaction. In others 
there is marked tendency for the curve of C. longifolium 
to be separated from those of C. zeylanicum and the 
hybrid, the two latter inclining markedly toward one 
another, as in especially the reactions with chromic acid, 
potassium sulphide, sodium salicylate, calcium nitrate, 
uranium nitrate, strontium nitrate, cobalt nitrate, cop- 
per nitrate, cupric chloride, barium chloride, and mer- 
curic chloride. In other reactions various gradations 
of relationship exist between the foregoing groups. The 
comparative slowness of the C. kircape reactions appears 
to be due in some cases to the high resistance of the 
starches during particularly the earlier period of the 
reactions, as for instance, in those with chromic acid, 
potassium sulphocyanate, and sodium salicylate. In cer- 
tain other reactions the resistance during the same period 
is low. 

The best period for the differentiation of the starches 
is in most of the reactions at the end of 30 minutes, in- 
cluding here those with chromic acid, nitric acid, potas- 
sium hydroxide, potassium iodide, and sodium salicylate ; 
in a few at the end of 15 minutes, as in those with pyro- 
gallic acid, sulphuric acid, hydrochloric acid, and potas- 
sium sulphocyanate ; in others at the end of 60 minutes, 
as in those with chloral hydrate, calcium nitrate, uranium 
nitrate, strontium nitrate, cobalt nitrate, copper nitrate, 
cupric chloride, barium chloride, and mercuric chloride. 
In some of these reactions the differences between the 
figures for C. zeylanicum and C. kircape are trifling and 
within the limits of error, as in the reactions with chloral 
hydrate, potassium sulphide, barium chloride, and mer- 
curic chloride; and in certain others the variations are 
unimportant, as in those with chromic acid, potassium 
sulphide, uranium nitrate, copper nitrate, and cupric 
chloride. 

REACTION-INTENSITIES OF THE HYBRIDS. 

This section deals with the reaction-intensities of 
the hybrid as regards sameness, intermediateness, excess 
and deficit in relation to the parents. (Table A8 and 
Charts'D 148 to D 168.) 

The reactivities of the hybrid are the same as those 
of the seed parent in the reactions with chloral hydrate, 
potassium sulphide, cobalt nitrate, and barium chloride; 
the same as those of the pollen parent with gentian violet ; 
the same as those of both parents in none; intermediate 
in those with iodine, temperature, chromic acid, pyrogal- 
lic acid, nitric acid, sulphuric acid, hydrochloric acid, 
potassium hydroxide, potassium iodide, potassium sul- 
phocyanate, sodium hydroxide, sodium sulphide, calcium 
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nitrate, uranium nitrate, strontium nitrate, copper ni- 
trate, cupric chloride, and mercuric chloride (in 3 being 
closer to those of the pollen parent; in 15 being closer 
to the seed parent ; and in several being nearly the same) ; 
highest in the polarization and safranin reactions, in 
both being closer to the seed parent; and the lowest in the 
sodium salicylate reaction and closer to the seed parent. 

The following is a summary of the reaction-intensi- 
ties: Same as seed parent, 4; same as pollen parent, 1; 
same as both parents, 0; intermediate, 18; highest, 2; 
lowest, 1. 

The tendency to intermediateness and tc the seed 
parent is very marked, and it is obvious from these data 
that the pollen parent has exercised comparatively very 
little influence on the properties of the starch of the 
hybrid, the reverse of what was recorded in the preced- 
ing set, in which C. zeylanicum is the pollen parent, 
while in this set this species is the seed parent, from 
which it seems that C. zeylanicum is the potent parent, 
whether seed or pollen, in determining the properties 
of the hybrid. 

Composite CuRVES OF THE REACTION-INTENSITIES. 
This section deals with the composite curves of the 

reaction-intensities, showing the differentiation of the 
starches of Crinum zeylanicum, C. longifolium, and C. 
kircape. (Chart E 8.) 

The most conspicuous features of the chart may be 
summed up as follows: 

(1) The very distinct separation of the curves of 
C. zeylanicum and C. kircape from the curve of C. longi- 
folium, excepting in the reactions with polarization, 
iodine, gentian violet, safranin, and temperature. 

(2) The intermediate position of the curve of the 
hybrid (except in the reactions with polarization, iodine, 
safranin, and sodium salicylate and its relative closeness, 
with few exceptions, to the curve of C. zeylanicum. In 
the reactions with safranin, chromic acid, and pyrogallic 
acid the curve is closer to that of C. longifolium; and 
in the gentian-violet reaction it is the same as in C. 
longifoliwm. 

(3) In C. zeylanicum the very high reaction with 
polarization; the high reactions with gentian violet, 
safranin, and sulphuric acid ; the moderate reactions with 
chromic acid, pyrogallic acid, and sodium salicylate ; the 
low reactions with iodine and temperature reactions; and 
the very low reactions with chloral hydrate, nitric acid, 
hydrochloric acid, potassium hydroxide, potassium iodide, 
potassium sulphocyanate, potassium sulphide, sodium 
hydroxide, sodium sulphide, calcium nitrate, uranium ni- 
trate,. strontium nitrate, cobalt nitrate, copper nitrate, 
cupric chloride, barium chloride, and mercuric chloride. 

(4) In C. longtfolium the very high reactions with 
polarization, pyrogallic acid, nitric acid, sulphuric acid, 
hydrochloric acid, potassium hydroxide, potassium 
iodide, potassium sulphocyanate, and sodium hydroxide; 
the high reactions with gentian violet, safranin, chromic 
acid, sodium salicylate, and strontium nitrate; the mod- 
erate reactions with iodine and sodium sulphide; the low 
reactions with temperature, chloral hydrate, potassium 
sulphide, calcium nitrate, uranium nitrate, cobalt nitrate, 
copper nitrate, cupric chloride, and mercuric chloride; 
and the very low reactions with barium chloride. 

(5) In C. kircape the very high reaction with polar- 
ization; the high reactions with gentian violet, safranin, 
chromic acid, pyrogallic acid, and sulphuric acid; the 
low reactions with iodine, temperature, nitric acid, hydro- 
chloric acid, potassium hydroxide, potassium sulpho- 
cyanate, and sodium salicylate ; and the very low reactions 
with chloral hydrate, potassium iodide, potassium sul- 
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phide, sodium hydroxide, sodium sulphide, calcium ni- 
trate, uranium nitrate, strontium nitrate, cobalt nitrate, 
copper nitrate, cupric chloride, barium chloride, and mer- 
curic chloride. 

The following is a summary of the reaction-intensi- 
ties : 

Very r Mod- Very 
high. | High erate Law low. 

C. zeylanicum...... 1 3 3 2 17 
C. longifolium...... 9 5 2 9 1 
C. kircape......... 1 5 0 7 13 

9. ComMPARISONS OF THE STARCHES OF CRINUM 
LONGIFOLIUM, ©. MOOREI, AND C, POWELLII. 

In histologic characteristics, polariscopic figures, 

reactions with selenite, reactions with iodine, and quali- 

tative reactions with various chemical reagents it will 
be found that the starches of the parents and hybrid 
exhibit not only properties in common in varying degrees 
of development but also individualities, the sum of 
which in case of each starch is distinctive of the starch. 
The starch of the hybrid is in form, characters of the 
hilum, lamelle, and size in certain respects closer to 
one than the other parent, and in other respects as close 
to one as to the other. There are larger numbers of 
both aggregates and compound grains than are found 
in Crinum longifolium, but not quite so many as in 
C. moorei. The irregularities of the grains are more 
prominent and more numerous than in C, longifolvum, 
but less than in C. moorei. An abrupt deflection of elon- 
gated, slender grains at or just distal to the slightly 
eccentric hilum is seen, this peculiarity being absent 
from C. longifolium, but present in C. mooret. The 
majority of the grains are not so broadened and flat- 
tened as in C. longifoliwm, yet more flattened than 
in C. moorei. In size, the grains are more evenly 
divided into elongated and broadened forms than in 
case of either parent. In polariscopic figures and ap- 
pearances with selenite, and in the iodine reactions, the 
hybrid shows on the whole a distinctly closer relationship 
to C. mooret. In the qualitative reactions with chloral 
hydrate, potassium iodide, potassium sulphocyanate, 
potassium sulphide, sodium sulphide, sodium salicylate, 
copper nitrate, cupric chloride, and mercuric chloride 
it is, on the whole, very much closer to C. mooret than 
to C. longifolium. In some reactions there are certain 
features that are much more like those of C. longifolium, 
particularly in some of the processes with potassium 
iodide and sodium sulphide. In the reactions with cop- 
per nitrate, cupric chloride, and mercuric chloride the 
starch of the hybrid exhibits certain very interesting 
peculiarities, especially with reference to excess or deficit 
of parental extremes. 

Reaction-intensities Expressed by Light, Color, and Tempera- 
ture Reactions. 

Polarization: 
C. longifolium, high to very high, value 83. 
C. moorei, high to very high, slightly higher than C. longifolium, 

value 85. 
C. powellii, high to very high, the same as C. moorei, value 85. 

Todine: 
C. longifolium, light to moderate, value 40. 
C. moorei, moderate, higher than C. longifolium, value 50. 
C. powellii, slightly to moderate, value 45. 

Gentian violet: 
C. longifolium, moderately deep to deep, value 60. 
C. moorei, moderately deep to deep, deeper than C. longifolium, 

value 65. 
C. powellii, moderately deep to deep, the same as C. moorei, 

value 65. 

HISTOLOGIC PROPERTIES AND REACTIONS. 

Safranin: 
C. longifolium, moderately deep to deep, value 60. 
C. moorei, moderately deep to deep, deeper than C longifolium, 

value 65. 
C. powellii, moderately deep to deep, the same as C. moorei, 

value 65. 
Temperature: 

C. longifolium, majority at 70 to 71°, all at 74 to 75°; mean 74.5°. 

C. moorei, majority at 68 to 70°, all but rare grains at 70 to 71°; 

mean 70.5°. 
C. powellii, majority at 65 to 67°, all at 68 to 69°; mean 68.5. 

In all five reactions the reactivities of C. longifoluum 
are lower than those of C. moorei in varying degree. 
The reactivities of the hybrid are the same as those of 
C. moorei in the polarization, gentian-violet, and safra- 
nin reactions; intermediate in the iodine reaction; and 
higher than those of either parent, but closer to C. mooret, 
in the temperature reaction. In four of the five reactions 
it is closer to the pollen parent, and in one intermediate. 

Table A 9 shows the reaction-intensities in percent- 
ages of total starch gelatinized at definite intervals 
(minutes). 

VELOCITY-REACTION CURVES. 

This section deals with the velocity-reaction curves 
of the starches of Crinwm longifolium, C. mooret, and 
C. powellit, showing the quantitative differences in the 
behavior toward different reagents at definite time- 
intervals. (Charts D 169 to D 189.) 

The most conspicuous features of this group of curves 
are: 

(1) The closeness of all three curves, indicating not 
only a closeness of the parent stocks, but also very little 
modification of parental peculiarities in the hybrid. 

(2) The higher reactivity of the hybrid than of either 
parent, excepting in the sodium salicylate reaction in 
which it is at first intermediate and then the same or 
practically the same as that of the pollen parent. 

(3) The tendency for all three curves to run close 
together throughout the periods of the reactions. 

(4) The intermediate position of the C. moorei 
curve throughout the series of reactions, excepting in the 
reactions with sodium salicylate and barium chloride. 
In the former it is practically the same as that of the 
hybrid, and in the latter practically the same as that of 
C. longifolium. It is of interest to note that while the 
curves of the parents in the reaction with barium chlo- 
ride are practically the same, the curve of the hybrid is 
well separated (higher) from them. In many of the reac- 
tions gelatinization goes on so rapidly during the first 
5 minutes that there is but little differentiation of any 
two or of all three, as the case may be. With proper 
strengths of solution marked differences could undoubt- 
edly be elicited. 

(5) The earliest period during the 60 minutes at 
which the three curves are so separated as to show the 
most marked differences between them varies with the 
different reagents. Approximately, this period occurs 
within 5 minutes in the reactions with pyrogallic acid, 
nitric acid, sulphuric acid, hydrochloric acid, potassium 
hydroxide, potassium iodide, potassium sulphocyanate, 
sodium hydroxide, sodium sulphide, sodium salicylate, 
calcium nitrate, strontium nitrate, and cobalt nitrate; 
within 15 minutes in those with chromic acid, uranium 
nitrate, mercuric chloride, copper nitrate, and cupric 
chloride; at 30 minutes with chloral hydrate and potas- 
sium sulphide; and at 60 minutes with barium chloride. 

REACTION-INTENSITIES OF THE HYBRID. 

This section treats of the reaction-intensities of the 
hybrid as regards sameness, intermediateness, excess, 
and deficit in relation to the parents. (Table A9 and 

Charts D 169 to D 189.) 
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TaBLe A 9. 

: . . " . g § q g 

SleteleielZlerets 
Chloral hydrate: 

C. longifolium..............].. 46) 57| 65] 68 | 68 
C. moorei................00] 31] 45] 58] 79 | 89 
C. powellii.................].. 46] 59! 70] 80| 90 

Chromic acid: 
C. longifolium..............{.. 45) 70} 99] .. 
C. mooréi....... 0.0.0.0 e eed ee 60) 85)100] .. 
C. powellii................0] 05 55) 97/100) . . 

Pyrogallic acid: 

C. longifolium......... .. .] 50/60] 86)..| 98)... 
C. moorei............00 00 75/98} ..])..{100).. 
Cy powellib.sesessa54 e004 cau 80| 99/100) ..|..- 

Nitric acid: 
C. longifolium..............] 75 89] .. | 92] 96] 99] .. 
C. moorei..................] 80 95) .. | 97] 99] .. 
C. powellii................. | 90 96}.. | 99]... 

Sulphuric acid: } 
C. longifolium..............{..)..4)..].. | 96/100) .. 
C. moorei..................] 75] 98] 99/100) ..].. 
C. powellii................./ 95] 99 }100) .. 

Hydrochloric acid: 

C. longifolium..... Reread 22 | 88 99) . 
C. moorei...........,......|90/97]..]..} 99]. 
C. powellii........... -|99])../100)..].. 

Potassium hydroxide: 
C. longifolium..............| 80 .. |... | 90) 97] 99] .. 
C. moorei.............-..../94]..] 97]... | 98! 99) ., 
C. powellii.................]98]99].. sractlibsts 

Potassium iodide: 
C. longifolium............../.. 90] 97] 98} 99 
CL UNO: aac cca saceeinel 4s 95] 98] 99] .. 
Ce: DOWE loss vse xnne caee| ae 99}. t.. 

Potassium sulphocyanate: 

C. longifolium..............).. 70} .. | 93) 95] 99] .. 
Co MOOT! vaisveweseas ie vei 3 95}... 1 97] 99) .. 
OC.Vaweih. s cusvexs ocx na s| <5 (1°) saeeeme eran ee 

Potassium sulphide: 
C. longifolium............../.. 50) 55] 60] .. | 66 
GSeTAOOTE spispeosecsitsuncsoeve wos sacs | ae 54] 62] 70] 78 | 81 
C. powellii................-] 2. 60) 74| 85] 87} 88 

Sodium hydroxide: 
Clongiloliumiin ess cedar rad} os 90} .. | 91] 95] 98]... | 99 
O i0rel os cecccaqnaeaa pes - 90] .. | 97] 99] .. is 
C. powelliiny ctce ee anenie vas) 4s 98) ., | O91, . 

Sodium sulphide: 
C. longifolium..............].. 52) 66] 82] 84] 91 
C.mooreds cs seisinsieny wee us = 90) 97| 99] ..].. 
Cu powellitvi. <6 v0 shen cove an) ss 97) 99]. . 

Sodium salicylate: 
C. longifolium..............].. 37| 66) 95) 99 
Cs MOOFEL..0 vs da wee sees ne 61) 98] 99] .. 
C. powellii..... 0.2.0.0... ep 50} 95) 99] .. 

Calcium nitrate: 
C. longifolium..............].. 65) 78] 78] 81} 81 
C. moorei.... eee ee eee eel ee 78) 85] 90} .. | 91 
C. powellii................0) 0. 83) 98} 99) ..].. 

Uranium nitrate: 
C.longifoltwm.. accsccen va sus| ss 65] 74| 82] 87 | 87 
© BiGOOL save ee g sue skates] ay 80} 84) 86} 89} 95 
EC. powellitc.scssccn sac cecac oe ils 2 83} 99}... ]..].. 

Strontium nitrate: 
C. longifolium.............-/ 2. 691 83] 97] 98 
Cp MIGONE... gcc on sdaeennewes| «+ 82); 95) 97] .. 
1) OWE oan eas weed 89; 99] .. 

Cobalt nitrate: 
C. longifolium..............].. 34, 54) 60) 65] 70 
OC PAROL. oescad ae ec awsnsaal 4s 52) 67] 74| 79 | 80 
C. powellii................-/ 0. 68} 78) 85) 89 | 93 

Copper nitrate: 
C. longifolium..............].. 54! 70] 78] 80] 81 
CEM OOLED a secs se shsceirencngongirecd Al yee 66] 72! 81} 84| 87 
Rs SOE haya a in ese -4 82) 91) 96/98] .. 

Cupric chloride: 
C. longifolium..............|.. 48! 56) 60) 62 | 64 
Ce MOOTEL ice sgt ow tie Sesabodsal ee 54) 66] 72] 77) 81 

C. powellii............-..0.]-. 61] 82} 90) 97] .. 
Barium chloride: 

C. longifolium............../.. 3; 8} 16) 19] 20 
Cy MG0tel. sg aecc asad ni canns ‘ 5) 10) 16] 21) 21 
GC. powell, ...364. tie dewes ad ersnef ars 8] 25} 55] 60| 66 

Mercuric chloride: 
C. longifolium.............. ee 57| 63| 70) 77| 77 
C. moorei.... 6... 6. ee eee 7 58] 74} 79] 83] 85 
Cy powell... 05420445443 45 af we 62) 92) 96] 97 | 99 
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The reactivities of the hybrid are the same as those 
of the seed parent in none of the reactions; the same 
as those of the pollen parent in the reactions with polar- 
ization, gentian violet, and safranin; the same as those 
of both parents in none of the reactions; intermediate 
with iodine and sodium salicylate, in one being mid- 
intermediate and in the other closer to the pollen parent; 
highest with temperature, chloral hydrate, chromic acid, 
pyrogallic acid, nitric acid, sulphuric acid, hydrochloric 
acid, potassium hydroxide, potassium iodide, potassium . 
sulphocyanate, potassium sulphide, sodium hydroxide, 
sodium sulphide, calcium nitrate, uranium nitrate, 
strontium nitrate, cobalt nitrate, copper nitrate, cupric 
chloride, barium chloride, and mercuric chloride (in 19 
being closer to the pollen parent, and in 2 being as close 
to one as the other parent) ; and the lowest in no reaction. 

The following is a summary of the reaction-intensi- 
ties: Same as seed parent, 0; same as pollen parent, 3; 
same as both parents, 0; intermediate, 2; highest, 21; 
lowest, 0. 

Intermediateness is almost absent, sameness or incli- 
nation to the seed parent entirely absent, and highest reac- 
tivity and sameness or inclination to the pollen parent 
very conspicuous. C. mooret, the seed parent, not only 
tends to higher reactivities than the other parent, but 
also to so markedly raise the reactivities of the hybrid as 
to bring the latter higher as a rule than its own. The 
seed parent has obviously had very little influence in 
determining the properties of the starch of the hybrid. 
In this set C. longifolium is the seed parent and in the 
preceding set the pollen parent, and in both it has been 
comparatively impotent in determining the parental 
leanings of the hybrid. (See Chapter 5, Section 4.) 

CoMPosITE CuRVES OF REACTION INTENSITIES. 

This section treats of the composite curves of the 
reaction-intensities showing the differentiation of the 
starches of Crinum longifolium, C. moorei, and C. 
powellu. (Chart E 9.) 

The most conspicuous features of this chart are: 
(1) The relatively remarkably high reactivity of the 

hybrid. It is higher than in either parent with few ex- 
ceptions, and in the latter instances it is the same or 
slightly lower than that of one or the other parent. 

(2) The closeness with which the hybrid and @. 
mooret curves run through most of the reactions. In 17 
out of the 26 reactions the hybrid curve is closer to the 
C. mooret curve. In 7 instances (chromic acid, calcium 
nitrate, uranium nitrate, cobalt nitrate, copper nitrate, 
cupric chloride, and mercuric chloride) it is farther 
separated from the curves of the parent stocks than are 
the latter separated from each other. The high reac- 
tivity of the hybrid in comparison with the reactivities 
of the parent stocks in the reactions with calcium nitrate, 
uranium nitrate, copper nitrate, cupric chloride, and 
mercuric chloride is quite remarkable by showing a wide 
departure from intermediateness. 

(3) In C. longifolium the very high reactions with 
polarization, pyrogallic acid, nitric acid, sulphuric acid, 
hydrochloric acid, potassium hydroxide, potassium 
iodide, potassium sulphocyanate, and sodium hydroxide; 
the high reactions with gentian violet, safranin, chromic 
acid, sodium salicylate, and strontium nitrate; the mod- 
erate reactions with iodine and sodium sulphide; the low 
reactions with chloral hydrate, temperature, potassium 
sulphide, calcium nitrate, uranium nitrate, cobalt ni- 
trate, copper nitrate, cupric chloride, and mercuric chlo- 
ride; and the very low reaction with barium chloride. 

(4) In C. moorei the very high reactions with polari- 
zation, pyrogallic acid, nitric acid, sulphuric acid, hydro- 
chloric acid, potassium hydroxide, potassium iodide, 
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potassium sulphocyanate, sodium hydroxide, sodium sul- 
phide, sodium salicylate, and strontium nitrate; the high 
reactions with gentian violet, safranin, and chromic acid ; 
the moderate reactions with iodine, temperature, calcium 
nitrate, and uranium nitrate; the low reactions with 
chloral hydrate, potassium sulphide, cobalt nitrate, cop- 
per nitrate, cupric chloride, and mercuric chloride; and 

. the very low reaction with barium chloride. 
(5) In C. powellit the very high reactions with polar- 

ization, chromic acid, pyrogallic acid, nitric acid, sul- 
phuric acid, hydrochloric acid, potassium hydroxide, 
potassium iodide, potassium sulphocyanate, sodium hy- 
droxide, sodium sulphide, sodium salicylate, calcium 
nitrate, uranium nitrate, and strontium nitrate; the 
high reactions with gentian violet, safranin, copper ni- 
trate, cuprie chloride, and mercuric chloride; the mod- 
erate reactions with iodine, temperature, and cobalt 
nitrate ; the low reactions with chloral hydrate, potassium 
sulphide, and barium chloride; and the absence of any 
very low reaction. 

The following is a summary of the reaction-intensities : 

Very i Mod: Very 
high. High. erate Low. low. 

C. longifolium...... 9 5 2 9 1 
C. moorei......... 12 3 4 6 1 
G. powelliiseces eves 15 5 a 3 0 

Notes ON THE CRINUMS. 

Among the starches studied are three from recognized 
species, two of which, C. mooret and C. longifoliwm, are 
more closely related botanically and horticulturally than 
is either to C. zeylanicum. ‘The first two are stated to 
be the only hardy species of the genus, C. moorei being 
less hardy than C. longifolium. C. powellii, the hybrid 
of C. moorei and C. longifolium, is recorded as being 
more hardy than C. mooret. 

_ In comparing the reactions of the starches of these 
three species as presented in Charts E7, E78, and E9, 
several features of interest in addition to those already 
referred to will be noted: 

(1) The wide separation of the curves of C. longi- 
foliwm and C. moorei from the curve of C. zeylanicum, 
a departure so marked as to suggest a greater difference 
botanically than is recognized or that it is an expression 
of marked horticultural difference. The explanation 
seems to rest in the latter: C. longifoliwm and C. moorei 
are, as stated, hardy crinums, and they exhibit a far 
higher reactivity than C. zeylanicum, a tender crinum, 
which has a low degree of reactivity. A number of the 
tender crinums were studied in respect to the reactive- 
intensities, including the well-known species, C. ameri- 
canum, C. erubescens, C. fimbriatulum, C. scabrum, and 
C. virginicum, all of which have low reactivity curves 
corresponding with the curve of C. zeylanicum. There- 
fore, it seems probable that among species of this genus 
hardiness or tenderness bears an inverse relationship to 
reactive-intensity. Such a relationship has been noted 
in other genera, as, for instance, between Amaryllis and 
Hippeastrum, the former being relatively hardy and 
the latter tender; the former being of distinctly higher 
mean reactivity than the latter. In accordance with the 
foregoing there are two generic types of curves which 

HISTOLOGIC PROPERTIES AND REACTIONS. 

correspond with the two groups of hardy and tender 
groups of plants, respectively, and it appears from the 
charts that the hybrid C. kircape is in a marked measure 
in the nature of a connecting link between the two 

oups. 
(2) The type of curve of C. longifolium and C. 

mooret, notwithstanding that these curves are far sepa- 

rated in all of the important reactions from the curve 
of C. zeylanicum, corresponds with that of C. zeylanicum. 
The rises and falls are strikingly coincident—coinci- 
dences that could be greatly accentuated by modifications 
in the strengths of the reagents. 

(3) The curves of the hybrids, in the three charts 
exhibit certain well-defined peculiarities: In each the 
hybrid curve tends to follow closely one parent, that of 
C. hybridum j. c. harvey following the curve of C. zey- 
lanicum ; that of C. powellit the curve of C. mooret; and 

that of C. kircape the curve of C. zeylanicum. The rela- 
tively very potent influences of C.-zeylanicum on the 
properties of the hybrid are strikingly evident, espe- 
cially on C. hybridum j. c. harvey. 

As regards sameness, intermediateness, and deficit of 
development in relation to the parents, the data of the 
three sets of starches show marked differences, as is illus- 
trated in the following summaries: 

C. hybridum 
j.c. harvey. | C: kireape.| C. powellii. 

Same as, or practically the 
same as: 

Seed parent............... 0 4 0 
Pollen parent............. 12 1 3 
Both parents.............. 0 0 0 

Intermediate................ 5 18 2 
Highest jcwsrasdeniegidiales ve eos 2 2 21 
LOWestic cvs wncnveisagc ee eeg 7 1 0 

10. Comparisons oF THE STaRcHES oF NERINE 
crispa, N. ELEGANS, N. panty MaID, AND N. 
QUEEN OF ROSES. 

In histologic characteristics, polariscopic figures, 
reactions with selenite, qualitative reactions with iodine, 
and qualitative reactions with the various chemical reag- 
ents, all four starches exhibit properties in common in 
varying degrees of development, and each starch has 
certain individualities. The starch of Nerine elegans 
in comparison with that of the other parent WV. crispa is 
found to contain compound grains which have a larger 
number of components, and also aggregates which are 
not found in the latter. The grains are more regular in 
form, of less breadth usually in proportion to length, 
and in the majority of the grains the proximal end is 
smaller than the distal end, whereas in N. crispa only 
the minority of the grains have this feature. The hilum 
is not so distinct, less fissured, and slightly more eccen- 
tric. The lamelle are, as a rule, finer but not so dis- 
tinct; there are more grains that have lamelle that are 
not so fine at the distal end as near the hilum; and the 
number of lamelle is less. The sizes are generally less 
and there are differences in the ratios of length to 
breadth. In the polariscopic figures, reactions with 
selenite, and qualitative reactions with iodine there are 
many differences, mostly apparently of a minor charac- 
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ter. In the qualitative reactions with chloral hydrate, 
nitric acid, potassium iodide, potassium sulphide, and 
sodium salicylate many differences are noted, some rather 
striking but mostly seemingly of minor importance. 
The starch of the hybrid N. dainty maid in comparison 
with the starches of the parents contains more aggre- 
gates than that of WV. elegans and as many as in N. crispa; 
the irregularities are more numerous than in N. elegans 
and about the same as in the other parent; and while most 
of the grains in relative sizes of the proximal and distal 
ends resemble those of N. crispa, there are more that 
have the proximal end smaller than the distal end. The 
hilum in distinctness is closer to N. crispa, while in the 
absence of fissuration it is closer to NV. elegans ; in eccen- 
tricity it also is closer to the latter. The lamelle are 
finer than those of either parent, but nearer N. elegans, 
while in general characters and arrangements they are 
nearer N. crispa; the number is less than in either 
parent, but nearer that of N. crispa. The size is some- 
what closer to N. elegans. In the polarization, selenite, 
and qualitative reactions the resemblances lean to one 
or the other parent, but on the whole distinctly more to 
N. elegans. In the qualitative reactions with chloral 
hydrate, nitric acid, potassium iodide, potassium sulpho- 
cyanate, potassium sulphide, and sodium salicylate cer- 
tain of the phenomena lean to one parent and certain 
others to the other parent, but the relationship is, on 
the whole, distinctly closer to NV. elegans. In comparison 
with the starches of the parents the starch of the hybrid 
N. queen of roses contains a larger number of aggregates 
which have a larger number of component grains, and 
more compound grains than in either parent; and the 
latter are like those of N. elegans; the grains are less 
regular than those of N. elegans but more regular than 
those of N. crispa. The hilum is as distinct as in 
N. crispa and more distinct, than in the other parent; 
it is rarely fissured, thus being closer to WN. elegans; 
and the eccentricity is greater than in either parent, 
being nearer NV. elegans: The lamelle in characters and 
arrangements closely resemble those of N. crispa, but 
the number is less than in either parent and closer to that 
of NV. elegans. In size the grains are smaller than those 
of either parent, and closer to those of N. elegans. In 
the polarization, selenite, and qualitative reactions with 
iodine the resemblances are closer to NV. elegans. In the 
qualitative reactions with chloral hydrate, nitric acid, 
potassium iodide, potassium sulphocyanate, potassium 
sulphide, and sodium salicylate certain of the phenomena 
lean to one parent and certain others to the other. In 
the reactions with chloral hydrate and sodium salicylate 
they, on the whole, more closely resemble those of N. 
crispa, but those with nitric acid, potassium iodide, potas- 
sium sulphocyanate, and potassium sulphide more closely 
resemble those of WV. elegans. 

The two hybrids differ in certain very interesting 
respects, especially as regards their greater resemblances 
in their various properties to one or the other parent. 
N. dainty maid is in form more like N. crispa than 
N. elegans, but in other histological respects more like 
the other parent. WN. queen of roses is in form and 
hilum more like NV. elegans than N. crispa, but in the 
lamelle it is nearer to N. crispa. In the polarization 
properties both hybrids are closer to N. elegans than to 
N. crispa, N. queen of roses being closer than N. dainty 
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maid. In the iodine reactions, both quantitative and 
qualitative, N. dainty maid more closely resembles NV. 

elegans; but in the other hybrid, N. queen of roses, the 
unheated grains show a closer relationship to N. elegans 
and the heated or gelatinized grains to the other parent. 
In the aniline reactions N. dainty maid is closer to N. 
elegans than to N. crispa; while N. queen of roses is closer 
to N. crispa than to N. elegans. In the qualitative reac- 
tions with the various chemical reagents similar curious 
individualities are recorded, as regards interparental and 
inter-hybrid and parental-hybrid reactions. The hy- 
brids are sometimes practically alike and at others quite 
as different from each other as they are from the parents, 
or as the parents are from each other. The qualitative 
reactions may be closer to one or the other parent, accord- 
ing to the reagent. In the chloral-hydrate reactions both 
hybrids are closer to N. crispa, N. dainty maid being 
the closer. In the reactions with nitric acid, potassium 
iodide, potassium sulphocyanate, and potassium sulphide 
the hybrids are closer to WV. elegans, N. dainty maid being 
the closer. In the sodium-salicylate reactions NV. dainty 
maid is nearer to NV. elegans, and N. queen of roses nearer 
to N. crispa, there being nearly as much difference be- 
tween the hybrids themselves as between the hybrid 
N. queen of roses and the parent NV. elegans. 

Reaction-intensities Expressed by Light, Color, and Tempera- 
ture Reactions. 

Polarization: 
Nerine crispa, moderate to very high, value 85. 
Nerine elegans, moderate to very high, lower than N. crispa, 

value 80. 
Nerine dainty maid, moderate to very high, same as N. elegans, 

value 80. 
Nerine queen of roses, moderate to very high, lower than either 

parent, value 77. 

Iodine: 
Nerine crispa, moderate, value 45. 

Nerine elegans, moderate, deeper than in N. crispa, value 55. 

Nerine dainty maid, moderate to deep, deeper than in either parent. 
value 60. 

Nerine queen of roses, moderate, the same as in N. elegans, value 55. 
Gentian violet: 

Nerine crispa, light to moderate, value 40. 
Nerine elegans, light to moderate, lighter than N. crispa, value 35. 
Nerine dainty maid, light to moderate, the same as in N. elegans 

value 35. 
Nerine queen of roses, light to moderate, the same as in N. crispa, 

value 40. 
Safranin: 

Nerine crispa, moderate, value 50. 

Nerine elegans, moderate, lighter than in N. crispa, value 45. 

Nerine dainty maid, moderate, the same as in N. elegans, value 50. 

Nerine queen of roses, moderate, the same as in N. crispa, value 50. 

Temperature: 
Nerine crispa, in the majority at 64 to 65°; in all at 70 to 71.5°; 

mean 70.7°. 
Nerine elegans, in the majority at 68.5 to 70°; in all at 75 to 76.9°; 

mean 75.9°. 
Nerine dainty maid, in the majority at 69 to 70.5°; in all at 72.5 

to 73.8°; mean, 73.2°. 
Nerine queen of roses, in the majority at 68 to 69.1°; in all at 71 

to 72.8°; mean 71.9°. 

N. crispa shows a higher reactivity than the other 
parent WN. elegans in the reactions with polarization, gen- 
tian violet, safranin, and temperature, and a lower reac- 
tivity with iodine. Both hybrids in the polarization and 
iodine reactions are nearer to N. elegans than to the other 
parent, N. dainty maid having the same polarization 
reaction as this parent, but a higher iodine reaction. 
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With gentian violet and safranin N. dainty maid is the 
same as N. elegans, while N. queen of roses is the same 
as N. crispa. In the temperature reactions the hybrids 
are intermediate, N. dainty maid being closer to N. 
elegans, and N. queen of roses closer to N. crispa. WN. 
dainty maid is, on the whole, more closely related in 
these reactions to the pollen parent, and N. queen of 
roses to the seed parent. 

Table A 10 shows the reaction-intensities in percent- 
ages of total starch gelatinized at definite intervals 
(minutes) : 

TaBxe A 10. 

. . . . g gq q a 

nlSislelelelatels 
Chloral hydrate: 

Nerine crispa.............-)--|-- |... |. | 12] 37 | 65 | 67 | 72 
Nerine elegans............. coda dew Paw § ROBOT L,« bss 
Nerine dainty maid.........]..].-]--].. | 18177]90] 92/95 

Nerine queen of roses....... wat bea Lae) aor | SOLID ce a digs 
Chromic acid: 

Nerine crispa.............-Je+}e-]e- |e. 1) 2/}36/90/95 
Nerine elegans.............]--]--|--]-- | 0.5! 3150/92/99 
Nerine dainty maid.........]..]..]..{].. [05] 1133/83/95 
Nerine queen of roses....... eisee ll essay seit tase 2| 4/34/86! 95 

Pyrogallic acid: 
Nerine crispa............-- ue. De fee Bae 2) Sin 3 
Nerine elegans............. see lease || save [lace [OTe Lee [| TER aL 
Nerine dainty maid.........]..|-.].-]-.] 2]..]..7..] 2 
Nerine queen of roses....... ae tas lex Vee l Del co Fecd.< (RS 

Nitric acid: 
Nerine crispa..............]--]..]-.].-. | 62180] 95] 99] 99 
Nerine elegans.............;--|.-]-.].- | 88/96/99}..1}.. 
Nerine dainty maid.........|.-]..]..|.. | 72183 | 95 | 96] 97 
Nerine queen of roses....... ..[..]..}..] 75/90/98] 99]... 

Sulphuric acid: 
Nerine crispa..............}85}.. | 99}... |100).. 
Nerine elegans.............}90].. | 99} .. | 99]... 
Nerine dainty maid.:......./95].. | 99].. | 99}.. 
Nerine queen of roses......./ 99] .. {100} .. | 99).. 

Hydrochloric acid: 
Nerine crispa.........-..--|--]--]-+]-- | 90) 99 
Nerine elegans............-]--|--]--|-- | 90! 99 
Nerine dainty maid.........}..1..]..J.. | 95/98 
Nerine queen of roses.......|..]..}-.].-. | 98/99 

Potassium hydroxide: 
Nerine crispa.............-|97].. | 99}... | 99]... 
Nerine elegans............. 99 secs Teecee Puce Ht BO os 

Nerine dainty maid.........|95]..} 97} .. | 99]... 
Nerine queen of roses....... O9;..]..7..] O9].. 

Potassium iodide: 
Nerine crisps sx<s0%.0s008» a ee ee or 1, 4! 9/17/28 
Nerine elegans..........-.-|--|--]-.].-{05) 1] 2] 3} 8 
Nerine dainty maid.........)..]..]..]../0.6) 3] 9/12}15 
Nerine queen of roses.......)..]..].-]-- 1] 3} 6)11]19 

Potassium sulphocyanate: 

Nerine-eriapa...o.sccnereee| «+ 3) 10 | 42 | 61 | 70 
Nerine elegans............. a 3] 10 | 30 | 40 55 
Nerine dainty maid.........|.. 4| 42 | 70 | 85 | 90 
Nerine queen of roses.......|-- 5} 36 | 65 | 80 | 88 

Potassium sulphide: 
.Nerine crispa.........-----|--].-]-. |]. | 60] 88 | 93 | 95 | 95 
Nerine elegans............-|..|..]-.].. | 62/91] 95 | 971 97 
Nerine dainty maid.........}..]..]..].. | 63/90/91 | 95 | 98 
Nerine queen of roses....... «e]..]-- |]. | 75} 921941 96] 99 

Sodium hydroxide: 
Nerine crispa..... Sk ERNE BES oa lax lav divs 1} 2] 3] 6/10 
Nerine elegans ....+.2+e.<.0++] 64 [oe fea | ae 3) 6) 8112115 
Nerine dainty maid.........)..]..|..]..|05) 4] 7}16]18 
Nerine queen of roses....... ee bey paw Tse 3) 5/12/15 | 22 

Sodium sulphide: 
Nerine crispa.............- ae Vy 2 4 
Nerine elegans........ eee oe 2) 3)..] 4] 5 
Nerine dainty maid.........|.. 2} 3| 5] 6] 7 
Nerine queen of roses....... aca 1; 2] 3] 4] 6 

HISTOLOGIC PROPERTIES AND REACTIONS. 
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0 ee a Ae Al ee ow eo 
Loa Nn of ~~ Ls} mt cA] bol © 

Sodium salicylate: . 
Nerine crispa.........-...-/..]-. --].. | 42] 82 | 98 
Nerine dlépants: osecs0a8 exe) ae Joe [oe dow | BB) O07 2x 
Nerine dainty maid......... ow [ae Lae ox | 75) 98 
Nerine queen of roses....... ne fee | OBL... | OO]... 

Calcium nitrate: 
Nerine crispa.............- she 1) 2] 4] 8j10 
Nerine elegans............-|/.-]--4--]-. 1] 2]..} 6] 8 
Nerine dainty maidsss. coo] e0 [ce lew foe 2| 4) 6110/15 

Nerine queen of roses....... spe 3) 4) 7]../ 9 
Uranium nitrate: 

Nerine crispa.........-..-- ee eer, Gee Le 2} 3{ 9119) 28 
Nerine elegans............. va baw foe pen | OS) 3 OL ILE 14 
Nerine dainty maid.........]..]..]..].. | 2] 8]20]30]38 
Nerine queen of roses....... . {| 3! 6) 11] 20) 33 

Strontium nitrate: 
Nerine crispa.............- .. fe. |... |. | 68] 90 | 95 | 96 | 99 
Nerine elegans............-]..]..]--|-+ | 60) 95 | 98 | 99 | 99 
Nerine dainty maid.........]..]..]..].. | 63] 90} 95 | 98 | 99 
Nerine queen of roses....... ede. de. de. | 88/99]... 7.2. 199 

Cobalt nitrate: 
Nerine crispa.........-.-.-|+.[--]-- 0.5)..]..7 2] 1 
Nerine elegans.............,..]+-]-.]-- BY esse [gee Bape 2 
Nerine dainty maid.........]..]..]..]..|05] 2]. 3 
Nerine queen of roses....... tee [esas Wee es. | eee HOES 32s 3 

Copper nitrate: 
Nerine crispa...........---,-. +. ]--|-- {0.5) 2} 14 | 22 | 25 
Nerine elegans.............]..]--[..|--. {0.5/0.5} 2] 6] 9 

Nerine dainty maid.........]..]..]..[-- 1} 5 | 20 | 25] 33 
Nerine queen of roses....... we fee fe. |. | O.5) 1] 5]10)17 

Cupric chloride: 
Nerine crispa.............- oe fine Leslee HOB lsc 2 
Nerine elegans.............]-.]..]-.]-- Be Bete) 2 
Nerine dainty maid.........]..]..]..]-. 1 2)..] BF 8 
Nerine queen of roses.......}..]..]..].. Blas 3 

Barium chloride: 
Nerine crispa..............)-.]..].-].. | O85} 2 2 
Nerine elegans.............}..]..]..].. {05} 1 1 
Nerine dainty maid.........}..]..].. |.. {05} 1 1 
Nerine queen of roses....... ae tua ow tac | BEB) sce 0.6 

Mercuric chloride: 
Nerine crispa.............. pe Lae hee 5...) 5 5 
Nerine elegans............. sete || extselll ae [ee] OLB]. Gh 3; 3 

Werine dainty Maid. cccveun<c| ae lox lav [oe | OS) DT] 2 3 

Nerine queen of roses....... se loedva lve [OS] Z 2 

VELOCITY-REACTION CURVES. 

This section deals with the velocity-reaction curves of 
the starches of Nerine crispa, N. elegans, N. dainty 
maid, and N. queen of roses, showing the quantitative 
differences in the behavior toward different reagents at 
definite time-intervals. (Charts D190 to D 210.) 

Among the conspicuous features of these charts are: 
(1) The marked closeness of all four curves, except- 

ing in the reactions with chloral hydrate and potassium 
sulphocyanate, in which there is a marked tendency to 
separation, especially in the former, although in the 
general course of curves the characters of the reactions 
agree. In the reactions with pyrogallic acid, sulphuric 
acid, hydrochloric acid, potassium hydroxide, sodium 
sulphide, calcium nitrate, copper nitrate, cupric chloride, 
barium chloride, and mercuric chloride gelatinization 
occurs either with such rapidity or slowness that there is 
no satisfactory differentiation, such differences as are 
noted falling within the limits of error of experiment 
or being unimportant. Even in some of the other reac- 
tions the differences are small. 
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(2) The curve of N. crispa is higher than the curve 
of N. elegans in the reactions with potassium iodide, 
potassium sulphocyanate, uranium nitrate, and copper 
nitrate; and lower with chloral hydrate, chromic acid, 
nitric acid, potassium sulphide, sodium hydroxide, so- 
dium salicylate, and strontium nitrate. 

(3) The curves of the hybrids show varying parental 
relationships, there being a well-marked tendency in the 
reactions of N. dainty maid to intermediateness and a 
higher position than the parental curves, with a some- 
what more marked closeness to the pollen parent, while 
in N. queen of roses there is less tendency to intermediate- 
ness but a greater tendency to highness with about an 
equal inclination to one or the other parent. 

(5) An early period of comparatively marked re- 
sistance followed by a rapid to moderate gelatinization 
is seldom recorded, as seen for instance in the curves 
for chromic acid and potassium sulphocyanate. 

(6) The earliest period of the 60 minutes that is 
the best for the differentiation of the four starches is for 
the reactions with nitric acid, potassium sulphide, sodium 
salicylate, and strontium nitrate at 5 minutes; with the 
chloral hydrate at 15 minutes; with chromic acid and 
potassium sulphocyanate at 30 minutes; and with potas- 
sium iodide, sodium hydroxide, uranium nitrate, and 
copper nitrate at 60 minutes. The other reactions are 
either so fast or so slow that no satisfactory differentia- 
tion can be made. 

REACTION-INTENSITIES OF THE HYBRID. 

This section treats of the reaction-intensities of the 
hybrid as regards sameness, intermediateness, excess, 
and deficit in relation to the parent. (Table A 10, and 
Charts D 190 to D 210.) 

The reactivities of the hybrid NV. dainty maid are the 
same as those of the seed parent in the safranin reaction ; 
the same as those of the pollen parent with polarization 
and gentian violet; the same as both parents with pyro- 
gallic acid, potassium sulphide, sodium sulphide, cobalt 
nitrate, cupric chloride, barium chloride, and mercuric 
chloride; intermediate with temperature, chloral hy- 
drate, nitric acid, potassium iodide, sodium hydroxide, 
sodium salicylate (in four being closer to the pollen 
parent, in one nearer the seed parent, and in one mid- 
intermediate) ; highest with iodine, sulphuric acid, hydro- 
chloric acid, potassium sulphocyanate, calcium nitrate, 
uranium nitrate, strontium nitrate, copper nitrate (in 
three being closer to the pollen parent, in four nearer the 
seed parent, and in one as near to one as to the other 
parent) ; and lowest with chromic acid and potassium 
hydroxide (in one being nearer to seed parent, and in 
one as near one as the other parent). 

The reactivities of the hybrid N. queen of roses are 
the same as those of the seed parent in the reactions 
with gentian violet and safranin; the same as those 
of the pollen parent with iodine; the same as both 
parents with pyrogallic acid, potassium hydroxide, so- 
dium sulphide, cobalt nitrate, cupric chloride, barium 
chloride, and mercuric chloride; intermediate with tem- 
perature, nitric acid, and potassium iodide (in two being 
closer to the seed parent, and in one mid-intermediate) ; 
highest with chloral hydrate, sulphuric acid, hydrochloric 
acid, potassium sulphocyanate, potassium sulphide, so- 

dium hydroxide, sodium salicylate, calcium nitrate, ura- 
nium nitrate, strontium nitrate, and copper nitrate (in 
six being nearer the pollen parent, in four nearer the seed 
parent, and in one as near to one as to the other parent) ; 
and the lowest with polarization and chromic acid (in 
one being nearer the pollen parent and in the other 
nearer the seed parent). 

The following is a summary of the reaction-intensi- 
ties of the hybrid as regards sameness, intermediateness, 
excess, and deficit in relation to the parents: 

N. dainty N. queen Total. 
maid. of roses. 

Same or practically the same as: 

Seed parent...................- 1 2 3 
Pollen parent.................. 2 1 3 

Both parents................... rg 7 14 
Intermediate..................... 6 3 9 
Highest ...............0...0.00000- 8 11 19 
LOWESti ities <u geleminas tA eearn'h 2 2 4 

The hybrids differ from each other in the reactions 
with polarization, iodine, gentian violet, safranin, tem- 
perature, chloral hydrate, sodium hydroxide, strontium 
nitrate, calcium nitrate, and copper nitrate, in several 
to a minor degree. The hybrid N. dainty maid has a 
higher reactivity than the other hybrid in the reactions 
with polarization, iodine, calcium nitrate, and copper 
nitrate, and a lower reactivity in those with gentian 
violet, safranin, temperature, chloral hydrate, sodium 
hydroxide, and strontium nitrate. The most striking 
difference is seen in the reactions with chloral hydrate. 
The hybrids differ on the whole less from each other 
than the parents from each other, but they differ as 
much from the parents as do the parents from each other. 
The parental relationships of the two hybrids vary in the 
different reactions as regards sameness, intermediateness, 
etc., each hybrid showing relationships quite independent 
of those of other. Thus, in the polarization reactions 
N. dainty maid is the same as the pollen parent, while 
N. queen of roses has the lowest reactivity and is nearer 
the pollen parent ; in the temperature reactions both are 
intermediate, but the former is nearer the pollen parent, 
and the latter nearer the seed parent; in the reactions 
with chloral hydrate the former is intermediate and 
nearer the pollen parent, and the latter highest and 
nearer the pollen parent, etc. (See Chapter V.) 

ComposITE CURVES OF REACTION-INTENSITIES. + 

This section deals with the composite curves of the 
reaction-intensities, showing the differentiation of the 
starches of Nerine crispa, N. elegans, N. dainty maid, 
and NV. queen of roses. (Chart E10.) 

The most conspicuous features of this chart are: 
(1) The very close correspondence in the rises and 

falls of the curves of the two parents, excepting in the 
reaction with chloral hydrate, in which the curve of 
one parent is ascending and of the other descending. As 
will be seen also by other charts (E11 and E12) some 
of the nerines are comparatively fast-reacting with this 
reagent and others the reverse. The curves run so closely 
as to suggest closely related plants. 

(NV. crispa is a garden variety and N. elegans is a 
hybrid of NV. flexuosa and N. sarniensis var. rosea. N. flea- 



62 

uosa has a high reactivity with chloral hydrate and NV. 
sarmensis var. rosea a low reactivity, so that N. elegans 
takes after NV. flexuosa in this reaction.) 

(2) NV. crispa, in comparison with the other parent 
N. elegans, shows higher reactions with polarization, 
gentian violet, safranin, temperature, potassium iodide, 
potassium sulphocyanate, calcium nitrate, uranium ni- 
trate, and cupric chloride; lower reactions with iodine, 
chloral hydrate, nitric acid, potassium sulphide, sodium 
salicylate, and strontium nitrate; and the same or prac- 
tically the same reactions with chromic acid, pyrogallic 
acid, sulphuric acid, hydrochloric acid, potassium hydrox- 
ide, sodium hydroxide, sodium sulphide, calcium nitrate, 
cobalt nitrate, cupric chloride, barium chloride, and mer- 
curic chloride. 

(3) ‘The closeness of the curves of the two hybrids 
is striking, the only important differences in their courses 
being noted in the chromic-acid reactions, the reaction 
of N. dainty maid being distinctly higher than in either 
of the parents, and very much higher than in the other 
hybrid NV. queen of roses. The reaction of N. dainty 
maid is closer to N. elegans, while that of N. queen of 
roses is intermediate between the parents, but very much 
closer to N. crispa. N. dainty maid shows higher reac- 
tivities with polarization, iodine, calcium nitrate, and 
copper nitrate; and lower reactivities with gentian violet, 
safranin, temperature, chloral hydrate, and strontium ni- 
trate; and the same or practically the same reactivities 
with chromic acid, pyrogallic acid, nitric acid, sulphuric 
acid, hydrochloric acid, potassium hydroxide, potassium 
iodide, potassium sulphocyanate, potassium sulphide, 
sodium hydroxide, sodium sulphide, sodium salicylate, 
uranium nitrate, cobalt nitrate, cupric chloride, barium 
chloride, and mercuric chloride. 

(4) In XN. crispa the very high reactions with polar- 
ization, sulphuric acid, hydrochloric acid, potassium hy- 
droxide, and sodium salicylate; the high reactions with 
nitric acid, potassium sulphide, and strontium nitrate ; 
the moderate reactions with iodine, gentian violet, safra- 
nin, temperature, and chromic acid; the low reactions 
with chloral hydrate, and potassium sulphocyanate; and 
the very low reactions with pyrogallic acid, potassium 
iodide, sodium hydroxide, sodium sulphide, calcium ni- 
trate, uranium nitrate, cobalt nitrate, copper nitrate, 
cupric chloride, barium chloride, and mercuric chloride. 

(5) In XN. elegans the very high reactions with polar- 
ization, nitric acid, sulphuric acid, hydrochloric acid, 
potassium hydroxide, sodium salicylate, and strontium 
nitrate; the high reactions with chloral hydrate, and 
potassium sulphide; the moderate reactions with iodine, 
safranin, and chromic acid; the low reactions with gen- 
tian violet, temperature, and potassium sulphocyanate ; 
and the very low reactions with pyrogallic acid, potas- 
sium iodide, sodium hydroxide, sodium sulphide, calcium 
nitrate, uranium nitrate, cobalt nitrate, copper nitrate, 
cupric chloride, barium chloride, and mercuric chloride. 

(6) In the hybrid NV. dainty maid the very high reac- 
tions with polarization, sulphuric acid, hydrochloric acid, 
potassium hydroxide, and sodium salicylate; the high 
reactions with iodine, nitric acid, potassium sulphide, and 
strontium nitrate; the moderate reactions with safranin, 
chromic acid, and potassium sulphocyanate ; the low reac- 
tions with gentian violet and temperature; and the very 
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low reactions with pyrogallic acid, potassium iodide, 
sodium hydroxide, sodium sulphide, calcium nitrate, 
uranium nitrate, cobalt nitrate, copper nitrate, cupric 
chloride, barium chloride, and mercuric chloride. 

(7) In the reactivities of the hybrid N. queen of 
roses the very high reactions with chloral hydrate, sul- 
phurie acid, hydrochloric acid, potassium hydroxide, so- 
dium salicylate, and strontium nitrate; the high reactions 
with polarization, nitric acid, and potassium sulphide; 
the moderate reactions with iodine, gentian violet, safra- 
nin, temperature, and chromic acid; the low reactions 
with potassium sulphocyanate ; and the very low reactions 
with pyrogallic acid, potassium iodide, sodium hydroxide, 
sodium sulphide, calcium nitrate, uranium nitrate, cobalt 
nitrate, copper nitrate, cupric chloride, barium chloride, 
and mercuric chloride. 

The following is a summary of the reaction-intensi- 
ties : 

Very . Mod- ‘Very 
high. High. erate. Low. low. 

Nerine crispa...... 5 3 5 2 11 

Nerine elegans..... 7 2 3 3 a 
Nerine dainty maid . 5 4 g 3 11 
Nerine queen of roses 6 3 5 BI 11 

11. Comparisons or THE StrarcuEs oF NERINE 

BOWDENI, N. SARNIENSIS VAR. CORUSCA MAJOR, 
N. orantess, anp N. aBuNDANCE. 

In histologic characteristics, polariscopic figures, 
reactions with selenite, qualitative reactions with iodine, 
and qualitative reactions with the various chemical reag- 
ents the starches of the parents exhibit properties in com- 
mon, and also individualities by which they can be dif- 
ferentiated. The starch of Nerine sarniensis var. corusca 
major in comparison with that of N. bowdeni contains a 
smaller number of compound grains and aggregates; the 
grains are more regular and less varied in form, and the 
irregularities are due much more frequently to notches 
and depressions at the margins; and the flattened broad 
forms are less flattened. The hilum is not so distinct, is 
less frequently fissured, and is more eccentric. The 
lamelle are not quite as distinct, they are more regular, 
coarse lamella are less numerous, the arrangements of 
coarse and fine lamelle differ from that which is observed 
in N. bowdent, and the number is somewhat less. In 
size the grains are smaller, and there are not forms that 
are as broad as are found in the other parent. In the 
polariscopic, selenite, and iodine reactions there are many 
differences. In the qualitative reactions with chloral 
hydrate, nitric acid, potassium iodide, potassium sul- 
phide, potassium sulphocyanate, and sodium salicylate 
there are also many differences, some of which are quite 
interesting, and all are collectively of marked value in the 
differentiation of the two starches. The starch of the 
hybrid NV. giantess, in comparison with the starches of 
the parents, contains a much less number of compound 
grains and aggregates than that of N. bowdent, but 
slightly more than in the starch of the other parent, and 
the compound grains are partly of a type that is found 
exclusively in NV. bowdeni, and also partly of other types 
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that are found in the starches of both parents; and in 
irregularity of outline they are nearer to N. bowdent. 
The hilum in character and eccentricity is the same as 
that of NV. sarniensis var. corusca major. The lamellez 
in character and arrangement, and the size are also nearer 
those of this species. The number of lamelle is less than 
in either parent. In the polariscopic figures and reac- 
tions with selenite the relationship is closer to NV. sar- 
miensis var. corusca major. In the qualitative iodine 
reactions the raw grains behave more like those of NV. 
sarniensis var. corusca major, but the heated grains more 
like those of the other species. In the qualitative reac- 
tions with the chemical reagents the resemblances are 
closer to the reactions of N. bowdeni in the reactions with 
chloral hydrate and sodium salicylate, but closer to the 
other parent in those with nitric acid, potassium iodide, 
potassium sulphocyanate, and potassium sulphide. The 
starch of the hybrid NV. abundance, in comparison with 
the starches of the parents, contains a smaller number 
of compound grains and aggregates than either, and only 
an occasional compound grain is seen of a type that was 
noted exclusively in N. bowdeni; irregularity is more 
than in N. sarniensis var. corusca major, but consider- 
ably less than in the other parent. The form is in gen- 
eral nearly mid-intermediate between the forms of the 
parental starches, but somewhat nearer that of N. sar- 
niensis var. corusca major. The hilum is in character 
nearer NV. bowdent, but in eccentricity it exceeds that of 
either parent and is nearer N. sarniensts var. corusca 
major. ‘The lamelle are in both character and arrange- 
ment nearer N. sarniensis var. corusca major, but the 
number is notably less than in either parent. The size is, 
on the whole, intermediate, but somewhat nearer that of 
N. bowdeni. In the polariscopic, selenite, and qualita- 
tive iodine reactions it is nearer NV. bowdent. In the 
qualitative chemical reactions with the six reagents re- 
semblances lean to one or the other parent, but on the 
whole the relationship is closer to N. bowdeni. For the 
most part the hybrids bear closer relationships to each 
other than does either to either parent. They vary much 
in their parent*leanings, each independently of the other, 
so that while one hybrid may show a leaning to the seed 
parent in a given character, the other hybrid may 
in this same character lean as markedly toward the 
other parent. Thus, in form WN. giantess is more 
closely related to N. bowdent, but N. abundance is 
nearly mid-intermediate between the parents with an 
inclination to N. sarniensis var. corusca major. In 
hilum NV. giantess is closer to N. sarniensis var. 
corusca major, while N. abundance is closer to N. 
bowdeni in characters and to the other parent in eccen- 
tricity. In Jamelle both are closer to N. sarntensis var. 
corusca major. In size N. giantess is closer to N. sar- 
niensis var. corusca major, and N. abundance to N. bow- 
deni. In the qualitative iodine reactions NV. giantess is 
in the reactions of the ungelatinized grains closer to 
N. sarniensis var. corusca major, and in the gelatinized 
grains closer to NV. bowdeni; but N. abundance is in both 
respects closer to N. bowdeni. In the qualitative reac- 
tions with the chemical reagents NV. giantess is with 
certain reagents closer to one parent and with others 
closer to the other parent, while N. abundance is closer 
with all reagents to NV. bowdeni. 
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Reaction-intensities Expressed by Light, Color, and Tempera- 
ture Reactions. 

Polarization: 
N. bowdeni, moderate to high, value 85. 
N. sarn. var. cor. maj., moderate to very high, higher than in N. 

bowdeni, value 90. 
N. giantess, moderately high to very high, lower than in either 

parent, value 80. 

N. abundance, moderately high to very high, the same as N. giant- 
ess, value 80. 

Iodine: 
N. bowdeni, moderate, value 50. 
N. sarn. var. cor. maj., moderately deep, deeper than in N. bow- 

deni, value 60. 
N. giantess, moderately deep, the same as N. sarn. var. cor. maj., 

value 60. 
N. abundance, moderate, same as N. bowdeni, value 50. 

Gentian violet: 
N. bowdeni, moderate, value 45. 

N. sarn. var. cor. maj., light to moderate, lighter than N. bowdeni, 

value 40. 
N. giantess, moderate, same as in N. bowdeni, value 45. 

N. abundance, light to moderate, same as N. sarn. var. cor. maj., 

value 40. 
Safranin: 

N. bowdeni, moderate, value 50. 
N. sarn. var. cor. maj., moderate, much less than in N. bowdeni, 

value 40. 
N. giantess, moderate, the same as N. bowdeni, value 50. 

N. abundance, moderate, less than N. bowdeni and much more 

than N. sarn. var. cor. maj., value 45. 
Temperature: 

N. bowdeni, in majority at 67.6 to 67.9°, in all at 74 to 75°, mean 

74.5°. 
N. sarn. var. cor. maj., in majority at 70 to 71°, in all but rare grains 

at 76 to 78.8°, mean 78.4°. 
N. giantess, in majority at 68.2 to 69.1°, in all at 70.9 to 71°, mean 

70.95°. 

N. abundance, in majority at 69 to 69.9°, in all at 73.9 to 74.8°, 
“ mean 74.3°. 

N. bowdem shows in the polarization and iodine 
reactions lower reactivities than NV. sarniensis var. corusca 

Tasie A 11. 

ijlglalg 8|/8|4a/ad]a 
Tele sieisislelsis 

Chloral hydrate: 
N. bowdeni............].-]..]-.]..] 3].. | 26/39 | 52] 56 
N. sarn. var. cor. maj...|../..]..]..]20).. |80|/95]98]|99 

N. giantess............]..]..]..]-. {17}... | 80/95] 97] 99 
N. abundance..........}..]..]..]../45].. | 82/97/98] 99 

Chromic acid: 
We bowdetil.scseccncecs| ad few [aw Joe (O85 2| 75 | 95 | 98 
N. sarn. var. cor. maj...}..|..|..]../05]..] 2/65] 86197 

Ny elentess: scccccvessaslax | ex lav | ev (GG) os | 2) 68188) 98 
N. abundance. ......... selvm feaidiee | od 2 | 62 | 85 | 98 

Pyrogallic acid: 

No BOWOER oc cuuguawcaalaon haw lax dese (BS ac haa bead Of 2 
Nu bars VaR. GOP MR). ae an lactase | Pla.) Bfee las | 8 
N. giantess............ aioe Wego | isre I dea (OO fae | [ws illae | 
SL abuadents. op seccuedleslae leedesd Bhee | Blaadcal # 

Nitric acid: 
N. bowdentl.s.c42cessaafae len los |ae | 5B la. | 80192 | 96 | 97 

N. sarn. var. cor.maj...}..]|../]..]..|43].. | 78/90/93 | 95 
N. giantese... .scceseccclanten [oe |e |B] a0 | 74) BB | O92 | O58 
N. abundance..........]..]..]..[..|82).. | 70] 81] 87/91 

Sulphuric acid: 

N. bowdeni............ 84|../97).. | 99 
N. sarn. var. cor. maj...|92/..|98).. | 99 
N. giantess............)/92]..|96].. | 97 

N. abundance.......... 86)../|97].. | 99 
Hydrochloric acid: 

N. bowdeni............ «- [ee ]..[..] 76]... 193] 95] 99 | 99 
N. sarn. var. cor.maj...}..|..{..|..|77].. | 93195] 96] 97 
WN. plantese. ..ce5cesaes| ae fan les | ee 178 12% 192] 95 | 96.1 96 
N. abundance..........]..]..]..]..|75].. 190] 95/96/96 
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Tasie A 11.—Continued. 

PROPERTIES AND REACTIONS. 

. . . * ‘=| i=} q a 

Flele|eie|2|2/813 
Potassium hydroxide: 

N. bowdeni............].. 95 96 98 
N. sarn. var. cor. maj...|.. 95 97 98 
N. giantess.............].. 93 95 97 
N. abundance..........].. 93. 95 97 

Potassium iodide: 
N. bowdeni............ Ae + 10.6 9 | 25 | 47 
N. sarn. var. cor. maj...}.. af Jd ..{ 38] 4 
N. giantess............./.. iL 9/16] 27 
N. abundance.......... ae 0.5] . 1} 3] 6 

Potassium sulphocyanate: 

N. bowdeni............].. 10 46 | 78| 83 
N. sarn. var. cor. maj...| .. 2 7| 19) 29 
N; giantess)... sic cee] os 1 9 | 23 | 36 
N. abundance..........].. 3 5; 7! 8 

Potassium sulphide: 

N. bowdeni............].. 12 47 | 62 | 68 
N. sarn. var. cor. maj...|.. 52 67 | 72 | 77 

N. giantess............ a 43 61 | 70 | 73 

N. abundance..........].. 39 60 | 66 | 70 
Sodium hydroxide: 

N. bowdeni............].. 3 12 | 21 | 24 
N. sarn. var. cor. maj...|.. 3 6} 11) 18 
N. giantess............].. 2 3|10| 14 
N. abundance..........].. i 21} 6110 

Sodium sulphide: 
N. bowdeni............].. . (0.6). 1/ 4} 5 
N. sarn. var. cor. maj...|.. 7 4) 6] 6 

N. giantess.............].. Qi 3/ 4] 6 

N. abundance.......... a 1]. 2.41 3 
Sodium salicylate: 

N. bowdeni....:.......].. 63]... | 89} 99 
N. sarn. var. cor. maj...|.. 88/99}..].. 
N. giantess............. ox 89 | 99 
N. abundance..........|.. 86 | 99 

Calcium nitrate: 
N. bowdeni............].. 1 6/17 | 25 
N. sarn. var. cor. maj...|.. 1 2! 8/12 

N. giantess............/.. 0.5 2) 6/10 
Ne abundente, a. sp exccel os 0.5 2) 31 4 

Uranium nitrate: 
N. bowdeni............}.. 3 13 | 27 | 37 
N. sarn. var. cor. maj...|.. 3 4) 6|12 

N. giantess...........-].. . |0.5 3) 9/14 
N. abundance.......... ines - (0.5 1) 2| 4 

Strontium nitrate: 
N. bowdeni............].-. 16 69 | 85 | 89 
N. sarn. var. cor. maj...|.. 56 80 | 88 | 95 
N. giantess.............].. 65 88 | 91 | 95 
N. abundance..........].. 19 78 | 86 | 89 

Cobalt nitrate: 
N. bowdeni............].. seus see'| ah 
N. garn. var. cor. maj...|.. . 0.5 nies lee 

N. giantess.............] 2. . (0.5 Aas 

N. abundance..........|.. . (0.5 és 
Copper nitrate: 

N. bowdeni......0¢s0s] 4. 2)..} 7/10/16 
N. sarn. var. cor. maj...|.. 1{.«| 2] 2) & 
N. giantess.........-.-1.. O6)..) 2) 21/10 
N. abundance..........}.. 0.5}.. 10.65) 2] 3 

Cupric chloride: 
N. bowdeni............ ve . 10.5 ee | 21S 
N. sarn. var. cor. maj...|.. 0.5 Lisa] we 

N. giantess.............].. 0.5 1 
N. abundance.......... Ae 0.5 1 

Barium chloride: 
N. bowdeni............}.. . 10.5 
N. sarn. var. cor. maj...|.. . 10.5 
N. giantess........-..../.. 0.5 
N. abundance..........].. 0.5 

Mercurie chloride: 
N. bowdeni............{.. . 10.5 1 
N. sarn. var. cor. maj...|.. eh 
NY. piantess.4 cscce exe ses ay - 10.5 
N. abundance.......... tg - 0.5 

| 60 m. 

Woon 

major, and in the gentian-violet, safranin, and tempera- 
ture reactions higher reactivities. Both hybrids in the 
polarization and temperature reactions show higher reac- 
tivities than either parent, both being in both reactions 
closer to N. bowdeni than to the other parent, but in the 
temperature reaction N. abundance is practically the 
same as N. bowdeni. The hybrid N. giantess in the 
iodine reactions is the same as NV. sarniensis var. corusca 
major, but N. abundance is the same as the other parents. 
NV. giantess is the same as N. bowdeni in the gentian- 
violet reactions, while N. abundance is the same as the 
other parent. N. giantess is the same as N. bowdeni 
in the safranin reactions, while N. abundance is inter- 
mediate between the parents, but closer to N. bowdemi. 

Table A 11 shows the reaction-intensities in percent- 
ages of total starch gelatinized at definite intervals 
(minutes). 

VELOCITY-REACTION CURVES. 

This section treats of the velocity-reaction curves of 
the starches of Nerine bowdeni, N. sarniensis var. corusca 
major, N. giantess, and N. abundance, showing the quan- 
titative differences in the behavior toward different reag- 
ents at definite time-intervals. (Charts D' 211 to D 2381.) 

Among the most conspicuous features of these charts 
are: 

(1) The marked closeness and correspondence in the 
courses of all four curves, excepting in the reactions 
with chloral hydrate and potassium sulphocyanate, as 
was noted in the preceding set. Owing to too rapid, too 
slow, or too close reactions no satisfactory if any differ- 
entiation can be made in the reactions with pyrogallic 
acid, sulphuric acid, hydrochloric acid, potassium hy- 
droxide, sodium sulphide, cobalt nitrate, cupric chloride, 
barium chloride, and mercuric chloride. 

(2) The curve of NV. bowdent is higher than the curve 
of the other parent in the reactions with chromic acid, 
nitric acid, potassium iodide, potassium sulphocyanate, 
sodium hydroxide, calcium nitrate, uranium nitrate, and 
cupric chloride; and lower in those with chloral hydrate, 
potassium sulphide, sodium salicylate, and strontium 
nitrate. 

(3) The curves of the hybrids bear varying relation- 
ships to the parental curves, and the hybrid curves them- 
selves differ in many respects from each other. There is 
in N. giantess a distinct tendency to intermediateness 
and to the lowest position in relation to the parental 
curves, and with a decided inclination to the curves of 
the pollen parent; while in NV. abundance there is a 
particularly marked inclination to be the highest of the 
three curves and to the curves of the pollen parent. 

(4) An early period of high resistance followed by 
a rapid to moderate gelatinization is noted in very few 
of the experiments, but especially in the chromic-acid 
reaction. 

(5) The earliest period during the 60 minutes that 
is best for the differentiation of all four starches is for 
chloral hydrate, nitric acid, potassium sulphide, sodium 
salicylate, and strontium nitrate at 5 minutes; for potas- 
sium iodide at 30 minutes; for potassium sulphocyanate, 
sodium hydroxide, calcium nitrate, uranium nitrate, and 
cupric chloride at 60 minutes. Other reactions are too 
slow or too fast for satisfactory differentiation. 
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REACTION-INTENSITIES OF THE HYBRIDS. 

This section treats of the reaction-intensities of the 
hybrids as regards sameness, intermediateness, excess, 
and deficit in relation to the parents. (Table A 11 and 
Charts D 211 to D 231.) 

The reactivities of the hybrid N. giantess are the 
same as those of the seed parent in the reactions with 
gentian violet and safranin; the same as those of the 
pollen parent with iodine, chloral hydrate, sulphuric 
acid, sodium salicylate, calcium nitrate, and uranium 
nitrate; and the same as those of both parents with 
pyrogallic acid, potassium hydroxide, sodium sulphide, 
cobalt nitrate, cupric chloride, barium chloride, and mer- 
curic chloride, in all of which the reactions are too fast 
or too slow for differentiation ; intermediate with chromic 
acid, potassium iodide, potassium sulphocyanate, potas- 
sium sulphide, strontium nitrate, and copper nitrate (in 
three being mid-intermediate, in one nearer the seed 
parent, and in two nearer the pollen parent) ; highest in 
the temperature reaction, and nearer the seed parent; 
and lowest in the reactions with polarization, nitric acid, 
hydrochloric acid, and sodium hydroxide (in one being 
as near as the other parent, in one nearer the seed parent, 
and in one nearer the pollen parent). 

The reactivities of the hybrid NV. abundance are the 
same as those of the seed parent in the reactions with 
iodine, temperature, and sulphuric acid; the same as 
those of the pollen parent with gentian violet, potassium 
iodide, and sodium salicylate; the same as those of both 
parents with pyrogallic acid, potassium hydroxide, so- 
dium sulphide, cobalt nitrate, cupric chloride, barium 
chloride, and mercuric chloride, in all of which the reac- 
tions are too fast or too slow for differentiation ; inter- 
mediate with safranin, potassium sulphide, and strontium 
nitrate (in two being closer to the seed parent, and in 
one closer to the pollen parent) ; highest with tempera- 
ture and chloral hydrate, in the former being closer 
to the seed parent and in the latter to the pollen parent; 
and lowest with polarization, chromic acid, nitric acid, 
hydrochloric acid, potassium sulphocyanate, sodium hy- 
droxide, calcium nitrate, uranium nitrate, and copper 
nitrate (in one being as close to one parent as to the 
other, in one closer to the seed parent, and in seven closer 
to the pollen parent). 

CoMPOSITE CURVES OF THE REACTION-INTENSITIES. 

This section treats of the composite curves of the 
reaction-intensities, showing the differentiation of the 
starches of Nerine bowdent, N. sarniensis var. corusca 
major, N. giantess, and N. abundance. (Chart E 11.) 

The most conspicuous features of this chart are: 
(1) The very close correspondence in the rises and 

falls of the curves of the parents, excepting in the reac- 
tions with chloral hydrate and potassium sulphide, the 
same peculiarity having been noted in the preceding set, 
excepting that in this set the potassium-sulphide curves 
retain the same relative positions, the disagreement in 
the latter being attributable to the relatively low reac- 
tivity of N. bowdem. 

(2) WN. bowdeni has higher reactivities than the other 
parent (N. sarmensis var. corusca major) with gentian 
violet, safranin, temperature, chromic acid, nitric acid, 
potassium iodide, potassium sulphocyanate, sodium hy- 
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droxide, calcium nitrate, uranium nitrate, and copper 
nitrate; lower with polarization, iodine, chloral hydrate, 
sodium salicylate, and strontium nitrate; and the same 
or practically the same with pyrogallic acid, sulphuric 
acid, hydrochloric acid, potassium hydroxide, potassium 
sulphide, sodium sulphide, cobalt nitrate, cupric chloride, 
barium chloride, and mercuric chloride. 

(3) In N. bowdeni the very high reactions with 
polarization, sulphuric acid, and potassium hydroxide; 
the high reactions with chromic acid, hydrochloric acid, 
and sodium salicylate ; the moderate reactions with iodine, 
gentian violet, safranin, nitric acid, potassium sulpho- 
cyanate, and strontium nitrate; the low reactions with 
temperature, chloral hydrate, and potassium sulphide; 
the very low reactions with pyrogallic acid, potassium 
iodide, sodium hydroxide, sodium sulphide, calcium ni- 
trate, uranium nitrate, cobalt nitrate, copper nitrate, 
cupric chloride, barium chloride, and mercuric chloride. 

(4) InN. sarniensis var. corusca major the very high 
reactions with polarization, sulphuric acid, potassium 
hydroxide, and sodium salicylate ; the high reactions with 
iodine, chloral hydrate, hydrochloric acid, and strontium 
nitrate ; the moderate reactions with gentian violet, safra- 
nin, chromic acid, and nitric acid ; the low reactions with 
temperature, potassium sulphocyanate, and potassium 
sulphide; and the very low reactions with pyrogallic 
acid, potassium ivdide, sodium hydroxide, sodium sul- 
phide, calcium nitrate, uranium nitrate, cobalt nitrate, 
copper nitrate, cupric chloride, barium chloride, and 
mercuric chloride. 

(5) In the hybrid N. giantess the very high reactions 
with polarization, sulphuric acid, potassium hydroxide, 
and sodium salicylate; the high reactions with iodine, 
chloral hydrate, hydrochloric acid, and strontium nitrate; 
the moderate reactions with gentian violet, safranin, 
temperature, chromic acid, and nitric acid; the low reac- 
tions with potassium sulphocyanate and potassium sul- 
phide; and the very low reactions with pyrogallic acid, 
potassium iodide, sodium hydroxide, sodium sulphide, 
calcium nitrate, uranium nitrate, cobalt nitrate, copper 
nitrate, cupric chloride, barium chloride, and mercuric 
chloride. 

(6) In the hybrid N. abundance the very high reac- 
tions with polarization, sulphuric acid, potassium hydrox- 
ide, and sodium salicylate ; the high reactions with chloral 
hydrate and hydrochloric acid; the moderate reactions 
with iodine, gentian violet, safranin, chromic acid, nitric 
acid, and strontium nitrate; the low reactions with tem- 
perature and potassium sulphide; and the very low reac- 
tions with pyrogallic acid, potassium iodide, potassium 
sulphocyanate, sodium hydroxide, sodium sulphide, cal- 
cium nitrate, uranium nitrate, cobalt nitrate, copper 
nitrate, cupric chloride, barium chloride, and mercuric 
chloride. 

The following is a summary of the reaction-intensi- 
ties: 

Very é Mod- Very 
high. High. erate. Low: low. 

N. bowdeni.......... 3 3 6 3 11 
N. sarn. var. cor.maj.|_ 4 4 4 3 ll 

N. giantess.......... 4 4 5 a 11 
N. abundance........ 4 3 5 2 12 
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The two hybrids show in general a closer relation- 
ship in their reactivities to each other than does either 
to either parent. In some reactions the reactivities are 
the same, and in others one hybrid has a higher reactivity 
than the other, but in other reactions the reverse. Then 
again their reactivities in their parental relationships are 
of a most variable character in that in a given reaction 
both may be lower or higher than the reactions of the 
parents, in another reaction that of one may be higher 
and that of the other lower, or intermediate, or the same, 
etc. Thus, eliminating the seven reactions in which, 
owing to a too rapid or too slow reaction, the results were 
the same in case of all four starches, it will be noted 
that out of the remaining 19 reactions in only 6 were 
the reactions of the same relationship to the parents— 
in the polarization reactions the reactivities of both hy- 
brids are the lowest and both nearer the seed parent; in 
the temperature reactions one is higher than either 
parent, but closer to the seed parent, and the other is 
practically the same as the seed parent; in the nitric acid 
reactions both are the highest, in the former nearer the 
seed parent and in the latter nearer the pollen parent; 
in the hydrochloric acid reactions the reactivities are 
lowest, and both as close to one as to the other parent; 
in the sodium-hydroxide reactions both are highest and 
nearer the seed parent; and in the sodium-salicylate reac- 
tions both are the same as the pollen parent. In each 
of the other reactions one hybrid shows a parental rela- 
tionship that is different from that of the other. Thus, 
in the iodine reactions N. giantess is closer to the seed 
parent, while N. abundance is closer to the pollen parent; 
in the sulphuric-acid reactions N. giantess is closer to 
the pollen parent, while N. abundance is closer to the 
seed parent; in the potassium-sulphide reactions both 
hybrids are intermediate, but one is closer to the pollen 
parent and the other to the seed parent, etc. The reac- 
tivities of NV. giantess are, on the whole, slightly higher 
than those of the other hybrid, and both are in this 
respect nearer the pollen than the seed parent, N. giantess 
being the closer. 

The following is a summary of the reaction-intensi- 
ties of the hybrids as regards sameness, intermediateness, 
excess, and deficit in relation to the parents: 

N. giantess. | N. abundance. 

Same or practically same as— 

Seed parent................... 

Pollen parent.................. 
Both parents.................. 

Intermediate..................5. 
Highest sss ceuerate sve ge pesg 245444 
Lowest............. ee OI bo Orewa wow 

In both hybrids the properties seem to be influenced 
much more by the pollen parent. In the first hybrid 
there is greater tendency to intermediateness and less 
tendency to lowness of reactivity than in the other hy- 
brid. The hybrids differ sufficiently in their parental 
relationships to be readily distinguished notwithstanding 
their close similarities. (See Chapter V.) 

12. Comparisons oF THE SrarcHEes or NERINE 
SARNIENSIS VAR. CORUSCA MAJOR, N. CURVIFOLIA 
VAR. FOTHERGILLI MAJOR, AND N. GLory OF 
SARNIA. 

In histologic characteristics, polariscopic figures, 
reactions with selenite, qualitative reactions with iodine, 
and qualitative reactions with the various chemical Teag- 
ents all three starches exhibit properties in common, and 
each hag certain individualities, but all are closely 

HISTOLOGIC PROPERTIES AND REACTIONS. 

related. The starch of N. curvifolia var. fothergillt 
major contains in comparison with the starch of the 
other parent a larger number of compound grains and 
aggregates, and the former are of more varied types. 
The grains are less regular and somewhat more slender 
and pointed. The hilum is more distinct and eccentric. 
The lamelle are more distinct and less numerous, and 
there is difference in the grouping of the coarse lamelle. 
The size is less and the grains tend to be less broad 
in proportion to length. In the polariscopic, selenite, 
and iodine reactions differences are noted. In the quali- 
tative reactions with the chemical reagents many simi- 
larities and differences are recorded, some of the latter 
being quite striking, and taken collectively readily dif- 
ferentiate the starches. The starch of the hybrid con- 
tains fewer compound grains and aggregates than are 
found in the parents, and the types of compound grains 
are for the most part those observed in the starch of 
N. sarniensis var. corusca major. The grains are more 
regular in form than in either parent, and on the whole 
nearer those of NV. sarniensis var. corusca major. The 
characters of the hilum are closer to those of the same 
parent, and the eccentricity is less than in either parent. 
The lamelle are less distinct but more numerous than 
in either parent, and they are more closely related to those 
of N. sarniensis var. corusca major. In sizes the grains 
are also more closely related to the same parent. In the 
qualitative polarization, selenite, and iodine reactions the 
hybrid shows a more marked closeness to N. sarniensis 
var. corusca major. In the qualitative reactions with the 
chemical reagents, including choral hydrate, nitric acid, 
potassium iodide, potassium sulphocyanate, potassium 
sulphide, and sodium salicylate, reactions in each re- 
sembling more closely those of one or the other parent are 
noted, but in case of each reagent the phenomena are 
collectively closer to those of NV. sarniensis var. corusca 
major than to those of the other parent. 

Reaction-intensities EHapressed by Light, Color, and Tempera- 
ture Reactions. 

Polarization: 
N. sarn. var. cor. maj., moderate to very high, value 90. 

N. curvi. var. foth. maj., moderate to very high, lower than N. 
sarn. var. cor. maj., value 87. 

N. glory of sarnia, moderate to very high, the same as N. sarn. 
var. cor. maj., value 90. 

Iodine: 
N. sarn. var. cor. maj., moderately deep, value 60. 
N. curvi. var. foth. maj., moderately deep, deeper than N. sarn. 

var. cor. maj., value 65. 
N. glory of sarnia, moderate, less than either parent, value 55. 

Gentian violet: 
N. sarn. var. cor. maj., light to moderate, value 40. 
N. curvi. var. foth. maj., moderate, deeper than N. sarn. v. cor. 

maj., value 45. 
N. glory of sarnia, light to moderate, lighter than in either parent, 

value 35. 
Safranin: 

N. sarn. var. cor. maj., moderate, value 40. 

N. curvi. var. foth. maj., moderate, deeper than N. sarn var. cor. 
maj., value 35. 

N. glory of sarnia, light to moderate, less than either parent, 
- value 35. 

Temperature: 
N. sarn. var. cor. maj., in the majority at 70 to 71°, in all but rare 

grains 76 to 78.8°, mean 78.4°. 
N. curvi. var. foth maj., in the majority at 68.1 to 69°, in all at 

73.2 to 74.3°, mean 73.8°. 
N. glory of sarnia, in the majority at 70 to 72° in all at 75.8 to 77°, 

mean 76.4°, 

N. sarniensis var. corusca major shows in the polariza- 
tion and temperature reactions higher reactivities than 
the other parent, but lower reactivities in those with 
iodine, gentian violet, and safranin. The hybrid shows 
the same reactivity as V. sarniensis var. corusca major in 
the polarization reaction, but less than that of the other 
parent; lower reactivities than the parents with iodine, 
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Tasie A 12. 

c/o) .4a]<¢) 4) 81 81 8) 4) 48 

elalelslelelslels/s 
Chloral hydrate: 

N. sarn. var. cor. maj...|.. 20 80 | 95 | 98 | 99 
N. curv. var. foth. maj..|.. 21 90/98{..].. 

N. glory of sarnia.......).. 14 77 | 86 | 89 | 90 
Chromic acid: 

N. sarn. var. cor. maj...| .. « 10.5 2 | 65 | 86 | 97 
N. curv. var. foth. maj. .| .. . 10.5 3136] 85 | 97 

N. glory of sarnia.......].. . 10.5 1/30] 78] 94 
Pyrogallic acid: 

N. sarn. var. cor. maj.,.|.. 1 3 lsc 3 

N. curv. var. foth. maj. .| .. 1 Be el 3D 

N. glory of sarnia.......|.. 0.5 we te. 10.5 

Nitric acid: 
N. sarn. var. cor. maj...|.. 43 78 | 90] 93 | 95 
N. curv. var. foth. maj..|.. 6 60 | 87/90] 95 

N. glory of sarnia.......].. 5 50 | 72 | 80 | 82 
Sulphuric acid: 

N. sarn. var. cor. maj...|92].. | 98 99 
N. curv. var. foth. maj. .| 97 99 99 

N. glory of sarnia.......| 75 92 96 
Hydrochloric acid: 

N. sarn. var. cor. maj...|.. 77 93 | 95 | 96 | 97 
N. curv. var. foth. maj. .| . . 76 98}99].. | 99 
N. glory of sarnia...... ae 76 88 | 90 | 95 | 97 

Potassium hydroxide: 
N. sarn. var. cor. maj...}.. 95 97 98 
N. curv. var. foth. maj..|.. 97 99 99 

N. glory of sarnia.......|.. 94 96 98 
Potassium iodide: 

N. sarn. var. cor. maj...|.. 1 ca] 8} Al 7% 
N. curv. var. foth. maj. .].. 1 2! 3] 4] 5 

“N. glory of sarnia....... a 2 3!..] 4] 6 
Potassium sulphocyanate: 

N. sarn. var. cor. maj...|}.. 2 7| 19] 29] 50 

N. curv. var. foth. maj. ].. 2 3| 4]/..] 6 
N. glory of sarnia.......|.. 1 3) 4] 6) 6 

Potassium sulphide: 

N. sarn. var. cor. maj...|.. 52 67 | 72/77] 79 

N. curv. var. foth. maj...].. Al 65 | 70 | 74 | 76 

N. glory of sarnia.......].- 10 33 | 52 | 67 | 69 
Sodium hydroxide: 

N. sarn. var. cor. maj...|.. 3 5] 11] 18] 20 

N. curv. var. foth. maj..|.. ef a 1] 2] 3] 4 

N. glory of sarnia.......].. . (0.5 1 2) 3 

Sodium sulphide: 
N. sarn. var. cor. maj...|.. .| 2 4) 5] 6] 8 
N. curv. var. foth. maj. .| .. . (0.5 2] 8lea] 4 

N. glory of sarnia.......|.. . 10.5 ey Ed 2 
Sodium salicylate: 

N. sarn. var. cor. maj...|.. 88/99]... 

N. curv. var. foth. maj. .| .. 91]100}.. 
N. glory of sarnia.......].. 74197/99 

Calcium nitrate: 
N. sarn. var. cor. maj...|.. a ee | 2} 8/12) 16 
N. curv. var. foth. maj. .| .. . 10.5 2) 4) 4 

N. glory of sarnia.......].. . 10.5 4] 2) 2 
Uranium nitrate: 

N. sarn. var. cor. maj...|.. 3 4; 6/12/18 
N. curv. var. foth. maj. .|’.. =f 2 Qhee bk BS) 5 
N. glory of sarnia....... ws . {0.5 1] 2]..] 4 

Strontium nitrate: 
N. sarn. var. cor. maj...|.. 56 80 | 88 | 95 | 97 
N. curv. var. foth. maj. .|.. 12 78 | 86 | 93 | 97 

N. glory of sarnia.......].. 10 73 | 85 | 87/90 
Cobalt nitrate: 

N. sarn. var. cor. maj...|.. . (0.5 oie Neaeege | ALS || 
N. curv. var. foth. maj. .| .. . (0.5 ZT 2h eas| 2 

N. glory of sarnia.......].. . (0.5 1 1, 
Copper nitrate: 

N. sarn. var. cor. maj...|.. a ae 2] 3! 5] 6 
N. curv. var. foth. maj..|.. . (0.5 1} 2}..] 4 
N. glory of sarnia.......].. . 10.5 1| 3 4 

Cupric chloride: 
N. sarn. var. cor. maj...|.. . 0.5 Blas 1 
N. curv. var. foth. maj. .|.. . (0.5 2| 3 3 

N. glory of sarnia.......].. « 10:5 Els 1 
Barium chloride: 

N. sarn. var. cor. maj...|.. 0.5 . (0.5 
N. curv. var. foth. maj. .|.. . 10.5 . 10.5 
N. glory of sarnia.......].. . 10.5 0.5 

Mercuric chloride: 
N. sarn. var. cor. maj...|.. 2 iss 2 
N. curv. var. foth. maj. .|.. 0.5 all 1 
N. glory of sarnia.......|.. 0.5 1 1 
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geutian violet, and safranin; and intermediate reactivity 
with temperature, but nearer to NV. sarniensis var. corusca 
major. 

Table A 12 shows the reaction-intensities in percent- 
ages of total starch gelatinized at definite intervals 
(minutes). 

VELOCITY-REACTION CuRVES. 

This section treats of the velocity-reaction curves of 
the starches of Nerine sarniensis var. corusca major, N. 
curvifolia var. fothergilli major, and N. glory of sarnia, 
showing the quantitative differences in the behavior to- 
ward different reagents at definite time-intervals. 
(Charts D 232 to D 252.) 

Among the conspicuous features of these charts are: 
(1) The closeness and correspondence of the curves 

of all three starches, excepting in the reactions with 
potassium sulphocyanate in which there appears to be a 
marked disproportionately low reactivity of NV. sarniensis 
var. corusca major, in comparison with N. curvifolia var. 
fothergilli major, the departure becoming more and more 
marked during the course of the experiment. It is of 
importance to note that the reactions of the former and 
the hybrid are practically absolutely identical. With a 
slightly stronger solution of the reagent or a longer 
period of study it is probable that this discrepancy would 
become markedly less. The extremely rapid or slow 
reactions of all three starches with pyrogallic acid, sul- 
phuric acid, potassium hydroxide, potassium iodide, so- 
dium sulphide, cobalt nitrate, copper nitrate, cupric 
chloride, barium chloride, and mercuric chloride yield 
curves that are wholly or practically valueless for satis- 
factory differential study. 

(2) The curve of N. sarniensis var. corusca major is 
higher than the curve of the other parent N. curvifolia 
var. fothergillt major in the reactions with chromic acid, 
nitric acid, potassium sulphocyanate, potassium sulphide, 
sodium hydroxide, calcium nitrate, uranium nitrate, and 
strontium nitrate; and lower in reactions with chloral 
hydrate, hydrochloric acid, sodium salicylate, but in 
several the differences are slight. 

(3) The curves of the hybrid bear varying relations 
to those of the parents.’ There are marked tendencies 
to sameness to the pollen parent and to both parents; 
little tendency to the seed parent; none to be the highest 
of the three curves; and a very marked tendency to be 
the lowest with equal inclination to each parent. 

(4) An early period of high resistance followed -by 
a rapid to moderate gelatinization is noted only in the 
experiments with chromic acid and nitric acid, espe- 
cially in the first, and in the latter only in NV. curvifolia 
var. fothergilli major. 

(5) The earliest period during the 60 minutes that is 
best for the differentiation of the three starches is for 
chloral hydrate, potassium sulphide, sodium salicylate, 
and strontium nitrate at the end of 5 minutes; for nitric 
acid and hydrochloric acid at 15’ minutes; for chromic 
acid at 30 minutes; and for potassium sulphocyanate, 
sodium hydroxide, calicum nitrate, and’ uranium nitrate 
at 60 minutes. With the very slow reactions, including 
those with pyrogallic acid, sulphuric acid, potassium 
iodide, sodium sulphide, cobalt nitrate, copper nitrate, 
cupric chloride, barium chloride, and mercuric chloride, 
if any differentiation is possible, the longer the period of 
the reaction the better. 

REACTION-INTENSITIES OF THE HYBRID. 

This section treats of the reaction-intensities of the 
hybrid as regards sameness, intermediateness, excess, and 
deficit in relation to the parent. (Table A 12 and Charts 
D 282 to D 252.) 
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The reactivities of the hybrid are the same as those 
of the seed parent in the polarization reaction ; the same 
as the pollen parent in the reactions with safranin, po- 
tassium sulphocyanate, sodium hydroxide, sodium sul- 
phide, calcium nitrate, and uranium nitrate; the same 
as both parents with pyrogallic acid, potassium hydrox- 
ide, potassium iodide, cobalt nitrate, copper nitrate, 
cupric chloride, barium chloride, and mercuric chloride, 
in all of which the reactions are too slow for differentia- 
tion; intermediate in the temperature reaction, being 
closer to the seed parent; highest in none; and lowest 
with iodine, gentian violet, chloral hydrate, chromic acid, 
nitric acid, sulphuric acid, hydrochloric acid, potassium 
sulphide, sodium salicylate, and strontium nitrate (in 
five being closer to the seed parent, in four closer to 
the pollen parent, and in one as close to one as to the 
other parent). 

The following is a summary of the reaction-intensities 
_of the hybrid as regards sameness, intermediateness, ex- 
cess, and deficit in relation to the parents: Same or prac- 
tically the same as the seed parent, 1; the pollen parent, 
6; both parents, 8; intermediate, 1; highest, 0; lowest, 
10. 

The tendency to lower curves than in either of the 
parents, the more marked influence of the pollen parent, 
the almost entire absence of intermediateness, and the 
entire absence of curves higher than those of the parents 
are quite conspicuous. 

CoMPOSITE CURVES OF THE REACTION-INTENSITIES. 

This section treats of the composite curves of the reac- 
tions-intensities, showing the differentiation of the 
starches of Nerine sarniensis var. corusca major, N. cur- 
vifolia var. fothergilli major, and N. glory of sarnia. 
(Chart E 12.) 

Among the most conspicuous features of this chart 
are: 

(1) The very close correspondence in the rises and 
falls of all three curves, indicating a very close botanical 
relationship between the parents and but little botanical 
character variations in the hybrid from parental 
characters. 

(2) In the curve of NV. sarniensis var. corusca major 
in comparison with N. curvifolia var. fothergilli major 
the higher reactions with polarization, potassium sulpho- 
cyanate, sodium hydroxide, sodium salicylate, uranium 
nitrate, and strontium nitrate, and the same or practi- 
cally the same with chloral hydrate, chromic acid, pyro- 
gallic acid, nitric acid, sulphuric acid, potassium hy- 
droxide, potassium iodide, potassium sulphide, sodium 
sulphide, sodium salicylate, cobalt nitrate, copper nitrate, 
cupric chloride, barium chloride, and mercuric chloride. 
In only the reactions with temperature, hydrochloric 
acid, potassium sulphocyanate, and strontium nitrate are 
there important differentiations. 

(3) In N. sarniensis var. corusca major the very high 
reactions with polarization, sulphuric acid, potassium 
hydroxide, and sodium salicylate; the high reactions with 
iodine, chloral hydrate, hydrochloric acid, and strontium 
nitrate; the moderate reactions with gentian violet, sa- 
franin, chromic acid, and nitric acid; the low reactions 
with temperature, potassium sulphocyanate, and potas- 
sium sulphide ; and the very low reactions with pyrogallic 
acid, potassium iodide, sodium hydroxide, sodium sul- 

HISTOLOGIC PROPERTIES AND REACTIONS. 

phide, calcium nitrate, uranium nitrate, cobalt nitrate, 
copper nitrate, cupric chloride, barium chloride, and 
mercuric chloride. 

(4) In N. curvifolia var. fothergilli major the very 
high reactions with polarization, nitric acid, hydrochloric 
acid, potassium hydroxide, and sodium salicylate; the 
high reactions with iodine and chloral hydrate; the mod- 
erate reactions with gentian violet, safranin, chromic 
acid, nitric acid, and strontium nitrate ; the low reactions 
with temperature and potassium sulphide; and the very 
low reactions with pyrogallic acid, potassium iodide, po- 
tassium sulphocyanate, sodium hydroxide, sodium sul- 
phide, calcium nitrate, uranium nitrate, cobalt nitrate, 
copper nitrate, cupric chloride, barium chloride, and 
mercuric chloride. 

(5) In the hybrid N. glory of sarnia the very high 
reactions with polarization, sulphuric acid, potassium 
hydroxide, and sodium salicylate; the high reactions 
with hydrochloric acid; the moderate reactions with io- 
dine, chloral hydrate, chromic acid, and strontium 
nitrate; the low reactions with gentian violet, safranin, 
temperature, nitric acid, and potassium sulphide; the 
very low reactions with pyrogallic acid, potassium iodide, 
potassium sulphocyanate, sodium hydroxide, sodium sul- 
phide, calcium nitrate, uranium nitrate, cobalt nitrate, 
copper nitrate, cupric chloride, barium chloride, and 
mercuric chloride. 

The following is a summary of reaction-intensities : 

Very i Mod- Very 
high. High. erate. Low. low. 

N. sarn. var. cor. maj......... 3 3 6 3 ll 

N. curv. var. foth. maj........ 5 2 5 2 12 

N. glory of sarnia............- 4 1 4 4 12 

Notes ON THE QUANTITATIVE REACTIONS OF THE NE- 
RINES WITH THE VARIOUS CHEMICAL REAGENTS. 

(Charts D 253 to D 258.) 

The most conspicuous features are: 
(1) The three composite-curve charts are strikingly 

alike, showing very clearly the generic type of curve; 
and the curves run together quite closely, indicating 
nearly related members of the genus. The most marked 
differences exhibited by the five parents are seen in the 
reactions with chloral hydrate, nitric acid, hydrochloric 
acid, potassium sulphocyanate, potassium sulphide, and 
strontium nitrate. In the other reactions such differ- 
ences as may exist are either of minor importance or 
possibly or probably fall within the limits of error of 
experiment, at least not within the limits of convincing 
differentiation. 

(2) Comparisons of the curves of the five starches 
presented by each reagent show in the case of each reagent 
a correspondence in the type of curve, allowances being 
made for slight modifications due to variations in the 
rate of gelatinization and for small errors of estimation 
of percentages. Thus, comparing, for instance, the charts 
of the five reagents above noted, or better the special 
charts (D 253 to D258) which give the curves of all 
five starches with each of the reagents, it will be observed 
that each chart has certain individualities by which it 
can be distinguished from the others. The charts for 
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nitric acid and strontium nitrate are very much alike, 
the most distinct difference being noted in the curves 
during the first five minutes, yet, while there is a very 
close correspondence in the courses of the curves, there 
are curious alterations in the relative positions, as for 
instance, while the curve of NV. curvifolia var. fothergilli 
major is the lowest and the curve of N. bowdeni inter- 
mediate in the nitric-acid reactions, the curve of the 
former is next to the lowest and that of the latter the 
lowest in the strontium-nirate reactions, showing that 
there are inherent important differences in the relations 
of these reagents to the starch molecules. Similar dif- 
ferences are very strikingly presented by certain starches 
of other genera which show more or less marked differ- 
ences in the actions of these two reagents. 

(3) Notable variations are shown in the degree of 
separation of the curves of the five starches in each of 
the charts. In the chart for hydrochloric acid all of the 
curves run closely together, those of NV. crispa and N. 
elegans being identical, and those of the other three 
being almost identical. In the reactions with chloral 
hydrate the curves of NV. curvifolia var. fothergilli major, 
N. elegans, and N. sarniensis var. corusca major are 
very nearly the same, but those of NV. crispa and N. bow- 
deni are well separated from the former and from each 
other. In the reactions with nitric acid, potassium 
sulphocyanate, and potassium sulphide all the curves are 
fairly to well separated. 

(4) In each chart the several curves bear the same 
position-relationship, there being no crossing of curves, 
so that if a given curve is the highest at the 5-minute 
interval it will not fall below another, although there 
may be dispersion or approximation of the curves during 
the progress of gelatinization—in the latter case they may 
become identical. 

(5) The order of position of the five curves varies in 
the different reactions, as follows, in each case beginning 
with the highest and proceeding in order to the lowest: 

Chloral hydrate: N. curv. var. foth. maj., N. elegans, N. sarn. var. 
cor. maj., N. crispa, N. bowdeni. 

Nitric acid: N. elegans, N. crispa, N. bowdeni, N. sarn. var. cor. 
maj., N. curv. var. foth. maj. 

Hydrochloric acid: N. crispa, N. elegans, N. curv. var. foth. maj., 

N. bowdeni, N. sarn. var. cor. maj. 
Potassium sulphocyanate: N.bowdeni, N. crispa, N. elegans, N. sarn. 

var. cor. maj., N. curv. var. foth. maj. 

Potassium sulphide: N. crispa, N. sarn. var. cor. maj., N. curv. var. 
foth. maj., N. bowdeni, N. elegans. 

Strontium nitrate: N. elegans, N. crispa, N. sarn. var. cor. maj., 

N. curv. var. foth. maj., N. bowdeni. 

The variations in relative positions are quite remark- 
able and are expressions of definite physico-chemical 
peculiarities of the starch molecules in relation to the 
reagents. It will be observed that N. curvifolia var. 
fothergillt major is the highest in the reactions with 
chloral hydrate, but the lowest with nitric acid and 
potassium sulphocyanate; N. elegans is highest with 
nitric acid and strontium nitrate, but the lowest with 
potassium sulphide; N. bowdeni is the highest with 
potassium sulphocyanate, but the lowest with chloral 
hydrate and strontium nitrate, etc. It is of interest 
to note that while the charts for nitric acid and strontium 
nitrate bear a very close resemblance, as previously stated, 
the order of curves is not the same in both. 

(6) In comparing the chart for hydrochloric acid 
with the abscisse for hydrochloric acid of the composite- 
curve charts (E10, H11, and E12) it will be seen that 
in the latter the differences between the parents is seem- 
ingly much exaggerated. This latter is owing to the 
very slow gelatinization after 15 minutes, rendering 
the curves of NV. bowdeni and N. sarniensis var. corusca 
major disproportionately low. Both curves should per- 
haps be brought up as high as the 20-minute abscissa. 
The error is, however, of no essential importance, inas- 
much as it does not give rise to error in the order of 
reactivity or essentially modify the generic type of curve. 

(7) The hybrids in all three sets exhibit the same 
fundamental peculiarities in relation to their respective 
parents, in so far as each hybrid may in some reactions 
be intermediate, higher, lower, or the same as one or the 
other parent or both parents, as the case may be. It can 
not be foretold from the reactions of the parents with any 
given reagent what the reaction of the hybrid is likely 
to be. The hybrids tend to follow one parent closer than 
the other, in some reactions one parent and in others the 
other, there not being in any one of the three sets a uni- 
versal sexual prepotency. In the first set the hybrids 
bear, on the whole, a closer relationship to the seed 
parent, but in the second and third sets to the pollen 
parents. In the first and second sets, in each of which 
there are two hybrids, the hybrids exhibit differences 
between each other in some reactions as marked as, or 
more marked than, the differences between the parents, 
but commonly the hybrids tend to be closely alike, espe- 
cially when the parents are close, but there is no rule. 
As regards the latter, for instance, in the chloral-hydrate 
reactions of the first set (Chart D190), the parents are 
well separated and likewise the two hybrids; in the sec- 
ond set (Chart D 211), the parents are well separated, 
but both hybrids are the same and also the same as one 
parent; and in the third set (Chart D232) the parents 
are the same, but the hybrid is well separated from the 
parents, and so on with other reactions. , 

(8) No more striking feature seems to be presented 
than that of the shifting parental relationships of the 
two hybrids of each of the first two sets in the several 
reactions, as referred to in Section 6 and fully tabulated 
in Chapter V. 

13. Comparisons oF THE STaRCHES oF Narcissus 
POETICUS ORNATUS, N. PoETIcus poETarum, N. 
POETICUS HERRICK, AND N. POETICUS DANTE. 

In histologic characteristics, polariscopic figures, 
reactions with selenite, qualitative reactions with iodine, 
and qualitative reactions with various chemical reagents 
all four starches show properties in common in varying de- 
grees of development together with certain individualities 
which collectively in each case serve to be characteristic. 
The starch of Narcissus poeticus poetarum in compari- 
son with that of NV. poeticus ornatus has a larger number 
of compound grains, more aggregates that are formed of 
a single primary grain inclosed in a secondary deposit, 
more irregularity of the grains, less distinctness of the 
hilum, more extensive fissuration but less branching, 
and lamellation not so distinct or so coarse; the poloriza- 
tion figure is less often well defined and the lines are 
more apt to be bisected and bent and less often form 
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a cross; with selenite the quadrants are not so well 
defined and are more irregular in shape and size, the 
colors are not so pure, and there are fewer grains having 
a greenish tinge ; with iodine the raw grains become more 
bluish and of a somewhat deeper tint, while the gela- 
tinized grains and grain residues color less but the solu- 
tion more. In the qualitative reactions with the various 
chemical reagents there are various differences. The 
starch of the hybrid NV. poeticus herrick is in form, char- 
acters of the hilum, and characters of the lamellex closer 
to N. poeticus ornatus than to the other parent, but in 
size the reverse. In polariscopic figure and appearances 
with selenite it is closer to N. poetieus ornatus; but in 
degree of polarization, the reverse. In the qualitative 
iodine reactions it is closer to N. poeticus poetarum. 
In the qualitative reactions with chloral hydrate, chromic 
acid, pyrogallic acid, nitric acid, and sulphuric acid it is 
closer to NV. poeticus poetarum. The starch of the hybrid 
NV. poeticus dante is in form closer to NV. poeticus than 
to the other parent, but in the characters of the hilum, 
in lamelle, and in size it is closer to the other parent 
NV. poeticus poetarum. In the polariscopic figure and 
reactions with selenite it is closer to N. poeticus poe- 
tarum. In the qualitative iodine reactions it is closer 
to N. poeticus poetarum. In the qualitative reactions 
with chloral hydrate, chromic acid, pyrogallic acid, nitric 
acid, and sulphuric acid it shows a closer relationship to 
N. poeticus poetarum. The starch of the hybrid N. 
poeticus dante is more rounded than that of the other 
hybrid, and it does not show as close a relationship to 
N. poeticus ornatus. In character and eccentricity of 
the hilum it shows as close a relationship to N. poeticus 
poetarum as does that of the other hybrid to the other 
parent, and in the characters of the lamelle the same 
holds true. In size it is larger than in the other hybrid, 
and therefore not so close to N. poeticus poetarum, yet it 
is closer to it than to the other parent. In polariscopic 
figure and appearances with selenite both hybrids bear 
the same relationship to the parents, and in the iodine- 
qualitative reactions there are no differences between the 
hybrids. In the qualitative chemical reactions the starch 
of the hybrid N. poeticus dante bears a closer relation- 
ship than the starch of the other hybrid N. poeticus 
herrick to N. poeticus poetarum in the chloral-hydrate 
reaction, but not so close a relationship to this parent 
in the reactions with chromic acid, pyrogallic acid, nitric 
acid, and sulphuric acid. 

Reaction-intensities Hapressed by Light, Color, and Tempera- 
ture Reactions. 

Polarization: 
N. poet. ornatus, low to very high, value 50. 

N. poet. poetarum, low to very high, lower than in N. poet. ornatus, 
value 40. 

N. poet. herrick, low to very high, somewhat lower than in N. poet. 
ornatus, value 47. 

N. poet. dante, low to very high, somewhat lower than in N. poet. 
ornatus, value 47. 

Iodine: 
N. poet. ornatus, light to moderate, value 40. 
N. poet. poetarum, moderate, somewhat higher than in N. poet. 

ornatus, value 45. 

N. poet. herrick, moderate, the same as in N. poet. poetarum, 
value 45. 

N. poet. dante, moderate, the same as in N. poet. poetarum, 
value 45. 

HISTOLOGIC PROPERTIES AND REACTIONS. 

Gentian violet: 
N. poet. ornatus, light to moderate, value 30. 

N. poet. poetarum, light to moderate, somewhat deeper than in 
N. poet. ornatus, value 35. 

N. poet. herrick, light to moderate, lighter than in either parent, 
value 25. 

N. poet. dante, light to moderate, the same asin N. poet. poetarum, 
value 35. 

Safranin: 
N. poet. ornatus, moderate, value 45. 

N. poet. poetarum, moderate, somewhat deeper than in N. poet. 
ornatus, value 50. 

N. poet. herrick, light to moderate, lighter than in either parent, 
value 40. 

N. poet. dante, moderate, the same as in N. poet. poetarum, 
value 50. 

Temperature: 

N. poet. ornatus, in majority at 73 to 74°, in all at 77 to 78°, 
mean 77.5°. 

N. poet. poetarum, in majority at 67 to 69°, in all at 71 to 73°, 

mean 72°. 
N. poet. herrick, in majority at 69 to 71°, in all at 76 to 78°, 

mean 77°. 

N. poet. dante, in majority at 71.2 to 73.1°, in all at 74 to 76°, 
mean 75°. 

N. poeticus ornatus exhibits a higher reactivity than 
the other parent in the polarization reactions, and lower 
reactivities in those with iodine, gentian violet, safranin, 
and temperature. The hybrid N. poeticus herrick is 
higher than NV. poeticus and lower than N. poeticus poe- 
tarum in the temperature reactions ; the same as the latter 
parent in the iodine reaction; intermediate in polariza- 
tion reaction; and the lowest in the reactions with 
gentian violet and safranin. The hybrid N. poeticus 
dante has the same or practically the same reactivity 
as NV. poeticus ornatus in no reaction; the same or prac- 
tically the same reactivity as NV. poeticus poetarum in the 
reactions with iodine, gentian violet, and safranin; and 
intermediate in the polarization and temperature reac- 
tions. The two hybrids are alike in the polarization and 
iodine reactions, but N. poeticus herrick has lower reac- 
tivities than the other hybrid in the reactions with gen- 
tian violet, safranin, and temperature. 

Taste A 13. 

P * . . : g g g§ g 

Alaleisielsigigie 
Chloral hydrate: 

N. poet. ornatus...........].> - |0.5] 6} 24] 28 | 34 
N. poet. poetarum..........].- - 10.5) 6} 9{11]17 
N. poet. herrick............ oe 4) 6/10/12]14 
N. poet. dante............. i 7/10] 12/16] 16 

Chromic acid: 
N. poet. ornatus............[.. 71 65 | 80] 95 | 98 
N. poet. poetarum..........|.- 3 | 22 | 65} 75 | 85 
N., poet. herriek.......2520%] 0% 5 | 42 | 70} 82 | 90 
N. poet. dante............-].. 5 | 34 | 67 | 80 | 88 

Pyrogallic acid: 
N. poet. ornatus........... ms 2 | 20 | 68] 81 | 88 
N. poet. poetarum.......... are 1] 16 | 70 | 84 | 93 
N. poet. herrick...........-]-- 2119] 69183] 91 
N. poet. dante............. ae 1 | 37 | 75 | 88 | 94 

Nitric acid: 
N. poet. ornatus...........-}-- 6 | 20 | 39 | 65 | 70 

N. poet. poetarum.......... ou 10 | 40 | 53 | 60 | 63 
N. poet. herrick............)-- 30 | 56 | 69 | 76 | 78 
N. poet. dante............. ze 19 | 65 | 72; 78) 80 

Sulphuric acid: 
N. poet. ornatus........... ~. | 93 99 

N. poet. poetarum..........].. | 79 99 
N. poet. herrick............].. | 98 99 
N. poet. dante............. .. | 95 99 
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Table A 13 shows the reaction-intensities in percent- 
ages of total starch gelatinized at definite intervals 
(minutes). 

VELOCITY-REACTION CURVES. 

This section treats of the volocity-reaction curves 
of the starches of Narcissus poeticus ornatus, N. poeticus 
poetarum, N. poeticus herrick, and N. poeticus dante, 
showing the quantitative differences in the behavior to- 
ward different reagents at different time-intervals. 
(Charts D 259 to D 264.) 

Conspicuous among the features of these charts are 
the following : 

(1) In the five charts there is generally a manifest 
tendency in each chart for all four curves to keep to- 
gether, the only places where there is leaning toward a 
well-marked separation are in the charts for chromic 
acid and nitric acid at the 15-minute interval. In the 
sulphuric-acid reaction gelatinization proceeds with such 
rapidity that there is not, except in one instance, what 
can be accepted as an entirely satisfactory differentiation 
of any one starch from any other, this instance being the 
starch of N. poeticus poetarum, which reacted with dis- 
tinctly less rapidity than the other three (which react 
with identical intensity) during the first three minutes. 

(2) The four curves bear varying relations to each 
other in the different reactions. 

(3) The curve of NV. poeticus ornatus is the highest 
of the four and well separated from the other three in 
the reactions with chloral hydrate and chromic acid; the 
lowest at first and intermediate finally with nitric acid; 
and practically the same, but with a lower tendency than 
in the other three, with pyrogallic acid, although in this 
reaction the curves of NV. poeticus ornatus, N. poeticus 
-poetarum, and N. poeticus herrick are practically the 
same. There is an obvious tendency for the curves of 
N. poeticus poetarum, N. poeticus herrick, and N. poeti- 
cus dante to keep close in the reactions with chloral hy- 
drate and chromic acid. 

(4) The curves of the two hybrids tend to run closely. 
In the reactions with chloral hydrate and sulphuric acid 
they are the same; with chromic acid very nearly the 
same; and with pyrogallic acid and nitric acid they are 
separated sufficiently for differential purposes. The 
curve of the hybrid N. poeticus herrick is higher than the 
curve of the other hybrid in the chromic-acid reaction, 
lower in the pyrogallic-acid reaction, and for the most 
part lower in the nitric-acid reaction. 

(5) An early period of resistance is noted particu- 
larly in the reactions with chromic acid and pyrogallic 
acid, and is suggested in the curves of the nitric acid. 

(6) The earliest period at which the curves are best 
separated and hence the best for differential purposes is at 
3 minutes in the reaction with sulphuric acid; at 5 min- 
utes in those with chromic acid, pyrogallic acid, and 
nitric acid; and at 60 minutes in that with chloral 
hydrate. 

REACTION-INTENSITIES OF THE Hysrips. 

This‘ section treats of the reaction-intensities of the 
hybrids as regards sameness, intermediateness, excess 
and deficit in relation to the parents. (Table A 13, 
Charts D 259 to D 264.) 

The reactivities ofthe hybrid N. poeticus herrick 
are the same as those of the seed parent in none of the 
reactions; the same as those of the pollen parent with 
iodine, chloral hydrate, and pyrogallic acid; the same 
as both parents in none; intermediate with polarization, 
temperature, and chromic acid (in two nearer the seed 
parent and in one nearer the pollen parent) ; highest 
with nitric acid and sulphuric acid (in one as near to 
one as to the other parent and in one nearer the pollen 
parent) ; and lowest with gentian violet and safranin, 
being in both nearer the seed parent. 

The reactivities of the hybrid NW. poeticus dante are 
the same as those of the seed parent in the sulphuric- 
acid reaction ; the same as those of the pollen parent in 
the reactions with iodine, gentian violet, safranin, and 
chloral hydrate; the same as those of both parents in no 
reaction; intermediate in the reactions with polariza- 
tion, temperature, chromic acid, and nitric acid (in two 
being closer to the seed parent, in one nearer the pollen 
parent, and in one mid-intermediate); highest with 
pyrogallic acid, being as near one as the other parent; 
and lowest in none. 

Following is a summary of the reaction-intensities : 

N. poeticus | N. poeticus 
herrick. dante. 

Same as seed parent.................. 0 1 
Same as pollen parent...... 3 4 

Same as both parents...... 0 0 

Intermediate................ ane 3 4 
Highest. icdssisa ea sisuis nods Ghee ee woes 2 1 
LOWES? scccianine ab ng ue Ov Ween teak ave 2 0 

The varying relationships of the two hybrids to the 
parents in the individual reactions is quite marked. 
Thus, in the polarization reactions both are intermediate 
and nearer the seed parent; in the iodine reactions both 
are the same as the pollen parent; in the gentian violet 
reaction one is lower than either parent and nearer the 
seed parent, but the other is the same as the pollen 
parent, etc. 

Composite Curves oF REACTION-INTENSITIES, 

This section deals with the composite curves of the 
reaction-intensities showing the differentiation of the 
starches of Narcissus poeticus ornatus, N. poeticus poe- 
tarum, N. poeticus herrick, and N. poeticus dante. 
(Chart E 13.) 

The most conspicuous features of this chart are: 
(1) The marked closeness of all four curves and the 

very close correspondence in the rises and falls, showing 
agreement with a given species-type. 

(2) In WV. poeticus ornatus as compared with N. po- 
eticus poetarum the higher reactions with polarization, 
chloral hydrate, chromic acid, nitric acid, and sulphuric 
acid; the same or practically the same reactions with 
pyrogallic acid; and the lower reactions with iodine, 
safranin, gentian violet, and temperature. 

(3) In NV. poeticus ornatus the very high reaction 
with sulphuric acid ; the high reaction with chromic acid; 
the moderate reactions with polarization, iodine, and 
safranin ; the low reactions with gentian violet, tempera- 
ture, pyrogallic acid, and nitric acid; and the very low 
reaction with chloral hydrate. 
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_ (4) InN. poeticus poetarwm the very high reaction 
with sulphuric acid; the absence of any high reaction; 
the moderate reactions with polarization, iodine, safranin, 
temperature, and pyrogallic acid; the low reactions with 
gentian violet, chromic acid, and nitric acid; and the very 
low reaction with chloral hydrate. 

(5) In the hybrid NW. poeticus herrick the very high 
reactions with sulphuric acid; the absence of any high 
reaction; the moderate reactions with polarization, 
iodine, safranin, chromic acid, pyrogallic acid; the low 
reactions with gentian violet, temperature, and nitric 
acid ; and the very low reaction with chloral hydrate. 

(6) In the hybrid N. poeticus dante the very high 
sulphuric-acid reaction ; the absence of any high reaction ; 
the moderate reactions with polarization, iodine, safra- 
nin, chromic acid, and pyrogallic acid ; the low reactions 
with gentian violet, temperature, and nitric acid; and 
the very low reaction with chloral hydrate. 

The following is a summary of the reaction-intensi- 
ties (10 reactions) : 

Very ‘ Mod- Very 
high. High. erate. Low. low. 

N. poet. ornatus............. 1 1 3 4 1 

N. poet. poetarum............ 1 0 5 3 1 

N. poet. herrick.............. 1 0 5 a 1 
N. poet. dante............... 1 0 5 3 1 

14. Comparisons oF THE StarcHEs oF Narcissus 
TAZETTA GRAND MONARQUE, N. POETICUS OR- 
watus, anD N. POETAZ TRIUMPH. 

In histologic characteristics, polariscopic figures, 
reactions with selenite, reactions with iodine, and qualita- 
tive reactions with the various chemical reagents it will 
be noted that the starches of the parents and hybrid 
exhibit not only properties in common in varying degrees 
of development but also occasional individualities which 
collectively are in each case distinctive. In histologic 
properties the starches of the parents differ in well- 
defined respects. In the polariscopic figures and reac- 
tions with selenite there are no important differences. 
In the qualitative reactions with iodine, the raw grains 
of Narcissus tazetta grand monarque are colored less in 
comparison with those of the other parent, while after 
heating in water fewer grains are moderately colored 
and the solution is more deeply colored. In the quali- 
tative reactions with chloral hydrate, chromic acid, pyro- 
gallic acid, nitric acid, and sulphuric acid, there are in 
each case similarities and certain definite differences. The 
starch of the hybrid in comparison with the starches of 
the parents shows more irregularities in form than in 
either parent, and it is, on the whole, more closely related 
to N. tazetta grand monarque than to the other parent. 
In the character of the lamelle, and in the size and pro- 
portions of different kinds of grains, the relationship is 
closer to NV. tazetta grand monarque,; in character of the 
hilum it is closer to the other parent, and in the eccen- 
tricity of the hilum it is the same as the parents. In the 
polariscopic figures, appearances with selenite, and iodine 
reactions it is closer to N. poeticus ornatus. In the quali- 
tative reactions with the chemical reagent it is in all 
closer, on the whole, to NV. tazetta grand monarque. 
Reaction-intensities Expressed by Light, Color, and Tempera- 

ture Reactions. 
Polarization: - 

N. taz. grand mon., low to very high, value 50. 
N. poet. ornatus, low to very high, same as N. tazetta grand mon- 

arque, value 50. 
N. poetaz triumph, low to very high, same as both parents, value 50. 

HISTOLOGIC PROPERTIES AND REACTIONS. 

Iodine: 
N. taz. grand mon., light to moderate, value 45. 
N. poet. ornatus, light to moderate, less than N. tazetta grand 

monarque, value 40. : 
N. poetaz triumph, light to moderate, the same as N. poeticus 

ornatus, value 40. 

Gentian violet: 
N. taz. grand mon., light to moderate, value 40. 
N. poet. ornatus, light to moderate, less than N. tazetta grand 

monarque, value 35. 
N. poetaz triumph, light to moderate, the same as N. tazetta grand 

monarque, value 40. 

Safranin: 
N. taz. grand mon., moderate, value 45. 
N. poet. ornatus, moderate, the same as N. tazetta grand monarque, 

value 45. te Os 
N. poetaz triumph, light to moderate, less than in either parent, 

value 40. 
Temperature: : 

N. taz. grand mon., in majority at 73 to 75°, in all at 76 to 77°, 
mean 76.5°. 

N. poet. ornatus, in majority at 73 to 74°, in all at 77 to 78°, mean 
77.8°. ‘ 

N. poetaz triumph, in majority at 73 to 75°, in all at 76 to 77°, 
mean 76.5°. 

The reactivity of N. tazetta grand monarque is the 
same or practically the same as that of the other parent 
in the polarization and safranin reactions; higher in the 
temperature reaction, and lower in the iodine and gen- 
tian-violet reactions. The reactivity of the hybrid is the 
same or practically the same as those of both parents 
in the polarization reaction ; the same or practically the 
same as the reactivity of NV. tazetta grand monarque in 
the gentian-violet and temperature reactions; the same 
or practically the same as that of the other parent in 
the iodine reaction; and the lowest of the three in the 
safranin reaction. In none of the five reactions is there 
intermediateness. In some respects the hybrid is closer 
to one parent and in other respects to the other. 

Table A 14 shows the reaction-intensities in percent- 
ages of total starch gelatinized at definite intervals 
minutes). 

‘VELOCITY-REACTION CURVES. 

This section treats of the velocity-reaction curves of 
the starches of Narcissus tazetta grand monarque, N. 
poeticus ornatus, and N. poetaz triumph, showing quan- 
titative differences in the behavior toward different reag- 
ents at definite time-intervals. (Charts D 265 to D 286.) 

The most conspicuous features of this group of curves 
are: 

(1) The closeness generally of all three curves in 
all of the reactions, with a tendency throughout, with the 
exception of that with sulphuric acid, to a moderate to 
low or very low reaction value. The curves of two or all 

three starches, excepting the reactions with the sulphuric 
acid, cobalt nitrate, barium chloride, and mercuric chlo- 
ride, are satisfactorily separated, commonly well sepa- 
rated, for differentiation in reactivities. In the reactions 
with pyrogallic acid, hydrochloric acid, potassium hy- 
droxide, potassium iodide, potassium sulphocyanate, 
potassium sulphide, sodium hydroxide, sodium sulphide, 
sodium salicylate, calcium nitrate, uranium nitrate, cop- 
per nitrate, and cupric chloride two of the curves tend 
to closeness and separation from the third, which two 
may be the curve of the hybrid and that of one or the 
other parent, or the curves of the parents. In some of the 
reactions the three curves do not closely correspond in 
course, a8 in the reactions with chloral hydrate, chromic 
acid, pyrogallic acid, nitric acid, potassium iodide, ura- 
nium nitrate, cobalt nitrate, and strontium nitrate; the 
departure of one from the course of the others may be in 
the curve of the hybrid or either parent, more often in the 
curve of NV. tazetta grand monarque. 

(2) The lower reactivity of N. tazetta grand mon- 
arque than of the other parent in the reactions with 



NARCISSUS. 

Taste A 14, 

. . . . ‘=| ‘=| § i=] 

Sele e le | eles ls 
Chloral hydrate: 

N. tazetta g.mon..........].. 5 | 24 | 32 | 36 | 40 

N. poeticus ornat,..........|.. 0.5) 6| 24 | 28] 34 
N. poetaz triumph.......... wy 4 | 28 | 50 | 53 | 56 

Chromic acid: 
N. tazetta g.mon.......... wa 5 | 25 | 75 | 90 | 98 
N. poeticus ornat...........].. 7165 | 80} 95 | 98 
N. poetaz triumph.......... 13 | 75 | 90 | 97 | 99 

Pyrogallic acid: 
N. tazetta g.mon.......... é% 1| 20 | 23 | 47| 78 
N. poeticus ornat...........].. 2 | 20/68] 81] 88 
N. poetaz triumph.......... oe 3 | 25 | 75 | 86] 95 

Nitric acid: 
N. tazetta g.mon.......... tg 2/14] 26] 31 | 42 
N. poeticus ornat.........../.. 6 | 20 | 39 | 65 | 70 
N. poetaz triumph.......... es 10 | 60 | 74 | 86 | 88 

Sulphuric acid: 
N. tazetta g.mon.......... «x | 86 99 
N. poeticus ornat...........].. | 93 90 
N. poetaz triumph.......... .. 198 99 

Hydrochloric acid: 
N. tazetta g.mon........../.. 73 | 90 | 95 | 97 | 98 

N. poeticus ornat.........../.. 88 | 95 | 97 | 98 | 99 
N. poetaz triumph.......... Ata 90}98/)99]..].. 

Potassium hydroxide: . 

N. tazetta g.mon..........].. 16 | 32 | 38 | 42 | 46 
N. poeticus ormat...........].. 19 | 36 | 43 | 48 | 53 
N. poetaz triumph......... add 35 | 64 | 75 | 86 | 91 

Potassium iodide: 
N. tazetta g.mon..........].. 3/17) 55 | 69 | 75 

N. poeticus ornat........... v8 5 | 51 | 68 | 77 | 80 
N. poetaz triumph.......... ae 10 | 57 | 75 | 85 | 90 

Potassium sulphocyanate: 

N. tazetta g.mon..........].. 39 | 62 | 76 | 89 | 94 
N. poeticus ornat........... a 45 | 70 | 80 | 90 | 97 
N. poetaz triumph.......... ie 67 | 83 | 92 | 95 | 98 

Potassium sulphide: 

N. tazetta g.mon.......... he .. 105) 1} 2] 2 

N. poeticus ornat...........].. ss] 1) 2] 4) 4 
N. poetaz triumph.......... is 6| 9]11)13]14 

Sodium hydroxide: 

N. tazetta g.mon.......... 63 5 | 43 | 50 | 73 | 78 
N. poeticus ornat..........].. 18 | 49 | 62 | 75 | 80 
N. poetaz triumph.......... 31 | 65 | 85 | 90 | 92 

Sodium sulphide: 
N. tazetta g.mon..........].. 2| 7] 28/40] 50 
N. poeticus ornat........... na 3 | 12 | 33 | 53 | 56 
N. poetaz triumph.......... os 18 | 60 | 75 | 80 | 85 

Sodium salicylate: 

N. tazetta g.mon.......... ea 39 | 82} 99 

N. poeticus ornat........... ne 50 | 92 | 99 
N. poetaz triumph.......... = 65/}99/.. 

Calcium nitrate: 
N. tazetta g.mon.......... ee 3) 5)14]39 | 42 
N. poeticus ornat...........].. 3] 9119) 43] 53 
N. poetaz triumph.......... ed 9 | 47 | 56 | 65 | 72 

Uranium nitrate: 
N. tazetta g.mon.......... te . (05) 3) 4] 5] 5 
N. poeticus ornat...........].. 1] 5] 7}10)12 
N. poetaz triumph.......... et 5] 14] 20 | 25 | 25 

Strontium nitrate: 
N. tazetta g.mon.......... ted 1] 8] 33/53] 60 
N. poeticus ornat...........].. 10 | 42 | 55 | 63 | 66 
N. poetaz triumph.......... Pe 25 | 67 | 75 | 81 | 83 

Cobalt nitrate: 
N. tazetta g.mon..........].. e081 1) 2) 2) 2 
N. poeticus ornat...........].. -|05; 1] 3] 3) 3 
N. poetaz triumph.......... 28 1} 3] 5] 6] 6 

Copper nitrate: 

N. tazetta g.mon..........].. 2) 4] 6] 7| 9 
N. poeticus ornat........... ve 2) 8] 9/10) 15 
N. poetaz triumph.......... ad 10] 25 | 36).. | 38 

Cuprie chloride: 
N. tazetta g. mon.......0.. 93 . (05; 1] 2] 4] 5 
N. poeticus ornat...........].. 1/ 2] 4) 5] 6 
N. poetaz triumph.......... ax 5/10] 12) 16/19 

Barium chloride: 
N. tazetta g.mon..........].. wis ? 
N. poeticus ornat...........].. a6 ? 
N. poetaz triumph.......... ee 1 1 

Mercuric chloride: 
N. tazetta g.mon.......... aa wedee | 2] 37 8 
N. poeticus ornat...........].. pal 8] Alea]? 
N. poetaz triumph.......... on 4!) 6110/11) 12 
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chromic acid, pyrogallic acid, nitric acid, hydrochloric 
acid, potassium hydroxide, potassium iodide, potassium 
sulphocyanate, sodium hydroxide, sodium sulphide, so- 
dium salicylate, calcium nitrate, uranium nitrate, stron- 
tium nitrate, and copper nitrate, and the same or 
practically the same reactivity with sulphuric acid, po- 
tassium sulphide, cobalt nitrate, cupric chloride, barium 
chloride, and mercuric chloride. 

(3) The highest position of the hybrid curve of all 
three curves in all of the 21 reactions, excepting the 
barium chloride, in which latter owing to extremely 
slow reactions all three curves are absolutely or practically 
the same. In many reactions the hybrid curve is more 
separated from the parental curves than the latter are 
separated from each other, and in most instances the 
nearer parental curve is that of N. poeticus ornatus. 
There is in no instance a tendency either to intermedi- 
ateness or to the lowest reactivity. 

(4) An early period of comparative resistance fol- 
lowed by comparative rapid reaction is frequently 
noticed, sometimes in the case of one, two, or three 
of the starches. This is seen in all three starches 
in the reactions with chloral hydrate, chromic acid, 
pyrogallic acid, nitric acid, potassium iodide, and 
calcium nitrate; in the two parental starches with so- 
dium sulphide and strontium nitrate; and in N. tazetta 
grand monarque with sodium hydroxide. In several, this 
resistant period is prolonged to 15 to 30 minutes. 

(5) The earliest period during the 60 minutes at 
which the three curves are best separated for differentia- 
tion varies with the different reagents. Approximately, 
within the 5-minute interval in the reactions with sul- 
phuric acid, sodium hydroxide, and sodium salicylate 
reactions ; at the 15-minute interval with chromic acid, 
hydrochloric acid, potassium hydroxide, potassium sul- 
phocyanate, sodium sulphide, calcium nitrate, and 
strontium nitrate; at the 30-minute interval with chloral 
hydrate, pyrogallic acid, nitric acid, potassium iodide, 
and copper nitrate; and at the 60-minute interval with 
potassium sulphide, uranium nitrate, cobalt nitrate, cop- 
per nitrate, barium chloride, and mercuric chloride. 

REACTION-INTENSITIES OF THE HYBRID. 

This section deals with the reaction-intensities of 
the hybrid as regards sameness, intermediateness, excess, 
and deficit in relation to the parents. (Table A 14 and 
Charts D 265 to D 286.) 

The hybrid has the same reactivity as the seed parent 
in the reactions with gentian violet and safranin; the 
same as the pollen parent with polarization and iodine; 
the same as both parents with barium chloride, in which 
the reactions are too slow for differentiation ; intermedi- 
ate in none; highest with chloral hydrate, chromic acid, 
pyrogallic acid, nitric acid, sulphuric acid, hydrochloric 
acid, potassium hydroxide, potassium iodide, potassium 
sulphocyanate, potassium sulphide, sodium hydroxide, 
sodium sulphide, sodium salicylate, calcium nitrate, ura- 
nium nitrate, strontium nitrate, cobalt nitrate, copper 
nitrate, cupric chloride, and mercuric chloride (in 2 
being closer to the seed parent, in 15 nearer the pollen 
parent, and in 3 as near one as the other parent) ; and 
lowest in the safranin reaction, as near one as the other 
parent. 

The following is a summary of the reaction-intensi- 
ties: Same as seed parent, 2; same as pollen parent, 2; 
same as both parents, 1; intermediate, 0; highest, 20; 
lowest, 1. 

The most remarkable feature of these data is the 
almost universal higher reactivity of the hybrid in all 
of the chemical reactions, the only exception being with 
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barium chloride in which the reactions are almost abso- 
lutely nil, yet even here there is at least the suggestion 
of highest reactivity. The inclination to the properties 
of the pollen parent are also strikingly manifested. 

Compositr CURVES OF THE REACTION-INTENSITIES. 

This section treats of the composite curves of the 
reaction-intensities, showing the differentiation of the 
starches of Narcissus lazetta grand monarque, N. poets- 
cus ornatus, and N. poetaz triumph. (Chart Ei 14.) 

The most conspicuous features of this chart are: 
(1) The close correspondence in the courses of all 

three curves, and more particularly of the parental curves 
which not only tend almost invariably to marked closeness 
but also with few exceptions to keep below the hybrid 
curve. 

(2) The curve of N. tazetia grand monarque tends 
usually to be lower than the curve of the other parent. 
It is distinctly lower in the reactions with chromic acid, 
pyrogallic acid, nitric acid, and hydrochloric acid; 
slightly lower or nearly the same with potassium hydrox- 
ide, potassium sulphocyanate, potassium sulphide, so- 
dium hydroxide, sodium sulphide, sodium salicylate, cal- 
cium nitrate, uranium nitrate, strontium nitrate, cobalt 
nitrate, copper nitrate, cupric chloride, barium chloride, 
and mercuric chloride ; higher with iodine, gentian violet, 
temperature, and chloral hydrate; and the same or prac- 
tically the same with polarization, safranin, and sul- 
phuric acid. 

(3) In N. tazetta grand monarque the very high re- 
action with sulphuric acid; the high reactions with 
hydrochloric acid and sodium salicylate; the moderate 
reactions with polarization, iodine, gentian violet, sa- 
franin, chromic acid, and potassium sulphocyanate; the 
low reactions with temperature, pyrogallic acid, potas- 
sium iodide, sodium hydroxide, sodium sulphide, and 
strontium nitrate; and the very low reactions with 
chloral hydrate, nitric acid, potassium hydroxide, potas- 
sium sulphide, calcium nitrate, uranium nitrate, cobalt 
nitrate, copper nitrate, cupric chloride, barium chloride, 
and mercuric chloride. 

(4) In N. poeticus ornatus the very high reactions 
with sulphuric acid and hydrochloric acid; the high reac- 
tions with chromic acid and sodium salicylate ; the moder- 
ate reactions with polarization, safranin, and potassium 
sulphocyanate; the low reactions with gentian violet, 
temperature, pyrogallic acid, nitric acid, potassium hy- 
droxide, potassium iodide, sodium hydroxide, sodium sul- 
phide, calcium nitrate, strontium nitrate, and the very 
low reactions with chloral hydrate, potassium sulphide, 
uranium nitrate, cobalt nitrate, copper nitrate, cupric 
chloride, barium chloride, and mercuric chloride. 

(5) In the hybrid the very high reactions with sul- 
phuric acid, hydrochloric acid, and sodium salicylate; the 
high reactions with chromic acid and potassium sulpho- 
cyanate ; the moderate reactions with polarization, iodine, 
gentian violet, safranin, pyrogallic acid, potassium hy- 
droxide, potassium iodide, and sodium hydroxide; the 
low reactions with temperature, chloral hydrate, nitric 
acid, sodium sulphide, calcium nitrate, and strontium 
nitrate; and the very low reactions with potassium sul- 
phide, uranium nitrate, cobalt nitrate, copper nitrate, 
cupric chloride, barium chloride, and mercuric chloride. 
The following is a summary of the reaction-intensities : 

HISTOLOGIC PROPERTIES AND REACTIONS. 

Very F Mod- Very 
high. High. erate. Tow low. 

N. tazetta grand monarque.... 1 2 6 6 11 

N. poeticus ornatus........... 2 2 4 10 8 
N. poetaz triumph............ 3 2 8 6 7 

15. Comparisons oF THE StarcHEs oF Narcissus 
GLorIa MuNDI, N. POoETICUS ORNATUS, AND N, 

FIERY CROSS. 

In histologic characteristics, polariscopic figures, 
reactions with selenite, reactions with iodine, and quali- 
tative reactions with the various chemical reagents the 
starches of the parents and hybrid possess properties 
in common in varying degrees of development together 
with occasional individualities which collectively in each 
starch are distinctive. In histologic properties the 
parental starches differ in both minor and major re- 
spects. The starch of NV. poeticus ornatus in comparison 
with that of the other parents shows in the polarization 
figure more distinctness and better definition, and other 
differences; and with selenite the quadrants are more 
often well defined, less irregular in shape, the colors 
not so often pure, and fewer grains have a greenish tinge. 
In the qualitative iodine reactions no qualitative differ- 
ences were recorded. In the qualitative reactions with 
chloral hydrate, chromic acid, pyrogallic acid, nitric acid, 
and sulphuric acid there are in each case characteristics 
in common and also individualities. The starch of the 
hybrid in comparison with the starches of the parents 
shows a closer relationship to that of N. gloria mundi 
in the form of the grains, character of the hilum, charac-. 
ter and arrangement of the lamelle, and in size; but it 
is closer to the other parent in the eccentricity of the 
hilum. In the polarization figures and in the reactions 
with selenite the relationship is closer to N. poeticus 
ornatus. In the iodine qualitative reactions differences 
between hybrid and parents, and between the latter were 
noted. In the qualitative reactions with the chemical 
reagents the hybrid shows certain resemblances to one 
parent and others to the other, but it is, on the whole, 
much more closely related to N. gloria mundi than 
to N. poeticus ornatus. 
Reaction-intensities Expressed by Light, Color, and Tempera- 

ture Reactions. 
Polarization: 

N. gloria mundi, low to very high, usually moderate to moderately 
high, value 60. 

N. poeticus ornat., low to very high, lower than in N. gloria mundi, 
value 50. 

N. fiery cross, low to very high, the same as in N. poeticus ornatus, 
value 50. 

Iodine: 
N. gloria mundi, moderate, value 60. 

N. poeticus ornat, moderate, much less than in N. gloria mundi, 
value 40. 

N. fiery cross, moderate, the same as N. gloria mundi, value 60. 
Gentian violet: 

N. gloria mundi, light to moderate, value 40. 
N. poeticus ornat., light to moderate, much less than in N. poeticus 

mundi, value 30. 
N. fiery cross, light to moderate, intermediate between the parents, 

value 35. 
Safranin: 

N. gloria mundi, moderate, value 40. 
N. poeticus ornat., moderate, higher than in N. gloria mundi, 

value 45. 
N. fiery cross, moderate, the same as in N. gloria mundi, value 40. 
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Temperature: 
N. gloria mundi, in majority at 71 to 72.8°, in all at 74 to 75°, 

mean 74.5°, 
N. poeticus ornat., in majority at 73 to 74°, in all at 77 to 78°, 

mean 77.5°. 
N. fiery cross, in majority at 71 to 72°, in all at 73.5 to 74.5°, 

mean 74°, 

The reactivity of V. gloria mundi is higher than that 
of the other parent in the reactions with polarization, 
iodine, gentian violet, and temperature; and lower in 
the safranin reaction. The reactivity of the hybrid is 
the same or practically the same as that of NV. gloria 
mundi in the iodine and safranin reactions, and slightly 
higher in the temperature reaction; the same or prac- 
tically the same as that of the other parent in the polar- 
ization reaction; and mid-intermediate in the gentian 
violet reaction. 

Table A 15 shows the reaction-intensities in percent- 
ages of total starch gelatinized at definite intervals 
(minutes) : 

Tasue A 15. 

dlalaba | alee ieis 
Cal a oO ~~ an hol oO + oO 

Chloral hydrate: 
N. gloria mundi............]..].-].. |. |0.5] 8] 28 | 33 | 35 
N. poeticus ornatus......... sofas dee |e. [0.5] 6] 24 | 28 | 34 

N. fiery cross..............)--]--]--]-- {05} 3] 5] 9/13 
- Chromic acid: 

N. gloria mundi............]..]..]..].. | 2] 25] 65 | 82 | 90 

N. poeticus ornatus......... we t.e de. ts. | 7165 | 80] 95] 98 

N. fiery cress...........--. wi lesetlos fas | &] 12] 60) 85] 95 

Pyrogallic acid: 
N. gloria mundi..... en 1] 18 | 65| 78) 91 
N. poeticus ornatus.........].. 2| 20 | 68 | 81 | 88 

N. fiery cross.............-].. 3 | 23 | 70 | 86 | 92 
Nitric acid: ; 
N. gloria mundi............]..]..]..]..] 8] 23] 47 | 55] 61 
N. poeticus ornatus......... La 6 | 20 | 39 | 65 | 70 

N. fiery cross............-. xa 5 | 12] 30) 54 | 60 

Sulphuric acid: 
Beleriand cc yee eel ay | OS | ex 

N. poeticus ornatus.........])../93]..]..]..]..[-- 
Ne fiery (reste sca ees aessal ay [BE Lee [ow | oe exiles 

VELOCITY-REACTION ‘CURVES. 

This section treats of the velocity-reaction curves 
of the starches of Narcissus gloria mundi, N. poeticus 
ornatus, and N. fiery cross, showing quantitative differ- 
ences in the behavior toward different reagents at definite 
time-intervals. (Charts D 287 to D 292.) 

The most conspicuous features of these five charts 
are: 

(1) The closeness of all three curves in all of the 
reactions, with the exception of that with chromic acid at 
the 15-minute interval, at which time the three curves 
are well separated; and also the tendency, with the 
exception that with sulphuric acid, for the reactions to 
be of moderate to low or very low intensity. In the 
sulphuric-acid reaction gelatinization proceeds so quickly 
that the curves are the same or practically the same, and 
in that with pyrogallic acid the curves are quite close, yet 
sufficiently separated and uniform in their courses to 
indicate clearly the reaction-intensity relationships. 

(2) The relations of the parental curves to each other 
and to the hybrid vary in the reactions, and moreover 
vary during the progress of the reactions. 
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(3) The curve of N. gloria mundi is the highest 
of the three in the reaction with chloral hydrate; the 
highest during most of those with nitric acid and then 
intermediate; intermediate during most of those with 
chromic acid, otherwise the lowest; and lowest in those 
with pyrogallic acid. 

(4) The hybrid curve tends to lowness or highness 
in relation to the parental curves, it being the highest 
of the three in the pyrogallic-acid reaction; the lowest 
in those with chloral hydrate and nitric acid ; and lowest 
throughout nearly the whole 60-minute period in those 
with chromic acid, and finally intermediate but close to 
N. gloria mundi. 

(5) An early period of comparative resistance is 
evident in one or more of the starches in all of the reac- 
tions, with the exception of the quick reaction with sul- 
phuric acid, but in that with nitric acid it is seen only 
in the relation of the hybrid. 

(6) The earliest period at which the curves are best 
separated for differential purposes is questionable. The 
sulphuric-acid reaction is so rapid that any differentia- 
tion must be made at the very beginning of the reaction. 
In the chromic-acid reaction it is probably at 15 minutes ; 
in those with chloral hydrate and nitric acid probably at 
30 minutes; and in that with pyrogallic acid probably 
at 45 or 60 minutes. 

REACTION-INTENSITIES OF THE Hysrip. 

This section treats of the reaction-intensities of the 
hybrid as regards sameness, intermediateness, excess, and 
deficit in relation to the parents. (Table A15 and 
Charts D 287 to D 292.) 

The reactivities of the hybrid are the same as those 
of the seed parent in the iodine reaction; the same as 
those of the pollen parent in the polarization and safranin 
reactions; the same as those of both parents in no 
reaction; intermediate in those with gentian violet and 
sulphuric acid, in both being mid-intermediate ; highest 
in those with temperature and pyrogallic acid (in one 
closer to the seed parent and in the other closer to the 
pollen parent) ; and lowest in those with chloral hydrate, 
chromic acid, and nitric acid (in one being closer to the 
seed parent, in one closer to the pollen parent, and in one 
being as close to one as to the other parent). 

The following is a summary of the reaction-intensi- 
ties: Same as seed parent, 1; same as pollen parent, 2; 
same as both parents, 0; intermediate, 2; highest, 2; 
lowest, 3. 

The parents seem to have about equal influence on the 
properties of the starch of the hybrid. 

CoMPosITE CURVE OF THE REACTION-INTENSITIES. 

This section treats of the composite curves of the 
reaction-intensities, showing the differentiation of the 
starches of Narcissus gloria mundi, N. poeticus ornatus, 
and NV. fiery cross. (Chart E 15.) 

The most conspicuous features of this chart are: 
(1) The close correspondence of all three curves in 

their courses. 
(2) In N. gloria mundi compared with the other 

| parent the higher reactions with polarization, iodine, 
gentian violet, and temperature; the lower with chromic 
acid and nitric acid; and the same or practically the 
same with pyrogallic acid and nitric acid. 
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(3) In N. gloria mundi the very high sulphuric-acid 
reactions; the high polarization and iodine reactions; 
the moderate with gentian violet, safranin, chromic acid, 
and pyrogallic acid ; the low with temperature and nitric 
acid ; and the very low with chloral hydrate. 

(4) In N. poeticus ornatus the very high sulphuric- 
acid reaction ; the high with chromic acid; the moderate 
with polarization, iodine, and safranin; the low with 
gentian violet, temperature, pyrogallic acid, and nitric 
acid ; and the very low with chloral hydrate. 

(5) In the hybrid the very high sulphuric-acid reac- 
tion; the high iodine reaction; the moderate reactions 
with polarization, safranin, chromic acid, and pyrogallic 
acid ; the low with gentian violet, temperature, and nitric 
acid; and the very low with chloral hydrate. 

The following is a summary of the reaction-intensi- 
ties (10 reactions) : 

Very ‘ Mod- Very 
high. High. erate. Low. low. 

N. gloria mundi.............. ns 2 4 2 1 
N. poeticus ornatus........... 1 u 3 4 1 
N. fiery cross...........0.08. 1 1 4 3 1 

16. Comparisons OF THE STaRcHES oF NaRCcIssus 
TELAMONIUS PLENUS, N. POETICUS ORNATUS, 
N. pouBLoon. 

In histologic . characteristics, polariscopic figures, 
reactions with selenite, reactions with iodine, and qualita- 
tive reactions with the various chemical reagents the 
starches of the parents and hybrid exhibit not only 
properties in common in varying degrees of development 
but also certain individualities which collectively in each 
case are distinctive of the starch. In histologic proper- 
ties the parental starches differ in certain well-defined 
respects. In N. poeticus ornatus the polariscopic figure 
is not so distinct or so well defined as in the other parent; 
and with selenite the quadrants are not so well defined 
and are more irregular in form, the colors are more 
often pure, and there are more grains with a greenish 
tinge. With iodine the raw grains of N. poeticus ornatus 
color less, and after boiling the grain-residues are more 
deeply colored and the solution less deeply colored than 
in N. telamonius plenus. In the qualitative reactions 
with chloral hydrate, chromic acid, pyrogallic acid, nitric 
acid, and sulphuric acid there are in each case rather 
striking differences. The starch of the hybrid in com- 
parison with the starches of the parents shows in form 
a closer relationship to the starch of NV. telamonius plenus 
than to that of the other parent, and the same relation- 
ship is true of the character of the hilum and the charac- 
ter of the lamelle; in size of the grains the relationship 
is reversed; while in eccentricity of the hilum there is, 
on the whole, no appreciable difference between the 
three starches. In the polarization figure and reactions 
with selenite the relationship is closer to N. poeticus 
ornatus. In the qualitative iodine reactions the resem- 
blances are closer to NV. telamonius plenus. In the quali- 
tative reactions with chloral hydrate, pyrogallic acid, and 
nitric acid the relationship is closer to N. telamonius 
plenus, while in those with the chromic acid and sul- 
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phuric acid the relationship is reversed. In these reac- 
tions the three starches can be differentiated quite readily. 
The influences of each parent on the properties of the 
starch of the hybrid are manifest. 

Reaction-intensities Eapressed by Light, Color, and Tempera- 
ture Reactions. 

Polarization: 
N. telamonius plen., low to very high, value 45. 
N. poeticus ornat., low to very high, higher than in N. telamonius 

plenus, value 50. 

N. doubloon, low to very high, the same as in N. telamonius plenus, 
value 45. 

Iodine: 
N. telamonius plen., moderate, value 45. 
N. poeticus ornat., moderate, less than in N. telamonius plenus, 

value 40. 
N. doubloon, moderate, the same as in N. telamonius plenus, 

value 45. 
Gentian violet: 

N. telamonicus plen., light to moderate, value 40. 
N. poeticus ornat., light to moderate, less than in N. telamonius 

plenus, value 30. 
N. doubloon, light to moderate, less than in N. telamonius plenus. 

value 33. 
Safranin: 

N. telamonius plen., moderate, value 50. 
N. poeticus ornat., moderate, less than in N. telamonius plenus, 

value 45. 
N.doubloon, moderate, the sameasin N. poeticus ornatus, value 451. 

Temperature: 
N. telamonius plen., in majority at 70 to 72°, in all at 73 to 75°, 

mean 74°, 
N. poeticus ornat., in majority at 73 to 74°, in all at 77 to 78°, 

mean 77.5°. 
N. doubloon, in majority at 71.2 to 73°, in all at 75 to 77°, mean 76°, 

The reactivity of N. telamoniwus plenus is lower than 
that of the other parent in the polarization reaction; 
and higher with iodine, gentian voilet, safranin, and 
temperature. The reactivity of the hybrid is the same 
or practically the same as that of NV. telamonius plenus 
in the polarization and iodine reactions; the same or 
practically the same as that of the other parent in the 
safranin reaction ; and intermediate in the gentian violet 
and temperature, both being closer to N. poeticus ornatus. 

Table A16 shows the reaction-intensities in per- 
centages of total starch gelatinized at definite intervals 
(minutes) : 

TasB_e A 16. 

Ae alee |S ere ts 
wT NTO] HP Oye | OTH i wo 

Chloral hydrate: 
N. telamonius plen..... Scale 
N. poeticus ornat........... is 
N. doubloon..............-].. 

Chromic acid: 
N. telamonius plen......... isa 
N. poeticus ornat...........].. 
N. doubloon..............-] 6. 

Pyrogallic acid: 

11 | 20 | 22 | 24 
6 | 24 | 28 | 34 

13 | 38 | 50 | 54 
oO 

f=) 

Jor aww WANG oon 

[e*) ro) 

26 | 77 | 95 | 99 
65 | 80 | 95 | 98 
10 | 76 | 90 | 98 

N. telamonius plen 73 | 84| 90 
N. poeticus ornat.. aatede [lava 20 | 68 | 81 | 88 
N. doubloon..............+- Ae 35 | 67 | 80 | 87 

Nitric acid: 
N. telamonius plen......... is 14 | 65 | 75 | 80 | 85 
N. poeticus ornat...........]).. 20 | 39 | 65 | 70 
N. doubloon............... $a 27 | 60 | 72 | 75 | 81 

Sulphuric acid: 
N. telamonius plen......... .. | 99 
N. poeticus ornat...........].. [93]... 
N. doubloon........-.0000-} 6+ [97]. 
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’ VELOCITY-REACTION CURVES. 

. This section treats with velocity-reaction curves of the 
starches of Narcissus telamonius plenus, N. poeticus 
ornatus, and N. doubloon, showing quantitative differ- 
ences in the behavior toward different reagents at definite 
time-intervals. (Charts D 293 to D 298.) 

The most conspicuous features of these charts are: 
(1) The tendency in three of the charts to well- 

marked separation of one of the three curves from the 
other two, to closeness of the curves in the reaction with 
pyrogallic acid, and to identity in the sulphuric-acid reac- 
tion. In the chloral-hydrate reaction the parental curves 
are in close correspondence in their courses, the hybrid 
curve departing ; but in the charts for chromic acid and 
nitric acid the curves of N. telamonius plenus and the 
hybrid tend to closeness and the curve of N. poeticus 
ornatus to departure. With the exception of the very 
high reactivity with sulphuric acid, and the very low 
reactivity with chloral hydrate the reactions tend to be 
moderate to low. 

(2) The relations of the parental curves to each 
other and to the hybrid vary in the four reactions. 

(3) The curve of WV. telamonius plenus is higher than 
the curve of the other parent throughout the whole, or 
the larger part, of the 60 minutes in the reactions with 
chloral hydrate, pyrogallic acid, and nitric acid, but 
is distinctly the lower in the reaction with chromic acid. 

(4) The hybrid curves are very variable in their 
parental relationships. In the chloral-hydrate reaction 
the hybrid curve is distinctly the highest of the three 
curves; in that with chromic acid the lowest; in that 
with pyrogallic acid at first somewhat the highest and 
then passing on to be the lowest, although in this reac- 
tion all three curves tend to marked closeness; and in 
that with nitric acid it is at first the highest and then 
intermediate, but much closer to N. telamonius plenus 
than to the other parent. The relationship is, on the 
whole, rather closer to N. telamonius plenus. 

(5) An early period of comparative resistance fol- 
lowed by a comparatively rapid reaction is noted with 
chromic acid and pyrogallic acid, not at all with nitric 
acid, and to a slight degree with chloral hydrate. 

(6) The earliest period at which the curves are best 
separated for differential purposes is within or at 5 
_minutes in the reactions with sulphuric acid and nitric 
acid; at 15 minutes in those with chromic acid and 
pyrogallic acid; and either at 30 or 60 minutes in that 
with chloral hydrate—at the first NV. telamonius plenus 
would be intermediate in position, while at the latter 
it would be lowest. 

REACTION-INTENSITIES OF THE HYBRID. 

This section treats of the reaction-intensities of the 
hybrid as regards sameness, intermediateness, excess, and 
deficit in relation to the parents. (Table A16 and 
Charts D 293 to D 298.) 

The reactivities of the hybrid are the same as those 
of the seed parent in the polarization and iodine reac- 
tions; the same as those of the pollen parent in the 
safranin reaction; the same as those of both parents in 
that with pyrogallic acid; intermediate in those with gen- 
tian violet, temperature, nitric acid, and sulphuric acid 
(in two being closer to the seed parent and in two closer 

to the pollen parent) ; highest in none; and lowest in 
those with chloral hydrate and chromic acid (in one being 
as close to one as to the other parent, and in the other 
closer to the seed parent). ; 

The following is a summary of the reaction-intensi- 
ties (10 reactions): Same as seed parent, 2; same as 
pollen parent, 1; same as both parents, 1; intermediate, 
4; highest, 0; lowest, 2. 

The seed parent, NV. poeticus ornatus, seems to be the 
more potent in influencing the characters of the starch 
of the hybrid. 

ComposITE CURVES OF THE REACTION-INTENSITIES. 

This section treats of the composite curves of the 
reaction-intensities, showing the differentiation of the 
starches of Narcissus telamonius plenus, N. poeticus 
ornatus, and N. doubloon. (Chart E 16.) ; 

The most conspicuous features of the chart are: 
(1) The close correspondence of all three curves in 

their courses, especially of the parental curves. 
(2) In N. telamonius plenus in comparison with the 

other parent the higher reactions with iodine, gentian 
violet, safranin, temperature, and nitric acid; the lower 
reactions with polarization and chloral hydrate; and the 
same or practically the same reactions with chromic acid, 
pyrogallic acid, and sulphuric acid. 

(3) In N. telamonius plenus the very high reaction 
with sulphuric acid ; the high reaction with chromic acid ; 
the moderate reactions with polarization, iodine, gentian 
violet, safranin, and pyrogallic acid; the low reactions 
with temperature and nitric acid; and the very low reac- 
tion with chloral hydrate. 

(4) In N. poeticus ornatus the very high reaction 
with sulphuric acid ; the high reaction with chromic acid ; 
the moderate reactions with polarization, iodine, and 
safranin ; the low reactions with gentian violet, tempera- 
ture, pyrogallic acid, and nitric acid; and the very low 
reaction with chloral hydrate. 

(5) In the hybrid the very high reaction with sul- 
phuric acid; the absence of any high reaction; the mod- 
erate reactions with polarization, iodine, safranin, and 
chromic acid; the low reactions with gentian violet, tem- 
perature, chloral hydrate, pyrogallic acid, and nitric acid ; 
and the absence of any very low reaction. 

The following is a summary ofthe reaction-intensi- 
ties (10 reactions) : 

Very é Mod- Very 
high. High. erate Low. low. 

N. telamonius plenus......... 1 1 5 2 1 
N. poeticus ornatus........... 1 1 3 4 1 
Ny COUDIOGB oe eed ed os Henn 1 0 4 5 0 

17. Comparisons oF THE SrarcHEs oF Narcissus 
PRINCESS MARY, N. POETICUS POETARUM, AND N. 
CRESSET. 

In histologic characteristics, polariscopic figures, reac- 
tions with selenite, reactions with iodine, and qualitative 
reactions with various chemical reagents the starches of 
the parents and hybrids possess properties in common 
in varying degrees of development and individualities 
which collectively are in each case distinctive. In histo- 
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logic properties the starches of the parents differ in cer- 
tain well-defined respects. The starch of Narcissus poeti- 
cus poetarum in comparison with that of the other parent 
shows in the polarization figure less definition and some 
differences in the characters of the lines; and in the 
selenite reaction less clean-cut quadrants, more irregu- 
larity of shape, more often purity of colors, and more 
grains with a greenish tinge. With iodine no qualita- 
tive differences were recorded. In the qualitative reac- 
tions with the chemical reagents there are well-defined 
differences which for the most part are related to varia- 
tions in the histologic peculiarities of the grains of the 
two plants. The starch of the hybrid in comparison with 
the starches of the parents contains a larger percentage 
of aggregates and compound grains than in either parent ; 
it is more like the starch of NV. princess mary as regards 
the absence of clearness of distinction between the pri- 
mary and secondary starch deposits; but it is, on the 
whole, in closer relationship to the starch of N. poeticus 
poetarum. In the character and eccentricity of the 
hilum and size of the grains the relationship is closer 
to NV. princess mary, but in the character of the lamelle 

it is nearer the other parent. In character of the 
polariscopic figure, and in the reactions with selenite, 
the relationship is closer to N. princess mary. In the 
qualitative iodine reaction it is closer to N. poeticus 
poetarum. In all of the qualitative reactions with the 
chemical reagents (including chloral hydrate, chromic 
acid, pyrogallic acid, nitric acid, and sulphuric acid) 
characteristics of each of the parents are evident and also 
certain individualities not observed in the parents, but 
the resemblances of the hybrid, as a whole, are closer to 
NV. princess mary than to NV. poeticus poetarum. 

Reaction-intensities Expressed by Light, Color, and Tempera- 
ture Reactions. 

Polarization: 
N. princess mary, low to high, value 35. 

N. poeticus poetar., low to high, higher than in N. princess mary, 

value 40. : 
N. cresset, low to high, same as in N. poeticus poetarum, value 40 

Iodine: : 
N. princess mary, light to moderate, value 42. 

N. poeticus poetar., light to moderate, slightly higher than in 
N. princess mary, value 45. 

N. cresset, light to moderate, the same as in N. poeticus poetarum, 

value 45. 
Gentian violet: 

N. princess mary, light to moderate, value 37. 
N. poeticus poetar., light to moderate, slightly lighter than in 

N. princess mary, value 35. 

N. cresset, light to moderate, the same as in N. princess mary, 

value 37. 
Safranin: 

N. princess mary, moderate, value 50. 

N. poeticus poetar, moderate, the same as in N. princess mary, 
value 50. 

N. cresset, moderate, the same as in both parents, value 50. 

Temperature: 

N. princess mary, in majority at 70 to 72°, in all at 74 to 76°, 

mean 75°. 
N. poeticus poetar., in majority at 67 to 69°, in all at 71 to 73°, 

mean 72°. 
N. cresset, in majority at 71 to 73°, in all at 74.5 to 76°, mean 75.7°. 

The reactivity of NV. princess mary is the same or 
practically the same as that of the other parent in the 
safranin reaction ; higher in the gentian-violet reaction ; 
and lower in the polarization, iodine, and temperature 
reactions. The reactivity of the hybrid is the same or 
practically the same as that of NV. princess mary with 
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gentian violet; the same or practically the same as that 
of the other parent in the polarization and iodine reac- 
tions; the same as that of both parents with safranin; 
and the lowest of the three with temperature, but nearer 
N. princess mary. 

Table A 17 shows the reaction-intensities in percent- 
ages of total starch gelatinized at definite intervals 
(minutes) : 

Tasie A 17. 

. . * . . is] d fs] q 

Flelelaleisiaisis 
Chloral hydrate: 

N. princess mary........... om Lae lew Low PEE |) Be Bas 
N. poeticus poetar..........]..]..]..]..]05] 6] 9]11/17 
Ni CLORSED > cdiansaicos a8 Roe 4% 2| 3] 7/18) 22 

Chromic acid: 
N. princess mary...........].. 2| 25 | 70/90) 98 
N. poeticus poetar..........].. 3 | 22 | 65 | 75 | 85 

IN... Cresset sosscceded che gases dig 2|15 | 70 | 93 | 96 
Pyrogallic acid: 

N. princess mary........... alts 3140] 77 | 87| 95 

N. poeticus poetar..........].. 1| 16] 70 | 84] 93 
N. cresset........2. eee eee ae 3 | 16 | 69 | 74} 81 

Nitric acid: 
N. princess mary........-.. aes 13 | 55 | 68 | 75 | 79 

N. poeticus poetar..........].. 10 | 40 | 53 | 60 | 63 

Mv CTORUCS vex tana ny eon eee bi 22 | 67| 75177 | 80 
Sulphuric acid: 

N. princess mary........... ae Sols s es 
N. poeticus poetar..........]..|79].. 99 
N. cresset..........0-0006- .. |98].. xe 

VELOCITY-REACTION CURVES, 

This section deals with the velocity-reaction curves 
of the starches of Narcissus princess mary, N. poeticus 
poetarum, and N. cresset, showing quantitative differ- 
ences in the behavior toward different reagents at definite 
time-intervals. (Charts D 299 to D 304.) 

The most conspicuous features of these charts are: 
(1) The closeness of all. three curves in all of the 

charts (with the exception of the very quick sulphuric- 
acid reaction in which there is no differentiation) and the 
moderate to low or very low reactivities. In the sul- 
phuric-acid reaction gelatinization proceeds so rapidly 
that there is differentiation only before the end of about 
3 minutes, at the end of 2 minutes the reactions of NV. 
princess mary and the hybrid are practically absolutely 
the same, but the reaction of the other parent is distinctly 
less. In the reaction with chloral hydrate there is unim- 
portant separation of the curves, but in the other three 
reactions there are varying degrees of separation. 

(2) The relationships of the parental curves to each 
other and to the curve of the hybrid vary in the different 
reactions and during the progress of the reactions. 

(3) The curve of N. princess mary is the highest in 
the reaction with pyrogallic acid; lowest with chloral 
hydrate; intermediate. with nitric acid; and practically 
the same as that of the hybrid and higher than the curve 
of the other parent with chromic acid. 

(4) The hybrid curve is the highest of the three in 
the reactions with chloral hydrate and nitric acid; it 
tends to be the lowest with pyrogallic acid; and it in- 
clines to be the lowest at first and the highest later with 
chromic acid. It is more closely related to the curve of 
N. princess mary in the reaction with chloral hydrate; 
to the curve of the other parent with nitric acid ; and first 
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to one parent and then to the other with chromic acid 
and pyrogallic acid, the parental relationships being 
reversed in these two reactions. 

(5) An early period of resistance followed by a com- 
paratively rapid reaction is seen in the reactions with 
chromic acid and pyrogallic acid—in all three starches in 
the first and in the two starches in the second. 

(6) The earliest period at which the three curves are 
best separated for differential purposes is in the sul- 
phuric-acid reaction within the 5-minute period; in that 
with pyrogallic acid at 45 minutes; and in that with 
chloral hydrate at 60 minutes. 

REACTION-INTENSITIES OF THE HYBRID. 

This section deals with the reaction-intensities of the 
hybrid as regards sameness, intermediateness, excess, 
and deficit in relation to the parents. (Table A 17 and 
Charts D 299 to D 304.) 

The reactivities of the hybrid are the same as those 

of the seed parent in the reactions with gentian violet and 
chromic acid; the same as those of the pollen parent in 
those with polarization, iodine, and safranin; the same 
as those of both parents in none; intermediate in none; 
highest in those with chloral hydrate, nitric acid, and 
sulphuric acid, in all three being closer to the seed parent ; 
and lowest in those with temperature and pyrogallic acid, 
in both being closer to the seed parent. 

The following is a summary of the reaction-intensi- 
ties (10 reactions): Same as seed parent, 2; same as 
pollen parent, 3; same as both parents, 0; intermediate, 
0; highest, 3 ; lowest, 2. 

The seed parent, N. princess mary, has from these 
data exercised a far more potent influence than N. poeti- 
cus poetarum on the properties of the starch of the 
hybrid. 

CoMPOSITE CURVES OF THE REACTION-INTENSITIES. 

This section treats of the composite curves of the reac- 
tion-intensities, showing the differentiation of the 
starches of Narcissus princess mary, N. poeticus poe- 
tarum, and N. cresset. (Chart E 17.) 

The most conspicuous features of this chart are: 
(1) The very close correspondence in the curves, 

both as to nearness and course. 
(2) In WN. princess mary in comparison with the 

other parent the higher reactions with gentian violet, 
chromic acid, and nitric acid; the lower reactions with 
polarization and iodine; and the same or practically the 
same reactions with chloral hydrate, pyrogallic acid, and 
sulphuric acid. 

(3) In N. princess mary the very high sulphuric- 
acid reaction; the absence of any high reaction; the 
moderate reactions with iodine, safranin, chromic acid, 
and pyrogallic acid; the low reactions with polarization, 
gentian violet, temperature, and nitric acid; and the very 
low reaction with chloral hydrate. 

(4) In XN. poeticus poetarum the very high reaction 
with sulphuric acid ; the absence of any high reaction ; the 
moderate reactions with polarization, iodine, safranin, 
temperature, and pyrogallic acid; the low reactions with 
gentian violet, chromic acid, and nitric acid ; and the very 
low reaction with chloral hydrate. 

(5) In the hybrid the very high reaction with sul- 
phuric acid; the absence of any high reaction; the mod- 
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erate reactions with polarization, iodine, safranin, and 
chromic acid; the low reactions with gentian violet, tem- 
perature, pyrogallic acid, and nitric acid; and the very 
low reaction with chloral hydrate. 

The following is a summary of the reaction-intensi- 
ties (10 reactions) : 

Very ‘ Mod- Very 
high. High erate Low low. 

N. princess mary............. 1 0 4 4 1 
N. poeticus poetarum......... 1 0 5 3 1 

IN, @r6s86ts cue cu an eengae3aa4% 1 0 4 4 of 

18. Comparisons oF THE StarcuEs oF Narcissus 

ABSCISSUS, N. PoETicus POETARUM, AND N. wiItt 

SCARLET. 

In histologic characteristics, polariscopic figures, 
reactions with selenite, reactions with iodine, and quali- 
tative reactions with the various chemical reagents the 
starches of the parents and hybrid exhibit properties in 
common in varying degrees of development, which collec- 
tively in each case are distinctive, although all three 
starches are very much alike. In histologic properties 
the starches of the parents differ very little, and the 
same is also true of the polariscopic figures and reactions 
with selenite. In the iodine reactions no qualitative dif- 
ferences were recorded. In the qualitative reactions with 
chloral hydrate, chromic acid, pyrogallic acid, nitric acid, 
and sulphuric acid there are properties in common and 
also individualities. The starch of the hybrid in com- 
parison with the starches of the parents shows a closer 
relationship to Narcissus abscissus in the form of the 
grains, the character of the hilum, the character of the 
lamelle, and the size of the larger grains; but closer to 
the other parent in the size of the smaller grains. The 
eccentricity of the hilum is about the same in all three 
starches, and in the hybrid the lamelle are more distinct 
than in the parents, and the hilum is not so deeply and 
extensively fissured. In the polarization figures and 
reactions with selenite the relationship is closer to N. 
abscissus. In the qualitative iodine reactions it is closer 
to NV. poeticus poetarum. In all of the qualitative reac- 
tions with the chemical reagents peculiarities of both 
parents are observed, but the resemblances are, on the 
whole, closer to N. abscissus. Such differences as have 
been recorded are only of a minor character. 

Reaction-intensities Expressed by Light, Color, and Tempera- 
ture Reactions. 

Polarization: 
N. abscissus, low to high, value 43. 
N. poeticus poetar., low to high, somewhat less than in N. abscissus, 

value 40. 
N. will scarlet, low to high, the same as in N. abscissus, value 43. 

Iodine: 
N. abscissus, light to moderate, value 40. 

N. poeticus poetar., light to moderate, somewhat less than in N. 
abscissus, value 45. 

N. will scarlet, light to moderate, the same as in N. poeticus poet- 
arum, value 45. 

Gentian violet: 
N. abscissus, light to moderate, value 33. 

N. poeticus poetar., light to moderate, somewhat more than in 
N. abscissus, value 35. 

N. will scarlet, light to moderate, higher than in either parent, 

value 37. 
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Safranin: 
N. abscissus, moderate, value 47. 
N. poeticus poetar., moderate, somewhat more than in N. abscissus, 

value 50. 
N. will scarlet, moderate, higher than in either parent, value 53. 

Temperature: 
N. abscissus, in majority at 69.5 to 71°, in all at 73 to 74°, mean 

73.5°. 
N. poeticus poetar., in majority at 69 to 71°, in all at 71 to 73°, 

mean 72°. 
N. will scarlet, in majority at 69.8 to 71.9°, in all at 72 to 74°, 

mean 73°. 

The reactivity of N. abscissus is the same or practi- 
cally the same as that of the other parent in not a single 
reaction; higher in the polarization reaction; and lower 
in those with iodine, gentian violet, safranin, and tem- 
perature. The reactivity of the hybrid is the same or 
practically the same as that of NV. abscissus in the polar- 
ization reaction; the same or practically the same as 
that of the other parent in the iodine reaction; and the 
highest of the three in the reactions with gentian violet 
and safranin; and intermediate but close to the seed 
parent in the temperature reaction. 

Table A 18 shows the reaction-intensities in percent- 
ages of total starch gelatinized at definite intervals 
(minutes) : 

Taste A 18. 

gel elele reise s 
et nN oD bo an ba ise) st o 

Chloral hydrate: 
N. abscissus...............[..]..]..]..] 2] 4111/17/18 
N. poeticus poetar..........]..]..]..].. /05] 6/ 9/11/)17 

N. will scarlet..............].. 2] 3] 8|16} 18 
Chromic acid: 

N. abscissus..............-f..]..]..1..] 4126181195 | 98 
N. poetings poetari.cicgeses|aiclerdes lon | &)22) 65] 75186 
N. will searlet..............].. 4] 49 | 83|97]|99 

Pyrogallic acid: 

N. abscissug............-.-)-. )-.].-7.-- $23; 66179 | 88192 
N. poeticus poetar..........].. 1 | 16 | 70 | 84 | 93 
N. will scarlet..............].. 3 | 26 | 73 | 81 | 86 

Nitric acid: 
N. abscissus............-.- .e|../}..|.. | 83} 66] 73 | 80 | 86 
N. poeticus poetar..........]..}..}..1}.. | 10) 40] 53 | 60] 63 
N. will scarlet..............]..]..]..].. | 61 | 78 | 82 | 87 | 91 

Sulphuric acid: 
Ni. ele@legue ce sa eee cu<es] oa 1 OE ee leeiles Dee 
N. poeticus poetar..........]..|79]..]..|99;.. 
N. will scarlet.............-]../ 98]... ]-.].. 

VELOCITY-REACTION CURVES. 

This section treats of the velocity-reaction curves of 
the starches of Narcissus abscissus, N. poeticus poetarum, 
and N. will scarlet, showing qualitative differences in the 
behavior toward different reagents at definite time- 
intervals. (Charts D 305 to D 310.) 

The most conspicuous features of these charts are: 
(1) The close correspondence of all three curves 

(excepting in the pyrogallic-acid reaction, in which there 
is a disproportionate separation of the curve of N. ab- 
scissus from the other curves) ; and also the tendency 
for the reactions, excepting that with sulphuric acid, to 
be of moderate to low or very low intensity. The sul- 
phuric-acid reaction is so very rapid that there is no 
differentiation to be seen in the charts, although, as will 
be seen from the preceding table, the reactivity of NV. 
poeticus poetarum is less at first than that of either of 
the other starches. In the chloral-hydrate reaction the 

HISTOLOGIC PROPERTIES AND REACTIONS. 

differences are of a very minor character, not sufficient 
for satisfactory differentiation. 

(2) The relations of the parental curves to each 
other and to the hybrid vary in the reactions, and in the 
pyrogallic-acid reaction they vary during their course. 

(8) The curve of WN. abscissus is higher than that of 
the other parent in the reactions with chromic acid, pyro- 
gallic acid, and nitric acid, in the two latter being quite 
well separated. A higher reactivity of NV. abscissus is 
also indicated in the records of the reactions with chloral 
hydrate and sulphuric acid. 

(4) The curve of the hybrid is the highest of the 
three in the reactions with chromic acid and nitric acid, 
and intermediate during the first part and lowest during 
the latter part of that with pyrogallic acid, although in 
this reaction there are but small differences between the 
hybrid and WN. poeticus poetarum. 

(5) An early period of resistance followed by com- 
paratively rapid gelatinization is noted in all three 
starches in the reaction with chromic acid, in two with 
pyrogallic acid, and in one with nitric acid. The reac- 
tion with sulphuric acid is too rapid and with chloral 
hydrate too slow for a manifestation of this peculiarity. 

(6) The earliest period at which the curves are best 
separated for differential purposes varies in the different 
reactions. This period is approximately in the reactions 
with sulphuric acid and pyrogallic acid within the 5-min- 
ute interval; in those with chromic acid and pyrogallic 
acid at the 15-minute interval ; and in the chloral-hydrate 
reaction at probably 30 to 45 minutes, although at any 
time the differences in this reaction may fall wholly 
within the limits of error of experiment. 

REACTION-INTENSITIES OF THE Hysrip. 
This section treats of the reaction-intensities of the 

hybrid as regards sameness, intermediateness, excess, 
and deficit in relation to the parents. (Table A 18 and 
Charts D 305 to D 310.) 

The reactivities of the hybrid are the same as those 
of the seed parent in the polarization and sulphuric acid; 
the same as those of the pollen parent in the iodine reac- 
tion ; the same as both parents in that with chloral hy- 
drate ; intermediate in those with temperature and pyro- 
gallic acid (in one being closer to one parent and in the 
other closer to the other parent) ; highest in those with 
gentian violet, safranin, chromic acid, and nitric acid 
(in three being closer to the pollen parent, and in one 
closer to the seed parent) ; and lowest in none. 

The following is a summary of the reaction-intensi- 
ties (10 reactions): Same as seed parent, 2; same as 
pollen parent, 1; same as both parents, 1; intermediate, 
2; highest, 4; lowest, 0. 

The seed parent has probably slightly more influence 
than the pollen parent in determining the properties of 
the hybrid. The tendency of the hybrid to highness is 
evident, this being more marked than to intermediateness. 

ComposiITE CURVES OF THE REACTION-INTENSITIES. 
This section treats of the composite curves of the 

reaction-intensities, showing the differentiation of the 
starches of Narcissus abscissus, N. poeticus poetarum, 
and NV. will scarlet. (Chart E 18.) 

The most conspicuous features of this chart are: 
(1) The close correspondence of the three curves 

both as to closeness and course, the only tendency even 
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to a moderate separation being in the reactions with 
chromic acid and nitric acid. 

(2) In N. abscissus in comparison with the other 
parent the higher reactions with polarization, chromic 
acid, and nitric acid; the lower reactions with iodine, 
gentian violet, safranin, and temperature; and the same 
or practically the same reactions with chloral hydrate, 
pyrogallic acid, and sulphuric acid. 

(3) In XN. abscissus the very high reaction with sul- 
phuric acid; the high reaction with chromic acid; the 
moderate reactions with polarization, iodine, safranin, 
and pyrogallic acid ; the low reactions with gentian violet, 
temperature, and nitric acid; and the very low reaction 
with chloral hydrate. 

(4) InN. poeticus poetarum the very high sulphuric- 
acid reaction ; the absence of a high reaction ; the moder- 
ate reactions with polarization, iodine, safranin, tem- 
perature, and pyrogallic acid; the low reactions with 
gentian violet, chromic acid, and nitric acid; and the 
very low reaction with chloral hydrate. 

(5) In the hybrid the very high reaction with sul- 
phuric acid ; the absence of a high reaction ; the moderate 
reactions with polarization, iodine, safranin, chromic 
acid, and nitric acid; the low reactions with gentian 
violet, temperature, and pyrogallic acid; and the very 
low reaction with chloral hydrate. 

The following is a summary of the reaction-intensi- 
ties (10 reactions) : 

Very Mod- Very 
high. High. erate. Low. low. 

Ni. BUSCISSES 2. cn cei are eee 1 1 4 3 1 
N. poeticus poetarum......... 1 0) 5 3 1 

N. will scarlet..............-, 1 0 5 3 1 

19. Comparisons oF THE STarcHes or Narcissus 
ALBICANS, N. aBScIssuS, AND N. BICOLOR APRICOT. 

In histologic characteristics, polariscopic figures, 
reactions with selenite, qualitative reactions with iodine, 
and qualitative reactions with the various chemical reag- 
ents the starches of the parents and hybrid exhibit prop- 
erties in common in varying degrees of development 
together with certain individualities which collectively 
in each case are distinctive of the starch. In his- 
tologic properties there are certain well-defined differ- 
ences between the starches of the parents. In Narcissus 
abscissus compared with the other parent the polari- 
scopic figure is not so well defined, and there are minor 
differences in the lines; and with selenite the quadrants 
are not so clean-cut and are more irregular, the colors 
are more often pure, and more grains have a greenish 
tinge. In the iodine reactions no qualitative difference 
was recorded. In the qualitative reactions with chloral 
hydrate, chromic acid, pyrogallic acid, nitric acid, and 
sulphuric acid there are both properties in common and 
differences which are quite definite. The starch of the 
hybrid has fewer compound grains than in either parent, 
and in form generally shows a closer relationship to 

“N. albicans than to N. abscissus. While the eccentricity 
of the hilum is about the same in all three starches, the 
character of the hilum is somewhat closer to that of 
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N. abscissus. In the character of the lamelle and in the 
size of the grains the relationship is closer to NV. albicans. 
In the character of the polariscopic figure and the appear- 
ances with selenite the relationship is much closer to 
N. albicans. In the qualitative iodine reactions the raw 
grains show a closer relationship to N. albicans, but 
after heating the relationship is closer to the other 
parent. In the qualitative chemical reactions peculiari- 
ties of both parents are observed. With chloral hydrate 
the reactions, on the whole, more closely resemble those 
of N. albicans ; but in those with chromic acid, pyrogallic 
acid, nitric acid, and sulphuric acid they resemble more 
closely those of the other parent. ‘There are also certain 
individualities in the way of accentuation in the hybrid. 

Reaction-intensities Expressed by Light, Color, and Tempera- 
ture Reactions. 

Polarization: 
N. albicans, low to high, value 37. 

N. abscissus, low to high, higher than in N. albicans, value 43. 
, * bicolor apricot, low to high, the same as in N. albicans, value 37. 
odine: 
N. albicans, moderate, value 55. 
N. abscissus, light to moderate, much less than in N. albicans, 

value 40. 
N. bicolor apricot, moderate, intermediate between the parents, 

but much closer to N. albicans, value 53. 
Gentian violet: 

N. albicans, light to moderate, value 40. 
N. abscissus, light to moderate, lighter than in N. albicans, value 33. 

N. bicolor apricot, light to moderate, the same as N. albicans, 

value 40. 

Safranin: 
N. albicans, moderate, value 50. 

N. abscissus, moderate, less than in N. albicans, value 47. 

N. bicolor apricot, moderate, the same as N. albicans, value 50. 
Temperature: 

N. albicans, in majority at 70.2 to 72°, in all at 73 to 75°, mean 74°. 

N. abscissus, in majority at 69.5 to 71°, in all at 73 to 74°, mean 

73.5°. 

N. bicolor apricot, in majority at 71 to 72.5°, in all at 74 to 76°, 
mean 75°. 

The reactivity of N. albicans is higher than that of 
the other parent in the reactions with iodine, gentian 
violet, and safranin; and lower in those with polariza- 
tion and temperature. The reactivity of the hybrid is the 
same or practically the same as that of N. albicans with 
polarization, gentian violet, and safranin; intermediate 

Tasie A 19. 

sleleldéletal]alala 

glelélslelsisiele 
Chloral hydrate: 

Nealbicang.. wane ie canes s ve fee] .. |. [0.58 14 | 31] 40 | 43 
N. abscissus...............7..]..]..]-.] 2] 4/11]17/18 
N. bicolor apricot. .........)..]..]..]..} 3] 5] 9/15} 21 

Chromic acid: : 
N. albicans...............-[-.]..]..].. /11]75/ 98/99] .. 
N. abscissus...............,..]..]..]..] 4/26181/95]98 
N. bicolor apricot..........}..]..]..]..] 61380{ 86] 97 | 99 

Pyrogallic acid: 

N. albicans................ ve fe. f es]. 125] 78191; 95197 
N. abscissus...............]-.]..]..].. | 23 | 66 | 79] 88] 92 
N. bicolor apricot..........}..]..]..].. {10/39 )73185]90 

Nitric acid: 
N. albicans................f..]..1..].. 183 | 78 | 82] 86] 86 
N. abscissus............-.- se fox lor ]ane 133) 66173 | 80] 86 
N. bicolor apricot..........,..}..)..]..116]56] 68/76] 80 

Sulphuric acid: 

NN, albieanGes oe oe ye we ewes ee] en 1 99 
N. abscissus.............../.. | 99 
N. bicolor apricot.......... .. | 98 
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but nearer N. albicans with iodine; and the lowest of 
the three, but nearer NV. albicans, with temperature. 

Table A 19 shows the reaction-intensities in percent- 
ages of total starch gelatinized at definite intervals 
(minutes). 

VELOCITY-REACTION CURVES. 

This section treats of the velocity-reaction curves 
of the starches of Narcissus albicans, N. abscissus, and 
N. bicolor apricot, showing the quantitative differences 
in the behavior toward different reagents at definite time- 
intervals. (Charts D 311 to D 316.) 

The most conspicuous features of these charts are: 
(1) The close correspondence of the curves in their 

courses in all of the reactions (with the exception of the 
very rapid sulphuric-acid reaction, in which there is no 
differentiation) and the tendency mostly to a moderate 
or low reactivity. 

(2) The relationships of the parental curves to each 
other and to the curve of the hybrid (excepting the quick 
sulphuric-acid reaction) vary in the different reactions 
and during their progress. 

(3) The curve of N. albicans is distinctly higher 
than that of the other parent in reactions with the chloral 
hydrate, pyrogallic acid, chromic acid, and nitric acid, 
the degree of separation varying as stated. 

(4) The hybrid curve is the same or practically the 
same as that of NV. abscissus in the reactions with chloral 
hydrate and chromic acid, being fairly well separated 
from the curve of the other parent; and it is lowest in 
the reactions with pyrogallic acid and nitric acid, it being 
in both closer to NV. abscissus. 

(5) A tendency to an early period of resistance 
followed by comparatively high reactivity is indicated 
only in a minor degree, and almost solely that with 
chromic acid. 

(6) The earliest period at which the three curves 
are best separated for differential purposes is in the 
reaction with sulphuric acid at the very beginning; with 
pyrogallic acid, chromic acid, and nitric acid at 15 
minutes; and with chloral hydrate at 30 minutes or later. 

REACTION-INTENSITIES OF THE HYBRIDS. 

This section deals with the reaction-intensities of the 
hybrids as regards sameness, intermediateness, excess, 
and deficit in relation to the parents. (Table A 19 and |. 
Charts D 311 to D 316.) 

The reactivities of the hybrid are the same as those 
of the seed parent in the reactions with gentian violet 
and safranin ; the same as those of the pollen parent with 
polarization and chloral hydrate; the same as those of 
both parents with sulphuric acid, in which the reactions 
occur too rapidly for differentiation; intermediate in 
those with iodine and chromic acid, in both being closer to 
those of the seed parent; highest in none; and the 
lowest in those with temperature, pyrogallic acid, and 
nitric acid, in one being closer to the seed parent and in 
two closer to the pollen parent. 

The following is a summary of the reaction-intensi- 
ties (10 reactions) : Same as seed parent, 3; same as pol- 
lent parent, 4; same as both parents, 1; intermediate, 2; 
highest, 0; lowest, 3. 

The seed parent seems to be much more potent in 
influencing the characters of the starch of the hybrid. 

HISTOLOGIC PROPERTIES AND REACTIONS. 

Composite CURVES OF THE REACTION-INTENSITIES. 

This section treats of the composite curves of the 
reaction-intensities, showing the differentiation of the 
starches of Narcissus albicans, N. abscissus, and N. bi- 
colorapricot. (Chart BE 19.) 

The most conspicuous features of this chart are: 
(1) The close correspondence of the curves both as 

to nearness and course. 
(2) In XN. albicans in comparison with the other 

parent the higher reactions with iodine, gentian violet, 
safranin, chloral hydrate, chromic acid, and pyrogallic 
acid ; the lower reactions with polarization and tempera- 
ture; and the same reactions with nitric acid and sul- 
phuric acid. 

(3) In XN. albicans the very high sulphuric-acid reac- 
tion ; the high reactions with chromic acid and pyrogallic 
acid, the moderate reactions with iodine, gentian violet, 
and safranin; the low reactions with polarization, tem- 
perature, and nitric acid ; and the very low reaction with 
chloral hydrate. 

(4) In WN. abscissus the very high sulphuric-acid 
reaction; the high chromic-acid reaction; the moderate 
reactions with polarization, iodine, safranin, and pyro- 
gallic acid; the low reactions with gentian violet, tem- 
perature, and nitric acid ; and the very low reaction with 
chloral hydrate. 

(5) In the hybrid the very high reaction with sul- 
phuric acid; the high reaction with chromic acid; the 
moderate reactions with iodine, gentian violet, safranin, 
and pyrogallic acid; the low reactions with polarization, 
temperature, and nitric acid; and the very low reaction 
with chloral hydrate. The following is a summary of the 
reaction-intensities (10 reactions) : 

Very ‘ Mod- Very 
high. High. erate. Low. low. 

N. albicans..................] 1 2 3 3 1 
N. abscissus..............6-- 1 1 4 3 1 
N. bicolor apricot............ 1 1 4 3 1 

20. CoMPARISONS OF THE StTaRcHES oF NaRcIssus 
empress, N. aLsBicans, aND N. MADAME DE 
GRAAFF, 

In histologic characteristics, polariscopic figures, 
reactions with selenite, reactions with iodine, and quali- 
tative reactions with various chemical reagents the 
starches of the parents and hybrid have properties in 
common in varying degrees of development together with 
certain individualities which collectively are in each case 
distinctive of the starch. The differences are, as a whole, 
of rather a minor character. In histologic properties 
the parental starches differ particularly in the number 
of aggregates, compound and composite grains, irregu- 
larity, and conspicuous forms, especially as regards the 
last. The nearly round and short elliptical grains seen in 
Narcissus albicans are not present in NV. empress. There 
are minor differences in the hilum and lamelle, and the 
grains are smaller in N. abscissus. In the polarization 
figures and reactions with selenite there are minor dif- 
ferences. In the reactions with iodine no qualitative 
differences were recorded. In the reactions with chloral 
hydrate, chromic acid, pyrogallic acid, nitric acid, and 
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sulphuric acid, there are differences of minor charac- 
ters. The starch of the hybrid has more isolated and more 
simple grains than either parent, and in form it is more 
closely related, on the whole, to NV. empress than to N. 
albicans; moreover, some characteristics of the former 
are accentuated. The hilum is less fissured than in 
either parent, and in both character and eccentricity of 
the hilum it is in closer relationship to NV. albicans. In 
the character and number of the lamelle the relation- 
ship is closer to NV. albicans, but in size the relationship 
is closer to N. empress. In the character of the polari- 
scopic figure and appearance with selenite the relation- 
ship is closer to N. empress. In the qualitative iodine 
reactions the raw grains behave more like those of N. 
empress, while after the grains are boiled there are no 

differences noted in the three starches. In the qualita- 
tive reactions with the chemical reagents peculiarities of 
both parents are evident. In the reactions with chloral 
hydrate, chromic acid, nitric acid, and sulphuric acid the 
relationship is, on the whole, closer to N. empress; but 
in the pyrogallicsacid reaction the relationship is closer 
to the other parent. 

Reaction-intensities Expressed by Light, Color, and Tempera- 
ture Reactions. 

Polarization: 
N. empress, low to high, value 42. 

N. albicans, low to high, lower than in N. empress, value 37. 

N. madame de graaff, low to high, the same as in N. albicans, 
value 37. 

Iodine: 
N. empress, moderate, value 50. 

N. albicans, moderate, higher than in N. empress, value 55. 

N. madame de graaff, moderate, the same as in N. empress, value 50. 

Gentian violet: 
N. empress, light to moderate, value 43. 

N. albicans, light to moderate, somewhat less than in N. empress, 

value 40. 
N. madame de graaff, light to moderate, the same as in N. empress, 

value 43. 
Safranin: 

N. empress, moderate, value 53. 

N. albicans, moderate, somewhat less than in N. empress, value 50. 

N. madame de graaff, moderate, the sameas in N. empress, value 53. 

Temperature: 

N. empress, in majority at 70 to 71°, in all at 73 to 74°, mean 73.5°. 

N. albicans, in majority at 70.2 to 72°, in all at 73 to 75°, mean 74°. 

N. madame de graaff, in majority at 70 to 72°, in all at 73.5 to 75°, 

mean 74.25°. 

The reactivity of N. empress is higher than that of 
the other parent in the reactions with polarization, gen- 
tian violet, safranin, and temperature; and lower in the 
iodine reaction. The reactivity of the hybrid is the 
same or practically the same as that of N. empress in the 
reactions with iodine, gentian violet, and safranin, and 
the same or practically the same as that of the other 
parent in the polarization, iodine, and temperature reac- 
tions. In no reaction is there intermediateness of the 
hybrid. 

Table A 20 shows the reaction-intensities in percent- 
age of total starch gelatinized at definite time-intervals. 

VELOCITY-REACTION CURVES. 

This section treats of the velocity-reaction curves of 
the starches of Narcissus empress, N. albicans, and N. 
madame de graaff, showing the quantitative differences 
in the behavior toward different reagents at definite 
time-intervals. (Charts D 317 to D 322.) 

83 

Tasie A 20. 

didleiala|elere|s 
baal a i) bo wn et oD bo oO 

Chloral hydrate: 

N. empress................ ~.]..[ee].. [0.5] 5] 16} 23 [26 
N. albicans........ . [0.5] 14] 31 | 40 | 43 
N. madame de graaff . 4 | 20 | 35 | 43 | 48 

Chromic acid: 
N. empress...............-] 0. 2| 45 | 92 | 98 | 99 
N. albicans................,..]..[]..].. | 21] 75 [98] 99]... 
N. madame de graaff.......}..]..]..]..] 1]383]77/91 | 98 

Pyrogallic acid: 
N. empress..............2- se bec toa tee} B) 48150) 61) 78 

N. albicans................ .ef..].. |. | 25] 78191 | 95 | 97 
N. madame de graaff........ se bme how | oa | DPSS 156 1 OS 179 

Nitric acid: 
N. empress...............-}..]..]..[.. | 12] 52 | 58 | 65 | 70 
N. albicans................J..].. 7 .-.].. | 83] 78 | 82 | 86 | 86 
N. madame de graaff....... .e]..]..f.. | 10] 29 | 49 | 55 | 65 

Sulphuric acid: 
IN): CMpPTess's i655 82 sg eee be ol O6) o- 
WY, DUGIGAGG cy 6 ae yeu ecnayen on] 99] oe 
N. madame de graaff.......]..|98].. 

The most conspicuous features of these charts are: 
(1) The close correspondence in the courses of the 

three curves in all of the reactions (with the exception 
of the sulphuric-acid reaction, in which reaction is so 
rapid that there is no differentiation), and the tendency 
mostly to moderate to low reactivity. 

(2) The varying relations of the parental curves to 
each other and the hybrid in the different reactions, ex- 
cepting the sulphuric-acid reaction during the progress 
of the reactions. 

(3) The curve of N. empress is distinctly lower than 
that of the other parent in the reactions with chloral 
hydrate, chromic acid, pyrogallic acid, and nitric acid, 
especially in that with pyrogallic acid. 

(4) The hybrid curve is the highest of the three in 
the chloral-hydrate reaction; lowest with chromic acid 
and nitric acid; and intermediate with pyrogallic acid. 
In the reactions with chromic acid and nitric acid it is 
more closely related to NV. empress, while in those with 
chloral hydrate and pyrogallic acid more closely related 
to NV. albicans. 

(5) A tendency to an early period of resistance fol- 
lowed by a comparatively rapid reactivity is noticed in 
the reactions with chromic acid and pyrogallic acid—in 
all three starches in the former and in two in the latter. 
There are also suggestions of early resistance in the other 
two reactions. 

(6) The earliest period at which the three curves are 
best separated for differential purposes is in the sul- 
phuric-acid reaction at the very beginning of the reac- 
tions; in those with chromic acid, pyrogallic acid, nitric 
acid, and chloral hydrate at 15 minutes. 

REACTION-INTENSITIES OF THE Hyprip. 
This section treats of the reaction-intensities of the 

hybrid as regards sameness, intermediateness, excess, 
and deficit in relation to the parents. (Table A 20 and 
Charts D 317 to D 322.) 

The reactivities of the hybrid are the same as those 
of the seed parent in the reactions with iodine, gentian 
violet, and safranin; the same as those of the pollen 
parent in the polarization reaction; the same as those 
of both parents in none; intermediate with pyrogallic 
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acid, and closer to that of the seed parent; highest with 
chloral hydrate, and nearer that of the pollen parent; 
and lowest with temperature, chromic acid, and nitric 
acid, in being closer to that of the seed parent and in 
three being closer to those of the pollen parent. 

The following is a summary of the reaction-intensi- 
ties (10 reactions): Same as seed parent, 4; same as 
pollen parent, 2; same as both parents, 0; intermediate, 
1; highest, 1; lowest, 2. 

The seed parent seems to be far more potent in 
determining the characters of the starch of the hybrid. 
The tendency to sameness or inclination of the hybrid 
to the seed parent is quite marked. 

CoMPOSITE CURVES OF THE REACTION-INTENSITIES. 

This section treats of the composite curves of the 
reaction-intensities, showing the differentiation of the 
starches of Narcissus empress, N. albicans, and N. 
madame de graaff. (Chart E 20.) 

The most conspicuous features of this chart are: 
(1) The close correspondence in the curves both as 

to course and nearness, the only well-marked tendency 
to departure being in the well-marked separation of the 
three curves in the chromic-acid reaction and of the 
parental curve in the pyrogallic-acid reaction. 

(2) In N. empress in comparison with the other 
parent the higher reactions with polarization, gentian 
violet, and safranin; the lower reactions with iodine, 
chloral hydrate, chromic acid, pyrogallic acid, and nitric 
acid ; and the same or practically the same reactions with 
temperature and sulphuric acid. 

(3) In WN. empress the very high reaction with sul- 
phuric acid; the high reaction with chromic acid; the 
moderate reactions with polarization, iodine, gentian 
violet, and safranin ; the low reactions with temperature, 
pyrogallic acid, and nitric acid; and the very low reac- 
tion with chloral hydrate. 

(4) In WN. albicans the very high reactions with 
sulphuric acid ; the high reactions with chromic acid and 
pyrogallic acid; the moderate reactions with iodine, gen- 
tian violet, and safranin ; the low reactions with polariza- 
tion, temperature, and nitric acid ; and the very low reac- 
tion with chloral hydrate. 

(5) In the hybrid the very high sulphuric-acid 
reaction; the absence of a high reaction; the moderate 
reactions with iodine, gentian violet, safranin, and 
chromic acid; the low reactions with polarization, tem- 
perature, pyrogallic acid, and nitric acid; and the very 
low reaction with chloral hydrate. The following is a 
summary of the reaction-intensites (10 reactions) : 

Very , Mod- Very 
high. High. erate. Low. low. 

DT) CTODTOG. ccocurnaan were se avin 1 1 4 3 1 
Ni albicans is ceaicansanane ees 1 2 3 3 1 
N. madame de graaff......... 1 0 4 4 1 

21. Comparisons oF THE StarcHes oF Narcissus 
WEARDALE PERFECTION, N. MADAME DE GRAAFF, 
anp N. pyRaMus. 

In histologic characteristics, polariscopic figures, 
reactions with selenite, reactions with iodine, and quali- 
tative reactions with the various chemical reagents the 

HISTOLOGIC PROPERTIES AND REACTIONS. 

starches of the parents and hybrid have properties in 
common in varying degrees of development together 
with certain individualities which collectively in each 
case is distinctive of the starch. The differences are, 
however, for the most part of a very minor character. 
In histologic properties the parental starches differ in 
that in Narcissus madame de graaff in comparison with 
the other parent the relative number of compound grains 
and number of grains having both primary and sec- 
ondary starch deposits are more numerous, there are 
more irregularities, and there is a larger number of forms. 
The hilum is not so often fissured or so deeply, and some- 
what less eccentric; the lamellae are somewhat less dis- 
tinct and not so coarse; and the grains are, on the whole, 
larger. In the polariscopic figure there is less distinct- 
ness and definition and other differences, and in the 
selenite reaction the quadrants are less clean-cut and 
more often irregular, and the colors somewhat more pure, 
and there are more grains with a greenish tinge. In the 
qualitative iodine reactions the capsules color a red or 
reddish violet instead of nearly a reddish violet as in 
N. weardale perfection. In the reactions with chloral 
hydrate, chromic acid, pyrogallic acid, nitric acid, and 
sulphuric acid there are many differences, chiefly of 
minor importance, but which collectively distinguish 
one starch from the other. The starch of the hybrid 
shows in form, character, and eccentricity of the hilum, 
and character of the lamelle a closer relationship to 
N. madame de graaff than to the other parent, but in 
size the opposite. In the polarization figure and appear- 
ances with selenite the relationship is closer to N. 
madame de graaff, but in the qualitative iodine reactions 
the relationship is reversed. In the reactions with the 
chemical reagents variable relationships, and hence the 
influences of one or the other or both parents, are re- 
corded, and in some instances parental characteristics are 
exaggerated in the hybrid; but in all of the five reac- 
tions the relationships are, on the whole, closer to WV. 
weardale perfection than to N. madame de graaff. 
Reaction-intensities Expressed by Light, Color, and Tempera- 

ture Reactions. 
Polarization: 

N. weardale perfect., low to high, value 37. 

N. madame de graaff, low to high, the same as in N. weardale 
perfection, value 37. 

N. pyramus, low to high, higher than in either parent, value 42. 
Iodine: 

N. weardale perfect., moderate, value 55. 
N. madame de graaff, moderate, less than in N. weardale perfec- 

tion, value 50. 
N. pyramus, moderate, the same as in N. weardale perfection, 

value 55. 
Gentian violet: 

N. weardale perfect., light to moderate, value 30. 
N. madame de graaff, light to moderate, much more than in N. 

weardale perfection, value 43. 

N. pyramus, light to moderate, little less than in N. weardale 
perfection, value 40. 

Safranin: 
N. weardale perfect., light to moderate, value 40. 
N. madame de graaff, moderate, much more than in N. weardale 

perfection, value 53. 
N. pyramus, moderate, little less than in N. weardale perfection, 

value 50. 
Temperature: 

N. weardale perfect., in majority at 68 to 69°, in all at 72 to 74°, 
mt mean 73°. 

‘N. madame de graaff, in majority at 70 to 72°, in all at 73.5 to 75°, 
| ‘mean 74.25°. . 

N. pyramus, in majority at 73 to 74°, in all at 76 to 77°, mean 76°. 



NARCISSUS. 

The reactivity of N. weardale perfection is the same 
or practically the same as that of the other parent in 
the polarization reaction; higher in the iodine and tem- 
perature reactions; and lower in the gentian-violet and 
safranin reactions. The reactivity of the hybrid is the 
same or practically the same as that of N. weardale per- 
fection in the iodine reaction; intermediate between 
those of the parents with gentian violet and safranin; 
lowest of the three in the temperature reaction; and the 
highest of the three in the polarization reaction. 

Table A 21 shows the reaction-intensities in percent- 
ages of total starch gelatinized at definite intervals 
(minutes) : 

Tasie A 21. 

. . . . g g isi g 

Aig|d/] a] s 
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Chloral hydrate: 
N. weardale perfect......... a 6| 9] 21] 28) 33 

N. madame de graaff.......| .. 4| 20] 35 | 43 | 48 
N. pyramus........ cece ps 2} 5/19] 21] 23 

Chromic acid: 
N. weardale perfect......... se fee ]e.].. | 5] 40] 91 | 99 | 99 
N. madame de graaff.......)..].. /..]..] 1/33] 77/)91/98 
Ne DYPaMius coe ae saan eagas wi 7 | 64} 95 | 99 | 99 

Pyrogallic acid: 
N. weardale perfect......... va 3/37 |79| 86/91 

N. madame de graaff.......].. 1 | 32 | 56 | 68 | 79 

N. pyramus...........0000] 05 10 | 50| 80; 88 | 91 

Nitric acid: 
N. weardale perfect......... «eo [ee fe. |]... | 11 | 48 | 57 | 66 | 69 
N. madame de graaff.......]..]..]..].. |10] 29] 49 | 58 | 65 

N. pyramus...........05005 we fee]. |e. | 18] 54 | 63 | 70] 75 
Sulphuric acid: 

N. weardale perfect......... Pees eh ees 

N. madame de graaff....... w+ | OB). 
N. pyramus............2005 .. | 99T.. 

VELOCITY-REACTION CURVES. 

This section treats of the velocity-reaction curves of 
the starches of Narcissus weardale perfection, N. ma- 
dame de graaff, and N. pyramus, showing the quantita- 
tive differences in the behavior toward different reagents 
at definite time-intervals. (Charts D323 to D 328.) 

The most conspicuous features of these charts are: 
(1) The close correspondence of the curves in each 

of the reactions during their progress (the curves of the 
sulphuric-acid reaction are identical, owing to the ex- 
tremely rapid reaction), and the tendency of the reac- 
tions to be moderate to low. 

(2) The varying relations of the parental curves to 
each other and the hybrid in the different reactions and 
(excepting with sulphuric acid) during the progress of 
the reactions. . 

(3) The curve of N. weardale perfection is lower 
than the curve of the other parent in the chloral-hydrate 
reaction; higher in those of chromic acid, pyrogallic 
acid, and nitric acid; and the same in that of sulphuric 
acid. In all except the latter they are sufficiently well 
separated for positive differentiation. 

(4) The curve of the hybrid is the lowest of the 
three in the reaction with chloral hydrate; and the 
highest with chromic acid, pyrogallic acid, and nitric 
acid. The relationship is closer to N. weardale perfec- 
tion in the chloral-hydrate reaction; and to this parent 
at first and to the other parent later in the reactions 
with chromic acid, pyrogallic acid, and nitric acid. On 
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the whole, however, the relationship is distinctly closer 
to N. weardale perfection. 

(5) A tendency to an early period of resistance fol- 
lowed by comparatively rapid reactivity is noted in the 
reactions with chromic acid and pyrogallic acid, with 
suggested resistance in the chloral hydrate reaction. 

(6) The earliest period at which the three curves are 
best separated for differential purposes is in the sul- 
phuric-acid reaction at the very beginning of the reac- 
tion ; in the reactions with chromic acid, pyrogallic acid, 
and nitric acid at 15 minutes ; and in the chloral-hydrate 
reaction at 60 minutes, or probably quite as good at 
15 minutes. 

REACTION-INTENSITIES OF THE HYBRID. 

This section treats of the reaction-intensities of the 
hybrid as regards sameness, intermediateness, excess, 
and deficit in relation to the parents. (Table A 21 and 
Charts D 323 to D 328.) 

The reactivities of the hybrid are the same as those 
of the seed parent in the iodine reaction; the same as 
those of the pollen parent in none; the same as those 
of both parents in the sulphuric-acid reaction, in which 
the reactions occur too rapidly for differentiation ; inter- 
mediate in the reactions with gentian violet and safranin, 
in both being closer to those of the pollen parent; high- 
est in the reactions with polarization, chromic acid, pyro- 
gallic acid, and nitric acid, in one being as close to one 
as to the other parent, and in three closer to the seed 
parent ; and lowest with temperature and chloral hydrate, 
in both being closer to the pollen parent. 

The following is a summary of the reaction-intensi- 
ties (10 reactions): Same as seed parent, 1; same as 
pollen parent, 0; same as both parents, 1; intermediate, 
2; highest, 4; lowest, 2. 

The seed parent exercises a distinctly more marked 
influence than the other parent in determining the char- 
acters of the starch of the hybrid. The almost entire 
absence of sameness to one or the other parent and the 
tendency, on the other hand, to highest and lowest reac- 
tivities are conspicuous features of the reactions of the 
hybrid. 

ComPosiITE CuRvVES OF REACTION-INTENSITIES. 

This section treats of the composite curves of the 
reaction-intensities, showing the differentiation of the 
starches of Narcissus weardale perfection, N. madame 
de graaff, and N. pyramus. (Chart E 21.) 

The most conspicuous features of this chart are: 
(1) The close correspondence of all three curves 

both as to course and nearness, the only well-marked 
tendency to departure being in the chromic-acid reaction 
in which all three curves tend to be well separated. 

(2) In N. weardale perfection in comparison with 
the other parent the higher reactions with iodine, tem- 
perature, chromic acid, pyrogallic acid, and nitric acid; 
the lower reactions with gentian violet, safranin, and 
chloral hydrate; and the same or practically the same 
reactions with polarization and sulphuric acid. 

(3) In N. weardale perfection the very high sul- 
phuric-acid reaction; the high chromic-acid reaction; 
the moderate reactions with iodine, safranin, and pyro- 
gallic acid; the low reactions with polarization, gentian 
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violet, temperature, and nitric acid; and the very low 
reaction with chloral hydrate. 

(4) In N. madame de graaff the very high reaction 
with sulphuric acid; the absence of a high reaction; the 
moderate reactions with iodine, gentian violet, safranin, 
and chromic acid; the low reactions with polarization, 
temperature, pyrogallic acid, and nitric acid; and the very 
low reaction with chloral hydrate. 

(5) In the hybrid the very high reaction with sul- 
phuric acid; the high reaction with chromic acid; the 
moderate reactions with polarization, iodine, gentian, 
violet, safranin, and pyrogallic acid; the low reactions 
with temperature and nitric acid; and the very low reac- 
tion with chloral hydrate. 

The following is a summary of the reaction-intensi- 
ties (10 reactions) : 

Very i Mod- Very 

high. High. erate. Low. low. 

N. weardale perfection........ 5d 1 3 4 1 
N. madame de graaff......... 1 0 4 4 x 
N. pyramus............-2005 1 1 5 2 1 

22, CoMPaRISoNS oF THE StaRcHEs or Nagcissus 
monarcH, N. MADAME DE GRAAFF, AND N. Lorp 
ROBERTS. 

In histologic characteristics, polariscopic figures, 
reactions with selenite, reaction with iodine, and reac- 
tions with the various chemical reagents the starches 
of the parents and hybrid have properties in common in 
varying degrees of development, the sum of which in 
case of each starch is distinctive of the starch. Such 
differences, as recorded, are of a minor character. The 
starch of NV. madame de graaff, in comparison with that 
of the other parent, shows more aggregates and fewer 
compound grains, and the latter grains contain a larger 
number of components; there are more simple grains 
having both primary and secondary starch formation ; 
and there is more irregularity and a greater variety of 
form. There is less fissuration of the hilum and more 
eccentricity. The lamellae are more often visible, some- 
what more distinct, and not so coarse. The grains are, 
on the whole, smaller. The polariscopic figure is more 
distinct and there are other minor differences; and with 
selenite the quadrants are more often clear-cut and less 
irregular in form. No qualitative differences were re- 
corded in the iodine reactions. In the qualitative reac- 
tions with chloral hydrate, chromic acid, pyrogallic acid, 
nitric acid, and sulphuric acid there are various minor 
differences which collectively serve to differentiate the 
‘starches. The starch of the hybrid has more aggregates 
and compound grains than either parent and the grains 
are in form closer related to those of N. monarch than 
to those of the other parent. In the character and eccen- 
tricity of the hilum the relationship is closer to N. 
monarch; but in the character of the lamelle and in the 
size of the grains to N. madame de graaff. In the polari- 
scopic figure and reactions with selenite the relationship 
is closer to N. madame de graaff. In the qualitative 
reactions with iodine no differences were recorded in the 
three starches. In the qualitative reactions with chloral 
hydrate, chromic acid, pyrogallic acid, nitric acid, and 

HISTOLOGIC PROPERTIES AND REACTIONS. 

sulphuric acid characteristics of both parents are mani- 
fest, certain reactions resembling in certain respects 
those of one parent and other reactions those of the 
other. The relationship is closer to N. monarch in 
the reactions with chloral hydrate and sulphuric acid; 
but closer to V. madame de graaff in those with chromic 
acid, pyrogallic acid, and nitric acid. The characters 
throughout indicate a close relationship of all three 
starches. 

Reaction-imtensities Expressed by Light, Color, and Tempera- 
ture Reactions. 

Polarization: 
N. monarch, low to high, value 40. 
N. madame de graaff, low to high, somewhat lower than in N. 

monarch, value 37. 

N. lord roberts, low to high, the same as in N. madame de graaff, 
value 37. 

Iodine: 
N. monarch, moderate, value 50. 
N. madame de graaff, moderate, the same as in N. monarch, 

value 50. 
N. lord roberts, moderate, the same as in the parent, value 50. 

Gentian violet: 
N. monarch, moderate, value 45. 
N. madame de graaff, moderate, slightly less than in N. monarch, 

value 43. 
N. lord roberts, moderate, the same as in N. monarch, value 45. 

Safranin: 
N. monarch, moderate, value 50. 
N. madame de graaff, moderate, slightly more than in N. monarch, 

value 53. 
N. lord roberts, moderate, the same as in N. monarch, value 50. 

Temperature: 

N. monarch, in majority at 67 to 68.5°, in all at 72 to 73°, mean 
72.5". 

N. madame de graaff, in majority at 70 to 72°, in all at 73.5 to 75°, 
mean 74.25°. 

N. lord roberts, in majority at 68 to 69.4°, in all at 73 to 74.5°, 
mean 73.75°. 

The reactivity of N. monarch is higher than that of 
the other parent in the reactions with polarization, gen- 
tian violet, and temperature; the same or practically 
the same with iodine; and lower with safranin. The 
reactivity of the hybrid is the same or practically the 
same as those of the parents in the reaction with iodine; 
the same or practically the same as that of N. monarch 
with gentian violet and safranin ; the same or practically 
the same as that of the other parent with polarization; 

Taste A 22. 

. . . . . & i] a f=] 

i -e| 

Chloral hydrate: 
N. monarch................]..]..]..].. {| 2/10] 18 | 20] 23 
N. madame de graaff....... we dee dee }.. | 4] 20] 35 | 43 | 48 
N. lord roberts............. Gamefise: 4] 11] 20 | 27 | 29 

Chromic acid: 
N.monarch............... ie . | 83] 71 | 95 | 99 | 99 
N. madame de graaff.......].. .| 1/83] 77| 91) 98 
N. lord roberts............. en . | 1] 15) 50) 72] 88 

Pyrogallic acid: 
N. monarch...............]..]..]../.. | 7 | 56] 72 | 82 | 86 
N. madame de graaff.......)..]..)..].. | 1/821 56] 68] 79 
N. lord roberts............. se deefe. |e. | 2] 36] 63 | 73 | 83 

Nitric acid: 
N. monarch................}..]..]..].. | 20] 64] 72 | 78 | 84 
N. madame de graaff....... ve ]..f.. |... | 10] 29 | 49 | 58 | 65 
N. lord roberts............. --|..]..].. | 10{ 62] 70 | 73 | 76 

Sulphuric acid: 
N. monarch...............].. |96].. 
N. madame de gra ff....... .. | 98]... 
N. lord roberts............./.. ]95 
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and intermediate with temperature, but closer to N. 
madame de graaff. 

Table A 22 shows the reaction-intensities of the 
starches expressed by the percentage of total starch 
gelatinized at definite time-intervals. 

VELOCITY-REACTION CURVES. 

This section treats of the velocity-reaction curves 
of the starches of Narcissus monarch, N. madame de 
graaff, and N. lord roberts, showing the quantitative 
differences in the behavior toward different reagents at 
definite time-intervals. (Charts D 329 to D 334.) 

The most conspicuous features of these charts are: 
(1) The correspondence in the courses of the three 

curves in all of the reactions (excepting the sulphuric- 
acid reaction in which gelatinization is too rapid for 
differentiation), and the tendency to moderate to low 
reactivity. Inclination to separation of the curves is 
comparatively well marked in the pyrogallic acid. 

(2) The varying relations of the parental curves to 
each other and to the curve of the hybrid in all of the 
reactions (excepting in that with sulphuric acid) during 
their progress. 

(3) The curve of NV. monarch is distinctly lower than 
that of the other parent in the reactions with chloral 
hydrate and pyrogallic acid; distinctly higher with 
chromic acid and nitric acid; and the same with iodine 
and sulphuric acid. 

(4) The curve of the hybrid is intermediate in the 
reactions with chloral hydrate, pyrogallic acid, and nitric 
acid, but close to N. monarch with chloral hydrate and 
nitric acid, and to the other parent with pyrogallic acid ; 
and the lowest of the three and well separated from the 
parental curves in the chromic-acid reaction. 

(5) A tendency to an early period of resistance 
followed by comparatively high reactivity is evident, 
especially in the three starches in the pyrogallic-acid 
reaction and in two starches in the chromic-acid reac- 
tion, with a suggestion of resistance in the reactions with 
chloral hydrate and nitric acid. 

(6) The earliest period at which the three curves are 
best separated for differential purposes is in the reaction 
with sulphuric acid at the very beginning; in those with 
chromic acid, pyrogallic acid, and nitric acid probably at 
15 minutes ; and with chloral hydrate at 60 minutes. 

REACTION-INTENSITIES OF THE HYBRID. 

This section treats of the reaction-intensities of the 
hybrid as regards sameness, intermediateness, excess, and 
deficit in relation to the parents. (Table A 22 and 
Charts D 329 to D 334.) 

The reactivities of the hybrid are the same as those 
of the seed parent in the reactions with gentian violet, 
safranin, and sulphuric acid; the same as those of the 
pollen parent in the polarization reaction; the same as 
those of both parents in the iodine reaction ; intermediate 
in the reactions with temperature, chloral hydrate, pyro- 
gallic acid, and nitric acid, being closer to the seed parent 
in two and to the pollen parent in two; highest in none; 
and lowest in the chromic-acid reaction. 

The following is a summary of the reaction-intensi- 
ties (10 reactions): Same as seed parent, 3; same as 
pollen parent, 1; same as both parents, 1; intermediate, 
4; highest, 0; lowest, 1. 
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The parents appear to share about equally the deter- 
mination of the properties of the starch of the hybrid. 
There is obviously a tendency to intermediateness, this 
being recorded in nearly half of the reactions. 

CoMpPosiTE CuRVES OF REACTION-INTENSITES. 

This section treats of the composite curves of the 
reaction-intensities, showing the differentiation of the 
starches of Narcissus monarch, N. madame de graaff, 
and N. lord roberts. (Chart E 22.) 

The most conspicuous features of this chart are: 
(1) The very close correspondence in all three curves 

in nearness and during their course, excepting in the 
chromic-acid reaction, in which the curve of N. monarch 
is well separated from the curves of the other parent and 
the hybrid. 

(2) In N. monarch in comparison with the other 
parent the higher reaction with polarization, gentian vio- 
let, temperature, chromic acid, pyrogallic acid, and nitric 
acid ; the lower with chloral hydrate; and the same with 
iodine and sulphuric acid. 

(3) In N. monarch the very high sulphuric-acid 
reaction; the high chromic-acid reaction; the moderate 
reactions with polarization, iodine, gentian violet, 
safranin, and temperature; the low reactions with pyro- 
gallic and nitric acids; and the very low reaction with 
chloral hydrate. 

(4) In NV. madame de graaff the very high sulphuric- 
acid reaction; the absence of a high reaction; the mod- 
erate reactions with iodine, gentian violet, safranin, and 
chromic acid; the low reactions with polarization, tem- 
perature, pyrogallic acid, and nitric acid; and the very 
low reaction with chloral hydrate. 

The following is a summary of the reaction-intensi- 
ties (10 reactions) : 

Very i Mod- Very 

high. High erate a low. 

NM, MOgatlis cccsexas va cde sven 1 1 5 2 1 
N. madame de graaff......... 1 0 4 4 1 

N. lord roberts............... 1 0 4 4 1 

23. CoMPARISONS OF THE STarcHES oF Narcissus 
LEEDSII MINNIE HUME, N, TRIANDRUS ALBUS, AND 
N, aGNES HARVEY. 

In histologic characteristics, polariscopic figures, 
reactions with selenite, reactions with iodine, and quali- 
tative reaction with the various chemical reagents the 
starches of the parents and hybrid exhibit properties in 
common in varying degrees of development, which col- 
lectively are in each case distinctive. The differences 
are, on the whole, of a minor character, indicating close 
relationships of the three starches. In histologic prop- 
erties in Narcissus triandrus albus in comparison with 
the other parent there are found a larger proportion of 
compound grains but fewer aggregates, somewhat fewer 
grains with primary and secondary deposits, and the 
grains are less irregular; the hilum is more often more 
deeply and more extensively fissured; the lamelle are 
less often distinct and not so fine; and the grains are, 
as a whole, smaller than in N. leedsii minnie hume. 
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The polariscopic figure is better defined and there are 
some differences in the lines. With selenite the quad- 
rants are more often clean-cut and more regular in shape, 
the colors more often pure, and there are more grains 
having a greenish tinge. In the qualitative iodine reac- 
tions the capsules are more reddish than those of N. 
leedsiit minme hume. In the reactions with the chemical 
reagents there are various differences of a minor charac- 
ter which collectively differentiate each starch. The 
starch of the hybrid contains fewer compound grains and 
aggregates than either parent, and the relationship is, 
on the whole, closer to NV. leedsit minnie hume than to 
the other parent. In the character of the hilum and 
character of the lamelle the relationship is closer to 
N. leedsit minnie hume, while in size to N. triandrus 
albus. In the polariscopic figure and appearances with 
selenite the resemblances are closer to NV. leedsit minnie 
hume, and the same is true of the qualitative iodine 
reactions. In the qualitative reactions with the chemical 
reagents the influences of both parents are manifest, 
and there are also individualities of a minor character 
of the hybrid. In all of these reactions the characters 
are, as a whole, more closely associated with those of 
N. leeds minnie hume. 

Reaction-intensities Expressed by Light, Color, and Tempera- 
ture Reactions. 

Polarization: 
N. leedsii min. hume, low to very high, value 45. 
N. triandrus albus, low to high, higher than in N. leedsii minnie 

hume, value 50. 
N. agnes harvey, low to high, the same as in N. leedsii minnie 

hume, value 45. 
Iodine: 

N. leedsii min. hume, moderate deep, value 60. 
N. triandrus albus, deep, deeper than in N. leedsii minnie hume, 

value 65. 
N. agnes harvey, deep, the same as in N. leedsii minnie hume, 

value 60. 
Gentian violet: 

N. leedsii min. hume, light to moderate, value 38. 

N. triandrus albus, light to moderate, lighter than in N. leedsii 

minnie hume, value 35. 
N. agnes harvey, light to moderate, the same as in N. leedsii 

minnie hume, value 38. 
Safranin: 

N. leedsii min. hume, light to moderate, value 40. 
N. triandrus albus, light to moderate, the same as in N. leedsii 

minnie hume; value 40. 
N. agnes harvey, light to moderate, the same as in the parents, 

value 40. 
Temperature: 

N. leedsii min. hume, in majority at 70 to 71.2°, in all at 74.5 to 76°, 
mean 75.25°. 

N. triandrus albus, in majority at 70 to 71°, in all at 73 to 75°, 
mean 74°. 

N. agnes harvey, in majority at 70 to 71.8°, in all at 73.8 to 75°, 
mean 74.4°. 

The reactivity of NV. leedsit minnie hume is lower 
than that of the other parent in the polarization, iodine, 
and temperature reactions; the same or practically the 
same in the safranin reaction ; and higher in the gentian- 
violet reaction. The reactivity of the hybrid is the same 
or practically the same as that of N. leedsti minme hume 
in the polarization, iodine, and gentian-violet reactions ; 
the same or practically the same as those of both parents 
in the safranin reaction; and intermediate in the tem- 
perature reaction, but closer to N. triandrus albus. All 
three starches are in these reactions either the same or 
practically the same or very nearly alike. 
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Table A 23 shows the reaction-intensities in percent- 
ages of total starch gelatinized at definite intervals 
(minutes) : 

TaBLe A 23. 

. . . : g 

See a Ale lelalale 
Lal a isc) ~~ wn a toad oD ~ © 

Chloral hydrate: 
N. leedsii min. hume....|..|../..]..] 2}..{ 7|11)18] 20 
N. triandrus albus......]..]..]..]../05]..) 2] 7/21] 11 
N. agnes harvey........ adh 4 7| 8)12/14 

Chromic acid: 
N. leedsii min. hume....|.. 1 15 | 65! 80 | 85 
N. triandrus albus......|.. 5 20 | 70 | 90 | 94 
N. agnes harvey........|.. 4 27 | 52 | 72 | 82 

Pyrogallic acid: 
N. leedsii min. hume....]..}../..|)..] 1]..|11) 45) 66) 77 
N. triandrus albus...... sa laedes lee | S])ae | 20178186) 91 
N. agnes harvey........].. 3 20 ! 63 | 75 | 81 

Nitric acid: 
N. leedsii min. hume....|..]|..]..{|..|10].. | 29] 39] 49 | 56 
N. triandrus albus......]..]..]..]..|10].. | 32) 46] 59 | 62 
N. agnes harvey........)..]..]..]..{|10].. | 55] 65 | 70] 73 

Sulphuric acid: 
N. leedsii min. hume....|.. |93]..]../99]..].. 
N. triandrus albus......|.. | 83]..|..|97|99 
N. agnes harvey......../../95]..]../99].. 

VELOCITY-REACTION CURVES. 

This section deals with the velocity-reaction curves 
of the starches of Narcissus leedsit minnie hume, N. 
triandrus albus, and N. agnes harvey, showing the quan- 
titative differences in the behavior toward different reag- 
ents at definite time-intervals. (Charts D 335 to D 340.) 

The most conspicuous features of these charts are: 
(1) The close correspondence of all three starches 

in all of the reactions (with the exception of the sul- 
phuric-acid reaction, which is too rapid for differentia- 
tion), and the tendency (with this exception) to a 
moderate, low, or very low reactivity. 

(2) The varying relations of the parental curves to 
each other and to the curve of the hybrid in the different 
reactions (excepting the very rapid sulphuric-acid reac- 
tion) and during their progress. 

(3) The curve of NV. leedsii minnie ‘hume is lower 
than that of the other parent in the reactions with 
chromic acid, pyrogallic acid, and nitric acid ; and higher 
with chloral hydrate. 

(4) The hybrid curve is the lowest of the three in 
the chromic-acid reaction ; intermediate in the reactions 
with chloral hydrate and pyrogallic acid, but in the 
latter practically identical with that of N. triandrus 
albus ; and highest with nitric acid. 

(5) A tendency to a period of early resistance fol- 
lowed by a comparatively rapid reactivity is seen in 
all three starches in the chromic-acid and pyrogallic- 
acid reactions. 

(6) The earliest period at which the three curves 
are best separated for differential purposes is in the sul- 
phuric-acid reaction at the very beginning of the reac- 
tion ; in the reactions with chromic acid, pyrogallic acid, 
and nitric acid at 30 to 45 minutes, and with chromic 
acid at 60 minutes. 

REACTION-INTENSITIES OF THE HYBRID. 

. This section treats of the reaction-intensities of the 
hybrid as regards sameness, intermediateness, excess, and 
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deficit in relation to the parents. 
Charts D 335 to D 340.) 

The reactivities of the hybrid are the same as those 
of the seed parent in the reactions with polarization, io- 
dine, gentian violet, and sulphuric acid; the same as 
those of the pollen parent in none; the same as those 
of both parents in the safranin reaction; intermediate 
in those with temperature, chloral hydrate, and pyro- 
gallic acid, in two being closer to those of the pollen 
parent and in one as close to one as ‘the other parent: 
highest in the nitric-acid reaction, and closer to the 
pollen parent; and lowest in the chromic-acid reaction, 
being closer to the seed parent. 

The following is a summary of the reaction-intensi- 
ties (10 reactions) : Same as seed parent, 4; same as pol- 
len parent, 0; same as both parents, 1; intermediate, 3; 
highest, 1; lowest, 1. 

From the foregoing data it seems that the seed 
parent exercises a distinctly greater influence than the 
pollen parent on the characters of the starch of the 
hybrid. The most marked tendencies in the reactions 
are to sameness as the seed parent and to interme- 
diateness. 

(Tables A 23 and 

CoMPOSITE CURVES OF REACTION-INTENSITIES. 

This section treats of the composite curves of the 
reaction-intensities, showing the differentiation of the 
starches of Narcissus leeds minnie hume, N. trian- 
drus albus, and N. agnes harvey. (Chart E 23.) 

The most conspicuous features of this chart are: 
(1) The very close correspondence of all three curves 

in course and closeness throughout the chart. 
(2) In NW. leedsii minnie hume in comparison with 

the other parent the higher gentian-violet and chloral- 
hydrate reactions ; the lower reactions with polarization, 
iodine, temperature, chromic acid, pyrogallic, and nitric 
acid; and the same or practically the same in the reac- 
tions with safranin and sulphuric acid. 

(3) In N. leedsti minnie hume the very high sul- 
phuric-acid reaction ; the high iodine reaction ; the mod- 
erate polarization and safranin reactions; the low reac- 
tions with gentian violet, temperature, chromic acid, 
pyrogallic acid, and nitric acid; the very low reaction 
with chloral hydrate. 

(4) In N. triandrus albus the very high sulphuric- 
acid reaction; the high iodine reaction; the moderate 
reactions with polarization, safranin, chromic acid, and 
pyrogallic acid; the low reactions with gentian violet, 
temperature, and nitric acid; and the very low reaction 
with chloral hydrate. 

(5) In the hybrid the very high sulphuric-acid reac- 
tion; the high iodine reaction; the moderate polariza- 
tion and safranin reactions; the low gentian-violet, tem- 
perature, chromic-acid, pyrogallic-acid, and nitric-acid 
reactions; and the very low chloral hydrate reaction. 

The following is a summary of the reaction-intensi- 
ties (10 reactions) : 

Very F Mod- Very 
high. High. erate. Low. low. 

N. leedsii minnie hume........ 1 1 2 5 1 
N. triandrus albus............ 1 1 4 2 I 
N. agnes harvey.............. 1 1 2 5 1 
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24, CoMPaRISONS OF THE STaRcHES oF Nagcissus 
EMPEROR, N. TRIANDRUS ALBUS, AND N, J. T. 

BENNETT POE. 

In histologic characteristics, polariscopic figures, 
reactions with selenite, reactions with iodine and quali- 
tative reactions with the various chemical reagents, the 
starches of the parents and hybrid exhibit properties in 
common in varying degrees of development which col- 
lectively in case of each starch are distinctive. The 
differences are of a minor character. In histologic prop- 
erties in Narcissus triandrus albus in comparison with 
the other parent there are more compound grains and 
aggregates, together with various other peculiarities, 
and there are various other differences in hilum, lamelle, 
and size. The polariscopic figure is not so distinct 
but more often well defined, and there are other minor 
differences. With selenite the quadrants are more often 
clean-cut, the colors less often pure, and fewer grains 
with a greenish tinge. In the qualitative reactions with 
iodine no distinctive differences were recorded. In the 
qualitative reactions with chloral hydrate, chromic acid, 
pyrogallic acid, nitric acid, and sulphuric acid both 
methods of gelatinization common to both starches occur, 
and also methods observed in N. triandrus albus that 
are not seen or seen only in modified form in NV. emperor. 
The starch of the hybrid contains fewer compound 
grains and aggregates than either parent, and shows, 
on the whole, a closer relationship to N. emperor than 
to the other parent. In character and eccentricity of 
the hilum and in size the relationship is closer to NV. 
emperor; but in the character of the lamelle closer to 
N. triandrus albus. In the character of the polariza- 
tion figure and in the reactions with selenite the relation- 
ship is closer to N. triandrus albus. In the qualitative 
reactions with iodine the raw grains are more closely 
related to those of V. emperor, but the gelatinized grains 
show no differences from those of both parents. In the 
qualitative reactions with the chemical reagents the in- 
fluences of both parents are manifest; in the chloral 
hydrate and sulphuric acid the resemblances are closer 
to N. emperor, while in the chromic acid, pyrogallic acid, 
and nitric acid the hybrid is closer to NV. triandrus albus. 

Reaction-intensities Eapressed by Light, Color, and Tempera- 
ture Reactions. 

Polarization: 
N. emperor, low to high, value 60. 

N. triandrus albus, low to high, lower than in N. emperor, value 50. 

N. j. t. bennett poe, low to high, the same as in N. triandrus albus, 
value 60. 

Iodine: 
N. emperor, moderate to deep, value 60. 

N. triandrus albus, moderately deep, deeper than in N. emperor, 
value 65. 

N. j. t. bennett poe, moderate to deep, the same as in N. emperor, 

value 60. 
Gentian violet: 

N. emperor, moderate, value 45. 

N. triandrus albus, light to moderate, lighter than in N. emperor, 
value 35. 

N. j. t. bennett poe, moderate, deeper than in either parent, value 50, 
Safranin: 

N. emperor, moderate, value 50. 
N. triandrus albus, light to moderate, lighter than in N. emperor, 

value 40. 
N. j. t. bennett poe, moderate, deeper than in either parent, value 55. 
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Temperature: 
N. emperor, in majority at 69 to71°, inallat 74 to 75.5°, mean 74.53°. 

N. triandrus albus, in majority at 70 to 71°, in all at 73 to 75°, 
mean 74°, 

N. j. t. bennett poe, in majority at 64 to 64.8°, in all at 69 to 71°, 
mean 70°. 

The reactivity of N. emperor is higher than that of 
the other parent in the polarization, gentian violet, and 
safranin reaction; and lower in the iodine and tempera- 
ture reactions. The reactivity of the hybrid is the same 
or practically the same as that of N. emperor in the 
polarization and iodine reactions; and the highest of the 
three in the gentian violet, safranin, and temperature 
reactions. There is no instance of intermediateness, and 
in certain respects the starch of the hybrid is nearer to one 
parent and in others to the other parent. 

Table A 24 shows the reaction-intensities in percent- 
ages of total starch gelatinized at definite intervals 
(minutes) : 

TaBLe A 24, 

d|/dajajala 
w min | oo] ae 10m 15 m 30 m. 45 m 60 m 

Chloral hydrate: 
N. emperor. . vveles | oe las bes 

N. triandrus albus... io Now deetex Ie 
N. j.t. bennettspoe., er oe 

Chromic acid: 

2 18 | 23 | 28 
5 
4 

N. emperor............ -e Je. fee ]-. | 3].. | 39 | 75 | 94 | 97 

5 
3 

5 

11/11 
20 | 24 | 28 Onn 

x 

N. triandrus albus......}..].. .. | 20 | 701 90 | 94 
N. j. t. bennett poe.....).. . | 51 | 87 | 951 99 

Pyrogallic acid: 
N. emperor. . nea a] dest] eee | oe [ew .- | 20 | 74 | 82 | 93 

N. triandrus albus...... we fee fe. fo. ] 4]... | 21] 78] 85 | 91 
N. j. t. bennett poe.....}..)..]..])..]20}.. | 60] 85} 95] 98 

Nitric acid: 
N. emperor............]..]..]..J)..110].. | 51 | 62 | 65 | 67 
N. triandrus albus......|..}..]..]..]10/.. | 32] 46] 59] 62 
N. j. t. bennett poe.....}..]..]..]../)15].. | 57 | 63 | 69 | 72 

Sulphuric acid: 
N. emperor. ween won co | OA oo baw ORE oe ave 
N. triandrus albus .. -|.. | 838]..1../97/99].. 
N. j. t. bennett poe. .. 1/99]... et ee 

VELOCITY-REACTION CURVES. 

This section treats of the velocity-reaction curves of 
the starches of Narcissus emperor, N. triandrus albus, 
and NV. j. t. bennett poe, showing the quantitative differ- 
ences in the behavior toward different reagents at definite 
time-intervals. (Charts D 341 to D 346.) 

The most conspicuous features of these charts are: 
(1) The correspondence in the three curves in all 

of the reactions, and the general tendency to a high to 
moderate reactivity. 

(2) The varying relationships of the parental curves 
to each other and to the curve of the hybrid in the dif- 
ferent reactions. 

(3) The curve of NV. emperor is practically the same 
as that of the other parent in the pyrogallic-acid reac- 
tion and higher in the reactions with chloral hydrate, 
chromic acid, pyrogallic acid, and sulphuric acid, the 
most marked difference being noted in the pyrogallic- 
acid reaction and the least in the quick sulphuric-acid 
reaction. 

(4) The curve of the hybrid is the same as that of 
N. emperor in the very rapid sulphuric-acid reaction ; 
practically the same in that with chloral hydrate; nearly 
the same in that with pyrogallic acid; intermediate in 

HISTOLOGIC PROPERTIES AND REACTIONS. 

none ; and the highest of the three in those with chromic 
acid and pyrogallic acid. In all of the reactions the 
hybrid shows a higher reactivity than either parent. 

(5) A tendency to an early period of resistance fol- 
lowed by a comparatively rapid reactivity is seen in all 
three starches in the reaction with chromic acid, and in 
the two parental starches in that with pyrogallic acid. 
The earliest period at which the three curves are best 
separated for differential purpose is in the sulphuric-acid 
reaction at the beginning; in those with chloral hydrate, 
chromic acid, pyrogallic acid, and nitric acid at 15 
minutes. 

REACTION-INTENSITIES OF THE HYBRID. 

This section treats of the reaction-intensities of the 
hybrid as regards sameness, intermediateness, excess, and 
deficit in relation to the parents. (Table A24 and 
Charts D 341 to D 346.) 

The reactivities of the hybrid are the same as those 
of the seed parent in the polarization and iodine reac- 
tions; the same as those of the pollen parent in none; 
the same as those of both parents in none; intermediate 
in none; highest in those with gentian violet, safranin, 
temperature, chloral hydrate, chromic acid, pyrogallic 
acid, nitric acid, and sulphuric acid (in six being closer 
to those of the seed parent, and in two closer to those of 
the pollen parent). 

The following is a summary of the reaction-intensi- 
ties (10 reactions): Same as seed parent, 2; same as 
pollen parent, 0; same as both parents, 0; intermediate, 
0; highest, 8; lowest, 0. 

The seed parent seems to have almost entirely con- 
trolled the development of the properties of the hybrid, 
inasmuch as in 10 out of the 12 reactions there is same- 
ness or nearness in relation to this parent. Another 
equally striking feature is the almost universal tendency 
for the reactivity of the hybrid to exceed parental 
extremes. 

CompPosITE CuRVES OF REACTION-INTENSITIES. 

This section treats of the composite curves of the reac- 
tion-intensities, showing the differentiation of the 
starches of Narcissus emperor, N. triandrus albus, and 
N. j. t. bennett poe. (Chart E 24.) 

The most conspicuous features of this chart are: 
(1) The close correspondence in the courses and 

closeness of the curves throughout the chart. 
(2) In N. emperor in comparison with N. triandrus 

albus the higher reactions with polarization, gentian vio- 
let, safranin, chloral hydrate, and chromic acid; the 
lower reactions with iodine and nitric acid; and the same 
or practically the same reactions with temperature, pyro- 
gallic acid, and sulphuric acid. 

(3) In N. emperor the very high reaction with sul- 
phuric acid; the high reactions with polarization and 
iodine ; the moderate reactions with gentian violet, safra- 
nin, chromic acid, and pyrogallic acid ; the low reactions 
with temperature and nitric acid; and the very low reac- 
tion with chloral hydrate. 

(4) In N. triandrus albus the very high reaction 
with sulphuric acid; the high reaction with iodine; the 
moderate reactions with polarization, safranin, chromic 
acid, and pyrogallic acid; the low reactions with gentian 
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violet, temperature, and nitric acid; and the very low 
reaction with chloral hydrate. 

(5) In the hybrid the very high sulphuric-acid 
reaction; the high reactions with polarization, iodine, 
chromic acid, and pyrogallic acid; the moderate reac- 
tions with gentian violet, safranin, and temperature; 
the low reaction with nitric acid; and the very low reac- 
tion with chloral hydrate. 

The following is a summary of the reaction-intensi- 
ties (10 reactions) : 

Very A Mod- Very 

high. High. erate. Low. low. 

N. emperor. ............-005. 1 2 4 2 1 
N. triandrus albus............] 1 1 4 3 1 
N. j. t. bennett poe........... 1 4 3 1 1 

Nores oF THE NarcissiI. 

The starches of the narcissi belong according to the 
foregoing data to the moderate to very low reaction 
group—average value low. The reaction-intensities, in- 
cluding the ten reactions (polarization, iodine, gentian 
violet, safranin, temperature, chloral hydrate, chromic 
acid, pyrogallic acid, nitric acid, and sulphuric acid), 
which were studied in all the sets, show that nearly 
70 per cent are moderate or low (nearly equally divided), 
and about 10 per cent very low. From the records of 
Set 2 and Chart E 14, where 26 reactions are recorded, 
there are about 50 per cent of the reactions that are 
moderate or low and about 30 per cent very low. The 
comparatively lower reactivities shown by the latter are 
owing to the fact that the additional reagents represented 
include a relatively large number that are among the 
least reactive with starches in general. 

The curves of the composite charts (Charts E13 to 
E 24 inclusive) show a close general correspondence in 
the courses, indicating clearly in comparison with charts 
of other genera a definite type of Narcissus curve. The 
closeness of the parental and hybrid curves varies in the 
different charts. The sulphuric-acid reactions reach 
completion so rapidly that differentiation of the starches 
can be made only, if at all, at the very onset of the 
reaction, With the other agents there is closeness, or 
even marked closeness, inclination to separation of the 
curves being most marked in the reactions with chromic 
acid and pyrogallic acid, especially in the former. The 
two parental curves bear varying relations to each other, 
not only in the different sets but also in each set, some- 
times the seed parent and sometimes the pollen parent 
showing the higher reactivity, and sometimes both are 
the same or practically the same. 

The hybrids bear varying relationships to the parents, 
not only in the different sets but also in each set, each 
being in one reaction the same or practically the same 
as one parent or the other or both, and in another inter- 
mediate or developed in excess or deficit. Even the off- 
spring of the same cross may show differences in the 
same reaction, as, for instance, the hybrids N. poeticus 
herrick and N. poeticus dante. The varying relation- 
ships of the hybrids are indicated grossly in the follow- 
ing recapitulation : 

Summaries of Reaction-intensities of the Various Hybrids (10 
Reactions Each, Except in One; 146 in All): 

4 M4 o 

7./3218.6| 2 
o;| Fe |) og ao) F 
ee(22/23/ 2] ¢/ 4 oe | omg | ok B a 3 
gq 2. q2 A a, + 0 E 
n mn nm I isn] A 

N. poeticus herrick..... 0 3 0 3 2 2 
N. poeticus dante...... 1 4 0 4 1 0 
N. poetaz triumph..... 2 2 1 0 20 1 

N. fiery cross..... i 2 0) 2 2 3 
N. doubloon..... 2 1 1 4 0 2 
N. cresset............- 2 3 0 0 3 2 
N. will searlet......... 2 | 1 2 4 0 
B. bicolor apricot, ..... 3 1 1 2 0 3 
N. madame de graaff... 4 2; 0 1 1 2 

Ns PYPAMNUS es ia i aa was 1 0 1 2 4 2 

N. lord roberts........ 3 1 1 4 0 1 
N. agnes harvey....... 4 0 1 3 1 1 

N. j. t. bennett poe.... 2 0 0 0 8 0 

27 20 7 27 46 19 

A corresponding shifting of relationship of the 
parents to each other and of the hybrid to the parents 
was recorded in the histologic characteristics, polariscopic 
figures, reactions with selenite, qualitative reactions with 
iodine, and qualitative reactions with the various chemi- 
cal reagents. Among these will be found not only prop- 
erties which are nearer to or identical with one or the 
other parent or the same as in both parents, or developed 
in excess or deficit, but also properties that are peculiar 
to the hybrid. 

25. CoMPaRISONS OF THE STARCHES OF LiLIuM 
MARTAGON aLBuM, L. MacuLatTumM, anp L, 
MARHAN. 

In histologic characteristics, polariscopic figures, 
reactions with selenite, qualitative reactions with iodine, 
and qualitative reactions with the various chemical 
reagents all three starches exhibit properties in common 
in various degrees of development, the sum of which in 
each case is distinctive. The starch of Lilium macu- 
latum in comparison with that of L. martagon album 
contains a less number of aggregates and compound 
grains, the grains are somewhat more irregular, and 
there is a form of irregularity that is peculiar. The 
hilum is more distinct, much more often fissured, and 
somewhat more eccentric. The lamelle are less fine, 
more distinct, and less numerous. In size the grains 
are on the whole broader, absolutely and proportionately, 
in breadth to length. In the polariscopic, selenite, and 
qualitative iodine reactions there are various differences. 
In the qualitative reactions with chloral hydrate, chromic 
acid, potassium hydroxide, cobalt nitrate, and cupric 
chloride there are numerous differences, some of which 
are quite striking. The starch of the hybrid shows in 
form a closer relationship to that of L. maculatum. 
The hilum is more often fissured and occupied by a 
cavity than in either parent, and in character and eccen- 
tricity is in closer relationship to LZ. martagon album. 
The lamelle are as distinct and fine as in L. martagon 
album, but in general characteristics and arrangement 
are the same as in both parents. In size the relationship 
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is closer to L. martagon album. In the polariscopic, 
selenite, and qualitative iodine reactions the relationships 
are closer to L. maculatum. Here and there are data of 
development of the hybrid beyond parental extremes, as 
in the degree of irregularity of the grains, the appear- 
ance of secondary lamelle, fissuration of and the cavi- 
ties in the hilum, and in the bending and bisection of the 
lines of the polariscopic figure. In the qualitative reac- 
tions with the chemical reagents the resemblances are in 
the chloral-hydrate reactions closer to L. martagon 
album; but in those with chromic acid, potassium hy- 
droxide, cobalt nitrate, and cupric chloride they are 
closer,.on the whole, to those of DL. maculatum. In 
some of these reactions the greater influence of one or 
the other parent is quite conspicuous. 

Reaction-intensities Hapressed by Light, Color, and Tempera- 
ture Reactions. 

Polarization: 
L. martagon album, low to high, value 65. 
L. maculatum, low to high, much lower than in L. martagon album, 

value 50. 
L. marhan, low to high, the same as in L. maculatum, value 50. 

Iodine: 
L. martagon album, moderate, value 65. 
L. maculatum, moderate, less than in L. martagon album, value 55. 

L. marhan, moderate, intermediate between the parents, value 58. 

Gentian violet: 
L. martagon album, moderate, value 55. 
L. maculatum, moderate, less than in L. martagon album, value 45. 
L. marhan, moderate, less than in either parent, value 43. 

Safranin: 
L. martagon album, moderate, value 50. 
L. maculatum, moderate, less than in L. martagon album, value 45. 

L. marhan, moderate, less than in either parent, value 43. 

Temperature: 

L. martagon album, in majority at 59 to 61°, in all at 62 to 64°, 

mean 63°. 

L. maculatum, in majority at 57 to 58°, in all at 60 to 62°, mean 61°- 

L. marhan, in majority at 56 to 58°, in all at 59 to 60°, mean 59.5°. 

The reactivity of L. martagon album is higher than 
that of the other parent in the reactions with polariza- 
tion, iodine, gentian violet, and safranin; and lower 
in that with temperature. ‘The reactivity of the hybrid 
is the same or practically the same as that of L. macu- 
latum in the polarization reaction ; intermediate between 
those of the parents in the iodine reaction; lowest of 
the three in those with gentian violet and safranin ; and 
the highest of the three in that with temperature. The 
reactions of the hybrid are closer throughout all five 
reactions to those of L. maculatum than to those of the 
other parent. 

Table A 25 shows the reaction-intensities in percent- 
-ages of total starch gelatinized at definite intervals 
(seconds and minutes). 

VELOCITY-REACTION CURVES. 

This section treats of the velocity-reaction curves of 
the starches of Lilium martagon album, L. maculatum, 
and L. marhan, showing the quantitative differences in 
the behavior toward different reagents at definite time- 
intervals. (Charts D 347 to D 353.) 

These starches are generally so sensitive to the reag- 
ents used that only five of the reactions give satisfactory 
data for the construction of charts. In many -of the 
reactions, notwithstanding the speed of gelatinization, 
more or less marked differences are recorded, yet little 
reliance should be placed on the figures unless they are 
confirmed by repeated experiment. In some instances 
the reactions of all three starches during the first min- 
ute are practically or absolutely alike, as in those with 
nitric acid, sulphuric acid, hydrochloric acid, potas- 
sium iodide, potassium sulphocyanate, potassium sul- 
phide, sodium hydroxide, and sodium sulphide. In 
others there are such differences as to suggest that 

HISTOLOGIC PROPERTIES AND REACTIONS. 

Taste A 25. 

308. 

a 

wD 
~~ 10 m. 15 m. 30 m. 45 m. 60 m. 

Chloral hydrate: 
L. martagon album.....|...]...]..-[...]...[.. 
L. maculatum.......... aes Wave Iter exel bas! Nrataves ees 
L. marhan 

Chromic acid: 
L. martagon album.....|...|...|...|... 
L. maculatum..........)...J..-]eee[ee 

Pyrogallic acid: 
L. martagon album.....]...].../...]...]...].. 
L. maculatum.......... vealee «lees les aleceles 
L. marhan 

Nitric acid: 
L. martagon album..... 

L. maculatum.......... 
L. marhan 

Sulphuric acid: 
L. martagon album.....}...].. 

L. maculatum.......... spon as 
L. marhan 

Hydrochloric acid: 
L. martagon album..... 
L. maculatum.......... 
L. marhan 

Potassium hydroxide: 
L. martagon album..... 
L. maculatum.......... 
L. marhan 

Potassium iodide: 
L. martagon album.....|... 
L. maculatum.......... a 
Le marhatiens+ a+ 

Potassium sulphocyanate: 
L. martagon album..... 
L. maculatum.......... 
Ly marhan 1.2.6 000. ees 

Potassium sulphide: 
L. martagon album..... 

L. maculatum.......... 
Le marhan s,s. 2.440.846 

Sodium hydroxide: 
L. martagon album..... 
L. maculatum.......... 
Ee WBEIAN 46 sie ee eed 

Sodium sulphide: 
L. martagon album..... 

L. maculatum.......... 
AeA ATMA sa cfeceterareeeesaie-4 

Sodium salicylate: 

L. martagon album... 

95)...]. 

L. maculatum.......... ie oy tn ie 
De MALHAD 5.5.6: e:04:805 ce eel] soo eveve forties [eee os 

Calcium nitrate: 
L. martagon album.....]...|... 
L. maculatum.......... ee re 

Uranium nitrate: 
L. martagon album.....]...)... 
L. maculatum..........]...]... 

Strontium nitrate: 
L. martagon album.....|...]... 

L. maculatum.......... awl gest 
DsMarhan.:iaccecevenes santas e 

Cobalt nitrate: 
L. martagon album.....|...|... 
L. maculatum..... pitied a ellsea es 

Copper nitrate: 
L. martagon album.....|...]... 
L. maculatum.......... ieafecs 
Gs Marhan vox ccce ce ses [eee fees 

Cupric chloride: 
L. martagon album.....j...|... 
L. maculatum.......... sas llaves 
Ty WATUAN oo cay eeeeundlaen(exs 

Barium chloride: 
L. martagon album.....]...]... 

L. maculatum.......... pee ie 
L. marhan.............]...fe.- 

Mercuric chloride: 

82).. : 

- 188 
- (97 
+195 

-|97 

OF fa how 
ho) Fee ee 
98}. .|.. 

99}. .].. 

./84 
-|97; 
- {90 

-{95]... 

LOO | sei) ace eis cil aif eciees 
-{100}...J...)...4.. 

. 81}... 

++ {95}. .]. fe. 

G9) eal ecbselee esl eeoalaalsales 

BG. Mhocthan| ofl elinsell selec lon fo 

OBI e ers [em leralle aes 

ws BOO Ao clesateilealonbs 

100 [ecslec|ns|seateatealeslys 

TOlaeelaalicclisentvaleavalie 

92 

98]. .}..f.- 

99]. .J..]..}.. 
100)... .}..].. 
99]. Jf. foot. 

95). . of 

|99)...f..]. de ef. 



LILIUM. 

with reagents of suitable concentration there would 
be shown marked differentiation. Attention has been 
directed to greater resemblance generally of the 
hybrid to Z. maculatum than to the other parent 
in histologic and certain qualitative peculiarities, and 
also in the reaction-intensities expressed by light, color, 
and temperature reactions, and it is of interest in this 
connection to note that in the reactions with calcium 
nitrate, uranium nitrate, cobalt nitrate, copper nitrate, 
cupric chloride, and barium chloride the figures show 
very definitely the same parental relationship, while in 
that with strontium nitrate the hybrid figure approxi- 
mates mid-intermediateness, and in that with mercuric 
chloride a reactivity higher than in either parent. In 
the remaining reactions, all of which being less rapid, 
with chloral hydrate the reaction of the hybrid is prac- 
tically mid-intermediate; with chromic acid and pyro- 
gallic acid the reactions are closer to L. maculatum ; and 
with sodium salicylate the reaction is at the end of 3 
minutes distinctly lower than those of the parents and 
at 5 minutes mid-intermediate. Referring to the charts, 
it will be seen that in all five reactions the curve of L. 
martagon album is the lowest of the three; that the 
hybrid curve is practically the same as the curve of L. 
maculatum in the reactions with chromic acid, pyrogallic 
acid, and barium chloride; that the hybrid curve is 
intermediate in the chloral-hydrate reaction, but on the 
whole closer to L. maculatum ; and that the hybrid curve 
is lower at first than that of either parent, and then inter- 
mediate, in the sodium salicylate reaction. 

REACTION-INTENSITIES OF THE HYBRID. 

This section treats of the reaction-intensities of the 
hybrid as regards sameness, intermediateness, excess, and 
deficit in relation to the parents. (Table A25 and 
Charts D 347 to D 353.) 

The reactivity of the hybrid is the same as that of the 
seed parent in none of the reactions; the same as those 
of the pollen parent in the reactions with polarization, 
chromic acid, pyrogallic acid, copper nitrate, and cupric 
chloride; the same as those of both parents with nitric 
acid, sulphuric acid, hydrochloric acid, potassium hy- 
droxide, potassium iodide, potassium sulphocyanate, 
potassium sulphide, sodium hydroxide, and sodium sul- 
phide, in all of which the reactions occur too rapidly 
for differentiation; intermediate with iodine, chloral 
hydrate, uranium nitrate, strontium nitrate, cobalt ni- 
trate, and barium chloride (in four being closer to the 
seed parent, and in four closer to the pollen parent) ; 
highest with mercuric chloride, and as near one as the 
other parent; and lowest with gentian violet, safranin, 
temperature, sodium salicylate, and calcium nitrate (in 
three being closer to the pollen parent and in two closer 
to the seed parent). 

The following is a summary of the reaction-intensi- 
ties: Same as seed parent, 0; same as pollen parent, 5; 
same as both parents, 9; intermediate, 6; highest, 1; 
lowest, 5. 

The pollen parent has obviously exercised a much 
more potent influence than the other parent on the proper- 
ties of the starch of the hybrid. The most conspicuous 
features of these reactions, apart from the many instances 
of sameness to both parents, are sameness to the pollen 
parent, intermediateness, and lowest reactivities. 

Composite CURVES OF REACTION-INTENSITIES. 

This section treats of the composite curves of the 
reaction-intensities, showing the differentiation of the 
starches of Lilium martagon album, L. maculatum, and 
L. marhan. (Chart E 25.) 
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The most conspicuous features of this chart are: 
(1) The close correspondence of all three curves 

throughout, the curves keeping close together excepting 
in the barium-chloride reaction. In most of the charts 
there is either little or no differentiation of the three 
starches, as in the reactions with nitric acid, sulphuric 
acid, hydrochloric acid, potassium hydroxide, potassium 
iodide, potassium sulphocyanate, potassium sulphide, so- 
dium hydroxide, and sodium sulphide. In all other 
reactions the curves of the hybrid and L. maculatum run 
very closely together, excepting in the reactions with 
sodium salicylate, calcium nitrate, uranium nitrate, 
strontium nitrate, in which the curves of the hybrid 
and L. martagon album are the same and below that 
of the other parent; in the cobalt-nitrate reaction, where 
the curve is intermediate, and in that of mercuric 
chloride, in which the curves of the parents are the same 
and the curve of the hybrid distinctly higher. 

(2) In L. martagon album in comparison with the 
other parent the higher reactions with polarization, 
iodine, gentian violet, safranin ; the lower reactions with 
temperature, chloral hydrate, chromic acid, pyrogallic 
acid, sodium salicylate, calcium nitrate, uranium nitrate, 
strontium nitrate, cobalt nitrate, copper nitrate, cupric 
chloride, and barium chloride ; and the same or practically 
the same reactions with nitric acid, sulphuric acid, hydro- 
chloric acid, potassium hydroxide, potassium iodide, po- 
tassium sulphocyanate, potassium sulphide, sodium hy- 
droxide, sodium sulphide, and mercuric chloride. 

(3) In L. martagon album, the very high reactions 
with chromic acid, pyrogallic acid, nitric acid, sulphuric 
acid, hydrochloric acid, potassium hydroxide, potassium 
iodide, potassium sulphocyanate, potassium sulphide, so- 
dium hydroxide, sodium sulphide, sodium salicylate, cal- 
cium nitrate, uranium nitrate, strontium nitrate, cobalt 
nitrate, copper nitrate, cupric chloride, and mercuric 
chloride; the high reactions with polarization, iodine, 
chloral hydrate, and barium chloride; the moderate reac- 
tions with gentian violet, safranin, and temperature. 

(4) In L. maculatum, the very high reactions with 
chloral hydrate, chromic acid, pyrogallic acid, nitric 
acid, sulphuric acid, hydrochloric acid, potassium hydrox- 
ide, potassium iodide, potassium sulphocyanate, potas- 
sium sulphide, sodium hydroxide, sodium sulphide, so- 
dium salicylate, calcium nitrate, uranium nitrate, stron- 
tium nitrate, cobalt nitrate, copper nitrate, cupric 
chloride, barium chloride, and mercuric chloride; the 
high reactions with temperature ; and the moderate reac- 
tions with polarization, iodine, gentian violet, and 
safranin. 

(5) In the hybrid, the very high reactions with 
chloral hydrate, chromic acid, pyrogallic acid, nitric 
acid, sulphuric acid, hydrochloric acid, potassium hydrox- 
ide, potassium iodide, potassium sulphocyanate, potas- 
sium sulphide, sodium hydroxide, sodium sulphide, 
sodium salicylate, calcium nitrate, uranium nitrate, 
strontium nitrate, cobalt nitrate, copper nitrate, cupric 
chloride, barium chloride, and mercuric chloride; the 
high reaction with temperature; the moderate reactions 
with polarization, iodine, gentian violet, and safranin. 

The following is a summary of the reaction-intensi- 
ties: 

Very 5 Mod- Very 
high. High. erate. Low. low. 

L. martagon album...........| 19 4 3 0 0 

L. maculatum................] 21 1 4 0 0 
Asp MOAPRAT soo ee oo cece aaerees 21 1 4 0 0 
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26. Comparisons oF THE StTarRcHES oF Litium 
MARTAGON, L. MACULATUM, AND L. DALHANSONI. 

In histologic characteristics, polariscopic figures, 
reactions with selenite, qualitative reactions with iodine 
and with the various chemical reagents all three starches 
exhibit properties in common in various degrees of de- 
velopment, the sum of which in each case is character- 
istic. The starch of L. maculatum in comparison with 
that of L. martagon contains no aggregates and few com- 
pound grains; the grains are more regular; broad forms 
are more numerous; and a larger number of grains are 
flattened. The hilum is more distinct, more often fis- 
sured, and less eccentric. The lamelle are less fine, 
more distinct, and less numerous. In size there is more 
broadness. In the polariscopic, selenite, iodine, and 
aniline reactions there are various differences. In the 
qualitative reactions with chloral hydrate, chromic acid, 
potassium hydroxide, cobalt nitrate, and cupric chlo- 
ride there are many differences which collectively are 
distinctive. The starch of the hybrid shows an absence 
of compound grains that were found in the starches of 
both parents; there is greater regularity of the grains 
than in either parent; and the starch shows, on the whole, 
a closer relationship to that of L. martagon. The hilum 
in character and eccentricity is more closely related to 
L. maculatum. The lamelle in character and arrange- 
ment are more like those of L. martagon, but in number 
closer to the other parent. In size the larger grains 
are not so large as the corresponding grains in both 
parents, but their dimensions and also the common sizes 
are closer to those of L. martagon. In the polariscopic, 
selenite, iodine, and aniline reactions the relationships 
are closer to L. martagon. In the qualitative reactions 
with the chemical reagents closer resemblances to one 
or the other parent or in common to both parents are 
recorded. In the chloral-hydrate reactions the relation- 
ship is closer to L. maculatum, while in those with 

chromic acid, potassium hydroxide, cobalt nitrate, and 
cupric chloride the relationships are closer to L. 
martagon. 

Reaction-intensities Expressed by Light, Color, and Tempera- 
ture Reactions. 

Polarization: 
L. martagon, low to high, value 60. 

L. maculatum, low to high, lower than in L. martagon, value 50. 

L. dalhansoni, low to high, the same as in L. martagon, value 60. 

Iodine: 
L. martagon, moderate, value 60. 

L. maculatum, moderate, less than in L. martagon, value 55. 

L. dalhansoni, moderate to deep, higher than in either parent, 
value 65. 

Gentian violet: 
L. martagon, moderate to moderately deep, value 55. 

L. maculatum, moderate, less than in L. martagon, value 45. 

L. dalhansoni, moderate, the same as in L. martagon, value 55. 

Safranin: 
L. martagon, moderate, value 55. 
L. maculatum, moderate, less than in L. martagon, value 45. 

L. dalhansoni, moderate, the same as in L. martagon, value 55. 
Temperature: 

L. martagon, in majority at 62 to 64°, in all at 66.5 to 68.3°, 
mean 67.4°. 

L. maculatum, in majority at 57 to 58°, in all at 60 to 62°, mean 61°. 
L. dalhansoni, in majority at 59 to 60.2°, in all at 63 to 64°, mean 

63.9°. 

The reactivity of L. martagon is higher than that of 
the other parent in the reactions with polarization, iodine, 
gentian violet, and safranin; and lower in those with 
temperature. The reactivity of the hybrid is the same 
or practically the same as that of LZ. martagon in the 
reactions with polarization, gentian violet, and safranin ; 
the highest of the three in that with iodine; and inter- 
mediate in that with temperature. With the exception 

HISTOLOGIC PROPERTIES AND REACTIONS. 

of the temperature reaction, the relationship of the hybrid 
is much closer to L. martagon than to the other parent. 

Table A 26 shows the reaction-intensities in percent- 
ages of total starch gelatinized at definite intervals 
(seconds and minutes). 

VELOCITY-REACTION CURVES. 

This section treats of the velocity-reaction curves of 
the starches of Lilium martagon, L. maculatum, and 
L. dalhansoni, showing the quantitative differences in the 
behavior toward different reagents at definite time-inter- 
vals. (Charts D 354 to D 360.) 

‘Most of the reactions occur with such rapidity that 
the data do not lend themselves to the making of charts. 
Gelatinization is complete within 15 to 30 seconds in 
the reactions with nitric acid, sulphuric acid, hydrochloric 
acid, potassium hydroxide, potassium iodide, potassium 
sulphocyanate, potassium sulphide, sodium hydroxide, 
and sodium sulphide. In certain other reactions, even 
though they proceed with speed, there are more or less 
distinctive differences, as, for instance, in the reactions 
with calcium nitrate, uranium nitrate, strontium nitrate, 
copper nitrate, cupric chloride, and mercuric chloride, in 
all of which gelatinization is almost if not complete 
within 3 minutes. In all of these reactions, excepting 
those with uranium nitrate, strontium nitrate, and cupric 
chloride the hybrid reactions are very distinctly closer to 
those of L. maculatum than to those of the other parent; 
in those with uranium nitrate and cupric chloride the 
hybrid is approximately mid-intermediate ; and in those 
with strontium nitrate the same as L. martagon. In 
histologic and qualitative peculiarities, and in the polar- 
ization, iodine, and aniline reactions the hybrid shows 
in general a closer relationship to L. martagon; but occa- 
sionally closer to the other parent, or intermediate as in 
the temperature reaction. Referring to the charts, it will 
be seen that in all of them the curves of L. maculatum 
and the hybrid are almost exactly the same, and higher 
than the curve of the other parent; and that the hybrid 
curves tend to be slightly lower than those of L. macu- 
latum. The relatively greater resistance of the starch 
of L. martagon is exhibited particularly in the curves 
for chromic acid, pyrogallic acid, and barium chloride. 

REACTION-INTENSITIES OF THE HYBRIDS. 

This section treats of the reaction-intensities of the 
hybrids as regards sameness, intermediateness, excess, 
and deficit in relation to the parents. (Table A 26 and 
Charts D 354 to D 360.) 

The reactivities of the hybrid are the same as those 
of the seed parent in the reactions with polarization, 
gentian voilet, and strontium nitrate; the same as those 
of the pollen parent with chloral hydrate; the same as 
those of both parents with nitric acid, sulphuric acid, 
hydrochloric acid, potassium hydroxide, potassium 
iodide, potassium sulphocyanate, potassium sulphide, so- 
dium hydroxide, and sodium sulphide, in all of which 
the reactions occur too quickly for differentiation ; in- 
termediate with temperature, chromic acid, pyrogallic 
acid, calcium nitrate, uranium. nitrate, cobalt nitrate, 
copper nitrate, cupric choride, and barium chloride (in 
seven closer to those of the pollen parent, in one closer 
to that of the seed parent, and in one mid-intermediate) ; 
highest with iodine and sodium salicylate (in one being 
closer to the seed parent, and in one closer to the pollen 
parent) ; and lowest with mercuric chloride, and closer 
to the pollen parent. 

The following is a summary of the reaction-intensi- 
ties: Same as seed parent, 4; same as pollen parent, 1; 
same as both parents, 9; intermediate, 9; highest, 2; 
lowest, 1. 
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TABLE 26 A. From the foregoing data the pollen parent has been by 
z @la\ dala | far the more potent in its influences on determining the 

e/3{f|éi3 8l£\ela}2|2/g | properties of the starch of the hybrid. The tendency 
to intermediateness is quite manifest. 

Chloral hydrate: 
L, martagon.........../...[-.-Je-{e.-{e» -f- [69]. 195} 99]. .]. . 

L. maculatum.......... vecfecefeefee [ea e[-- [82/107] 99). 1. Composite CuRVES OF REACTION-INTENSITIES. 
5 Lan cusvesesfecctesales lars [ea nfs f80les199/100)..1. . a ei 

Gana This section treats of the composite curves of the 

L. martagon...........]...,...[..,...[-..]. [82)...{89] 99]..|.. | reaction-intensities, showing the differentiation of the 
L. maculatum ae em Aewed se afeeefe ef... | 99). ]09]...]..]---1.-1.. | starches of Latliwm martagon, L. maculatum, and L. 

fit ae ive aa elon [aren [ash alpeoo GD fevece | QO saree oes dalhansoni. (Chart E 26.) 

L, martagon........... ceafec feces feed -(77]- [89] 91/96]. . The most conspicuous features of this chart are: 
L. macolatum. ...... 6. .[ec.feee[e-[ee fee fe [99]...[--fee dL. (1) The close correspondence in the three curves 
ali vessesees[eeefeeefe-fee.[e..[-|95)-../99]...1--1. | excepting in the reactions with chromic acid, pyrogallic 

a eee eee g7|...|.. | f..L1.} |. | acid, and barium chloride, in which there occurs in each 

L. maculatum.......... gg|...|..|...|...|..|..|-.-[....-{..|.. | instance a marked drop in the curve of L. martagon, 
L. dalhansoni..........| 99)...]..]...J..-]--|--[---[--[---]--]-- | while the curves of L. maculatum and the hybrid tend 

eulpane sey to keep the same or quite close together. In a large 

L. maculatum, 2-00-00 .fef99. 0.2L AIC| |, | number of reactions there is no differentiation between 
L. dalhansoni..........|...|...j99]...[...|..[..,...[..[..-[-.,.. | the three starches, as in those with chloral hydrate, 

Hydrochloric acid: ; nitric acid, sulphuric acid, hydrochloric acid, potassium 
Li:martagon: ¢: 465550) 97 [sas |e ales alewc|eses lewis a[ee-[e alle hydroxide, potassium iodide, potassium sulphocyanate, 

L. maculatum. ........./100/...]. Jo. .f.. 0 [ee fe dee ede ede fe ede P es i ‘ P lahid: 
L. dalhansoni..........| 99|...|.-|...|..-|.-.-[.--c[---f..[.. | Potassium sulphide, sodium hydroxide, sodium sulphide, 

Potassium hydroxide: and uranium nitrate; and in other instances there is a 
L. martagon...........) GO. [e fees fen ele efectos fe ele e[e ole « tendency for the hybrid curve to be the same as that of 
L. maculatum. ae ae ot eas ON 5 ale alerallawalaeless bres [aa Pee EY on 4 one or the other parent, or occasionally above both or 
L. dalhansoni..........| OOl...f.. fen cdewafee[e efor efector feefee |e A : z fi 

Potassium iodide: intermediate. In part the hybrid curve is more dis- 
L. martagon...........]...| 94]..|...| 98]. .|99]...1..|.-.J..].. | tinetly related to the curve of L. maculatum than to that 
L. sip ima Powe wie wee e wag en el haderseilias creel aan |aeres-[teeeias toes] ce ae afte of the other parent, and in part the reverse. 

Pe iin pene 5 ual avette ll iaviadl or ligzell ave [ess [eee a hescillane (2) In L. martagon a comparison with the other 
otassium sulphocyanate: = A = 5 . eae 

L. martagon...........|...| 95)..|.../...|.-[.-[..-[--[.--[..[.. | Parent, the high reactions with polarization, iodine, gen- 
L, maculatum. .........|...] 99}. .J.. Jeo. feefeefee efector ede fee tian violet and safranin; the same or practically the 

. / es eee 96)..|...]-.-]--|.-[-+-]--]---]--l)+ | same with chloral hydrate, nitric acid, sulphuric acid, 

emartagon. -eceeeeeee| 95lee-[e-[easleeefeefecfee-feafeeefeefe- { B¥@tochlorie acid, potassium hydroxide, potassium 
L. maculatum.......... 100|...]..]...|...[.[..[...]-.]..-[..[-. | lodide, potassium sulphocyanate, potassium sulphide, 
L. dalhansoni.......... 99]...]..]...].-.]-.f-.f---]--[e--[--[-- | sodium hydroxide, sodium sulphide, calcium nitrate, 

Sodium hydroxide: uranium nitrate, and mercuric chloride; and the lower 
L. martagon........... gel Gls sallheesaalli cece ase aes sl ave callie i ‘ ‘ 5 Fi é 
L. maculatum.......... via LOOM scl singel avail aee| cis. | vanes frees fens a eee lon with temperature, chromic acid, pyrogallic acid, sodium 
L. dalhansoni..........|...] 99]..]...]...].-[..[...[--[---[..]-- | salicylate, strontium nitrate, cobalt nitrate, copper ni- 

Sodium sulphide: trate, cupric chloride, and barium chloride. 
Se soa Sega mod acs] QSlcals<iell acres] sie [aie eres [iss ofS cece alle (3) In L. martagon the very high reactions with 

. maculatum.......... oe | ODEs atosiall ane aches [ues [io eferee dla ale ae . ~ ‘ : 
L. dalhansoni........../...] 98}. .]...]-..[--[..fee fe efee eff chloral hydrate, nitric acid, sulphuric acid, hydrochloric 

Sodium salicylate: ; acid, potassium hydroxide, potassium iodide, potassium 
L. emcees ee are Gio iequdte lava Hepa aslfive edsenecavall: OOhe Ne 98)..)---]..]-- | sulphocyanate, potassium sulphide, sodium hydroxide, 

ar rine et ae ee srefeeefefes-] 80). - 80200). -)-- 1-1 | sodium sulphide, sodium salicylate, calcium nitrate, ura- 
Calcium nitrate: ‘ nium nitrate, strontium nitrate, cobalt nitrate, copper 

L. martagon...........]...]...[1O}...] 90!../97] 99]..)...]..|.. | nitrate, cupric chloride, and mercuric chloride; the high 
L. maculatum. .........|-.-|...J95|-.-] 99)..)../...|..].--[--].. | reactions with polarization, iodine, chromic acid, pyro- L. dalhansoni..........{...|.../84]...} 98). .]99)...)..)..-)..]-- li id a bari Hlocides and tlh a 

Uranium nitrate: gallic acid, and barium chloride; an the moderate reac- 
L. martagon...........|...|...{60]...] 97]. ./99)...|.....|..[.. | tions with gentian violet, safranin, and temperature. 
L. maculatum. .........]...}.. ./93].. .]100). J. .).. 2]. Je. -]e-fe- (4) In L. maculatum the very high reactions with 

ae dalhansoni . adem aie Gas Faleda| BBle (ODO vache vies staves chloral hydrate, chromic acid, pyrogallic acid, nitric 
rontium nitrate: : ; 3 a 5 td 
L. martagon...........|...,...|77|...| 99)..|..|...[..]---[-.[.. | acid, sulphuric acid, hydrochloric acid, potassium hy- 
L. maculatum..........|...|.. -]95/100]...]..|..|...|.-|---|--|-- | droxide, potassium iodide, potassium sulphocyanate, po- 

é ic ee ve reeeeesfee des .|78) 99)..-]..[..Je.-[--fe--[--]-+ | tassium sulphide, sodium hydroxide, sodium sulphide, 

‘Le martagon...........|...[...| al...| e6l..[s4|...los}...|..[.. | Sodium salicylate, calcium nitrate, uranium nitrate, 
L. maculatum..........|.../.../95]...| 99}..|..|...,..[-..[..).. | strontium nitrate, cobalt nitrate, copper nitrate, barium 

é L. saager net ¢ dhaie ts waa alas a fans OB] tas:|  VOke 298] scale afi sities low chloride, and mercuric chloride ; the high temperature 

opper nitrate: Bi ay : . é 2 

L. martagon........... ity alesse OD|ears | VB)ina OO] se whe alle aes clea reaction 7 the moderate reactions with polarization, 
L. maculatum.......... “| Jgoftoo}...|. 1. .f. Lf. -..). | lodine, gentian violet, and safranin. 
L, dalhansoni.......... wef [OB]. .) OO Pf fee ff. (5) In the hybrid, the very high reactions with 

Cunnn ehlsside chloral hydrate, chromic acid, pyrogallic acid, nitric 
L. martagon...........{...].../60)...| 95). ./96).. ./99)...)..].. : a fi - r : 

L. maculatum..........|...|...|98|...joo/..|..{..-[..].../..[.) | acid, sulphuric acid, hydrochloric acid, potassium hy- 
ee Gana veseeeeecJes [e.[78[...] 99). .)..]...)..f..[.... | droxide, potassium iodide, potassium sulphocyanate, po- 
arlum chloride: 7 " i iT m 7 7 . 

L. martagon...........|...{...| 21...] 62). 76}. .[g6] selgoleo sepia vee sodium hydroxide, sodium sulphide, 
L. maculatum..........|...|.. .{89]...] 97]. .J99}.0.f fff. | 8 AUT salicy ate, calcium nitrate, uranium nitrate, 
L. dalhansoni..........]...|...|16|...| 89]. .|97|...|99)...|..].. | strontium nitrate, cobalt nitrate, copper nitrate, cupric 

Mere nai ie ul led chloride, barium chloride, and mercuric chloride; the 

L, maculatum...c.ses0(.0-|.+-fO.--| 99]. ..)-0.[.[.c.[[1 | Bigh reactions with polarization and iodine; and the mod 
L. dalhansoni..........|...]...195)...] 99)... -[...J..[.0./ [.. | erate reactions with gentian violet, safranin, and 

- : - at ath temperature. 
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Following is a summary of the reaction-intensities: 

Very ‘ Mod- Very 
high. High. erate. Low low. 

L. martagon................-| 18 5 3 0 0 
L. maculatum................ 21 1 4 0 0 
L. dalhansoni................ 21 2 3 0 0 

27. Comparisons OF THE StrarcHes or Litium 
TENUIFOLIUM, L. MARTAGON ALBUM, AND L. 
GOLDEN GLEAM. 

Inthe histologic characteristics, polariscopic figures, 
reactions with selenite, qualitative reactions with iodine, 
and qualitative reactions with the chemical reagents all 
three starches exhibit properties in common in various 
degrees of development, the sum of which in each case 
is characteristic. The starch of Lilium martagon album 
in comparison with that of L. tenutfolium contains very 
few compound grains and aggregates; there is less irreg- 
ularity and variety in the forms, and the protuber- 
ances are less rounded; and a less number of grains are 
flattened. The hilum is not so distinct; less often 
occupied by a cavity; somewhat more fissured; and 
less eccentric. The lamelle have the same characteristics 
and arrangement as in the other parent, but they are less 
numerous. The size is somewhat larger. In the polari- 
scopic, selenite, and qualitative iodine reactions various 
differences are noted. In the qualitative reactions with 
chloral hydrate, chromic acid, potassium hydroxide, co- 
balt nitrate, and cupric chloride the differences are 
sufficient for easy differentiation. The starch of the 
hybrid shows in comparison with the starches of the 
parents fewer compound grains than in either parent, 
and there is an absence of aggregates; and the grains 
are more irregular than in either parent. The hilum is 
as distinct as in L. tenuifolium and more distinct than 
in the other parent; and it is fissured more often and 
the eccentricity is less than in either parent. The 
lamelle are less distinct and less fine than in either 
parent. The size is about the same as in L. tenuifolium 
and slightly less than in the other parent. In the 
polariscopic, selenite, and qualitative iodine reactions 
there are leanings to one or the other parent, but the 
relationship is on the whole closer to L. tenuifolium. In 
the qualitative chemical reactions certain reactions lean 
to one parent and certain others to the other parent, but 
with chloral hydrate the relationship is closer to L. mar- 
tagon album, and in those with chromic acid, potassium 
hydroxide, cobalt nitrate, and cupric chloride closer to 
L. tenwifolium. 
Reaction-intensities Expressed by Light, Color, and Tempera- 

Polarization: ture Reactions. 

L. tenuifolium, low to high, value 50. 
L. martagon album, low to high, much higher than in L. tenui- 

folium, value 65. 
L. golden gleam, low to high, lower than in either parent, value 45. 

Todine: 
L. tenuifolium, moderate, value 55. 
L. martagon album, moderate, much higher than in L. tenuifolium, 

value 65. 
L. golden gleam, moderate, less than in either parent, value 50. 

Gentian violet: 
L. tenuifolium, moderate, value 60. 
L. martagon album, moderate, less than in L. tenuifolium, value 55. 

L. golden gleam, moderate, less than in either parent, value 50. 
Safranin: 

L. tenuifolium, moderate, value 55. 
L. martagon album, moderate, less than in L. tenuifolium, value 50. 
L. golden gleam, moderate, less than in either parent, value 48. 

Temperature: 
L. tenuifolium, in majority at 52 to 53°, in all at 55.6 to 56°, mean 

55.8°. 

L. martagon album, in majority at 59 to 61°, in all at 62 to 64°, 
mean 63°. 

L. golden gleam, in majority at 53 to 54.4°, in all at 57 to 58.7°, 
mean 57.8°. 

HISTOLOGIC PROPERTIES AND REACTIONS. 

Tasie A 27. 

15 8. 
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Chloral hydrate: 
L. tenuifolium.............)ee-feefee|e fee [ee 
L. martagon album 

L. golden gleam 
Chromic acid: 

L. tenuifolium.............]...]..].-].. 
L. martagon album........}...]..]..].. 
L. golden gleam 

Pyrogallic acid: 
L. tenuifolium............. Poet (ee (es || [em ee 
L. martagon album........]...]..]..]..]...]-- 
L. golden gleam...........J-.-/..]..f..]...[.- 

Nitric acid: 
L. tenuifolium............. 
L. martagon album........ 

L. golden gleam........... 
Sulphuric acid: 
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L. tenuifolium.............|..- 
L. martagon album........|... 
L. golden gleam 

Hydrochloric acid: 
L. tenuifolium............. 
L. martagon album........ 

L. golden gleam........... 
Potassium hydroxide: 

L. tenuifolium............. 
L. martagon album 
L. golden gleam........... 

Potassium iodide: 
L. tenuifolium............. wisi 
L. martagon album 
L. golden gleam...........]... 

Potassium sulphocyanate: 
L. tenuifolium............. “Gao 
L. martagon album 
L. golden gleam...........]... 

Potassium sulphide: 
L. tenuifolium............. 
L. martagon album........ 
L. golden gleam........... 

Sodium hydroxide: 
L. tenuifolium............. 
L. martagon album 
L. golden gleam........... 

Sodium sulphide: 
L. tenuifolium............. 
L. martagon album........ 
L. golden gleam........... 

Sodium salicylate: 
L. tenuifolium......... 
L. martagon album........ se i i i 
L. golden gleam...........)...]..]..].. 

Calcium nitrate: 
L. tenuifolium............. reo 
L. martagon album........|...]. 
L. golden gleam 

Uranium nitrate: 
L. tenuifolium............. Wale 
L. martagon album 
L. golden gleam........... we 

Strontium nitrate: 
L. tenuifolium............. sce Vy 
L. martagon album 
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L. golden gleam........... ae 
Cobalt nitrate: 

L. tenuifolium............. ciel s 
L. martagon album 

L. golden gleam........... eal 
Copper nitrate: 

L. tenuifolium............./...4. 
L. martagon album 
L. golden gleam........... wit : 

Cupric chloride: . 
L. tenuifolium............. cecil 
L. martagon album........]...].. 
L. golden gleam 

Barium chloride: 
L. tenuifolium.............J...[.. 
L. martagon album 
L. golden gleam......... 

Mercuric chloride: 
L. tenuifolium............. sells 
L. martagon album........]...]. 
L. golden gleam 
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The reactivity of L. tenuifoliwm is lower than that 
of the other parent in the polarization and iodine reac- 
tions; and higher in the gentian violet, safranin, and 
temperature reactions. The reactivity of the hybrid 
is the lowest of the three in the reactions with polariza- 
tion, iodine, gentian violet, and safranin; and inter- 
mediate with temperature. In the polarization, iodine, 
and temperature reactions the hybrid is closer to L. 
tenuifolium, and in those with gentian violet, safranin, 
and temperature closer to L. martagon album. 

Table A 27 shows the reaction-intensities in percent- 
ages of total starch gelatinized at definite intervals (sec- 
onds and minutes). 

VELOCITY-REACTION CURVES. 

This section treats of the velocity-reaction curves 
of the starches of Lilium tenuifolium, L. martagon 
album, and L. golden gleam, showing the quantitative 
differences in the behavior toward different reagents at 
definite time-intervals. (Charts D 361 to D 366.) 

These starches generally react so rapidly with the 
various reagents that there are few instances where the 
data are of value in presentation in the form of charts. 
In the reactions with nitric acid, sulphuric acid, hy- 
drochloric acid, potassium hydroxide, potassium iodide, 
potassium sulphocyanate, potassium sulphide, sodium 
hydroxide, and sodium sulphide complete or nearly com- 
plete gelatinization occurs of all three starches within 
15 to 30 seconds. In other reactions, notwithstanding 
the rapidity, more or less differentiation is evident, as 
with calcium nitrate, uranium nitrate, strontium nitrate, 
cobalt nitrate, copper nitrate, cupric chloride, and mer- 
curic chloride, in which gelatinization is almost if not 
wholly completed in 3 minutes. Differences in these 
cases are quite noticeable at the end of 1 minute, LD. 
tenutfolium has a lower reactivity than the other parent 
in the calcium-nitrate and cupric-chloride reactions, and 
a higher reactivity in the others, and the hybrid shows 
reactivities as high or higher than either parent. Not 
much importance is to be attached to these figures, al- 
though they are very suggestive, owing to the difficulties 
of obtaining accurate records. Referring to the charts, 
it will be noted that all three curves in each chart tend to 
closeness; that the hybrid curve is almost exactly the 
same as the curve of L. martagon album in the chloral- 
hydrate reaction, but like that of the other parent in the 
chromic-acid and pyrogallic-acid reactions; that the 
parental curves are practically exactly the same in the 
sodium-salicylate reaction, but the hybrid curve defi- 
nitely higher; that the hybrid curves are the highest 
in three out of the four reactions, namely, in those of 
chromic acid, sodium salicylate, and barium chloride; 
and that the parental curves differ somewhat in their 
telative positions, the curve of L. tenuifolium being 
higher than that of the other parent in the reactions with 
chloral hydrate, chromic acid, and barium chloride, but 
the same in the reactions with sodium salicylate. 

REACTION-INTENSITIES OF THE HYBRID. 

This section treats of the reaction-intensities of the 
hybrid as regards sameness, intermediateness, excess, and 
deficit in relation to the parents. (Table A 2” and 
Charts D361 to D 366.) 

The reactivities of the hybrid are the same as those 
of the seed parent in! the reactions with chromic acid, 
pyrogallic acid, potassium sulphocyanate, and mercuric 
chloride; the same as those of the pollen parent with 
chloral hydrate, potassium sulphide, sodium hydroxide, 
and sodium sulphide; the same as those of both parents 
with nitric acid, sulphuric acid, hydrochloric acid, potas- 
sium hydroxide, and potassium iodide, in all of which 
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the reactions occur too rapidly for differentiation ; inter- 
mediate with temperature and strontium nitrate, in both 
of which the reactions are closer to those of the seed 
parent; highest with sodium salicylate, calcium nitrate, 
uranium nitrate, cobalt nitrate, copper nitrate, cupric 
chloride, and barium chloride (in four being closer to 
the reactions of the seed parent, in two to those of the 
pollen parent, and in one as close to one as to the other 
parent) ; and lowest with polarization, iodine, gentian 
violet, and safranin (in two nearer the seed parent, and 
in two nearer the pollen parent). ; 

The following is a summary of the reaction-intensi- 
ties: Same as seed parent, 4; same as pollen parent, 4; 
same as both parents, 5; intermediate, 2; highest, 7; 
lowest, 4. 

These data indicate that the seed parent had a more 
marked influence than the pollen parent in determining 
the properties of the hybrid. The tendency to highest 
or lowest reactivity of the hybrid is quite marked, this 
being evident in nearly half of the reactions. 

Composite CurvES OF REACTION-INTENSITIES. 

This section treats of the composite curves of the 
reaction-intensities, showing the differentiation of the 
starches of Lilium tenuifolium, L. martagon album, and 
L. golden gleam. (Chart E 26.) 

The most conspicuous features of this chart are: 
(1) The closeness of all three curves, the only point 

of important departure being in the barium-chloride 
reaction, in which there is a marked drop of the curve 
of L. martagon album from the curves of the other 
parent and the hybrid. Throughout a large part of the 
chart there is little or absolutely no differentiation of the 
curves, as in the reactions with nitric acid, sulphuric acid, 
hydrochloric acid, potassium hydroxide, potassium 
iodide, potassium sulphocyanate, potassium sulphide, so- 
dium hydroxide, sodium sulphide, sodium salicylate, 
calcium nitrate, uranium nitrate, strontium nitrate, 
cobalt nitrate, copper nitrate, cupric chloride, and mer- 
curic chloride. In the remaining 9 reactions the parental 
curves are well separated, and the hybrid curve tends 
usually to be close to or identical with that of L. tenui- 
folium rather than with that of the other parent. 

(2) In L. tenuifolium, in comparison with the other 
parent, the lower reactions with polarization and iodine; 
the higher reactions with gentian violet, safranin, tem- 
perature, chloral hydrate, chromic acid, pyrogallic acid, 
cobalt nitrate, and barium chloride; and the same or 
practically the same reactions with nitric acid, sulphuric 
acid, hydrochloric acid, potassium hydroxide, potassium 
iodide, potassium sulphocyanate, potassium sulphide, so- 
dium hydroxide, sodium sulphide, sodium salicylate, cal- 
cium nitrate, uranium nitrate, strontium nitrate, copper 
nitrate, cupric chloride, and mercuric chloride. 

(3) In L. tenutfolium the very high reactions with 
chloral hydrate, chromic acid, pyrogallic acid, nitric 
acid, sulphuric acid, hydrochloric acid, potassium hy- 
droxide, potassium iodide, potassium sulphocyanate, po- 
tassium sulphide, sodium hydroxide, sodium sulphide, 
sodium salicylate, calcium nitrate, uranium nitrate, 
strontium nitrate, cobalt nitrate, copper nitrate, cupric 
chloride, and mercuric chloride; the high reactions with 
gentian violet, temperature, and barium chloride; and 
the moderate reactions with polarization, iodine, and 
safranin. 

(4) In L. martagon album the very high reactions 
with chromic acid, pyrogallic acid, nitric acid, sulphuric 
acid, hydrochloric acid, potassium hydroxide, potassium 
iodide, potassium sulphocyanate, potassium sulphide, 
sodium hydroxide, sodium salicylate, calcium nitrate, 
uranium nitrate, strontium nitrate, cobalt nitrate, cop- 
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per nitrate, cupric chloride, and mercuric chloride; the 
high reactions with polarization, iodine, chloral hydrate, 
and barium chloride; and the moderate reactions with 
gentian violet, safranin, and temperature. 

(5) In the hybrid the very high reactions with 
chromic acid, pyrogallic acid, nitric acid, sulphuric acid, 
hydrochloric acid, potassium hydroxide, potassium 
iodide, potassium sulphocyanate, potassium sulphide, 
sodium hydroxide, sodium sulphide, sodium salicylate, 
calcium nitrate, uranium nitrate, strontium nitrate, 
cobalt nitrate, copper nitrate, cupric chloride, barium 
chloride, and mercuric chloride; the high reactions with 
temperature and chloral hydrate; and the moderate 
reactions with polarization, iodine, gentian violet, and 
safranin. 

Following is a summary of the reaction-intensities: 

Very ‘ Mod- Very 
high. High. erate. Law, low. 

L. tenuifolium...............) 21 2 3 0 0 
L. martagon album...........] 19 4 3 0 0 

L. golden gleam..............] 20 2 4 0 0 

28. CompaRIsONS oF THE SrarcHes or Litium 
CHALCEDONICUM, L. CANDIDUM, AND L. TESTACEUM. 

In the histologic characteristics, polariscopic figures, 
reactions with selenite and qualitative reactions with 
iodine and with various chemical reagents all three 
starches possess properties in common in various de- 
grees of development, the sum of which in each case is 
characteristic of the starch. The starch of Liliwm can- 
didum in comparison with that of L. chaleedonicum con- 
tains a larger proportion of grains that are regular in 
form, and there is a more marked tendency for the 
proximal end to be narrower than the distal end of the 
grain. The hilum is more often fissured and the eccen- 
tricity is less. The lamella are more distinct; broad, 
refractive lamella are more numerous; and there is often 
present a band of three or four broad lamelle in the 
distal third of the grain; and the number is somewhat 
less. The sizes of corresponding types of grains are less. 
In the polariscopic, selenite, and qualitative iodine reac- 
tions there are numerous differences. In the qualitative 
reactions with chloral hydrate, chromic acid, potassium 
hydroxde, cobalt nitrate, and cupric chloride various 
differences are recorded, several of which are quite dis- - 
tinctive of one or the other parent. The starch of the 
hybrid in comparison with the starches of the parents is 
less regular in form than in either parent, and there is 
a kind of irregularity that is peculiar to the hybrid; - 
and the grains tend to be less pointed at the proximal 
end than in DL. chalcedonicum, but somewhat more 
pointed than in LZ. candidum. The hilum is in charac- 
ter closer to that of L. chalcedonicum, but in degree of | 
eccentricity closer to that of LZ. candidum. The lamelle 
are less distinct, less numerous, and finer than in either 
parent. The sizes of corresponding types of grains are | 
closer to those of LZ. candidum and on the whole smaller 
than in the other parent. In the qualitative chemical 
reactions the hybrid leans to DL. chalcedonicum, which 
reactions may be modified through the influence of the 
other parent. 

Reaction-intensities Expressed by Light, Color, and Tempera- 
ture Reactions. 

Polarization: 
L. chalcedonicum, low to high, value 60. 
L. candidum, low to high, higher than in L. chalcedonicum, value 65. 
L. testaceum, low to high, the same as in L. chalcedonicum, 

value 60. 

HISTOLOGIC PROPERTIES AND REACTIONS. 

Iodine: 
L. chalcedonicum, moderate, value 55. 

L. candidum, moderate, deeper than in L. chalcedonicum, value 65. 
L. testaceum, moderate, less than in either parent, value 50. 

Gentian violet: 
L. chalcedonicum, moderate, value 60. 
L. candidum, moderate to very deep, much deeper than in L. chal- 

cedonicum, value 80. 
L. testaceum, moderate to very deep, the same as in L. candidum, 

value 80. 
Safranin: “ 

L. chalcedonicum, moderate, value 65. 
L. candidum, moderate to very deep, much deeper than in L. chal- 

cedonicum, value 80. 

L. testaceum, moderate to very deep, the same as in L. candidum, 
value 80. 

Temperature: 

L. chalcedonicum, in majority at 59.2 to 61°, in all at 63 to 64°, 
mean 63.5°. 

L. candidum, in majority at 57 to 68.7°, in all at 60 to 62°, mean 61°. 
L. testaceum, in majority at 61.2 to 63°, in all at 63.5 to 67°, 

mean 65.25°. 

The reactivity of -L. chalcedonicum is lower than 
that of the other parent in all five reactions. The reac- 
tivity of the hybrid is the same or practically the same 
as that of DL. chalcedonicum in the polarization reaction ; 
the same or practically the same as that of the other 
parent in the gentian-violet and safranin reactions; and 
the lowest of the three in the iodine and temperature 
reactions. The hybrid in the polarization, iodine, and 
temperature reactions is closer to L. chalcedonicum than 
to the other parent, but in the gentian-violet and safranin 
reactions the reverse. 

Table A 28 shows the reaction-intensities in percent- 
ages of total starch gelatinized at definite intervals (sec- 
onds and minutes). 

VELOCITY-REACTION CURVES. 

This section treats of the velocity-reaction curves of 
the starches of Liliwm chalcedonicum, L. candidum, and 
L. testaceum, showing the quantitative differences in the 
behavior toward different reagents at definite time-inter- 
vals. (Charts D 367 to D 372.) 

These starches react for the most part with such 
rapidity that but few data are of a character satisfactory 
for chart formation. However, even among the most 
rapid reacting reagents more or less marked differences 
are sometimes noted, as, for instance, in the reactions 
with nitric acid, sulphuric acid, hydrochloric acid, potas- 
sium hydroxide, potassium iodide, potassium sulphocya- 
nate, potassium sulphide, sodium hydroxide, and sodium 
sulphide. Excepting those with hydrochloric acid and 
potassium hydroxide, there are varying degrees of lower 
reactivity of L. candidum than of the other parent and the 
hybrid. In other reactions that are less rapid, in which 
approximately corresponding percentages of gelatiniza- 
tion occur in about 3 minutes (as in the reactions with 
calcium nitrate, uranium nitrate, strontium nitrate, cop- 
per nitrate, cupric chloride, and mercuric chloride), with 
uranium nitrate and strontium nitrate the reactivity of 
L. candidum is at the end of the first minute distinctly 
the lowest of the three; with calcium nitrate, cupric 
chloride, and mercuric chloride about the same as LD. can- 
didum and distinctly lower than in L. chalcedonicum; 
and with copper nitrate all three are alike. In all six 
charts the curves are from close to very close together. 
In all of the reactions the curves of L. chalcedonicum 
are higher than those of the other parent, the separation 
being well marked in all, especially with chloral hydrate 
and pyrogallic acid, which are distinctly the less rapid 
of the six. The hybrid is nearly the same as that of 
L. chalcedonicum in the reactions with chromic acid, 
sodium salicylate, and barium chloride; nearly the same 
as that of L. candidum with cobalt nitrate ; distinctly in- 
termediate with pyrogallic acid; and the highest of the 
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TaBLe A 28. three with chloral hydrate. These peculiarities are in 
Jcldlclalalaldlald/dlalg | accord with the shifting relationship to one or the other 

8 (a |Elal BIEL ELElolelaloielo | parent recorded in the histologic and qualitative charac- 
ters. In the reactions in which gelatinization is very 

Chloral hydrate: rapid, marked differences would in all likelihood have 
a blac aaa ee peal aries | on taa les be ss aE ee o Me gal95 | appeared had the concentration of the reagents been less, 
L: testaceurm. 2.2.22) Ef Joe): “feel ‘foo).-]” | so as to lengthen the periods of gelatinization. 

slice: rose a sctenenteate we efe age fe-]. 185]. (89). 199). 1.2}. fe. REACTION-INTENSITIES OF THE HYBRID. 

A orion sAisieaeaatle tae ee 77 - : ie bs 3 a ie iO This section treats of the reaction-intensities of the 
Pyrogallic acid: ae ie ane ii hybrid as regards sameness, intermediateness, excess, 

L. chalcedonicum.......]...{..}..].-[..]--]--|78]- 195}. ./98)..|.. | and deficit in relation to the parents. (Table A 28 and 
L. candidum...........)...]..[.-J--[..- fee bali ese alae Charts D 367 to D 372.) 

rere sr: mano daanaam ga a sad a a The reactivities of the hybrid are the same as those 
L. chalcedonicum....... 9g}. .]..}..J..].-f--]--]--[-|-.[-.-.[.. | of the seed parent in the reactions with polarization, 
Ly. Candidum 6... 2: ce ccf DOP. pcs e[ecc [eo few ds odie & flrs Hew le alle sedi potassium iodide, potassium sulphide, and sodium hy- 

Fe ese ce aaa FP -fote-b-[ob-l-/ot-lesl-l* | droxide; the same as those of the pollen parent with 
hh dhaloodonisattn ij axe lexhObl lode slvdeale eel elealesbides gentian violet, safranin, and cupric chloride; the same 
L. candidum...........|...|73}97]. .]..]--].-]-.|--| .[..[-[.-[.. | as those of both parents with potassium hydroxide and 
L. testaceum. . veceeeee ede  [B4l7OP. fof. fe fe efeed. --J--l-|)» | copper nitrate ; intermediate with chromic acid, pyro- 

Beers oe ée ALLL L LL. | galliie acid, sulphuric acid, hydrochloric acid, calcium 
L. candidum...........|100]..|..|.-}..].-|--|--|--[.[..[.[-.[. | nitrate, cobalt nitrate, and barium chloride (in five be- 
L. testaceum........... OOls ls eleclecleales |e dos eeleathelee ing nearer the seed parent, in one nearer the pollen 

Potassium hydroxide: parent, and in one as near to one as to the other parent) ; 
Leandidum sss. foo | {f) [2] 2) 2c: | highest with temperature, potassium sulphocyanate, s0- 
L. testaceum........... roo}. .}. fff. fe -[ cE Ect |.. | dium sulphide, sodium salicylate, uranium nitrate, and 

Potassium iodide: strontium nitrate (in all six being closer to the seed 
L. chalcedonicum. ag dol alien elle (OBE oils. <]eeelleosll's a: ee ling Local a ce fe fees parent) : and lowest with iodine, chloral hydrate, nitric 
L. candidum...........).../. JO5}. oJ. .f- fe efe-fe eh fede eff. = a si : ote : 
L. testaceum.........../...[. Jog) fo]. j.-ff- fff c/o {> | acid, and mercuric chloride (in two being nearer the 

Potassium sulphocyanate: seed parent, in one nearer the pollen parent, and in one as 
L. chalcedonicum....... 2 AGB EL ph epee ppp dob. close to one as to the other parent). 

a enn ee ae ad ices bs isa bei (ts ik “| fcf fp: |. The following is a summary of the reaction-intensi- 
Potassium sulphide: mopeyeyerer resis)" | ties: Same as seed parent, 4; same as pollen parent, 3; 

L. chalcedonicum. ...... 99). .]..J..1..1.]-.) ff .f.f fj. [same as both parents, 2; intermediate, 7; highest, 6; 
L. candidum........... OSM leveled lis beens Sle a olteeocle whens lowest, 4. 

i a lca a ak ae alae The seed parent in comparison with the pollen parent Sodium hydroxide: . : Sf 

L. chalcedonicum. ...... o4)..]..]..|..]..]..[--..)..[..)-[..[.. | has had a very potent influence in determining the prop- 
L. candidum...........| 88]..J..J..]..]..J--1..]--|..[..]--[-.[.. | erties of the starch of the hybrid. While there is a dis- 
L, testaceum.......---./ O4/..)..J--J..J--J--]--]--]--/--]--}--]-. | tinet tendency to intermediateness, there is an equal 
ak re a o tendency to sameness as regards one or the other parent, 

L. candidum...........| 3397). f--f. [01-1 P/E > | and a decidedly greater tendency to highest and lowest 
L, testaceum...........) 98]..J..J..]..]..[--[.-[.-[..[.-f--1..|-. | reactivities of the hybrid. 

Sodium salicylate: 
L. chalcedonicum....... ceeded. def. [40). .]90]99]. |. .]. feof. CoMPOSITE CURVES OF REACTION-INTENSITIES. 
L. candidum........... we efe ede]. -}. [25]. [45/95/99]. P. |. .].. : 7 
L. testaceum...........J...]..,..]..]..J67]. .{89}99]. FJ. 6). ef. This section treats of the composite curves of the 

Calcium nitrate: reaction-intensities, showing the differentiation of the 
ss prea aie Se re re al A Ens be a7 | [cl | starches of Lilium chalcedonicum, L. candidum, and L. 
L. testaceum...........[-..[..] 8|..|. (a6). .fa5josl._|..]..[..|°. | testacewm. (Chart E28.) 

Uranium nitrate: The most conspicuous features of this chart are: 
Le chalcedonicum. eRe aoe bos ROP 2 be OO ecto alles atv abe alle oltea (1) The close correspondence of all three curves, 

L. testacoum. 200.2262 fook [ Jon{ fools 2) [cc 2 | with the exception of those in the reactions with chloral 
Strontium nitrate: ; hydrate and pyrogallic acid. It seems, judging from 

L. chalcedonicum.......]...]. ./54)..|. ./98]..|..|..|..]..]--]--|-- | this and other records, that the reactions with chloral 
L. candidum...........)...|. {16}. .|..|98)..|..]..|..|..]--[--|-. | hydrate, chromic acid, and pyrogallic acid have a dis- 

Pathe aeearon br ee sales (OB fs sO Io |e aleoterteatesl+ei= | Aine tendency to be aberrant. This is seen in the reac- 
L. chalcedonicum....... ...[. zo}. .}. Joo}. .!95). 99]. .|..|..].. | tlons with chromic acid and pyrogallic acid of L. mar- 
L. candidum...........]...]..] 5). .}. .]60}. .|80). 497]. .|..|..|.. | ¢agon in Chart E 26; with chloral hydrate and pyrogallic 

read it tar oe rreveerenalavelea] WHe-}- (78). .183)--1871..1--1--1-> | acid of L, candidum, and in the pyrogallic-acid reaction 
L. chalcedonicum. ...... .[.-|86].-f..fog]..p..|..[....[..[..[.. | of the hybrid in this chart; and in the chromic-acid 
L. candidum........... ...|-.187). 4. -l99]..}..]..)..f..{--[..[.. | and pyrogallic-acid reactions of the hybrid, L. burbanki, 
L. testaceum........... ve ef (BT. f. /98)..)..]-.J--[--)--f-)-- | in Chart E 29. In most of the charts there is little or no 

Cupric chloride: differentiation of the three starches, as in the reactions L. chalcedonicum....... ceeds [44]. 1. /O8]. .J99}. 2). fo 27. -]. fe. Spa ee os ‘ : : e : 
‘L.candidum........... .. |. 3). -[- |g] Jos}. -/. |. -|..).. | with nitric acid, sulphuric acid, hydrochloric acid, potas- 
L. testaceum........... - ++}. -]10}. .]. .|87]../97)99]....]..|..].. | sium hydroxide, potassium iodide, potassium sulphocya- 

Barium chloride: nate, potassium sulphide, sodium hydroxide, sodium sul- 
Deandidums =e. 0 f.22).2] 4 [leat |roy :feoleel |||; | phide, sodium salicylate, calcium nitrate, uranium ni- 
L. testaceum........... .. |.. {16}. .|. Jez]. ./s5). Joslog)..|..|.. | trate, strontium nitrate, copper nitrate, cupric chloride, Mereuric chloride: and mercuric chloride. The curves of the hybrid and oh shee soni eustges pales 2 --|- {99}. -J--J--f--fol-}j-+ | DL. candidum tend to be more closely related than the 
Te testaceum 2 00.0002(002]°S}ra! “1 faa} foo]. “| ff |. | cuaves of the hybrid and the other parent, or the curves of 

the parents. 
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(2) In L. chalcedonicum in comparison with that of 
the other parent, the lower reactions with polarization, 
iodine, gentian violet, safranin, and temperature; the 
higher reactions with chloral hydrate, chromic acid, pyro- 
gallic acid, cobalt nitrate, cupric chloride, and barium 
chloride ; and the same or practically the same with nitric 
acid, sulphuric acid, hydrochloric acid, potassium hydrox- 
ide, potassium iodide, potassium sulphocyanate, potas- 
sium sulphide, sodium hydroxide, sodium sulphide, 
sodium salicylate, calcium nitrate, uranium nitrate, 
strontium nitrate, copper nitrate, and mercuric chloride. 

(3) In L. chalcedonicum the very high reactions with 
chromic acid, pyrogallic acid, nitric acid, sulphuric acid, 
hydrochloric acid, potassium hydroxide, potassium io- 
dide, potassium sulphocyanate, potassium sulphide, 
sodium hydroxide, sodium sulphide, sodium salicylate, 
calcium nitrate, uranium nitrate, strontium nitrate, 
cobalt nitrate, copper nitrate, cupric chloride, barium 
chloride, and mercuric chloride; the high reactions with 
polarization, gentian violet, safranin, and chloral hy- 
drate; and the moderate reactions with iodine and 
temperature. 

(4) In ZL. candidum the very high reactions with 
gentian violet, safranin, chromic acid, nitric acid, sul- 
phuric acid, hydrochloric acid, potassium hydroxide, 
potassium iodide, potassium sulphocyanate, potassium 
sulphide, sodium hydroxide, sodium sulphide, sodium 
salicylate, calcium nitrate, uranium gitrate, strontium 
nitrate, cobalt nitrate, copper nitrate, cupric chloride, 
and mercuric chloride; the high reactions with polariza- 
tion, iodine, temperature, and barium chloride; and the 
moderate reactions with chloral hydrate and pyrogallic 
acid. 

(5) In the hybrid, the very high reactions with chloral 
hydrate, chromic acid, nitric acid, sulphuric acid, hy- 
drochloric acid, potassium hydroxide, potassium iodide, 
potassium sulphocyanate, potassium sulphide, sodium 
hydroxide, sodium sulphide, sodium salicylate, calcium 
nitrate, uranium nitrate, strontium nitrate, cobalt ni- 
trate, copper nitrate, cupric chloride, and mercuric 
chloride; the high reactions with polarization and barium 
chloride; and the moderate reactions with iodine, tem- 
perature, and pyrogallic acid. 

Following is a summary of the reaction-intensities: 

Very * Mod- Very 
high. High. erate. Low. low. 

L. chalcedoniéum.............] 20 4 2 0 0 
Tg, CRI Uliva soa a aoe os eww 20 4 2 0 0 
Ta testavedtids cscs 4a es as evans a 2 3 0 0 

29. CoMPaRISONS OF THE SrarcHes or LitiuM 
PARDALINUM, L. PaRRYI, AND L. BURBANKI. 

In the histologic characteristics, polariscopic figures, 
reactions with selenite, qualitative reactions with iodine, 
and qualitative reactions with the various chemical reag- 
ents all three starches exhibit properties in common in 
varying degrees of development, the sum of which in each 
case being characteristic of the starch. The starch of 
LL. parryt in comparison with that of L. pardalinum con- 
tains less numbers of compound grains and aggregates, 
and the grains are less irregular. The hilum is slightly 
less eccentric. The lamelle are less distinct, and less 
numerous, and there is an absence of a broad refractive 
lamella that is found in L. pardalinum. The sizes 
of the corresponding forms of the grains are distinctly 
less. In the polariscopic, selenite, and qualitative iodine 
reactions there are some apparently minor differences. 
In the qualitative reactions with chloral hydrate, chromic 
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acid, potassium hydroxide, cobalt nitrate, and cupric 
chloride various differences are recorded which seem to 
be of minor importance. The starch of the hybrid in 
comparison with the starches of the parents shows an 
absence of compound grains that are found in both 
parents; and the grains are more regular in form than 
in either parent. The hilum is less distinct, less often 
fissured, and less eccentric than in either parent. The 
lamelle are in general characters like those of the parents, 
but they are less numerous. The sizes of the correspond- 
ing forms of grains are about mid-intermediate between 
those of the parents. In the polariscopic and selenite 
reactions the relationship of the hybrid is closer to 
L. parryt, but in the qualitative reactions closer to L. 
pardalinum. In the qualitative reactions with the 
chemical reagents in the reactions with chloral hydrate, 
chromic acid, potassium hydroxide, cobalt nitrate, and 
cupric chloride the relationship of the hybrid is closer 
to L. pardalium, but there are many instances of close- 
ness to the peculiarities of L. parryi, especially in the 
chloral-hydrate and chromic-acid reactions. The in- 
fluences of L. parryi are quite obvious, although, as a 
whole, superseded by those of the other parent. 

Reaction-intensities Expressed by Light, Color, and Tempera- 
ture Reactions. 

Polarization: 
L. pardalinum, low to high, value 55. 
L. parryi, low to high, lower than in L. pardalinum, value 50. 

L. burbanki, low to high, the same as in L. parryi, value 50. 
Todine: 

L. pardalinum, light to moderate, value 40. 
L. parryi, moderate, much higher than in L. pardalinum, value 55. 
L. burbanki, light to moderate, the same as in L. pardalinum, 

value 40. 
Gentian violet: 

L. pardalinum, moderate to deep, value 65. 
L. parryi, light to moderate, very much less than in L. pardalinum, 

value 40. 
L. burbanki, moderate, more than in L. parryi, value 45. 

Safranin: 
L. pardalinum, moderate to deep, value 65. 
L. parryi, light to moderate, very much less than in L. pardalinum, 

value 35. 
L. burbanki, light to moderate, more than in L. parryi, value 40. 

Temperature: 

L. pardalinum, in majority at 58 to 60.5°, in all at 61 to 63°, 
mean 62°, 

L. parryi, in majority at 47 to 48.5°, in all at 51 to 52°, mean 51.5°. 
L. burbanki, in majority at 64 to 66°, in all at 67 to 68.5°, mean 

67.75°. 

The reactivity of L. pardalinwm is higher than that 
of the other parent in the polarization, gentian-violet, 
and safranin reactions; and lower in the iodine and tem- 
perature reactions. The reactivity of the hybrid is the 
same or practically the same as that of L. pardalinum 
in the iodine reaction; the same or practically the same 
as that of L. parryi in the polarization reaction; lowest 
of the three in the temperature reaction; and interme- 
diate in the gentian-violet and safranin reactions. The 
hybrid in the iodine and temperature reactions is closer 
to L. pardalinum than to L. parryi, but in the polariza- 
tion, gentian violet, and safranin reactions closer to the 
latter parent. 

Table A 29 shows the reaction-intensities in percent- 
ages of total starch gelatinized at definite intervals (sec- 
onds and minutes). 

VELOCITY-REACTION CURVES. 

This section treats of the velocity-reaction curves of 
the starches of Inlium pardalinum, L. parryi, and L. bur- 
bankt, showing the quantitative differences in the be- 
havior toward different reagents at definite time-inter- 
vals. (Charts D 373 to D 378.) 

These starches in common with the other lily starches 
are generally very sensitive to gelatinizing agents, but 
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there is, on the whole, distinctly less sensitivity than of 

any of the four preceding groups, particularly as re- 
gards the hybrid. As a rule, however, the data are 
not of much usefulness excepting in very few instances 
for chart making. Gelatinization is nearly or practi- 
cally complete in 15 to 30 seconds in the reactions with 
nitric acid, sulphuric acid, hydrochloric acid, potassium 
hydroxide, potassium iodide, potassium sulphocyanate, 
potassium sulphide, sodium hydroxide, and sodium sul- 
phide. In the reactions with nitric acid, hydrochloric 
acid, potassium iodide, potassium sulphocyanate, sodium 
hydroxide, and sodium sulphide there are distinct indi- 
cations of lower reactivity of the hybrid than of the 
parents. Gelatinization goes on very rapidly in all three 
starches during the first 1 to 3 minutes in the other 
reactions, so that in nearly all (excepting those with 
chloral hydrate, chromic acid, sodium salicylate, and 
cupric chloride) at least 90 per cent of the total starch 
is broken down within this period. In occasional in- 
stances the hybrid is comparatively resistant, as in the 
reactions with chromic acid, uranium nitrate, strontium 
nitrate, cobalt nitrate, copper nitrate, cupric chloride, 
barium chloride, and mercuric chloride, in some of 
which the resistance is quite marked or only noticeable 
during the first minute. There are also suggestions 
of differences in the parents, L. pardalinuwm showing 
generally a marked tendency to greater resistance than 
L. parryi. In these reactions the hybrid is generally 
distinctly closer to L. pardalinum than to the other 
parent, this being in accord with the findings in the 
histologic and quantitative peculiarities, and in the light, 
color, and temperature reactions. Referring to the charts, 
it will be seen that all three curves in each reaction tend 
to be from close to very close, the parental curves run- 
ning together in five out of the six reactions, and the 
hybrid with the curves of L. parryi in the sodium-sali- 
cylate reactions. In all six charts the curves of L. parryi 
are higher than the curves of L. parryi in the reactions 
with chromic acid, cobalt nitrate, barium chloride, and 
mercuric chloride, keeping very close together, yet show- 
ing quite definite differences in the reactions. The hybrid 
curve is intermediate in the chloral-hydrate reaction; 
distinctly the lowest in those with chromic acid, pyro- 
gallic acid, cobalt nitrate, barium chloride, and mercuric 
chloride ; and nearly the same as L. parryi (at first inter- 
mediate) with sodium salicylate. There is in general a 
tendency to less reactivity of the hybrid than of the 
parents. 

REACTION-INTENSITIES OF THE HYBRID. 

This section treats of the reaction-intensities of the 
hybrid as regards sameness, intermediateness, excess, and 
deficit in relation to the parents. (Table A29 and 
Charts D 373 to D 378.) 

The reactivities of the hybrid are the same as those of 
the seed parent in the iodine and calcium-nitrate reac- 
tions; the same as those of the pollen parent in the 
polarization reaction ; the same as those of both parents 
in the potassium hydroxide reaction, in which the reac- 
tions occur too rapidly for differentiation ; intermediate 
in the reactions with gentian violet, safranin, chloral hy- 
drate, sulphuric acid, sodium salicylate, and barium chlo- 
ride (in four being closer to those of the pollen parent, 
and in two closer to those of the seed parent) ; highest 
in none; and lowest in those with temperature, chromic 
acid, pyrogallic acid, nitric acid, hydrochloric acid, po- 
tassium iodide, potassium sulphocyanate, potassium sul- 
phide, sodium hydroxide, sodium sulphide, uranium 
nitrate, strontium nitrate, cobalt nitrate, copper nitrate, 
cupric chloride, and mercuric chloride (in nine being 
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closer to those of the seed parent, and in seven being as 
close to one as to the other parent). The following 
is a summary of the reaction-intensities: Same as seed 
parent, 2; same as pollen parent, 1; same as both parents, 
1; intermediate, 6; highest, 0; lowest, 16. 

The seed parent has according to these data to a far 
greater degree than the other parent influenced the prop- 
erties of the starch of the hybrid. The tendency to low- 
est reactivity of the hybrid is even more conspicuous 
than the leanings to the seed parent. Intermediateness 
is fairly well marked. 

ComposiTE CURVES OF THE REACTION-INTENSITIES. 

This section treats of the composite curves of the 
reaction-intensities, showing the differentiation of the 
starches of Lilium pardalinum, L. parryi, and L. bur- 
banki. (Chart E 29.) 

The most conspicuous features of this chart are: 
(1) The generally very close correspondence of all 

three curves, the most noticeable variations in the case 
of the parents being in the reactions with gentian violet 
and safranin; and of the hybrid with chromic acid, 
pyrogallic acid, cobalt nitrate, barium chloride, and mer- 
curic chloride. There is no satisfactory differentiation 
of the three starches in the reactions with nitric acid, 
sulphuric acid, hydrochloric acid, potassium hydroxide, 
potassium iodide, potassium sulphocyanate, potassium 
sulphide, sodium hydroxide, and sodium sulphide ; there 
is no differentiation of the parents in the copper-nitrate 
reaction, and not a very marked differentiation in those 
with calcium nitrate, uranium nitrate, strontium nitrate, 
cobalt nitrate, cupric chloride, barium chloride, and mer- 
curic chloride. The hybrid curve tends to be somewhat 
erratic, and inclining to keep low and even below the 
parental curves, this being especially noticeable in the 
reactions with temperature, chromic acid, pyrogallic acid, 
uranium nitrate, cobalt nitrate, copper nitrate, cupric 
chloride, barium chloride, and mercuric chloride. With 
weaker reagents where the reactions occur with great 
rapidity, as in the nine reactions from nitric acid on to 
sodium sulphide, inclusive, this tendency would doubtless 
be made even more conspicuous. On the whole, the hy- 
brid curve is much more closely related to the curve of 
L. pardalinum than to that of L. parryi. 

(2) In L. pardalinum, in comparison with the other 
parent, the higher reactions with polarization, gentian 
violet, and safranin ; the lower with iodine, temperature, 
chloral hydrate, chromic acid, pyrogallic acid, sodium 
salicylate, calcium nitrate, uranium nitrate, strontium 
nitrate, cobalt nitrate, cupric chloride, barium chloride, 
and mercuric chloride; and the same or practically the 
same reactions as those of the other parent with nitric 
acid, sulphuric acid, hydrochloric acid, potassium hy- 
droxide, potassium sulphocyanate, potassium sulphide, 
sodium hydroxide, sodium sulphide, and copper nitrate. 

(3) In L. pardalinum the very high reactions with 
chromic acid, pyrogallic acid, nitric acid, sulphuric acid, 
hydrochloric acid, potassium hydroxide, potassium iodide, 
potassium sulphocyanate, potassium sulphide, sodium 
hydroxide, sodium sulphide, sodium salicylate, calcium 
nitrate, uranium nitrate, strontium nitrate, cobalt ni- 
trate, copper nitrate, cupric chloride, barium chloride, 
and mercuric chloride; the high reactions with gentian 
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violet, safranin, temperature, and chloral hydrate; the 
moderate reactions with polarization and iodine. 

(4) In L. parryi the very high reactions with tem- 
perature, chloral hydrate, chromic acid, pyrogallic acid, 
nitric acid, sulphuric acid, hydrochloric acid, potassium 
hydroxide, potassium iodide, potassium sulphocyanate, 
potassium sulphide, sodium hydroxide, sodium sulphide, 
sodium salicylate, calcium nitrate, uranium nitrate, 
strontium nitrate, cobalt nitrate, copper nitrate, cupric 
chloride, barium chloride, and mercuric chloride, reac- 
tions ; the absence of a high reaction; the moderate reac- 
tions with polarization, iodine, and gentian violet; and 
the low reaction with safranin. 

(5) In the hybrid the very high reactions with nitric 
acid, sulphuric acid, hydrochloric acid, potassium hy- 
droxide, potassium iodide, potassium sulphocyanate, po- 
tassium sulphide, sodium hydroxide, sodium sulphide, 
sodium salicylate, calcium nitrate, strontium nitrate, 
copper nitrate, cupric chloride, and mercuric chloride; 
the high reactions with chloral hydrate, chromic acid, 
cobalt nitrate, and barium chloride; the moderate reac- 
tions with polarization, gentian violet, safranin, and tem- 
a and the low reactions with iodine and pyrogallic 
acid. 

The following is a summary of the reaction-intensi- 
ties: 

Very r Mod- Very 
high. High. erate Low low. 

L. pardalinum................ 20 4 2 0 0 
L. parryi... .................] 22 (9) 3 1 0 

L. burbanki..................] 16 4 4 2 i) 

Notes ON THE LILIEs. 

The starches of the various species of lilies belong 
to the quick-reacting group and they are universally so 
rapidly gelatinized by nitric acid, sulphuric acid, hydro- 
chloric acid, potassium hydroxide, potassium iodide, po- 
tassium sulphocyanate, potassium sulphide, sodium 
hydroxide, and sodium sulphide that satisfactory differ- 
entiation is not possible, excepting with reagents of 
different concentration from those used in this research. 
Even with most of the other chemical reagents, they often 
react so rapidly that convincing differential data are not 
obtainable with the concentrations employed. The only 
reagents in the concentrations used that are really useful 
are chloral hydrate, chromic acid, pyrogallic acid, sodium 
salicylate, cobalt nitrate, and barium chloride. But in 
the reactions with polarization, iodine, gentian violet, 
safranin, and temperature conclusive data were usually 
recorded. 

The hybrids tend in each case to be more closely 
related in the sum total of their characters to one or the 
other parent, and with far less inclination to interme- 
diateness than to identical development or to excessive 
or deficient development beyond parental extremes. The 
tendency to exceed parental extremes is particularly well 
marked in the curve of ZL. burbanki, where there is 
shown a very distinct inclination to be below the lower of 
the parental curves. In the first and fourth groups, the 
hybrids are more closely related on the whole to the 
pollen parents ; and in the second, third, and fifth groups 
to the seed parents. The general relationship of the 
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hybrids to their respective parents in their quantitative 
reactions are exhibited in the following summary, the 
figures being, however, of an absolutely tentative charac- 
ter, because many of the reactions recorded as sameness 
are so only because the concentrations of the reagents 
were not adapted to elicit differences of a positive 
character. 

Following is a summary of the reaction-intensities: 

¥.1/2.] 2 
Sa | oe Ba] 3 ; sel 28/25/ 2 | a | 3 o Cire] o o 
ga) g2)/gea/ 2] a/ & 
a oa) na fe) ies] | 

L. marhan............ 0 5 9 6 1 5 
L. dalhansoni.........| 4 1 9 9 2 1 
L. golden gleam....... 4 4 5 2 7 4 

L. testaceum.......... 4 3 2 7 6 4 
L, burbanki... .. 4.44.8; 2 1 1 6 0 16 

The general picture presented by the five charts is 
that of a definite generic type, the curves bearing close 
relationships in their courses; but with a tendency to 
variability in the reactions with chloral hydrate, chromic 
acid, and pyrogallic acid, this latter indicating a marked 
molecular instability in relation to these special reag- 
ents. There is not the least evidence of subgeneric 
grouping such as was found in certain other genera stud- 
ied, this being in accord with the findings in the pre- 
ceding research in which it was stated upon the basis of 
that preliminary work that the division of Lilium into 
the six subgenera noted is probably botanically artificial. 

The curves of Lilium martagon and its horticultural 
variety L. martagon album very closely coincide, the 
curve of the former inclining, where satisfactory differ- 
ences can be made out, to be somewhat lower than that of 
the former, as in the reactions with polarization, iodine, 
chromic acid, pyrogallic acid, cobalt nitrate, and barium 
chloride; and rarely higher, as with safranin and chloral 
hydrate, the latter being the only one that is important. 

It is of interest to note that in the fourth group L. 
chalcedonicum (subgenus Martagon) is crossed with 
L. candidum (subgenus Fulirion), yielding L. testaceum, 
which latter is classed in the subgenus Martagon and 
in the same subdivision of the subgenus as DL. chalce- 
donicum. In this research the hybrid shows in the 
sum total of its characters a closer relationship, as a 
whole, to LZ. chalcedonicum than to the other parent. 
Thus, in the form of the grain, general characters of the 
hilum, characters and arrangements of the lamelle, 
polariscopic figure, appearances with selenite, qualitative 
reactions with iodine, qualitative reactions with the 
various chemical reagents, and quantitative reactions in 
the polarization, iodine, chloral-hydrate, and chromic- 
acid reactions it is closer to L. chalcedonicum; but in 
eccentricity of the hilum, size of the grains, and quanti- 
tative reactions with gentian violet, safranin, pyrogallic 
acid, cobalt nitrate, cupric chloride, and barium chloride 
it is distinctly much closer to the other parent. Curi- 
ously, while the foregoing data, as a whole, indicate a 
much closer relationship of the hybrid to L. chalcedont- 
cum, the composite curves indicate the contrary, but this 
contradiction may be explained upon the basis of inade- 
quate analysis with the chemical reagents, because of the 
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great rapidity of many of the reactions. From the fore- 
going, qualitative data may be more important in the 
recognition and differentiation of starches than quanti- 
tative data, although theoretically one should expect 
them to go hand in hand. 

30. CoMPARISONS OF THE STARCHES OF [RIS IBERICA, 
I. rrogana, anp I. 1smMaqt. 

In the histologic characteristics, polariscopic figures, 
reactions with selenite, reactions with iodine, and quali- 
tative reactions with various chemical reagents, the 
starches of the parents and hybrid exhibit properties in 
common in varying degrees of development, the sum of 
which in each case is characteristic of the starch. The 
starch of Iris iberica in comparison with that of I. trojana 
contains few aggregates, and more compound grains of 
more types; the grains are more irregular; and flatten- 
ing of the distal end of elongated elliptical grains is more 
common. The hilum is more distinct and more fre- 
quently fissured. The lamelle are coarser and more dis- 
tinct; more apt to be irregular, especially between the 
hilum and the distal margin, following in their course 
the curvature of the notch in the distal margin; and 
the number is larger. The common sizes are larger— 
longer and broader or longer and of the same width than 
in the other parent. In the polariscopic, selenite, and 
qualitative iodine reactions there are a number of dif- 
ferences of an apparently minor character. In the 
qualitative reactions with chloral hydrate, hydrochloric 
acid, potassium iodide, sodium hydroxide, and sodium 
salicylate there are various differences, probably for the 
most part unimportant. The starch of the hybrid in 
comparison with the starches of the parents contains a 
less number of aggregates than in either parent; more 
compound grains than in J. iberica but less than in J. tro- 
jana; and the grains are much more irregular than in 
I. wberica and more irregular than in I. trojana. The 
hilum in character is more closely related to I. iberica, 
but in eccentricity to the other parent. The lamelle are 
in character, arrangement, and number more closely re- 
lated to I. tberica. The size is less than in either parent, 
but closer to I. iberica. In the degree of polariza- 
tion and qualitative iodine reactions the relationship is 
closer to I. iberica, but in the qualitative polarization 
and selenite reactions closed to the other parent. In the 
qualitative chemical reactions there are leanings here 
and there to one or the other parent, but on the whole the 
relationships are much closer to J. iberica. It is of 
interest to note that a feature of I. iberica may be accen- 
tuated in the reactions of the hybrid. 

Reaction-intensities Expressed by Light, Color, and Tempera- 
ture Reactions. 

Polarization: 

I. iberica, low to high, value 50. 

I. trojana, low to moderately high, lower than in I. iberica, value 45. 
I. ismali, low to moderately high, lower than in either parent, 

value 40. 
Iodine: 

I. iberica, light to moderate, value 40. 
I. trojana, moderate, deeper than in I. iberica, value 50. 

I. ismali, light to moderate, the same as in I. iberica, value 40. 
Gentian violet: 

I. iberica, light to moderate, value 40. 
I. trojana, moderate, deeper than in I. iberica, value 50. 

I. ismali, light to moderate, the same as in I. iberica, value 40. 
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Safranin: 
I. iberica, moderate, value 45. 
I. trojana, moderate, deeper than in I. iberica, value 50. 
I. ismali, moderate, the same as in I. iberica, value 45. 

Temperature: 
I. iberica, in the majority at 69 to 70°, in all at 71 to 72.5°, mean 

71.75°. 
I. trojana, in the majority at 70 to 71.5°, in all at 73.2 to 75°, 

mean 72.1° 

I. ismali, in the majority at 69 to 71°, in all at 72 to 74°, mean 73°. 

The reactivity of J. iberica is higher than that of the 
other parent in the polarization and temperature experi- 
ments, and lower in iodine, gentian-violet, and safranin 
reactions. The reactivity of the hybrid is the same or 
practically the same as that of I. cberica in the iodine, 
gentian-violet, and safranin reactions; the lowest of the 
three in the polarization reaction; and intermediate be- 
tween those of the parents in the temperature reaction. 
The hybrid is nearer to I. iberica in the iodine, gentian- 
violet, and safranin reactions, nearer to the other parent 
in the polarization reactions, and intermediate in the 
temperature reaction. 

Table A 30 shows the reaction-intensities in percent- 
ages of total starch gelatinized at definite intervals 
(minutes). 

VELOCITY-REACTION CURVES. 

This section treats of the velocity-reaction curves of 
the starches of Iris iberica, I. trojana, and I. ismalt, show- 
ing the quantitative differences in the behavior toward 
different reagents at definite time-intervals. (Charts 
D 379 to D 399.) 

The most conspicuous features of this group of curves 
are: 

(1) The closeness of all three curves, indicating not 
only a corresponding relationship of the parents, but 
also very little modification of parental peculiarities 
in the hybrid. As regards the latter, the tendency of 
the curve is to follow closely that of one or the other 
parent or be of some degree of intermediateness. The 
only instances where there seems to be a notable inclina- 
tion for separation of the curves are in the reactions with 
chloral hydrate, hydrochloric acid, sodium sulphide, cal- 
cium nitrate, and mercuric chloride; and with the ex- 
ception of the last the hybrid curve is between the 
parental curves and distinctly closer to the curve of one 
or the other parent. 

(2) The lower reactivity of I. iberica in comparison 
with the other parent with all of the chemical reagents 
(excepting in the very rapid sulphuric-acid and the very 
slow cobalt-nitrate and barium-chloride reactions, where 
the parental curves are practically absolutely the same), 
the absence of differentiation doubtless being due to the 
extreme slowness of gelatinization. 

(3) The variable position of the hybrid curve in 
relation to the parental curves in the various reactions, 
with a very definite tendency to intermediateness or low- 
ness. In some of the reactions one of the three starches 
may at first be comparatively slow in reacting, followed 
by a comparatively rapid reaction, so that the relations 
of the curves are changed. This is seen in the pyrogallic- 
acid, strontium-nitrate, and copper-nitrate reactions, in 
which the hybrid curve is the lowest at the end of 5 min- 
utes and subsequently intermediate; in the calcium- 
nitrate reactions, where the curve of J. trojana is the low- 
est at 5 minutes and then the highest and well separated 
from the other curves; and in, uranium-nitrate reaction 
where the parental curves change their relative positions 
after 5 minutes. The sulphuric-acid chart shows nodiffer- 
entiation, but the figures at the end of 2 minutes indicate 
the order of reactivity as follows: I. trojana, I. ismali, 
and I. iberica, making the hybrid intermediate. The 
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Tasie A 30. 

THO 
bon Nn wn ~ hon oO ~ o 

Chioral hydrate: 
I. iberica...........000/ 0. 6 39 | 50 | 60 | 64 

I. trojana..............].. 18 51 | 77 | 88 | 93 

yi (1001: a rr 10 42 | 76 | 86 | 90 
Chromic acid: 

Pe iberiea sy sicesiecae naidctare 6 70 | 90 | 971 99 
I. trojana..... 29 90)98)..].. 
TE Aamall ivesare acai casa: oes 9 80 | 92 | 98 | 99 

Pyrogallic acid: 
I. iberica.............. oe 22 72 | 81 | 86 | 90 
Dy. COAG cncuecy een eee 28 77 | 84 | 93 | 96 

Tdsmali. oes cneee-ea uns 16 75 | 81 | 92 | 96 
Nitric acid: 

pS | 5) :) 2 (ce ee ea 58 73 | 77 | 81 | 84 
ss a ae 70 82 | 86 | 90 | 93 

Distal, secs scicaw sissy ovscav ei seco 58 76 | 82 | 89 | 92 
Sulphuric acid: 
Lotberes a esiecaccnieccssos| oe | 8B 99 
Le tro) otltoss oe cn ay eons .. | 98 99 
De iomalli. ... i200 eee aw. [OL 97 

Hydrochloric acid: 
DA DOTIOG se. cise ciivscsrexdrenerendal ars 53 63 | 72 | 81 | 86 
de TO ANB ny a5 gpa we ony ed gy 72 83 | 88] .. | 90 
DACA ey 9% 04 oe ee weae ee 64 82 | 87 87 

Potassium hydroxide: 
be Us) ot: a 8 82 85 | 89 | 93 | 95 
I. trojana.............. 84 92/96)../96 

I. ismali............... 77 81 | 84 | 88 | 93 
Potassium iodide: 
Tiiberica s< es sc scieecwel as 52 68 | 78 | 86 | 89 
a: 58 83 | 92 | 93 | 94 

Tatemiali.............425 sa0t.8 65 85 | 89 | 91 | 93 
Potassium sulphocyanate: 

I. iberica.............. .. | 84 90 97 
TitrO] an ayes cies eiasiesvaie .. | 88 95 98 
AS ASMAli x sca nccaseuneand es | 82 93 97 

Potassium sulphide: 
Ty Ube ried. 0.6 .s.c0 dia Sse 4 5| 6] 7] 8 
cs: ee 6 11 | 16 | 20 | 23 
BAB MAL oe oie prnveserscecncve 5 10/13; ../13 

Sodium hydroxide: 
Tvibeteaisis io se nescwas .. | 59 80 88 | 95 | 97 | 97 
I. trojana.............. .. | 75 87 91 | 95 | 97 | 97 
Litamialis esscecscasaes .. | 60 82 94 | 96 | 98 | 98 

Sodium sulphide: 
I. iberica.............. a 14 34 | 47 | 55 | 58 

I. trojana.............. a 39 58 | 67 | 72 | 77 
Mi Mer ai sessce-acceislaescnpanie ae 17 35 | 53 | 69 | 75 

Sodium salicylate: 

Liibericas oc eecesawns 55 | 89 | 99 
I. trojana.............. 77199 
I. ismali............... 75 | 99 

Calcium nitrate: 
I. iberica.............. 13 30 | 45 | 54 | 60 
TD) trO JAB a4 wainteacainars 7 66 | 71 | 75| 79 
Tolsmaliie gsc ence heen 19 32 | 48 | 54 | 62 

Uranium nitrate: 
I. iberica,............. 10 20 | 22 | 25 | 29 

I. trojana.............. oe 5 25 | 32 | 40 | 45 
T.ismali............... 1% 19 32 | 48 | 54 | 62 

Strontium nitrate 
I. iberica...........5.. 12 48 | 67 | 78} 80 
I. trojana.............. a 21 69 | 80 | 86 | 88 
T.ismali............... me 10 50 | 68 | 80 | 86 

Cobalt nitrate: 
I. iberica............4. wt 2 4| 6] 7| 8 
Ta trojan ais cise saa ee ears ag 1 3] 8} 9] 9 
Tismaliccccssasasnneas 0.5 2])..]..}] 3 

Copper nitrate: 
I. iberica.............. 12 19 | 50 | 54 | 61 

I. trojana.............. 16 25 | 70) 76/81 
Liem sscmncccnman acces 4 22 | 54 | 60} 63 

Cupric chloride: 
Liberiea: cvcxnesecaiess 2 10 42 | 61 | 64} 70 
I. trojana.............. 15 50 | 70| 77} 81 
TSHSTIAL sys. csninstiecerarniat ore 5 22 | 51! 61 | 68 

Barium chloride: 
I. iberica.............. gg 1 5] 9] 10) 11 
TL. trojaniawcwdcannawksenas «| 2 6| 7; 9/11 
Ty ismali. occ ic asacvess . (0.5 1{ 2} 3] 5 

Mercuric chloride 
I. iberica...........--- 3 11 | 15 | 22 | 52 
De trojane oiecsccorsecarovsoeses ay 6 18 | 32] 40 | 46 
I. ismali..........- eer ee 0.5 3] 8] 9/12 
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hybrid and I. trojana curves are practically absolutely 
the same and above the I. iberica curve in the reactions 
with sodium salicylate; almost identical with the parental 
curves in the reaction with potassium sulphocyanate ; at 
first intermediate and then the highest of the three in the 
reactions with sodium hydroxide, although there are but 
little differences ; and the highest and then intermediate in 
the reactions with potassium iodide, tending to be close to 
the curve of I. trojana. The hybrid curve is lower than the 
parental curves in the reactions with potassium hydrox- 
ide, cupric chloride, cobalt nitrate, barium chloride, and 
mercuric chloride, although the cobalt-nitrate and 
barium-chloride curves are very little different from the 
parental curves; and the highest throughout the 60 
minutes in the uranium-nitrate reaction. 

(4) In very few reactions is there a marked period 
of early resistance followed by a comparatively rapid 
gelatinization. A brief period of early resistance of all 
three starches is suggested by the curves of the strontium- 
nitrate reaction, and of one or the other parent or the 
hybrid in the reactions with chloral hydrate, chromic 
acid, calcium nitrate, uranium nitrate, and copper ni- 
trate, especially in the last. 

(5) The earliest period during the 60 minutes at 
which the three curves are best separated to differentiate 
the starches varies with the different reagents. Approxi- 
mately, this period occurs within 5 minutes in the reac- 
tions with pyrogallic acid, sulphuric acid, hydrochloric 
acid, potassium iodide, potassium sulphocyanate, sodium 
hydroxide, sodium salicylate, uranium nitrate, and cop- 
per nitrate; at 15 minutes with chromic acid, potassium 
hydroxide, calcium nitrate, strontium nitrate, and cupric 
chloride; at the end of 30 minutes with chloral hydrate, 
nitric acid, potassium sulphide, and sodium sulphide; 
and at the end of 60 minutes with cobalt nitrate, barium 
chloride, and mercuric chloride (with the last perhaps 
at the end of 30 to 45 minutes). 

REACTION-INTENSITIES OF THE HYBRID. 

This section treats of the reaction-intensities of the 
hybrid as regards sameness, intermediateness, excess, and 
deficit in relation to the parents. (Table A30 and 
Charts D 379 to D 399.) 

The reactivities of the hybrid are the same as those 
of the seed parent in the iodine, gentian violet, and 
safranin reactions ; the same as those of the pollen parent 
with potassium iodide and sodium hydroxide; the same 
as those of both parents with potassium sulphocyanate 
and sodium hydroxide; intermediate with temperature, 
chloral hydrate, chromic acid, pyrogallic acid, nitric acid, 
sulphuric acid, hydrochloric acid, potassium sulphide, 
sodium sulphide, calcium nitrate, strontium nitrate, and 
copper nitrate (in four being closer to the seed parent, 
in two being closer to the pollen parent, and in six being 
mid-intermediate) ; the highest with uranium nitrate, 

and nearer that of the pollen parent; and the lowest with 
polarization, potassium hydroxide, cobalt nitrate, cupric 
chloride, barium chloride, and mercuric chloride (in 
three being closer to the seed parent, in one closer to the 
pollen parent, and in two being as close to one as to 
the other parent). 

The following is a summary of reaction-intensities: 
Same as seed parent, 3; same as pollen parent, 2; same 
as both parents, 2 ; intermediate, 12 ; highest, 1 ; lowest, 6. 

It seems from the foregoing data that the seed parent 
has exercised much more influence than the pollen parent 
on the characters of the starch of the hybrid. Apart 
from this the most conspicuous features are the marked 
tendency to intermediateness and a tendency to lowness 
of the hybrid. 
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ComposITE CuRVES OF REACTION-INTENSITIES. 

This section treats of the composite curves of the 
reaction-intensities, showing the differentiation of the 
starches of Iris iberica, I. trojana, and I. ismali. (Chart 
E30. 

The most conspicuous features of this chart are: 
(1) The closeness of all three curves, the parental 

curves running so closely together as to suggest very 
closely related species (J. iberica is, however, relegated 
to Oncocylus and I. trojana, to Apagon, well-separated 
subgenera of the rhizomatous series). (The groupings 
of the Irids by different botanists are by no means the 
same, and it is recognized as being questionable if 
the classification of the entire genus must not be 
reconstructed. ) 

(2) The curve of I. iberica tends, with the exception 
of the polarization and temperature reactions, to be below 
that of I. trojana; but the differences are usually slight, 
and most marked in those with iodine, gentian violet, 
temperature, chloral hydrate, chromic acid, potassium 
sulphocyanate, sodium sulphide, sodium salicylate, cal- 
cium nitrate, uranium nitrate, copper nitrate, cupric 
chloride, and mercuric chloride. 

(3) The curve of the hybrid wavers in its parental 
relationships, sometimes being closer to one parent and 
at others to the other, with for the most part a tendency 
to sameness or intermediateness, occasionally above or 
below parental extremes. 

(4) In J. iberica, the very high reactions with sul- 
phuric acid, potassium sulphocyanate, and sodium sali- 
cylate; the high reactions with chromic acid and sodium 
hydroxide; the moderate reactions with polarization, 
iodine, gentian violet, safranin, temperature, pyrogallic 
acid, and potassium hydroxide; the low reactions with 
chloral hydrate, nitric acid, hydrochloric acid, sodium 
sulphide, calcium nitrate, strontium nitrate, copper ni- 
trate, and cupric chloride; and the very low reactions 
with potassium sulphide, uranium nitrate, cobalt nitrate, 
barium chloride, and mercuric chloride. 

(5) In JI. trojana, the very high reactions with sul- 
phuric acid, potassium sulphocyanate, and sodium sali- 
cylate; the high reactions with chromic acid and sodium 
hydroxide ; the moderate reactions with polarization, io- 
dine, gentian violet, safranin, chloral hydrate, pyrogallic 
acid, nitric acid, hydrochloric acid, potassium hydroxide, 
and potassium iodide; the low reactions with temperature, 
sodium sulphide, calcium nitrate, strontium nitrate, cop- 
per nitrate, and cupric chloride; and the very low reac- 
tions with potassium sulphide, uranium nitrate, cobalt 
nitrate, barium chloride, and mercuric chloride. 

(6) In the hybrid, the very high reactions with sul- 
phuric acid, potassium sulphocyanate, and sodium salicyl- 
ate; the high reactions with chromic acid and sodium 
hydroxide; the moderate reactions with polarization, io- 
dine, gentian violet, chloral hydrate, pyrogallic acid, 
nitric acid, potassium hydroxide, and potassium iodide; 
the low reactions with temperature, hydrochloric acid, 
sodium sulphide, calcium nitrate, uranium nitrate, stron- 
tium nitrate, copper nitrate, and cupric chloride; and the 
very low reactions with potassium sulphide, cobalt nitrate, 
barium chloride, and mercuric chloride. 

Following is a summary of the reaction-intensities: 

Very ‘ Mod- Very 
high. High. erate. Low. low. 

To iberi@as. i. 3 ecegee i geen aes ees 3 2 7 9 5 
I. trojana................... 3 2 10 6 5 
Teistoa o.5.0.5.5.24 avauns os casas 3 2 9 8 4 
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31. Comparisons OF THE STARCHES OF [RIS IBERICA, 

I. cenerarti, anp I. poraK. 

In histologic characteristics, polariscopic figures, reac- 
tions with selenite, reactions with iodine, and qualitative 
reactions with various chemical reagents, the starches 
of the parents and hybrid exhibit properties in common 
in varying degrees of development, the sum of which 
in each case is characteristic of the starch. The three 
starches are very much alike, and notwithstanding the 
very close resemblances of the parental starches the 
hybrid starch shows clearly evidence of biparental in- 
heritance. The starch of Iris iberica in comparison with 
that of I. cengialti contains more compound grains and 
aggregates, and there are two types of compound grains 
in the former that are not present in the latter; the 
grains are not quite so regular in form; and elongated 
elliptical grains are more common, but ovoid forms less 
common. The hilum is more distinct, less often fis- 
sured, and more eccentric. The lamelle are less dis- 
tinct, not quite so coarse, and more numerous. The size 
is somewhat less, with variations in ratio of length to 
width that are interesting. In the polariscopic, selenite, 
and qualitative reactions there are various differences. 
In the qualitative reactions with chloral hydrate, hydro- 
chloric acid, potassium iodide, sodium hydroxide, and 
sodium salicylate, there are many differences and indi- 
vidualities, several of the latter being quite striking. 
The starch of the hybrid in comparison with the parental 
starches contains more compound grains and aggregates 
than in either parent, and the compounds are of the two 
types found in J. tberica, but not in the other parent; 
the grains are less regular than in either parent. The 
relationship is on the whole distinctly closer to I. iberica. 
The hilum in character is closer to I. iberica, but in 
eccentricity to the other parent. The lamella in charac- 
ter are closer to I. cengialti, but in number to I. iberica. 
The size is somewhat less than in either parent, and, on 
the whole, closer to I. cengialti. In the polariscopic, 
selenite, and qualitative iodine reactions there are lean- 
ings here and there toward one or the other parent, but, 
on the whole, the relationship is much closer to I. iberica. 
In the qualitative chemical reactions the latter statement 
holds with equal force. 

Reaction-intensities Expressed by Light, Color, and Tempera- 
ture Reactions. 

Polarization: 
I. iberica, low to high, value 50. 
I. cengialti, moderately high to high, higher than in I. iberica, 

value 60. 
I. dorak, low to high, the same as in I. iberica, value 50. 

Iodine: 
I. iberica, light to moderate, value 40. 
I. cengialti, moderate, deeper than in I. iberica, value 45. 

I. dorak, light to moderate, the same as in I. iberica, value 40. 

Gentian violet: 
I. iberica, light to moderate, value 40. 
I. cengialti, moderate, deeper than in I. iberica, value 45. 

I. dorak, moderate, deeper than in either parent, value 50. 
Safranin: 

I. iberica, moderate, value 45. 

I. cengialti, moderate, deeper than in I. iberica, value 50. 

I. dorak, moderate, the same as in I. cengialti, value 50. 
Temperature: 

I. iberica, in the majority at 69 to 70°, in all at 71 to 72.5°, mean 
71.5°. 

I. cengialti, in the majority at 70 to 72° mean, in all at 74 to 76°, 
mean 75°. 

I. dorak, in the majority at 68 to 70°, in all at 70 to 72°, mean 71.5°. 

The reactivity of I. iberica is lower than that of the 
other parent in the polarization, iodine, gentian violet, 
and safranin reactions, and higher in the temperature 
reaction. The reactivity of the hybrid is the same or 
practically the same as that of I. zberica in the reactions 
with polarization and iodine; the same or practically the 
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Taste A 31. 

aye]e eye els fele: 
al n oO ~~ a Lond nl oO w o 

-Chloral hydrate: 
I. iberica.............. 6 39 | 50 | 60 | 64 
I. cengialti ............ 10 34 | 52 | 62 | 66 
Di dor aks csssissscscosiesiscaisens 6 17 | 33 | 44] 50 

Chromic acid: 
P.AbDerica.. 65 scdaversiacate wes 6 70 ; 90 | 97! 99 
I. cengialti............. 10 63 | 90 | 95 | 99 
Oy AGA. co nwannawde ean 29 86 | 95 | 97 | 98 

Pyrogallic acid: 
I. iberica.............. ee 22 72 | 81 | 86} 90 
I. cengialti............. <8 4 45 | 71| 78) 84 
Te dora iio: acai ericigeeinies | ae 20 70 | 85 | 911 96 

Nitric acid: 
T Suet its s erence epucien es 58 73 | 77 | 81 | 84 
1. cengialth, ccc ia ccanean| ws 12 66 | 73 | 83 | 90 
Li AOTR noe ade herman we 65 78 | 81 | 84 | 89 

Sulphuric acid: 
Tiberias: ssn ans avecroiene .. | 85 99 
I. cengialti............. 89 99 
Tidorak: occas cvasaseni| 92 99 

Hydrochloric acid: 
Uh iberiea « .ccceis a c0xe eH 53 63 | 72 | 81] 86 

I. cengialti............. es 60 82|90).. | 92 
T OrG scan ¢ 0 aca ei eed 60 82 | 92 92 

Potassium hydroxide: 
T. iberies.... ¢. 2. cacs aia ae 82 85 | 89 | 93 | 95 

I. cengialti.............].- 75 85 | 90 | 93 | 94 

Ly Gerais ac cede vawseer ars 66 80 | 86] .. | 90 

Potassium iodide: 
1. UDetIES... . ccs cae inane « 52 68 | 78 | 86 | 89 

I. cengialti.............]-- 50 82 | 86 | 91 | 93 
A OPA oo ban Kaw eanee oe 75 89 | 93 | 94 | 95 

Potassium sulphocyanate 
I. iberies.... 102 cn een cas .. | 84 90 97).. 

I. cengialti............. va | BL 91 95 | 98 
I, dorakivs 65 ocean xe ee (OCT 90 95 

Potassium sulphide: 
I. iberiea 0.662250 6s] we 4 5| 6| 7] 8 
I. cengialti............. oe 3 4; 5]/10;10 
We SA ee cte ee ices al So 4 6| 8] 9/12 

Sodium hydroxide: 
I. iberica......-.......,.. | 59 80 88 | 95 | 97 | 97 

I. eengialtic. ..5c000.020) 20 | $0 74 89 | 95 | 95 | 96 

T.. dorakie séciscg aan egg 65 80 90/95] 95) 96 

Sodium sulphide: 
Ly Werth oc eecsas os oe) ox 14 34 | 47 | 55 | 58 

T. eengialtiv. cas sccasacsl es 6 48 | 60 | 66 | 66 
Jes eee eens ee 27 47 | 60 | 66} 70 

Sodium salicylate: 
I. iberica. ............-]-- 55 | 89 | 99 

¥, eengialliinis ccs a acx we] ns 55 | 95 | 99 Z 
Ts. orakes.csiasin nace cwivssns or 47 | 90| 99 * 

Calcium nitrate: 
el: Se ere be 13 30 | 45 | 54| 60 

I. cengialti............. ae 6 41 | 59 | 63 | 68 

1, Gone cecyaececeavad xe 14 28 | 48 | 60| 68 
Uranium nitrate: 

I. iberica.........2....[-- 10]... | 20] 22| 25] 29 
I. cengialti.............).- 2 10 | 20 | 33 | 36 
L, doralins cxciengsuwews 5 18 | 32 | 39 | 46 

Strontium nitrate 
LeTOFGS ss casan anaes es Aer 12 48 | 67 | 78 | 80 
I. cengialti......... eae alse 12 58 | 71 | 78 | 86 

Te dorak’ys cos 54435 see | 20 55 | 65 | 72 | 79 
Cobalt nitrate: 

Ty. 1DGYi08.. «5c eee eae] ao 2 4] 6) 7] 8 
I, céngialti.... ...6. 5s ecel oe 1 2, 5) 6) 7 
Ti dora, esccsveicseretea ase i 0.5 3] 4) 5] 6 

Copper nitrate: 
I. iberica.............. on 12 19 | 50 | 54 | 61 

I. cengialti............. fe 10 30 | 50 | 57 | 60 

Te dorak’..o 35 ss0a054800,0) ae 20 28 | 50 | 55 | 58 
Cupric chloride: 

I. iberica.............. a 10 42 | 61 | 64| 70 
I. cengialti.............).. a 15 | 55 | 62 | 68 
T.-dorakes coc 4s ieee ans is 15 56 | 64! 66 | 70 

Barium chloride: 
Ly there: cscs e240 a0 case] 1}. 6{ 9]10/11 

I. cengialti............. a 0.5}. 1] 2) 3] 6 
ts) | See eee on 1 5} 6] 8/12 

Mercuric chloride: 
pS Loy) Cu: oe ee «| & 11] 16 | 22 | 26 

1. cergialtins «dei s ce ee a . (0.5 21 3) 9112 
1. dorak’s¢. evs cs cses xe) ae 6 11] 17} 21 | 22 
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same as that of the other parent in the safranin reaction ; 
and the highest of the three in the temperature reaction. 
The hybrid is nearer J. tberica than to I. cengialti in the 
polarization, iodine, and temperature reactions, but 
nearer the other parent in the gentian violet and safranin 
reactions. 

Table A 31 shows the reaction-intensities in percent- 
ages of total starch gelatinized at definite intervals 
(minutes). 

VELOCITY-REACTION CURVES. 

This section treats of the velocity-reaction curves of 
the starches of Iris iberica, I. cengialtt, and I. dorak, 
showing the quantitative differences in the behavior 
toward different reagents at definite time-intervals. 
(Charts D 400 to D 420.) 

The most conspicuous features of this group of curves 
are: 

(1) The closeness of all three curves, occasionally 
almost identical, indicating corresponding relationships 
of the parents and little modification of parental pecu- 
liarities in the hybrid. The hybrid curve relative to the 
parental curves shows marked variability in so far as it 
sometimes follows one or the other parent closely, or is 
the highest or the lowest or tends to intermediateness, 
as the case may be. The hybrid curve inclines to differ 
as much from the parental curves as the latter do from 
each other. The tendency to separation of the parental 
curves is more marked in this group than in the previous 
group, and with the exception of the reactions with sul- 
phuric acid, potassium sulphocyanate, potassium sul- 
phide, sodium hydroxide, sodium salicylate, strontium 
nitrate, cobalt nitrate, copper nitrate, and barium chlo- 
ride there is more or less marked separation, with a 
tendency generally for two of the three curves to keep 
close, sometimes the two parental curves and at others 
one parental curve with the hybrid curve. In some of 
the reactions noted there is definite although unimportant 
separation, as in those with sodium salicylate, strontium 
nitrate, copper nitrate, and barium chloride. 

(2) The sameness or marked closeness of the pa- 
rental curves in the reactions with chloral hydrate and 
chromic acid; the sameness or marked closeness of all 
three curves with sulphuric acid, potassium sulphocya- 
nate, potassium sulphide, sodium hydroxide, sodium sali- 
cylate, strontium nitrate, cobalt nitrate, and copper 
nitrate; the sameness or marked closeness of the hybrid 
curve with one or the other parental curve with pyro- 
gallic acid, nitric acid, hydrochloric acid, calcium ni- 
trate, and mercuric chloride. 

(3) The varying positions of the hybrid curves in 
relation to the parental curves in the different reactions, 
and the marked tendency for the hybrid curves to be 
higher or lower than the parental curves with almost not 
the least tendency to intermediateness. 

(4) In a few instances there is evidence of a com- 
paratively marked early resistance of one or two or all 
three starches, as the case may be, as in I. iberica in the 
chloral-hydrate and I. iberica and I. cengialti in the 
chromic-acid reactions ; in I. cengialti in those with pyro- 
gallic acid, nitric acid, sodium sulphide, copper nitrate, 
and cupric chloride. This peculiarity, in so far as the 
parents are concerned, is therefore almost confined to 
I. cengialtt, and it is not observed in the hybrid unless 
perhaps in the uranium nitrate reaction. 

(5) The earliest period during the 60 minutes at 
which the three curves are best separated to differentiate 
the starches varies with the different reagents. Approxi- 
mately, this period occurs within 5 minutes in most of 
the reactions, including the reactions with pyrogallic 
acid, nitric acid, sulphuric acid, potassium hydroxide, 
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potassium sulphocyanate, sodium hydroxide, sodium sul- 
phide, sodium salicylate, calcium nitrate, uranium ni- 
trate, and copper nitrate; at the end of 15 minutes with 
chloral hydrate, chromic acid, hydrochloric acid, potas- 
sium iodide, strontium nitrate, and cupric chloride; 
and at the end of 60 minutes with potassium sulphide, 
cobalt nitrate, barium chloride, and mercuric chloride. 
In some of these cases there is little or no practical dif- 
ferentiation at these respective periods. 

REACTION-INTENSITIES OF THE Hysprip. 

This section treats of the reaction-intensities of the 
hybrid as regards sameness, intermediateness, excess, and 
deficit in relation to the parents. (Table A 31 and 
Charts D 400 to D 420.) 

The reactivities of the hybrid are the same as those 
of the seed parent in the reactions with polarization, 
iodine, sodium hydroxide, barium chloride, and mercuric 
chloride; the same as those of the pollen parent in those 
with safranin, hydrochloric acid, and potassium sulphide ; 
the same as those of both parents in the cobalt-nitrate 
reaction ; intermediate in that with calcium nitrate, and 
closer to the seed parent; highest in those with gentian 
violet, temperature, chromic acid, pyrogallic acid, nitric 
acid, sulphuric acid, potassium iodide, sodium sulphide, 
uranium nitrate, strontium nitrate, copper nitrate, and 
cupric chloride (in six being closer to the seed parent, 
in five closer to the pollen parent, and in one as close 
to one as to the other parent) ; and lowest with chloral 
hydrate, potassium hydroxide, potassium sulphocyanate, 
and sodium salicylate (in one being closer to the seed 
parent, in two closer to the pollen parent, and in one as 
close to one as to the other parent). 

The following is a summary of the reaction-intensi- 
ties: Same as seed parent, 5; same as pollen parent, 3; 
same as both parents, 2; intermediate, 1; highest, 11; 
lowest, 4. 

The seed parent has apparently influenced to a more 
marked extent than the pollen parent the properties of 
the starch of the hybrid. The sameness to the seed 
parent coupled with the tendency to closeness to the seed 
parent in the reactions in which the hybrid is in excess 
of the parents is quite marked. The tendency to the 
highest or lowest reactivity of the hybrid is quite conspic- 
uous, this being noted in more than half of the reactions. 

Composite CURVES OF REACTION-INTENSITIES. 

This section treats of the composite curves of the 
reaction-intensities, showing the differentiation of the 
Bai). of Iris iberica, I. cengialti, and I. dorak. (Chart 

1. 
The most conspicuous features of this chart are: 
(1) The marked closeness of all three curves through- 

out, there being no tendency in any reaction for a marked 
departure of any one curve from the other two. The 
curves are so close as to suggest either very closely re- 
lated species or mere varieties, the latter rather than the 
former. The species are, however, classed in different 
subgenera: I. iberica in Oncocyclus, and I. cengialti in 
Pogoniris and Regelia. I. cengialti is regarded as being 
probably a dwarf variety of I. pallida, which it closely 
resembles. For the most part the differences in the curves 
fall within or close to the limits of error of experiment, 
so that little or nothing of importance can be gained 
from a critical comparison. At some points one parental 
curve is higher than the other; and the hybrid curve 
courses with one or the other or both parental curves, 
here and there running above or below both. 

(2) In I. tberica, the very high reactions with sul- 
phuric acid, potassium sulphocyanate, and sodium sali- 
cylate; the high reactions with chromic acid and sodium 
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hydroxide ; the moderate reactions with polarization, 
iodine, gentian violet, safranin, temperature, pyrogallic 
acid, and potassium hydroxide; the low reactions with 
chloral hydrate, nitric acid, hydrochloric acid, sodium 
sulphide, calcium nitrate, strontium nitrate, copper ni- 
trate, and cupric chloride; and the very low reactions 
with potassium sulphide, uranium nitrate, cobalt nitrate, 
barium chloride, and mercuric chloride. 

(3) In I. cengialti, the very high reactions with sul- 
phuric acid, potassium sulphocyanate, and sodium sali- 
cylate ; the high reactions with polarization, chromic acid, 
and sodium hydroxide; the moderate reactions with io- 
dine, gentian violet, safranin, hydrochloric acid, potas- 
sium hydroxide, and potassium iodide; the low reactions 
with temperature, chloral hydrate, pyrogallic acid, nitric 
acid, sodium sulphide, strontium nitrate, copper nitrate, 
and cupric chloride; and the very low reactions with 
potassium sulphide, uranium nitrate, cobalt nitrate, 
barium chloride, and mercuric chloride. 

(4) In the hybrid, the very high reactions with sul- 
phuric acid, potassium sulphocyanate, and sodium 
salicylate; the high reactions with chromic acid and so- 
dium hydroxide; the moderate reactions with polariza- 
tion, iodine, gentian violet, safranin, temperature, pyro- 
gallic acid, nitric acid, hydrochloric acid, potassium 
hydroxide, and potassium iodide; the low reactions with 
chloral hydrate, sodium sulphide, calcium nitrate, stron- 
tium nitrate, copper nitrate, and cupric chloride; and the 
very low reactions with potassium sulphide, uranium 
nitrate, cobalt nitrate, barium chloride, and mercuric 
chloride. 

Following is a summary of the reaction-intensities: 

Very i Mod- Very 
high. High. erate. Low. low. 

DA DOT CA sesso tease eco receintemnigavorgy ers 3 2 7 9 fi] 
I. cengialti...................] 3 3 6 9 5 
L.dotaks.o.iccasycincceevevs| 8 2 10 6 5 

32. Comparisons oF THE StarcuEs oF IRIs cEN- 
GIALTI, I, PALLIDA QUEEN OF May, aND I. mrs. 
ALAN GREY. 

In histologic characteristics, polariscopic figures, reac- 
tions with selenite and iodine, and with various chemi- 
cal reagents the starches of the parents and hybrid ex- 
hibit properties in common in varying degrees of de- 
velopment, the sum of which in each case is characteristic 
of the starch. Inasmuch as one of the parents is prob- 
ably merely a dwarf form of the other, but little difference 
is to be expected between either parents or parents and 
hybrid. The starch of I. cengialti in comparison with 
that of I. pallida queen of may contains fewer compound 
grains and aggregates ; the grains are less irregular, more 
rounded, but not so slender. The hilum when not fis- 
sured is more distinct ; more often, more deeply and more 
extensively fissured; and the eccentricity is greater. 
The lamella are usually not so distinct, coarser, and ex- 
hibit a notch corresponding to a notch in the distal 
margin that was not noted in I. pallida queen of may. 
The size of the grains is somewhat larger. In the polari- 
scopic, selenite, and qualitative iodine reactions many 
differences are recorded. In the qualitative reactions 
with chloral hydrate, hydrochloric acid, potassium iodide, 
sodium hydroxide, and sodium salicylate various differ- 
ences are noted, some of them quite individual and dis- 
tinctive. The starch of the hybrid in comparison with 
the starches of the parents contains compound grains and 
aggregates in about the same numbers and of the same 
types as in I. pallida queen of may; the grains are more 
regular than in either parent. In certain respects the 
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form is closer to that of I. cengialti, but in most features 
closer to that of the other parent. The hilum is in 
character closer to I. pallida queen of may, but the 
eccentricity is greater than in either parent, yet closer 
to this parent. The lamelle are less distinct than in 
either parent, but they are in their general characters 
closer on the whole to I. cengialéi. The size is less than 
in either parent, but closer to J. pallida queen of may. 
The polariscopic and selenite reactions are closer to 
those of I. pallida queen of may, but the qualitative 
iodine reactions are closer to those of the other parent. 
In the qualitative reactions with the chemical reagents 
the hybrid is very much more closely related to I. pallida 
queen of may. 

Reaction-intensities Expressed by Light, Color, and Tempera- 
ture Reactions. 

Polarization: 
I. cengialti, moderately high to high, value 60. 
I. pallida queen of may, low to high, lower than in I. cengialti, 

value 50. 
I. mrs. alan grey, low to high, lower than in either parent, value 45. 

Todine: 
I. cengialti, moderate, value 45. 
I. pallida queen of may, moderate, less than in I. cengialti, value 35. 
J. mrs. alan grey, moderate, deeper than in either parent, value 50. 

Gentian violet: 
I. cengialti, moderate, value 45. 
I. pallida queen of may, moderate, slightly deeper than in I. cen- 

gialti, value 48. 
I. mrs. alan grey, light to moderate, less than in either parent, 

value 40. 
Safranin: 

I. cengialti, moderate, value 50. 
I. pallida queen of may, moderate, slightly deeper than in I. cen- 

gialti, value 52. 

I. mrs. alan grey, moderate, less than in either parent, value 45. 
Temperature: 

I. cengialti, in the majority at 70 to 72°, in all at 74 to 76°, mean 75°. 

I. pallida queen of may, in the majority at 71 to 73°, in all at 75 
to 75.8°, mean 75.4°. 

I. mrs. alan grey, in the majority at 69 to 70°, in all at 73 to 74.5°, 

mean 73.75°, 

The reactivity of I. cengialti is higher than that of 
the other parent in the reactions with polarization, 
iodine, and temperature; and lower with gentian violet 
and safranin. With the exception of the first two the 
differences are small, and in the case of temperature 
probably within the limits of error. The reactivity of 
the hybrid is the lowest of the three in the polarization, 
gentian-violet, safranin, and temperature reactions, and 
the highest of the three in the iodine reactions. The 
hybrid is closer to J. cengialti than to that of the other 
parent in the iodine, gentian-violet, safranin, and temp- 
erature reactions, but the reverse in polarization reactions. 

Table A 32 shows the reaction-intensities in percent- 
ages of total starch gelatinized at definite intervals 
(minutes). 

VELOCITY-REACTION CURVES. 

This section treats of the velocity-reaction curves of 
the starches of Iris cengialti, I. pallida queen of may, 
and I. mrs. alan grey,showing the quantitative differences 
in the behavior toward different reagents at definite time- 
intervals. (Charts D 421 to D 441.) 

The most conspicuous features of this group of charts 
are: 

(1) The closeness of all three curves, with the ex- 
ception of the chloral-hydrate reaction, in which the 
curves markedly diverge after the first 5 minutes. Ex- 
cepting the reactions with nitric acid, sulphuric acid, 
potassium sulphide, cobalt nitrate, and barium chloride, 
there is sufficient separation of the curves, one or more, 
to permit of more or less satisfactory differentiation. 
It is of particular interest to note that the parental 
curves tend to a more marked closeness than does the 
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TaBie A 32. 

Ci :/8)8]e8]4/ 4 

Ble lsielelSialeisis 
Chloral hydrate: 

I. cengialti............. 10 34 | 52 | 62 | 66 

I. pallida queen of may.. 10 55 | 72 | 83 | 84 
I. mrs. alan grey.... ... 14 72|95|99].. 

Chromic acid: 
I. cengialti............. 10 63 | 90 | 95 | 99 

I. pallida queen of may. . 5 40 | 81 | 95 | 98 
I. mrs. alan grey........ 6 57 | 86 | 95 | 98 

Pyrogallic acid: 
I. cengialti............. 4 45 | 71 | 78 | 84 
I. pallida queen of may.. 4 30 | 67 | 84 | 92 
I. mrs. alan grey........ 5 16 | 56 | 66 | 78 

Nitric acid: 
I. cengialti............. 12 66 | 73 | 83 | 90 
I. pallida queen of may.. 9 62 | 70 | 79 | 81 
I. mrs. alan grey........ 10 63 | 71 | 80 | 83 

Sulphuric acid: 
I. cengialti.........5005 89 99 

I. pallida queen of may.. 89 99 
I. mrs, alan grey........ 93 99 

Hydrochloric acid: 
T. Cengiallse: ccc ck unas 60 82/90] .. | 92 

I. pallida queen of may. . 64 80 | 84]... | 86 
I. mrs. alan grey........ 20 62 | 75 | 86 | 86 

Potassium hydroxide: 

1, Genpialtds 5400-84 0085 75 85 | 90 | 93 | 94 

I. pallida queen of may. . 72 86 | 90 | 91 | 93 
I. mrs. alan grey........ 66 73 | 81 | 88 | 90 

Potassium iodide: 
I. cengialti............. 50 82 | 86 | 91 | 93 
I. pallida queen of may. . 30 75 | 83 | 88 | 90 
I. mrs. alan grey........ 37 53 | 77 | 81 | 83 

Potassium sulphocyanate: 

I. cengialti............. .. | 81 91 | 95 | 98 

I. pallida queen of may. . 75 89 | 95 | 96 

I. mrs. alan grey....... 66 77 | 90 | 93 
Potassium sulphide: 

I. cengialti............. 25 3 4] 5}|10/10 
I. pallida queen of may..| .. 2 6/10;..]10 
I. mrs. alan grey........ 1 2/ 6 6 

Sodium hydroxide: 

I. cengialti............. 50 74 89 | 95 | 95 | 96 
I. pallida queen of may. . 58 75 90 | 92 | 95 | 95 

I. mrs. alan grey........ 45 64 75 | 90 | 93 | 94 

Sodium sulphide: 
I. cengialti............. 6 48 | 60 | 66 | 66 

I. pallida queen of may. . 12 50 | 53 | 59 | 62 
I. mrs. alan grey........ 7 20 | 31 | 40 | 52 

Sodium salicylate: 

I. cengialti............. 55 | 95 | 99 r 

I. pallida queen of may. . 80/99] .. : 
I. mrs. alan grey........ 97 | 99 3 

Calcium nitrate: 
I. cengialti............. 6 41 | 59 | 63 | 68 
I. pallida queen of may..| .. 7 45 | 50 | 56 | 60 

I. mrs. alan grey........ 23 10 26 | 38 | 48 | 50 

Uranium nitrate: 
I. cengialti............. 2 10 | 20 | 33 | 36 
I. pallida queen of may. . 4 9] 18 | 25] 29 
I. mrs. alan grey........ 2 71/12/19] 24 

Strontium nitrate: 
I. cengialti............. 12 58 | 71 | 78 | 86 
I. pallida queen of may.. 10 46 | 54 | 63 | 68 
I. mrs. alan grey........ 8 23 | 43 | 50 | 55 

Cobalt nitrate: 
Il. cengialti...cccccceees ae a | 2) 5| 6| 7 
I. pallida queen of may..| .. . 10.5 Ui Bc) 

I. mrs. alan grey........ OS ae) 2 BS 
Copper nitrate: 

I. cengialti............. 10 30 | 50 | 57 | 60 
I. pallida queen of may.. 12 25 | 36 | 48] 51 
I. mrs. alan grey........ 5 12} 20 | 30] 31 

Cupric chloride: 
I. cengialti............. ihe 2 15 | 55 | 62 | 68 
I. pallida queen of may..| .. 6 19 | 48 | 60 | 63 

I. mrs. alan grey........ 3 7/42 | 44/48 

Barium chloride: 
I. cengialti............. . 40.5 t/ 2) Bt 4 

I. pallida queen of may.. . 10.5 2} 3) 4] 6 
I. mrs. alan grey........ 1 2/..] 4] 45 

Mercuric chloride: 
I. cengialti............. 40.5 2) 3] 9) 12 

I. pallida queen of may. . « (08 5] 9/10/14 
- |0.5 1] 2] 4] 4 I. mrs. alan grey........ 
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curve of the hybrid to either parent or to intermediate- 
ness. In fact, there is an inclination for the parental 
curves to be paired in their course and for the hybrid 
curve to be distinctly above or below the parental curves. 
In the chromic-acid reactions there is well-marked in- 
termediateness of the hybrid, and in those with potas- 
sium, iodine, sodium sulphide, and cupric chloride a 
transient intermediateness during the first 5 minutes; 
but in this group, with the exception of the potassium 
iodide reaction, the differences in the curves of the three 
starches are slight and fall within the limits of error of 
experiment. 

(2) The lower reactivity of I. cengialtt in compari- 
son with the other parent in the reactions with chloral 
hydrate and sodium salicylate; the higher reactivities in 
those with chromic acid, pyrogalliec acid, potassium io- 
dide, uranium nitrate, strontium nitrate, and copper 
nitrate; the same or nearly the same reactivities with 
hydrochloric acid, potassium hydroxide, potassium sul- 
phocyanate, sodium hydroxide, sodium sulphide, calcium 
nitrate, cupric chloride, and mercuric chloride; and 
the same reactivities also with nitric acid, sulphuric acid, 
potassium sulphide, cobalt nitrate, and barium chloride, 
in which the reactivities of all three starches are the 
same or practically the same. 

(3) The curves of the hybrid bear varying relations 
to the parental curves. The absence of sameness in any 
instance to the seed parent, the almost entire absence of 
intermediateness of the curve, and the very marked ten- 
dency to the curve being the highest or lowest of the 
three are very striking. This low tendency is a most 
interesting peculiarity considering the very close rela- 
tionship of the parents, and it recalls the same but even 
more marked peculiarity of the hybrids of the well- 
separated parents—A maryllis belladonna and Brunsvigia 
josephine. 

(4) In a few reactions there is evidence of an early 
period of resistance, and this may be noticeable in regard 
to one or more of three starches in any reaction. ‘This 
resistance is seen in all three starches in the reactions 
with chloral hydrate, chromic acid, pyrogallic acid, nitric 
acid, strontium nitrate, and cupric chloride; with I. cen- 
gialti in the sodium-sulphide reaction ; with both parents 
in that with calcium nitrate; and with the hybrid in 
that with cupric chloride particularly. 

(5) The earliest period during the 60 minutes at 
which the three curves are best separated to differentiate 
the starches varies with the different reagents. Approxi- 
mately, this period occurs within 5 minutes in the reac- 
tions with nitric acid, sulphuric acid, potassium hydrox- 
ide, potassium iodide, potassium sulphocyanate, sodium 
hydroxide, and sodium salicylate reactions; at 15 min- 
utes with chloral hydrate, chromic acid, pyrogallic acid, 
hydrochloric acid, sodium sulphide, calcium nitrate, and 
strontium nitrate ; at 30 minutes with copper nitrate and 
cupric chloride; and at 60 minutes with potassium sul- 
phide, uranium nitrate, cobalt nitrate, barium chloride, 
and mercuric chloride. In a number of cases the assign- 
ment is very questionable, so that the classification must 
be looked upon as having merely a tentative value. 

REACTION-INTENSITIES OF THE HYBRID. 
This section treats of the reaction-intensities of the 

hybrid as regards sameness, intermediateness, excess, and 
deficit in relation to the parents. (Table A32 and 
Charts D 421 to D 441.) 

The reactivities of the hybrid are the same as those 
of the seed parent in no reaction; the same as those of 
the pollen parent in that with cobalt nitrate; the same 
as those of both parents in those with nitric acid, sul- 
phuric acid, and barium chloride, in all of which the 
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progress of gelatinization is too fast or too slow for 
differentiation; intermediate with chromic acid, and 
closer to that of the seed parent; highest with iodine, 
temperature, chloral hydrate, and sodium salicylate (in 
one being nearer the seed parent, and in three nearer the 
pollen parent); and lowest with polarization, gentian 
violet, safranin, pyrogallic acid, hydrochloric acid, po- 
tassium hydroxide, potassium iodide, potassium sulpho- 
cyanate, potassium sulphide, sodium hydroxide, sodium 
sulphide, calcium nitrate, uranium nitrate, strontium 
nitrate, copper nitrate, cupric chloride, and mercuric 
chloride (in five being closer to the seed parent, in nine 
closer to the pollen parent, and in three being as close 
to one as to the other parent). 

The following is a summary of the reaction-intensi- 
ties :. Same as seed parent, 0; same as pollen parent, 1; 
same as both parents, 3; intermediate, 1; highest, 3; 
lowest, 17. 

Three features stand out most conspicuously: the 
more marked influence of the pollen parent on the proper- 
ties of the starch of the hybrid, the remarkably strong 
tendency for the curve of the hybrid to be above or below 
the curves of the parents, especially to be below, and the 
almost entire absence of intermediateness. 

CoMPosITE CURVE OF THE REACTION-INTENSITIES, 

This section treats of the compo8ite curve of the 
reaction-intensities, showing the differentiation of the 
starches of Iris cengialti, I. pallida queen of may, and 
I. mrs. alan grey. (Chart E 32.) 

The most conspicuous features of this chart are: 
(1) The closeness of all three curves, excepting in 

the reactions with chloral hydrate, calcium nitrate, ura- 
nium nitrate, strontium nitrate, copper nitrate, and 
cupric chloride, in all of which, excepting the first, the 
separation is within comparatively narrow limits, and in 
all the separation is due in a large measure or solely 
to the hybrid curve going above or falling below the 
parental values, a tendency that was also recorded in 
the histologic and qualitative peculiarities and the reac- 
tion-intensities expressed by light, color, and temperature 
reactions of this summary. 

(2) The curve of Iris cengialtt tends to be higher 
than that of I. pallida queen of may in the reactions with 
polarization, iodine, temperature, nitric acid, sulphuric 
acid, potassium iodide, calcium nitrate, uranium nitrate, 
strontium nitrate, copper nitrate, and cupric chloride; 
lower with gentian violet, safranin, chloral hydrate, and 
pyrogallie acid; and the same or practically the same 
with chromic acid, sulphuric acid, potassium hydroxide, 
potassium sulphocyanate, potassium sulphide, sodium hy- 
droxide, sodium sulphide, cobalt nitrate, barium chloride, 
and mercuric chloride. In several of the reactions where 
the curves differ they are so close as to be probably within 
the limits of error of experiment, as in the reactions with 
temperature, pyrogallic acid, nitric acid, hydrochloric 
acid, potassium iodide, calcium nitrate, uranium nitrate, 
copper nitrate, and cupric chloride. Charts D421 to 
D 441 are to be taken with these data in determining 
differences in reactivity, but the differences will doubt- 
less be found to hold excepting for slight variations. 

(3) The curve of the hybrid is variable in its relations 
to the parental curves, commonly exhibiting either an 
inclination to be the same as the curve of one or both 
parents or to be above or below, but not to intermediate- 
ness. In Chart D 442 in the chromic-acid reactions there 
was definite intermediateness up to the 45-minute rec- 
ord, and there were also transient intermediate tendencies 
in other reactions (see preceding section) ; but these are 
not apparent in this chart, owing to inherent defects of 
construction. 

HISTOLOGIC PROPERTIES AND REACTIONS. 

(4) In I. cengialti, the very high reactions with 
sulphuric acid, potassium sulphocyanate, and sodium 
salicylate ; the high reactions with polarization, chromic 
acid, and sodium hydroxide; the moderate reactions with 
iodine, gentian violet, safranin, hydrochloric acid, potas- 
sium hydroxide, and potassium iodide; the low reactions 
with temperature, chloral hydrate, pyrogallic acid, nitric 
acid, sodium sulphide, strontium nitrate, copper nitrate, 
and cupric chloride; and the very low reactions with 
potassium sulphide, uranium nitrate, cobalt nitrate, 
barium chloride, and mercuric chloride. 

(5) In I. pallida queen of may the very high reac- 
tions with sulphuric acid and sodium salicylate; the high 
reactions with polarization, chromic acid, potassium sul- 
phocyanate, and sodium hydroxide; the moderate reac- 
tions with iodine, gentian violet, safranin, nitric acid, 
hydrochloric acid, potassium hydroxide, and potassium 
iodide; the low reactions with temperature, chloral hy- 
drate, pyrogallic acid, sodium sulphide, calcium nitrate, 
strontium nitrate, copper nitrate, and cupric chloride; 
and the very low reactions with potassium sulphide, ura- 
nium nitrate, cobalt nitrate, barium chloride, and mer- 
curic chloride. 

(6) In the hybrid, the very high reactions with 
sulphuric acid and sodium salicylate; the high reactions 
with chloral hydrate, chromic acid, potassium sulpho- 
cyanate, and sodium hydroxide reactions; the moderate 
reactions with polarization, iodine, gentian violet, safra- 
nin, and potassium hydroxide ; the low reactions with tem- 
perature, pyrogallic acid, nitric acid, hydrochloric acid, 
potassium iodide, sodium sulphide, calcium nitrate, and 
strontium nitrate; and the very low reactions with potas- 
sium sulphide, uranium nitrate, cobalt nitrate, copper 
nitrate, cupric chloride, barium chloride, and mercuric 
chloride. 

Following is a summary of the reaction-intensities: 

Very i Mod. Very 

high. High erate. Low low. 

To Wemealiics « ee po caoeseggann 3 2 7 9 5 

I. pallida queen of may....... 2 4 7 8 5 
I. mrs. alan grey............. 2 4 5 8 7 

38. Comparisons oF THE Srarcues oF Ikn1s 
PERSICA VAR. PURPUREA, I. SINDJARENSIS, AND 

I. pursinp. 

In histologic characteristics, polariscopic figures, reac- 
tions with selenite, reactions with iodine, and qualitative 
reactions with the various chemical reagents all three 
starches exhibit properties in common in varying degrees 
of development, the sum of which in case of each starch 
is distinctive of the starch. The starch of Iris stnd- 
jarensis in comparison with that of I. persica var. pur- 
purea contains many more compound grains, all of the 
same types but in different proportions; and the grains 
are much more regular in form. The hilum is not so often 
or so deeply and extensively fissured; there is an ab- 
sence of a single fissure in compound grains which passes 
through all of the hila, as was noted in the other parent ; 

and eccentricity is usually greater. The lamellae are not 
so coarse and are more regular, and the number is larger. 
The size is smaller. In the polariscopic, selenite, and 
qualitative iodine reactions there are various differences. 
In the qualitative reactions with chloral hydrate, hydro- 
chloric acid, potassium iodide, sodium hydroxide, sodium 
salicylate, and mercuric chloride there are also many 
differences which on the whole definitely individualize 
each parent. The starch of the hybrid in comparison 
with the starches of the parents contains a less number 
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of compound grains than in either parent; irregularity 
is intermediate; and, on the whole, the resemblances 
are distinctly closer to J. persica var. purpurea. The 
hilum in character is closer to I. persica var. purpurea, 
but in eccentricity closer to J. sindjarensis. The lamelle 
in character and number are closer to I. persica var. 
purpurea. The size is closer to I. sindjarensis. In 
the polariscopic and selenite reactions the relationship is 
closer to I. persica var. purpurea, but in the qualitative 
iodine reactions closer to I. sindjarensis. In the quali- 
tative reactions with the chemical reagents the leanings 
to one or the other parent are numerous and marked, 
but on the whole much more to J. persica var. purpurea 
than to the other parent; moreover, a feature that is 
characteristic of one parent may be accentuated in the 
hybrid, this being noted especially in the reactions with 
sodium hydroxide and sodium salicylate. 

Reaction-intensities Expressed by Light, Color, and Tempera- 
ture Reactions. 

Polarization: 
I. per. v. pur., moderately high to very high, value 70. 

I. sindjarensis, moderately high to very high, higher than in I. 

persica var. purpurea, value 75. 

I. pursind, moderately high to high, lower than in either parent, 

value 65. 
Todine: 

I. per. v. pur., moderate, value 55. 

I. sindjarensis, moderate, less than in I. persica var. purpurea, 

value 50. 
I. pursind, moderate, the same as in I. sindjarensis, value 50. 

Gentian violet: 
I. per. v. pur., moderate, value 45. 
I. sindjarensis, moderate, less than in I. persica var. purpurea, 

value 43. 
I. pursind, light to moderate, less than in either parent, value 40. 

Safranin: 
I. per. v. pur., moderate, value 50. 

I. sindjarensis, moderate, less than in I. persica var. purpurea, 
value 47. 

I. pursind, moderate, less than in either parent, value 45. 

Temperature: ” 
I. per. v. pur., in the majority at 64 to 66°, in all at 68 to 70°, 

mean 69°. 
I. sindjarensis, in the majority at 63.5 to 65°, in all at 66 to 67°, 

mean 66.5°. 
I. pursind, in the majority at 64.5 to 66°, in all at 68 to 70°, mean 

69°. 

The reactivity of I. persica var. purpurea is higher 
than that of the other parent in the iodine, gentian violet, 
and safranin reactions, and lower in the polarization and 
temperature reactions. The reactivity of the hybrid 
is the same or practically the same as that of I. persica 
var. purpurea in the temperature reaction; the same 
or practically the same as that of I. sindjarensis in the 
iodine reaction ; and the lowest of the-three in the polar- 
ization, gentian violet, and safranin reactions. The hy- 
brid is closer to I. persica var. purpurea than to the 
other parent in the polarization and temperature reac- 
tions ; and the reverse in the iodine, gentian violet, and 
safranin reactions. 

Table A 33 shows the reaction-intensities in percent- 
ages of total starch gelatinized at definite intervals 
(minutes). 

VELOCITY-REACTION CURVES. 

This section treats of the velocity-reaction curves of 
the starches of Iris persica var. purpurea, I. sindjarensis, 
and I. pursind, showing the quantitative differences in 
the behavior toward different reagents at different time- 
intervals. (Charts D 442 to D 462.) 

The most conspicuous features of this group of curves 
are: 

(1) The marked closeness of all three curves 
throughout the various reactions, the only reaction in 
which there is a marked tendency to continually in- 
creasing differentiation during the 60 minutes being 

Tasie A 33. 

Seo belle le lola ke 
~ a Cn) + wn con onl oD ~ o 

Chloral hydrate: 
J, ete Vi MU esenkaees) ve 12) .. | 20 | 30 | 36 | 36 
J. sindjarensis.......... e8 10) .. | 12 | 241] 25 | 30 
I. pursind.............. ah 10) .. | 15 | 28 | 36} 36 

Chromic acid: 
I. per. v. pur..........-].. 11) .. | 83 | 91 | 95 | 97 
I. sindjarensis..........|.. 25} .. | 85 | 92) 97 | 98 

I. pursind..............].. 12] .. | 85 | 92/97] 98 
Pyrogallic acid: 

L Pete Vi Pile ap ce aveeee| gs 66) .. | 98| 99 
TJ. sindjarensis.......... ws 71 98 | 99 
I. pursind..............].. 82 99 

Nitric acid: L 
| ae 3, | | a rare aoe 78)... | 95) 98 

I. sindjarensis.......... 90} .. | 98 | 99 
I. pursind.............. 87] .. | 98} 99 

Sulphuric acid: 
I. per. v. pur...........].. | 86/95 99. 

I. sindjarensis.......... ve (OT 99| . 
I. pursind.............. 99 100) . 

Hydrochloric acid: 
I. per. v. pur........... 95)... | 96 | 99 

I. sindjarensis.......... 98]... |.<|99 
I. pursind.............. 95 99 

Potassium hydroxide: 
Te POPs fVi POP seis scecece die elf oe 80} .. | 98! 99 

I. sindjarensis..........) .. 85} .. | 98 | 99 

FPO oc ences es an pant ba 95} .. | 98) 99 
Potassium iodide: : 

Ae POt. CoM cx as ae eal oi 95 96 | 99 
I. sindjarensis..........| .. 98 99 

I. pursind.............-/ 0. 99} . 
Potassium sulphocyanate: 

I. per. v. pur...........1.. 198 99 
I. sindjarensis.......... 99 99 
I. pursind.............. 99 99} . 

Potassium sulphide: 

Esper. V. Purses es cener sl oy 11}..|14/20].. | 21 
I. sindjarensis..........].. 22} .. | 33] 37] 40| 40 
I. pursind..............1.. 12]... | 16 | 22 | 23 | 23 

Sodium hydroxide: 
T, Per. We PUP... no wee] oa | OBOE 99; . 

I. sindjarensis..........|.. | 95 99). 

I. pursind..............].. 197 99 
Sodium sulphide: 

Lb. Ol e. PUP isa wnical gy 67; .. | 95 | 98 

I. sindjarensis..........) .. 79| .. | 96! 98 

I. pursind..............].. 73 95 | 99 
Sodium salicylate: 

Ti Pet Ve PUP cc cs ee coal 27| 50 | 75 | 99 
I. sindjarensis.......... 16| 47 | 70 | 99 

I. pursind.............. 33] 62 | 79 | 99 
Calcium nitrate: 

I. per. v. pur........... 32 82 | 89| 95 | 96 
I. sindjarensis..........|.. 46 86 | 90 | 95 | 97 
I. pursind..............].. 28 80 | 90 | 95 | 98 

Uranium nitrate: 
I. per. v. pur........... se 16) .. | 66 | 84} 95 | 97 
I. sindjarensis.......... xs 47| .. | 86} 95 | 97/ 98 
I. pursind..............) 0. 17] .. | 75 | 90 | 96 | 98 

Strontium nitrate: 
TL. Pho Ve PUFiccacccwcusl| ag 24|.. | 89} 98 

I. sindjarensis..........|.. 45| .. | 92198 
I. pursind..............] 0. | 39] .. | 90199 

Cobalt nitrate: 
I. per. v. pur........... ae 4/.. | 25) 36) 43 | 44 
I. sindjarensis.......... os 12/.. ; 40/50)... | 51 
I. pursind............../ 2. 6) .. | 26 | 36 | 43 | 44 

Copper nitrate: 
I. per. v. pur........... 54]... | 82} 95/97] 98 
b sindjarensis Sm edocs 58) .. | 86 | 96 | 96 | 98 
Ts PUMA. oo ee ecco x 43 80 | 95 | 97 | 99 

Cupric chloride: 
I. per. v. pur........... 38) .. | 80/95) 98 

I. sindjarensis........../.. 64 95 | 98199 
I. pursind.............. es 49 95 | 99 | 99 

Barium chloride: 
I. per. v. pur........... 8)... | 16] 32| 43 | 47 
s ST ahs sees 10)... | 37] 51} 58 | 68 

2 PUPSING wn. Se es ds 12 | 22 

Mercuric chloride: ie 
Ts Pee. WPF ss cc eecnad} cu 23)... | 77 | 87195196 
I. sindjarensis.......... ae 34]... | 80| 88] 95 | 96 
I. pursind............../.. 35] .. | 82] 90] 97 
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in that with barium chloride. In all other instances 
the most marked differentiation is noted early in the 
reactions, with an inclination for the differences to 
become less during the progress of the reactions. In 
many instances the curves are so close as not to permit 
of satisfactory differentiation, unless it be within the 
first 5 minutes, as in the reactions with chromic acid, 
pyrogallic acid, nitric acid, sulphuric acid, hydrochloric 
acid, potassium hydroxide, potassium iodide, sodium sul- 
phide, calcium nitrate, strontium nitrate, copper nitrate, 
cupric chloride, and mercuric chloride; in others there 
may be as good or better differentiation at a later period, 
as in the reactions with chloral hydrate, potassium sul- 
phide, sodium salicylate, uranium nitrate, cobalt nitrate, 
and barium chloride. Gelatinization occurs with such 
speed in the reactions with potassium sulphocyanate and 
sodium hydroxide as to render satisfactory differentiation 
impossible. 

(2) The higher reactivity of I. persica var. purpurea 
than of the other parent in the reactions with chloral 
hydrate, sodium salicylate, and calcium nitrate ; the lower 
reactivity with chromic acid, nitric acid, sulphuric acid, 
potassium sulphide, sodium sulphide, uranium nitrate, 
calcium nitrate, strontium nitrate, cobalt nitrate, cupric 
chloride, barium chloride, and mercuric chloride; and 
the same or practically the same reactivity with pyrogallic 
acid, hydrochloric acid, potassium hydroxide, potassium 
iodide, potassium sulphocyanate, sodium hydroxide, and 
cupric chloride. In some of the reactions where the 
curve is higher or lower the differences are unimportant 
and probably fall within the limits of error of experiment. 

(3) The variable position of the hybrid curve in rela- 
tion to one or both parental curves. There is a distinct 
tendency to intermediateness, and one also equally strong 
for the curve of the hybrid to be above or below the 
parental curves. 

(4) There is an entire absence of any marked ten- 
dency to a period of early resistance followed by rapid 
reaction. There are mere suggestions of such resistance 
as, for instance, in I. persica var. purpurea and the hybrid 
in the chromic-acid and uranium-nitrate reactions; and 
of I. sindjarensis in the sodium-salicylate reaction. 

(5) The earliest period during the 60 minutes at 
which the three curves are best separated to differen- 
tiate the starches varies with the different reagents. 
Approximately, this period occurs within 5 minutes in the 
reactions with chromic acid, pyrogallic acid, nitric acid, 
sulphuric acid, hydrochloric acid, potassium hydroxide, 
potassium iodide, potassium suphocyanate, sodium hy- 
droxide, sodium sulphide, sodium salicylate, calcium 
nitrate, strontium nitrate, copper nitrate, cupric chlo- 
ride, and mercuric chloride; at 15 minutes with chloral 
hydrate, potassium sulphide, uranium nitrate, and 
cobalt nitrate ; and at 60 minutes with barium chloride. 

REACTION-INTENSITIES OF THE HYBRID. 

This section treats of the reaction-intensities of the 
hybrid as regards sameness, intermediateness, excess, and 
deficit in relation to the parents. (Table A 33 and 
Charts D 442 to D 462.) 

The reactivities of the hybrid are the same as those of 
the seed parent with temperature, potassium sulphide, 
and cobalt nitrate; the same as those of the pollen 
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parent with iodine and sulphuric acid; the same as 
those of both parents in the reactions with chromic acid, 
hydrochloric acid, potassium iodide, potassium sulpho- 
cyanate, and sodium hydroxide; intermediate with 
chloral hydrate, nitric acid, sodium sulphide, uranium 
nitrate, and strontium nitrate (in one being closer to 
the seed parent, in two closer to the pollen parent, and 
in two mid-intermediate) ; highest with pyrogallic acid, 
potassium hydroxide, sodium salicylate, cupric chloride, 
and mercuric chloride (in two being closer to the seed 
parent, in two closer to the pollen parent, and in one 
as close to one as to the other parent) ; and lowest with 
the polarization, gentian violet, safranin, calcium nitrate, 
copper nitrate, and barium chloride (in four being closer 
to the seed parent, and in two closer to the pollen parent). 

The following is a summary of the reaction-intensi- 
ties: Same as seed parent, 3; same as pollen parent, 2; 
same as both parents, 5; intermediate, 5; highest, 5; 
lowest, 6. 

The influences of the seed and pollen parents seem to 
be about equal, slightly in favor of the former. Inter- 
mediateness is recorded in about one-fifth of the reac- 
tions, and highness and lowness in about two-fifths, 

CoMPosITE CuRVES OF REACTION-INTENSITIES. 

This section treats of the composite curves of the 
reaction-intensities, showing the differentiation of the 
starches of Iris persica var. purpura, I. sindjarensis, and 
I. pursind. (Chart E 33.) 

The most conspicuous features of this chart are: 
(1) The marked closeness of all three curves through- 

out, the most noticeable differences being in the reac- 
tions with polarization, iodine, gentian violet, safranin, 
temperature, potassium hydroxide, uranium nitrate, 
cupric chloride, and barium chloride. In all other reac- 
tions (17 out of 26) the curves are nearly or practically 
identical, their closeness indicating very closely related 
parental species, or more likely varieties. 

(2) The curve of I. persica var. purpurea tends to 
be lower than that of the other parent in the reactions 
with polarization, temperature, sulphuric acid, potassium 
sulphide, uranium nitrate, cupric chloride, and barium 
chloride ; higher with iodine, gentian violet, and safranin ; 
and the same or practically the same with chloral hydrate, 
chromic acid, pyrogallic acid, nitric acid, hydrochloric 
acid, potassium hydroxide, potassium iodide, potassium 
sulphocyanate, sodium hydroxide, sodium sulphide, so- 
dium salicylate, calcium nitrate, strontium nitrate, cobalt 
nitrate, copper nitrate, and mercuric chloride. 

(3) The curve of the hybrid follows very closely the 
curves of the parents, it being closer to or identical with 
the curve of one or the other, or identical with both. 

(4) In I. persica var. purpurea the very high reac- 
tions with pyrogallic acid, nitric acid, sulphuric acid, 
hydrochloric acid, potassium hydroxide, potassium iodide, 
potassium sulphocyanate, sodium hydroxide, sodium sul- 
phide reactions; the high reactions with polarization, 
chromic acid, sodium salicylate, calcium nitrate, uranium 
nitrate, strontium nitrate, copper nitrate, cupric chloride, 
and meruric chloride ; the moderate reactions with iodine, 
gentian violet, safranin, temperature; and the very low 
reactions with chloral hydrate, potassium sulphide, cobalt 
nitrate, and barium chloride. 
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(5) In I. sindjarensis the very high reactions with 
pyrogallic acid, nitric acid, sulphuric acid, hydrochloric 
acid, potassium hydroxide, potassium iodide, potassium 
sulphocyanate, sodium hydroxide, sodium sulphide, and 
cupric chloride; the high reactions with polarization, 
chromic acid, sodium salicylate, calcium nitrate, uranium 
nitrate, strontium nitrate, copper nitrate, and mercuric 
chloride; the moderate reactions with iodine, gentian 
violet, safranin, and temperature; the low reactions with 
cobalt nitrate and barium chloride reactions ; and the very 
low reactions with chloral hydrate and potassium 
sulphide. 

(6) In the hybrid the very high reactions with pyro- 
gallic acid, nitric acid, sulphuric acid, hydrochloric acid, 
potassium hydroxide, potassium iodide, potassium sul- 
phocyanate, sodium hydroxide, and sodium sulphide; the 
high reactions with polarization, chromic acid, sodium 
salicylate, calcium nitrate, uranium nitrate, strontium 
nitrate, copper nitrate, cupric chloride, and mercuric 
chloride; the moderate reactions with iodine, gentian 
violet, safranin, and temperature ; and the very low reac- 
tions with chloral hydrate, potassium sulphide, cobalt 
nitrate, and barium chloride. 

Following is a summary of the reaction-intensities : 

Very ‘ Mod- Very 
high. High erate. Low. low. 

I. persica var. purpurea....... 9 9 4 0 4 

I. sindjarensis................] 10 8 4 2 2 
Te PUYSIDM ceo 5 5 ceed aa ww 9 9 9 4 0 4 

Notes on THE IRIsEs. 
Among the very striking features of the four charts 

are: 
The closeness of all three curves in each chart and 

the wavering relationship of the hybrid curve to one 
or the other or both parental curves, occasionally going 
above or below parental extremes in Charts E 30, E 31, 
and E33, and frequently (15 out of 26 reactions) in 
Chart E 32; the close correspondence of the curves of 
the three sets of rhizomatous irids (Charts E 30, E 31, 
and E 32); and the very definite differentiation of the 
curves of the rhizomatous and tuberous series. 

In the first set the cross is between members of the | 
subgenera Ococyclus and Apagon; in the second set, 
between members of the subgenera Ococyclus and Pogo- 
niris and Regelia; in the third set, between members of 
the subgenus Pogoniris and Regelia; and in the fourth 
set, between members of the subgenus Juno. In the 
three sets of rhizomatous irids the curves are so nearly 
alike as to suggest that the subgeneric division of Has- 
selbring referred to in Part IJ is botanically largely 
artificial, and that the primary division into rhizomatous 
and tuberous groups is well founded in expressing funda- 
mental botanical differentiation. Although only one set 
of tuberous irises was studied in detail in this research, 
cursory investigations were made with other members of 
this series (including J. histrio Reichb., I. tingitiana 
Boiss and Reut., I. reticulata M. Bieb., I. alata Poir., and 
I. caucasica Hoftm.; the first three belonging to the sub- 
genus Xiphion and the last two to the subgenus Juno), 
in all of which the reactions were in close correspondence 
with those of this set. In the previous research with 
irid starches it was found that the members of the rhizo- 
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matous series have in comparison with those of the tuber- 
ous series, besides different histologic properties, a lower 
degree of polarization, lower reactivities with iodine, 
higher reactivities with gentian violet and safranin, and 
distinctly higher temperatures of gelatinization. Owing 
to improper strengths of the reagents, evidence was not 
recorded that is satisfactory to differentiate the starches 
then studied; but there was clear evidence of grouping 
of the two series, the members of the rhizomatous series 
having, as a whole, higher reactivities with chloral hy- 
drate and chromic acid, and lower reactivities with ferric 
chloride and Purdy’s solution. These results are in 
accord with those of the present research, there being in 
the rhizomatous series mean lower reactivities with pola- 
rization and iodine, higher reactivities with gentian 
violet and safranin, higher temperature of gelatinization, 
higher reactivity with chloral hydrate, the same or a 
tendency to a higher reactivity with chromic acid, and a 
lower reactivity with potassium hydroxide. 

The types of curves of the rhizomatous and tuberous 
irids, respectively, differ chiefly in the relative lowness 
of the rhizomatous curve in the reactions with pyrogallic 
acid, nitric acid, hydrochloric acid, potassium hydroxide, 
potassium iodide, sodium hydroxide, sodium sulphide, 
calcium nitrate, uranium nitrate, copper nitrate, cupric 
chloride, and mercuric chloride, and the highness in those 
with chloral hydrate and sodium salicylate. Probably 
among the irids will be found some species or hybrid that 
will, as in case of the crinums, bridge the two series. 

Owing to the almost invariable closeness of the three 
curves in each set, opportunity is rarely afforded for a 
satisfactory study of the relationships of the hybrid to 
one or the other or both parents. It will be seen by the 
following summary, the figures of which are to be taken 
as having only tentative values, that the different hy- 
brids vary in their parental relationships, especially in 
their intermediate, highest, and lowest records. 

The following is a summary of the reaction-intensi- 
ties of the hybrids as regards sameness, intermediateness, 
excess, and deficit in relation to the parents: 

= a Oe LE g£ 

2 28 a| 8 
aeagiee! 8] ¢ o/F Ala s 8 a | 3 
© Blo glo & a o 

pega ge es) a & 
wn |nm |n 4/814 

Eeismaali, tagsctasd satdonaaaunmeeeona) +8 2 2 | 12 1 6 
VsdOt akin caer aaecanwen gi sdesigleiell OD 3 2 1} 11 4 
dohata.. alan erevecsiccacudceye¢acencl DB 1 3 1 3117 
Epursindsahe acuta se eclewesee camel (o 2 5 5 & 6 

The differences in the reactive-intensities of the rhi- 
zomatous and tuberous series are indicated in the fol- 
lowing table: 

Very , Mod- Ve 
high. High. erate. Low. ed 

Rhizomatous series: 
I. iberica-trojana-ismali.....| 3 2 8.7 pre 4.7 
I. iberica-cengialti-dorak....| 3 3.1 8.9 8 5 
I. cengialti-pallida-mrs. grey | 2.3 3.3 9.7 8.3 5.7 

Tuberous series: 
I. persica-sindjarensis-pursind| 9.3 8.7 4 0.7 3.1 
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34. Comparisons OF THE STARCHES OF GLADIOLUS 

CARDINALIS, G. TRISTIS, AND G. COLVILLEI. 

In histologic characteristics, polariscopic figures, reac- 
tions with selenite, qualitative reactions with iodine, and 
qualitative reactions with chemical reagents the parents 
and the hybrid exhibit properties in common in varying 
degrees of development and also individualities which 
collectively are in each case distinctive, although the 
starches show characters in general that are closely 
akin. The starch of Gladiolus tristis in comparison with 
that of G. cardinalis exhibits as prominent differences 
certain peculiarities of the aggregates and an absence 
of a type of compound grain that is found, and the pres- 
ence of another type of compound grain that is not found 
in G. cardinalis; and sharply defined pressure facets are 
more common. The hilum is less distinct; an irregular 
cavity at the hilum is often larger and more irregular; 
fissuration is more common; and eccentricity is greater. 
The lamelle are less distinct and numerous. The size of 
the grains is less. In the polariscopic, selenite, and quali- 
tative iodine reactions there are many differences which 
seemingly are of a minor character, yet which collec- 
tively are quite diagnostic. In the qualitative reactions 
with chloral hydrate, hydrochloric acid, potassium iodide, 
sodium hydroxide, and sodium salicylate there are 
many differences, mostly minor, some individualizing one 
or the other parent. The starch of the hybrid in com- 
parison with the starches of the parents contains certain 
compound grains similar to a type found only in G. car- 
dinalis and also a linear type of aggregate that is found 
only in G. tristis. There are many minor differences, 
but the grains are on the whole more closely related to 
those of G. cardinalis. The hilum exhibits more numer- 
ous clefts and the fissuration is more varied than in either 
parent ; eccentricity is about the same as in G. tristis and 
greater than in G. cardinalis; but in general characters 
the hilum is more like that of G. cardinalis. The lamelle 
in character are mid-intermediate, but the number is in 
excess of the numbers in the parents. The size is closer to 
that of G. tristis. In the polariscopic, selenite, and 
qualitative iodine reactions there are leanings to one or 
the other parent, but the relationship is on the whole 
much closer to G. cardinalis. In the qualitative chemi- 
cal reactions there are corresponding leanings and 
relationships. 

Reaction-intensities Expressed by Light, Color, and Tempera- 
ture Reactions. 

Polarization: 
G. cardinalis, high to very high, much higher than in G. tristis, 

value 85. 
G. tristis, moderate to high, value 65. 

G. colvillei, high to very high, not quite so high as in G. cardinalis, 
value 80. 

Todine: 
G. cardinalis, moderate to deep, the same aa in G. tristis, value 60. 

G. tristis, moderate to deep, value 60. 

G. colvillei, moderate to deep, lighter than in either parent, 
value 55. 

Gentian violet: 
G. cardinalis, moderate, higher than in G. tristis, value 50. 
G. tristis, light to moderate, value 40. 
G. colvillei, moderate, intermediate between the parents, value 47. 

Safranin: 
G. cardinalis, moderate, deeper than in G. tristis, value 53. 
G. tristis, light to moderate, value 45. 
G. colvillei, moderate, the same as in G. cardinalis, value 53. 

Temperature: 
G. cardinalis, majority at 83 to 84.5°, all at 84 to 86°, mean 85°. 
G. tristis, majority at 76 to 78°, all at 78 to 79°, mean 78.5°. 

G. colvillei, majority at 78 to 80°, all at 82 to 83°, mean 82.5°. 

The reactivities of G. cardinalis are higher than those 
of G. tristis in the polarization, gentian violet, and safra- 
nin; lower in the temperature reaction; and the same 
in that with iodine. The reactivities of the hybrid are in- 
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Tasie A 34. 

a ee =| 

* wn Lan! oO ~t o 

Chloral hydrate: 
G. cardinalis..............- 22 | 45) 51 | 53 | 53 
(Gy tYISti8. 2 cou e sexe aees wie 39 | 47 | 53 | 54 | 55 

G. Golvillél,.......2... 2454 aa es 17 | 25 | 34 | 43 | 44 

Chromic hydrate: 
G. cardinalis.............-. a 4| 20] 75 | 90 | 96 
Ge, RTISUIB 5.6.9 wo saosin ars sore] won’ 3 | 60/95 | 98] 99 

Gi colvillet cos sain gs se corned 4 | 30 | 82 | 93 | 98 
Pyrogallic acid: 

G. eardinalisiiss sx x3 <9 x ore | os 7/10/..|12)12 
Gy WISI see eee ae eS 14; 75] 81 | 90| 95 

G. colvillei............2-.-5 2| 5) 6] 8/10 
Nitric acid: 

G. cardinalis 3| 4] 6] 8] 8 
Gy APIS. oi sie So ero naae are 3/12)15)17) 21. 

G. oolvillei......... ieee av 3| 41:6) 7! 7 
Sulphuric acid: 
G. cardinalis...............].- 81 | 97 | 99 
GAS. 24 ok ox bieeanewens 4% 86|99].. 
G. colvillei....... 5.0... ] ee 60 | 95 | 99 

Hydrochloric acid: 
G. cardinalis........ 12 | 22 | 32 | 52) 68 
GABE i scarsrgs sit scdsesa catswicecaritony 7 45 | 68 | 77 | 83 | 85 

G. colvillei......... 0.022005 Pa 9 | 15 | 24 | 35 | 42 
Potassium hydroxide: 

GQ. eardioalit.c cea ce cave exo] os 11 | 14 | 22 | 28 | 32 
G.,. tristis.......0-seevedsate eee], «5 13 | 18 | 25 | 30 | 37 

G. colvillei...............00/ 8/12|151}17]19 

Potassium iodide: 
G. cardinalis............05. ae 7|12) 15) 19 | 22 
Ge GLISUIS Sess, iiss neice. dee certian «| oe 8 | 21 | 50| 58! 65 

G. colvill€i....... 6. eee eee fee 7) 11|13)17 | 20 
Potassium sulphocyanate: 

G. cardinalisigss «sc ous 11 | 22 | 27 | 35 | 41 
Gy, tristlay os av ay ew ca snceaes as 18 | 86 | 93 | 95 | 97 

G. colvillei...........-.000]-- 9/15] 18 | 25 | 27 
Potassium sulphide: 

G. cardinalis... 4) 5] 6]..| 6 
Gi Wrists 3 eiosa.e demesne ab eae 3/ 4] 5] 6] 6 
G. colvillei.............0.0- 2} 3) 4]..] 4 

| Sodium hydroxide: 
G. cardinalis...............].. 11 | 16 | 24] 32 | 40 
(Sy WIRiby oo ce esa saeeeeeece arts 25 | 32 | 40 | 63 | 68 

G. colvilléiass coves 444 es 5 09 ey 9 | 15 | 20 | 22 | 28 
Sodium sulphide: 

G. cardinalis............... Sige 4/10/13) 19 | 26 
(THUS. 6s ne cae neey aces o ai 8/18] 34] 58 | 70 

G. colvillei................-] 2. 4! 9/12]15|17 
Sodium salicylate: 

G. cardinalis...............].. 50 | 83 | 95 | 98 | 99 
Gis vc on wade weweaa meal dom 64/90/99/..].. 

Ge collvallledss.<.siss5- sie sce vereracs'iacel| tae 23 | 59 | 80 | 90 | 97 

Calcium nitrate: 
G. cardinalis... 6] 8] 9]..] 9 
Go tristign 44 cass vi v4 wi eave 6| 10/15) 16] 18 

G. colvillei. 4} 5) 6]..{ 6 
Uranium nitrate: 

G. cardinalis... 1] 2! 4/..) 4 
Ge AEIStiss os siescewvesare seinenecve 3/ 6] 8] 9| 9 
G. colvillei 1] 2} 3] 4] 4 

Strontium nitrate: 
G. cardinalis............... Bie 6 | 10 | 22 | 24 | 26 
Gi tristiss. as as we aecasies oarees bes 107} 19 | 30 | 42 | 46 

Gveolvilleisas: ss escwwaewen 4) 5] 8] 16] 21 
Cobalt nitrate: 

G. cardinalis 1| 213 3 
G. tristis...............00. 1} 2] 3 3 

G. colvillei..... 1| 22.5 2.5 

Copper nitrate: 
G. cardinalis... 3); 4} 61 7] 8 
Es es cp ie taeeeunie x mite 5] 11] 13/14) 14 

Gu colvillet. jes ccsvcsweerceaexs) xs 2; 3]..] 4] 5 
Cupric chloride 

G. cardinalis............... 3) 5] 6) 7) 7 
G. tristis..............005- 3/ 5] 6} 8|10 
G. colvillei................. 3] 5]..] 6] 6 

Barium chloride: 
G. cardinalis...............] 2. fo | Gece 
GHtristiss occ wicnucied. aya es 1] 3)..] 4] 6 
Gy colvillel s.556 ca cnaa ve en x ches 1] 2]. 3] 3 

Mercuric chloride: 
G. cardinalis............... 13 4) 5] 6)..] 6 
Ges AT IBEIS so senecineerasesiaed serene. 05 31 5| 6] 7| 9 
G. colvillei 3] 4] 5]..].. 
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termediate in the polarization, gentian-violet, and temp- 
erature reactions ; lowest in the iodine reaction; and the 
same as that of G. cardinalis but higher than that of 
G. tristis in the safranin reaction. The hybrid is on the 
whole distinctly closer to G. cardinalis than to G. tristis. 

Table A 34 shows the reaction-intensities in percent- 
ages of total starch gelatinized at definite intervals 
(minutes). 

VELOCITY-REACTION CURVES. 

This section treats of the velocity-reaction curves of 
the starches of Gladiolus cardinalis, G. tristis, and G. 
colvillei, showing the quantitative differences in the be- 
havior toward different reagents at definite time-inter- 
vals. (Charts D 463 to D 483.) 

Among the conspicuous features of these charts are: 
(1) The higher reactivity of G. tristis in relation to 

the other parent and the hybrid throughout. 
(2) The differences recorded between the reactions 

of the starches of the two parents with the various rea- 
gents, the curves varying very markedly in the extent of 
separation. Thus, the curves are very close throughout 
the whole or nearly the whole 60-minute period in the 
reactions with chloral hydrate, nitric acid, sulphuric 
acid, potassium hydroxide, potassium sulphide, sodium 
salicylate, calcium nitrate, uranium nitrate, cobalt ni- 
trate, copper nitrate, cupric chloride, barium chloride, 
and mercuric chloride; they are well separated to widely 
separated in those with chromic acid, pyrogallic acid, 
hydrochloric acid, potassium iodide, potassium sulphocya- 
nate, sodium hydroxide, sodium sulphide, and strontium 
nitrate. 

(3) The almost universal tendency for the curve of 
G. cardinalis to be closer to the curve of the hybrid than 
to G. tristis. In only the reactions with chloral hy- 
drate, sulphuric acid, potassium hydroxide, and sodium 
salicylate is the curve of G. cardinalis definitely closer 
to that of G. tristis. In the potassium-sulphide reac- 
tions gelatinization proceeded so slowly that such differ- 
ences as were recorded fall within the limits of error of 
experiment. In the experiments with calcium nitrate, 
strontium nitrate, copper nitrate, and cupric chloride 
the G. cardinalis curve is practically intermediate. 

(4) The curves of the hybrid bear varying relations 
to the parental curves, with a manifest tendency to same- 
ness to the curves of G. cardinalis, and to intermediate- 
ness and to the lowest position, and almost invariably 
definitely toward the seed parent. 

(5) An early period of resistance followed by a mod- 
erate to rapid gelatinization is noted in the chromic 
acid chart. In other charts the corresponding period is 
one of comparatively rapid gelatinization, as in the reac- 
tions with chloral hydrate, sulphuric acid, sodium sali- 
eylate, while in others gelatinization proceeds with 
marked slowness, yet steadily from the outstart, as 
instanced particularly in the reactions with potassium 
sulphide, uranium nitrate, cobalt nitrate, and in other 
very slow reactions. There are some gradations be- 
tween these sets. 

(6) The earliest period of the 60 minutes at which 
the three curves are best separated for differential pur- 
poses varies with the different reagents, and in some 
instances owing to the extremely slow reactions satis- 
factory differentiation is impossible. Approximately 
this period occurs at the end of 5 minutes in the reac- 
tions with chloral hydrate, sulphuric acid, and sodium 
salicylate; at 15 minutes with chromic acid, pyrogallic 
acid, hydrochloric acid, and potassium sulphocyanate; at 
30 minutes with strontium nitrate; and at 60 minutes 
with nitric acid, potassium hydroxide, potassium iodide, 
potassium sulphide, sodium hydroxide, sodium sulphide, 
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calcium nitrate, uranium nitrate, cobalt nitrate, copper 
nitrate, cupric chloride, barium chloride, and mercuric 

chloride. In a number of the reactions of the latter 

groups the differences are trivial and within the limits 

of error of experiment. 

REACTION-INTENSITIES OF THE HYBRID. 

This section treats of the reaction-intensities of the 
hybrid as regards sameness, intermediateness, excess, and 
deficit in relation to the parents. (Table A 34 and 
Charts D 463 to D 483.) 

The reactivities of the hybrid are the same as those 
of the pollen parent in none of the reactions ; the same as 
those of the seed parent in the reactions with safranin, 
chromic acid, nitric acid, uranium nitrate, cupric chlo- 
tide, barium chloride, and mercuric chloride; the same 
as those of both parents in that with cobalt nitrate, 
wherein the gelatinization is extremely slow; interme- 
diate in those with polarization, gentian violet, tempera- 
ture, and pyrogallic acid (in all four being closer to the 
seed parent) ; highest in none; and lowest with iodine, 
chloral hydrate, sulphuric acid, hydrochloric acid, potas- 
sium hydroxide, potassium iodide, potassium sulphocya- 
nate, potassium sulphide, sodium hydroxide, sodium sul- 
phide, sodium salicylate, calcium nitrate, strontium ni- 
trate, and copper nitrate (in 12 being closer to the seed 
parent, and in 2 as close to one as to the other parent). 

The following is a summary of the reaction-intensi- 
ties: Same as seed parent, 7; same as pollen parent, 0; 
same as both parents, 1; intermediate, 4; highest, 0; 
lowest, 14. 

The most striking features of the foregoing data are 
the absence of a single reaction in which there was same- 
ness or even inclination more to the pollen than to the 
seed parent; the slight tendency to intermediateness ; 
and the very strongly marked tendency for the curves of 
the hybrid to be below those of the parents. 

ComposITE Curvrs OF THE REACTION-INTENSITIES. 

This section treats of the composite curves of the 
reaction-intensities, showing the differentiation of the 
starches of Gladiolus cardinalis, G. tristis, and G. col- 
villet. (Chart E 34.) , 

The most conspicuous features of this chart are: 
(1) The varying relationship the curve of G. tristis 

bears to the curve of the other parent, sometimes above, 
below, or the same or practically the same. It is above 
in the reactions with temperature, chloral hydrate, pyro- 
gallic acid, nitric acid, hydrochloric acid, potassium 
hydroxide, potassium iodide, potassium sulphocyanate, 
sodium hydroxide, sodium sulphide, sodium salicylate, 
calcium nitrate, uranium nitrate, strontium nitrate, and 
copper nitrate; below with polarization, gentian violet, 
and safranin; and the same or practically the same with 
iodine, chromic acid, sulphuric acid, potassium sulphide, 
cobalt nitrate, cupric chloride, barium chloride, and 
mercuric chloride. The other parent, G. cardinalis, is 
higher in only the polarization, gentian-violet, and safra- 
nin reactions. 

(2) The varying degrees of separation of the pa- 
rental curves, the most marked separation being noted 
in the reactions with polarization, temperature, pyro- 
gallic acid, potassium iodide, potassium sulphocyanate, 
sodium hydroxide, sodium sulphide, and strontium 
nitrate. 

(3) The marked tendency for the curve of the hy- 
brid to be closer to the curve of G. cardinalis than to the 
other parent, and to be lowest of the three. 

(4) In G. tristis the very high reactiong with sul- 
phuric acid; the high reactions with polarization, iodine, 
and sodium salicylate; the moderate with gentian violet, 
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safranin, chromic acid, pyrogallic acid, and potassium 
sulphocyanate; the low with temperature, chloral hy- 
drate, and hydrochloric acid, potassium iodide, sodium 
hydroxide, and sodium sulphide; and the very low reac- 
tions with nitric acid, potassium hydroxide, potassium 
sulphide, calcium nitrate, uranium nitrate, strontium 
nitrate, cobalt nitrate, copper nitrate, cupric chloride, 
barium chloride, and mercuric chloride. 

(5) In G. cardinalis the very high reactions with 
polarization and sulphuric acid; the high reactions with 
iodine and sodium salicylate ; the moderate reactions with 
gentian violet, safranin, and chromic acid; the low reac- 
tions with chloral hydrate and hydrochloric acid; and the 
very low reactions with temperature, pyrogallic acid, 
nitric acid, potassium hydroxide, potassium iodide, potas- 
sium sulphocyanate, potassium sulphide, sodium hydrox- 
ide, sodium sulphide, calcium nitrate, uranium nitrate, 
strontium nitrate, cobalt nitrate, copper nitrate, cupric 
chloride, barium chloride, and mercuric chloride. 

(6) In the hybrid the very high reactions with 
polarization and sulphuric acid; the absence of any high 
teaction; the moderate reactions with iodine, gentian 
violet, safranin, chromic acid, and sodium salicylate; the 
low reaction with temperature; the very low reactions 
with chloral, hydrate, pyrogallic acid, nitric acid, hydro- 
chloric acid, potassium hydroxide, potassium iodide, po- 
tassium sulphocyanate, potassium sulphide, sodium 
hydroxide, sodium sulphide, calcium nitrate, uranium 
nitrate, strontium nitrate, cobalt nitrate, copper nitrate, 
cupric chloride, barium chloride, and mercuric chloride. 

Following is a summary of the reaction-intensities : 

Very 3 Mod- Very 
high. High. erate. Low low. 

Gis RYIB ES cia oys sin hn hanes wsecwntiin's 1 3 5 6 11 
G. cardinalis. 0.0... 6002 c0ees 2 2 3 2 17 
Ge Colville siccdsche's o: 6 u cypgneereiens 2 0 5 1 18 

35. CoMPaRISONS OF THE SrarcHes oF TRITONIA 
PotTsil, T. CROCOSMIA AUREA, AND T. crocos- 
MEFLORA, 

In histologic characteristics, polariscopic figures, reac- 
tions with selenite, reactions with iodine, and qualitative 
reactions with the various chemical reagents the starches 
of the parents and hybrid exhibit properties in common 
in varying degrees of development and also certain indi- 
vidualities, which latter, although as a rule of a minor 
character, are in conjunction with the properties in 
common sufficient for differential purposes. The starch of 
Tritonia crocosmia aurea in comparison with that of T. 
pottsit shows among the most conspicuous differences in 
form a larger proportion of permanently isolated grains ; 
more numerous compound grains of two components; 
less numerous grains with well-defined pressure facets ; 
triangular grains more elongated ; and varied proportions 
of other types of grains. The hilum is more refractive; a 
rounded or irregular cavity is more frequently found; 
more often fissured, and the clefts are as a rule deeper ; 
there are some differences in the forms of fissuration; 
and eccentricity is slightly greater. The lamelle are 
less distinct; a marginal band of refractive lamelle 
is more frequently present; the numbers are about the 
same. The sizes differ but little. In the polariscopic, 
selenite, and qualitative iodine reactions there are numer- 
ous differences which are seemingly of a minor charac- 
ter. In the qualitative reactions with chloral hydrate, 
hydrochloric acid, potassium iodide, sodium hydroxide, 
and sodium salicylate many differences are recorded, some 
of which are individually quite distinctive. The starch 

HISTOLOGIC PROPERTIES AND REACTIONS. 

of the hybrid in comparison with the parental starches is 
found to show markedly the influences of both parents; 
leaning to one or the other parent or sameness with 
both are very conspicuous. In form the differences are 
essentially in the varying proportions of different types 
of grains, the starch of the hybrid being closer to that 
of T. crocosmia aurea. The hilum in eccentricity is 
closer to that of T. crocosmia aurea, but in every other 
character closer to the other parent. The lamelle and 
size differ but little from those of the parents, and in 
both respects the relationship is closer to T. pottsii. In 
the polariscopic, selenite, and qualitative iodine reac- 
tions, and in the reactions with the various chemical 
reagents there are leanings to one or the other parent, 
or sameness to both, but on the whole distinctly toward 
T. crocosmia aurea. Notwithstanding the closeness of 
all three starches it is quite remarkable how readily the 
variable parental leanings of the hybrid are detected. 

Reaction-intensities Expressed by Light, Color, and Tempera- 
ture Reactions. 

Polarization: 
T. pottsii, moderate to very high, value 70. 

T. crocosmia aurea, high to very high, higher than in T. pottsii, 

value 75. 
T. crocosmeflora, moderate to very high, lower than in T. pottsii, 

value 67. 
Iodine: 

T. pottsii, very light, value 10. 
T. crocosmia aurea, moderate, value 50. 

T. crocosmeflora, light, value 25. 
Gentian violet: 

T. pottsii, light to moderate, value 40. 
T. crocosmia aurea, light to moderate, lighter than T. pottsii, 

value 35. 
T. crocosmefiora, light to moderate, the same as T. pottsii, 

value 40. 
Safranin: 

T. pottsii, light to moderate, value 40. 

T. crocosmia aurea, light to moderate, lower than T. pottsii, 

value 35. 
T. crocosmeeflora, light to moderate, deeper than in the parents, 

value 45. 
Temperature: 

T. pottsii, majority at 73 to 75°, all at 76 to 77.5°, mean 76.75°. 
T. crocosmia aurea, majority at 78 to 80°, all at 80 to 82°, mean 81°. 
T. crocosmeflora, majority at 74 to 76°, all at 76 to 78°, mean 77°. 

The reactivity of J’. pottsii is higher than that of T. 
crocosmia aurea in the polarization and iodine reac- 
tions, and higher in the gentian-violet, safranin, and 
temperature reactions. The reactivity of the hybrid is 
intermediate in the iodine reaction; the same as that 
of T. pottsti in the gentian-violet and temperature reac- 
tions; lowest of the three in the polarization reaction; 
and the highest of the three in the safranin reaction. 
The relationship throughout is closer to T. potisis. 

Table A 35 shows the reaction-intensities in percent- 
ages of total starch gelatinized at definite intervals 
(minutes). 

VELOCITY-REACTION CURVES. 

This section treats of the velocity-reaction curves of 
the starches of Tritonia pottsii, T. crocosmia aurea, and 
T. crocosmeflora, showing the quantitative differences in 
the behavior toward different reagents at definite time- 
intervals. (Charts D 484 to D 504.) 

Among the most conspicuous features of these charts 
are the following: 

(1) Excepting the sulphuric-acid and barium-chlo- 
ride reactions in which the differences in reactivity are 
insignificant, the starches of the parents exhibit well- 
defined differences which are very variable in extent with 
the different reagents. With all of the reagents, ex- 
cepting those noted and chloral hydrate, 7’. pottsv has the 
higher reactivity, but in the reactions with the latter it 
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Tasre A 35. 

. . * . . q g q gq 

slelelelerslel9ls 
Chloral hydrate: 

TN. Pottsll a: cskacwerowauews| es 10 | 26 | 48 | 60 | 63 
T. crocosmia aurea.......... a 15 | 40 | 52 | 62 | 66 
T. crocosmeflora...........].. 8 | 20 | 28 | 29 | 30 

Chromic acid: 
Pe Potala... csastatcas wavasroaell aa 5150/98/99) .. 
T. crocosmia aurea........./.. 2 | 24 | 54] 80| 90 
T. crocosmeeflora........... 5 | 36 | 951 98] 99 

Pyrogallic acid: 
TN, pottslasvesdaa as qe as oe aloe 13 | 43 | 78 | 91 | 96 
T. crocosmia aurea.......... 2{ 9/20] 40] 50 
T. crocosmeflora...........|.- 7 | 40 | 62 | 73 | 90 

Nitric acid: 
ee ADOGtE 33s cae kd Gea nous ae 10} 25) 47]..|50 
T. crocosmia aurea.......... f 2/ 5] 9/12/12 
T. crocosmeeflora.........../ ++ 12 | 32 | 62 | 68 | 70 

Sulphuric acid: 
FE POttahl A pate sade He hy ges' [ie is OO | «es 
T. crocosmia aurea.........|..- 95 | 99 
T. crocosmefiora...........|.- 99].. 

Hydrochloric acid: 
T. pottatixs 04 wg ag eh goa ees | A 80 | 92 | 95 | 97 | 99 
T. crocosmia aurea.......... 51 | 73 | 86 | 90 | 92 
T. crocosmeflora.........,.] ++ 78 | 81 | 93 | 98 | 99 

Potassium hydroxide: 

TAO UES 5. acccwargiascuacwvacens oc [es 9; 15 | 28 | 33 | 39 
T. crocosmia aurea.........| ++ 2!) 5] 9/14} 20 
T. crocosmeflora.........../ ++ 7| 12/17 | 23 | 33 

Potassium iodide: 
PONE sch atau aw aw a vy a ee 15 | 29 | 45 | 62 | 67 

T. crocosmia aurea.........| ++ 9) 12) 18 | 22) 37 
T. crocosmeeflora........... 10 | 20 | 39 | 50 | 61 

Potassium sulphocyanate: 

ERS MOUS cas a cae pew eee aed 78 | 85 | 93 | 95 | 97 
T. crocosmia aurea......... 33 | 57 | 75 | 82] 86 
T. crocosmeeflora........... 69 | 86 | 93 | 95 | 97 

Potassium sulphide: 
T. pottsii.............. «| Bi TF 8! 8 
T. crocosmia aurea........./-- - (0.5) 1 2| 2 
T. crocosmeeflora........... 1| 2 ee 

Sodium hydroxide: 
Ds PONG as ne ee ce creoenane| @% 62 | 77 | 81 | 84 | 87 

T. crocosmia aurea.......... 16 | 33 | 50 | 56 | 58 
T. crocosmeflora........... 60 | 71 | 77 | 89] 91 

Sodium sulphide: 
Te DORI xc ce peace re poss dal) oes 25 | 34 | 54 | 62 | 68 

T. crocosmia aurea........./.. 4/13 | 22 | 27| 29 
T. crocosmeeflora...........].. 16 | 29 | 42 | 60} 65 

Sodium salicylate: 

T. pottsii.......2. 0... eed. 65 | 92 | 99 2 
T. crocosmia aurea.......... . 11 | 60 | 95 95 
T. crocosmeflora...........).. 60 | 90/99 a 

Calcium nitrate: 
"Ts: DOP on4 ve weunwacs as-95 ¥ 15 | 19 | 22 | 26 | 36 

T. crocosmia aurea.......... 3) 5/10/14] 14 
T. crocosmeeflora...........].. 6/11] 16 | 23} 31 

Uranium nitrate: 
Te DOCG c5. cg jas lase suecatect oe all a 5/ 9/13) 16) 16 
T. crocosmia aurea.........|.. lj 2) 4) 6] 6 
T. crocosmeflora........... ii &| F 8 

Strontium nitrate: 
TY pOvtsilssccc dead geerden dalled 10| 24! 88] 41) 50 
T. crocosmia aurea......... 3] 8] 23] 33 | 43 
T. crocosmeeflora........... 12 | 26 | 43 | 51 | 60 

Cobalt nitrate: 
"E, MOURN venga niseenasage| an TAL WS .. 108 
T. crocosmia aurea........./.. 1] 2/ 3) 4] 4 
T. crocosmeflora...........].. 1} 2] 3] 4) 4 

Copper nitrate: 

TL Potts acassvavaeiwaeay al ae 11 | 20 | 24 | 28 | 31 
T. crocosmia aurea.........].. a; 6) Zila.) & 
T. crocosmeeflora.........../.. 6| 15) 17) 18] 21 

Cuprie chloride: 
DP pottsitisascc-ssecinaalre tts | (ae 10/14/16]../16 

T. crocosmia aurea......... 2; 5| 6| 7) B 
T. crocosmeflora........... 10] 11) 12) 15] 15 

Barium chloride: 
Ts pottsitavags aca aeasds ted ol Bese See ft 8 
T. crocosmia aurea.......... we Miia dell sie | eel LL 
T. crocosmeeflora........... - (0.5) 1 ai 2 

Mercuric chloride: 
Ts POttell ... se sa5a 8a ea fle 6} 9/12)13/15 
T. crocosmia aurea.........|.. 1) 2) 3) 4] 4 
T. crocosmeeflora...........].. 3] 6| 9}10/)11 
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has a somewhat lower reactivity. The differences are, 
on the whole, such as to suggest well-separated species. 

(2) The curves of the hybrid bear varying relation- 
ships to the parental curves, tending for the most part 
to intermediateness and toward the curves of the seed 
parent. ; 

(3) An early period of marked resistance is rarely 
observed, but to the contrary the opposite tendency is 
usually present, so that the percentage of starch gela- 
tinized during the first 5 minutes is proportionately 
larger, commonly very much larger, than at any subse- 
quent 5-minute interval. An early period of resistance is 
noticeable particularly in the reactions with chromic acid 
and pyrogallic acid, while a low degree of resistance is 
noted particularly in those with hydrochloric acid, potas- 
sium sulphocyanate, sodium hydroxide, sodium sulphide, 
and sodium salicylate (7. pottsii and the hybrid). 

(4) The earliest period during the 60 minutes at 
which the three curves are best separated, and hence 
the best time for the differentiation of the starches, is 
variable in relation to the different reagents. Approxi- 
mately this period occurs at the end of 5 minutes in 
the reactions with potassium sulphocyanate, sodium sul- 
phide, and sodium salicylate; at 15 minutes with chloral 
hydrate, chromic acid, pyrogallic acid, hydrochloric 
acid, potassium iodide, sodium hydroxide, calcium ni- 
trate, uranium nitrate, copper nitrate, cupric chloride, 
and mercuric chloride; at 30 minutes with nitric acid, 
potassium hydroxide, strontium nitrate, and cobalt ni- 
trate; and at 60 minutes with potassium sulphide. 

REACTION-INTENSITIES OF THE HyBrip. 

This section treats of the reaction-intensities of the 
hybrid as regards sameness, intermediateness, excess, and 
deficit in relation to the parent. (Table A35 and 
Charts D 484 to D 504.) 

The reactivities of the hybrid are the same as those 
of the seed parent in the gentian-violet and temperature 
reactions ; the same as those of the pollen parent in the 
cobalt-nitrate reaction ; the same as those of both parents 
in the sulphuric-acid and barium-chloride reactions; in- 
termediate in those with iodine, chromic acid, pyrogallic 
acid, hydrochloric acid, potassium hydroxide, potassium 
iodide, potassium sulphocyanate, potassium sulphide, so- 
dium hydroxide, sodium sulphide, sodium salicylate, cal- 
cium nitrate, uranium nitrate, copper nitrate, cupric 
chloride, and mercuric chloride (in 14 being closer to the 
seed parent and in 2 closer to the pollen parent) ; high- 
est with safranin, nitric acid, and strontium nitrate (in 
2 being closer to the seed parent and in the other to 
the pollen parent) ; and lowest with polarization and 
chloral hydrate, in both being closer to the seed parent. 

The following is a summary of the reaction-intensi- 
ties: Same as seed parent, 2; same as pollen parent, 1; 
same as both parents, 2; intermediate, 17; highest, 3; 
lowest, 2. 

The pollen parent seems to have had very little in- 
fluence in determining the characters of the starch of the 
hybrid. The tendency to intermediateness of the hybrid 
is exceptionally well marked, and there is very little 
tendency for the hybrid curve to be higher or lower than 
the parental curves. 

Composite CURVES OF REACTION-INTENSITIES, 

This section treats of the composite curves of the 
reaction-intensities, showing the differentiation of the 
starches of Tritonia pottsu, T. crocosmia aurea, and 
T. crocosmeflora. (Chart E 35.) 

Among the conspicuous features of the chart are: 
(1) The usually well-marked separation of the 

curves of the parents, together with an almost invariably 



118 

higher position of the curve of Tritonia pottsii and the 
close correspondence of the two curves in the up-and- 
down variations. The only places at which the curve of 
T. pottsii is distinctly lower than that of T. crocosmia 
aurea are in the polarization, iodine, and chloral-hydrate 
reactions. The curve is the same or practically the 
same in the reactions with sulphuric acid, potassium sul- 
phide, sodium salicylate, and barium chloride. 

(2) In T. pottsii the very high reactions with sul- 
phuric acid ; the high reactions with polarization, chromic 
acid, hydrochloric acid, potassium sulphocyanate, and 
sodium salicylate; the moderate reactions with gentian 
violet, safranin, and pyrogallic acid; the low reactions 
with temperature, chloral hydrate, nitric acid, potassium 
iodide, sodium hydroxide, sodium sulphide, and stron- 
tium nitrate; and the very low reactions with iodine, 
potassium hydroxide, potassium sulphide, calcium ni- 
trate, uranium nitrate, cobalt nitrate, copper nitrate, 
cupric chloride, barium chloride, and mercuric chloride. 

(3) In T. crocosmia aurea the very high reaction 
with sulphuric acid ; the high reactions with polarization 
and sodium salicylate ; the moderate reactions with iodine, 
chromic acid, and hydrochloric acid; the low reactions 
with gentian violet, safranin, temperature, chloral hy- 
drate, pyrogallic acid, potassium sulphocyanate, and so- 
dium hydroxide; and the very low reactions with nitric 
acid, potassium hydroxide, potassium iodide, potassium 
sulphide, sodium sulphide, calcium nitrate, uranium 
nitrate, strontium nitrate, cobalt nitrate, copper nitrate, 
cupric chloride, barium chloride, and mercuric chloride. 

(4) In the hybrid the very high reactions with sul- 
phuric acid and sodium salicylate ; the high reactions with 
polarization, chromic acid, hydrochloric acid, and potas- 
sium sulphocyanate ; the moderate reactions with gentian 
violet, safranin, pyrogallic acid, and sodium hydroxide ; 
the low reactions with iodine, temperature, nitric acid, 
potassium iodide, sodium sulphide, and strontium ni- 
trate; and the very low reactions with chloral hydrate, 
potassium hydroxide, potassium sulphide, calcium ni- 
trate, uranium nitrate, cobalt nitrate, copper nitrate, 
cupric chloride, barium chloride, and mercuric chloride. 

Following is a summary of the reaction-intensities: 

Very , Mod- | Very 
high. High. erate. Low. low. 

Te POtesl 6 oo siaiacc ari iacerpuweacanem cue @ 1 5 3 7 10 
T. crocosmia aurea........... Z 2 3 ¥ 13 
T. crocosmeflora............. 2 4 4 6 10 

36. CoMPARISONS OF THE STARCHES OF BEGONIA 
SINGLE CRIMSON SCARLET, B. socoTRANA, AND 
B. MRS. HEAL. 

In the histologic characteristics, polariscopic figures, 
reactions with selenite and iodine, and qualitative reac- 
tions with the various chemical reagents the three starches 
have properties in common in various degrees of develop- 
ment and in each case certain individualities. The 
starch of Begonia socotrana in comparison with that of 
B. single crimson scarlet contains no compound grains 
or aggregates; the grains are not so often irregular, but 
where irregularity exists it is more marked; the grains 
are more elongated and the round type few. The hilum is 
somewhat less distinct and more often fissured, and a 
peculiar form of fissure is found; ecentricity is greater. 
The lamelle are somewhat more distinct and somewhat 
less regular, and there is an absence of a very coarse 
lamella near the hilum and also of one outlining the pri- 
mary starch deposit in compound grains if the deposit 
consists of both primary and secondary lamelle. Other- 
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wise the character and arrangements are the same. The 
size is larger. In the polariscopic, selenite, and qualita- 
tive iodine reactions there are many differences. In the 
qualitative reactions with chloral hydrate, chromic acid, 
pyrogallic acid, nitric acid, and strontium nitrate there 
are also many differences, many quite striking and dis- 
tinctive of one or the other parent. The starch of the 
hybrid in comparison with the starches of the parents 
exhibits but few individualities in form, and in this 
histological character it is in closer relationship to B. 
socotrana. The starch of the hybrid is closer to that of 
B. single crimson scarlet in the general characters of the 
hilum, but nearer the other parent in form, eccentricity 
of the hilum, size, and arrangement of the lamelle (ex- 
cepting when the grain consists of a primary and a sec- 
ondary part, when the relationship is closer to the first 
parent). Certain irregularities of form are seen that 
are not present in either parent, and the lamelle are more 
distinct and not so fine as they are in the parents. In 
the characters of the polariscopic figure and in the sele- 
nite reaction it is closer to B. single crimson scarlet. In 
the iodine reactions it is closer to B. single crimson scar- 
let. In the qualitative reactions with chloral hydrate, 
chromic acid, pyrogallic acid, nitric acid, and strontium 
nitrate the relationship is closer to B. single crimson 
scarlet. Some of the grains during gelatinization be- 
have like those of one parent and others like those of 
the other, and some show associated peculiarities of 
both parents. The resemblances are, on the whole, more 
closely related to B. single crimson scarlet, as is also 
the case in the quantitative reactions. 

Reaction-intensities Expressed by Light, Color, and Tempera- 
ture Reactions. 

Polarization: 
B. sing. crim. scar., moderately high to high, value 60. 
B. socotrana, moderately high to high, the same as in B. single 

crimson scarlet, value 60. 
B. mrs. heal, moderately high to high, less than in either parent, 

value 55. 
Iodine: 

B. sing. crim. scar., moderate, value 45. 

B. socotrana, light to moderate, much less than in B. single crimson 
scarlet, value 30. 

B. mrs. heal, moderate, the same as in B. single crimson scarlet, 
value 45. 

Gentian violet: 
B. sing. crim. scar., moderate, value 45. 
B. socotrana, light to moderate, much less than in B. single crimson 

scarlet, value 35. 
B. mrs. heal, moderate, same as in B. single crimson scarlet, 

value 45. 
Safranin: 

B. singl crim. scar., moderate to deep, value 60. 

B. socotrana, moderate to deep, less than in B. single crimson 
scarlet, value 55. 

B. mrs. heal, moderate to deep, same as in B. single crimson scarlet, 
value 60. 

Temperature: 
B. sing. crim. scar., in the majority at 67 to 68.5°, in all at 70 to 

72°, mean 71°. 

B. socotrana, in the majority at 79 to 80°, in all at 81 to 81.8°, 

mean 81.4°. 
B. mrs. heal, in the majority at 67 to 69°, in all at 71 to 72°, 

mean 71.5°. 

The reactivity of B. single crimson scarlet is higher 
than that of the other parent in the iodine, gentian 
violet, safranin, and temperature reactions; and the 
same or practically the same in the polarization reaction. 
The reactivity of the hybrid is the same or practically the 
the same as that of B. single crimson searlet in the reac- 
tions with iodine, gentian violet, safranin, and tempera- 
ture; and is the lowest of the three in the polarization 
reaction. The hybrid is closer to B. single crimson scar- 
let than to the other parent in the reactions with iodine, 
gentian violet, safranin, and temperature, and is the 
same in relation to both parents in the polarization 
reaction. 
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Table A 36 shows the reaction-intensities in percent- 

ages of total starch gelatinized at definite intervals 
(seconds and minutes). 

VELOCITY-REACTION CURVES. 

This section treats of the velocity-reaction curves of 
the starches of Begonia single crimson scarlet, B. soco- 
trana, and B. mrs. heal, showing quantitative differences 
in the behavior toward different reagents at definite time- 
intervals. (Charts D505 toD 526.) 

The most conspicuous features of this group of curves 
are: 

(1) The extraordinary variation of ‘the relations of 
the curves in the different charts: in some, all three curves 
being practically identical or close together; in others, 
two curves keeping close and the third well separated or 
even separated to the extreme; and in others, all three 
being well separated from one another. These pecu- 
liarities are due largely primarily to the remarkable 
variations in the reactivities of B. socotrana in relation 
to the different reagents (with one reagent being very 
reactive and with another the reverse) ; and secondarily 
to the almost uniformly very high reactivities of B. single 
crimson scarlet (18 very high, 2 high, and 1 low), to- 
gether with the marked variations in the relationships 
of the hybrid to B. single crimson scarlet, the hybrid 
being in many reactions identical or practically identical 
with this parent and in others having varying degrees of 
intermediateness, but being much closer, as a rule, to this 
parent than to the other. Excepting the sulphuric-acid 
and potassium-hydrate charts, in which the reactions of 
all three starches are shown to occur with great rapidity, 
there is a tendency to a well-marked or even extreme 
separation of the parental curves, the starch of B. single 
crimson scarlet showing, with one exception (barium 
chloride), a very high to high reactivity, and that of 
B. socotrana, with seven exceptions (chloral hydrate, 
chromic acid, nitric acid, sulphuric acid, potassium hy- 
droxide, potassium sulphide, and sodium salicylate) a 
low or usually very low reactivity. 

(2) The higher reactivity of B. single crimson scar- 
let than of B. socotrana with chloral hydrate, chromic 
acid, pyrogallic acid, nitric acid, hydrochloric acid, potas- 
sium iodide, potassium sulphocyanate, potassium sul- 
phide, sodium hydroxide, sodium sulphide, sodium sali- 
cylate, calcium nitrate, uranium nitrate, strontium ni- 
trate, cobalt nitrate, copper nitrate, cupric chloride, 
barium chloride and mercuric chloride, and the same 
reactivities with sulphuric acid and potassium hydroxide. 
There are small differences in the reactivities of the 
parents with chloral hydrate, potassium sulphide, and 
sodium salicylate, and from large to very large differ- 
ences in the other reactions noted, excepting the sul- 
phuric-acid and potassium-hydroxide reactions, in which 
the two are the same. 

(3) The tendency of the hybrid curves to be the 
same or nearly the same as the curves of B. single crim- 
son scarlet, or be of some degree of intermediateness, 
usually closer to this parent, throughout the whole series 
of reactions. (See following subsection.) 

(4) A period of early resistance followed by a com- 
parative rapid reaction is conspicuous for its almost en- 
tire absence. Such a period is suggested in the reactions 
of the hybrid in the calcium-nitrate reaction, in B. single 
crimson scarlet in the barium-chloride reaction, and in 
B. socotrana in the chromic-acid reaction. 

(5) The earliest period during the 60 minutes at 
which the three curves are best separated to differentiate 
the starches varies with the different reagents. With 
five exceptions this occurs in 5 minutes. The exceptions 
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are chromic acid, barium chloride, and mercuric chloride 
in 15 minutes, pyrogallic acid in 30 minutes, and cobalt 
nitrate in 45 minutes. 

REACTION-INTENSITIES OF THE HYBRID. 

This section treats of the reaction-intensities of the 
hybrid as regards sameness, intermediateness, excess, 
and deficit in relation to the parents. (Table A 36 and 
Charts D 515 to D 526.) 

The reactivities of the hybrid are the same as those 
of the seed parent in the reactions with iodine, gentian 
violet, safranin, temperature, nitric acid, hydrochloric 
acid, potassium iodide, potassium sulphocyanate, and 
potassium sulphide; the same as those of the pollen 
parent in none; the same as those of both parents in 
the reactions with sulphuric acid and potassium hydrox- 
ide; intermediate with chloral hydrate, chromic acid, 
pyrogallic acid, sodium hydroxide, sodium sulphide, so- 
dium salicylate, calcium nitrate, uranium nitrate, stron- 
tium nitrate, cobalt nitrate, copper nitrate, cupric 
chloride, barium chloride, and mercuric chloride (in all 
14 being nearer the seed parent) ; highest in none; and 
lowest in the polarization reaction, in which it is as close 
to one as to the other parent. 

The following is a summary of the reaction-intensi- 
ties: Same as seed parent, 9; same as pollen parent, 0; 
same as both parents, 2; intermediate, 14; highest, 0; 
lowest, 1. 

Sameness as the seed parent and intermediateness 
with a universal inclination to the seed parent are very 
conspicuous features of these data. In the two reactions 
wherein all three starches are the same the reactions 
occurred with such rapidity as not to permit of differen- 
tiation, and in the polarization reaction in which the 
hybrid shows the lowest reactivity of the three and is as 
closely related to one as to the other parent the crudity 
of the method of valuation of the reaction has not brought 
out differences that probably exist. The properties of 
the starch seem to have been determined primarily by 
the seed parent, the effect of the other parent being 
expressed in the lowering of reactive-intensities, varying 
in degree in the different reactions, but never so far as to 
the point of mid-intermediateness. 

Composite CURVES OF THE REACTION-INTENSITIES. 

This section treats of the composite curves of the 
reaction-intensities, showing the differentiation of the 
starches of Begonia single crimson scarlet, B. socotrana, 
and B. mrs. heal. (Chart E 36.) 

The most conspicuous features of this chart are: 
(1) The generally close accord of the curves of B. 

single crimson scarlet and the hybrid and the extraordi- 
narily erratic course of the curve of B. socotrana through- 
out most of the chart. The hybrid, which is a tuberous 
form, follows very closely, as a rule, the reactivities of the 
first parent, which is also tuberous, while the other 
parent, which is semituberous (bulbils), has a very differ- 
ent type of curve—far more different from that of the 
other parent than was recorded in the curves of the 
tender and hardy crinums and the rhizomatous and 
tuberous irises. 

(2) The curve of B. single crimson scarlet is higher 
than the curve of B. socotrana throughout the chart (ex- 
cepting in the reactions with polarization, sulphuric acid, 
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and potassium hydroxide, in which they are alike), and 
in most instances it tends to be very much higher, the 
only reactions in which there is marked approximation 
being those with chloral hydrate, potassium sulphide, and 
sodium salicylate. 

(3) In B. single crimson scarlet the very high reac- 
tions with chloral hydrate, chromic acid, nitric acid, 
sulphurie acid, hydrochloric acid, potassium hydrox- 
ide, potassium iodide, potassium sulphocyanate, potas- 
sium sulphide, sodium hydroxide, sodium sulphide, 
sodium salicylate, calcium nitrate, uranium nitrate, 
strontium nitrate, cobalt nitrate, copper nitrate, cupric 
chloride, and mercuric chloride; the high reactions with 
polarization, safranin, pyrogallic acid, and cobalt nitrate ; 
the moderate reactions with iodine, gentian violet, and 
temperature ; and the low reaction with barium chloride. 

(4) In B. socotrana the very high reactions with 
chloral hydrate, sulphuric acid, potassium hydroxide, 
potassium sulphide, and sodium salicylate ; the high reac- 
tions with polarization and nitric acid; the moderate 
reactions with safranin and chromic acid; the low reac- 
tions with iodine, gentian violet, temperature, sodium 
hydroxide, and strontium nitrate; and the very low reac- 
tions with pyrogallic acid, hydrochloric acid, potassium 
iodide, potassium sulphocyanate, sodium sulphide, cal- 
cium nitrate, uranium nitrate, cobalt nitrate, copper ni- 
trate, cupric chloride, barium chloride, and mercuric 
chloride. 

(5) In the hybrid the very high reactions with chloral 
hydrate, nitric acid, sulphuric acid, hydrochloric acid, 
potassium hydroxide, potassium iodide, potassium sulpho- 
cyanate, potassium sulphide, sodium hydroxide, sodium 
sulphide, sodium salicylate, calcium nitrate, uranium ni- 
trate, strontium nitrate, copper nitrate, and cupric chlo- 
ride; the high reactions with safranin and chromic acid; 
the moderate reactions with polarization, iodine, and 
gentian violet; the low reactions with temperature, 
pyrogallic acid, and mercuric chloride; and the very low 
reactions with cobalt nitrate and barium chloride. 

Following is a summary of the reaction-intensities: 

Very i Mod- Very 

high. High. erate. Law, low 

B. single crimson scarlet....... 18 4 3 1 0 
B. socotrana..............0005 5 2 2 5 12 
By mrss heal, <j.ccscs dace ve eae) 16 2 3 3 2 

37. Comparisons oF THE StTarcHES oF BxEconia 
DOUBLE LIGHT ROSE, B. socorrana, anv B. 

ENSIGN. 

In histologic characteristics, polariscopic figures, reac- 
tions with selenite, reactions with iodine, and qualitative 
reactions with various chemical reagents all three starches 
have properties in common in varying degrees of de- 
velopment, the sum of which in each case is distinctive 
of the starch. The starch of Begonia socotrana in com- 
parison with that of B. double light rose shows an ab- 
sence of aggregates and has more numerous irregularities. 
The hilum is less distinct, somewhat more often fissured, 
and more eccentric. The lamelle are not so distinct; 
more distinct at the distal than at the proximal end, 
instead of sometimes the reverse as in B. double light 
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rose; and they are more numerous. The size is larger 
than in B. double light rose. In the polariscopic, sele- 
nite, and iodine reactions there are various differences 
which seem to be of a minor character, and the same is 
true of the reactions with chloral hydrate, chromic acid, 
pyrogallic acid, nitric acid, and strontium nitrate. The 
starch of the hybrid is closer to that of B. double light 
rose in the form of the grains, character of the hilum, 
character of the lamelle, and size of the smaller grains, 
but nearer to B. socotrana in the eccentricity of the 
hilum and size of the larger grains. It is closer to B. 
double light rose in the appearance with selenite, but 
nearer the other parent in the polariscopic figures. It is 
closer to the first parent in the iodine reactions. In the 
qualitative reactions with chloral hydrate, chromic acid, 
pyrogallic acid, nitric acid, and strontium nitrate, while 
closer to B. double light rose, the influences of B. soco- 
trana are quite manifest in each. 

Reaction-intensities Expressed by Light, Color, and Tempera- 
ture Reactions. 

Polarization: 
B. doub. light rose, moderately high to high, value 70. 

B. socotrana, moderate to moderately high, less than in B. double 
light rose, value 60. 

i a ensign, moderate to high, intermediate between parents, value 67. 
odine: 
B. doub. light rose, moderate, value 45. 
B. socotrana, light to moderate, less than in B. double light rose, 

value 30. 
B. ensign, light to moderate, intermediate between the parents, 

value 40. 
Gentian violet: 

B. doub. light rose, light to moderate, value 40. 

B. socotrana, light to moderate, less than in B. double light rose, 
value 35. 

B. ensign, light to moderate, less than in either parent, value 30. 
Safranin: 

B. doub. light rose, moderate to deep, value 60. 

B. socotrana, moderate, less than in B. double light rose, value 55. 

B. ensign, moderate to deep, less than in either parent, value 50. 

Temperature: 
B. doub. light rose, in the majority at 60 to 61°, in all at 62 to 64°, 

mean 63°. 
B. socotrana, in the majority at 79 to 80°, in all at 81 to 81.8°, 

mean 81.4°. 
B. ensign, in the majority at 64 to 65.5°, in all at 66 to 68°, mean 67°. 

The reactivity of B. double light rose is higher than 
that of the other parent in all five reactions. The reac- 
tivity of the hybrid is intermediate between those of the 
parents in the polarization, iodine, and temperature reac- 
tions, and is the lowest of the three with gentian violet 
and safranin. The hybrid is closer to B. double light rose 
than to B. socotrana in the polarization, iodine, and tem- 
perature reactions, and the reverse in those with gentian 
violet and safranin. 

Table A 37% shows the reaction-intensities in percent- 
ages of total starch gelatinized at definite intervals (sec- 
onds and minutes). 

VELOCITY-REACTION CURVES. 

This section treats of the velocity-reaction curves of 
the starches of Begonia double light rose, B. socotrana, 
and B. ensign, showing quantitative differences in the 
behavior toward different reagents at definite time-inter- 
vals. (Charts D527 to D 532.) 

The most conspicuous features of these five charts are: 
The marked diversity of the relations of the three 

curves, all three running close in the choral-hydrate 
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reactions, two being close and the other well separated in 
those with nitric acid and strontium nitrate, two being 
somewhat close and the other well separated in that with 
chromic acid, and all three being well separated in that 
with pyrogallic acid. The tendency in all for the hybrid 
and B. double light rose curves to be closely related, 
and to be higher—usually much higher—than the curves 
of B. socotrana. The tendency in all of the reactions 
to intermediateness, highest or lowest reactivity, with an 
inclination in 8 out of 10 reactions toward the reactivity 
of the seed parent. The short period of very high resis- 
tance of B. socotrana in the chromic-acid reaction. 

REACTION-INTENSITIES OF THE HYBRID. 

This section treats of the reaction-intensities of the 
hybrid as regards sameness, intermediateness, excess, 
and deficit in relation to the parents. (Table A 37 and 
Charts D 527 to D 532.) 

The reactivities of the hybrid are not the same as those 
of either or both parents in a single reaction; interme- 
diate in the reactions with polarization, iodine, tempera- 
ture, chromic acid, pyrogallic acid, nitric acid, and stron- 
tium nitrate, in all being closer to those of the seed 
parent; highest in that with chloral hydrate, being 
closer to that of the seed parent; and the lowest in those 
with gentian violet and safranin, in both being closer to 
the pollen parent. 

The following is a summary of the reaction-intensi- 
ties: Same as seed parent, 0; same as pollen parent, 0; 
same as both parents, 0; intermediate, 7; highest, 1; 
lowest, 2. 

The following features of the hybrid are particularly 
conspicuous: The absence of any reaction that is the 
same as either or both parents; the marked tendency 
to intermediateness; the occasional tendency to the 
highest or lowest reactivity; and the markedly stronger 
influence of the seed parent on the properties of the 
starch. 

CoMPoOsITE CURVES OF REACTION-INTENSITIES. 

This section treats of the composite curves of the 
reaction-intensities, showing the differentiation of the 
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starches of Begonia double light rose, B. socotrana, and 
B. ensign. (Chart E 37.) 

The most conspicuous features of this chart are: The 
generally close correspondence in the courses of the three 
curves, although in some instances the curves are well 
separated. The higher position of the curve of B. double 
light rose in relation to that of B. socotrana throughout 
excepting in the nitric-acid reaction, in which the curves 
are the same. The varying relationship of the hybrid 
curve to the parental curves. It is intermediate in the 
reactions with polarization, iodine, temperature, chromic 
acid, and pyrogallic acid ; lower than the parental curves 
in those with gentian violet and safranin; the same or 
nearly the same as that of B. double light rose in those 
with chloral hydrate and strontium nitrate; and the same 
as both parents in that with nitric acid. 

38. CompaRIsoNs OF THE STaRcHES oF Bzrgonia 
DOUBLE WHITE, B. socoTRaNa, AND B. JULIUS. 
In the histologic characteristics, polariscopic figures, 

reactions with selenite, reactions with iodine, and quali- 
tative reactions with various chemical reagents all three 
starches have properties in common in varying degrees 
of development, together with individualities, which col- 
lectively in each case serve to be distinctive. The 
starch of Begonia socotrana in comparison with that 
of B. double white shows an absence of compounds and 
aggregates; more irregularity of the grains and some 
marked differences in the causes of the irregularities ; 
grains often elongated; and comparatively few round 
and triangular forms. The hilum is less distinct, much 
less often fissured, shows an absence of certain forms 
of fissuration, and eccentricity is more. The lamelle 
are finer but not so distinct, there is an absence of two 
lamellee which are quite conspicuous in the other parent ; 
they are more often not regular and show waviness; and 
they are slightly less numerous. In size the grains are 
somewhat larger and more slender. In the polariscopic, 
selenite and qualitative iodine reactions there are many 
differences. In the qualitative reactions with chloral hy- 
drate, chromic acid, pyrogallic acid, nitric acid, and stron- 
tium nitrate the differences are numerous and some of 
them quite individualize the parent. The starch of the 
hybrid is more closely related to B. double white in form, 
character and arrangement of the lamelle, and size of 
the grains; nearer to B. socotrana in the characters of 
the irregularities of the grains and in the character and 
eccentricity of the hilum; and it has fewer irregularities 
than either parent. In the polarization figures it re- 
sembles both parents equally. In the iodine reactions 
the heated grains more closely resemble those of B. 
double white, while the unheated grains more closely re- 
semble those of B. socotrana. In the qualitative reac- 
tions with chloral hydrate, chromic acid, pyrogallic acid, 
nitric acid, and strontium nitrate peculiarities of both 
parents are manifest, but the reactions, as a whole, more 
closely resemble those of B. double white than of B. 
socotrana. 
Reaction-intensities Expressed by Light, Color, and Tempera- 

ture Reactions. 
Polarization: 

B. double white, low to moderately high, value 55. 

B. socotrana, moderate to moderately high, higher than in B. double 

white, value 60. 

B. julius, moderate to moderately, the same as in B. double white, 
value 60. 

HISTOLOGIC PROPERTIES AND REACTIONS. 

Iodine: 
B. double white, light, value 25. 

B. socotrana, light to moderate, deeper than in B. double white, 
value 30. 

B. julius, light to moderate, deeper than in either parent, value 40. 
Gentian violet: 

B. double white, light to moderate, value 30. 
B. socotrana, light to moderate, deeper than in B. double white, 

value 35. 
B. julius, moderate to moderately deep, deeper than in either 

parent, value 45. 
Safranin: 

B. double white, light to moderate, value 40. 
B. socotrana, moderate, much deeper than in B. double white, 

value 55. 
B. julius, moderately deep, deeper than in either parent, value 60. 

Temperature: 
B. double white, in the majority at 60 to 61.5°, in all at 65 to 66.5°, 

mean 62.75°, 
B. socotrana, in the majority at 79 to 80°, in all at 81 to 81.8°, 

mean 81.4°. 
B. julius, in the majority at 65 to 66°, in all at 67 to 69°, mean 68° 

The reactivity of B. double white is lower than that 
of the other parent in the polarization, gentian-violet, 
and safranin reactions, and higher in the temperature 
reaction, The reactivity of the hybrid is the same or 

practically the same as that of B. socotrana in the polari- 
zation reactions ; highest of the three in those with iodine, 
gentian violet, and safranin; and intermediate in that 
with temperature. The hybrid is closer to B. double 
white than to B. socotrana in the temperature reaction ; 
and the reverse in those with polarization, iodine, gentian 
violet, and safranin. 

Table A 39 shows the reaction-intensities in percent- 
ages of total starch gelatinized at definite intervals (sec- 
onds and minutes) : 

TaBLe A 38. 

ale@l/_e}_e|g| ; ;/ 8/8) 8) 8] 8 

elsleléjsielsielelsiales 
Chloral hydrate: 

B. double white .}...]...,..]...{..].. | 83/99]... 
B. socotrana....]...J-..).+ |---| +. |. | 88] 79 | 95 
By Julius. iis caffe ds} aa lowell oe [oun [90199] a. 

Chromic acid: 
B. double white.|...)...)..4...)..]..]/97]..]/99]..]..].. 
B. socotrana....|...]...}..]...,..].. | O05]... | 2 | 60] 87 | 92 
By julitusi vaee se slew les] oa [ec etae [eo | VS os (951991) 26 fos 

Pyrogallic acid: 

B. double white.]...J/...)..]...}..].. | 84]..]|95/99]..].. 
B. socotrana....|...]...[..]...)..]..{05)..4..7-.].. | 0.86 
B. julius........)...]...]..]...)..].. | 201 .. | 75 | 90 | 92 | 95 

Nitric acid: 
B. double white .|100])...]..]...J..]..]-.].-]-.]..].--]-- 
B. socotrana....|...)...]..]...{..].. | 27]... | 80] 88] 95) .. 
B. julius........| 99;100].. |...) .. ey ae bine Ie 

Strontium nitrate: 
B. double white .|...)...|97/100)..]..}..)..]..]..]-.]-. 
B. socotrana....}...|...]--|..-|-.|..|10].. | 44] 78 | 81 | 84 
B. julius........|...|...] 84] 99]... ae Pet eee eel (ers 

VELOCITY-REACTION CURVES. 

This section treats of the velocity-reaction curves of 
the starches of Begonia double white, B. socotrana, and B. 
julius, showing quantitative differences in the behavior 
toward different reagents at definite time-intervals. 
(Charts D 533 to D 538.) 

These charts bear close resemblances to the corre- 
sponding charts in the preceding set, but the differences 
are sufficient to show that there are differences in parent- 
age and offspring. There is a tendency in this set to a 
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higher reactivity of the seed parent, which in turn tends 
to affect in the same direction the reactivities of the 
hybrid. 

REACTION-INTENSITIES OF THE HYBRID. 

This section treats of the reaction-intensities of the 
hybrid as regards sameness, intermediateness, excess, 
and deficit in relation to the parents. (Table A 38 and 
Charts D 533 to D 538.) 

The reactivities of the hybrid are the same as those 
of the seed parent in the nitric-acid reaction; the same 
as those of the pollen parent in the polarization reaction ; 
the same as those of both parents in none; intermediate 
in the reactions with temperature, chromic acid, pyrogal- 
lic acid, and strontium nitrate, in all of which being 
closer to those of the seed parent; highest with iodine, 
gentian violet, safranin, and chloral hydrate (in three 
being closer to those of the pollen parent and in one 
closer to that of the seed parent) ; and lowest in none. 

The following is a summary of the reaction-intensi- 
ties: Same as the seed parent, 1; same ias the pollen 
parent, 1; same as both parents, 0; intermediate, 4; high- 
est, 4; lowest, 0. 

In these reactions the reactivities of the hybrid bear 
only a somewhat closer relationship to the seed parent, 
and there is a marked inclination to intermediateness 
and highest reactivity. 

CoMPosITE CURVES OF THE REACTION-INTENSITIES, 

This section treats of the composite curves of the 
reaction-intensities showing the differentiation of the 
starches of Begonia double white, B. socotrana, and B. 
julius. (Chart E 38.) 

The most conspicuous features of this chart are: The 
generally close correspondence in the courses of all three 
curves, although in three instances the curves are well 
separated. The lower position of the curve of B. double 
white in relation to that of the other parent in the 
reactions with polarization, iodine, gentian violet, and 
safranin ; the higher position with temperature, chloral 
hydrate, chromic acid, pyrogallic acid, and strontium 
nitrate; and the same position with nitric acid. The 
varying relationship of the hybrid curve to the parental 
curves. It is the same as the curve of B. socotrana in 
the reaction with polarization; the same as that of 
B. double white with chloral hydrate and strontium 
nitrate; the same as both parents with nitric acid; the 
highest in the three with iodine, gentian violet, and 
safranin; and intermediate with temperature, chromic 
acid, and pyrogallic acid. 

39. CompaRIsons OF THE SrarRcHES oF Brconia 
DOUBLE DEEP ROSE, B. socoTrana, and B, 
SUCCESS. 

In the histologic characteristics, polariscopic figures, 
reactions with selenite, reactions with iodine, and quali- 
tative reactions with various reagents all three starches 
have properties in common in varying degrees of de- 
velopment, the sum of which in each case is distinctive. 
The starch of Begonia socotrana in comparison with 
that of B. double deep rose shows an absence of com- 
pound grains and aggregates; the grains are more regu- 
lar, but such irregularities as occur are more obvious 
and striking; the grains are more elongated ; and round 

123 

and nearly round forms are very rare. The hilum is 
somewhat less rarely fissured ; there is an individual form 

of fissuring ; and there is more eccentricity. The lamelle 
are finer and less distinct; several are present that are 
not seen in B. double deep rose; and they are much more 
numerous. The size is larger. The reactions with polari- 
zation, selenite, and iodine exhibit many differences. In 
the qualitative reactions with chloral hydrate, chromic 
acid, pyrogallic acid, nitric acid, and strontium nitrate 
the differences are numerous and some of them are quite 
striking and distinctly individualize the starch. The 
starch of the hybrid in comparison with the starches 
of the parents shows a closer relationship to the starch 
of B. double deep rose in the characters of the irregu- 
larities of the grains and in the characters of the hilum; 
more like the other parent in the form of the grains, 
eccentricity of the hilum, character and arrangement and 
number of the lamellae, and size of the grains. It has, 
however, less irregularities in the grains than in either 
parent. It is nearer B. socotrana in the polarization 
figures and appearances with selenite, and nearer also in 
the iodine reactions. It shows peculiarities of both pa- 
rents in the quantitative reactions with chloral hydrate, 
chromic acid, pyrogallic acid, nitric acid, and strontium 
nitrate, but is closer to B. double deep rose. 

Reaction-intensities Expressed by Light, Color, and Tempera 
ture Reactions. 

Polarization: 
B. double deep rose, moderately low to high, value 50. 

B. socotrana, moderate to high, higher than in B. double deep rose, 

value 60. 
B. success, moderate to high, the same as in N. socotrana, value 60. 

Todine: 
B. double deep rose, moderate, value 45. 

B. socotrana, light to moderate, much lighter than in B. double 
deep rose, value 30. 

B. success, light to moderate, the same as in B. socotrana, value 30. 

Gentian violet: 
B. double deep rose, light to moderate, value 40. 

B. socotrana, light to moderate, less than in B. double deep rose, 
value 35. 

B. success, light to moderate, the same as in B. socotrana, value 35. 

Safranin: 
B. double deep rose, moderate to deep, value 60. 

B. socotrana, moderate, less than in B. double deep rose, value 55. 

B. success, moderate to deep, the same as in B. double deep rose, 
value 60. 

Temperature: 

B. double deep rose, in majority at 64 to 65.5°, in all at 67 to 68.8°, 
mean 67.8°. 

B. socotrana, in majority at 79 to 80°, in all at 81 to 81.8°, mean 
81.4°. 

B. success, in majority at 62 to 64°, in all at 68 to 69°, mean 68.5°. 

The reactivity of B. double deep rose is lower than 
that of the other parent in the polarization reaction; and 
higher in those with iodine, gentian violet, safranin, and 
temperature. The reactivity of the hybrid is the same 
or practically the same as that of B. double deep rose 
in the reaction with safranin; the same or practically 
the same as those of B. socotrana with polarization, iodine, 
and gentian violet ; and intermediate between those of the 
parents in that with temperature. The hybrid is closer 
to B. double deep rose than to B. socotrana in the safranin 
and temperature reactions, and the reverse in those with 
polarization, iodine, and safranin. 

Table A 39 shows the reaction-intensities in percent- 
ages of total starch gelatinized at definite intervals (sec- 
onds and minutes) : 
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Taste A 39. 

alalg|[glgig A/al|a {ala 

elslalalelelelelsisiale 
Chloral hydrate: 
B.doubledeeprose|...|..]..]..]..]../98]..]..]..]7..].. 
B. socotrana.....|...)..]--]..]..].. {88/79/95]..]..4.. 
B. success....... ads) Res Wor [a dew | oe P86] G9 [va] oa 

Chromic acid: 
B.doubledeeprose }...)..]..]..]..]../65]..1/95/99]..].. 
B. socotrana.....]...}..]..]..]..].. {05}... | 2]|60]87 | 92 
B; SUCCESS: saci Slee] ca (ee [as dee Poe | FB 6 FOS [os daw |e 

Pyrogallic acid: 
B.doubledeeprose |...}..]..|..]..|.. |25]..|77| 88/95 | 96 
B. socotrana.....]...J..]..]..]..4.. /O05)..]..]..].. 10.6 
B. success........]...]..]..]..].. -. [43] .. | 87 | 92 | 96 | 97 

Nitric acid: 
B.doubledeeprose |100;..]..]..]..]..]..]..]..]..].-]-- 

B. socotrana.....|.../..]..]-.]..].-.|27].. |80/88/95].. 
B. success........]100)..]..]..]..}..]..]..]--fe-]--]-- 

Strontium nitrate: 
B.doubledeeprose |...|..|80/99]..]..]..}]..]..].-]--]-- 
B. socotrana.....}.../..]..]..]..].. |10].. [44] 78 | 81 | 84 
B. success........]...].. {88 /99]..]..}-. iis aah | aie 

VELOCITY-REACTION CURVES. 

This section treats of the velocity-reaction curves of 
the starches of Begonia double deep rose, B. socotrana, 
and B. success, showing quantitative differences in the 
behavior toward different reagents at definite time-inter- 
vals. (Charts D 539 to D 544.) 

These charts differ from those of the last set chiefly 
in the reversal of the relative positions of the curves of 
the seed parent and hybrid and the more marked close- 
ness of these curves in the pyrogallic-acid reaction. The 
nitric-acid and strontium-nitrate curves are in the two 
sets in each case practically the same. 

REACTION-INTENSITIES OF THE HYBRID. 

This section treats of the reaction-intensities of the 
hybrid as regards sameness, intermediateness, excess, and 
deficit in relation to the parents. (Table A39 and 
Charts D 539 to D 544.) 

The reactivities of the hybrid are the same as those 
of the seed parent in the reactions with safranin and 
nitric acid; the same as those of the pollen parent with 
polarization, iodine, and gentian violet; the same as 
those of both parents in none; intermediate with tem- 
perature and chloral hydrate, in both being closer to those 
of the seed parent; highest with chromic acid, pyrogallic 
acid, and strontium nitrate, in all three being closer to 
those of the seed parent; and the lowest in none. 

The following is a summary of the reaction-intensi- 
ties: Same as seed parent, 2; same as pollen parent, 3; 
same as both parents, 0; intermediate, 2; highest, 3; 
lowest, 0. 

In these few reactions the tendencies seem to be about 
equal to sameness as one or the other parent, intermedi- 
ateness and highest reactivity; but the influences of the 
seed parent in determining the properties of the starch of 
the hybrid distinctly dominate those of the other parent. 

Composite CURVES OF THE REACTION-INTENSITIES. 

This section treats of the composite curves of the 
reaction-intensities, showing the differentiation of the 
starches of Begonia double deep rose, B. socotrana, and 
B. success. (Chart E 39.) 

PROPERTIES AND REACTIONS. 

The most conspicuous features of this chart are: 
(1) The generally close correspondence of all three 

curves, although in some instances the curves are well 
separated, as in the preceding sets. 

(2) The higher position of the curve of B. double 
deep rose in the relation to the curve of the other parent 
in the reactions with iodine, gentian violet, safranin, 
temperature, chloral hydrate, chromic acid, pyrogallic 
acid, and strontium nitrate; the lower position with 
polarization ; and the identical position with nitric acid. 

(3) The varying position of the hybrid curve in rela- 
tion to the parental curves. It is the same or practically 
the same as the curve of B. double deep rose in the reac- 
tions with safranin, temperature, chromic acid, pyrogallic 
acid, and strontium nitrate; the same as that of B. soco- 
trana in those with polarization, iodine, and gentian 
violet; the same as the curves of both parents in that 
with nitric acid; and intermediate in that with chloral 
hydrate. 

Novres ON THE BEGONIAS. 

The most conspicuous features of these records are 
observed in the very definite and commonly wide differ- 
ences between the properties of the seed parents on the 
one hand and of Begonia socotrana, the pollen parent, 
on the other, representing two quite different groups of 
begonias. Histologically, the starches of the seed parents 
have characters in common which definitely group them 
from the starch of B. socotrana. Even far greater distinc- 
tions are seen in the records of the temperatures of 
gelatinization and of the quantitative reactions with hy- 
drochloric acid, potassium iodide, potassium sulphocya- 
nate, sodium hydroxide, sodium sulphide, calcium 
nitrate, uranium nitrate, strontium nitrate, copper ni- 
trate, cupric chloride, and mercuric chloride. The very 
large differences in the temperature reactions of the two 
groups exceed any records thus far made of members 
of any genus. ‘The least difference between members 
of the tuberous group and B. socotrana is 11.4°, the 
greatest 18.65°, and the average 14.85°. Such differ- 
ences indicate corresponding marked physico-chemical 
peculiarities of the starch molecules and prepare one for 
finding similar diversities in the reactions with various 
chemical reagents. Comparisons of the data of the four 
seed parents indicate well-separated horticultural or 
subgeneric specimens. Inasmuch as B. socotrana is the 
pollen parent in each set, it is of exceptional interest to 
learn to what extent and in what directions the charac- 
ters of the hybrids are influenced by this parent. Inas- 
much as the seed parents exhibit among themselves dis- 
tinctive peculiarities it is to be expected that the hybrid 
in any set will be definitely different from the hybrids 
of the other sets, and such has been found to be a fact. 
The hybrids show marked variability in their relations to 
their parents, each exhibiting characters that are either 
common to both parents or individually parental, and in 
varying degrees of development, sometimes being like 
one parent or the other, or identical with both or having 
development beyond parental extremes in one direction 
or the other. While the inclination of the hybrid is, on 
the whole, very definitely toward, even at times exceeding, 
the development of the seed parent the influences of B. 
socotrana are themselves sometimes so potent that theseed 
parent seems to be without effect. 
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The following is a summary of the reaction-intensi- 
ties of the hybrid as regards sameness, intermediateness, 
excess, and deficit in relation to the parents: 

ies 

3 [sag ,| 3 
esl DRios| a], 
agje@ayag) gla | 
@klaglokl a | 8 o 

gajeeiga) 2 |e] e 
Hn | |W s/h) a 

BuTOts..B@al o. i oie sena cece ca aa nee of 79 0 2 | 14] 0 1 
B. ensign... 0. ce cee eee ee ee ee} O 0 0 all ie? 2 
Dy ULUS ss area stieniarse asec ne sac Vad aah ase a sa 1 1 0 4|41]0 
B. SUCCESS ii is gets ie Saray, cde Geel OD 3 0 2/3 0 

40. CoMPaRISONS OF THE STARCHES OF RICHARDIA 
ALBO-MACULaTA, R. ELLIOTTIANA, AND R. mrs. 
ROOSEVELT. 

In the histologic characteristics, polariscopic figures, 
reactions with selenite, reactions with iodine and quali- 
tative reactions with the various chemical reagents the 
starches of the parents while exhibiting certain proper- 
ties in common also show certain minor peculiarities by 
which collectively they may be distinguished. The 
starch of Richardia elliottiana in comparison with that 
of R. albo-maculata is found to differ very little, chiefly in 
the proportions of different kinds of grains. The hilum 
is more often fissured, more frequently visible, and shows 
more often a tendency to eccentricity. The lamelle are 
more numerous. The size on the whole tends to be 
slightly less. The polariscopic, selenite, and qualitative 
iodine reactions exhibit many slight differences. In the 
qualitative reactions with chloral hydrate, chromic acid, 
hydrochloric acid, potassium hydroxide, and sodium sali- 
cylate there are a number of points of differentiation, 
mostly apparently of a very minor character. The starch 
of the hybrid is in form, character of the hilium, lamelle, 
size, polariscopic and selenite reactions, iodine reac- 
tions and qualitative chemical reactions slightly closer 
to RB. albo-maculata than to the other parent, but such 
differences as are observed are it seems of a decidedly 
minor character. These starches are not well adapted 
for differential study not only because of their very close 
similarities in their properties, but also because of their 
small size and the differences in gelatinizability of the 
inner and outer parts, the former gelatinizing with com- 
parative rapidity and the latter with comparative diffi- 
culty, excepting in the rapid reactions. On this account 
only few reactions were studied. 

Reaction-intensities Expressed by Light, Color, and Tempera- 
ture Reactions. 

Polarization: 
R. albo-maculata, moderate to high, value 70. 

R. elliottiana, moderate to high, lower than R. albo-maculata, 

value 65. 
“ mrs. roosevelt; moderate to high, between the parents, value 67. 

Todine: 
R. albo-maculata, moderate, value 45. 
R. elliottiana, moderate, less than R. albo-maculata, value 40. 

R. mrs. roosevelt, moderate, the same as R. albo-maculata, value 45. 

Gentian violet: 
R. albo-maculata, light, value 30. 
R. elliottiana, light, slightly deeper than in R. albo-maculata, 

value 33. 
R. mrs. roosevelt, light, deeper than in either parent, value 35. 
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Safranin: 
R. albo-maculata, light, value 33. ; 

R. elliottiana, light, slightly deeper than in R. albo-maculata, 

value 35. : 

R. mrs. roosevelt, light, light to moderate, deeper than in the 

parents, value 38. 

Temperature: , 

R. albo-maculata, majority at 75 to 76°, all at 77 to 78.5°, mean 

7.7. 
R. albo-maculata, majority at 75 to 76°, all at 77 to 78.5°, mean 

Tats 

R. elliottiana, majority at 74 to 75°, all at 76 to 77°, mean 76.5°. . 

R. mrs. roosevelt, majority at 74 to 76°, all at 76 to 78°, mean 77°. 

The reactivities of R. albo-maculata are higher than 

those of the other parent in the polarization and iodine 
reactions, and lower in the gentian violet, safranin, and 
temperature reactions. The hybrid in the polarization 

and temperature reactions is intermediate in value; in 

the iodine reaction it is the same as in R. albo-maculata 

and higher than in R. elliottiana; and in the gentian- 
violet and safranin reactions the figures are closer to, but 
in excess of, those of R. elliottiana, and beyond the 
parental extremes. 

Table 40 shows the reaction-intensities in percent- 
ages of total starch gelatinized at definite intervals 
(minutes) : 

Tasuie A 40. 

Sele epelslelelale 
baal Nn of ~~ an i tan) oO a o 

Chloral hydrate: 
R. albo-maculata....... -.]..{95]99].. 
R. elliottiana..........-]..]../92]..|97 
R. mrs. roosevelt .......]..].. | 99 aa 

Chromic acid: 
R. albo-maculata.......)..]..]..]..] 2].. | 65] 96 | 98 | 99 
R. elliottiana...........)..]..]..]..] 3]... | 68] 97] 99 
R. mrs. roosevelt.......].. 6 67 | 97 | 99 

Pyrogallic acid: 

R. albo-maculata......./.. 4 5| 9/10] 11 
R. elliottiana...........].. 2 3} 5] 7] 9 
R. mrs. roosevelt....... we 3 4| 6| 7] 8 

Nitric acid: 
R. albo-maculata.......)..]..]../../] 6].. | 22128] 40] 48 
R. elliottiana....06ccc04| + 4 16 | 20 | 30 | 36 
R. mrs. roosevelt. ......].. 6 16 | 22 | 36 | 41 

Sulphuric acid: 
R. albo-maculata.......]..]..]..).. 197] 99 
R. elliottiana...........)..]../)..]..]98499 
R. mrs. roosevelt.......)..]..)..].. 497/99 

Hydrochloric acid: 
R. albo-maculata.......[..]..]..]../18].. ) 385] 62] 75] 82 
R. elliottiana...........)../..]..].. 1/16]... |383155] 70] 80 
R. mrs. roosevelt.......]..]..]..]../16].. | 29]32] 61] 78 

Potassium hydroxide: 
R. albo-maculata.......)..])..})..]..] 3]..] 8]10]13] 21 
R. elliottiana...........)..)..]..]..] 8].. | 18] 14] 17) 23 
R. mrs. roosevelt... .... ee fee fee fe. | OP... | 14] 15 | 25 | 38 

Sodium salicylate: 
R. albo-maculata.......}..]../92].. | 99 es 
R. elliottiana...........)..]../91].. | 99 : 
R. mrs. roosevelt.......}..|..|94].. | 99 

‘VVELOCITY-REACTION CURVES. 

This section treats of the velocity-reaction curves of 
the starches of Richardia albo-maculata, R. elliottiana, 
and R. mrs. roosevelt. (Charts D 545 to D 552.) 

There are very few points of interest in the accom- 
panying eight charts. The starches are so nearly alike 
that but little differences are shown in any of the charts. 
In the reactions with chloral hydrate, sulphuric acid, and 
sodium salicylate gelatinization occurs so rapidly that 
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such differences as are recorded probably fall within the 
limits of error of experiment; in those with chromic acid 
and pyrogallic acid the differences are insignificant; and 
in those with nitric acid, hydrochloric acid, and potas- 
sium hydroxide the differences are not marked, yet suf- 
ficient for definite differential purposes. In the latter 
reactions it will be observed that the relations of the 
curves of the three starches differ in each—in the nitric- 
acid reaction the starch of R. albo-maculata is the most 
reactive, R. elliottiana the least, and the hybrid inter- 
mediate; in the hydrochloric-acid reaction the order of 
reactivity is R. albo-maculata, R. elliottiana, and hybrid ; 

and in the potassium-hydroxide reaction the order is 
hybrid, R. elliottiana, and R. albo-maculata, The great- 
est interest centers perhaps in the differences in reac- 
tivity toward the different reagents, there being repre- 
sented in the eight charts almost the extremes of reac- 
tivities. In the chloral-hydrate, sulphuric-acid, and 
sodium-salicylate reactions within 5 minutes all three 
starches are gelatinized; with pyrogallic acid there is 
very little effect even at the end of 60 minutes; while 
with chromic acid, nitric acid, hydrochloric acid, and 
potassium hydroxide there are in-between gradations. 
It is also of interest to note the different courses of the 
curves with these four reagents. 

REACTION-INTENSITIES OF THE HYBRID. 

This section treats of the reaction-intensities of the 
hybrid as regards sameness, intermediateness, excess, 
and deficit in relation to the parents. (Table A 40 and 
Charts D 545 to D 552.) 

The reactivities of the hybrid are the same as those 
of the seed parent in the iodine reaction; the same as 
those of the pollen parent in none; the same as those 
of both parents in the reactions with chromic acid, pyro- 
gallic acid, sulphuric acid, and sodium salicylate ; inter- 
mediate in the polarization, temperature, and nitric acid 
reactions, in all being mid-intermediate; highest with 
gentian violet, safranin, chloral hydrate, and potassium 
hydroxide; and the lowest with hydrochloric acid, it 
being closer to that of the pollen parent. 

The following is a summary of the reaction-intensi- 
ties: Same as seed parent, 1; same as pollen parent, 0; 
same as both parents, 4; intermediate, 3; highest, 4; 
lowest, 1. 

It is interesting to note that while in one reaction 
there is sameness in relation to the seed parent, there 
is not in any reaction sameness to the pollen parent, 
although in 5 reactions out of the 13 the inclination is 
to the pollen parent and in only the one referred to is 
it to the seed parent. Tendencies to mid-intermediate- 
ness, to highest reactivity, and to sameness as both 
parents are quite apparent. 

Composite CurRVES OF THE REACTION-INTENSITIES. 

This section treats of the composite curves of the 
reaction-intensities, showing the differentiation of the 
starches of Richardia albo-maculata, R. elliottiana, and 

BR. mrs. roosevelt. (Chart E 40.) 
The most conspicuous features of this chart are: 
Marked closeness, almost identity, of all three curves. 

In fact, such differences as are shown are usually so 
small as to fall within the limits of error of record. It 
would perhaps be hazardous to reach a definite diagnosis 

HISTOLOGIC PROPERTIES AND REACTIONS. 

of one from the other by these curves, yet if taken in 
connection with the curves showing the reaction-intensi- 
ties at definite time-intervals differentiation appears to 
be satisfactory. From these curves one might naturally 
be led to the belief that we are dealing with varieties 
of a species and not with two recognized species (even 
though they might belong to a species subgroup) and 
a hybrid. From these investigations (which are incon- 
clusive) the parents should be regarded as varieties of a 
given species. It is of interest to compare these curves 
with those of the hippeastrums, the parents of which 
are garden varieties that have come from closely related 
parentage. The marked excursions of the curves, show- 
ing wide variations in the reactive intensities with the 
different reagents, are very striking. 

41. Comparisons or THE SrarcHes or Musa 
aRNoLpiana, M. gitteri, anp M. HyBripa. 

In the histologic characteristics, polariscopic figures, 
reactions with selenite, reactions with iodine, and quali- 
tative reactions with the various chemical reagents the 
starches of the parents have properties in common in 
varying degrees of development and also certain individ- 
ualities, and the starch of the hybrid has properties like 
those of one or the other or both parents, and also certain 
individualities ; but it is, on the whole, distinctly closer 
to Musa gilletti than to the other parent. The starch 
of M. gilletii in comparison with that of M. arnoldiana 
has only one of the two types seen in M. arnoldiana, but 
there are aggregates that are not found in the latter; 
and there are more numerous elongated forms. The 
hilum is somewhat more often fissured, and eccentricity 
is somewhat less in some of the forms. The lamellex are 
more often distinct, not so fine, and less numerous. The 
size is slightly larger. In the polariscopic, selenite, and 
qualitative iodine reactions there are many differences 
which seem to be of a minor character. In the qualita- 
tive reactions with chloral hydrate, chromic acid, pyro- 
gallic acid, sodium salicylate, and cobalt nitrate there 
are very many differences, many of which quite definitely 
individualize one or the other parent. The starch of the 
hybrid in comparison with the starches of the parents 
shows in almost every feature a closer relationship to the 
starch of the pollen parent. It contains the two types of 
compound grains found in M. arnoldiana and the aggre- 
gates of the other parent, and there is a type of compound 
grain that is peculiar to the hybrid. The hilum is more 
frequently fissured than in either parent. The lamelle 
are in character and arrangement more like those of 
M. gilletit, but in number closer to M. arnoldiana. In 
size some of the grains exceed those of the parents. In 
the polariscopic, selenite, and qualitative iodine reactions 
there are many differences, but the inclinations of the 
hybrid are distinctly to M. gilletii. In the qualitative 
chemical reactions the leanings are very definitely to one 
or the other or both parents, with, on the whole, a dis- 
tinctly closer relationship to M. gilletii, the pollen parent. 

Reaction-intensities Expressed by Light, Color, and Tempera- 
ture Reactions. 

Polarization: 
M. arnoldiana, low to high, value 40. 
M. gilletii, low to high, higher than in M. arnoldiana, value 45. 
M. hybrida, low to high, higher than in either parent, value 50. 
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Iodine: 
M. arnoldiana, moderate, value 55. 
M. gilletii, moderate, somewhat less than in M. arnoldiana, value 50. 
M. hybrida, moderate, the same as in M. gilletii, value 50. 

Gentian violet: 
M. arnoldiana, light to deep, value 50. 
M. gilletii, light to deep, somewhat less, value 45. 
M. hybrida, light to deep, the same as in M. gilletii, value 45. 

Safranin: 

M. arnoldiana, moderate to deep, value 60. 
M. gilletii, moderate to deep, less than in M. arnoldiana, value 50. 
M. hybrida, moderate to deep, the same as in M. gilletii, value 50. 

Temperature: 
M. arnoldiana, majority at 60 to 61°, all at 64.5 to 65.8°, mean 65°. 

M. gilletii, majority at 64 to 66.5°, all at 67.5 to 69°, mean 68.4°. 
M. hybrida, majority at 65.2 to 67°, all at 69 to 70°, mean 69.75°. 

In not one of the five reactions are the figures for the 
two parents the same. The polarization reaction of M. 
gilletit is higher, and those with iodine, safranin, gentian 
violet, and temperature are lower than those of the other 
parent. The hybrid has the same degree of reactivity 
as M. gilletit in the reactions with iodine, gentian violet, 
and safranin ; higher reactivity than either parent in that 
with polarization; and a lower reactivity in that with 
temperature. In all of these reactions the hybrid is 
closer to M. gilletii than to the other parent. In no 
instance is there intermediateness, and in two records 
the reactions are in excess or deficit of the parental 
extremes. 

Table A 41 shows the reaction-intensities in percent- 
ages of total starch gelatinized at definite intervals (sec- 
onds and minutes) : 

Tasie A 41. 

dj dja|q 
m1 N | om 30 3. 5 m. 10m 15 m 30 m. 45 m. 60 m 

oO 
Ve) 
al 

Chloral hydrate: 

M. arnoldiana...}..]..]/..]-./]-.]../55].. | 90/99) ..1.. 
M. gilletii....... wedfae de. ]-.]..].. | 80] .. | 69] 78 | 88 | 95 
M. hybrida..... wa foe fos [oad aw | ve £28 | ve | 68/70) 74] 77 

Chromic acid: 
M. arnoldiana...|..}]..].-|..]..]..]95}.. |100).. 
M. gilletii...... we fee fee]... ].. | 70}... | 90) 99 
M. hybrida..... ne | Geog aise. Woe ldell sonae beeen] 22 Pau] FOLGE 

Pyrogallic acid: 

M. arnoldianaccs| on. }o. fue lee lee |e PBB] ee | GSPO8) cx | ox 
M. gilletii......)..]..].-]-.]-.]..]11].. | 54 73] 81) 84 

M. hybrida..... we tee Leebwe law Ren (Fel oe} BAPE) oat OR 
Nitric acid: 

M. arnoldiana.. .| 98 

M. hybrida. .... 47|}..]..}..]..]../90].. | 93) 95 
Sulphuric acid: 

M. arnoldiana...|.. | 95] .. 
M. gilletii......].. | 75 | 96 

M. hybrida.....|.. | 48 | 95 
Hydrochloric acid: 

M. arnoldiana.. .| .. | 99].. 
M. gilletii...... soe | TB: | G6 Pisce | ee. [ea des 
M. hybrida..... .. | 84] 89]..1/98].. 199 

Potassium hydrox- 
ide: 

M. arnoldiana...|.. | 99]. . 
M. gilletii...... .. | 85 | 93 
M. hybrida..... .. | 91/95 

Potassium iodide: 
M, armohdigzians «| au fox | DS lee Jen] we dew |ae lew el en 
M. gilletii...... «oe [-. | 75]../85]../87]..] 96).. 
M. hybrida..... ..]..|62[../78]..]84]..] 95)... 

Potassium sulpho- 
cyanate: 

M. arnoldiana...|..|96/99]..]..])..]..]..4...}.. 
M. gilletii......)..|14]87/../97]..]..]..) 99}.. 
M. hybrida..... ..{12/81]..]..])../95]..] 99).. 
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Tasie A 41.—Continued. 

efiesaf sf at ef afte | atelael 4a 
ae pee =) a] did elglBlalatsislstsialsi¢ 

Potassium sulphide: 
M. arnoldiana.,.|../99} 1)..)..)..].-]--].--]-- 
M. gilletii......}..|70}..]..]..]..]/95]..] 97]... 
M. hybrida..... .. | 64]..7..]..)--1]92]-.] 95f.. 

Sodium hydroxide: 
M. arnoldiana...|o. |99).. |«efec|es|selar ere ae 
M. gilletii...... .. |65/84]..]..]../95]..] 98).. 
M. hybrida..... ..|86]68]..]..]..]/938)..] 97] .. 

Sodium sulphide: 
M. arnoldiana...|..|96/99]..]..]..]..]-.]-.-]-- 
M. gilletii...... .. {18]42]..)..])..)81]..} 89) 95 

M. hybrida..... .. | 8/38]..1..)..] 707... | 87/95 
Sodium salicylate: 

M. arnoldiana...|..|..]..|..|75]../95]99]...).. 
M. gilletii...... oe Paw las dae | 7H ee 88.) 95)) 99. 

M. hybrida. .... eo [-.]--]../621.. [738] 90) 98).. 
Calcium nitrate: 
M. arnoldiana...|..|../95]..})../../99]-.]-.-]..]--]-- 
M. gilletii......]..]..}10]../..7)..]80)..] 86,;90].. | 93 
M. hybrida.....]..]..] 8]..]..{]..]58;-- | 74; 80| 86 | 90 

Uranium nitrate: 
M. arnoldiana...|.- }>. | Shh.< | O98 ).-].-]49 lewepus law] ae 
M. gilletii......]..]..|10}..1/77]..|80].. | 90/93 | 95 | 97 
M. hybrida..... ..[..| 8]..]54]..]73].. | 83] 87 | 93) 95 

Strontium nitrate: 
M. arnoldiana... .).« | s« | 981.4 | 99} ne | os bee faas] oe 
M. gilletii...... sa laa |T] oo [BB ee 1 BF]. | OSL9F 

M. hybrida..... ..t..)15]..)72).. | 76]... 1 92195 

Cobalt nitrate: 
MM. araoldianas o| ec fase. |e |os tes | BS) ac} OB) ae |ael es 
M. gilletii......]..]..)..]..].. |... ]14].- | 28] 38 | 48 | 52 

M. hybrida.....]..]..)..]..]..]..]10].. | 21/30] 40} 44 
Copper nitrate: 

M. arnoldiana...}..}]..|99]..].-]--]-.]-- |e. -]e. 
M. gilletii......]..]..]16]..]..]..]72]..] 95'98]..].. 

M. hybrida.....}..]..] 8]..]..]..]59].. |] 88/90].. | 90 
Cupric chloride: 

M. arnoldiana...|.. |... | 87).. }99] 2.1.5 [a4 |owcbus [aw | oa 
M. gilletii...... ..{.. | 10]../55]..]601.. |) 79) 84] 85] 89 

M. hybrida.....]..]..| 5]..|50]..]55].. | 70) 80| 82] 85 
Barium chloride: 
M. arnoldiana...}..|..]..]..]..[..|741..] 95/98]..].. 
Mawel. .cigetiaw baw baw law] ow Paw | Blas | S066) ys] 66 

M. hybrida..... ee |e ewe | aca fee Hae}. Depew | 2OPSO | ss. | 42 

Mercuric chloride: 
My arnoidiang.. fos }as PERT es [OF as | OO Lon lea ctin lve pos 
M. willetits -scce} oe | oe | 10). [OSl e. 164)... 1 GIPTL) 75) 7S 

M. hybrida..... ..]..] 8]..])81].. )48].. 7 55] 62 | 68 | 72 

VELOCITY-REACTION CURVES. 

This section treats of the velocity-reaction curves of 
the starches of Musa arnoldiana, M. gilletii, and M. hy- 
brida, showing the quantitative differences in the be- 
havior towards different reagents at definite time-inter- 
vals. (Charts D553 to D 573.) 

Among the conspicuous features of these charts are: 
(1) The high to very high reactivity of the starch of 

Musa arnoldiana throughout all of the reactions, in only 
one of which is the reaction high. In not less than 11 reac- 
tions out of the 20 at least 95 per cent of the total starch 
was gelatinized within 2 minutes, and in the others with 
the exception of chloral hydrate, pyrogallic acid, and 
barium chloride a similar intensity of reaction occurred 
in 5 minutes or less. The maximum time (99 per cent 
in 30 minutes) was in the chloral-hydrate reactions. In 
many of the reactions not only was the reactivity of this 
starch greater than in case of the other parent and the 
hybrid, but sometimes also markedly higher. 

(2) The marked tendency for the curves of M. gilletit 
and M. hybrida to run close together, and in many in- 
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stances to be well separated from the curve of M. arnold- 
tana. The tendency for the hybrid reactions throughout 
(excepting those with nitric acid, sulphuric acid, and po- 
tassium hydroxide which are so rapid that no satisfac- 
tory differentiation can be made, and in that with pyro- 
gallic acid, in which the curve is practically identical 
with that of the pollen parent), to be lower than that in 
either parent; and also to show a distinctly closer rela- 
tionship to M. gilletii than to M. arnoldiana. 

(3) The considerable differences in the interrelations 
of the three curves: Thus, in the reactions with chloral 
hydrate, chromic acid, sodium salicylate, calcium ni- 
trate, uranium nitrate, strontium nitrate, and barium 
chloride the curves are quite evenly separated, the 
curve of M. gilletit in each chart being between the 
curves of M. arnoldiana and the hybrid. In the reac- 
tions with pyrogallic acid, nitric acid, potassium iodide, 
potassium sulphocyanate, potassium sulphide, sodium 
hydroxide, sodium sulphide, cobalt nitrate, copper ni- 
trate, cupric chloride, and mercuric chloride there is 
an obvious pairing of the curves of M. gilletii and the 
hybrid, the curves being to more or less marked de- 
grees separated from the curve of M. arnoldiana, and 
from each other, excepting in the latter in the pyrogallic- 
acid reactions, where the curves of M. gilletw and the 
hybrid are practically identical. In the reactions with 
nitric acid, potassium iodide, and sodium hydroxide the 
only important differences are noted at the very begin- 
ning of gelatinization. In the other reactions, with the 
exceptions noted, while the curves tend in general to run 
closely, there are sufficient differences to permit of 
diagnosis. 

(4) An early period of resistance is noted in very 
few of the reactions. In fact, there is generally a marked 
tendency for an immediate high to very high degree of 
reactivity which may be followed by a progressively les- 
sening. An early period of resistance is seen in the 
reactions of chromic acid with M. hybrida, of pyrogallic 
acid, and, particularly, of barium chloride, with both 
M. gilletit and M. hybrida. 

(5) The earliest period during the 60 minutes of 
observation at which the curves are best separated for 
the differentiation of the three starches is variable with 
the different reagents. In case of the very rapid reac- 
tions, including those with nitric acid, sulphuric acid, 
hydrochloric acid, potassium hydroxide, potassium 
iodide, potassium sulphocyanate, potassium sulphide, 
and sodium hydroxide, the period is noted within the 
first minute of the reactions; in those with chromic 
acid, pyrogallic acid, sodium sulphide, sodium salicylate, 
calcium nitrate, uranium nitrate, strontium nitrate, cal- 
cium nitrate, copper nitrate, cupric chloride, and mer- 
curic chloride within 5 minutes; and in those with 
chloral hydrate and barium chloride within 15 minutes. 
From this data the best period for the differentiation of 
members of this genus would be, perhaps, on the whole, 5 
minutes after the beginning of the reaction; or better, 
to use in most cases weaker reagents. 

REACTION-INTENSITIES OF THE HyYpRID. 

This section treats of the reaction-intensities of the 
hybrid as regards sameness, intermediateness, excess, and 
deficit in relation to the parents. (Table A41 and 
Charts D 553 to D 573.) 

HISTOLOGIC PROPERTIES AND REACTIONS. 

The reactivities of the hybrid are the same as those 
of the seed parent in no reaction; the same as those of 
the pollen parent in the reactions with iodine, gentian 
violet, safranin, and pyrogallic acid; the same as those of 
both parents in none; intermediate with hydrochloric 
acid, and potassium hydroxide, being closer to the pollen 
parent in one and mid-intermediate in the other; highest 
in none; and the lowest with polarization, temperature, 
chloral hydrate, chromic acid, nitric acid, sulphuric acid, 
potassium iodide, potassium sulphocyanate, potassium 
sulphide, sodium hydroxide, sodium sulphide, sodium 
salicylate, calcium nitrate, uranium nitrate, strontium 
nitrate, cobalt nitrate, copper nitrate, cupric chloride, 
barium chloride, and mercuric chloride, in all of which 
being closer to the pollen parent. 

The following is a summary of the reaction-intensi- 
ties: Same as seed parent, 0; same as pollen parent, 4; 
same as both parents, 0; intermediate, 2; highest, 0; 
lowest, 20. 

Lowest reactivity of the three starches and sameness 
and inclination to the pollen parent are two features that 
stand out with marked conspicuousness. The pollen 
parent seems to have been pre-eminent in determining 
the characters of the starch of the hybrid, inasmuch as in 
25 of the 26 reactions this parent bears the closer rela- 
tionship to the hybrid, while in the remaining reaction 
there is mid-intermediateness, but of doubtful valuation. 

Composite CuRVES OF THE REACTION-INTENSITIES. 

This section treats of the composite curves of the 
reaction-intensities, showing the differentiation of the 
starches of Musa arnoldiana, M. gilletii, and M. hybrida. 
(Chart E 41.) 

The most conspicuous features of the chart are: The 
general correspondence in the ups and downs of the 
curves, excepting in the case of M. arnoldiana in many 
reactions which occur so rapidly that differences are not 
satisfactorily demonstrated. The three curves from the 
polarization to the sulphuric acid reactions are in close 
accord, but from the latter on to the sodium-sulphide 
reaction the curve of M. arnoldiana shows practically 
no change, and from then on such alterations as are 
exhibited occur within the 5-minute limit, excepting in 
the barium-chloride reaction, in which the limit is ex- 
tended to 15 minutes. With M. gilletit and M. hybrida, 
however, the variations from reagent to reagent are com- 
monly well marked. With somewhat weaker reagents the 
curve of M. arnoldiana would in all probability corre- 
spond in its variations with the curves of M. gilletti and 
the hybrid. The curve of M. arnoldiana is the highest 
throughout, excepting in the polarization reaction, and 
in many instances it is much higher than the curve of 
M. gilletit and the hybrid. The curve of M. gilletii is 
higher than the curve of M. hybrida in the reaction with 
temperature, chloral hydrate, hydrochloric acid, potas- 
sium sulphocyanate, potassium sulphide, sodium hydrox- 
ide, sodium salicylate, uranium nitrate, and strontium 
nitrate; and the same or nearly the same in all other reac- 
tions, excepting with polarization, in which it is lower, 
the same, or nearly the same. The best reagents in the 
differentiation of these two starches are chloral hydrate, 
potassium sulphide, sodium hydroxide, sodium salicylate, 
uranium nitrate, and strontium nitrate. The very high 
reactions of M. arnoldiana with chromic acid, pyrogallie 



MUSA. 

acid, nitric acid, sulphuric acid, hydrochloric acid, potas- 
sium hydroxide, potassium iodide, potassium sulphocya- 
nate, potassium sulphide, sodium hydroxide, sodium 
sulphide, sodium salicylate, calcium nitrate, uranium 
nitrate, strontium nitrate, cobalt nitrate, copper nitrate, 
cupric chloride, barium chloride, and mercuric chloride; 
the high reactions with safranin and chloral hydrate; 
the moderate reactions with polarization, iodine, gentian 
violet, and temperature; and the absence of any low or 
very low reactivities. The very high reactivities of M. 
gilletu with sulphuric acid, hydrochloric acid, potassium 
hydroxide, potassium iodide, potassium sulphocyanate, 
potassium sulphide, sodium hydroxide, sodium salicylate, 
and strontium nitrate; the high reactions with chromic 
acid, nitric acid, sodium sulphide, and uranium nitrate ; 
the moderate reactivities in the polarization, iodine, gen- 
tian violet, and safranin, temperature, chloral hydrate, 
calcium nitrate, and copper nitrate reactions; the low 
reactions with pyrogallic acid, cobalt nitrate, cupric chlo- 
ride, barium chloride, and mercuric chloride; and the 
very low reaction with cobalt nitrate. The very high 
reactivities of M. hybrida with sulphuric acid and the 
other reagents noted under M. gillettw, excepting stron- 
tium nitrate; the high reactions with chromic acid, nitric 
acid, sodium sulphide, and strontium nitrate; the mod- 
erate reactions with polarization, iodine, gentian violet, 
safranin, temperature, calcium nitrate, uranium nitrate, 
and copper nitrate; the low reactions with chloral hy- 
drate, pyrogallic acid, cupric chloride, and mercuric 
chloride; and the very low reactions with cobalt nitrate 
and barium chloride. 

Following is a summary of the reaction-intensities : 

Very : Mod- Very 
high. High. erate. Laws low. 

M, erndldinwa: ..0+ceue reigns | 20 2 4 0 0 
My gilleth nese toni ce ueheite 9 4 8 4 1 
M. hybrida.................. 8 4 8 4 2 

42. CoMPARISONS OF THE STARCHES OF Puarus 
GRANDIFOLIUS, P. wALLICHII, AND P. uyBRipUus. 

In the histologic characteristics, polariscopic figures, 
reactions with selenite, qualitative reactions with iodine, 
and qualitative reactions with the various chemical rea- 
gents, the parents and hybrid exhibit properties in com- 
mon in varying degrees of development, and also certain 
individualities by which collectively they can be identi- 
fied. The starch of Phatus wallichit in comparison with 
that of P. grandifolwus shows larger proportions of 
aggregates and compound grains; more frequent irregu- 
larities, but given forms of irregularity vary in fre- 
quency; and the forms are of more varied types. The 
hilum is more often distinct, slightly more refractive, 
and rarely fissured; a longitudinal slit-like cavity at 
the hilum and a deflected oblique fissure are more fre- 
quently noted; eccentricity is more variable and less. 
The lamelle exhibit some differences in distribution and 
form; secondary sets are more numerous; the number is 
about the same. The size of the larger grains is longer 
and less wide; that of the common-sized grains about the 
same. In the polariscopic, selenite, and qualitative io- 
dine reactions there are various differences. In qualitative 

9 

129 

reactions with chloral hydrate, chromic acid, pyrogallic 
acid, hydrochloric acid, potassium hydroxide, potassium 
iodide, potassium sulphocyanate, potassium sulphide, 
sodium hydroxide, sodium sulphide, and sodium sali- 
cylate there are very many points of difference which seem 
to be wholly of a minor character. The starch of the 
hybrid in comparison with the starches of the parents 
contains larger proportions of aggregates and compound 
grains than in either parent; irregularities are less fre- 
quent; and there are more grains of a slender type than 
in P. grandifolius, but less than in P. wallichit. The 
hilum is more refractive and more frequently demon- 
strable than in either parent; a slit-like cavity at the 
hilum is as frequently apparent as in P. grandifolius, 
but less frequently than in P. wallichit; fissuration is 
slightly more varied and more frequent than in either 
parent; clefts in the form of a soaring-bird figure are 
seen, this form not being observed in the parents; eccen- 
tricity is the same as in P. wallichii. The lamelle of 
the primary sets are coarser than in the parents; a 
refractive border at the proximal and lateral margins is 
less frequent, and it is of the same width as in P. grandi- 
foltus, but less broad as a rule than in P. wallichii. Sec- 
ondary sets of lamelle are somewhat more frequent, often 
larger and commonly located as in P. grandifolius; but 
less numerous and less varied in location than in P. wal- 
lichit; and the number is about the same as in the 
parents. The size is closer to that of P. grandifolius. 
In the polarization and selenite reactions there are many 
inclinations to one or the other parent, but on the 
whole to P. grandifolius; while in the qualitative iodine 
reactions the leanings are on the whole to P. wallichii. 
In the qualitative chemical reactions the peculiarities 
of one or the other or both parents are very well mani- 
fested, but in each the reactions are on the whole closer 
to those of P. grandifolius. 

Reaction-intensities Expressed by Light, Color, and Tempera- 
ture Reactions. 

Polarization: 
P. grandifolius, high to very high, value 85. 
P. wallichii, high, lower than in P. grandifolius, value 80. 

P. hybridus, high to very high, slightly higher than in P. grandi- 
folius, value 87. 

Todine: 
P. grandifolius, moderate, value 50. 

P. wallichii, moderate, lighter than in P. grandifolius, value 40. 

P. hybridus, moderate, intermediate between the parents, but 
nearer to P. wallichii, value 43. 

Gentian violet: 
P. grandifolius, moderate to deep, value 57. 

P. wallichii, light to moderate, lighter than in P. grandifolius, 
value 50. 

P. hybridus, moderate to deep, deeper than either parent, value 60. 
Safranin: 

P. grandifolius, moderate to deep, value 60. 

P. wallichii, light to moderate, lighter than in P. grandifolius, 
value 55. 

P. hybridus, moderately deep to deep, deeper than in either parent, 
value 65. 

Temperature: 

P. grandifolius, in the majority at 65 to 66°, in all but rare grains 
at 68 to 69°, mean 68.5. 

P. wallichii, in the majority at 64 to 65°, in all but rare grains at 
67 to 68°, mean 67.5°. 

P. hybridus, in the majority at 64 to 66°, in all but rare grains at 
66 to 68°, mean 67°. 

In the reactions with polarization, iodine, gentian 
violet, and satranin P. grandifolius exhibits higher 
reactivities than the other parent, but in the temperature 
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TaBie A 42. 

. . . . i=] i=] fs} f=} 

a ix] oD L's} Leal aa oD boul =) 

Chloral hydrate: 
P. grandifolius.......... ie 30 50] 65 | 79 | 80 
P. wallichii............./.. 27 48) 61 | 67 | 67 

P. hybridus............].. 21 44) 56 | 66 | 70 
Chromic acid: 

P. grandifolius.........].. 30 70) 99 
P. wallichii.............].. 67 97) 99 
P. hybridus...........-].. 44 87) 99 

Pyrogallic acid: 

P. grandifolius.......... a atahie 6 34) 50 | 58 | 67 
P walliebit . wick cccc ene) co 63 80] 85 | 91 | 94 

P. hybridus: «0. 0606554].. 8 62| 70 | 77 | 84 
Nitric acid: 

P. grandifolius.........| 72]. 95/99]... 
P. walliebti. ccs es joy v0s| 90 99|.. 
P. hybridus..... 2.2044) 78 99 

Sulphuric acid: 
P. grandifolius..........| 93 | 98 {100} . . 
P. wallichii.............| 96] 99 |100) .. 
P. hybridus............] 92] 99]100).. 

Hydrochloric acid: 
P. grandifolius..........|96| 99 
P. wallichii.............}99].. 

P. hybridus............| 99 
Potassium hydroxide: 

P. grandifolius..........] 99]. 
P. wallichii............./100}. 

P. hybridus............] 99]. 
Potassium iodide: 

P. grandifolius..........] .. 68]. 90} 95 | 97 | 99 
P. wallichii.............] 2. 90 95) 98/99] .. 

P. hybridus........... 82 92| 95 | 98 | 99 
Potassium sulphocyanate: 

P. grandifolius.......... ive 97 99) .. 
P. wallichii.............].. 99 emell axe 
Py byt: ve es ween ce el xs 97 99)... 

Potassium sulphide: 

P. grandifolius.........).. | 99 e% 
P. wallichii............. .. | 99 a 
P. hybridus............].. | 95 99 

Sodium hydroxide: 
P. grandifolius.........}..]..|99 we eye 
P. walliQiihcccoaces x6 200} a«.| 82) «« 97 99] . 
P. hybridus............].. | 84 95 99| . 

Sodium sulphide: 
P. grandifolius..........].. | 84 95 99 
P. wallichii.............].. | 92 96 99] . 

P. hybridus............|.. | 90 95 99} . 
Sodium salicylate: 

P. grandifolius.......... hen 39 84! 99 
ae ae 54 97) 99 
P,, bybridusy oc ccc as ox ef os 54 96} 99 

Calcium nitrate: 
P. grandifolius.......... em ves 91) 97 | 99 
P. wallichii............./.. 83 99)..].. 
P.. hybridwas cs ce ceva us ea 75 99}. 

Uranium nitrate: 
P. grandifolius.......... <s 65 90} 95 | 98 
0. er a 90 98/99)... 

Py hy bridge once an cae] as 68 95] 98 
Strontium nitrate: 

P. grandifolius.......... .. | 84 95 ele 24 
P. wallichii.............]../ 91 99 |. - 
Pv DPD sc aewe ve cnx ce be 98 100) 

Cobalt nitrate: 
P. grandifolius.......... ne 9 22| 56 | 69 | 72 
P. wallichii.............].. 48 78| 87 | 90 | 96 
PB, hybridua....s case acces ee 10 62} 76 | 82 | 86 

Copper nitrate: 
FP. wrandiloligs gc we yecca| es 96 99! . 
P. wallichii............. ees 99 baste 
PB. by Wridisicss a4 wxcuawel «< 98 99 

Cupric chloride: 

P. grandifolius..........].. 51 76| 84 | 87 | 90 
PB, WaliChil 4 crac ceawn| ae 82 95| 97 | 98 | 99 

P. hybridtis............].. 65 82| 92 | 95 | 96 
Barium chloride: 

P. grandifolius.......... wx 1 2| dive | 8 
P. wallichii.............|.. 2 8) 11] 19] 25 

P. hybridus. ...........].. 1 3] 5) 6] 8 
Mercurie chloride: 

P. grandifolius.......... us 55 74| 83 | 90 | 90 
P. wallichii............./.. 81 91) 95 | 97 | 99 

P. hybridus............ _ 68 85] 90 | 95 | 95 

reactions lower activity. The hybrid shows in the 
reactions with polarization, gentian violet, and safranin 
higher reactivities than either of the parents ; with iodine 
intermediateness, but nearer to P. wallichti; and with 
temperature practically the same reactivity as that of P. 
wallichit. 

Table A 42 shows the reaction-intensities in percent- 
ages of total starch gelatinized at definite intervals 
(minutes). 

VELOCITY-REACTION CURVES. 

This section treats of the velocity-reaction curves of 
the starches of Phaius grandifolius, P. wallichit, and P. 
hybridus, showing the quantitative differences in the be- 
havior toward different reagents at definite time-inter- 
vals. (Charts D 574 to D 594.) 

Among the conspicuous features of these charts are: 
The correspondence in the courses and the closeness of all 
three curves in the several reactions. Owing to the very 
rapid reactions of the starches with nitric acid, sulphuric 
acid, hydrochloric acid, potassium hydroxide, potassium 
sulphocyanate, potassium sulphide, sodium hydroxide, 
sodium sulphide, strontium nitrate, and copper nitrate 
(10 out of the 21 chemical reagents), satisfactory stud- 
ies of the curves can not be made. Omitting these, the 
curves tend to run very closely excepting in the reactions 
with pyrogallic acid and copper nitrate, in each of which 
there is well-marked separation. The curve of P. grandt- 
folius is higher than that of the other parent in only 
the chloral-hydrate reaction, and definitely lower in those 
of the reactions with chromic acid, pyrogallic acid, po- 
tassium iodide, sodium salicylate, calcium nitrate, ura- 
nium nitrate, cobalt nitrate, cupric chloride, barium 
chloride, and mercuric chloride. The curves of the hy- 
brid vary in the different reactions in their parental 
relationships. There is a marked tendency to inter- 
mediateness, and there is about an equal tendency to 
excess or deficit of reaction as there is to sameness to one 
or the other and both parents, and there is about equal 
inclination to one as to the other parent. In only two 
of the charts (pyrogallic acid and cobalt nitrate) is there 
evidence of an early period of resistance followed by a 
moderate to rapid gelatinization. In both only two of the 
starches (P. grandifolius and P. hybridus) exhibit this 
feature, but neither to a marked degree. The earliest 
period of the experiments at which the curves are best 
separated for differential purposes is with chromic 
acid, potassium iodide, sodium salicylate, calcium nitrate, 
uranium nitrate, cupric chloride, and mercuric chloride 
at 5 minutes; pyrogallic acid and cobalt nitrate at 15 
minutes; chloral hydrate at 45 minutes; and barium 
chloride at 60 minutes. 

REACTION-INTENSITIES OF THE HYBRID. 

This section treats of the reaction-intensities of the 
hybrid as regards sameness, intermediateness, excess, and 
deficit in relation to the parents. (Table A42 and 
Charts D 574 to D 594.) 

The reactivities of the hybrid are the same as those 
of the seed parent in the strontium-nitrate reaction ; the 
same as those of the pollen parent in the reactions with 
temperature, sodium sulphide, and sodium salicylate; 
the same as those of both parents with sulphuric acid, 
hydrochloric acid, potassium hydroxide, potassium 
sulphocyanate, and copper nitrate, in most all being too 
fast for satisfactory differentiation; intermediate with 
iodine, chromic acid, pyrogallic acid, nitric acid, potas- 
sium iodide, calcium nitrate, uranium nitrate, cobalt 
nitrate, cupric chloride, barium chloride, and mercuric 
chloride (in 4 being closer to the seed parent, in 2 closer 
to the pollen parent, and in 4 being intermediate) ; 
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highest with polarization, gentian violet, and safranin, 
in all closer to the seed parent; and lowest with chloral 
hydrate, potassium sulphide, and sodium hydroxide (in 
2 being closer to the pollen parent, and in 1 as close to one 
as to the other parent). 

The following is a summary of the reaction-intensi- 
ties: Same as seed parent, 1; same as pollen parent, 3; 
same as both parents, 5; intermediate, 11; highest, 3; 
lowest, 3. 

In these reactions the parents seem to share about 
equally their influences in determining the characters 
of the starch of the hybrid. The tendency to inter- 
mediateness is quite marked, and in about one-half of 
these reactions there is mid-intermediateness. There is a 
stronger tendency to highest or lowest reactivity than to 
sameness to one or the other parent. 

CoMPosITE CURVES OF THE REACTION-INTENSITIES. 

This section treats of the composite curves of the 
reaction-intensities, showing the differentiation of the 
starches of Phaius grandifolius, P. wallichu, and P. hy- 
bridus. (Chart E 42.) 

Among the most conspicuous features of this chart 
are: 

The very close correspondence in the rises and falls 
of the curves and in most of the reactions the closeness 
of the curves to one another, suggesting closely related 
members of the same genus. The curve of Phaius 
grandifolius is higher than the curve of the other 
parent P. wallichit in the reactions with polarization, 
iodine, gentian violet, safranin, chloral hydrate, and 
sodium hydroxide; lower with temperature, chromic 
acid, pyrogallic acid, potassium iodide, sodium sali- 
cylate, calcium nitrate, uranium nitrate, cobalt nitrate, 
cupric chloride, barium chloride, and mercuric chloride; 
and the same or practically the same with nitric acid, 
sulphuric acid, hydrochloric acid, potassium hydroxide, 
potassium sulphocyanate, potassium sulphide, sodium sul- 
phide, strontium nitrate, and copper nitrate. In P. 
grandifolius the very high reactions with polarization, 
nitric acid, sulphuric acid, hydrochloric acid, potassium 
hydroxide, potassium sulphocyanate, potassium sulphide, 
sodium hydroxide, sodium sulphide, calcium nitrate, 
strontium nitrate, and copper nitrate; the high with 
safranin, chromic acid, potassium iodide, sodium sali- 
cylate, uranium nitrate; the moderate with ‘iodine, 
gentian violet, temperature, cupric chloride, and mer- 
euric chloride; the low with chloral hydrate, pyro- 
gallic acid, and cobalt nitrate; and the very low with 
barium chloride. In P. wallichii the very high reactions 
with polarization, chromic acid, nitric acid, sulphuric 
acid, hydrochloric acid, potassium hydroxide, potassium 
iodide, potassium sulphocyanate, potassium sulphide, 
sodium hydroxide, sodium sulphide, sodium salicylate, 
calcium nitrate, uranium nitrate, strontium nitrate, cop- 
per nitrate, and cupric chloride; the high with safra- 
nin and mercuric chloride; the moderate with io- 
dine, gentian violet, temperature, pyrogallic acid, and 
cobalt nitrate; the low with chloral hydrate; and the 
very low with barium chloride. In P. hybridus the 
very high reactions with polarization, nitric acid, hydro- 
chloric acid, potassium hydroxide, potassium sulpho- 
cyanate, potassium sulphide, sodium hydroxide, sodium 
sulphide, sodium salicylate, calcium nitrate, uranium 
nitrate, strontium nitrate, and copper nitrate; the high 
with gentian violet, safranin, chromic acid, potassium 
iodide, cupric chloride, and mercuric chloride; the mod- 
erate with iodine and temperature; the low with chloral 
hydrate, pyrogallic acid, and cobalt nitrate; and the very 
low with barium chloride. 
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Following is a summary of the reaction-intensities : 

Very ‘ Mod- Very 
high. High. erate. Low. low. 

P. grandifolius:.. ... 0.0. + zx) Le 5 5 a 1 
P. wallichii.................-] 17 2 5 1 1 
P. hybridus..................] 14 6 2 3 1 

43. CompaRIsONS OF THE StarcuEes oF MittTonia 
vexituania, M. raz, anp M. BLevana. 

In the histologic characteristics, polariscopic figures, 
reactions with selenite, qualitative reactions with iodine, 
and qualitative reactions with the various chemical rea- 
gents, all three starches exhibit properties in common 
in varying degrees of development together with individ- 
ualities, the sum of which in each case is characteristic 
of the starch. The starch of Miltonia rezlu in compari- 
son with that of M. vezillaria shows less numerous com- 
pound grains; more varied aggregates and a larger 
number of the mosaic type; irregularities more frequent 
and more pronounced (there are differences in the fre- 
quency of the appearance of given forms of irregularity) ; 
a somewhat abrupt flattening at the distal margin may 
be observed, which peculiarity is not seen in the other 
starch ; flattening is more frequent in grains with second- 
ary lamelle. The hilum is somewhat more frequently 
fissured, and when not fissured is less distinct; quite 
refractive hila rare; cavity directed longitudinally and 
clefts more frequent; fissure projected from the hilum 
generally deeper, more frequently branched and more 
common ; eccentricity less. The lamelle are less often 
demonstrable, and there are a number of variations in 
their distribution and grouping. The size is larger, with 
a marked tendency to broadness. In the polariscopic, 
selenite, and qualitative iodine reactions there are many 
differences. In the qualitative reactions with chloral 
hydrate, chromic acid, hydrochloric acid, potassium io- 
dide, and sodium salicylate there are many similarities 
and dissimilarities, some of the latter being quite marked. 
The starch of the hybrid in comparison with the starches 
of the parents contains larger numbers of compound 
grains and aggregates; irregularities are slightly less 
than in M. verillaria and considerably less than in M. 
rezlit; a lateral extension of secondary lamelle is less 
frequently seen than in Mf. rezlii. The hilum when fis- 
sured is more distinct and is more frequently refractive 
than in either parent and there are various modifications 
in the characters of the fissures and clefts; eccentricity 
is about the same as in M. rezlii and less than in M. vezil- 
laria. The size is larger than in either parent. The 
hybrid starch is in form, character of the hilum, and char- 
acters of the lamelle more closely related to M. vezil- 
laria ; but in eccentricity of the hilum and size it is closer 
to M. rezlit. In the polariscopic, selenite, and qualita- 
tive iodine reactions there are obvious leanings to one 
or the other parent, but the relationship is on the whole 
distinctly closer to M. vewillaria. In the qualitative 
chemical reactions, while the relationships are on the 
whole distinctly closer to M. vezillaria, the influences of 
M. rezlit on the hybrid starch are markedly manifest. 
Reaction-intensities Expressed by Light, Color, and Tempera- 

ture Reactions. 
Polarization: 

M. vexillaria, high to very high, value 85. 
M. reezlii, moderate to very high, lower than in M. vexillaria, 

value 75. 
M. bleuana, high to very high, higher than in either parent, 

value 88. 
Todine: 

M. vexillaria, moderate, value 55. 
M. reezlii, moderate, lighter than in M. vexillaria, value 50. 
M. bleuana, moderate, the same as in M. vexillaria, value 55. 
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Gentian violet: 
M. vexillaria, moderate, value 50. 
M. rcezlii, moderate to deep, deeper than in M. vexillaria, value 55. 
M. bleuana, moderate to deep, lighter than in M. vexillaria, 

value 47. 
Safranin: 

M. vexillaria, moderate to moderately deep, value 55. 
M. reezlii, moderate to deep, considerably deeper than in M. vex- 

illaria, value 65. 
M. bleuana, moderate to moderately deep, the same as in M. vex- 

illaria, value 55. 
Temperature: 

M. vexillaria, in the majority at 70 to 71°, in all but rare grains at 

73 to 74°, mean 73.5°. 
M. reezlii, in the majority at 74 to 76°, in all but rare grains at 

76 to 77°, mean 76.5°. 
M. bleuana, in the majority at 69 to 71°, in all but rare grains at 

72 to 74°, mean 73°. 

M. vezxillaria shows a higher reactivity than the 
other parent in the polarization, iodine, and temperature 
reactions, and a lower reactivity in the gentian-violet and 
safranin reactions. The hybrid has the highest reactivi- 
ties of the three in the polarization and temperature reac- 
tions, the lowest reactivity in the gentian-violet reactions, 
and the same or practically the same reactivities as M. 
vexillaria in the iodine and safranin reactions. In all 
five reactions the hybrid is either the same as or closer 
to M. vexillaria. 

Table A 43 shows the reaction-intensities in percent- 
ages of total starch gelatinized at definite intervals 
(minutes). 

VELOCITY-REACTION CURVES. 

This section treats of the velocity-reaction curves of 
the starches of Miltonia vezillaria, M. rezlu, and M. 
blewana, showing the quantitative differences in the be- 
havior toward different reagents at definite time-inter- 
vals. (Charts D 595 to D 609.) 

Among the conspicuous features of these charts are: 
The closeness and correspondence of the curves in each 
of the reactions. The reactions with nitric acid, sul- 
phuric acid, hydrochloric acid, and potassium hydroxide 
occur with such rapidity that there is practically no 
differentiation. The curve of M. vezillaria is higher 
than the curve of the other parent in the reactions with 
chloral hydrate, chromic acid, pyrogallic acid, potassium 
iodide, potassium sulphocyanate, potassium sulphide, so- 
dium hydroxide, sodium sulphide, sodium salicylate, cal- 
cium nitrate, uranium nitrate, strontium nitrate, copper 
nitrate, cupric chloride, and mercuric chloride ; and lower 
with cobalt nitrate and barium chloride. The hybrid, 
while bearing varying relations to one or the other or both 
parents as regards sameness, intermediateness, excess, 
and deficit in reactivities, shows a remarkable inclination 
to an almost universally higher reactivity than either of 
the parents, and, moreover, a similar inclination to the 
seed parent; in only 2 of the 26 reactions is there a mani- 
fest leaning toward the pollen parent. An early period of 
high resistance followed by rapid to moderate gelatiniza- 
tion is entirely absent from this set of reactions. The 
earliest period during the 60 minutes that is best for the 
differentiation of the three starches is for chromic acid, 
potassium iodide, potassium sulphide, potassium sulpho- 
cyanate, sodium hydroxide, sodium sulphide, sodium 
salicylate, uranium nitrate, strontium nitrate, cobalt ni- 
trate, copper nitrate, and cupric chloride at 5 minutes; 
calcium nitrate at 15 minutes; chloral hydrate, pyro- 
gallic acid, barium chloride, and mercuric chloride at 30 
minutes. The reactions with nitric acid, sulphuric acid, 
hydrochloric acid, and potassium hydroxide are too fast 
for differentiation of the starches. 

REACTION-INTENSITIES OF THE HYBRID. 

This section treats of the reaction-intensities of the 
hybrid as regards sameness, intermediateness, excess, and 

HISTOLOGIC PROPERTIES AND REACTIONS. 

Tasty A 43. 

‘lalalalal#l@l4l#i8 
Fialelslale\sialais 

Chloral hydrate: 

M. vexillaria.......... aa 67| .. | 84}97/98).. 
M. reezlii. ............ 60] .. | 71 | 82 | 84 | 84 
M. bleuana........... 62 81 | 95 | 97 | 97 

Chromic acid: 
M. vexillaria.......... 42|..|87)97|99]|.. 
M. rezlii............. 37)..|71].. | 96199 
M. bleuana........... 63 90 | 95 | 97 

Pyrogallic acid: 

M. vexillaria.......... 50 72 | 84 | 88 | 94 
M. reglii............. 43 63 | 72 | 77 | 80 
M. bleuana........... 63] .. | 82 | 96/97] 99 

Nitric acid: 
-M. vexillaria.......... 88 | 92 97 99/.. 
M. roezlii............. 86 | 93 95)... | 97) 99 
M. bleuana........... 97 | 99 

Sulphuric acid: 

M. vexillaria........../99].. aa ees eee 
M. reezlii............./97 | 98 99/100) .. 
M. bleuana.........../ 99 

Hydrochloric acid: 
M. vexillaria.......... 97 | 99 oe 
Mi. PZ woe cee Fa bes 94 | 97 99] . 
M. bleuana...........| 99 asl 

Potassium hydroxide: 
M. vexillaria.......... 98 99 P 
M. roezlii...........-. 99 100; .. 3 
M. bleuana........... 99 100) .. 

Potassium iodide: 
M. vexillaria.......... 84) .. | 97/99 eo 

NE, FR sot ee mens eos 75) .. | 85 | 90 05 
M, bleuama. .. cee .es: 92) 95 | 98 | 99 ea 

Potassium sulphocyanate: 

M. vexillaria..........: .. | 95 OT are. ca 
M. reeglii.............).. | 85 89] .. | 95198 
M. bleuana...........'.. | 98 99) . on 

Potassium sulphide: 
M. vexillaria. ......... 83) .. | 87/90/92! 95 
M. rezlii. ............ 72 84 | 85 | 87 | 89 
M. bleuana........... 96] .. | 98] 99 : 

Sodium hydroxide: 

M. vexillaria. ......... 95) ..)99].. os 
MsTQOris pave ve vets 87! .. | 92195 95 
M. bleuana........... 98] .. | 99 sos 

Sodium sulphide: 

M. vexillaria........... be 79)... |89}95)96].. 
MF GZIG nti een ve noeas as 58) .. | 72 | 77 | 90 | 83 
M, bledAte@n co ccenvs ies? += 95) .. | 99 sid 

Sodium salicylate: 
M. vexillaria........... 28 80) .. | 98 
M. reezlii.............. 78) .. | 96 
My bletanad » cccacce ue ves 86} 95 | 99 

Calcium nitrate: 
Ma verillaria. is ye ce cs vo 84] .. | 95 | 96| 971 98 
McQ OOG8ll oe ce ae cs ce ee no | ws 82) .. | 89 | 90 | 91 | 92 
M. bleuana............ ee OF) os POON. feed se 

Uranium nitrate: 
M. vexillaria........... ie 83] .. | 90 | 95 | 96} 98 
Meret ceseay ay cen peu} es 77| .. | 87) 95 96 
Wh. DICUBHS sce eeevseeul as 95) .. | 99 

Strontium nitrate: 
M. vexillaria...........].. 91/95] 99] .. 
M. reezlii............../.. 86}... | 95 | 96 
M. bleuana............/.. 99 

Cobalt nitrate: 
M. vexillaria........... be 16) .. | 46 | 52 | 56 | 60 
M. reeglii..............) 2. 48] .. | 56 | 62 | 64 | 70 
M. bleuana............|.. 67} .. | 81 | 89| 90] 91 

Copper nitrate: 

M. vexillaria...........|.. 84) .. | 95 | 96 | 97] 99 
M. roezlii............../.. 73)... | 83 | 90/95} 95 
M. bleuana............].. OS) ov | UE | os deal aa 

Cupric chloride: 

M. vexillaria...........).. 56]... | 70 | 78 | 81 | 85 
Mareghiisciiccjeaie saw sl o4 52]... | 64| 68 | 70} 72 
M. bleuana............).. 81 90 | 95 | 97 | 99 

Barium chloride: 
M. vexillaria...........].. 2). 6} 7)10)12 
M. realii.. 0 eines] os 6}... | 11} 15) 18); 22 
M. bleuana............ 10) .. | 20 | 25} 30/ 33 

Mercuric chloride: 
M. vexillaria...........].. 43) .. | 60 | 75 | 80| 85 
M; Fez) os ees ca eee « 2 42) .. | 531 57] 60| 60 
M. bleuana............ 75| .. | 90 | 97] 98} 98 



MILTONIA——CYMBIDIUM. 

deficit in relation to the parents. (Table A 43 and Charts 
D 595 to D 609.) 

The reactivities of the hybrid are the same as those 
of the seed parent in the reactions with iodine, satranin, 
and potassium sulphocyanate; the same as those of the 
pollen parent in none; the same as those of both parents 
in those with sulphuric acid, hydrochloric acid, and 
potassium hydroxide, in all of which gelatinization occurs 
very quickly ; intermediate, but nearer the seed parent, in 
that with chloral hydrate; highest with polarization, 
chromic acid, pyrogallic acid, nitric acid, potassium io- 
dide, potassium sulphide, sodium hydroxide, sodium sul- 
phide, sodium salicylate, calcium nitrate, uranium 
nitrate, strontium nitrate, cobalt nitrate, copper nitrate, 
cupric chloride, copper chloride, barium chloride, and 
mercuric chloride (in 14 being closer to the seed parent, 
in 2 closer to the pollen parent, and in 1 as close to one as 
to the other parent) ; and lowest with gentian violet and 
temperature, in both being closer to the seed parent—in 
the latter practically the same. 

The following is a summary of the reaction-intensi- 
ties: Same as seed parent, 3; same as pollen parent, 0; 
same as both parents, 3; intermediate, 1; highest, 17; 
lowest, 2. 

T'wo very conspicuous features of these data are the 
very markedly dominating influence of the seed parent 
on the properties of the starch of the hybrid, and the 
equally marked tendency to reactivities of the hybrid, 
higher than those of the parents. In 20 out of the 26 
reactions the seed parent is the same or closer to the 
hybrid, while in only 2 is there closeness to the pollen 
parent; and in 17 reactions the hybrid exceeds the reac- 
tivities of the parents. 

Composite CuRVES OF REACTION-INTENSITIES. 

This section treats of the composite curves of the 
reaction-intensities, showing the differentiation of the 
starches of Miltonia vevillaria, M. rezlii, and M. bleuana. 
(Chart E 43.) 

The most conspicuous features of this chart are: The 
close correspondence in the rises and falls of all three 
curves excepting in the reactions with gentian violet, 
chloral hydrate, and calcium nitrate. In the gentian- 
violet reactions the curves of M. vevillaria and the hybrid 
fall, while the curve of M. rezlit rises; in the chloral- 
hydrate reactions the curves of the former rise while the 
curve of the latter falls; and in the calcium-nitrate reac- 
tions the curve of M. rewzlu appears aberrant by falling. 
M. vexillaria has higher reactivities than the other parent 
in the reactions with polarization, iodine, choral hy- 
drate, pyrogallic acid, potassium iodide, potassium sul- 
phocyanate, potassium sulphide, sodium hydroxide, 
calcium nitrate, strontium nitrate, copper nitrate, cupric 
chloride, and mercuric chloride; lower reactivities with 
gentian violet, safranin, temperature, cobalt nitrate, and 
barium chloride; and the same or practically the same 
reaction-intensities with chromic acid, nitric acid, sul- 
phuric acid, hydrochloric acid, potassium hydroxide, 
sodium sulphide, sodium salicylate, and uranium nitrate. 
In M. vevillaria the very high reactions with polarization, 
nitric acid, sulphuric acid, hydrochloric acid, potassium 
hydroxide, potassium iodide, potassium sulphocyanate, 
sodium hydroxide, sodium salicylate, calcium nitrate, 
strontium nitrate, and copper nitrate; the high reactions 
with chloral hydrate, chromic acid, sodium sulphide, and 
uranium nitrate; the moderate reactions with iodine, 
gentian violet, safranin, pyrogallic acid, and potassium 
sulphide; the low reactions with temperature, cobalt 
nitrate, cupric chloride, and mercuric chloride; and the 
very low reactions with barium chloride. In M. rezlii 
the very high reactions with nitric acid, sulphuric acid, 
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hydrochloric acid, potassium hydroxide, potassium sul- 
phocyanate, sodium salicylate, and strontium nitrate ; 
the high reactions with polarization, safranin, chromic 
acid, sodium hydroxide, sodium sulphide, uranium 
nitrate, and copper nitrate; the moderate reactions with 
iodine, gentian violet, temperature, potassium iodide, 
and calcium nitrate; the low reactions with chloral 
hydrate, pyrogallic acid, potassium sulphide, cobalt ni- 
trate, cupric chloride, and mercuric chloride; and the 
very low reactions with barium chloride. In M. bleuana 
the very high reactions with polarization, chromic acid, 
nitric acid, sulphuric acid, hydrochloric acid, potassium 
hydroxide, potassium iodide, potassium sulphocyanate, 
potassium sulphide, sodium hydroxide, sodium sulphide, 
sodium salicylate, calcium nitrate, uranium nitrate, 
strontium nitrate, and copper nitrate; the high reac- 
tions with chloral hydrate, pyrogallic acid, cupric chlo- 
tide, and mercuric chloride; the moderate reactions with 
iodine, gentian violet, safranin, and cobalt nitrate; the 
low reaction with temperature; and the very low reac- 
tion with barium chloride. 

Following is a summary of the reaction-intensities : 

Very r Mod- Very 
high. High erate Low. low. 

M, vesillarias «iss 4s eues us ree 12 4 5 4 1 
Me reali: v5. 3.0 a9 605 34 oo vd a 5 6 1 
M, bletiatiagss 445 44444.ac0a0- 16 4 4 1 1 

44, CompaRISON oF THE STARCHES OF CyMBIDIUM 
LOWIANUM, C. EBURNEUM, AND C. EBURNEO- 
LOWIANUM. 

In the histologic characteristics, polariscopic figures, 
reactions with selenite, qualitative reactions with iodine, 
and qualitative reactions with the various chemical rea- 
gents all three starches exhibit properties in common in 
varying degrees of development together with certain 
individualities which collectively are in each case char- 
acteristic. The starch of Cymbidium lowinaum in com- 
parison with that of C. eburneum has somewhat less 
numerous grains of the disaggregate type ; pressure facets 
on separated grains are more numerous; the surfaces of 
disaggregates are more regular; large grains of the iso 
lated disaggregate type are more numerous and more 
varied in form; compactly arranged triplets and quad- 
tuplets are more common; components of doublets are 
more often of equal size; and mosaics of five to ten com- 
ponents are more rounded. The hilum has a cavity 
or cleft more often; it is more often fissured; there are 
various modifications of fissuring; eccentricity is less. 
The lamellz are much less often demonstrable; there is 
an absence of a secondary set of lamelle at right angle 
to the primary set; the number is probably less. The 
size is on the whole smaller, and differences are noted 
in the proportion of length to width. In the polariscopic, 
selenite, and qualitative iodine reactions various differ- 
ences are recorded in the three starches, mostly appa- 
rently of a very minor character. In the qualitative 
reactions with chloral hydrate, chromic acid, nitric acid, 
potassium hydroxide, potassium iodide, potassium sul- 
phocyanate, and sodium salicylate various points of dif- 
ference have been demonstrated, but these seem to be of 
minor character. Throughout, with few exceptions, the 
hybrid is much closer to C. lowianum. 
Reaction-intensities Expressed by Light, Color, and Tempera- 

ture Reactions. 
Polarization: 

C. lowianum, high, value 80. 
C. eburneum, high, lower than in C. lowianum, value 75. 
C. eburn.-low., high, the same as in C. lowianum, value 80. 



134 

Iodine: 
C. lowianum, moderate, value 50. 
C. eburneum, moderate, lighter than in C. lowianum, value 45. 
C. eburn.-low., moderate, the same as in C. lowianum, value 50. 

Gentian violet: 
C. lowianum, moderate to moderately deep, value 55. 
C. eburneum, light to moderately deep, slightly deeper than in 

C. lowianum, value 57. . 

C. eburn.-low., light to moderately deep, the same as in C. lowi- 
anum, value 55. 

Safranin: 
C. lowianum, moderate to moderately deep, value 52. 
C. eburneum, moderate to moderately deep, slightly deeper than 

in C. lowianum, value 55. 

C. eburn.-low., moderate to moderately deep, the same as in C. 
lowianum, value 52. 

Temperature: 
C. lowianum, in the majority at 58 to 60°, in all at 62 to 63°, 

mean 62.5°. 
C. eburneum, in the majority at 58 to 59.5°, in all at 65 to 66.5°, 

mean 65.76°. 
C. eburn.-low., in the majority at 61 to 63°, in all but rare grains at 

67 to 68°, mean 67.5°. 

C. lowianum exhibits a higher reactivity than the 
other parent in the polarization, iodine, and temperature 
reactions, and a lower reactivity in the gentian-violet and 
safranin reactions. The hybrid has the same reactivities 
as C. lowianum in the reactions with polarization, iodine, 
gentian violet, and safranin, but has a lower reactivity 
than either parent with temperature, in which it is nearer 
to C. eburneum. 

Table A 44 shows the reaction-intensities in percent- 
ages of total starch gelatinized at definite intervals (sec- 
onds and minutes). 

VELOCITY-REACTION CURVES. 

This section treats of the velocity-reaction curves of 
the starches of Cymbidium lowianum, C. eburneum, and 
C. eburneo-lowianum, showing the quantitative difference 
in the behavior toward different reagents at definite time- 
intervals. (Charts D 616 to D 618.) 

The reactions with the various reagents, with rare 
exceptions, occur with such rapidity that such differences 
as may have been noted are not conclusive, all three 
starches being gelatinized completely or practically com- 
pletely within a minute cr two, and often within 15 to 
30 seconds. Where no differences are recorded between 
the reactions of the parents those of the hybrid may be 
distinctly different, as in the chloral-hydrate, pyrogallic- 
acid, and barium-chloride reactions, especially in the 
last. For the reason stated, only the curves of these 
three reactions have been charted. 

REACTION-INTENSITIES OF THE HYBRID. 

This section treats of the reaction-intensities of the 
hybrid as regards sameness, intermediateness, excess, aud 
deficit in relation to the parents. (Table A44 and 
Charts D 616 to D 618.) 

The reactivities of the hybrid are the same as those 
of the seed parent in the reactions with polarization, 
iodine, gentian violet, and safranin; the same as those of 
the pollen parent in none; the same as those of both 
parents with sulphuric acid, hydrochloric acid, potas- 
sium hydroxide, potassium iodide, potassium sulphocya- 
nate, potassium sulphide, sodium hydroxide, sodium sul- 
phide, and strontium nitrate, in all of which the reactions 
are too rapid for differentiation ; intermediate or high- 
est in none; and the lowest with temperature, chloral 
hydrate, chromic acid, pyrogallic acid, nitric acid, so- 
dium salicylate, calcium nitrate, cobalt nitrate, copper 
nitrate, cupric chloride, barium chloride, and mercuric 
chloride (in 1 being closer to the pollen parent, and in 
12 as close to one as to the other parent). 

The following is a summary of the reaction-intensi- 
ties: Same as seed parent, 4; same as pollen parent, 0; 
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Tasie A 44, 

15 8. 
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C. lowianum..........)...)..]...)...[... 
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same as both parents, 9; intermediate, 0; highest, 0; 
lowest, 13. 

The most striking features of the foregoing data are 
in the hybrid the entire absence of sameness to the pollen 
parent, of intermediateness, and of highest reactivity; 
the frequent sameness of reactivity in relation to both 
parents ; and the large number of lowest reactivities, with 
almost universal closeness to one as to the other parent. 
The very high reactivities of all three starches makes 
differentiation in most instances impossible or unsatis- 
factory. The seed parent seems to have had on the whole 
a somewhat higher reactivity than the pollen parent in the 
reactions with polarization, iodine, gentian violet, and 
safranin, but in the chemical reactions the reactivities 
of the parents seem to be almost if not absolutely identi- 
cal. It is all the more remarkable that with this parental 
identity the hybrid should show in any reaction a depar- 
ture from the parental standard. With modified 
strengths of reagents undoubtedly parental differences 
would be brought out, and hybrid-parental differences 
markedly exaggerated. 

CoMPOSITE CURVES OF THE REACTION-INTENSITIES. 

This section treats of the composite curves of the 
reaction-intensities, showing the differentiation of the 
starches of Cymbidium lowianum, C. eburneum, and C. 
eburneo-lowianum. 

The most conspicuous features of this chart are: The 
marked closeness of all three curves throughout, ex- 
cepting in the pyrogallic-acid and barium-chloride reac- 
tions, in the latter the hybrid curves exhibiting an 
exceptionally marked departure from the parental stand- 
ard. The parental curves are the same or practically 
the same excepting in the reactions with polarization, 
iodine, gentian violet, safranin, and temperature, and 
among these the only important difference is noted in the 
temperature reactions, there being a difference of 3.25° 
in the mean temperature of gelatinization. With weaker 
reagents more or less marked differences in the parents 
would be elicited in at least most of the reactions where 
they appear to be identical in the chart. The curve of 
C. lowianwm is higher than the curve of the other parent 
in the polarization, iodine, and temperature reactions ; 
lower with gentian violet and safranin; and the same or 
practically the same in all with the chemical reactions. 
In C. lowianum the very high reactivities in the reactions 
with polarization, chloral hydrate, chromic acid, pyro- 
gallic acid, nitric acid, sulphuric acid, hydrochloric acid, 
potassium hydroxide, potassium iodide, potassium sul- 
phocyanate, potassium sulphide, sodium hydroxide, so- 
dium sulphide, sodium salicylate, calcium nitrate, 
uranium nitrate, strontium nitrate, cobalt nitrate, copper 
nitrate, cupric chloride, barium chloride, and mercuric 
chloride; the high reaction with temperature; and the 
moderate reactions with iodine, gentian violet, and safra- 
nin. In C. lowianum the very high reactions with chloral 
hydrate, chromic acid, pyrogallic acid, nitric acid, sul- 
phuric acid, and hydrochloric acid, potassium hydroxide, 
potassium iodide, potassium sulphocyanate, potassium 
sulphide, sodium hydroxide, sodium sulphide, sodium 
salicylate, calcium nitrate, uranium nitrate, strontium 
nitrate, cobalt nitrate, copper nitrate, cupric chloride, 
barium chloride, and mercuric chloride; the high reac- 
tion with polarization ; and the moderate reactions with 
iodine, gentian violet, safranin, and temperature. In the 
hybrid the very high reactions with polarization, chloral 
hydrate, chromic acid, pyrogallic acid, nitric acid, sul- 
phuric acid, hydrochloric acid, potassium hydroxide, po- 
tassium iodide, potassium sulphocyanate, potassium 
sulphide, sodium hydroxide, sodium sulphide, sodium 
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salicylate, calcium nitrate, uranium nitrate, strontium 

nitrate, cobalt nitrate, copper nitrate, cupric chloride, 

and mercuric chloride; the moderate reactions with io- 

dine, gentian violet, safranin, and temperature; and the 
low reaction with barium chloride. 

Following is a summary of the reaction-intensities: 

Very ‘ Mod- Very 
high. High. erate. Low low. 

C. lowianum..............-.-] 22 1 3 0 0 
C. eburneum................-] 21 . 4 0 0 
O. eburnslow ic sc ci da essen ees 21 0 4 1 0 

45. CoMPARISONS OF THE STARCHES OF CALANTHE 
ROSEA, C. VESTITA VAR. RUBRO-OCULATA, AND 

C. vEITCHII. 

In the histologic characteristics, polariscopic figures, 
reactions with selenite, qualitative reactions with iodine, 
and qualitative reactions with the various chemical rea- 
gents all three starches exhibit properties in common in 
varying degrees of development and certain more or less 
well-defined individualities which collectively in each are 
distinctive. The hybrid Calanthe veitchit is in form, on 
the whole, much closer to C. rosea, but there are some 
forms that are the same as those found in and peculiar to 
C. vestita var. rubro-oculata. In hilum and lamelle 
the starch is closer to C. rosea, but in size and proportions 
of length to width of the grains it is closer to C. vestita 
var. rubro-oculata. In polariscopic figures and reactions 
with selenite it is closer to C. vestita var. rubro-oculata. 
In the qualitative iodine reactions it is slightly closer to 
C. rosea. In the qualitative reactions with chloral hy- 
drate, potassium hydroxide, and sodium salicylate it is 
closer to C. vestita var. rubro-oculata, while in the 
chromic-acid and hydrochloric-acid reactions it is closer 
to C. rosea. 

Reaction-intensities Expressed by Light, Color, and Tempera- 
ture Reactions. 

Polarization: 
C. rosea, low to very high, value 55. 

C. vest. v. rubro-oc., moderate to very high, much higher than 
C. rosea, value 70. 

C. veitchii, low to very high, intermediate between the parents, 
value 60. 

Todine: 
C. rosea, light to moderate, value 40. 

C. vest. v. rubro-oc., moderate, deeper than C. rosea, value 50. 

C. veitchii, moderate, intermediate between the parents, value 43. 
Gentian violet: 

C. rosea, moderate to moderately deep, value 55. 

C. vest. v. rubro-oc., moderate to deep, deeper than C. rosea, 
value 60. 

C. veitchii, moderate to moderately deep, intermediate between 
the parents, value 57. 

Safranin: 
C. rosea, moderate to moderately deep, value 60. 

C. vest. v. rubeo-oc., moderate to moderately deep, deeper than 
C. rosea, value 65. 

C. veitchii, moderate to moderately deep, the same as C. vestita 
_ var. rubro-oculata, value 65. 

Temperature: 

C. rosea, in the majority at 74 to 76°, in all at 75 to 77°, mean 76°. 
C. vest. v. rubro-oc., in the majority at 72 to 74°, in all at 74 to 75° 

mean 74.5°. 

C. veitchii, in the majority at 71 to 72°, in all at 73 to 74°, mean 
72.5°. 

C. rosea has lower reactivities than the other parent 
in the reactions with polarization, iodine, gentian violet, 
safranin, and temperature. The hybrid has an inter- 
mediate reactivity between the parents in the polariza- 
tion, iodine, and gentian-violet reactions; the same reac- 
tivity as C. vestita var. rubro-oculata in the safranin 
reaction ; and a higher reactivity than either parent in the 
temperature reaction. 
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Table A 45 shows the reaction-intensities in percent- 
ages of total starch gelatinized at definite intervals 
(minutes) : 

Tasie A 45. 

. . . . . q g is] qd 

eee el elsisiale 
Chloral hydrate: 

OC 5O6 his cha ga 05 ob oO aR EO RES ..].e]..].. | 65} 75 | 88] 90 | 92 
C. vest. v. rubro-oc.........]..].. |--].- | 40 | 53 | 58 | 60 | 62 
C. veitchii................-/..]-.]--].- | 80] 96) 99]..].. 

Chromic acid: 
C. TORCH csp a caeadacncyeses|oe'|oa fae joe | BE POSE BR) ss | es 
C. vest. v. rubro-oc........./..].. |... |... | 10] 65 | 80 | 92 | 96 
C. veitchii................-]..])-.}.- 1... [66/98] 99] ..7.. 

Pyrogallic acid: } 
Cy. rosea...... cece eee eee eee] ee fae fee |. | 80 | 60 | 92 | 95 | 96 

C. vest. v. rubro-oc........./..]..].-. |... | 10] 20] 60/ 84 | 89 
C. veitchii.................,..]..]..].. | 27 | 54 | 90 | 98 | 94 

Nitric acid: 
CGC. ros€a.... cee ce eee eee ed ee faa dee | es | 74 | 82 | 87 | 90) 95 
C. vest. v. rubro-oc.........|..]..]-- |. - | 61 | 64] 71 | 73 | 78 
C. veitchii................./..]..]-.].-. | 76 | 89 | 90 | 92 | 96 

Sulphuric acid: 

C. rosea. ... eee ee ee ee cess fee [es | 9B] .. [99]... 
C. vest. v. rubro-oc.........}..]../81]..]/99].. 
C. veitchii..............-.-/,..]-- | 99]. - 

Hydrochloric acid: 
C. rosea... ccc cee ee ee ee ee el ee fee fee |e. | 84] 92 | 95 | 96 | 97 
C. vest. v. rubro-oc.........|..]..{..1.. | 18] 33] 64 | 71] 78 
CO. -veitehiin, nc. cece rece setcs | oe | ee | es | 89196 | 97 | 98 | 99 

Potassium hydroxide: 
C. rosea... cece ee ee ee ee ef ee fee [ee | ee | 78 | 88 | 90 | 93 | 95 
C. vest. v. rubro-oc.........|..]..]..].. | 54] 65] 72] 75 | 77 
C. veitchii.................)..]..]..].. | 62] 81 | 85 | 92 | 95 

Sodium salicylate: 
Cu RO8Cai net eeass sesastaesll ae | se 176) es 108) 96) ee fos 
C. vest. v. rubro-oc.........]..]..]..]..|15] 83/98]... - 
C. veitchii................-1..]).. )/ 89]... /97]..]. 

VELOCITY-REACTION CURVES. 

This section treats of the velocity-reaction curves of 
the starches of Calanthe rosea, C. vestita var. rubro- 
oculata, and C. veitchit, showing the quantitative differ- 
ences in the behavior toward different reagents at definite 
time-intervals. (Charts D 619 to D 626.) 

Among the conspicuous features of these charts are: 
The marked separation of all three curves in the reactions 
with chloral hydrate and potassium hydroxide ; the prac- 
tical identity of all three with sulphuric acid; the close- 
ness of the curves of C. rosea and the hybrid curves with 
pyrogallic acid, chromic acid, hydrochloric acid, and 
sodium salicylate; and the lower curves of C. vestita 
var. rubro-oculata in all but the sulphuric-acid reactions 
(even in the latter there is a slightly lower reactivity, 
although not shown in the chart; see reactions in Table 
A45). The curve of C. rosea is higher than the curve of 
the other parent. usually very much higher, in every 
chart, excepting that of sulphuric acid, in which the 
differences between the reactions of the parents are not 
presented, owing to the great rapidity of gelatinization. 
Even with this reagent differences are shown by the fig- 
ures of the preceding tables, there being 98 per cent of the 
total starch of C. rosea and only 81 per cent of the total 
starch of C. vestita var. rubro-oculata gelatinized in 3 
minutes. The curves of the hybrid C. veitchii tend in 
all of the experiments to be closer, and usually much 
closer, to the curves of C. rosea than to those of the other 
parent. An early period of comparatively high resist- 

HISTOLOGIC PROPERTIES AND REACTIONS. 

ance followed by a rapid to moderate rapidity of gela- 
tinization is noted in only the starch of C. vestita var. 
rubro-oculata, and in the reactions as above stated. The 
earliest period during the 60 minutes that is best for 
the differentiation of all three starches is for chromic 
acid, hydrochloric acid, potassium hydroxide, and sodium 
salicylate at 5 minutes, and for chloral hydrate, pyro- 
gallic acid, and nitric acid at 15 minutes. 

REACTION-INTENSITIES OF THE Hysnrip. 

This section treats of the reaction-intensities of the 
hybrid as regards sameness, intermediateness, excess, and 
deficit in relation to the parents. (Table A 45 and 
Charts D 619 to D 626.) 

The reactivities of the hybrid are the same as those 
of the seed parent in the reactions with chromic acid 
and sulphuric acid ; the same as those of the pollen parent 
with safranin; the same as those of both parents with 
polarization, iodine, gentian violet, pyrogallic acid, and 
potassium hydroxide (in 4 being closer to the seed 
parent and in 1 as close to one as to the other parent) ; 
highest with temperature, chloral hydrate, nitric acid, 
and sodium salicylate, in all being closer to those of the 
seed parent; and the lowest with hydrochloric acid. 

The following is a summary of the reaction-intensi- 
ties: Same as seed parent, 2; same as pollen parent, 1; 
same as both parents, 0; intermediate, 5; highest, 4; 
lowest, 1. 

The most conspicuous features of these data are the 
pre-eminence of the seed parent in determining the prop- 
erties of the starch of the hybrid, and the distinct tend- 
ency to intermediateness and to highest and lowest reac- 
tivities of the hybrid. 

CoMPOSITE CURVES OF THE REACTION-INTENSITIES, 

This section treats of the composite curves of the 
reaction-intensities, showing the differentiation of the 
starches of Calanthe rosea, C. vestita var. rubro-oculata, 

and C. veitchii. (Chart E 45.) 
The most conspicuous features of this chart are: The 

close correspondence in the rises and falls of all three 
curves excepting in the chloral-hydrate reactions, where 
one of the curves diverges, the curve of C. vestita var. 
rubro-oculata falling instead of rising in harmony with 
the curves of the other parent and the hybrid. The 
curve of C. resea is higher than the curve of the other 
parent in the reactions with chloral hydrate, chromic 
acid, pyrogallic acid, nitric acid, sulphuric acid, hydro- 
chloric acid, and potassium hydroxide, and lower with 
polarization, iodine, gentian violet, safranin, and tem- 
perature. In C. rosea the very high reactions with 
chromic acid and sulphuric acid ; the high reactions with 
safranin, pyrogallic acid, and hydrochloric acid; the 
moderate reactions with polarization, iodine, gentian 
violet, chloral hydrate, nitric acid, and potassium hy- 
droxide; the low reaction with temperature. In C. 
vestita, var. rubro-oculata the very high reaction with 
sulphuric acid ; the high reactions with polarization, gen- 
tian violet, and safranin; the moderate reactions with 
iodine and chromic acid ; the low reactions with tempera- 
ture, chloral hydrate, pyrogallic acid, nitric acid, hydro- 
chloric acid, and potassium hydroxide. In the hybrid 
CQ. veitchit the very high reactions with chloral hydrate, 
chromic acid, sulphuric acid, and hydrochloric acid; the 
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high reactions with polarization and safranin; and the 
moderate reactions with iodine, gentian violet, tem- 
perature, pyrogallic acid, nitric acid, and potassium 
hydroxide. 

Following is a summary of the reaction-intensities : 

Very 4 Mod- Very 
high. High. erate. Low. low. 

CeTOsansenictareiariddeded 2 3 6 1 0 
C. vest. v. rubro-oc........0.. 1 a 2 6 0 
C. veitchii..........0......65]) 4 2 6. 0 0 

46. Comparisons oF THE STARCHES OF CALANTHE 
VESTITA VAR. RUBRO-OCULATA, C. REGNIERI, AND 

C. BRYAN. 
In the histologic characteristics, polariscopic figures, 

reactions with selenite, qualitative reactions with iodine, 
and qualitative reactions with the various chemical rea- 
gents the starches of parents and hybrid exhibit proper- 
ties in common in varying degrees of development and 
in each case more or less marked individualities. The 
hybrid C. bryan is in form in the majority of the grains 
closer to C. regnieri, and in a minority of the grains 
closer to C. vestita var. rubro-oculata. In hilum and 
lamelle it is closer to C. regnieri. In mean size the 
grains are larger than those of either parent but closer 
to C. regnieri, while in proportion of length to width 
they are closer to the other parent. In polariscopic figure 
and reactions with selenite it is closer to C. regniert. 
‘In the qualitative reactions with iodine it is closer to 
C. regniert. In the qualitative changes during heat 
gelatinization it is, during the first stages, closer to C. 
regniert, but during the later stages closer to the other 
parent. In the qualitative reactions with chloral hydrate, 
chromic acid, nitric acid, and sodium salicylate it is closer 
to C. vestita var. rubro-oculata, but in those with hydro- 
chloric acid and sodium salicylate it is closer to C. 
rigniert. 
Reaction-intensities Expressed by Light, Color, and Tempera- 

ture Reactions. 
Polarization: 

C. vest. v. rubro-oc., moderate to very high, value 70. 

C. regnieri, very low to very high, much lower than in C. vestita 
var. rubro-oculata, value 35. 

C. bryan, very low to very high, intermediate between the parents, 
value 45. 

Iodine: 
C. vest. v. rubro-oc., moderate, value 50. 
C. regnieri, moderately light, lighter than in C. vestita var. rubro- 

oculata, value 35. 

C. bryan, moderate, intermediate between the parents, value 38. 
Gentian violet: 

C. vest. v. rubro-oc., moderate to deep, value 60. 

C. regnieri, light to moderately deep, lighter than in C. vestita var. 
rubro-oculata, value 50. 

C. bryan, moderate to moderately deep, intermediate between 

parents, value 53. 
Safranin: 

C. vest. v. rubro-oc., moderate to moderately deep, value 65. 
C. regnieri, moderate to moderately deep, lighter than in C. vestita 

var. rubro-oculata, value 60. 
C. bryan, moderate to moderately deep, intermediate between the 

parents, value 63. 
Temperature: 

C. vest. v. rubro-oc., in the majority at 72 to 74°, in all at 74 to 75°, 
mean 74.5°. 

C. regnieri, in the majority at 70 to 72°, in all but rare grains at 

76 to 78°, mean 77°. 

C. bryan, in the majority at 72 to 74°, in all but rare grains at 76 to 

77°, mean 76.5°. 

137 

C. vestita var. rubro-oculata exhibits a higher reactiv- 
ity than the other parent in all five reactions, the differ- 
ence being very marked in the polarization reactions , 
slight in those with temperature ; and little in the others. 
The hybrid C. bryan has intermediate reactivities be- 
tween the parents in all of the reactions, being generally 
somewhat closer to C. vestita var. rubro-oculata than to 
the other parent. 

Table A 46 shows the reaction-intensities in percent- 
ages of total starch gelatinized at definite intervals (sec- 
onds and minutes) : 

Tab_e A 46. 

@lelg|gelgig 8/a|]a)] 64 

Chloral hydrate: 

C. vest. v. rubro-oc...../..]..]..]..].. | 40] 53 | 58 | 60) 62 
Ce POBNIOE: oc cs paca oeneb ya | eel s< [ee tos | OF) 9BU9S | ee] es 

Ge DVR, cnc 4 here ex ¥ ee fas tae lan fae | OL 76189 191 | O4 
Chromic acid: 

C. vest. v. rubro-oc.....|..]..]..].. ].. | 10] 65] 80 | 92) 96 
Gu PORN. 6 5.5 dec cae ef oa [ae Paedies Pee POE} OO HOO Fa] oe 
C. bryan........-......f.. 4+. ]..]-.].. | 40] 85 | 93 | 99 

Pyrogallic acid: 

C. vest. v. rubro-oc...../..]..4)..]..].. | 10] 20] 60 | 84] 89 
G. regnieri. oi cs wececacs| sv [vs Pes |as | oe | 28 | 66] 93 | 961 08 
C. bryan..............-,..]--]--]..].. | 15] 33 | 80} 85 | 92 

Nitric acid: 
C. vest. v. rubro-oc.....]../..]..]..].. | 61 | 64] 71 | 73) 78 
C. regnieri.............)..}..]..]..4..186/93/96]..1].. 
Gs Bryan: seers ax ee veces) as |e doe) ee fon 162) 75 SL | 881.89 

Sulphuric acid: 
C. vest. v. rubro-oc.....)..]|..|..}|81].. | 99 
Gy pregniért. cs a5ce 050499 | 2a | ae |e [oe deve 

Co BIVER, os Sees eeeun ches [ool ae | OP lee 198 
Hydrochloric acid: 

C. vest. v. rubro-oc.....)../..]../..]..1|18] 33 | 64] 71 | 78 
C. regnieri.............)..]..]..4)..].. | 42] 71 | 89 | 92 | 95 
. DIVER eco cwsewsceal co} eo lead es 58 | 74|92|94] 96 

Potassium hydroxide: 
C. vest. v. rubro-oc...../..]..|..{|..].. |54|65| 72] 75) 77 
Ce PORHIOTE, os nce ce vex alys | ea dal ae los | 2e 1 BO |S | Ot 82 
Oy Bryati ves ce en dacaces| ce das ee bvw bos O27 TL SB 77 

Sodium salicylate: 
C. vest. v. rubro-oc.....)..4]..]..]..].. 115] 83 | 98 
C. regnieri.............]..]..]../96]..]/99]..].. 
Ce DIVER ce ae ag ane ee} ee laa fsx [aa f'63. [99 

VELOCITY-REACTION CURVES. 

This section treats of the velocity-reaction curves of 
the starches of Calanthe vestita var. rubro-oculata, C. 
regnieri, and C. bryan, showing the quantitative differ- 
ences in the behavior toward different reagents at definite 
time-intervals. (Charts D 627 to D 634.) 

Among the most conspicuous features of these charts 
are: The generally close correspondence in the courses of 
all three curves. The well-marked separation of the 
parental curves, even in the sulphuric-acid reactions, 
which occur very quickly, there being as high a gelati- 
nization of one parent in one-half a minute as in the 
other in 5 minutes. The curve of C. vestita var. rubro- 
oculata is lower than the curve of the other parent in all 
of the 8 reactions. The curves of the hybrid show a 
very marked tendency to intermediateness, and when not 
mid-intermediate the inclination seems to be more 
marked toward the pollen parent. In other reactions, in 
one there is sameness, in relation to the seed parent and 
in another the hybrid reaction is the highest of the three 
and nearer the pollen parent. A tendency to an early 



138 

period of high resistance followed by a rapid to moderate 
gelatinization is not noticeable excepting the reactions 
with chromic acid, pyrogallic acid, and sodium salicylate 
with C. vestita var. rubro-oculata, and in the pyrogallic- 
acid reaction with the hybrid C. bryan. The earliest 
period during the 60 minutes at which it is best for the 
differentiation of the three starches seems, for chromic 
acid, sulphuric acid, hydrochloric acid, potassium hy- 
droxide, and sodium salicylate, at 5 minutes; for pyro- 
gallic acid at 10 minutes; and for chloral hydrate and 
nitric acid at 15 minutes. 

REACTION-INTENSITIES OF THE HYBRID. 

This section treats of the reaction-intensities of the 
hybrid as regards sameness, intermediateness, excess, and 
deficit in relation to the parents. (Table A46 and 
Charts D 627 to D 6384.) 

The reactivities of the hybrid are the same as those 
of the seed parent in the potassium-hydroxide reaction ; 
the same as those of the pollen parent or both parents in 
none; intermediate in the polarization, iodine, gentian 
violet, safranin, temperature, chloral hydrate, chromic 
acid, pyrogallic acid, nitric acid, sulphuric acid, and 
sodium salicylate reactions (in 1 being closer to the 
seed parent, in 4 closer to the pollen parent, and in 5 
being mid-intermediate) ; highest in the hydrochloric- 
acid reaction, and closer to the pollen parent; and the 
lowest in none. 

The following is a summary of the reaction-intensi- 
ties: Same as seed parent, 1; same as pollen parent, 0; 
same as both parents, 0; intermediate, 11; highest, 1; 
lowest, 0. 

The pollen parent seems to have been more effective 
than the seed parent in determining the characters of the 
starch of the hybrid. Intermediateness is quite marked, 
and in about one-half of these reactions there is mid- 
intermediateness. 

a 

CoMPOSITE CURVES OF THE REACTION-INTENSITIES. 

This section treats of the composite curves of the 
reaction-intensities, showing the differentiation of the 
starches of Calanthe vestita var. rubro-oculata, C. reg- 
nieri, and C. bryan. (Chart E 46.) 

The most conspicuous features of this chart are: The 
very close correspondence in the rises and falls of all 
three curves excepting in the chloral-hydrate reactions, 
in which the curve of C. vestita var. rubro-oculata falls 
instead of rises in harmony with the curves of the other 
parent and the hybrid, as in the preceding set of Calan- 
the. The marked separation of the curves of the two 
parents in the reactions with polarization, chloral hy- 
drate, chromic acid, pyrogallic acid, and nitric acid, and 
their closeness in the others. The tendency in general 
for the curve of the hybrid to have a position of some 
degree of intermediateness and with an apparent closer 
relationship to C. regniert than to the other parent. The 
higher position of the curve of C. vestita var. rubro- 
oculata than that of the other parent in the reactions 
with polarization, iodine, gentian violet, safranin, and 
temperature; and the lower positions with chloral hy- 
drate, chromic acid, pyrogallic acid, nitric acid, sulphuric 
acid, hydrochloric acid, and potassium hydroxide. In 

HISTOLOGIC PROPERTIES AND REACTIONS. 

C. vestita var. rubro-oculata the very high reaction with 
sulphuric acid; the high reactions with polarization and 
safranin; the moderate reactions with iodine, gentian 
violet, and chromic acid ; and the low reactions with tem- 
perature, chloral hydrate, pyrogallic acid, nitric acid, 
hydrochloric acid, and potassium hydroxide. In C. reg- 
niert the very high reactions with chloral hydrate and 
sulphuric acid ; the high reactions with safranin, chromic 
acid, pyrogallic acid, and nitric acid; the moderate reac- 
tions with gentian violet, hydrochloric acid, and potas- 
sium hydroxide; and the low reactions with polarization, 
iodine, and temperature. In the hybrid C. bryan the 
high reaction with sulphuric acid ; the high reactions with 
safranin and chromic acid; the moderate reactions with 
polarization, gentian violet, chloral hydrate, chromic acid, 
pyrogallic acid, and hydrochloric acid; and the low reac- 
tions with iodine, temperature, nitric acid, and potassium 
hydroxide. 

Following is a summary of the reaction-intensities 
(12 reactions) : 

Very " Mod- Very 
high. High. erate. Low. low. 

C. vestita var. rubro-oculata . . i 2 3 6 0 
GC. regniert: 5 ws cccennesasacnss| 2 4 3 3 0 
Ga Bryans ook cc eiicieae 3 1 2 6 3 0 

NoTES ON THE CALANTHES, 

In comparing the two composite-curve charts it will 
be observed that the curves correspond with sufficient 
closeness to indicate a common generic type. The three 
parents show marked closeness (or even a practical iden- 
tity) in the reactions with iodine, gentian violet, safra- 
nin, temperature, sulphuric acid, and potassium hydrox- 
ide; but more or less marked differences in those with 
polarization, chloral hydrate, chromic acid, pyrogallic 
acid, nitric acid, and hydrochloric acid. The greatest 
interest in these charts doubtless centers in the differ- 
ences in the relations of the hybrid curves to the parental 
curves, in the first set the hybrid curve tending in gen- 
eral to follow more closely the parent (seed parent) hav- 
ing the higher mean reactivity, and in the second set 
to follow more closely the parent (pollen parent) having 
the lower mean reactivity. In both sets C. vestita var. 
rubro-oculata is a parent, in one the pollen parent and 
in the other the seed parent, but in neither does the 
hybrid show as much closeness to it as to the other parent. 
The relations of the hybrid curves as regards sameness, 
intermediateness, and excess are quite different, as indi- 
cated in the summaries. Owing to peculiarities of the 
grains of Calanthe referred to in Part II, page 769, the 
studies of the reactions with different reagents were 
limited to comparatively few of the reagents, and it is 
obvious for reasons stated that the data recorded must 
be accepted with reserve. 

Notes ON THE ORCHIDS. 

The composite curve charts of Phaius and Milionia 
are very much alike, indicating closely related genera, 
and quite different from those of Cymbidium and Cal- 
anthe, which differ very markedly from each other and 
also from Phaius and Miltonia. 



- CHAPTER IV. 

GENERAL AND SPECIAL CONSIDERATIONS OF THE REACTION-INTENSITIES 

OF THE STARCHES OF PARENT-STOCKS AND HYBRID-STOCKS. 

(Charts A 1 to A 26, B1 to B 42,C 1, D1 to D 691, EI to E46, and F1toF 14. Tables B1 and B 2.) 

The reaction-intensities of starches lend themselves 
admirably to presentation in the form of charts, which 
charts in turn are peculiarly well adapted for compara- 
tive purposes. It has been found advantageous, as stated 
in Chapter II, to render these data in three main and 
various special forms of charts, each serving to accen- 
tuate some special feature or features of the reactions. 
Of the three main forms, one presents the reaction- 
intensities of different starches with each agent and rea- 
gent with reference especially to the specific properties 
of each agent and reagent, and to these peculiarities with 
reference to varietal, species, subgeneric, and generic 
groupings; another form exhibits in particular the prog- 
ress of gelatinization of the starches of the parents and 
hybrid with different reagents in terms of percentage 
of starch gelatinized; and a third form gives a com- 
posite picture of the reaction-intensities of the starches 
of the parents and hybrid with all or some of the agents 
and reagents which serves in a special way to differ- 
entiate varieties, species, subgenera, and genera, and to 
exhibit the relations of parents and hybrids. These 
three forms of charts are included in the present chapter 
under the corresponding headings above given, and sev- 
eral special charts have been added which later receive 
adequate attention. The second and third forms have 
had more or less detailed comment in the preceding 
chapter, but additional remarks that are desirable or 
necessary will follow in the second and third sections of 
this chapter. The first form of chart will be taken up 
for consideration in the immediately following section. 
It has been found advantageous to present these charts in 
two series, A 1 to A 26 and B 1 to B 42, which series are 
complementary, but demand separate consideration. 
The first series gives the reaction-intensities of all or 
most of the starches, and the second series only those of 
selected starches, the reasons for the latter being stated 
in subsequent pages. 

1. REeacTION-INTENSITIES OF STARCHES WITH EacH 

AGENT AND REAGENT. 
(Charts A 1 to A 26.) 

The reaction-intensities of different starches with 
different agents and reagents differ within wide ex- 
tremes, owing in part to inherent peculiarities of the 
starch molecules and in part to peculiarities of the 
reagents as regards both chemical composition and con- 
centration of solution. In some instances the starch 
molecules alone or largely determine the reaction, while 
in others both starch and reagent play important parts, 
as in chemical reactions generally. Thus, as will be 
stated fully later on, in the polarization reaction the 

starch molecule undergoes no change, the reaction being 
physical; hence it expresses peculiarities that are in- 
herent to the molecule. In the gentian-violet and 
safranin reactions the organization of the molecule is 
either unaffected or affected to an undetectable degree, 
the reactions being presumably adsorption phenomena. 
In the iodine reaction there is probably a combination 
of the iodine and starch, but without apparent inter- 
molecular disorganization. In the temperature and 
chemical-reagent reactions there is an intermolecular 
breaking down by a process of hydration, with which 
process there may be associated reactions that vary in 
character in accordance with peculiarities of the com- 
position of the reagents. If the molecules of the starches 
from different sources are in the form of stereoisomers it 
follows, as a corollary, that they must act differently 
with different agents and reagents and that, inasmuch 
as the agents and reagents differ, each starch should 
show differences that are related to variation in the kind 
of agent and in the composition and concentration of 
the reagents. In other words, the reaction in each case 
is conditioned by the kind of starch and the kind of 
agent or reagent. Such is in fact what has been found 
experimentally, as the subsequent data show. 

The most conspicuous features of these charts may 
be summed up as follows, consideration in detail being 
given under the corresponding headings: 

The wide range of reaction-intensities, the extent of 
which varying with the different agents and rea- 
gents, and being most marked with the reagents. 

The manifest tendency to grouping of the reaction-inten- 
sities of different starches in harmony in general 
with botanical groupings. 

The individuality or specificity of each chart that is 
definitely related to the character of the agent or 
reagent, this characteristic being most obvious in 
the reactions in which the starch molecule is dis- 
organized. 

The specificities of the components of the reagents that 
are accountable for variations in the reaction-inten- 
sities and in the qualitative changes apart from those 
dependent upon differences in stereoisomeric forms 
of starch. 

The variable relationships of the reaction-intensities in 
the different charts as regards sameness, intermedi- 
ateness, excess and deficit of reactions of the hybrid 
starch in comparison with the parental starches. 

Variations in the reaction-intensities of the starches as 
regards height, sum, and average. 

The average temperatures of gelatinization compared 
with the average reaction-intensities. 
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WIDE RANGE OF REACTION-INTENSITIES. 

(Charts A 1 to A 26,) 

In comparing the range of reaction-intensities it 
must be borne in mind that the values expressed in the 
polarization, iodine, gentian-violet, safranin, tempera- 
ture, and chemical-reagent charts are not formulated 
upon the same basis of calibration. In the first four 
instances the values are grossly quantitative, and the 
abscisse are founded upon crude and entirely arbitrary 
standards and do not likely represent values that are 
equivalent to those of the temperature or chemical-rea- 
gent records. The temperature values are based upon 
a scale that is different from those of the first group and 
from those of the chemical reagents. The calibrations in 
the first group, apart from the crudeness, are probably 
defective because the reaction-intensities of the starches 
studied do not extend, as in the case of those of the 
chemical reagents, between the extreme limits of the 
chart. The range in the temperature of gelatinization 
charts closely resembles in its limitations the ranges in 
the iodine, gentian-violet, and safranin charts. 

In these charts the abscisse-values, in comparison 
with the corresponding values in the chemical-reagent 
charts, are much too limited, but at present we have no 
data which enable us to state (in terms of light, color, 
and temperature reactions) the equivalent of a given 
reaction-intensity that is expressed in time-per cent of 
starch gelatinized. For instance, a difference of 2.5° 
in the temperature of gelatinization which is represented 
by the space between two abscisse appears small on the 
chart, yet this difference may have a differential value 
that is equal to several times this abscisse-value in the 
chemical-reagent charts. These temperature differences 
would have been nearly equitably expressed in compari- 
son with the chemical-reagent values had the tempera- 
ture scale been between the extremes of say 50° and 85° 
instead of 40° and 95°. A similar change could have been 
made to advantage in the scales of the other charts men- 
tioned. Comparing cursorily these five charts (A1 
to A 5), it will be noted that notwithstanding the com- 
paratively limited ranges of reaction-activities each may 
readily be distinguished from the others, with the excep- 
tion of the gentian-violet and safranin charts, which are 
very much alike and which, while easily differentiated 
from the other charts, are distinguished from each other 
only and doubtfully by careful comparison (see also 
Chart B2). In fact, the differences in the latter are 
unimportant because the crudeness of the method of 
valuation probably makes them fall within the limits 
of error or observation. Among the chemical-reagent 
charts the variations in reaction-intensities range in 
nearly all, from reactions which are complete within a 
few seconds to those in which so little as 2 per cent or 
less of the starch is gelatinized in 60 minutes. In ex- 
ceptional charts (Charts A 10 and A 18, sulphuric acid 
and sodium salicylate) the extent of the variations is 
distinctly limited generally because of rapidity of gela- 
tinization of the starches, in the former most of the reac- 
tions being shown to be complete within 5 minutes, and 
in the latter within 15 minutes. 

REACTION-INTENSITIES OF STARCHES. 

Manirest TENDENCY To GROUPINGS OF REACTION- 

INTENSITIES. 

In both the preceding and present researches, par- 
ticularly in the former because of the relatively large 
numbers of species and varieties included among many 
of the several genera, it has been found that the reaction- 
intensities of the representatives of a genus tend to be 
confined usually within well-restricted limits, the max- 
ima and minima reactions of members of the genus being 
in general wider apart as they are botanically farther 
separated, the greatest differences being noted when 
specimens are included which belong to well-defined 
generic subdivisions. Where the representatives of a 
genus are not so far separated as to fall into such sub- 
divisions, the variations tend to be confined to a space 
on the charts that rarely exceeds 3 to 5 abscisse (22 
being the chart limit), frequently less; but where there 
are representatives that belong to different well-defined 
subgeneric divisions (for instance, subgenera, tender and 
hardy species, tuberous and rhizomatous forms, etc.) the 
variations are, on the whole, much more. extensive, 
equivalent usually to the space of 10 to 20 abscissa 
or they may extend to practically the extremes of the 
chart. As extraordinary as it may seem, while such ex- 
treme variations may be found with one reagent, little 
or no difference may be found with another reagent; 
and with other reagents all intermediate values may be 
noted between these extremes. These facts are well 
illustrated in Begonia: No differences are noted in the 
reaction-intensities of these starches in Charts A 10 
and A 12 (sulphuric-acid and potassium-hydroxide reac- 
tions), gelatinization in all being complete within less 
than a minute; while in a number of other charts (as in 
Chart A 9, the nitric-acid reactions) the same remark- 
ably rapid reaction occurs in the starch of only one of 
the parents and in the hybrid, while the reaction of the 
other parental starch is remarkably slow. 

The extent of generic differentiation varies in the 
different charts. Some differentiation is evident, for 
instance, in Charts A6, A15, A18 (chloral-hydrate, 
potassium-sulphide, and sodium-salicylate reactions) ; 
there is better differentiation in Chart A? (chromic- 
acid reactions) ; and still better differentiation in Chart 
A8 (pyrogallic-acid reactions). The grouping of mem- 
bers of a genus and the differentiation of the genus upon 
the basis of reaction-intensities can be rendered satis- 
factory only when large numbers of members of each 
genus are studied; when the maximum, minimum, and 
average values are determined with a number of reagents ; 
and when it is recognized that members of subgenera 
and of other generic divisions may exhibit in the sum of 
their reactions differences that may be as divergent as 
those of different genera. For instance, in Nerine, it 
will be seen that in 17 of the 26 charts the values of the 
3 groups are within very restricted limits and constitute 
a group of close values; and, moreover, that while the 
maximum, minimum, and average values of the group 
may be about the same as the corresponding values of 
other generic groups, in certain reactions they will be 
found to be different, so that in the final summing up 
the genus stands very distinctly apart from the other 
genera. In the remaining 9 charts there are varying 
degrees of departure from this well-defined grouping, 



REACTION-INTENSITIES WITH EACH AGENT AND REAGENT. 

chiefly because of the comparative less reactivity of the 
first set of parents and hybrid than of the other sets. 
In Chart A6 (chloral-hydrate reactions) there is 
marked extension of the maximal and minimal limits of 
the reactions owing to the prolongation of 4 of the 11 
lines, so that the group is nothing like so distinctly in- 
dividualized as in the 17 charts referred to wherein the 
maxima and minima are close. In Charts A9, A11, A12, 
A114, A15, and A 21 (nitric acid, hydrochloric acid, 
potassium hydroxide, potassium sulphocyanate, potas- 
sium sulphide, and strontium nitrate) there is a well- 
marked separation of the first from the second and third 
sets, the latter showing about the same, and the former 
distinctly higher reaction-intensities. Such peculiarities 
are found to be common among the other genera where 
a number of sets of parents and hybrids are included, 
from which it is obvious that where a genus is represented 
by a single such set the maximum, minimum, and mean 
reactive-intensities are to be taken merely tentatively as 
representing the generic standards. 

This statement finds immediate application to a num- 
ber of generic groups represented in these charts, includ- 
ing Amaryllis-brunsvigia (bigencric), Gladiolus, Trito- 
mia, Richardia, Musa, Phaius, Miltonia, and Cymbidium. 
The maximum, minimum, and average values differ not 
only in the case of different sets of parents and hybrids 
of the same genus, but also of the members of the same 
set with different reagents. Thus, in Nerine, in Charts 
A 8 and A 17 (pyrogallic-acid and sodium-sulphide reac- 
tions) and in certain other charts, the maxima, minima, 
and averages for all of the species and hybrids are prac- 
tically absolutely the same, but in Charts A 11 and A 14 
(hydrochloric-acid and potassium-sulphocyanate reac- 
tions) and in others, all three are different in all three 
sets of starches. Finally, generic grouping may seem- 
ingly be set aside in some instances by wide differences 
in the reaction-intensities of one or more sets included 
in the genus group. This is well illustrated in Crinum, 
Iris, and Begonia in Chart AQ (nitric-acid reactions). 
The species of Crinum studied in this research are divisi- 
ble into two horticultural groups, which are distinguished 
as tender and hardy, the.starch of the former being char- 
acterized by generally low reactivities and those of the 
latter by generally high reactivities, the differences being 
so marked that it is necessary to recognize in these 
starches two distinct subgeneric groups. Such differ- 
ences are well shown in other charts, such as Charts A 8, 
A110, All, and A 12, but there is an entire absence of 
such distinction in Charts A6, A7, A15, A19, A 22, 
A 23, A 25, and others. In fact, in several of the latter 
the differences are so slight as to suggest very closely 
related members of the genus. In Iris there is a very 
conspicuous example of subgeneric grouping: In Charts 
A5,A6,A%, 410, and A 15 the reaction-intensities of 
the members of all four sets are nearly the same or do not 
differ to a marked degree; but in A8, A9, All, A 12, 
A13, Ai4, A16, A17, A18, A19, A20, A21, A 22, 
A 23, A 24, A 25, and A 26 there is a well-marked group- 
ing, the first three sets constituting one group and the 
last set another group. 

With the exception of Charts A 6 and A 18 the first 
group is characterized by lower reaction-intensities, 
which with rare exceptions tend to be very close in all 
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three sets, thus forming a very distinct group. While 
in Charts A 6 and A 18 the same grouping remains, there 
is a reversal of the reaction-intensities, the first group 
showing less reactivity than the second group. Even 
more interesting is Begonia: In Chart A9 there is no 
obvious differentiation of any of the sets of members of a 
set, but in Chart A 6 there appears a very conspicuous 
differentiation in the comparative slowness of the B. 
socotrana reaction; and in all other charts, with four 
exceptions, the length of the line is accentuated in vary- 
ing degree, thus markedly characterizing the sets of this 
group. This seemingly aberrant reaction-intensity of 
this exceptional species gives a peculiar generic picture, 
and means, as in the instances of Crinwm and Iris, two 
generic types. 

The correspondence of the grouping of the reaction- 
intensities of starches in accordance in general with gen- 
era is usually quite evident, this being not only more 
marked with some than with other agents and reagents, 
as stated, but also more marked with some than with 
other groups. A given group may stand out very con- 
spicuously in one chart, but not in another, er even not 
be differentiated from adjoining groups, yet be more or 
less distinctly differentiated from the same groups in 
other charts. For instance, in Chart A 10 (sulphuric- 
acid reactions), taking the genera represented by Nerine, 
Narcissus, Lilium, Iris, Gladiolus, and Tritonia, it will 
be seen that with the exception of Gladiolus there is no 
differentiation of the reaction-values that even suggests 
that the records are those pertaining to different genera ; 
in fact, they are so nearly alike as to indicate that the 
several groups belong to a single genus. The Gladiolus 
reactions take place with comparative slowness, which 
distinctly differentiates this genus from the five other 
genera. In Chart Ail (hydrochloric-acid reactions) 
Lilium stands very distinctly apart from the other five 
genera; Nerine and Narcissus are not differentiated 
from each other, but they differ from Lilium, Iris, Gladi- 
olus, and Tritonia. 

It will be seen that three of the four sets of Irids 
are practically alike and markedly different from the 
fourth set, showing what marked differences may be 
exhibited by members of subgenera or of similar divisions 
of genera. In Chart A 12 (potassium-hydroxide reac- 
tions) the picture is radically changed in a number of 
particulars: Liliwm remains conspicuous as before; Ne- 
rine and Narcissus are very definitely grouped, the lines 
of the former being very short and those of the latter 
quite long; Iris differs but little, as a whole, from the 
preceding chart; and in both Gladiolus and Tritonia the 
lines are prolonged and about the same, giving no differ- 
entiation between these two genera. In Chart A 13 
(potassium-iodide reactions) the picture again differs: 
Lilium is about the same; the Nerine lines are very con- 
siderably prolonged and markedly exceed the length of 
the Narcissus lines which are slightly shortened in com- 
parison with the length in the preceding chart, thus show- 
ing a marked reversal of the quantitative relationships. 
The Narcissus lines and those of the first three sets of 
Irids are about the same, whereas in the preceding chart 
the latter are, on the whole, distinctly shorter; and 
Gladiolus and Tritonia are about the same, but longer 
than the Narcissus and Iris lines, and shorter than the 
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Nerine lines. In Chart A 15 (potassium-sulphide reac- 
tions) Lilium remains the same; Nerine and Narcissus 
are distinctly different, the lines of the former being 
much shorter than those of the latter; and the lines of 
Narcissus, Iris (all four groups), Gladiolus, and T'ri- 
tonia are all prolonged to about the same level, so that 
there are no generic differentiations of these four genera. 
In Chart A 18 (sodium-salicylate reactions) there is a 
noticeable absence of resemblance of the lines collec- 
tively to those of any of the preceding charts. Here, 
Nerine, Narcissus, Lilium, and Iris (the first three sets 
of the last) are, on the whole, very much alike. The third 
set of Iris, which in the other charts shows greater reac- 
tivity than the other three sets, now shows the opposite 
relationship ; and, moreover, while this set in the previous 
charts is markedly different from Gladiolus and Tri- 
tonia, here it is the same. Similar differences will be 
found in other generic groups, in other sets, and also 
with other reagents. These characteristics demonstrate 
conclusively that the starches of different generic groups 
and subgroups differ within wide limits in their molecular 
structures; that there are very definite generic and sub- 
generic peculiarities ; and that these differences can satis- 
factorily be reduced to figures and charts. 

INDIVIDUALITY orn SPECIFICITY oF EACH CHART. 

The individuality or specificity of each chart is very 
pronounced and is most striking in the reactions in 
which there occurs intermolecular disorganization of the 
starch. Inasmuch as the starches. are the same in each 
of the charts (except in some instances as to number), 
and the agents and reagents are variable, this individ- 
uality is definitely associated with peculiarities of the 
latter. Taking the charts, as a whole, it will be seen 
that no two are alike, although in exceptional instances, 
and for very obvious reasons, they differ in only minor 
degrees and even within the limits of error of experi- 
ment; well-marked examples of the latter are found in 
the gentian-violet and safranin, and in the copper-nitrate 
and cupric-chloride charts. On the other hand, where in 
accordance with general laboratory experience no mate- 
rial differences should be expected, excepting such as 
would be dependent upon differences in the concentra- 
tion of the reagents, as in the potassium and sodium- 
hydroxide charts, respectively, the individualization is 
not only very marked, but also in a measure entirely 
independent of differences in concentration. 

As previously stated, these 26 charts fall naturally 
into two primary divisions in accordance with whether or 
not in the reactions there occurs intermolecular disor- 
ganization. In conformity with recognized principles of 
physical chemistry, comparatively limited variations 
should, as a rule, be expected when in the reactions the 
starch molecules remain wholly or apparently intact, as 
in the polarization, iodine, gentian-violet, and safranin 
reactions; but wide to extremely wide variations when 
the molecules are broken down, especially in cases of 
reagents which may have multiple active components 
taking part in the disintegrative processes. As previously 
stated, the polarization reaction is a light reaction in 
which the molecules are undisturbed ; the gentian-violet 
and safranin reactions are, in all likelihood, adsorptive 
phenomena which, as far as known, do not involve dis- 
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arrangement of the starch molecules; and the iodine reac- 
tion seems to be of a kind in which an unstable iodide 
of starch is formed, but without obvious intermolecular 
disorganization ; the temperature reaction is one of hy- 
dration which, while causing intermolecular breaking 
down, does not give rise to a loss of typical starch proper- 
ties; and the reactions with the various chemical rea- 
gents are primarily phenomena of hydration, such as are 
brought about by heat, but modified quantitatively and 
qualitatively by differences in the components of the 
reagents which take part in the reaction. 

It is obvious that the polarization reactions stand 
entirely apart from all others; that the gentian-violet and 
safranin reactions constitute an isolated pair; that the 
iodine reactions stand by themselves; and that the tem- 
perature and chemical-reagent reactions form a well- 
defined group, the former representing one and the latter 
another subgroup. In the temperature reaction we have 
a typical manifestation of the simplest form of the proc- 
ess of gelatinization, while in the chemical-reagent sub- 
group there is this same type but which is more or less 
materially modified by various substances that have 
chemical relations to the starch molecule. A comparison 
of the temperature and chemical-reagent charts will show 
that the latter not only differ markedly from the former, 
but also as much or more from each other. It would 
seem to follow, as a corollary, that the more varied and 
widespread the chemical disturbances in the starch mole- 
cules the more varied the reactions and the better the 
differentiation of genera, species, parents, and hybrids. 

The individuality of each of the chemical-reagent 
charts that is definitely associated with peculiarities of 
the reagent is due in part to concentration and in part to 
composition of the reagent. This salient point is elicited 
clearly when the data recorded in any two arbitrarily 
selected charts are compared. Thus, taking Charts A 6 
and A’ (chloral-hydrate and chromic-acid reactions) 
a first glance will indicate that the average length of 
the ordinate in the former is greater than in the latter 
and, hence, that the concentration (reactive-intensity 
of the reagent) is less than in the latter; but it will also 
be very apparent, upon comparing the lengths of the 
ordinates of any given set of parents and hybrid, or of 
any generic group in the two charts, that the differences 
are not such as are to be expected were the reaction- 
intensities exhibited by those reagents dependent solely 
upon differences in concentration. 

Should the differences in the reaction-intensities de- 
pend merely upon differences in concentration (as of the 
same reagent) it seems obvious that if with a given starch 
the reaction with one reagent is equal to the length of 
say 2 abscisse, and with another reagent to the length 
of 3 abscisse, a corresponding though not necessarily 
proportional relationship should be found in the reactions 
of the different starches. In fact, not only may there 
be an entire absence of such quantitative relationship, 

but also a reversal of reaction-intensities, the reagent of 
higher concentration being the stronger in some reactions 
but the weaker in others. Thus, in Chart A6 (chloral- 
hydrate reactions), in the Amaryllis-Brunsvigia-Bruns- 
donna, set, it will be seen that the ordinates for Amaryllis 
and Brunsvigia extend to the abscisse values 96 and 82, 
respectively, and that those for the hybrids extend to 
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30 and 28, respectively ; meaning that 96 and 82 per cent, 
respectively, of the total starch was gelatinized in 60 
minutes and that 95 per cent of the starch of each hybrid 
was gelatinized in 30 and 28 minutes, respectively. 
Turning now to Chart A (chromic-acid reactions), it 
will be noted that while there is considerable shortening 
of the Amaryllis and Brunsvigia lines the hybrid ordi- 
nates are virtually absolutely the same. Taking the 
Hippeastrum, Hemanthus, and Crinum groups, it will be 
noticed that in Chart A 6 the average reactivity of the 
Hippeastrum group is slightly less than the reactivities 
of the Hemanthus and Crinum groups, which are nearly 
alike; while in Chart A? the average reactivity of the 
first group is greater than in either of the other groups, 
and the reactivity of the Crinum group is somewhat less 
than that of Hippeastrum group. In Chart A6 the 
average reactivity of Nerine is greater than in Chart 
A, the reverse of what was noted in Amaryllis-Bruns- 
vigta, Hippeastrum, Hemanthus, and Crinum. In Nar- 
cissus the same reversal is noted except in one parent and 
the two hybrids of the first set. In Chart A 7 there are, 
in comparison with the preceding, generally higher reac- 
tivities of Lilium, Iris, Gladiolus, Tritonia, Musa, Phaius, 
Miltonia, Cymbidium, and Calanthe; but the opposite 
with Begonia. Among the first generic groups there will 
be found many exceptions—that is, lower reactivities. 
For instance, the reaction of Liliwm martagon instead of 
being shorter is longer ; the reaction of L. chalcedonicum 
and L. candidum are shorter, but not the reaction of 
L. testaceum; and those of L. pardalinum and L. parryt 
are shortened, while the reactivity of DL. burbanki is 
lengthened. Similar inequalities appear in other groups. 
Finally, in Begonia the reactions with a single exception 
instead of being shorter are longer, especially the reaction 
of B. socotrana. 

The remarkable differences in the behavior of differ- 
ent reagents, irrespective of concentration of solution, 
are perhaps better presented in charts of reactions of very 
closely allied reagents, for instance, in Charts A 12 and 
A 16 (potassium-hydroxide and sodium-hydroxide reac- 
tions). The average reaction-intensity exhibited by the 
potassium-hydroxide chart is in some instances greater 
and in others less than by the sodium-hydroxide chart. 
The records are so pregnant with interest that each set or 
group may with ample justification be taken up sepa- 
rately. Beginning with the Amaryllis-brunsvigia set it 
will be seen that with potassium hydroxide the reactions 
with the four starches occur with such rapidity that 
gelatinization is practically or absolutely complete within 
1 minute; with sodium hydroxide all four reactions differ 
to so marked a degree that each is at a glance differen- 
tiated from the others—in Amaryllis 97 per cent of the 
starch is gelatinized in 3 minutes, in Brunsvigia 95 per 
cent in 15 minutes, in Brunsdonna sandere alba 65 per 
cent in 60 minutes, and in Brunsdonna sandere 88 per 
cent in 60 minutes. The average reactivity of Hippeas- 
trum with potassium hydroxide is 74 per cent, with so- 
dium hydroxide 44 per cent, in 60 minutes; that of He- 
manthus is about the same with both reagents, the chief 
difference being seen in the marked elongation of the H. 
puniceus ordinate in the sodium-hydroxide reaction. 
The Crinum ordinates differ in the two charts very little, 
the only noticeable differences being seen in the C. mooret, 

EACH AGENT AND REAGENT. 143 

C. kircape, and C. powellit ordinates, mostly not at all 
marked. In Nerine there are wide differences, the potas- 
sium hydroxide ordinates being very markedly shorter 
than those of sodium hydroxide, the former indicating 
almost if not complete gelatinization of all of the starches 
in 3 minutes or less, and the latter an average gelatiniza- 
tion of about 15 per cent in 60 minutes. This wide 
difference in comparison with what was noted in Hip- 
peastrum, Hemanthus, and Crinwm is remarkable. 
Narcissus, like the last three genera, does not show 

very much difference with these reagents, the averages 
being 63 and 83 per cent, respectively, in 60 minutes, 
the shortening being due almost wholly to the greater 
reactivities of the parents. The starches of Lilium gela- 
tinize with great rapidity with both reagents. The Iris 
ordinates are longer throughout in the potassium- 
hydroxide chart except in case of I. trojana, the ordinate 
temaining the same in the sodium-hydroxide chart not- 
withstanding that the ordinates of the other parent 
(I. tberica) and the hybrid (I. ismali) are materially 
shortened. In Gladiolus and Tritonia the ordinates are 
very nearly the same in the potassium hydroxide chart, 
but both are shortened in the sodium-hydroxide chart, 
Gladiolus somewhat less than Tritonia. In Begonia 
a striking difference is seen in the B. socotrana ordinates 
but very little differences in the others; thus, in the 
potassium-hydroxide reaction this starch is completely 
gelatinized in one-sixth of a second, while in the sodium- 
hydroxide reaction only 84 per cent is gelatinized in 60 
minutes—a remarkable difference. Richardia was not 
studied with sodium hydroxide. Musa, Phaius, Mil- 
tonia, and Cymbidium all show shorter ordinates gener- 
ally with potassium hydroxide than with sodium hydrox- 
ide, the most conspicuous variation being noticed in the 
sodium-hydroxide chart in‘the markedly disproportionate 
elongation of the M. rezlit ordinate. 

Similar characteristics are found in Charts A 15 and 
A1” (potassium-sulphide and sodium-sulphide reac- 
tions), given groups acting with greater reactivity with 
potassium sulphide than with sodium sulphide, with 
others the reverse, and members of the same group bear- 
ing varying quantitative relationships in the two reac- 
tions, etc. The Amaryllis-Brunsvigia group has in the 
potassium-sulphide reactions much shorter ordinates 
than in the sodium-sulphide reactions, Amaryllis bella- 
donna and Brunsdonna sandere being alike, and B. san- 
dere alba between them and the ordinate of Brunsvigia 
josephine; while in the sodium-sulphide chart the 
Amaryllis belladonna and Brunsvigia josephine ordi- 
nates are almost exactly the same, and those of the hy- 
brids longer than those of the parents, and nearly alike. 
The Hippeastrum and Hemanthus ordinates are, on the 
whole, closely alike in both charts, but the Crinum ordi- 
nates show some noticeable differences. The Nerine 
group is particularly conspicuous because of the less 
length of all of the ordinates in the potassium-sulphide 
chart than in the sodium-sulphide chart; because of the 
marked difference between the lengths of those of the 
first group and those of the second and third groups in the 
potassium-sulphide charts; and because all three groups 
have almost exactly the same length of ordinates in the 
sodium-sulphide chart. Narcissus has, to the contrary, 
distinctly longer ordinates in the potassium-sulphide 
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chart than in the sodium-sulphide chart. Iris is, 
like Nerine, conspicuous by the differences of the 
ordinates, but particularly in reversed ways. The 
Tris ordinates in the potassium-sulphide chart are 
distinctly longer than in the other chart and they are 
of about the same length (the opposite to what is seen 
in Nerine) ; and in the sodium-sulphide chart the ordi- 
nates of three of the groups are the same, while those 
of the fourth group are much shortened. More or less 
marked differences in the two charts are seen in the 
remaining generic groups, especially in members of 
Begonia, Musa, and Miltonia. 

Another pair of reagents that yield reactions worthy 
of especial examination are represented in Charts A 23 
and A 24 (copper-nitrate and cupric-chloride reactions). 
These two charts are in the corresponding groups 
almost the same throughout, the chief differences being 
noted in Crinum powellii, Lilium burbanki, Iris sind- 
jarensis, I. pursind, Begonia mrs. heal, Musa gilletit, 
Miltonia (both parents and hybrid), and Cymbidium 
eburneo-lowianum. These differences are in every case 
such as not to fall within the limits of error of experiment. 

Any two or more of these charts can thus be com- 
pared with the certainty of finding results that conform 
to those referred to in the preceding pairs. 

The one feature above all others that serves to indi- 
vidualize each chart is the variable relationships of the 
reaction-intensities of the members of each of the differ- 
ent sets of parents and hybrid and of groups of sets in 
the different charts. For instance, taking the Amaryllis- 
Brunsvigia set it will be seen upon comparing the dif- 
ferent charts that differences in the average reaction- 
intensities of this set in comparison with the differences 
in other sets and groups of sets are nothing like so 
striking and characteristic as are the differences in the 
group itself in the various charts. In other words, while 
there is a general tendency for the average reaction- 
intensity of this group to rise or fall with the averages 
of other groups in the different charts, the individual 
members of the group exhibit marked independence in 
the direction and extent of the changes. Thus, in this 
group in the charts of chloral hydrate, pyrogallic acid, 
potassium iodide, potassium sulphocyanate, sodium hy- 
droxide, sodium salicylate, cobalt nitrate, copper nitrate, 
cupric chloride, and mercuric chloride the four ordinates 
are in couples, the parental couple being in the chloral- 
hydrate reaction shorter than the hybrid couple, but in 
the other reactions the reverse. In the reactions of 
chromic acid, nitric acid, hydrochloric acid, potassium 
hydroxide, sodium salicylate, and barium chloride all 
four ordinates are the same or closely the same, there 
being neither the coupling so obvious in the previous 
set nor any marked departure of any from an average 
standard. In the reactions of potassium sulphide, cal- 
cium nitrate, strontium nitrate, and uranium nitrate 
(with the exception of potassium sulphide and strontium 
nitrate) no two of the four ordinates are alike with any 
reagent, and the relative lengths of the four ordinates 
vary in the different reactions, the order of length being: 

Potassium sulphide: Brunsvigia, Brunsdonna sandere alba, 

Amaryllis, and Brunsdonna sandere. 
Calcium nitrate: Brunsdonna sandere alba, B. sandere, 

Brunsvigia (these two being the same), and Amaryllis. 
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Strontium nitrate: Brunsvigia, Brunsdonna sandere alba, 

B. sandere (these two being the same), Amaryllis. 

Uranium nitrate: Brunsdonna sanderw alba, Brunsdonna 

sandere, Brunsvigia, and Amaryllis. 

Such variations will be treated quite fully in the 
following subsection : 

Tuer SPECIFICITIES OF THE COMPONENTS OF THE 

REAGENTS, 

(Charts B 1 to B 42.) 

Inasmuch as different starches behave differently, 
qualitatively and quantitatively, with a given reagent, 
and a given starch differently with different reagents, it 
follows, as a corollary, that certain peculiarities of the 
reactions are to be attached to the starches and certain 
others to the reagents—in other words, the characters of 
the reactions are conditioned, as before stated, by both 
starch and reagent. In this research the phenomena of 
gelatinization have been taken as the chief indices in the 
differentiation of starches and it has been shown that a 
considerable variety of reagents may be used. 

The terms gelatinized starch and soluble starch are 
used, synonymously, yet starch may be in a soluble form 
without being gelatinized or gelatinizable, for it has 
been shown that raw starch through the agency of acid 
can be converted into soluble starch without apparent 
antecedent change in the structure of the starch grain 
that can be detected in the reaction of the grains in 
polarized light; that such grains can be dissolved in hot 
water without the appearance of gelatinization ; and that 
such grains in solid form or in solution yield the blue 
starch-reaction with iodine. (See preceding memoir,* 
page 105.) It is therefore obvious that the changes ex- 
pressed by gelatinization and solubility are independent, 
although usually associated ; and, as a consequence, that 
a gelatinizing reagent may give rise coincidently fo such 
molecular alterations as will convert an insoluble into a 
soluble and gelatinized starch or into a soluble but un- 
gelatinizable starch. In all of the experiments with 
these reagents the former change has been brought 
about; but accompanying alterations may occur, hence, 
the question naturally arises in conjunction with the 
use of different reagents as to the meanings of the dif- 
ferences in the two cases. 

It is of importance to note that in all of these investi- 
gations the soluble non-gelatinizable form was prepared 
by the use of acids, inorganic or organic, non-volatile or 
volatile. On the other hand, as far as the voluminous 
records go, alkalies always give rise to soluble starch 
of the gelatinized form. This indicates clearly that the 
actions of the acids and alkalies may be inherently quite 
different. When the grains are heated in water, gela- 
tinization occurs at a given temperature, varying within 
narrow limits, the mean temperature differing in starches 
from different sources. In accordance with the fore- 
going, heat and alkalies may be placed in one and acids 
in another category, but without the assumption that the 
actions of the several members of each class are precisely 
the same. Gelatinization is undoubtedly due to a hy- 
dration of the starch molecules, but the alteration from 

* Carnegie Inst. Wash. Pub. No. 173 (1913). 
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the insoluble to the soluble non-gelatinizable form is 
apparently not in any way related to water, inasmuch 
as it may be brought about in anhydrous starch by anhy- 
drous acetic acid, and is therefore an anhydrous process 
unless water is derived in some obscure way by intra- 
molecular disorganization. There is at all events no 
intermolecular disorganization such as occurs antecedent 
to and associated with obvious gelation. 

The foregoing changes in the starch molecules in 
association with the more or less marked differences 
exhibited by a given starch in the reactions with different 
reagents indicate clearly that beneath and overshadowed 
by the conspicuous phenomena of gelation there lay 
processes or reactions that vary, within even wide limits, 
in relation to the components of the reagents. More- 
over, raw starch presents certain very striking charac- 
teristics in its relations to water, entirely apart from 
the phenomena of hydration that is expressed by gelation. 
It has been found that raw starch is not only highly 
hygroscopic and clings tenaceously to water, but also 
that its behavior toward water is in certain respects 
different from that of hydrated starch, the percentage of 
water in the raw grains being influenced to a very limited 
degree and that of hydrated starch to a maximum degree, 
in the presence of water by changes in temperature. Air- 
dried starches from different sources have been found 
to contain from 9.9 to 35 per cent of water; the figure 
varying with the kind of starch, impurities, and per- 
centage of moisture in the air. Freshly prepared starch 
may contain as much as 45 per cent of water. Anhy- 
drous starch is obtained by subjecting the starch to a 
temperature of 120° or in vacuo at 100°. Starch that 
has been partially or completely dehydrated and then 
placed in water at room temperature takes up water very 
rapidly with the evolution of heat, the amount being in 
direct relationship to the degree of dehydration and the 
kind and amount of starch. A preparation consisting of 
20 grams of air-dried potato starch in 20 grams of water 
showed an increase of temperature equal to 3°; and a 
similar preparation of anyhydrous starch, an increase of 
13.8°. The formation of heat has been ascribed to an 
actual chemical combination of the starch and water (see 
preceding memoir, page 167), but it can satisfactorily 
and better be accounted for upon the basis of adsorption 
(which, however, is in fact a form of chemical union). 

The level of aqueous saturation is maintained within 
very narrow limits, and it is very much more influenced 
by variations in external moisture than by changes in 
temperature that occur below the temperature of gela- 
tion ; and it is reached before there is the least detectable 
change in the starch grain or starch molecule. This 
level is, however, not only materially higher in hydrated 
starch, but also variable within wide degrees and in direct 
relation to moisture and temperature, and it probably 
reaches its highest level at the baking temperature of 
bread (Katz, Zeitsch. physiol. Chem., 1915, xcv, 104). 
As the temperature falls, even though in the presence 
of an atmosphere saturated with moisture, there is some 
reversion of hydrated starch to raw or insoluble starch. 

Starch grains do not either gelatinize or pass into 
solution in their normal state because apparently of the 
existence of some peculiar surface condition which, like 
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an osmotic membrane, serves to prevent a further inflow 
of water after a certain level of partial saturation has 
been reached, and which likewise prevents an outflow 
of water as long as external conditions are unaltered— 
in other words, maintains a state of physico-chemical 
equilibrium as regards water within and without the 
starch grain. That such a surface condition exists seems 
evident in the sudden dissipation of this level at the 
temperature of gelation and in the absence of this level 
in comminuted and otherwise injured grains in which 
the starch molecules of the interior of the grain are 
freely exposed to the water. The intracapsular starch 
thus exposed exhibits a similar but not identical surface 
condition, which is owing to differences in the intra- 
capsular and capsular starches, as will be noted more 
particularly later. Therefore, in studying the phe- 
nomena of gelatinization and absorption of water both 
of these surface conditions must be considered, as must 
also be both forms of starch. 

When raw starch in water is subjected to slowly ris- 
ing temperature, at a certain temperature that varies 
for different starches and within narrow limits for each 
starch there occurs a loss of anisotropy (which indicates 
an intermolecular disorganization) that is immediately 
followed by a rapid taking up of water attended by 
swelling and gelatinization. This disappearance of 
anisotropy is taken to mean that immediately antecedent 
a modification or removal of the surface condition has 
occurred. This surface condition may likewise be 
affected by various gelatinizing reagents such as have 
been used in this research, and thus hydration of the 
starch grain permitted as in the case of gelation by 
heat; or there may be the opposite effect, as when there 
is present a sufficient quantity of alcohol, acetone, 
alcohol-ether, brine or other so-called dehydrating rea- 
gent. Analogous phenomena have been noted in the 
study of certain other colloids, from which it seems that 
heat and other gelatinizing agents are effective by affect- 
ing primarily the surface condition, thus giving rise to 
an alteration in the level of aqueous saturation. The 
underlying cause of this peculiar surface condition is at 
present problematical, but it seems that it is to be 
located directly or indirectly either in a hypothetical 
deposit on the surface of the grain by the cell-sap or in 
the modified form of the starch that constitutes the 
capsular part of the grain (the so-called starch cellu- 
lose). This part of the grain is the last to be deposited, 
and it differs from the inner part (or so-called starch 
granulose) especially in density, solubility in cold and 
hot water, digestibility, dextrin products of digestion, 
resistance to decomposing agents, and in both quantita- 
tive and qualitative color reactions with iodine. The 
degree of resistance varies in starches from different 
sources, and it is so marked in some instances in the 
initial stage of the reaction as to render gelatinization 
very slow for a period varying from 1 to 10 minutes, to 
be followed by gelatinization that varies in rapidity from 
slow to very rapid, as will be seen by an examination of 
Charts D1 to D691 that exhibit the velocities of gela- 
tinization. Upon this assumption, any agent which 
affects the physico-chemical condition of the capsular 
part of the grain will modify the surface conditions or 
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surface tension so that hydration may be augmented or 
inhibited. 

As stated elsewhere (see preceding memoir, pages 95 
and 96), while there can be no doubt of the essential part 
played by water in the swelling, gelatinization, pseudo- 
solution, and true solution of starch, it seems that none 
of these phenomena is due to either hydrolysis (de- 
composition in which molecules of water are taken up and 
become an integral part of the molecules) or hydration 
in the strictly chemical sense (the formation of deriva- 
tives in which basic matter is substituted by hydrogen 
atoms of water, or the actual combination of water so 
that the molecules of water constitute intramolecular 
components of the derivatives). The terms hydrolysis 
and hydration are often used synonymously, but at times 
incorrectly, because while hydration may mean hydro- 
lysis, it may on the other hand signify a union or im- 
pregnation with water which is an extramolecular and 
not an intramolecular phenomenon. According to the 
recent developments of physical chemistry, none of the 
processes concerned in the conversion of raw starch into 
the so-called soluble starch, of which starch-paste and 
pseudo-solution and true solution are simple modifica- 
tions, is one of hydrolysis or hydration in the strictly 
chemical sense, but one of adsorption, that is, an extra- 
molecular union with water that is of a physico-chemical 
character, such, for instance, as is observed in the depo- 
sition of moisture on glass and the taking up of water by 
hygroscopic substances in which there may be no true 
chemical union in the conventional meaning, but a mere 
surface combination or surface condensation. The com- 
bination is, of course, actually chemical, but it is not 
chemical in the customary sense any more than is the 
solution of sugar in water chemical, and thus in the form 
technically of a hydrate. Starch in common with other 
organic colloids is hygroscopic, and the so-called process 
of hydration or hydrolysis that is associated with swelling 
and gelatinization is explicable upon the basis of adsorp- 
tion—that is, a physico-chemical affinity that is specific 
and selective, and supplemental to satisfied affinities ac- 
cording to the laws of stoichiometry. This, however, 
does not preclude the possibility or probability of the 
occasional occurrence, of reagent reactions that are 
strictly speaking those of Itydration. 

It seems clear from the foregoing that in the gela- 
tinization of normal starch grains the first and essential 
step is the modification or dissipation of the surface 
condition that prevents an inflow of water after the nor- 
mal point of partial saturation, or state of physico- 
chemical equilibrium as regards water, has been reached. 
This barrier it seems is not mechanical but physico- 
chemical, as is suggested by the fact that corresponding 
or analogous phenomena have been observed in the be- 
havior of other colloids in vitro and in the living cells, 
where it seems to have been clearly demonstrated that 
they are manifestations of surface tension. Heat, when 
a certain temperature is reached, is assumed to give rise 
to a surface alteration or change in surface tension that 
causes a mass action of the molecules of water with a 
consequent inflow of water and attendant gelatinization, 
and it has been found that the addition of various sub- 
stances to the water may lower or raise the temperature 
of gelatinization—in other words, aid or oppose the 
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action of heat in altering the surface tension. The 
various gelatinizing reagents which are active at room 
temperature are undoubtedly effective by causing similar 
or identical alterations in surface tension, for evidence 
has been found that the ions do not form an adsorption 
union with the starch molecules but give rise to the 
surface alteration that leads to an adsorption union of 
molecules of water and starch; and it would seem to 
follow, in accordance with our knowledge of the be- 
havior of other colloids with ions and molecules of dif- 
ferent kinds, that this surface change, as well as subse- 
quent phenomena, are modifiable in relation to the kinds 
and concentrations of ions and molecules taking part in 
the reactions. Hence, the phenomena of gelatinization 
brought about in distilled water by heat would likely 
be different in certain respects from those due to some 
chemical reagent, such as chromic acid ; and those of any 
given reagent will differ from those of every other reagent. 
Such is in fact what has been found in this research. 

Samac (Studien iiber Pflanzenkolloide I. Die Lé- 
sungsquellung der Starke bei Gegenwart von Kristal- 
loiden. Dresden, 1912, 8. 42) made studies with potato 
starch in which he used equimolecular solutions of 
various electrolytes and non-electrolytes in concentra- 
tions varying from 0.25 to 10 gram-molecules to the 
liter. Both cations and anions were found to be effec- 
tive. Lithium, sodium, potassium, ammonium, mag- 
nesium, calcium, strontium, and barium chloride in weak 
solution raised the temperature of gelatinization; and 
with increasing increments of concentration there 
occurred with some a further elevation followed by a 
fall, but with others a fall, the effects being different 
according to the kind of cation present. Sulphate, oxa- 
late, tartrate, acetate, chloride, bromide, nitrate, iodide, 
sulphocyanate, and carbonate of potassium, and also 
calcium nitrate, sodium sulphate, and ammonium sul- 
phate, behaved differently in accordance with the kind 
of anion. With some, in any concentration, the tem- 
perature of gelatinization was raised; with others, with 
increasing increments of concentration a rise was fol- 
lowed by a fall; and with others there was a fall with 
any concentration. Sulphuric acid, hydrochloric acid, 
and acetic acid likewise caused varying effects. With 
sulphuric acid and hydrochloric acid increasing incre- 
ments of concentration caused a rise followed by a fall, 
while under the same conditions acetic acid caused a fall. 
Both potassium hydroxide and ammonia in all concen- 
trations caused a fall. Dextrose and glycerin, which 
are in any concentration without detectable gelatinizing 
action at room temperatures, caused with increasing in- 
crements of concentration a steady elevation of the tem- 
perature of gelatinization ; and urea and chloral hydrate, 
under the same conditions, caused a steady lowering. 
Both acetic acid and potassium hydroxide in any con- 
centration caused a fall; but acetate of potassium in in- 
creasing increments of concentration caused a rise 
followed by a fall. These results are in harmony with 
those obtained by various investigators in swelling and 
precipitation experiments with proteins. 

The starch molecule like the protein molecule has the 
property of acting as an acid or base to form salts, this 
being explicable upon the assumption that both starch 
and protein molecules are produced by a condensation 
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of two different kinds of groups. The starch molecule 
behaves as an amphoteric electrolyte, acting as an acid 
or base in relation to the components of the reagents 
to form different salts, the reactions being attended by 
the splitting off of hydrogen or hydroxyl ions. All of 
the reagents used in this research to gelatinize starch 
are aqueous solutions of electrolytes or imperfect electro- 
lytes, and hence each is partially ionized, the degree of 
jonization varying with the different reagents; more- 
over, there is a variety of elements and molecules, acid 
and base, that may enter into chemical combination with 
the starch molecules. Hence it follows that each solu- 
tion is a complex that consists of molecules of water and 
solute, and of ions of water and of solute. Having now 
a starch molecule that may assume either acid or basic 
properties, and reagents that contain both water and 
various kinds of elements and molecules that may enter 
into chemical combination with the starch to form salts, 
it is obvious that the phenomena of gelatinization or 
swelling, quantitatively and qualitatively, may vary more 
or less markedly in accordance with the chemical reac- 
tions that occur coincidently with the adsorption of 
water. An examination of the list of reagents used in 
this research will show that there are well-defined classi- 
fications or groupings in accordance with peculiarities 
of the substances entering into the reagents as the 
solutes, as, for instance, organic acid, inorganic acids, 
potassium salts, sodium salts, hydroxides, sulphides, ni- 
trates, chlorides, ete. Not only are variations to be 
expected in the reactions because of differences in the 
composition of these reagents, but also because of differ- 
ences in the molecular arrangements of the starch mole- 
cules. If the starches from different plant sources exist 
in different sterecisomeric forms, it seems upon the basis 
of our knowledge of the peculiarities of stereoisomers 
in general that variations in the reactions that are due 
to this peculiarity may be as great or even greater than 
those due to differences in the reagents—that is, that 
variations in the reactions of different starches with a 
given reagent may be as marked or more marked than 
those in the case of a single starch with different rea- 
gents. This has been found to be a fact by the results 
of this research. 

In the study of the phenomena of gelatinization that 
are definitely associated with peculiarities of the rea- 
gents the object has been to demonstrate differences in 
the behavior of different reagents without reference to 
the cause of these differences, except as they go to prove 
the existence of starch in stereoisomeric forms that are 
modified in specific relationship to the plant source. 
Obviously, there would be many advantages in a com- 
bined study of both gross phenomena of gelatinization 
and reactions that occur during and subsequent to gela- 
tinization, and much is to be gained by the use of reagents 
in equimolecular solutions; but certain unavoidable con- 
ditions attending this research made it necessary to 
pursue the studies of the actions of reagents with refer- 
ence to effect and without more than incidental reference 
to cause. 

It will be recognized, from what has been stated, that 
the reactions are conditioned by both starch and rea- 
gent. Having a number of starches of presumably dif- 
ferent stereoisomeric forms, there remained the selection 

EACH AGENT AND REAGENT. 147 

of the kind and concentration of reagents that would 
elicit such differences in the reactions as would demon- 

strate clearly not only isomerism but an isomerism that 
is specific in relation to genera, species, varieties and 
hybrids. It was found advantageous, in formulating 
these solutions, to disregard entirely concentrations upon 

the gram-molecular basis and to determine experimen- 
tally the strengths of solution that seemed best adapted 
to give wide ranges of reaction with different starches 
under the same conditions of experiment. The marked 
variations in the behavior of different starches with a 
given reagent, and of different reagents with a given 
starch, are presented in striking form in Charts Al 
to A 26; but these features are brought out even better 
in certain respects in Charts E 1 to H 46, and very much 
better in most respects in Charts B 1 to B42. The first 
group of charts has been considered in a previous sub- 
section of this chapter; the second group will be taken 
up in a subsequent subsection ; and the third group will 
here be studied in only sufficient detail to meet 
requirements. 

In the construction of the group of charts designated 
B 1 to B 42 the main purpose was to bring out certain 
extraordinary peculiarities in the reactions of selected 
pairs (occasionally more) of reagents with a number 
of starches which are taken tentatively to be representa- 

tive of genera and of subgeneric divisions. In the selec- 
tion of the reagents for comparison it seemed that 
characteristics peculiar to each of the several reagents 
could be presented particularly well if in one group of 
this series of charts the reactions of a given reagent are 
taken as the standard of comparison with the reactions 
of each of the other 25 agents and reagents; and if in 
a second group we compare the reactions of certain two 
or more agents or reagents, selected because of certain 
peculiarities, such as similarity or dissimilarity of agent 
and reagent, this plan was carried out. In the first 
series the reactions of nitric acid are taken as the stand- 
ard; and in the second series the reactions of anilines, 
inorganic acids, hydroxides, sulphides, etc., various com- 
binations of two or more agents and reagents were made. 

To reiterate, there is in the polarization reactions 
no molecular alteration of the starch molecule; color 
reactions are present with gentian violet and safranin 
which are attributable to adsorption without detectable 
attendant molecular disorganization ; in the iodine reac- 
tions there is in all probability a union of iodine and 
starch to form an unstable iodide of starch, but no 
intermolecular breaking down; in the temperature reac- 
tions intermolecular disorganization is associated with 
the adsorption of water, but without the loss of properties 
that characterize the starch molecule; and in the chemi- 
cal-reagent reactions not only intermolecular disorgan- 
ization occurs, but various associated reactions that 
depend upon the acid or base character and particular 
elements and molecules of the reagents. From this it 
would follow that these reactions fall into well-defined 
groups: the polarization, aniline, iodine, temperature, 
and chemical-reagent reactions, respectively. 

When the reaction-intensities with polarization, gen- 
tian violet, safranin, iodine, and temperature are plotted 
out in curves, as in Chart B 1, and the chemical-reagent 
reaction-intensities are plotted out, as in Charts B 2 to 
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B 42, it will be apparent that there is a well-marked line 
of demarcation between these two groups; and also 
that when the five curves of Chart B1 are com- 
pared differences are exhibited that are in harmony 
with the similarities and dissimilarities of the char- 
acters of the reaction-processes. The polarization 
curve stands in its peculiarities quite apart from 
the others, and it appears, on the whole, to be in 
its course without more than incidental relationship to 
the courses of the other curves; but the gentian-violet 
and safranin curves show almost throughout their 
courses, close correspondence in their variations with 
each other (see also Chart B 2), yet an absence of corre- 
spondence with the other three curves. Such differences 
as are recorded in these two curves are doubtless attribu- 
table to errors of experiment. When the crudity of the 
method of valuation of these reactions is considered, it is 
remarkable that the curves are so close, rather than that 
there are.some discrepancies. The iodine and tempera- 
ture curves bear certain well-defined similarities, but 
they lack the close agreement seen in the two aniline 
curves; and they differ enough to indicate that the 
processes involved in the two reactions are not the same. 
The absence of conformity of the aniline and iodine 
curves, together with the agreement of the former, is 
convincing evidence that here also the processes of the 
two sets of reactions can not be the same. While the 
iodine and temperature curves show similarities (Chart 
B 3) they differ as much in general from each other as 
do the iodine and aniline curves. 

It will be seen that the iodine curve remains at vari- 
able distances above the temperature curve, excepting in 
Lilium tenuifolium, L. chalcedonicum, L. pardalinum, 

Iris iberica, Tritonia pottsti, and Phaius grandifolius, 
where in 5 of the 6 it is below and in one the same. 
The iodine valuations are only approximate, yet the 
errors of observation are probably not sufficient to alter 
the curve in any essential respect, at least in so far as 
concerns general comparisons. On the other hand, the 
temperature valuations are approximately scientifically 
correct inasmuch as the errors of experiment fall within 
such very narrow limits as not to affect appreciably 
the position of the curve at any point. While certain 
variations in the quantitative differences between these 
curves, and at points the inversion and reversion of the 
curves, might suggest errors of valuation, they are in 
conformity with the findings shown in the other charts, 
as will be seen. Some of the variations of the iodine 
records are probably due to differences in the behavior 
of this reagent with the capsular and intracapsular parts 
of the grains. Nageli found that iodine in weak solu- 
tions may penetrate the capsular part to the intra- 
capsular part of the grains, coloring the latter but not 
the former. It would seem, therefore, that the iodine 
reactions of the raw starch grains, as here studied, are 
reactions essentially, and with weak solutions solely, of 
the intracapsular part of the grain, and that the differ- 
ences in color values of the reactions are dependent in 
part upon the peculiarities of the intracapsular starch, 
and in part upon variations in the transmissive and 
reactive properties of the capsule. With a given strength 
of iodine solution, when the grains are gelatinized by 
heating, both intracapsular and capsular parts color, the 

former very much more than in the normal grain, and 
the latter a different color from the intracapsular part— 
the former blue, and the latter violet, old-rose, etc. 

Heating the starch grains in water, and various rea- 
gents gelatinize starch, but the molecular processes in- 
volved can not, for reasons stated, be precisely the same. 
The qualitative gelatinization changes in different 
starches differ from each other; those caused by heat 
differ from those caused by chemical reagents; and those 
caused by one reagent differ from those caused by an- 
other. The quantitative differences are in all corre- 
sponding cases far more marked than the qualitative 
changes. In the gelatinization caused by heat the change 
in surface tension that gives rise to the inflow of water 
is due, in accordance with our knowledge in general of 
colloidal swelling, to ionic action. Both hydrogen and 
hydroxy] ions are present, but it seems that the hydrogen 
ion is the effective agent, and effective only at certain 
temperatures that vary with the kind of starch. With 
the chemical reagents there are not only hydrogen and 
hydroxyl ions present, but also they are in compara- 
tively very high concentration; and, moreover, there 
are in the different solutions other kinds of ions and also 
molecules that vary in kind and concentration. In these 
reagents the ion concentration is without the aid of heat 
sufficient to bring about the alteration in surface tension 
that permits of hydration of the starch, and also there 
are components of the solutions that with the ampho- 
teric starch molecule may form various chemical com- 
binations and influence the processes of gelatinization, 
as previously stated. If these statements are justified, 
such should be indicated when, for instance, the tem- 
perature-reaction experiments are compared with those 
of chloral hydrate, pyrogallic acid, nitric acid, and other 
Teagents. 

In comparing the curves of Charts B 4, B 5, and B6, 
it will be seen in each that the temperature-curve differs 
markedly from the reagent curve, although there are 
many suggestions of correspondence in the variations; 
but they differ quite as distinctly from each other as do 
the reagent-curves from each other. Moreover, not only 
are there marked quantitative differences, but these dif- 
ferences not infrequently take the form of inversion of 
the curves, so that while with one starch temperature 
reactivity may be higher than reagent activity, in an- 
other starch there may be the reverse. For instance, in 
the temperature chloral-hydrate chart (Chart B4) it 
will be seen that, here and there, varying direct and 
inverse relationships in the up and down courses of the 
curves occur, the one curve keeps continually above the 
other with variable degrees of separation, and then the 
curves will cross or become inverted, and at varying dis- 
tances recross, such crossing and recrossing occurring a 
number of times. Thus, the temperature curve is higher 
than the chloral-hydrate curve in Amaryllis belladonna, 
Hemanthus katherine, H. puniceus, Nerine bowdent, 
N. sarniensis var. corusca major, Lilium martagon, L. 
tenuifolium, L. chalcedonicum, L. pardalinum, Tris tro- 

jana, Begonia single crimson scarlet, B. socotrana, and 
Miltonia bleuana. In Amaryllis belladonna the tem- 
perature curve is lower than the chloral-hydrate curve, 
but in Brunsvigia josephine the reverse. In the three 
Hippeastrums the temperature curve is the higher; the 



REACTION-INTENSITIES WITH 

difference between the two curves in each is nearly the 
same; both are higher in the second and third than in 
the first; and the curve in all three is lower than in 
Amaryllis and Brunsvigia. In Hemanthus the curves 
are inverted, the temperature curve being the lower, 
and the distance between the curves is practically the 
same. In the Crinums the curves recross, the tempera- 
ture curves being the higher, and the distances between 
the curves in the three species are quite different—in the 
two hardy species the distances are small but different, 
and in the tender species well marked, showing definite 
subgeneric division. In the three Nerines, in the first 
the temperature curve is the higher, and in the second 
and third the lower. In other words, Nerine crispa has 
a higher reactivity in the temperature than in the chloral- 
hydrate reaction, while N. bowdeni and N. sarniensis 
var. corusca major exhibit the opposite peculiarity. 

These remarkable inversions and reversions, both in- 
tergeneric and intrageneric, have been found to be com- 
mon in the researches with the various reagents, as will 
be seen. In Narcissus the temperature curve is again 
the higher, and in Lilium inversion again occurs, the 
temperature curve in all four being the lower, the dis- 
tance between the two curves being very marked in the 
first species, marked in the other three, and nearly the 
same in each. In Jris the temperature curve is the 
higher in the first, third, and fourth, and lower in the 
second ; and the distance between the curves is different 
in each, it being greatest by far in the fourth. Jn both 
Gladiolus and Tritonia the temperature curve is the 
higher, and the difference between the two curves is small 
and practically the same in both genera. In Begonia 
inversion again occurs, in both the temperature curve 
being lower and very markedly lower than the chloral- 
hydrate curve, the separation being greater in Begonia 
socotrana. In Phaius. crossing again occurs, and again 
in Miltonia, the separation in the former being distinct 
and in the latter marked. While the courses of these 
curves vary greatly, the variations are not more than 
in the temperature-pyrogallic acid and temperature- 
nitric-acid charts (Charts B5 and B6), or when the 
temperature curve is compared with that of any other 
of the reagents, or when the curves of almost any two 
reagents arbitrarily selected are compared. 

Comparisons of the temperature-pyrogallic acid and 
temperature-chloral hydrate charts (B 5 and B 4) bring 
out many striking differences: The range of reaction 
intensities of pyrogallic acid is distinctly greater than 
with chloral hydrate; the temperature and pyrogallic- 
acid curves show far less tendency than the temperature 
and chloral-hydrate curves to any relationship in their 
courses; the variations in the degrees of separation in 
the temperature and pyrogallic-acid curves bear no evi- 
dent relationship to what was seen in the temperature- 
chloral hydrate chart; and the points of inversion and 
recrossing of the curves have no correspondence unless 
of apparently a purely accidental character. The tem- 
perature-chloral hydrate reactions with Amaryllis and 
Brunsvigia show only small differences between the two 
curves, the temperature curve being the lower in Amaryl- 
lis and the higher in Brunsvigia; and in the temperature- 
pyrogallic acid reactions the temperature curve is the 
lower in both, and there is extremely little or practically 
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no separation in Amaryllis but marked separation in 

Brunsvigia. In the former, in Hippeastrum, the tem- 

perature curve is the higher, while in the latter it is the 

lower, and the manner of separation of the curves is very 
different. In the former, in Hamanthus, the tempera- 

ture curve is the lower; in the latter, in the first species 
it is the higher and in the second species the lower, and 

the differences in the degree of separation are very 

different. In the former, in Crinum, the temperature 
curve is the higher in all three species; in the latter, it 
is the lower in all three, and the separations of the 
curves wholly unlike. In the former, in Nerine, the 
temperature curve is the higher in one and the lower 
in two; in the latter, it is higher in all three; and while 
the chloral-hydrate curve is high in the former the pyro- 
gallic-acid curve is very low, almost zero, in the latter. 
In both the former and the latter charts, in Lilium the 
temperature curve is the lower, and there are some dif- 
ferences in the separation of the curves. In Jris and 
throughout the remainder of the charts similar differ- 
ences will be found. Comparing now the temperature- 
nitric acid chart (Chart B 6) with the foregoing, it will 
be seen that it presents a very different picture, and 
here also there are the vagrant variations in the degrees 
of separation of the curves and the vagrant inversions 
and reversions, but which do not bear more than acci- 
dental relationships to the variations observed hereto- 
fore. In other words, each chart presents evidence in 
support of certain well-defined principles regarding 
reactive intensities of different starches with different 
reagents, and is a specific and characteristic picture that 
is indicative of the particular reagent. 

From the point of view of strictly fair comparisons of 
the temperature and chemical-reagent reactivities some 
fallacy 1s introduced, because these two groups of reac- 
tivities have not an identical basis of valuation, and 
therefore because the value expressed by the space be- 
tween any two abscisse in the temperature reactions may 
not have the equivalent values of reagent reactions. In 
constructing the temperature scale in this research ad- 
vantage was taken of data obtained in the previous in- 
vestigation, and the scale was made to include what 
was believed to be the lowest and highest temperatures 
of gelatinization of the kinds of starches that were 
likely to be studied, this scale being taken to be the 
equivalent in values of the scale of reaction-intensities 
with reagents that was made to extend between the ex- 
tremes of highest and lowest possible reactivities. But 
it will be seen, upon examination of Charts B 4, B 5, and 
B 6, that the temperature reactions are limited in the 
starches examined between 55.8° (Lilium tenuifolium) 
and 83° (Hemanthus katherine); whereas, in the 
chloral-hydrate reactions the values extend between 5 per 
cent of the total starch gelatinized in 60 minutes 
(Crinum zeylanicum) to 99 per cent in 10 minutes 
(Begonia single crimson scarlet), and in both the pyro- 
gallic-acid and nitric-acid reactions the values vary prac- 
tically from extreme to extreme of the scale. 

The temperature scale as thus constructed represents 
a scale that has just about one-half the abscissz values 
represented by the chemical-reagent scale. If now the 

former scale is modified so that the extremes represent 
the extreme temperatures recorded among the starches 
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studied, the maximum and minimum temperatures will 
be as shown in Chart B 6, in which the temperatures 
as plotted out by the standard scale are represented by 
the heavy continuous line, and those by the modified scale 
by the broken line. It will be seen that the effect of the 
new scale is not only to accentuate differences, but also 
to bring about some differences in the relative positions 
of the curves as regards inversion and reversion. The 
first noticeable difference of importance is seen in Hip- 
peastrum, in which in all three starches with the old 
calibration the temperature curve is the higher, while 
with the new it is lower in two and higher in one, and 
with marked differences in the degree of separation of the 
two curves. In Hemanthus with the former the tem- 
perature curve is the higher in both species, while 
with the latter the two curves are practically alike 
in the first species and the temperature curve is 
very much lower in the second species, and 60 
on throughout the chart. It will be seen, however, that 
the important characteristics pointed out in the preceding 
charts are present with both forms of calibration—that 
is, independence in the variations of the two curves dur- 
ing their progress, with some tendency to concordance, 
inversions and reversions of the curves at points, and 
independence of the fluctuations of the curves of each 
reagent and of the points of inversion, recrossing and 
separation of the curves in each chart of that which is 
recorded in any other chart. The standard calibration 
adopted for the temperature experiments is preferable to 
the other because better adapted for future investigations 
and, therefore, also for comparisons of the results of the 
present research with those of subsequent studies. 

The peculiarities elicited by these charts are extra- 
ordinary; they are harmonious in the demonstration of 
certain fundamental principles ; and they positively indi- 
cate that they are conditioned by both kind of reagent 
and kind of starch. It is, consequently, well worth while 
to extend these studies by means of a group of charts 
in which a given reagent will be taken as a standard of 
comparison with each of the other reagents, and in addi- 
tion to supplement this with another group in which 
each chart shall present the reactive-intensities of two 
selected reagents. To this end one group of charts, 
Charts B’6 to B 30, inclusive, and another, B 31 to B 42, 
have been prepared. In the former the nitric-acid reac- 
tions are taken as the standard of comparison, these 
reactions being particularly well adapted for the purpose 
because of their wide range and their exceptional value 
in the differentiation of genera, subgeneric divisions, 
species, and hybrids. Much space would be required to 
go over all the first group of charts individually and in 
detail, and indeed this is not necessary if the plan 
adopted in comparing Charts B1 and B6 is pursued. 
There are, however, several points to which, because of 
their broad application, especial reference should be 
made: First, the marked differences exhibited by the 
various agents and reagents in the range of activities, 
even when the latter are plotted out upon the same basis 
of valuation, as in the case of all of the chemical rea- 
gents; second, the independence of the curve of each 
agent and reagent of the curve of every other (in several 
instances, however, as in the anilines and copper salts, 
there are no important differences); third, the wide 
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differences in values exhibited by different agents and 
reagents in the differentiation of genera, subgeneric divi- 
sions, species, etc.; fourth, the differentiation of certain 
genera, subgeneric divisions, and species by one reagent 
without differentiation by others; fifth, the differences 
in the manner of differentiation by different agents and 
reagents of genera, subgeneric divisions, and species; 
sixth, the repeated inversions and reversions of the two 
curves in almost every chart, and the entire independence 
of the points of crossing in one chart of those in another ; 
seventh, the marked variations that occur in the degree 
of separation of the two curves in each chart, and in each 
chart compared with each other chart; and eighth, the 
suggestion at least of a tendency to some correspondence, 
varying in extent, throughout the series of curves in the 
up and down movements of the curves. Of not less or 
even of greater interest and value are the second group of 
charts (Charts B 31 to B 42, inclusive) which present 
the reaction-intensities of selected pairs of reagents, such 
as chromic acid and pyrogallic acid, sulphuric acid and 
hydrochloric acid, nitric acid and sulphuric acid, nitric 
acid and hydrochloric acid, potassium hydroxide and so- 
dium hydroxide, potassium sulphide and sodium sul- 
phide, ete. Probably in no other way can the data of 
the specificity of each agent and reagent and of each form 
of starch be more convincingly exhibited. These charts 
are worthy of careful study. 

The differences shown in the reactions of chromic 
acid and pyrogallic acid (Chart B 31) are very striking 
and full of interest, and the chart is worthy of a carefully 
detailed study. Considered from a rather general aspect, 
it will be seen that the chromic-acid curve undergoes 
much less variation than that of pyrogallic acid; that in 
some parts of the chart the chromic-acid curve is higher, 
in other parts lower, and in other parts the same or prac- 
tically the same as the pyrogallic-acid curve; that the 
two curves rise and fall for the most part at the same 
ordinates and at points to indicate generic and subgeneric 
dividing lines; that the quantitative differences between 
the curves vary within wide limits, not only in different 
genera but also among members of the same genus, 
especially among subgeneric representatives; and that 
inversions and reversions of the curves occur at a num- 
ber of ordinates at which such deviations are consistent 
with plant differentiation. 

Among the many peculiarities worthy of more than 
passing notice are the following: In Amaryllis and 
Brunsvigia chromic acid failed to bring out any differ- 
entiation at the end of the 30-minute period, at which 
time there was 99 per cent of the total starch of each 
gelatinized, although, as shown by our records during 
the earlier part of the experiments, the former showed 
distinctly less reactivity than the latter. Pyrogallic acid 
elicited, from the beginning and throughout the reaction, 
very definite differentiation; and it showed very much 
less reactivity than chromic acid with Amaryllis, but the 
same reactivity with Brunsvigia, 90 per cent of the former 
being gelatinized in 60 minutes and 98 per cent of the 
latter, in 30 minutes. The Hippeastrums show dis- 
tinctly higher reactivities with chromic acid than with 
pyrogallic acid, and the quantitative differences exhibited 
by H. titan and H. ossultan are very markedly larger 
than those shown by H. deones. In Hemanthus the 
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reactivities with chromic acid are moderate and those 
with pyrogallic acid very low; while the corresponding 
reactivities with H. puniceus are high and very high, 
respectively. The chromic-acid reaction is as much 
higher than the pyrogallic-acid reaction in H. katherine 
as it is lower in H. puniceus. This interesting inver- 
sion of reactive intensities of the two starches with these 
reagents is consistent with well-separated characters of 
these species, as already pointed out. In Crinum the two 
hardy species are much more reactive to chromic acid 
than to pyrogallic acid, whereas the reverse relationship 
is seen in the reactions of the tender species; moreover, 
curves of the latter are inverted in comparison with the 
former. In Nerine the chromic-acid reactions are mod- 
erate, while those of pyrogallic acid are so very low as to 
be almost absolutely negligible, making a very marked 
difference between the reaction-intensities. In Narcissus 
the chromic-acid reaction is moderate and the pyrogallic- 
acid reaction low, but without much difference between 
them. In Lilium all of the reactions are high to very high, 
the chromic-acid reactions being the higher except in one 
species, in which both reactions are the same, although 
during the earlier part of the experiments chromic acid 
showed a somewhat higher reactive intensity than 
pyrogallic acid. 

The degree of separation of the two curves in the 
other three specimens is not alike in any two. In Iris 
the chromic-acid reactions are high in all four starches, 
and the pyrogallic-acid reactions moderate in two, low 
in one, and very high in one. The distance between the 
curves is marked in all four, and in J. persica var. 
purpurea the curves are inverted—in other words, the 
first three starches are more sensitive to chromic acid than 
to pyrogallic acid, while in the last there is the reverse. 
Throughout this group of charts it will be seen that this 
form of Iris exhibits a number of peculiarities of reac- 
tivity which definitely differentiate it from the preceding 
three, which in turn seem to be closely related in 
their reactivities. Inversion and reversion of the curves 
of the irids corresponding to the foregoing will be found 
in Charts B 7, B8, B9, B10, B12, B 22, and B36. In 
Gladiolus and Tritonia the chromic-acid reactions are 
high and the pyrogallic-acid reactions moderate, the 
reactions of the two starches with each reagent being 
the same or practically the same, but the reaction-intensi- 
ties with the two reagents being markedly different. In 
Begonia the chromic-acid and pyrogallic-acid reactions 
are distinctly higher in Begonia single crimson scarlet 
than in B. socotrana, and the difference between the two 
reactions is very much greater in the latter than in the 
former. In Phaius and Miltonia the chromic-acid reac- 
tions are much higher than the pyrogallic-acid reactions, 
but the amount of separation between the two curves is 
nearly the same. 

Examining this chart (B31) from the aspect of 
generic and subgeneric differentiation, it is essential 
to bear in mind that certain genera are represented by 
individuals that show such marked differences as to 
indicate that they belong to subgenera or some other 
form of subgeneric division, as in Hemanthus, Crinum, 
Iris, and Begonia, and that on this account variations of 
their curves may be such as to appear to be opposed to 
recognized generic grouping. With this peculiarity in 
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view, beginning with Amaryllis and Brunsvigia (closely 
related genera), it will be seen the positions of the two 
curves in each are very different—in Amaryllis the two 
curves are well separated, but in Brunsvigia they are 
the same. There is here a definite separation of the two 
genera. These genera are well separated from Hippeas- 
trum, and the latter from the Hemanthus, by the marked 
differences in the curves. In the three forms of Hip- 
peastrum the chromic-acid curve is higher or even much 
higher than in the preceding and succeeding genera, and 
it is in two well above and in one definitely above the 
pyrogallic-acid curve. The pictures presented by the 
curves in these three genéric groups are so different that 
one could not possibly be confounded with another. In 
Hemanthus there is a drop of the chromic-acid curve 
in H. katherine and H. puniceus; and a very marked 
drop of the pyrogallic-acid curve in the former, but a 
marked rise in the latter, giving rise to a well-defined 
separation of this genus from Hippeastrum and to inver- 
sion of the curves in H. puniceus with consequent separa- 
tion of the two species. In Crinum the picture is again 
different, there being a rise of the chromic-acid curve 
accompanied by a rise of the pyrogallic-acid curve in 
two and a fall in one. 

Inversion of the curves occurs in relation to C. zey- 
lanicum, this feature of itself differentiating this tender 
species from the two hardy species. In Nerine the pic- 
ture is again and markedly altered. Both curves fall, 
the chromic-acid curve to a moderate level and the pyro- 
gallic-acid curve almost to zero, and with very little or 
practically no difference in the reactivities of the four 
starches with each of the reagents. In Narcissus, while 
the chromic-acid curve remains at practically the same 
level as in Nerine the pyrogallic-acid curve has risen 
almost to the level of moderate reactivity, thus causing 
some separation of the two curves and giving a generic 
combination of the two curves which differs from that 
found in any other part of the chart. In Lilium the 
picture is again changed and is again distinctive of the 
genus. And so on, as we pass to Iris, Gladiolus and 

Tritonia, Begonia, Phaius, and Miltonia, the curves vary 

in their positions and degree of separation in such man- 
ners as to differentiate or suggest, as the case may be, 
not only generic but subgeneric groups. The Gladiolus 
and Tritonia curves are practically identical, the explana- 
tion for which has been referred to repeatedly. The 
first three and the last of the Iris are well separated ; 
but Begonia shows curves of the two starches which, 
while well separated, rather indicate well-separated spe- 
cies than representatives of subgenera, as in the case of 
many of the other charts. 

While it is true that in a number of instances a genus 
is represented by only a single species and that, inasmuch 
as the reactivities of different species of a genus exhibit 
varying reactivities with the same reagents and thus sug- 
gest that the differences (in so far as they are applied 
to the differentiation of genera) may be merely casual, 
it will nevertheless be found perfectly clear by examina- 
tion of the accompanying charts that the evidence in sup- 
port of the generic and subgeneric differentiations and 
other relations here noted is cumulative and convincing. 
The very marked differences in the reactivities of sub- 
generic groups which are quite as great, on the whole, 
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as those of different genera, represent probably the most 
remarkable feature of the chart, and they might natur- 
ally be regarded as being accidental were it not that 
corresponding peculiarities have been recorded in nearly 
all instances where the reactivities of two agents or 
reagents have been compared. A further consideration 
of this striking phenomenon will be taken up later. 

The inorganic acids, here typified by nitric acid, sul- 
phuric acid, and hydrochloric acid (Chart B32) are of 
pecular interest because of their pre-eminently hydrionic 
character, and because in each, in accordance with ionic 
action in relation to the swelling of proteins, the active 
agent in bringing about the alteration in surface tension 
that initiates gelatinization is the anion. But that these 
ions alone are insufficient to account for differences in 
the phenomena of gelatinization due to these agents, that 
the cations in each acid play a part, and that the reac- 
tions are modified by both concentration and kind of 
ions, is rendered apparent by a study of the curves. The 
most conspicuous features of this chart are: The wide 
differences exhibited by the different kinds of starch, 
and the obvious generic and subgeneric groupings; the 
identity or practical identity of the reactions of two or all 
three of the acids with certain starches in contrast with 
the marked to very marked variations with others; and 
the tendency generally for the nitric-acid and the hydro- 
chloric-acid curves to run closely together and, as a rule, 
well apart from the sulphuric-acid curve, with, however, 
occasional greater closeness of the hydrochloric and sul- 
phuric-acid curves than of the nitric-acid and hydro- 
chloric-acid curves. This separation of the curves, while 
in part unquestionably due to differences in concentra- 
tion of the reagents, is also partly due to differences in 
the characters of the reactions dependent upon the ca- 
tions. In Amaryllis and Brunsvigia all three reagents 
yield exceedingly rapid reactions, but in Brunsvigia 
the nitric-acid reaction is distinctly less rapid than the 
sulphuric-acid and hydrochloric-acid reactions, the last 
two being the same. In Crinum moorei, Lilium mar- 
tagon, L. tenuifolium, L. chalcedonicum, L. pardalinum, 
and Begonia single crimson scarlet the reactions with all 
three reagents are very rapid, and are the same or prac- 
tically the same. The sulphuric-acid and hydrochloric- 
acid reactions are nearly the same or practically the 
same in Brunsvigia josephine, Crinum longifolium, Iris 
persica var. purpurea, Phaius grandifolius, and Miltonia 
blewana. The nitric-acid and hydrochloric-acid reac- 
tions tend to be close to very close, and at the same time 
well separated from the sulphuric-acid reactions, in Hip- 
peastrum titan, H. ossultan, H. deones, Hemanthus 

katherine, Crinum zeylanicum, Iris iberica, I. trojana, 
and I. cengialtt; to be approximately mid-intermediate in 
Hemanthus puniceus, Nerine crispa, N. bowdeni, N. 

sarmensis var. corusca major, Narcissus tazetta grand 
monarque, Gladiolus Tristis, and Tritonia pottsit. 

Curiously, in only 1 of the 28 starches (Begonia soco- 
trana) is the hydrochloric reaction lower than the reac- 
tions of the other two acids ; and not only is the difference 
in the reaction-intensities very marked between this and 
the next closer or nitric-acid reaction, but the difference 
between the latter and the sulphuric-acid reaction is also 
very marked ; and the three reactions form a group that 
is widely and remarkably different from the reactions 
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observed in the other Begonias. It is of especial interest 
to note that in Hemanthus, Crinum, and Iris, among 
which there are subgeneric representatives, the sub- 
generic differentiation is in each genus well marked. 
These extraordinary variations in the relations of the 
reactions of the three reagents are inexplicable upon the 
basis merely of differences in ionic and molecular con- 
centration of the reagents; or upon differences in the 
starches that may be assumed to be due to varying pro- 
portions of components of a mechanical mixture; or 
upon differences in reaction owing to the amount or kind 
of impurities; but they are entirely explicable upon the 
basis of different stereoisomeric forms of starch that 
have specific and varying relationships to the kinds and 
concentrations of solutes in aqueous solution. 

The potassium-hydroxide and sodium-hydroxide chart 
(Chart B33) presents features which, while less ex- 
traordinary, are quite interesting and significant. These 
reagents, like the acids, bear very close relationships, 
but there are aqueous solutions that are pre-eminently 
cationic, and here, as in the acid chart, it will be seen 
that reaction-intensities vary within the extremes of the 
abscisse and elicit very definitely but in modified forms 
the generic and subgeneric divisions that are brought 
out so strikingly by the acids. Moreover, it is perfectly 
obvious that here, as in preceding charts, while certain 
differences may justifiably be attributed to differences 
in the concentration of the reagents, other differences 
seem to be inseparable from the presence of stereoiso- 
mers and of components of the solute that form specific 
and variable kinds of products through chemical union 
with the raw-starch molecules and their derivatives. 
The concentration of the potassium-hydroxide solution 
is 1.5 grams to 110 c.c. of water, and of the sodium- 
hydroxide solution 0.5 gram to 100 c.c. of water. It will 
be seen that the curves tend for the most part to keep 
close together in their variations; that while generally 
the potassium-hydroxide curve is the higher it is in a 
number of instances somewhat or even markedly lower, 
and in other instances the same or practically the same 
as the sodium-hydroxide curve; and that the generic and 
subgeneric divisions that were demonstrated in the pre- 
ceding charts are here also elicited but in modified forms. 
The two reactions are the same or practically the same 
in Hemanthus katherine, Crinum zeylanicum, Lilium 
martagon, L. tenuifolium, L. chalcedonicum, L. parda- 
linum, Iris trojana, and Begonia single crimson scarlet. 
The potassium-hydroxide reactions are higher in all of 
the remaining starches excepting Crinwm longifolium, 
Narcissus tazetta grand monarque, Iris iberica, I. cen- 

gialti, I. persica var. purpurea, Gladiolus tristis, and 
Tritonia pottstt, in which group it is markedly to very 
markedly lower, chiefly the latter. The very marked 
differences in the reaction-intensities of the two rea- 
gents in Nerine and Begonia in comparison with the dif- 
ferences generally stand out very conspicuously. 

One feature of especial interest is to be noted in the 
species of Crinum: C. mooret is more sensitive to potas- 
sium hydroxide than to sodium hydroxide; C. longifo- 
lium shows the reverse; and C. zeylanicum about equal 
reactivity with the two reagents. Another feature is to 
be found in species of Iris, the first three showing with 
sodium hydroxide the same sensitivity and the last a 
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very much higher sensitivity than the former; while 
with potassium hydroxide there are three gradations of 
sensitivity. The reactions of Iris persica var. purpurea 
differentiate it from the first three members of this 
genus. Another feature is seen in the very striking 
differences in Begonia; in the first Begonia both reac- 
tions are yery high and the same, while in the second the 
potassium-hydroxide reaction is similarly high and the 
sodium-hydroxide reaction is low and far separated from 
the former. 

Potassium sulphide and sodium sulphide (Chart 
B 34) elicit reactions which as a whole are quite different 
from those recorded in the preceding charts, but are 
nevertheless in entire support of the fundamental pecu- 
liarities that have been found to be set forth by the 
reactions of each pair of reagents thus far studied—that 
is, an independence of each reagent in its reactions that 
is due to both concentration and kind of solute; an inde- 
pendence of the reactions of each starch that is dependent 
upon differences in stereoisomeric forms; and an inde- 
pendence of the course of each curve to such a degree 
that there may not only be most variable quantitative 
differences but also inversion, yet with a manifest ten- 
dency to conforming with the peculiarities of a prototype 
(say the nitric-acid curve). Probably the first feature 
that will attract attention is the very marked differences 
in the behaviors of Amaryllis and Brunsvigia with these 
closely related reagents, the former exhibiting a very 
high reactivity with potassium sulphide and a moderate 
reactivity with sodium sulphide, thus showing a very 
wide difference in reactivity, there being 97 per cent of 
the total starch of Amaryllis gelatinized in 3 minutes 
and only 91 per cent of the total starch of Brunsvigia 
in 60 minutes; whereas with sodium sulphide the reac- 
tivities of both starches are very nearly the same, 90 and 
96 per cent, respectively, in 60 minutes being recorded, 
Amaryllis throughout the course of the reaction showing 
only slightly less reactivity than Brunsvigia. 

It will be noted that the two curves here are entirely 
different from those of the three preceding charts (Charts 
B 31, B32, and B33), which also so differ from each 
other that each chart is very definitely individualized. 
The reactions of the sulphides are the same or practically 
the same in Brunsvigia josephine, Hippeastrum titan, 
H. ossultan, Hemanthus josephine, Crinum zeylanicum, 
Lilium martagon, L. tenuifolium, L. chaleedonicum, L. 
pardalinum, and Begonia single crimson scarlet. The 
potassium-sulphide reactions are higher in Amaryllis bel- 
ladonna, Hemanthus puniceus, Nerine crispa, N. bow- 

deni, N. sarniensis var. corusca major, Begonia socotrana, 
and Phaius grandifolius; and lower in Hippeastrum 
deones, Crinum moorei, C. longifolium, Narcissus tazetta 
grand monarque, Iris iberica, I. trojana, I. cengialti, I. 

persica var. purpurea, Gladiolus tristis, Tritonia pottsii, 
and Miltonia vevillaria. For the most part the curves are 
well separated, this feature being particularly accen- 
tuated in Amaryllis belladonna, Crinum mooret, Nerine 

crispa, Iris persica var. purpurea, and Begonia socotrana. 
Hemanthus katherine and H. puniceus are not nearly 
so well differentiated as in the preceding charts; the 
hardy and tender Crinums are well differentiated, as 
in the previous pairs of reactions. The Irids show nearly 
the same reactivities with potassium sulphide, while three 
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show nearly the same reactivities with sodium sulphide, 
but higher than with potassium sulphide, and one a very 
much higher reactivity than the first three with sodium 
sulphide and a corresponding difference in relation to 
potassium sulphide, showing a marked subgeneric sub- 
division such as was noted with other reagents. In 
Gladiolus and Tritonia the potassium-sulphide curves are 
well below the sodium-sulphide curves, the difference in 
each being about the same. In Begonia the differentia- 
tion of the two starches is very striking. In Phaius and 
Miltonia the generic differences are pronounced, not 
only in regard to the degree of separation of the curves, 
but also in respect to the inversion of the curves. The 
high reactivities shown in Amaryllis belladonna, Nerine 
crispa, and Begonia socotrana with potassium sulphide 
in comparison with the moderate to very low reactivities 
with the other reagent, together with the very opposite 
in Crinum mooret, Iris persica var. purpurea, and Mil- 
tonia bleuana, are striking manifestations of differences 
in the molecular constitution of starches from different 
plant sources. 

The reaction-intensities of potassium iodide and po- 
tassium sulphocyanate (Chart B35) present very much 
closer relationships than do those of any of the pairs of 
reagents thus far considered, yet here also are found 
the fundamental peculiarities that have characterized all 
of the comparisons brought out in the preceding charts. 
The reactivities of these reagents are the same in Haman- 
thus katherine, Crinum moore, C. zeylanicum, C. longi- 

folium, Lilium martagon, L. tenutfolium, L. chalcedoni- 

cum, L. pardalinum, and Begonia single crimson scarlet. 
The reactions of potassium iodide are higher than those 
of potassium sulphocyanate in Amaryllis belladonna and 
Brunsvigia josephine, and lower with all of the remain- 
ing starches, except the group noted. The curves show 
for the most part a marked concordance in their up- 
and-down movements, but the degree of separation of 
the curves is quite variable and there are inversions only 
of Amaryllis and Brunsvigia. 

A comparative examination of the curves of the reac- 
tions of sodium hydroxide and sodium salicylate (Chart 
B36) brings out one very exceptional feature that is 
associated with the latter reagent, and various features 
that are in harmony with characteristics that are com- 
mon to the other charts. The marked limitations of the 
reactions of sodium salicylate are most striking and 
peculiar to this reagent. In only two reactions (those 
with Crinum zeylanicum and Begonia single crimson 
scarlet) is there a departure from the narrow limits of 
the upper six abscisse (a trifle more than one-fourth 
of the highest and lowest limits of reaction-intensities). 
This limitation greatly restricts the value of the reagent 
in the differentiation of starches from different plant 
sources, yet there are in some instances marked to very 
marked differentiation, especially of subgeneric groups. 
The differences in the reactions of the two species of 
Hemanthus are not of themselves sufficient to definitely 
indicate subgeneric division, but rather well-separated 
species ; in Crinum the two hardy forms are well differ- 
entiated from the tender form; in Iris the first three 
stand definitely apart from the fourth; and in Begonia 
there are striking differences between the two starches. 
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The independence of the variations in the courses of 
these two curves, together with the individuality of the 
salicylate curve when compared with curves of the reac- 
tions of the other reagents, suggests peculiar relation- 
ships of the salicylate with the starch molecule that are 
worthy of special study. While this reagent is, at least 
in the concentration used, of comparatively little value 
in the differentiation of genera, it is not only of marked 
usefulness in recognition of subgeneric groups, as stated, 
but also in the differentiation of species and hybrids (see 
Chart A 18, page 183) ; and it has proven of much value 
in the study of the qualitative reactions of different 
starches, as will be found by reference to data in Part II 
and to Tables C1 to C17 in subsequent pages. Lens 
(Seventh Inter. Congress Applied Chem., London, 1909 ; 
Jour. Soc. Chem. Ind., 1909, xxv11, 731) had already 
found that this reagent could be used in the microchemi- 
cal differentiation of starches from different sources. 
He states that if a trace of rye starch, in a hanging drop 
of a solution of 1 part of sodium salicylate in 11 parts 
of water, is examined under a magnification of 200, at 
the ordinary temperature, it will be found that after the 
lapse of an hour (more distinctly after 24 hours) most 
of the large granules have swollen and that only a small 
part resists the action of the salicylate and still shows the 
polarization cross between crossed nicols. In the case 
of wheat starch, only a few of the large granules become 
swollen; after 1 to 24 hours the outline of the unswollen 
wheat starch-granules is sharply defined, and the gran- 
ules, unlike those of rye starch, do not become flattened 
(starch of any kind which has been altered by storage in a 
moist condition swells on treatment with the salicylate 
solution). Barley and millet starches swell to a small 
extent only. Only few of the grains of oat, maize, rice, 
potato, bean, pea, lentil, and arrowroot starches become 
swollen. 

The calcium-nitrate and strontium-nitrate curves 
(Chart B 37) exhibit wide excursions, those of the latter 
being the more marked; and the fluctuations tend with 
few exceptions to correspond in their directions, although 
with more or less marked quantitative variations. Both 
generic and subgeneric differentiations are as conspicuous 
as in the preceding charts; but inversion of the curves 
does not occur at any point. The reactions of these 
reagents are the same or practically the same in Amaryllis 
belladonna, Hemanthus katherine, Crinum zeylanicum, 
Lilium chalcedonicum, L. pardalinum, and Begonia sin- 
gle crimson scarlet ; and very nearly the same in Hippeas- 
trum titan, L. martagon, and L. tenuifolium. Else- 

where the differences range within variable limits, the 
widest being in Brunsvigia josephine, Crinum moorei, 
C. longifolium, Nerine crispa, N. bowdeni, N. sarniensis 
var. corusca major, and Begonia socotrana. 

The curves of the uranium-nitrate and cobalt-nitrate 
reactions (Chart B 38) bear in general close relationships 
to the curves of the preceding chart, the most noticeable 
differences being apparent in the generally higher reac- 
tivities of calcium nitrate and strontium nitrate, par- 
ticularly the latter. The curves tend to be distinctly 
closer than with the latter reagents; no inversion of the 
curves occurs at any place; and generic and subgeneric 
differentiations, especially the latter, are with rare excep- 
tions well marked. 
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The copper-nitrate and cupric-chloride curves (Chart 
B39) are very similar to those of the two preceding 
charts, the reactions tending to be the same or somewhat 
greater than with uranium and cobalt nitrate, but as a 
whole distinctly lower than with calcium nitrate and 
strontium nitrate. Both generic and subgeneric dis- 
tinctions are well marked. 

Barium chloride and mercuric chloride in the con- 
centrations used are the weakest of all of the reagents in 
the gelation of starch. Both curves (Chart B40) are 
therefore lower, as a whole, than is found in the other 
charts, the barium-chloride curve being distinctly the 
lowest curve recorded. The fluctuations in this chart 
are in close correspondence with those of the imme- 
diately preceding charts. No inversion of the curves 
occurs except possibly in Hemanthus puniceus, where 
the difference in the reactions falls within the limits of 
error of experiment. 

Reviewing these charts, as a whole, from both general 
and special aspects, it will be found that they may be 
divided primarily into two well-defined groups in accord- 
ance with the peculiarities of the curves: first, those 
showing the reactions with polarization, gentian violet, 
safranin, and iodine; second, those showing reactions 
with temperature and chemical reagents. This distinc- 
tion is due in part to differences in the method of cali- 
brating reaction-values and (in part and chiefly) to 
differences in the inherent characters of the reactions. 
As before noted, and of fundamental importance at this 
juncture, the scale-values in the experiments with polar- 
ization, gentian violet, safranin, iodine, and temperature 
are different from those in the chemical reagent experi- 
ments; the polarization reaction is an optic phenomenon 
that is without associated molecular disturbance; the 
gentian-violet and safranin reactions are probably sim- 
ple phenomena of adsorption, but without apparent 
molecular disturbance; the iodine reaction is probably 
a manifestation of chemical combination of the iodine 
with the starch to form a feeble union, but without 
a detectable appearance of intermolecular disorganiza- 
tion; the temperature reaction elicits an intermolecular 
disaggregation that is associated with hydration; and 
the chemical-reagent reactions are expressions of not only 
intermolecular breaking down and hydration, but also 
various quantitative and qualitative modifications in the 
starch molecules and their derivatives that depend upon 
differences in concentration and components of the rea- 
gents, the starch molecule because of its amphoteric 
properties combining with both acids and bases, and the 
gelatinization processes being more or less modified by 
some reagents by associated chemical changes. The 
polarization curve (Chart B1) bears no well-defined 
telationship, except of an apparently accidental charac- 
ter, to any of the other curves. The gentian-violet and 
safranin curves (Chart B2) are very much alike, and 
where differences are noted they are doubtless to be 
attributed to errors of experiment; and these curves 
stand apart from all other curves. The iodine and tem- 
perature curves (Chart 3) show in general a closeness 
which suggests that since in the temperature reaction 
there is intermolecular disorganization there is a more 
marked molecular change in the iodine reaction than is 
shown by the microscope in ordinary or polarized light. 
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Inasmuch as the temperature valuations are quite 
exact (as exact as the determinations of the melting- 
points of crystalline substances), and as the iodine valua- 
tions are of a gross character, it seems probable that 
seeming deviations from what is judged to be the normal 
in the two charts may be due to errors of experiment ; 
but some of these differences are explicable only upon 
the assumption of peculiarities of the molecules of the 
different starches, causing them to behave differently 
with different reagents, as was found in the study of 
the reactions with the chemical reagents. The tempera- 
ture curve, while very much more limited in its excur- 
sions than the curves of most of the chemical reagents, 
bears in general a well-defined relationship in its fluc- 
tuations to the variations collectively of the latter. This 
relationship becomes more obvious when the temperature 
values are in a modified form to render them more con- 
sistent with the chemical reagent values, as shown in 
Chart B6, in which the temperature and nitric-acid 
curves are figured, the former being exhibited in_ one 
curve in accord with the standard calibration and in 
another with a modified valuation so formulated that 
these values, like the chemical reagent values, extend 
over the entire limits of chart between the highest and 
lowest abscissee. When, however, the iodine values are 
similarly modified (Chart B 8) there is no more similar- 
ity, on the whole, between this modified form of curve 
and the nitric-acid curve than there is when the standard 
calibration is used—in fact, if anything, there is a 
greater lack of correspondence. Comparisons of this 
modified curve with curves of the reactions of other 
reagents are fully confirmative of these findings in sup- 
port of inherent differences in the behavior of the starch 
molecules in these reactions. In a word, these facts 
indicate quite convincingly that the iodine, temperature, 
and nitric-acid reactions are in some way or ways funda- 
mentally different and that there is an obscure rela- 
tionship between the temperature and nitric-acid curves 
that does not exist between the iodine and nitric-acid 
curves. In these comparisons the nitric-acid curve has 
been taken as a prototype of the chemical-reagent curves. 
When the latter are individually compared with this 
prototype and with each other it will be found that, while 
no two are alike, all conform to this type in a manner 
that is comparable to the conformity of the members of 
a genus to a generic prototype. In other words, the 
variations shown by the different reagents are comparable 
to the variations exhibited by the members of a genus. 

Sufficient reference has doubtless been made to the 
peculiarities of the reactions of the various reagents, 
individually and in couples, that are specific to each 
reagent in association with peculiarities of the various 
stereoisomeric forms of starch, yet it seems that addi- 
tional statements may be made with profit in respect 
especially to certain reactions of well-defined natural 
groups of reagents, such as the inorganic acids, hydrox- 
ides, sulphides, nitrates, chlorides, potassium salts, so- 
dium salts, copper salts, etc. The only organic acid used 
in this research is pyrogallic acid, to the solution of 
which was added a small amount of oxalic acid for the 
purpose of preservation. Chromic acid, while belonging 
to the inorganic group that comprises nitric, sulphuric, 
and hydrochloric acids, may for certain reasons be con- 
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sidered with pyrogallic acid, and then with the other 
three acids. Chromic acid acts on the starch grain in 
a manner that is not only entirely individual and distinc- 
tive in comparison with the actions of the other acids, 
but also quite different from that of any other reagent. 
This acid causes the grain at first to be altered into a 
gelatinized capsule and a semi-liquid contents; the cap- 
sule then ruptures at some point and the contents flow 
out; and then both capsular part and escaped contents 
pass rapidly into solution. Pyrogallic acid brings about 
changes that belong to a fundamental type that is com- 
mon to the other chemical reagents, but variously modifi- 
able with each reagent. By comparing the chromic-acid 
and pyrogallic-acid curves (Chart B 31), and then these 
with the nitric-acid, sulphuric-acid, and hydrochloric- 
acid curves (Chart B32), it will be seen that the first 
two differ markedly from each other, that the chromic- 
acid curve is not in closer relationship than the pyro- 
gallic-acid curve to the curves of the group of inorganic 
acids, and that the pyrogallic-acid curve is more closely 
related than the sulphuric-acid curve to the nitric-acid 
and hydrochloric-acid curves. The sulphuric-acid curve 
in comparison with the nitric- and hydrochloric-acid 
curves appears to be vagrant, but this seeming discrep- 
ancy may be due, in a large measure at least, to the 
higher reactive-intensity of this reagent. 

These five reagents undoubtedly have, because of their 
inherent chemical differences, different chemical relation- 
ships to the starch molecule and accordingly yield reac- 
tions that can not be identical qualitatively. Chromic 
acid and nitric acid apparently stand apart from the 
other acids because of their oxidizing properties, but it 
may be, as suggested by the investigations of Sacharow 
and of Griiss (see previous memoir, pages 95, 146, and 
186), that oxygen is essential in both the initial and final 
stages of the saccharification of starch. If this is so, 
the part played by oxygen in the actions of the other 
reagents is masked. However, chromic acid has been 
used commercially to liquefy starch and form dextrin 
and sugar because of its asserted oxidizing power. Nitric 
acid has been found similarly valuable to form oxalic 
acid from starch and other carbohydrates. Pyrogallic 
acid, on the other hand, is an active deoxidizer, taking 
up oxygen freely ; and, moreover, this acid does not, as is 
well known, form true salts. Both sulphuric and hydro- 
chloric acids have been employed by a large number of 
investigators to reduce starch to dextrin and sugar (see 
Publication No. 173, page 104). While our knowledge of 
the exact characters of the intermediate products of 
saccharification is very limited, it is justifiable, from 
what is known, to assume that the interactions of these 
various reagents with the starch molecule may be quite 
as varied as those which occur in the evolution of oxygen 
from peroxides, chlorates, and permanganates, respec- 
tively, and that they may differ even more than the proc- 
esses of enzymes and acids, respectively, in the liquefac- 
tion, dextrinization, and saccharification of starch (see 
previous memoir, page 149). 

Probably no two pairs of curves elicit more interest 
than those of potassium and sodium hydroxides and nitric 
and hydrochloric acids when the members of each pair 
and of the two pairs are compared. The first two rea- 
gents are pre-eminently cationic; the latter is pre-emi- 
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nently anionic. It might naturally be expected that if one 
of the two reagents of either pair exhibits a higher reac- 
tivity than the other member of the pair with a given 
starch the same relationship in reaction-intensity should 
be found in the reactions with other starches, but it will 
be seen in each of these pairs of curves that there is not 
only an absence of consistent relationship in so far as one 
curve is always higher than the other, but also in other 
respects, so that there is more or less marked inde- 
pendence in the courses of the curves—independence 
quite as conspicuous as has been found in the compari- 
sons of any pair of microscopic and macroscopic charac- 
ters of the plants themselves. Thus, in Amaryllis bella- 
donna with potassium hydroxide (Chart B33) there 
is complete gelatinization in 1 minute, and with sodium 
hydroxide a not quite complete gelatinization in 3 min- 
utes; while in the Brunsvigia josephine reactions the 
records with the same reagents are 98 per cent in 1 
minute and 95 per cent in 15 minutes, respectively. 
With the first starch the reagents exhibit but little dif- 
ference, but with the second a marked difference, while 
in both the potassium hydroxide is the stronger in its 
actions. In other instances the values may be the same, 
or the curves may be more or less separated, or inverted 
so that the potassium hydroxide is the less effective. 

Passing from starch to starch it will be seen that 
the separation of the curves observed in Brunsvigia is 
as well marked in Hippeastrum. In Hemanthus kath- 
erine the reactions of both reagents are very slow, almost 
nil; but in H. puniceus there is a wide separation of the- 
curves, the potassium curve being high and the sodium- 
hydroxide curve low. In Crinum mooret the two reac- 
tions are very high and in C. zeylanicum very low. In 
C. longifolium both are very high, but not so high as in 
C. mooret. In C. mooret and C. zeylanicum there is in 
each litile difference in the potassium and sodium curves, 
in the latter practically none; but in C. longifoliwm the 
curves are well separated. Subgeneric differentiation 
here, as in the case of the species of Hemanthus, is 

quite marked. In Nerine the two curves are antipodal, 
the potassium-hydroxide curve being very high and the 
sodium-hydroxide curve very low, making the separation 
exceptionally wide. In Narcissus the curves of both rea- 
gents are low to very low, and the reactivities of the 
reagents are in inverse relationship to what has been 
heretofore noted, this starch being more responsive to 
the sodium than to the potassium salt. In Lilium 
the reactions with both reagents take place with such 
rapidity that there is not satisfactory differentiation. 
In Jris interesting differences in the curves are seen, and 
so on with the other starches. Similar peculiarities will 
be found in the comparisons of the curves of the pair 
of acids. 

Comparing now the pairs of acid: and base curves 
(Charts B 15 and B 38) it will be noticed that notwith- 
standing the opposite characters of the ions the curves 
of the two charts bear in general resemblances that con- 
form closely to a common type of curve ; that in each pair 
one of the two reagents tends to be the more active, 
or to have the same reactivity as the companion reagent 
throughout most of the chart; that in each pair of 
curves the quantitative relationships may be so altered 
that there may be not only very variable degrees of dif- 
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ferences in the extent of separation of the curves, but 
also inversions and recrossings of the curves; and that 
in the two charts the ordinates at which sameness of 
reactivity-intensity of the reagents, higher reactivity 
of one reagent over the other, inversion, recrossing, etc., 
may have no correspondence. These facts demonstrate 
an individuality of each reagent and each form of starch. 

It will also be seen that while the two pairs of curves 
are in general in their fluctuations in accord they may 
not correspond in the extent of the variations. This 
feature is conspicuous in Nerine, Narcissus, Iris, Gladi- 

olus, Tritonia, and Begonia. Thus, in Nerine both of 
the acid curves fall, the hydrochloric-acid curve for the 
first two species (the values for the second and third be- 
ing the same), and the nitric-acid curve for all three 
species, making about the same difference between the 
two curves for the first two species and a more marked 
difference for the third species. The picture here is 
entirely different from that of the potassium and sodium- 
hydroxide chart. In Narcissus the hydrochloric-acid 
curve is high and the nitric-acid curve very low; the 
potassium and sodium-hydroxide curves are both very 
low; the nitric-acid reaction is practically the same as 
that of potassium hydroxide, somewhat lower than that 
of sodium hydroxide, and markedly lower than that of 
hydrochloric acid. In Iris both acid curves fall to the 
level of moderate to low reactivity in the first three 
starches, and in all practically the same; but in the 
fourth starch both reactions are very high, the hydro- 
chloric-acid reaction being distinctly higher than the 
nitric-acid reaction. With the base reagents both curves 
fall to the level of high to moderate reactivity in the 
first three starches, and rise to high reactivity in the 
fourth starch. The positions of the curves of the first 
three starches differ entirely from those of the acids, 
while those of the fourth starch are practically precisely 
the same as those of the acids. In Gladiolus and Tri- 
tonia both pairs of curves fall to the levels of low to 
very low reactivity, the nitric-acid curve falling to a 
lower level than the hydrochloric-acid curve; the hy- 
droxide curves fall to an intermediate position, the so- 
dium curve being lower than that of potassium. Be- 
gonia shows striking similarities and dissimilarities: 
In B. single crimson scarlet all four reagents act with 
great energy, gelatinization being complete in one min- 
ute or less. In B. socotrana both acid curves fall, one 
to the level of the line of demarcation of high to mod- 
erate activity, and the other to very low reactivity; 
whereas with the hydroxides the reaction with the potas- 
sium salt is very rapid and is over in less than a minute, 
while with the sodium salt it is very slow. Moroever, 
in the acid reactions, while most of the starches show a 
lower reactivity with nitric acid, B. socotrana shows a 
markedly lower reactivity; and in the potassium-sodium 
chart most of the starches show a higher reactivity to 
potassium than to sodium, the starch of B. socotrana 
also showing this character. In other words, this spe- 
cies is aberrant, as it were, in its reactions with the acids 
in comparison with the reactions of the other Begonias 
and most other starches, but in harmony in the potas- 
sium and sodium reactions. In both Phaius and Miltonia 
there is a reversal of the reaction-intensities of the two 
acids, but not of the hydroxides, as compared with B. 
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socotrana. Additional comparisons of the data of these 
charts will bring out many interesting facts. 

The potassium-sulphide and sodium-sulphide chart 
(Chart B 34) bearg in certain respects closer resem- 
blances to the hydroxide chart (Chart B 33) than to the 
acid chart (Chart B15), and in other respects the re- 
verse, thus indicating that the alteration of the hydrox- 
ides into the sulphides has yielded reagents which give 
rise to reactions that suggest the presence of both active 
cations and anions, in contradistinction to the reactions 
of the hydroxides and acids which are pre-eminently 
cationic and anionic, respectively. These sulphide reac- 
tions vary in intensity in both directions to almost the 
extreme limits of the abscisse, from the extremely high 
reactivities of potassium sulphide that are recorded in 
Lilium, Begonia, and Phaius inwhich complete gelatiniza- 
tion occurs in 2 minutes or less, to the extremely low 
reactivities in Hippeastrum, Hemanthus, Crinum, etc., 
where 5 per cent or less is gelatinized in 60 minutes. 
The deviations of these curves from the acid and base 
curves are much more marked than the variations of the 
curves themselves, and the quantitative differences be- 
tween the curves tend to be more marked and erratic, 
and inversions to be more frequent, than in the acid 
and base curves. In Nerine there occurs in the sulphide 
curves, as in those of the hydroxide, an inversion, in 
both charts the potassium salt is the stronger. In Iris 
there is a marked separation of the curves, as was found 
to be the case with one exception in the hydroxide reac- 
tions; but in three of the starches there was no separa- 
tion of the acid curves. In Begonia socotrana the curves 
are less like those of the bases than of the acids, while 
in Miltonia they stand apart from both base and acid 
curves. The wide separation of the sulphide curves in 
Amaryllis is very conspicuous in comparison with the 
small separation of the base curves and the absence of 
separation of the acid curves. Similar peculiarities 
will be found in the reactions of these three pairs of 
reagents with other starches. 

The potassium-iodide and potassium-sulphocyanate 
reactions (Chart B35) bear, on the whole, far closer 
resemblances to the hydroxide reactions than to the acid 
or sulphide reactions. In contradistinction to the sul- 
phides these reagents contain acid radicals that are 
probably almost inert. Comparing this chart with the 
base chart (Chart B 33), the most noticeable differences 
will be found in the reactivities with Amaryllis, Bruns- 
vigia, Hemanthus puniceus, Nerine, Iris, Begonia, 
Phaius, and Miltonia. Amaryllis and Brunsvigia each 
exhibits practically no difference in the potassium-iodide 
or potassium-sulphocyanate reactions, but Amaryllis and 
Brunsvigia are differentiated from each other by both 
reagents, both starches reacting more readily with po- 
tassium iodide than with the other reagent. In Heman- 
thus puniceus, while these reagents do not differ in their 
reactivities, potassium hydroxide yields a markedly ditf- 
ferent result from that of sodium hydroxide. In Nerine 
reactivity with the iodide is very low and with the sul- 
phocyanate low; while in the hydroxide reactions those 
with potassium hydroxide are very high and those 
with sodium hydroxide very low. In Iris the potas- 
sium iodide reactions are very much lower in the first 
three Irids and somewhat lower in the fourth; while 
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in the hydroxide reactions in two there are very marked 
differences, in one no difference, and in another a 
marked difference, the potassium reactions being the 
lower when difference exists. In Begonia the iodide 
and sulphocyanate reactions show very little difference, in 
B. single crimson scarlet both reagents acting with great 
intensity and in B. socotrana with great slowness, the 
iodide being practically inert; while in the hydroxide 
reactions both reagents act with great intensity with 
B. single crimson scarlet, potassium hydroxide acts with 
equal vigor, but sodium hydroxide with low intensity 
with B. socotrana. In Phaius and Miltonia both the 
iodide and the sulphocyanate show differences between 
these genera and between the members of each genus, the 
iodide being less active than the sulphocyanate. While in 
both Phaius and Miltonia marked differences exist be- 
tween the reaction-intensities of the iodide and the 
sulphocyanate, there are comparatively small differences 
between the intensities of the hydroxides. 

The curve of sodium salicylate (Chart B 36) stands 
alone, as before stated, and therefore is not comparable, 
as in the foregoing instances, with that of any other 
reagent. 

Calcium nitrate and strontium nitrate (Chart B 37) 
exhibit differences that are most pronounced in Bruns- 
vigia, Crinum, Nerine, and Miltonia. The calcium curve 
appears to correspond more particularly with the curves 
of potassium iodide, potassium sulphocyanate, and so- 
dium hydroxide; while the strontium curve appears to 
be more closely related to the curves of uranium nitrate, 
copper nitrate, cupric chloride, and mercuric chloride. 
All of the latter curves appear to be very closely related 
to a common type, which suggests that the reactions, in 
so far as the latter depend upon the reagents, are due 
essentially to differences in the basic ions or cations. 

Differentiation of Subgeneric Groups——There is 
probably no feature of these charts more prominent or of 
greater value in proof of the worth of the gelatinization 
method in the differentiation of starches from different 
sources than the constancy and definiteness in similar 
and dissimilar directions of the differentiation of sub- 
generic representatives. Haemanthus katherine and H. 
puniceus are, from the standpoint of the systematist, at 
most well-separated species, but from the results of this 
research they are probably to be regarded as representa- 
tives of well-defined subgeneric groups. Had this marked 
subgeneric differentiation been indicated by the reac- 
tions of a single or an occasional reagent it might natur- 
ally be regarded as being accidental, but it is evident 
throughout the charts of the reactions of the 21 reagents, 
except the chloral-hydrate and sodium-salicylate reac- 
tions. The one species is as definitely and widely differ- 
entiated from the other as are genera in general, with 
the exception only of the closely related Gladiolus and 
Tritonia. While at the end of 60 minutes there is only 
slight and questionable differentiation in the chloral- 

hydrate reactions, and in the sodium-salicylate reactions 
no differentiation, there are differences of importance 

shown during the progress of the reactions (Charts D 106 
and D118). The hardy and tender Crinums are with 
every reagent markedly differentiated, but by some to a 
better degree than by others. The abscisse of the two 
hardy Crinums are in all of the reactions above those 
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of the tender Crinum, so that in every chart the curves 
of these three species are V-shaped, and the first segment 
of the V is longer than the second, the difference in 
length varying with the different reagents. In Iris the 
first three specimens are definitely differentiated from 
the fourth in most of the charts by the distinctly lower 
reactivities of the former, the exceptions being in the 
reactions of chloral hydrate, chromic acid, sulphuric acid, 
potassium sulphocyanate, potassium sulphide, and so- 
dium salicylate (in the chloral-hydrate and potassium- 
sulphide reactions those of the former are the higher). 
In other words, in only 4 of the 21 reactions is there not 
a definite separation of the first three from the fourth. 
In Begonia the differentiation is not only very marked, 
but also in certain respects extraordinary: B. socotrana 
is a very exceptional form of the genus, is semituberous, 
and is botanically quite different from the tuberous Be- 
gonia single crimson scarlet. The starches of the two 
plants in histologic and polariscopic characters, qualita- 
tive reactions with various reagents, are alike in many 
respects and very dissimilar in others, so that each ex- 
hibits certain striking and distinctive characteristics (see 
Chapters III and V, and Part II, Chapter VIII). These 
peculiarities together with the remarkable differences in 
their reaction-intensities constitute one of the excep- 
tionally interesting findings of this research. 

The curves of the reactions of the four tuberous Be- 
gonias (Charts E 36, E 37, E38, and E 39) tend to be 
as much in accord as should be expected in plants that 
have such a botanical relationship, but the curve of B. 
socotrana (Chart E 36) appears definitely to be vagrant 
in nearly all of the reactions. The four hybrids incline, 
on the whole, to an obviously closer relationship to the 
tuberous parents than to B. socotrana. Examinations 
of the curves of the preceding charts (Charts B11 et 
seq.) will show that: With chloral hydrate there is 
definite but not marked differentiation, 99 per cent of the 
total starch of B. single crimson scarlet being gelatinized 
in 10 minutes and 95 per cent of the starch of B. soco- 

trana in 15 minutes. With chromic acid there is 98 per 
cent in 15 minutes and 92 per cent in 60 minutes, re- 
spectively, a wide difference. With pyrogallic acid, 95 
per cent in 45 minutes and only 0.5 per cent, or almost 
nothing, in 60 minutes, giving a much wider difference 
than with the preceding reagent. With sulphuric acid 
a practically complete gelatinization occurs in both 
starches in a minute, while with hydrochloric and nitric 
acids with the starch of the first plant there is immediate 
gelatinization with both reagents; and with B. socotrana 
with the hydrochloric acid there is 45 per cent in 45 
minutes, and with nitric acid only 12 per cent in 60 
minutes. With potassium hydroxide there is an almost 
instantaneous gelatinization of both starches. With po- 
tassium iodide there is practically complete gelatiniza- 
tion of one in 30 seconds, while with the other there is 
almost no detectable effect, only about 1 per cent being 
gelatinized in 60 minutes—almost the absolute extremes 
of reaction-intensity. With potassium sulphocyanate pe- 
culiarities are elicited that are almost identical with those 
of the last reagents, the only difference being a some- 
what larger percentage of starch of B. socotrana gelati- 
nized in 60 minutes—here 18 per cent. With potassium 
sulphide the differences between the reactions of two 
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starches is positive, complete gelatinization occurring in 
the starch of B. single crimson scarlet in 15 seconds and 99 
per cent in the case of B. socofrana in 5 minutes. With 
nearly all of the remaining reagents (including sodium 
hydroxide, sodium sulphide, calcium nitrate, uranium 
nitrate, strontium nitrate, copper nitrate and cupric 
chloride) gelatinization of the starch of B. single crim- 
son scarlet is with each reagent complete within 2 min- 
utes, while with the starch of B. socotrana it varies from 
0.5 per cent to 84 per cent in 60 minutes (with two 
reagents there was 84 per cent, with one 25 per cent, with 
one 9 per cent, with one 1 per cent, and with two 0.5 
per cent). With sodium salicylate the figures for the 
first starch are 97 per cent in 3 minutes, and for the sec- 
ond 99 per cent in 10 minutes. With cobalt nitrate the 
figures for first are 66 per cent in 60 minutes (the low- 
est record for this starch with any of the reagents), and 
for the second 0.5 per cent in 60 minutes. With mer- 
curie chloride the first starch shows a gelatinization of 
96 per cent in 15 minutes, and the second 0.5 per cent 
in 60 minutes. The extraordinary differences exhibited 
by these starches are at present inexplicable, and they 
open a field of most interesting and promising research 
of the most fundamental character. 

Inversion and Reversion of Reaction-~intensities.— 
The inversion and reversion of the reaction-intensities 
of different starches with different pairs of reagents is 
also a feature of exceptional interest and of pre-eminent 
importance in proof of the existence of starches from 
different plant sources being in stereoisomeric forms. 
It is obvious, as before stated, that if we were dealing 
with starches that differ from each other because merely 
of differences in density, reaction, impurities, percentage 
of water, or varying proportions of several modifications 
of starch in the form of mechanical mixtures, the two 
curves would be alike or one would always be above the 
other, the distance, however, varying in relationship to 
the rapidity of reaction, the slower the reaction the 
greater probably the tendency in general to separate. It 
has been repeatedly noted that inversion and reversion of 
the curves is not limited to the distinction of genera, 
although it is more apt to be associated with genera, and 
next in order with subgeneric groups, and next with 
species. In other words, if with any two reagents a 
member of a given genus will exhibit a greater reactivity 
with one than the other reagent the same peculiarity 
will probably be found with all other members of the 
genus unless there are definite subgeneric divisions of the 
genus, under which conditions the subgeneric divisions 
may be as distinctly differentiated as may be genera by 
inversion or reversion of the reaction-intensities. 

Sometimes species of a genus which are not recognized 
as belonging to subgeneric groups may exhibit inversion 
or reversion in their reactivities in relation to the reac- 
tivities of the other species, as has been found, for in- 
stance, in Nerine. These inversions and reversions are, 
as a rule, not so apt to occur with reagents of a similar 
as of a dissimilar character. Moreover, the points at 
which inversions and reversions of the curves of any pair 
of reagents occur may be the same or different from those 
at which inversions and reversions of another pair 
occur—that is, two genera or representatives of two 
subgeneric divisions, or two species of a genus, may be 
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distinctly differentiated by the inversion or reversion 
of the reactive-intensities of a given pair of reagents, 
but not by another pair. Thus, in the chloral-hydrate 
and nitric-acid reactions (Chart B 11) the first inversion 
seen occurs in the curves between Hippeastrum and 
Hemanthus, the three species Hemanthus showing a 
higher reactivity with nitric acid than with chloral hy- 
drate, while Hemanthus katherine shows the reverse. 
But the differentiation here is not generic because the 
second species, Hemanthus puniceus, exhibits a reversion 
in relation to the first species. In the chromic-acid 
and pyrogallic-acid reactions the reverse is noted in 
the behavior of these two species, H. katherine showing 
in common with Hippeastrum a higher reactivity with 
chromic acid, while H. puniceus shows the inversion. 
In other charts (as, for instance, in Chart B32 and 
B 36) all species of Hippeastrum and Hemanthus show 
in common a higher reactivity with one of the two rea- 
gents; while in-other charts there are various modifica- 
tions. For instance, in Chart B35 each Hippeastrum 
shows different reactivities with the two reagents, but the 
Hemanthuses no difference. 

Crossing of the curves occurs again between Nerine 
bowdent and N. sarniensis corusca major, thus markedly 
differentiating the first from the last two species of this 
generic group. The same separation will be seen in 
Chart B 2 (gentian violet and safranin), while in Chart 
B 4 (chloral hydrate and temperature) and Chart 8 (ni- 
tric acid and iodine) the crossing occurs between NV. 
crispa and NV. bowdent. The next crossing occurs between 
Iris and Gladiolus; the next between Tritonia and Be- 
gonia and the next between Begonia and Phaius—all rep- 
resenting generic lines of division. Comparing the 
locations of these points of inversion or reversion with 
those in the nitric-acid and chromic-acid chart (Chart 
B 12) it will be found that with two exceptions (between 
Tris and Gladiolus, and between Tritonia and Begonia) 
the points are entirely different. The first crossing here 
occurs between Brunsvigia and Hippeastrum ; the second 
between Hemanthus and Crinum; the third between 

Crinum mooret and C. zeylanicum; the fourth between 
C. zeylanicum and C. longifolium ; the fifth between Ne- 
rine sarniensis var. corusca major and Narcissus; the 
sixth between Narcissus and Lilium ; the seventh between 

Lilium and Iris; the eighth between Iris cengialti and 
I. persica var. purpurea; the ninth between Iris and Glad- 
iolus; and the tenth between Tritonia and Begonia. 
Some of these ten inversions and reversions occur between 
generic representatives, while others represent subgeneric 
dividing lines. 

The different points of inversion and reversion of the 
curves shown in these charts (Charts B1 to B40) are 
exhibited collectively in Chart B41, this presentation 
rendering further detailed statement in regard to each 
chart unnecessary. Even a superficial study of the vary- 
ing points of crossing of the curves and of the totals of 
this chart brings out very interesting and significant com- 
parisons. In confirmation of statements made in preced- 
ing pages, it will be found that in some of the charts (12 
out of the 40) no crossing of the curves occurs at any 
part; that in most of the charts there are inversions and 
reversions, the number ranging from 3 to 10; that inver- 
sions and reversions are, on the whole, more common 
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when the agents and reagents are of dissimilar character 

and when they exhibit wide and frequently varying 

ranges of reaction-intensities; and that the crossings 

of the curves are most apt to occur at points of separation 

of genera and subgeneric representatives, and in variable 
numbers with different reagents and different starches at 
such places. The closely related genera Amaryllis and 
Brunsvigia are distinguished by the inversion of the 
reactions in only a single instance (Chart B 4, tempera- 
ture and chloral-hydrate reactions). Brunsvigia and 
Hippeastrum have a separation by 9 crossings, but the 
latter is separated from Hemanthus by only 3. Curi- 
ously, the two species of Hemanthus are separated by 6 
crossings, these variations of the curves suggesting sub- 
generic division of the species. Hamanthus is separated 
from Crinum by 8 crossings, and Crinum from Nerine 
by 7; but there are 9 between Crinum moorei and C. zey- 
lanicum, and 11 between the latter and C. longifolium, 

markedly differentiating the two hardy forms from the 
tender form. The separation of Nerine from Crinum and 
from Narcissus is well marked, there being 7 crossings 
at the former point and 14 at the latter. Narcissus is 
separated from Lilium by 9, and the latter from Iris by 
15. The separation of the first three Irids from the 
fourth is evident by 8. Gladiolus and Tritonia are 
separated by only 3, but these two are separated from 
Iris by 12 and from Begonia by 11. The remarkable 
differences exhibited by the tuberous and semituberous 
Begonias are here illustrated by the separation of the 
two by 15 crossings. Begonia is separated from Phaius 
by 7, and Phaius from Miltonia by 8. 

Wide Differences in the Reactions with Different 
Pairs of Reagents—Another feature of exceptional in- 
terest is the wide differences in the reactions of different 
pairs of starches with different reagents, as has been 
referred to repeatedly, and which is worthy of some 
special notice. This peculiarity is well exemplified, for 
instance, in Amaryllis and Brunsvigia. Little or, in 
some instances, no difference is observed in the 
reactions of these starches with chromic acid, sul- 
phuric acid, hydrochloric acid, nitric acid, potas- 
sium hydroxide, potassium iodide, potassium sulphocya- 
nate, sodium sulphide, cobalt nitrate and barium chlo- 
ride; distinct but not marked differences are noted with 
chloral hydrate and sodium salicylate; and marked dif- 
ferences are recorded with pyrogallic acid, potassium 
sulphide, sodium hydroxide, calcium nitrate, uranium 
nitrate, strontium nitrate, copper nitrate, and cupric 
chloride. The reactions of Amaryllis are higher than 
those of Brunsvigia with chloral hydrate, nitric 
acid, hydrochloric acid, sulphuric acid, potassium sul- 
phide, sodium hydroxide, sodium salicylate, calcium ni- 
trate, uranium nitrate, strontium nitrate, cobalt nitrate, 
and cupric chloride; lower with pyrogallic acid, potas- 
sium hydroxide, potassium iodide, potassium sulphocya- 
nate, barium chloride, and mercuric chloride; and the 
same with chromic acid and sodium sulphide. Even 
better illustrations are to be found with other pairs of 
starches, as, for instance, the two Begonias. 

Limitation of Number of Gelatinizing Reagents, Etc. 
—The variety of the reagents used in this research to 
gelatinize starch, together with the amphoteric proper- 
ties of the starch molecules, may give the impression 
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that almost any kind of reagent in aqueous solution 
may react with starch in this way. In fact, however, it 
is rather surprising to find how few reagents outside 
of certain well-defined groups are effective. It is also 
to be noted that there are various substances which while 
in any concentration in aqueous solution may be prac- 
tically or absolutely inactive as a gelatinizing agent at 
room temperature may aid or hinder the gelatinizing 
effect of heat, as is evident by their property of lower- 
ing or raising the temperature of gelatinization (page 
146). Asa corollary, there may be found two reagents, 
each of which when alone is active, that may be inactive 
when associated in solution, as, for instance, solutions 
of potassium hydroxide and nitric acid, both of which 
are active when in separate solution, but inactive in the 
form of potassium nitrate; and that a gelatinizing rea- 
gent may be rendered less active or even inert by the 
presence of another reagent, as, for instance, the presence 
of alcohol, glycerine, or sodium chloride in concentration. 

In the selection of the reagents used in this research 
a very large number of most varied kinds, electrolytes and 
non-electrolytes, and in various concentrations, were 
tried, the number aggregating probably 200; but un- 
fortunately only a partial list was preserved. One of the 
difficulties met with in making this selection and in 
determining the concentration was in the wide differ- 
ences in the behavior of different starches that could 
not be foretold excepting to a very limited degree. That 
is, if a given reagent in any concentration was found 
to be useless when tested with a given starch it could 
not be set aside because it might be found to be not only 
active but even extremely active with another starch. 
It was also found that there are certain starches that have 
a high to very high reactivity; others low to very low 
reactivity, and others high to moderate reactivity with a 
given reagent in given concentration. Thus, with a 
given reagent while the starches of Lilium tend to high 
to very high reactivity, those of Hippeastrum and 
Hemanthus tend mostly to low or very low reactivity, 
and those of the Irids mostly to intermediate gradation 
or moderate reactivities. It was also found that certain 
reagents are with all starches very strong gelatinizers, 
while others, in any concentration, tend to be relatively 
feeble; and still others that represent intermediate gra- 
dations. The reactions with sulphuric acid and sodium 
salicylate are mostly high to very high; those of chromic 
acid mostly moderate to high; those of barium chloride 
mostly low to very low; those of pyrogallic and nitric 
acids widely variable with different starches, etc. 

It is obvious, in so far as values of individual rea- 
gents are concerned, that it must be recognized that 
the most useful in the differentiation starches are those 
whose activities show the most marked differences with 
different starches—or, in other words, which show the 
widest and most numerous fluctuations of the reaction- 
intensity curves, as is instanced in the records of pyro- 
gallic acid and nitric acid; that the fast-reacting 
reagents are of especial value in the differentiation of 
the slow to very slow reacting starches; and that the 
slow-reacting reagents are similarly valuable in relation 
to the rapidly reacting starches. A selection of the rea- 
gents on this basis is manifestly necessary where starches 
of diverse character are to be studied. In the testing of 

the various reagents to determine their values it was 
found in practice desirable to make at the outstart very 
concentrated solutions, using in the case of acids and 
bases generally approximately 50 per cent solutions, and 
of salts approximately saturated solutions, and then 
modify the concentrations in the direction the intensity 
of the reaction indicates. It was also found of advan- 
tage to use for the first test a form of starch that is 
classed among the readily gelatinized and readily ob- 
tainable, such as that of Lilium candidum, and then make 
the final tests with this starch and with others which 
are classed among those having mostly a high, moderate, 
low, and very low reactivity, respectively. In this way 
reagents were selected which in kind and concentration 
have served admirably, although by no means perfectly, 
in eliciting peculiarities of the various starches here 
studied. 

The following very incomplete list of the reagents and 
their effects shown by the starch of Lilium candidum, 
may be of advantage to subsequent investigators: 

Reagent. 
Concentration of 
aqueous solution. 

Percentage of starch 
gelatinized. 

Pyrogallic acid.......... 

Tartaric acid............ 
Lactic acid.............. 
Tannic acid............. 

Nitric acid.............. 
Sulphuric acid........... 

Hydrochloric acid........ 

Tungstic acid........... 
Phosphomolybdic acid... . 
Phosphoric acid......... 
Carbolic acid............ 
Chloral hydrate......... 
Potassium hydroxide... .. 
Potassium chloride....... 
Potassium bromide...... 

Potassium iodide........ 
Potassium nitrate........ 
Potassium nitrite........ 
Potassium ferricyanide... 
Potassium ferrocyanide... 
Potassium cyanide....... 

Potassium sulphide...... 
Potassium sulphocyanate. 
Potassium metabisulphate 

Potassium permanganate . 

Sodium hydroxide....... 
Sodium sulphide......... 

Sodium salicylate........ 

Sodium nitrate.......... 
Sodium nitroprusside..... 
Sodium chloride......... 
Calcium nitrate.......... 

Ammonia............... 
Ammonium bichromate... 

Strontium nitrate........ 
Strontium bromide...... 
Barium chloride......... 
Barium nitrate.......... 
Lithium bromide........ 
Cobalt nitrate........... 

4 gms. to 35 c.c., 

with 0.3 gm. of 
oxalic acid 

Concentrated.... 

TDG ave. snc Guensnen 
2.5 gms. in 20 c.c. 
10 gms. in 35 c.c. 

10 gms. in 27 c.c. 

9 gms. in 10 c.c.. 

Concentrated.... 

15 gms. in 5 c.c.. 
0.75 gm. in 55 c.c. 
Concentrated.... 

10 gms. in 30c.c. 
Concentrated.... 

1 gm. in 40 c.c... 
5 gms. in 30 c.c.. 
Concentrated.... 

0.5 gm. in 100 c.c. 

1 gm. in 45 cc... 

10 gms. in 10 c.c. 
Concentrated.... 

8 gms. in 16 c.c.. 

Concentrated.... 

5 gms. in 7 c.c... 

Concentrated... . 
5 gms.in12c.c... 

Concentrated.... 
Concentrated... . 
9 gms. in 15 c.c.. 

92 p. ct. in 60 min. 

No effect in 60 min. 
Do. 
Do. 
Do. 
Do. 

95 p. ct. in 60 min. 
99 p. ct. in 15 sec. 
97 p. ct. in 2 sec. 
100 p. ct. in 15 sec. 

No effect in 60 min. 
Do. 
Do. 
Do. 

100 p. ct. in 15 sec. 
100 p. ct. in 15 sec. 

? 
Complete in majority 
in 10 min.; no further 
effect in 60 min. 

95 p. ct. in 15 sec. 
No effect in 60 min. 
100 p. ct. in 1 min. 

.| No effect in 60 min. 
Do. 

Almost complete in 
60 min. 

93 p. ct. in 15 sec. 
98 p. ct. in 60 sec. 
No effect in 60 min. 

Do. 
88 p. ct. in 15 sec. 
97 p. et. in 30 sec. 
95 p. ct. in 10 sec. 
Complete in 10 sec. 

No effect in 60 min. 
Do. 

95 p. ct. in 10 min. 

Incomplete in 60 min. 
No effect in 60 min. 
100 p. ct. in less than 
30 min. 

98 p. ct. in 3 min. 
100 p. ct. in 30 min. 
96 p. ct. in 30 min. 
No effect in 60 min. 
100 p. ct. in 2 min. 
97 p. ct. in 15 min. 
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Concentration of | Percentage of starch 

Reagent. aqueous solution. gelatinized. 

Copper nitrate..........| 15 gms. in 30 c.c. | 99 p. ct. in 30 min. 
Cupric chloride.......... 9 gms. in 15 c.c. .| 95 p. ct. in 5 min. 
Zinc chloride............| Concentrated..../ 100 p. ct. in less than 

2 min. 
Zinc sulphate............| Concentrated ...] No effect in 60 min. 
Mercuric chloride........ 18 gms. in 40 c.c. | 96 p. ct. in 3 min. 

with 10 gms. 
of ammonium 
chloride. 

Uranium nitrate.........| 8 gms.in 10¢.c. .| 98 p. ct. in 5 min. 
Manganese chloride... ...| Concentrated....) No effect in 60 min. 
Manganese hypophosphite 2. ae ere Do. 
Lead acetate............ Ditaccase oi x Do. 
Magnesium oxide........ Dow aiciwwe Do. 

Iron and ammonium ci- 
trate... csi cccevaases ea DOy estes os Do. 

Glyeerine cs 25 su si e380 Varied concentra- Do. 
tions. 

Chrome alum..... .| Concentrated.... Do. 
MetGles cs secsereovanaes DG. aia vcves Do. 
Dextrose. cc ccicvare vans IG vaags eeae Do. 
Ulrea.g aveegewsudesuanes WD exbiten op 0 Do. 

Many interesting and unexpected peculiarities will 
be found upon examination of the foregoing table. For 
instance, potassium nitrate is inert with the starch of 
Lilium candidum, while potassium nitrite causes com- 
plete gelatinization in 1 minute; and while the former 
has been found to be inactive with this starch, it is re- 
corded by other investigators as being active in relation 
to the starches of Triticum and Zea. This latter pecu- 
liarity is noted in the case of tannic acid. The sul- 
phides of potassium and sodium are very active, but 
the sulphide of calcium is inactive. Strontium nitrate 
gelatinized 98 per cent of the starch in 3 minutes, while 
strontium bromide required 30 minutes for the same 
effect; but the corresponding potassium salts showed a 
reversal of reaction-intensities. Barium chloride is very 
active, but barium nitrate is inactive; and zinc chloride 
and zinc sulphate show the same characteristics. Sodium 
hydroxide and hydrochloric acid when in separate solu- 
tions are very active, but sodium chloride is inactive, etc. 

A detailed study of the specific properties of the ions 
and molecules of these reagents in their relations to the 
starch molecules in the phenomena of gelatinization, and 
also in the subsequent disintegration processes, is of 
prime importance, and not only in the elucidation of 
the chemistry of the starch molecule, but also in colloidal 
chemistry in general. Inasmuch, however, as the funda- 
mental object of these gelatinization experiments has 
been the differentiation of starches from different sources 
by peculiarities of the quantitative and qualitative reac- 
tions, as this object has been attained without reference 
to the precise natures of the chemical reactions involved, 
and as detailed study of parts played by the different 
ions and molecules is therefore needless for the fulfil- 
ment of the purposes of the investigation and would lead 
us far beyond the limitations of space in this memoir, 
further study of this nature has been omitted. 

VARIABLE RELATIONSHIPS OF THE REACTION-INTENSI- 
TIES AS REGARDS SAMENESS, [NTERMEDIATENESS, Ero, 

That we are dealing in the starches from different 
plant sources with stereoisomers, and not merely with 
mechanical mixtures of varying proportions of several 
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kinds of starch or with starches that differ because of 
varying impurities, etc., is evidenced by variations ob- 
served in the reaction-intensity relationships of the 
parental and hybrid starches with different reagents 
(see charts of both A and B series). Were there, for 
instance, merely mechanical mixtures of varying pro- 
portions representing the parental and hybrid starches, 
respectively, and a given reagent, it might be found that 
the reactivities are in the order of seed parent, pollen 
parent, and hybrid, and that if there were used other 
concentrations of the same reagent, while the reaction- 
intensities would be increased or decreased, the order of 
reactivity would not be changed. Moreover, it would 
be expected that with all reagents the same order of 
reactivity would be found. It also seems clear, if im- 
purities played any important part, that when closely 
related reagents, such as potassium and sodium hydroxide, 
are used, while some differences in mean reaction-inten- 
sity might be expected, there should not be a change in 
the order of reactivity. The opposite is shown by these 
charts. Thus, Charts A6, A, A8 (chloral-hydrate, 
chromic-acid, and pyrogallic-acid reactions) of the Ama- 
ryllis-Brunsvigia-Brunsdonna reactions show in the 
chloral-hydrate reactions that the order of reactivity is 
Brunsdonna sandere, B. sandere alba, Amaryllis bella- 

donna, and Brunsvigia josephine, the first two showing 
a markedly greater reactivity than the second two, and 
the reactions of the members of each pair being closely 
alike. In the chromic-acid reactions all four are alike, 
so that while there is marked differentiation with chloral 
hydrate there is none with chromic acid. In the pyro- 
gallic-acid reactions there is somewhat better differen- 
tiation than in the chloral-hydrate reactions, and also 
an entire change in the order of reactivities, here the 
order being Brunsvigia josephine, Amaryllis belladonna, 
Brunsdonna sandere alba, and B. sandere, the hybrids, 
as in the chloral-hydrate reactions, being nearly the same, 
but the parental starches well differentiated from each 
other; moreover, here the parental starches are more 
reactive, while in the chloral-hydrate reactions they are 
less reactive. Corresponding phenomena are observed 
in instances where the reagents are chemically very 
closely related, as in the cases of potassium and sodium 
hydroxide, potassium and sodium sulphide, and mineral 
acids, which would seem to eliminate the possibility of 
these changes being due to mechanical mixtures of 
different starches or to impurities. The Amaryllis 
set exhibits with potassium hydroxide no noticeable 
differences in the reactivities of the four starches, because 
probably of the great rapidity of gelatinization, and little 
or very little difference is found in the reactions with the 
nitric, sulphuric, and hydrochloric acids. But with so- 
dium hydroxide and all of the other reagents, excepting 
chromic acid, one or more of the reactivities will be 
found at variance with the others; and, moreover, the 
relationships of order of reaction-intensity are of the 
most varied character. Thus, in the sodium hydroxide 
chart the order of reactivity is Amaryllis belladonna, 
Brunsvigia josephine, Brunsdonna sandere alba, and 
B. sandere, which order is entirely different from what 

is found in the chloral-hydrate and pyrogallic-acid charts. 
Comparing the potassium-sulphide and sodium-sulphide 
charts it is seen that in the former the order is Amaryllis 
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belladonna and Brunsdonna sandere (both the same), 
Brunsvigia josephine, and Brunsdonna sandere alba; 
and in the sodium-sulphide chart, Brunsvigia josephine, 
Amaryllis belladonna, Brunsdonna sandere, and B. san- 
dere alba. Viewing the various charts of this set, all 
sorts of variations in the relative reaction-intensities of 
these four starches will be found: In some, such as in 
the charts for chromic acid, potassium hydroxide, and 
barium chloride, there are practically or absolutely no 
differences; the charts for nitric acid, sulphuric acid, 
and hydrochloric acid show some but not marked differ- 
ences; the charts for chloral hydrate, potassium iodide, 
potassium sulphocyanate, and cobalt nitrate show well- 
defined pairing—in all three reactions the parents and 
the hybrids, respectively, are paired, in the chloral- 
hydrate reaction the parental pair having the less reac- 
tivity, while in the potassium-sulphocyanate and cobalt- 
nitrate reactions the greater reactivity. In other in- 
stances there may be a single pair, the other two starches 
differing from this pair and from each other, as in the 
reactions of pyrogallic acid, potassium sulphide, stron- 
tium nitrate, cupric chloride, and mercuric chloride; in 
other instances all four are unlike, as in the charts of 
sodium hydroxide, sodium sulphide, calcium nitrate, 
and so on. 

Pairing when present may be confined to either the 
parents or the hybrids, or there may be pairing of both 
parents and both hybrids, and in one instance (potas- 
sium-sulphide chart) Amaryllis and Brunsdonna san- 
dere are paired, and show distinctly different reaction- 
intensities from those of the other parent and the other 
hybrid, which two latter in turn differ markedly. In 
other words, if any given set of parents and offspring be 
taken and their reaction-intensities with the different 
reagents be compared, it will be found that there are 
not only very marked: differences in the average reaction- 
intensities of the several members with the different rea- 
gents, but also most remarkable variations in the rela- 
tive reaction-intensities with these reagents, so that 
while a given starch may show the highest reactivity of 
the set with one reagent it may show the least with 
another, and so on, each starch being capable of reacting 
in a way independently of the others, so that all possible 
combinations of varying relationships may occur. This 
means, of course, that in one reaction the hybrid may 
be the same as that of the seed parent, in another the same 
as that of the pollen parent, in another the same as the 
reactions of both parents, in another intermediate, in 
another in excess of those of either parents, etc. Hach 
reagent, therefore, has the property of eliciting some 
definite parental phase. A somewhat detailed considera- 
tion of this important phenomenon will be taken up in 
Chapter V. 

VaRIATIONS IN THE REACTION-INTENSITIES AS RE- 
carps Hrieut, Sum, anp AVERAGE. 

(Table B 1, Chart C 1.) 

The valuations of the reaction-intensities have been 
based, as has been repeatedly stated, on definite but arbi- 
trary scales: Those of the reaction-intensities of the 
polarization, iodine, gentian-violet, and safranin reac- 
tions on a scale of 0 to 105; those of the temperatures 
of gelatinization on a scale of 40° to 95°, and those of the 

REACTION-INTENSITIES OF STARCHES. 

reactions with the chemical reagents on a scale that shows 
in one segment the percentage of total starch gelatinized 
within 60 minutes, and in another the time of complete 
or practically complete gelatinization within the same 
period. Inasmuch as in all three sets the same abscisse 
are used, and as the scale-values bear in all of the charts 
the same relationships, the figures of one scale always 
have a fixed value in relation to given figures of the other 
scales; hence, if the scale for the polarization reactions 
were adopted for valuation of all kinds of reactions the 
values in all cases would be comparable upon a common 
basis. For purposes of gross comparisons this scale has 
been divided arbitrarily into 5 parts which are intended 
to designate very high, high, moderate, low, and very 
low reactivity, respectively. Thus, any reaction that falls 
between 80 and 105 (or in the temperature scale 52.5° 
and 42.5°; or in the chemical reagent scale 25 and 0 
minutes), both inclusive, is recorded as being very high; 
between 60 and less than 80, etc., as being high, ete. 
Table B 1 gives, in connection with each starch, the num- 
bers of the 26 reactions that fall under one or another 
of these divisions; the sum of the individual reaction- 
intensity values of each starch; and the average of this 
sum, which latter is obtained by dividing by 26. Such 
data constitute a very satisfactory basis for comparisons 
of the reaction-intensities of the different starches indi- 
vidually, generically, and so on, and they are rendered 
of additional value if they are also reduced to chart 
form. (Chart C1.) 

The most conspicuous features of the table and chart 
are: The close correspondence in the numerical distri- 
bution of the reaction-intensities (very high, high, mod- 
erate, low, very low) of the several starches of each set 
of parents and hybrids and of each generic group, to- 
gether with the close correspondence of the sum and the 
average values, except when the set or genus represented 
contains members of subgenera or subgeneric groups; and 
the varying values of the different generic groups. 

It will be seen, for example, in Hippeastrum, in which 
generic group the parents are closely related, and where 
consequently there is but little deviation in the reactions 
of the hybrids from those of the parents, that the 
figures in each of the columns of the chart for all of the 
parents and hybrids are in close correspondence, and 
that the sums and averages of the reaction-intensities are 
also quite close. The range of these figures in the table 
for all the starches studied is limited by 2614 (sum). 
and 100 (average) in Cymbidium lowianum and 525 
(sum) and 20 (average) in Hemanthus katherine. In 
the first column (very high reactivities) the figures range 
from 2 to 4; in the second column, from 0 to 3; in the 
third column, from 3 to 5; in the fourth column, from 
3 to 6; in the fifth column, from 11 to 14; in the sixth 
column, from 748 to 925; and in the last column, from 
29 to 36. These ranges will be found to be within very 
narrow limits when compared with the figures of the 
table, as a whole. Such correspondences are also well 
marked in Nerine, Narcissus, Lilium, Gladiolus, Tritona, 
Phaius, Miltonia, and Cymbidium. On the other hand, 
when the genus is represented by bigeneric parents or by 
members of subgenera or subgeneric groups, there may 
be more or less marked deviations from those found when 
the parents are monogeneric and not so far separated 
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Tasie B 1.—Summary of the Reaction-intensities and the Sum 
and the Average Reaction-values of the Starches of Parent- 
and Hybrid-stocks: 

a 8 : . © =| 18|/2|.| @ |2: 
pal lel b 5 188 
slgslsie}2| 2 |< 

Amaryllis belladonna........ 11/5) 7|1] 211973] 76 
Brunsvigia josephine........ 8|5| 7/5] 11/1760] 68 72. 
Brunsdonna sand. alba....... 8/4] 2/4] 8|1369| 52 oer 
Brunsdonna sanderee......... 8/4] 2/4] 8 {1437} 55/53 > 
Hippeastrum titan........... 2|2| 4/4/14] 748) 29 
Hippeastrum cleonia.........] 2/3] 3]6]12] 821] 32 30.3 
Hippeastrum titan-cleonia....} 2/2] 4/5]13] 790] 30 : 
Hippeastrum ossultan........ 4/0) 4]5]13] 838] 32 

Hippeastrum pyrrha.........]| 3)1] 4/5/13} 822) 31 32.3 

Hippeastrum ossult.-pyrh....| 5/0] 5/3/13] 880} 34 

Hippeastrum deones......... 312] 4/6]11] 925] 36 
Hippeastrum zephyr.........) 2/3] 3/5/13] 833] 32 34 

Hippeastrum deon.-zeph ..... 2/3) 3/5)13] 872] 34 
Hemanthus katherine.......] 1/3] 3}|1]18j} 525} 20 
Hemanthus magnificus...... 1/3] 3)4)15] 652) 25 22 
Hemanthus andromeda......| 2/0] 5/1/18] 535] 21 
Hemanthus katherine....... 1/3} 3/1/18] 525} 20 
Hemanthus puniceus........ 4/6] 3/8] 5|1264| 48 30.3 
Hemanthus konig albert.....) 2]1] 4])2]17| 597} 23 
Crinum mooréi...........+++ 12/3] 4}6] 111907] 73 
Crinum zeylanicum.......... 1/3] 3|2]17) 594] 23 39 
Crinum hybridum j.c. h. .... 1/2) 2/4]17) 550) 21 
Crinum zeylanicum..........] 1/3] 3/2/17] 594] 23 
Crinum longifolium..........] 9/5] 2/9] 1/1685) 65 40 
Crinum kircape.. sss .22+00+% 1/5] 0/7]13] 841] 32 
Crinum longifolium.......... 9/5] 2/9) 1/1685] 65 
Crinum moorei.........-++-: 12/3} 4/6} 111907] 73 73.3 
Crinum powellii.............]15]5] 3/3] 0/2142! 82]- 
Nerine crispa..........+0+55 5/3] 5/2] 1111093] 42 

Nerine elegans...........+-- 7/2) 3]38 41141147) 44 

Nerine dainty maid.......... 5}4] 2/3)11/1144] 44 44 
Nerine queen of roses........ 6/3] 5]1]11/1199] 46 

Nerine bowdeni............- 3/3] 6/3] 11/1039! 40 
Nerine sarn. var. cor. maj.....{| 4/4] 4/3] 11/1015] 39 
Nerine giantess...........--- 4/4) 5/2/11/1051| 40 39 
Nerine abundance..........- 4/3] 5|]2]12) 957) 37 
Nerine sarn. var. cor. maj....| 4/4} 4/3/11 1015) 39 
Nerine curv. var. foth. maj...| 5/2] 5]2]12 {1001} 38 87.2 
Nerine glory of sarnia........ 4/1) 4/4]12] 869} 33 
Narcissus taz. grand mon.....}| 1/2] 6|6]11| 864] 33 
Narcissus poeticus ornatus....| 2]2} 4|10] 8} 938] 36} Fy 
Narcissus poetaz triumph....| 3/2} 8|6 | 7/1088) 42 
Lilium martagon album......}19/}4] 3/0] 0/2502) 96 
Lilium maculatum...........)21]1) 4/0] 0/2551) 98} 97 
Lilium marhan.............-}21/1] 4/0] 0/2541} 97 
Lilium martagon...........-/18/5] 3/0] 0/2430) 93 
Lilium maculatum...........]21]1] 4/0] 0/2551] 98) 97 

Lilium dalhansoni...........] 21/2] 3])0] 0/2580} 99 
Lilium tenuifolium..........}21]/2] 3/0] 012567] 99 
Lilium martagon album......|19/4] 3/0] 0 |2502) 96; 97 

Lilium golden gleam.........|20])2} 4/0] 0/2529) 97 
Lilium chalcedonicum........ 20;4] 2/0] 0/2519} 97 
Lilium candidum............ 20)4] 2/0] 0/2460} 94 95 
Lilium testaceum............ 21/2] 3/0] 0/2482] 95 
Lilium pardalinum.......... 20)4] 210] 0 (2530) 97 

Lilium parryi.............../22/0] 3/1] 0/2556] 98 94.6 

Lilium burbanki............. 16/4] 4/2] 0/2309) 89 
TPS bETICa). sacs See eee ESS 3/2] 7/9] 511139] 44 
Tris trojana............02 eee 3/2/10)6] 5 1282) 49 46 

Iris ismali.............---..-| 3/2] 9/8) 4{1181] 45 
Tris iberica............0005- 3/2) 719} 511189) 44 
Tris cengialti.............56. 3/3] 6/9} 511166) 44 44 
Tris 'doraks f0 iiss sg dice deiece 3/2]/10)6 | 511181) 45 
Iris cengialti.............:..] 3/2] 7/9] 5 |1166] 44 

Tris pallida queen of may..... 2/4/ 7/8] 511100] 42 42 
Tris mrs. alan grey........... 21/4] 5/8] 7/1085} 41 
Iris persica var. purpurea..... 9/9} 4/0) 441853) 71 
Tris sindjarensis............. 10/8] 4/2} 2/1922) 74 a2 
Iris pursind...............05 9/9] 4]0] 411858) 71 
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Gladiolus cardinalis.......... 2)2] 3/2/17] 695) 27 
Gladiolus tristis............. 1/3] 516]11] 877| 34 27 
Gladiolus colvillei........... 0} 5/1]18] 604) 23 
Tritonia pottsii.............. 1/5] 3/7)]10| 964) 37 
Tritonia crocosmia aurea.....| 1/2] 3]7]13 | 741] 28 33.3 
Tritonia crocosmeeflora....... 2/4] 4/6/10] 950} 36 
Begonia sing. crim. scar...... 18]4} 3/1] 0/2369; 91 
Begonia socotrana...........| 5/2] 2]}5]12 ) 982) 38 70 
Begonia mrs. heal...........]16/2] 3/3] 2/2117/ 81 

Musa arnoldiana............]20]2] 4/0] 0/2502} 96 
Musa gilletii................ 9/4] 8/4] 1/1811) 69 at 
Musa hybrida............... 8/4] 8/4] 21|1728) 66 
Phaius grandifolius.......... 12/5] 5/3] 1/2000) 77 
Phaius wallichii............. 17|2] 5/1] 1/2157} 83 80 
Phaius hybridus.............}14]6] 2/3] 1/2096] 81 
Miltonia vexillaria........... 12/4] 5/4] 1141969) 76 
Miltonia roezlii..............] 7} 7] 5]6] 1/1755) 67 77 
Miltonia bleuana............ 16/4] 4/1] 1/2258) 87 

Cymbidium lowianum.......}22]1] 3]0] 0 /2614/100 
Cymbidium eburneum,.......|21)1] 4]0}{ 0 |2602}100 99 
Cymbidium eburneo-lowianum| 21|0{ 4}1] 0/2510) 97 

as to fall into subgeneric divisions, as in the case of the 
genera just referred to. In the Amaryllis-Brunsvigia 
set two closely related genera are represented and there 
is a tendency to higher reactivity of Amaryllis bella- 
donna than of Brunsvigia josephine, differences being 
noted especially in the numbers of the very high and the 
low reactivities, and in the sums and averages. The hy- 
brids show distinctly lower reactivities, as a whole, than 
those of either parent, and there is striking identity as 
regards the distribution of the reaction-intensities among 
the several divisions, but there are distinct though not 
marked differences in both sums and averages, so that 
while these two starches are not distinguishable from 
each other by differences in distribution of the reaction- 
intensities they may be distinguished by the sums and 
averages of the reaction-intensities. In the Crinums 
there are subgeneric groups characterized by tender and 
hardy species, the former having a tendency to distinctly 
lower reactivities than the latter. Each of the hybrids 
tends to be more closely related in its reaction-intensities 
to either seed or pollen parent. 

. The differences in distribution in the highly reactive 
species and hybrids are conspicuous especially in the high 
number of very. high reactivities and the low number of 
the very low reactivities, and for the reverse in the low 
reactive species and the hybrids. The sums and averages 
are markedly different in the two groups. In Heman- 
thus, H. puniceus seems to be representative of a sub- 
generic group that differs from that of which the other 
two species belong. In Jris, the I. persica-sindjarensis- 
persica var. purpurea set stands distinctly apart from the 
other three, exhibiting markedly higher reactivities. In 
Begonia, B. socotrana is evidently variant in relation 
to the other species, and is, as is well known, an excep- 
tional form of this genus. In Musa there is a very well- 
marked tendency for higher reactivities of one than of 
the other parent, which indicates that these species repre- 
sent some form of generic subdivision. 
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With these exceptions, the figures for the several 
members of each group and each genus tend to be distrib- 
uted among the several divisions in case of each genus 
with remarkable uniformity, in some genera a conspicu- 
ously large number falling among the very high, or the 
very high and high reactions, or the very low, or the very 
low and low reactivities, and so on. Such differences, of 
themselves, are usually quite definite in making distinct 
groups which upon comparison will be found to agree 
remarkably with botanical classification. Thus Hippeas- 
trum, Nerine, Gladiolus, and Tritonia are characterized 
particularly by the relatively large number of reactions 
that are very low (the number varying in the different 
genera) and the fairly uniform distribution of the re- 
maining reactions among the other divisions, chiefly 
among the moderate and low. In Liliwm, Phaius, and 
Cymbidium the characterization is by the very large 
number of very high reactions and the fairly uniform 
distribution of the other reactions among the other 
divisions, especially generally among the high and mod- 
erate. In Amaryllis-Brunsvigia, Crinum, Hemanthus, 
Iris, Begonia, and Musa variations from these systems 

may be observed because of certain subgeneric peculiari- 
ties that have already been referred to. 

These data indicate quite clearly that peculiarities in 
the distribution of these reaction-intensities are inti- 
mately related to generic and subgeneric divisions, and 
that when the distributions in the case of members of a 
set or of a genus may be alike or nearly alike there may be 
differences in the sums and averages that are more or less 
definitely distinctive. For instance, the distribution in 
Brunsdonna sandere alba and B. sandere is identical, 
but the sums and averages differ sufficiently to differ- 
entiate these hybrids. In Nerine, the distributions dif- 
fer very little; in some cases the sums and averages are 
absolutely or practically identical, and in others they 
differ within small to very narrow limits. Under such 
conditions positive identification of different members 
of the group can not satisfactorily be made. Correspond- 
ing conditions are found in relation to intergeneric dif- 
ferentiation. Thus, the distributions in Hippeastrum 
and Nerine are closely the same, and were dependence 
placed upon this feature to distinguish genera it would 
naturally be concluded that the genera are alike; but 
upon a careful examination of the two sets of figures it 
will be found that in Hippeastrum there is a manifest 
tendency for a shifting of the reaction-intensities toward 
the very low reactivity end, and in Nerine in the same 
direction, but to a slightly less degree, so that in the final 
summing up the sums and averages in the former fall 
lower than in the latter—in Hippeastrum, ranging from 
748 to 925 and 29 to 36, respectively; and in Nerine 
from 869 to 1199 and 33 to 46, respectively. In Glad- 
iolus and T'ritonia, very closely related genera, the dis- 
tribution closely corresponds to the preceding groups in 
the several respects referred to. On the other hand, 
Lilium and Cymbidium, while in general very closely alike 
in distribution, sum, and average are very markedly 
different from all other groups. Phaius values bear a close 
resemblance to the figures of Liliwm and Cymbidium. 
Tris in its first three sets stands apart from all other 
genera in the manner of distribution of the reaction- 
intensities, yet the sums and averages are close to but 
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somewhat less than in Nerine. In other words, different 
genera may or may not exhibit distinctive peculiarities in 
the distribution, sum, and average of the reaction-inten- 
sities. The value of such data seems to lay particularly 
in showing that members of a genus that are not so 
differentiated as to fall into subgeneric divisions tend to 
exhibit a method of distribution of the reaction-intensities 
according to a definite system, which system is composed 
of the averages of the number of very high, high, moder- 
ate, low, and very low reaction-intensities, of the average 
of the sum of the reaction-intensities, and of the average 
of the latter. For comparative purposes the system repre- 
sented by Hippeastrum, Iris (first three sets), and Lilium 
may be taken because they show different types: 

Hippe- | tris, | Lilium. 

Very high...... 2.8 a 20 
BGs ps an vexed 1.8 2.6 2.7 

Moderate....... 3.7 7.6 3.1 
NE de ene oes 5 8 0.2 
Very low....... 12.8 5.1 0 
PU cz cutee y. ix & 836. 1,160. 2,447. 

Average........ 31. 44, 94. 

If the figures for any given member of any one of the 
genera represented be compared with the figures for the 
genus, it will be found that those for the corresponding 
columns differ, if at all, only within narrow limits. Thus, 
in case of Hippeastrum the figure in the first column 
of this table and chart is 2.8, while the figures for the 
nine starches represented in this genus vary between 2 
and 5; in the last column the figure is 12.8, while the 
range for all of these starches is from 11 to 14. The sum 
is 836, and the range from 748 to 925. The average is 
31, and the range from 29 to 36. And so on with Iris 
and Lilium. When, however, there are subgeneric 
groups there may be as many types as there are groups, 
as is well illustrated by instances referred to. 

Obviously, the method of differentiating genera, sub- 
generic groups, species, hybrids, and varieties by such 
a system has its limitations, not because of the failure 
of the data per se, but because of the faultiness of the 
method of formulating the data. This is manifest, for 
instance, in Hippeastrum and Nerine, in which the data 
as tabulated indicate very closely related genera or even 
subgenera, yet these genera, although belonging to the 
same family, are well separated and are not confounded 
by the botanist. When, however, the data are presented 
in other forms, as in other tables and charts, the genera 
are as markedly differentiated from each other, and the 
members of each genus from each other, as they are by 
the data of the systematist. Finally, it is of interest 
to note that in summing up these averages intermediate- 
ness of the hybrid is not the rule, the tendency being 
more frequently for the hybrid values to exceed or fall 
below those of the parents than to be intermediate. 

AVERAGE TEMPERATURES OF GELATINIZATION COMPARED 

WITH THE AVERAGE REACTION-INTENSITIES. 
(Table B 2, Chart B 42) 

During the progress of the research it was found that 
the temperatures of gelatinization bore varying relation- 
ships to the average reaction-intensities, as a whole, of 
different members of certain sets, different sets, and dif- 
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ay In all or Aver- aol In all or Aver- 
In a ies practically cr ig age In ar oe rity practically 5) nm age 

Oh uae all of the I " for etna all of the latter. for 
Brann. grains. atter set. eran? grains. set. 

Amaryllis belladonna. ......]70 to 71° |72.5 to 73° | 72.7° Lilium martagon album..../59  61-«|62 = 64. 63 
Brunsvigia josephine.......| 65 66 |70 72 =#|71 Lilium maculatum.........| 57 58 | 60 62 |61 61.2 
Brunsdonna sand. alba..... 700 -71_=«(|71.5 «73 «(| 72.25 |(71-18] Lilium marhan............ 56 58 159) 60 | 59.5 
Brunsdonna sandere....... 70 71.5 | 72 72.5 | 72.75 Lilium martagon........... 62 64 |66.5 68,3 | 67.4 
Hippeastrum titan......... 74 75 «177 77.5 | 77.25 Lilium maculatum.........| 57 58 | 60 62 |61 64.1 
Hippeastrum cleonia.......| 71 73 |73 74 |73.5 |+74,49| Lilium dalhansoni..........| 59 60.2 | 63 64 | 63.9 
Hippeastrum titan-cleonia...| 72 74 =#|73 74 | 73.5 Lilium tenuifolium......... 52 63 |55.6 656 | 55.8 
Hippeastrum ossultan...... 73 74 175 76 «=| 75.5 Lilium martagon album... .| 59 61 | 62 64 | 63 58.9 
Hippeastrum pyrrha.......| 71 73 #173 74 173.5 |)73.8 Lilium golden gleam....... 53 54.4 | 57 58.7 | 57.8 
Hippeastrum ossult.-pyrh.. .| 70 72 #|72 73 | 72.5 Lilium chalcedonicum......|59.2 61 | 63 64 | 63.5 
Hippeastrum deeones....... 72.5 74 |74 75 | 74.5 Lilium candidum..........| 57 58.7 | 60 62 |61 63.2 
Hippeastrum zephyr........ 72 73 #173 75 |74 73.7 Lilium testaceum........../61.2 63 [63.5 67 | 65.25 
Hippeastrum deon.-zeph .. .| 72 73 «| 72 73° «=| 72.5 Lilium pardalinum.........| 58 60.5 | 61 63 | 62 

Hemanthus katherine..... 79 80 | 82 84 |83 Lilium parryi..............|47 48.5 | 51 562 |51.5 |}60.4 

Hemanthus magnificus..... 77 77.5 | 78 79 =| 78.5 |+81 Lilium burbanki........... 64 66 | 67 68.5 | 67.75 
Hemanthus andromeda....|75.5 80 | 81 82 | 81.5 Tris iberica................ 69 70 = |71 72.5 | 71.75 
Hemanthus katherine... ..| 79 80 | 82 84 | 83 Iris trojana...............]70 71.5|73.2 75 |74.1 |}72.9 
Hemanthus puniceus.......| 77 79 «| 81 82.5 | 81.75 |/-82,.7 | Irisismali.................| 69 71 | 72 74 173 
Hemanthus konig albert....| 80 82 |82.5 84 | 83.25 Tris iberica................| 69 70 |71 72.5 | 71.75 
Crintim moorei............ 68 70 |70 71 «=| 70.5 Tris et cvs jedan Cees Recta 70 72 =| 74 76 | 75 72.6 
Crinum zeylanicum . . el Ch 78 |79 80 |79.5 |}77 Tris dorak. . 68 70 |70 72 1721 
Crinum hybridum j c. kh. .| 78 80 | 80 82 |81 Tris cengialti . ie wena | CO 72 =|74 76 | 75 
Crinum zeylanicum........ 77 78 |79 80 | 79.5 Iris pallida queen ‘of may etal Th 73 =| 75 75.8| 75.4 |}74.5 
Crinum longifolium........| 70 71 = |74 75 |74.5 1377.3 Iris mrs. alan grey......... 69 70 = |73 74.5 | 73.75 
Crinum kircape...........] 75 76 =|77 79 #|78 Iris persica var. purpurea. ..| 64 66 | 68 70 | 69 
Crinum longifolium........| 70 71 =| 74 75 =| 74.5 Iris sindjarensis. . 63.5 65 |66 67 | 66.5 |}68.2 
Crinum moorei............| 68 70 |70 71 =|70.5 |}71.2 Iris pursind .. wees... (64.5 66 | 68 70 |69 

Crinum powellii...........{ 65 67 | 68 69 | 68.5 Gladiolus cardinalis Savewiain ts 83 84.5 | 84 86 | 85 
Nerine crispa..............| 64 65 |70 71.5 | 70.7 Gladiolus tristis............| 76 78 |78 79 | 78.5 |)82 
Nerine elegans............/68.5 70 | 75 76.9 | 75.9 Gladiolus colvillei..,.......| 78 80 | 82 83 | 82.5 
Nerine dainty maid......../69  70.5/72.5 73.8 |73.2 |(72-9 | Tritonia pottsii............ 73 «75 (76 = 77.5 |76.75 
Nerine queen of roses... ...| 68 69.1 | 71 72.8 | 71.9 Tritonia crocosmia aurea... .| 78 80 |80 82 | 81 78.2 
Nerine bowdeni............ 67.6 67.9|74 75 | 74.5 Tritonia crocosmeeflora.....| 74 76 | 76 8 77 
Nerine sarn. var. cor. ween .| 70 71 =| 76 78.8 | 78.4 Begonia sing. crim. scar... .| 67 68.5 | 70 72 144 
Nerine giantess. . ..../682 6911709 71 |70.95|(745 | Begonia socotrana......... 79 «80 |81 818/814 |$74.9 
Nerine abundance. . | 69 69.9|73.9 74.8 | 74.3 Begonia mrs. heal..........| 67 69 |71 72 = |715 
Nerine sarn. var. cor. Mae 70 71 |76 78.8) 78.4 Begonia doub. light rose. .. .| 60 61 | 62 64 163 

Nerine curv. var. foth. maj. 68.1 69 |73.2 74.3|)73.8 |}76.2 | Begonia socotrana.........|79 80 |81 81.8 | 81.4 |}70.5 
Nerine glory of sarnia......| 70 72 |75.8 $77 |76.4 Begonia ensign............ 64 65.5 | 66 68 | 67 

Narcissus poeticus ornat... .| 73 74 |77 78 |77.5 Begonia double white... .... 60 61.5 | 65 66.5 | 62.75 
Narcissus poeticus poetar. . .| 67 69 |71 73° «| 72 Begonia socotrana.........|79 80 | 81 81.8] 81.4 |+71.7 
Narcissus poeticus herrick.. .| 69 71 |76 78 =| 77 75.3 Begonia julius............. 65 66 | 67 69 | 68 
Narcissus poeticus dante....}71.2 73.1] 74 76 |75 Begonia doub. deep rose... .| 64 65.5 | 67 68.8 | 67.8 
Narcissus taz. grand mon. ..| 73 75 | 76 77 | 76.5 Begonia socotrana.........| 79 80 {81 81.8 | 81.4 ‘|+72.6 
Narcissus poeticus ornatus. .| 73 74 = =|77 78 |77.5 |+73.5 | Begonia success............ 62 64 |68 69 | 68.5 
Narcissus poetaz truimph.. .} 73 75 =| 76 77 | 76.5 Richardia albo-maculata.., .| 75 76 177 78.5 | 77.7 
Narcissus gloria mundi..... 71 72.8 | 74 75 | 74.5 Richardia elliottiana.......| 74 75 176 77 = =|76.5 |+77.1 
Narcissus poeticus ornatus. .| 73 74 = =|77 78 = |77.5 |}75 Richardia mrs. roosevelt... .| 74 76 =| 76 78 #|77 
Narcissus fiery cross........| 71 72 =#|73.5 74.5) 74 Musa arnoldiana........... 60 61 |64.5 65.8] 65 
Narcissus telamonius plen.. .| 70 72 =|73 75 | 74 Musa gilletii.............. 64 66.5|67.5 69 |68.4 |}67.7 
Narcissus poeticus ornatus. .| 73 74 |77 78 = |77.5 |'75.8 | Musa hybrida............. 65.2 67 |69 70 | 69.75 
Narcissus doubloon........|71.2 73 | 75 77 «| %6 Phaius grandifolius......... 65 66 |68 69 | 68:5 

Narcissus princess mary... .| 70 72 = |74 76 | 75 Phaius wallichii............| 64 65 | 87 68 | 67.5 |}67.7 
Narcissus poeticus poetar. . .| 67 69 |71 73 =| 72 74.2 Phaius hybridus........... 64 66 | 66 68 | 67 
Narcissus cresset...........| 71 73 |74.5 76 | 75.7 Miltonia vexillaria.........| 70 71 =| 73 74 | 73.5 
Narcissus abscissus......... 69.5 71 173 74 | 73.5 Miltonia roezlii............ 74 76 |76 77 =| 76.5 |}74.7 
Narcissus poeticus poetar. . .| 69 71 =|721 73 | 72 (72.8 | Miltonia bleuana.......... 69 “TE 72 74 |73 
Narcissus will scarlet....... 69.8 71.9] 72 74 173 Cymbidium lowianum...... 58 60 |62 63 162.5 
Narcissus albicans . 72 72 |73 7 |74 Cymbidium eburneum...... 58 59.5 | 65 66.5 | 65.75 | }65.2 
Narcissus abscissus. - [69.5 71 | 73 74 173.5 |}74.2 Cymbidium eburneo-lowia- 
Narcissus bicolor apricot. . 71 72.5 | 74 76 | 75 MUM «sage sea aro eedeas 61 63 | 67 68 | 67.5 
Narcissus empress......... 70 71 =|73 74 | 73.5 Calanthe rosea............. 74 76 | 75 77 #176 
Narcissus albicans . ( 702 72 |73 75 | 74 73.9 Calanthe vest. var. rub.-oc..| 72 74 =«+174 75 |74.5 |}74.3 
Narcissus madame de granft 70 72 |73.5 7S | 74.95 Calanthe veitchii........... 71 72 = |73 74 | 72.5 
Narcissus weardale perfect. .| 68 69 |72 74. |7¥2 Calanthe vest. var. rub.-oc..| 72 74 = =|74 75 | 74.5 
Narcissus madame de aban 70 72 173.5 75 | 74.25 |}74.4 Calanthe regnieri..........| 70 72 #|76 78 #(|77 76 

Narcissus pyramus. . 73 74 #|76 77° =«|\76 Calanthe bryan............ 72 74 #|76 77 =| 76.5 
Narcissus monarch. . 67 68.5 | 72 7s | (ae 
Narcissus madame de graaff 70 72 = |73.5 75 |74.25|}73.5 
Narcissus lord roberts... 68 69.4 | 73 74.5 | 73.75 wa 
Narcissus leedsii min. humd.!70 71.2|74.5 76 |75.25 Average mean pe eeiEyre of caeneninine of the seed parent- 
Narcissus triandrus albus...]70 71 [73 75 |74 = |74.5 stocks. . . . 72.07° 
Narcissus agnes harvey.. 70 71.8|)73.8 75 | 74.4 Average mean aeanenebine of gelebtieation of “the éllens 
Narcissus emperor . 69 71 =| 74 75.5 | 74.53 PATON SUO CMS ing sin ais oS ars Foie wre do Sy agua gasnerere eioce alee 73.08° 
Narcissus triandrus albus... 70 71 | 73 75 | 74 72.8 Average mean temperature of gelatinization of the hybrid- 
Narcissus j. t. bennett poe..|64 64.869 71‘ 70 BLOCKS ccin esaecne a eA rae ME iedou NA Boom ca aa 
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ferent genera, the reaction being in some instances 
higher, or lower, or the same, or about the same, as the 
average reaction-intensity. In comparing the data of 
different genera, species, or hybrids, it was usually found 
that the two tend to fall and rise together—in other 
words, that if in one set the average mean temperature 
of gelatinization and the average reaction-intensity is at 
a given standard and if in the next set the temperature 
is higher, the average reaction-intensity will be higher, 
although the quantitative relationship between the two 
may vary; but-one may rise and the other fall, and so 
on. The varying relationships of these two sets of reac- 
tions will be seen by comparing the records in Table B 2 
and Chart B 42. Strictly equivalent values in the two 
cases are not given because the scales are different and 
arbitrary. The range of temperature reactions are in- 
cluded between 51.5° (Liliwm parryi) and 83.25° 
(Hemanthus konig albert), representing a range of only 
about three-fifths of the scale, while in the reaction-inten- 
sities, as a whole, the entire scale is included; hence, it 
follows that strictly comparative values of the excursions 
of the temperature curve should be amplified two-fifths. 
This fault, however, does not interfere with the gross 
comparisons sought. Taking the two averages for the 
Amaryllis-brunsvigia-brunsdonna group as a starting- 
point, it will be observed that there is a well-marked sepa- 
ration of the two curves and that the temperature curve 
is the lower. Both curves fall in Hippeastrum, the tem- 
perature curve less than the other, and there is an inver- 
sion of the positions of the two curves, the temperature 
curve now being the higher. In Hemanthus both curves 
are still lower, both being close in the first set but well 
separated and again reversed in the second set, the tem- 
perature curve now being the lower as in Amaryllis- 
brunsvigia-brunsdonna. This last crossing is due to pe- 
culiarities, several times referred to, of Hemanthus 
puniceus. In Crinum both curves rise and undergo a 
marked separation in the last set, the temperature curve 
remaining in all three sets lower and changed to a less 
degree than the other curve. In Nerine both curves fall 
and approximate. In Narcissus the reaction-intensity 
curve remains at the same level as in the last set of 
Nerine, but the temperature curve rises to a point slightly 
above the reaction-intensity curve. In all of the follow- 
ing generic groups the temperature curve falls below 
the other curve, the degree being very variable, and the 
range of variability far in excess of what can be accounted 
for by error of calibration above referred to. 

These average differences do not begin to bring out 
or even indicate the extent and kind of these variations 
that are found when the data for members of different 
sets are compared. For instance, in Amaryllis-bruns- 
vigia-brunsdonna the temperatures of gelatinization are 
nearly the same, the maximum difference being only 
1.75°, but the reaction-intensities vary between 76 and 
52, the temperatures for Amaryllis and Brunsdonna san- 
dere being practically absolutely the same, while the 
reaction-intensity averages are 76 and 55, respectively— 
a wide difference. In other words, there may be no dif- 
ference in the temperature of gelatinization, but a wide 
difference in reaction-intensities. In the Crinum longi- 
foliwm-moorei-powellii set, C. powelli has the lowest tem- 
perature of gelatinization, but the highest average 
reaction-intensity. In Iris, in the first three sets the 

REACTION-INTENSITIES OF STARCHES. 

temperatures are uniformly higher than in the fourth 
set, but the relative reaction-intensities are the opposite, 
they being very much lower in the first three sets than 
in the last set, and the difference is proportionately far 
more marked than in the temperatures of gelatinization. 
In Begonia, in B. socotrana the temperature of gela- 
tinization is very much higher than in the other members 
of the genus represented, but the reaction-intensity is 
very decidedly lower. On the other hand, in Hippeas- 
trum the temperatures of gelatinization and average 
reaction-intensities are in both cases very closely alike. 
In Hemanthus katherine the temperature of gelatiniza- 
tion is distinctly higher than in H. magnificus, but with 
the average reaction-intensity, although there is a tend- 
ency, on the whole, for a starch that has a high tem- 
perature of gelatinization to have a corresponding 
reaction-intensity. 

In comparing the data of this table it is worthy 
of note that while there may be evidence in some reaction 
of a grouping of genera and of subgeneric divisions 
there may not be in others. For instance, the tempera- 
ture of gelatinization of the members of two genera may 
be close, as in the case of Hippeastrum and Nerine, but 
the sum and average reaction-intensities may be dis- 
tinctly different; or the temperatures may more or less 
distinctly individualize the genus, as in the case of 
Itlium; or they may individualize subgeneric groups, 
as in Iris, in which the first three sets and the last set 
stand distinctly apart from each other. While it may 
not be possible positively to recognize a genus upon the 
basis of temperature of gelatinization and average reac- 
tion-intensitiy, it is at least possible to state that it may 
be this or that genus or positively that it can not be a 
certain genus. For instance, having the data for Hip- 
peastrum and Nerine, it could perhaps not be stated 
conclusively which is which, although there is evident 
differentiation ; but neither could possibly be confounded 
with Amaryllis-brunsvigia, Lilium, Iris, Musa, Phatus, 
Miltoma, or Cymbidium ; nor could Lilium be mistaken 
for Iris or for any other genus with the exception, 
possibly, of Cymbidium. Lilium and Cymbidium are 
very widely separated genera, one belonging to Liliacez 
and the other to Orchidacex, and there should be a wide 
difference in the sum-total of their reactivities, but the 
reason why they are not here so differentiated is owing 
to their great sensitivity to the chemical reagents. So 
far as the temperature of gelatinization is concerned, it is 
well established that starches obtained from very remote 
plant sources may have the same temperature of gela- 
tinization, which peculiarity applies also to every rea- 
gent, both of which being in accord with what is to be 
expected of stereoisomers. On the other hand, they may 
exhibit differences, which vary in degree with different 
reagents. Hence, it follows that the starches are to be 
distinguished from each other by the collective pecu- 
liarities of each starch compared with those of other 
starches. 

2, VELOCITY-REACTIONS WITH DIFFERENT 
REAGENTS. 

(Charts D 1 to D 691.) 

In the preceding section it was shown, among various 
conspicuous phenomena, that different starches exhibit a 
wide range of reaction-intensities with a given agent or 
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reagent; that the reactions of a given starch may vary 
with different agents and reagents within wide limits; 
that there is a manifest tendency to groupings of reac- 
tion-intensities of different starches that are, on the 
whole, very closely in harmony with the plant groupings 
of the systematist; that the most variable relationships 
exist between the starches in their reaction-intensities, 
as regards sameness, intermediateness, excess and deficit 
of reaction-intensity development of the hybrid in rela- 
tion to the reactions of the parents; and that the differ- 
ences in the reactions are conditioned by differences of the 
starch molecule, by the characters of the agents, and by 
molecular constitution and concentration of the reagents. 
The comparative studies of the reactions with the chemi- 
cal reagents have as their sole basis values that are ex- 
pressed in terms of percentage of starch gelatinized in 
60 minutes or less. There was no note regarding dif- 
ferences that were recorded in the comparative percent- 
ages of the entire number of grains and total starch 
gelatinized at definite time-intervals, and only the most 
casual references were made to peculiarities observed 
in the progress of curves of the reactions from period 
to period; yet both of these features are found to be of 
great importance, alone and in conjunction with the 
findings presented in the foregoing sections, in the de- 
termination of generic, species, varietal, parental, and 
hybrid peculiarities of starches. The reaction-intensi- 
ties of different starches with different reagents recorded 
in Part II, Chapter I, include the percentages of both 
the entire grains and total starch gelatinized at definite 
time-intervals. The data of the total starch gelatinized 
have been tabulated in Section 3 of each of the Compari- 
sons of the Starches of the Parent- and Hybrid-Stocks 
in Chapter III, and they are here presented with few 
unimportant exceptions in the form of Charts D1 to 
D634 which admirably exhibit both intensity and 
progress of the reactions, and render comparisons of the 
behavior of both starches and reagents very satisfactory. 
Additional charts (Charts D 635 to D691) have been 
introduced to show the relationships between the per- 
centages of entire grains and total starch gelatinized at 
given time-intervals. There will also be found among 
Narcissus, Lilium, and Begonia a few charts that show 
differences between these percentages, and a few addi- 
tional charts to bring out certain generic peculiarities. 

These charts are so very numerous and the curves so 
exceedingly varied that detailed descriptions and com- 
parisons are rendered impracticable because of necessary 
limitations of space, although it will be perfectly mani- 
fest, after even a superficial survey, that the results of 
such a study would prove of great value in many direc- 
tions; yet very much that is of more than mere passing 
interest, value and suggestiveness can be brought out by 
even casual examination. 

PERCENTAGE oF ToTAL STARCH GELATINIZED AT 
DEFINITE TIME-INTERVALS. 

(Charts D 1 to D 634.) 

The curves of total starch gelatinized vary widely 
and the number and forms of types recognized are purely 
arbitrary. In some instances the curve is nearly or 
absolutely rectilinear, but in most cases it is circumlinear 
and varied, but suggestive usually of an ellipse, hyperbola 
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or parabola or some modification of one of the three. 
The rectilinear curves are presented in the form of three 
types or what may tentatively be regarded as three modifi- 
cations or forms of a single type: 

(a) A form that is characterized by an immediate, 
very rapid and continually rapid rise of the curve at an 
angle approximating about 1° to 2° with the verti- 
eal, thus representing a complete or practically com- 
plete gelatinization in 1 or 2 minutes. This curve 
should probably be circumlinear inasmuch as it is likely 
that during equal increments of time larger increments 
of the starch are gelatinized during the earlier than later 
periods of the reactions, but the time-intervals here are 
too short for such determinations. This belief is sup- 
ported by the fact that when the reactions of the same 
starch but with a weakened reagent are somewhat less 
rapid, as when complete gelatinization occurs at the end 
of 5 minutes, this variation is noted and the circumlinear 
character of the curve is quite marked, the increments 
of gelatinized starch falling very rapidly and dispro- 
portionately after the first minute. This form of curve 
is illustrated in the Amaryllis-Brunsvigia-Brunsdonna 
group in the reactions with nitric acid, sulphuric acid, 
hydrochloric acid, and potassium hydroxide (Charts D 4, 
D5, D6, and D7). It will be seen that in some of the 
reactions the line is straight and in others curved. 

(b) Another form of the rectilinear type presents a 
curve that is almost if not entirely rectilinear, but hav:ng 
an inclination that rarely is less than an angle of 80° 
with the vertical, which is equivalent to a maximum of 
approximately 15 per cent of the total starch gelatinized 
in 60 minutes. This form of curve is associated usually 
with weak gelatinizing reagents and exceptionally re- 
sistant starches. It will very frequently be found in the 
study of these charts that while a given starch may show 
such a curvé with one reagent, a curve of the first form 
or of an entirely different type may be exhibited with 
another reagent. Such a curve is well typified in the reac- 
tions of Brunsdonna sandere alba with sodium sulphide, 
cobalt nitrate, cupric chloride, barium chloride, and mer- 
curic chloride (Charts D 12, D17, D19, D 20, D 21). 

(c) A third form of the rectilinear curve links in its 
varied positions the first and third forms, and were it not 
that the first two forms are very common and the third 
form relatively rare, there would be no good reason for 
the recognition of three forms. This form is illustrated 
in the reactions of Brunsvigia josephine with mercuric 
chloride (Chart D 21), of Crinum kircape with sodium 
sulphide (Chart D' 159), and of Nerine bowdeni with 
uranium nitrate (Chart D 225). 

The circumlinear type of curves is divisible into three 
forms: 

(a) One form shows that gelatinization begins and 
proceeds rapidly, there being progressively or practically 
progressively decreasing increments of starch gelatinized 
with additional increments of time. This form is illus- 
trated in the reactions of Amaryllis belladonna with 
sodium sulphide (Chart D12). This form of curve is 
very common, perhaps the most common of all. An 
examination of this series of charts (Charts D1 to 
D 634) will elicit most varied and modified gradations in 
both directions from what may properly be regarded as 
a true hyperbolic form. 
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(b) Another form is an inversion of the latter, gela- 
tinization proceeding very slowly at first and then in- 
creasing with additional increments of time. Such 
curves are illustrated in the reactions of Brunsdonna 
sandere alba with uranium nitrate (Chart D15), of 
Hippeastrum pyrrha with nitric acid (Chart D 46), of 
Crinum kircape with strontium nitrate (Chart D163), 
and of Nerine sarniensis var. corusca major and N. 
giantess with potassium sulphocyanate (Chart D 219). 
In this form there is a tendency to a continuously in- 
creasing increment of starch gelatinized with increasing 
increments of time. 

(c) A third form, and one that is frequently ob- 
served, shows reactions that begin relatively or absolutely 
slowly, followed by progressively increasing reaction, and 
this in turn by progressively decreasing reaction, with 
additional increments of time, thus giving a curve that 
approximates the form of the letter f. Such a curve is 
typified in the reactions of all four starches of the Amaryl- 
lis-Brunsvigia-Brunsdonna group with chloral hydrate 
(Chart D1), and in one or more of these starches with 
chromic acid, pyrogallic acid, potassium iodide, calcium 
nitrate, and copper nitrate (Charts D 2, D8, D14, and 
D18). This curve is a modification of the first form 
of the circumlinear type, the modification being brought 
about chiefly by a relatively marked early resistance of 
the grains to the reagent. The duration of the period 
and the degree of resistance are very variable. In some 
instances there is merely a suggestion of resistance ; and 
in others resistance is very marked in both degree and 
duration ; and in others various intermediate gradations 
and variations. Thus, in the reactions of Amaryllis 
belladonna and Brunsvigia josephine with cobalt nitrate 
(Chart D 17) there is only slight evidence of this early 
resistance, while in the Brunsdonna sandere alba and 
B. sandere reactions the resistance is very marked (Chart 
D 2), in the latter instance there being only 3 and 1 per 
cent respectively of the total starch gelatinized in 5 min- 
utes; while 77 and 79 per cent, respectively, was gela- 
tinized during the succeeding 10 minutes. In the 
chromic-acid reactions of the Nerine crispa-elegans- 
dainty maid-queen of roses group this period lasts in all 
four starches for 15 minutes, followed by a rapid gela- 
tinization, giving a well-marked f form of curve. While 
all four starches may show this resistance with one rea- 
gent, one or all may not with others, and the degree and 
duration of the resistance, may either or both be quite 
variable. Thus, in the chloral-hydrate reactions, two of 
the starches show slight early resistance, and two not any 
(Chart D 190) ; in the potassium-sulphocyanate reactions 
all four show a resistant period, two for 5 minutes, and so 
on. The inclination of this form of curve is very varia- 
ble, in some instances, being less than 30° (Chart D 2) ; 
in others, about 50° (Chart D1), in others about 80° 
(Chart D 18); and in others, between or beyond these 
extremes, the less the angle the less rapid, as a whole, is 
the process of gelatinization. 

Curves are not infrequently found which do not pur- 
sue a uniform rectilinear or curvilinear course, so that 
they are not classifiable among the forms stated. In 
other words, they appear to be at times erratic in their 
courses. For instance, in the reactions of Brunsdonna 
sandere with sodium sulphide (Chart D12) the curve 
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during the first 15 minutes appears like a segment of the 
f form, but between the 15-minute and 45-minute inter- 
vals the curve drops instead of rises. In the sodium- 
hydroxide reactions with Brunsdonna sandere alba 
(Chart D 11), it seems from the courses of the curves of 
the other starches shown in the chart that the curve 
should have risen decidedly more by the end of the 15- 
minute interval, impinging at perhaps the 30 per cent ab- 
scissa instead of at the 16. In some instances these seem- 
ing or actual aberrations in the progress of gelatinization 
may be due to errors of experiment that are attributable 
to errors of estimation or to variations in attendant con- 
ditions ; but in most and probably in nearly all instances 
they are owing to peculiarities, molecular or physical, of 
the starch grains, as is indicated by the occurrence of 
identical or practically identical records when experi- 
ments have been repeated, even under varying incidental 
conditions. 

The curves of gelabinization of the starches consti- 
tuting a parental-hybrid group tend usually to divergence 
in their courses during the early part of the reactions, 
and when a definite position-relationship (highest, inter- 
mediate, same or lowest) is once established it is com- 
monly retained throughout the courses of the curves, but 
the degree of separation may be very variable, usually in- 
creasing for a variable period and then decreasing or 
increasing, more frequently decreasing. In some in- 
stances there is little or no difference between two or 
more of the curves of the group during an early period of 
the experiment, the length of which period being varia- 
ble, this period being followed by variable degree of 
divergence ; and in other instances, while divergence may 
be marked during the early and mid-periods of experi- 
ment, there may be sameness during the final period, and 
so on. ‘Crossing of curves is occasionally observed, but 
recrossing is very rare. Such peculiarities as are here 
indicated are illustrated in large part by the Amaryllis- 
Brunsvigia-Brunsdonna reactions (Charts D 1 to D 21). 
In most of these charts (excepting those in which gela- 
tinization is very rapid or very slow) there occurs pri- 
marily divergence and secondarily convergence. In 
Chart D 21 there is practically divergence from begin- 
ning to end of reaction. Charts belonging to the diver- 
gent type are common, for instance, among the Crinum 
zeylanicum-longifolium-kircape group (Charts D 148 to 
D 168). 

Different starches may exhibit with a given reagent 
the same or different curves. Thus the chloral-hydrate 
reactions with different starches show varying differences 
in regard to both type and form of type and in the de- 
gree of inclination of the curves. This feature is shown 
by both the individuals of the groups of parental and 
hybrid starches and by the different generic groups, as 
seen, for instance, by an examination of the reactions 
of the four starches as presented in Chart D1, and by 
the reactions of various generic representatives shown in 
Charts D 22, D 85, D 127, D190, D 265, D361, D 379, 
D 463, D 484, D505, D545, D574, D595, D616, and 
D619. Similar variations will be found in the reactions 
of other reagents, these differences being usually more 
conspicuous in the case of reagents that act usually with 
moderate activity than with those which act commonly 
with either much or little intensity. ; 
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A given starch may exhibit like or unlike reactions 
with different reagents, and the curves vary as much as 
do those of different starches with the same reagent, so 
that there may be most varied forms of the different 
types. This feature will be found to be well exhibited 
when the curves of the reactions of any given starch of 
any one of the generic groups are compared, for in- 
stance, the curves of Amaryllis belladonna (Chart D 1 to 
D21). The curve in the chloral-hydrate reaction is of 
the f form, having an inclination of about 50°, so that 
the upper end is at the termination of the 60-minute 
interval. The curve of the chromic-acid reaction is of 
the f form, but it terminates at the end of the 30-minute 
interval, giving it an inclination of about 30°, which 
indicates a very much more rapid gelatinization. It will 
be seen, however, that during the first 5 minutes the 
percentage gelatinized in both reactions is practically 
the same (12 and 10 per cent, respectively), that the 
gain in the chromic-acid reaction occurs during the next 
10 minutes; and that the quantities gelatinized during 
the interval between 15 and 30 minutes are the same in 
both reactions. The pyrogallic-acid and chloral-hydrate 
curves bear a close resemblance; but the former is lower 
throughout, especially at the end of the 5-minute inter- 
val, indicating a more marked early resistance to this 
reagent than to chloral hydrate. J'rom this point on- 
ward to the end of 60 minutes the curves run very closely 
parallel. 

In 11 of the 21 experiments with different reagents 
the curves belong to the form of circumlinear type that 
is characterized by progressively decreasing increments of 
starch gelatinized during additional increments of time. 
These curves vary markedly in character. In some the 
increment of starch gelatinized during the first 5 minutes 
is very disproportionate to the quantities subsequently 
broken down, as is noted particularly in the reactions of 
potassium sulphide, sodium hydroxide, calcium nitrate, 
and strontium nitrate (Charts D10, D11, D14, and 
D16), in each of which about 98 per cent of the total 
starch was gelatinized in 5 minutes. In the sodium- 
sulphite reactions the increments of gelatinized starch 
are 66, 14, 4, 3, and 2 per cent. In the other reactions 
of this group, including those of potassium iodide, so- 
dium salicylate, uranium nitrate, copper nitrate, and 
cupric chloride (Charts D8, D13, D15, D18, and 
D 19), the curves exhibit various modifications in com- 
parison with the foregoing. In the mercuric-chloride 
reactions the curve is of a modified f form, tending, in 
fact, like the accompanying Brunsvigia josephine curve, 
to be rectilinear, but at an angle of about 18° as com- 
pared with about 26° for the latter. In the reactions of 
nitric acid, sulphuric acid, hydrochloric acid, and potas- 
sium hydroxide (Charts D4, D5, D6, and D7), the 
curve is rectilinear and almost vertical, while in the 
barium-chloride reactions (Chart D 20) it is rectilinear 
and almost horizontal. 

Starches of members of a genus tend, as a rule, in 
their reactions with each reagent to yield curves that are 
of or incline to the same type and type form, except when 
there are subgeneric representatives or widely separated 
species, in which case it may be found that there is or is 
not relationship in the characters of the curves, and this 
peculiarity may also apply to the curves of hybrids in 
relation to those of its parents. For instance, taking 
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the chloral-hydrate reactions: of the starches of Lilium 

(Charts D 347, D 354, D 367, and D 373) the concord- 
ance of both type and type-form is obvious; of the 

starches of Nerine (Charts D190, D211, and D 232), 

the curves of the five parental starches are of the f form, 

but vary in their courses sufficiently for easy differentia- 

tion; of the starches of Crinum moorei, C. longifolium 

and C. powellii compared with those of C. zeylanicum, 

where we have subgeneric or the equivalent of subgeneric 
representatives (Charts D 127, D 148, and D 169), the 
curves of the first three conform to a given type-form, 

while the curve of the latter is of an entirely different 
type; of the starches of Begonia, where similarly well- 
separated starches are represented by those of the seed 
parent on the one hand and by the starch of B. socotrana 
(pollen parent) on the other (Charts D463, D 527, 
D 533, and D539), the curves are closely similar; of 
the starches of Amaryllis and Brunsvigia, where two 
recognized genera are represented, the curves are much 
alike (Chart D1). Varieties that are offspring of 
closely related parental stock, as in Hippeastrum (Charts 
D 22, D 43, and D 64), tend to show marked closeness in 
the curves and this may also be seen not only in closely 
related species, as in Phaius (Chart D574) and Iris 
(Chart D 421), but also in closely related genera, as in 
Gladiolus and Tritonia (Charts D 463 and D'484). The 
curves of hybrids show, as will be pointed out particu- 
larly hereafter, the most varied relationships to the 
parental curves, varying between identity and great 
dissimilarity. 

Taking the reactions of all of the parental starches 
with any given reagent and comparing them with those 
of other rcagents, it becomes apparent that those of each 
reagent represent a group in which there are both simi- 
larities and dissimilarities ; and that the different groups 
as such exhibit similarities and dissimilarities, the reac- 
tions collectively of each group being quite as or even 
more distinct from those of another group as are those 
of members of the same group; that the more closely 
related the starches the more marked the tendency gener- 
ally to closeness of the curves, yet sometimes distantly 
or wholly unrelated starches may exhibit almost if not 
identical curves with a given reagent. In a word, the 
peculiarities of these reactions are of such characters 
as should logically be expected if we are dealing with 
stereoisomeric forms of starch. 

The starches of the hybrid and parents usually take on 
within a brief period after the beginning of gelatinization 
definite relationships, which may be the same or different 
in the reactions with different reagents. That is, if 
shortly after the beginning of the reaction the positions 
of the three curves should be in the order of intensit 
of reactivity, seed parent, pollen parent, and hybrid (high- 
est, intermediate, and lowest), this relationship usually 
tends to be continued during the entire period of gela- 
tinization, but with varying degrees of separation of the 
curves. The hybrid curve may bear any relationship 
to one or the other or both parental curves—that is, be 
higher or lower than either, or intermediate, or the same 
as one or the other or both. Rarely the parental curves 
cross (Chart D169), or the hybrid curve crosses one 
or the other parental curve (Chart D 89). The hybrid 
curves tend usually to follow closely the parental curves 
but they may differ as much or more from the parental 
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curves as do the latter from each other (Charts D 241, 
D 277, and D 343). When there are two hybrids of the 
same parentage, the curves may differ quite as much or 
more from each other, as the parental curves differ from 
each other. (Charts D1 to D 21.) 

PERCENTAGES OF ToTaL StarcH AND ENTIRE NUMBER 

OF GRAINS GELATINIZED AT DEFINITE 
TIME-INTERVALS. 

(Charts D 635 to D 688; also D 261, D 268, D 290, D 296, D 302, 
D 308, D 814, D 320, D 326, D 332, D 338, D 344, D 350, D 351, 
D 357, D 365, D 366, D 508, D 530, D 536, D 542.) 

The curves of the percentages of total starch and the 
entire number of grains completely gelatinized tend in 
general to correspond in their courses; but both may 
differ in varying ways, relatively and absolutely, in 
accordance with the kind of starch and the reagent, 
excepting, of course, when the reactions are too fast | 
or too slow for definite differentiation. 

When starch is gelatinized it passes into an imperfect 
or pseudo-solution, and the grains, like solid particles 
or masses of other substances passing into solution, show 
differences in solubility of both grains in their entirety 
and parts of individual grains. Some grains may 
undergo complete gelatinization, while others do not 
exhibit any obvious change; and other grains show very 
variable proportions that have undergone a breaking 
down. These peculiarities have been observed in all 
kinds of starch with the same reagent. They are con- 
stant for the same starch with the same reagent ; variable 
with the same starch with different reagents ; and variable 
with different starches with the same reagent. The 
behavior of each starch with the different reagents is, as 
a whole, so characteristic and specific as to be diagnostic. 
These several points will be found to be well illustrated 
if there be taken a number of starches that are represen- 
tative of different generic and subgeneric divisions, plot- 
ting in curves the data of the reactions of one of the 
starches with one reagent, and supplementing this group 
with curves of the reactions of a few arbitrarily selected 
starches with several reagents. Thus, taking the pyro- 
gallic-acid reactions (Charts D 635 to D649), it will 
be found that the curves of the percentages of total starch 
and the entire number of grains completely gelatinized 
differ widely; that the two curves of each starch tend 
in general to correspondence in their courses; that the 
degree of correspondence varies from marked closeness 
to an almost lack of any likeness; and that the degree 
of separation of the curves varies in the different starches 
and also during the progress of the reactions. It is 
obvious that the farther the separation of the curves 
the smaller relatively the percentage of the entire num- 
ber of grains completely gelatinized, and the higher rela- 
tively the proportion of the total starch gelatinized in 
the partially gelatinized grains. 

In some of the starches it will be seen that during 
the progress of the reactions the increasing height of the 
curve of the percentage of total starch gelatinized is 
almost if not directly proportional to the increase in 
percentage of the entire number of grains completely 
gelatinized—in other words, the total per cent gela- 
tinized is not appreciably or but little contributed to by 
the amount of gelatinization in grains that have under- 
gone only varying degrees of partial disorganization; in 
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others, there will be found the reverse, the major por- 
tion of the percentage of total starch gelatinized being 
yielded by grains that have been only in part, but to vary- 
ing degrees, broken down; in others, there are various 
gradations between the former. These peculiarities are 
constant with each starch with each reagent, except in 
very rare instances, indicating thereby that they are in 
part expressions of inherent constitutional properties 
of starch molecules that differ in accordance with the 
plant source. In reactions that are completed within 2 to 
5 minutes or so, or which are so slow that a very small 
percentage of the starch is gelatinized by the end of 60 
minutes, the differences between the two percentages 
may be so small as to be undetectable, or if detectable 
of little or no value in demonstrating this peculiarity. 
This is found, for instance, in Lilium tenuifolium (Chart 
D 644), 99 per cent of the total starch is gelatinized in 5 
minutes, 93 of this 99 per cent being contributed by grains 
completely gelatinized and the remaining 6 per cent of 
grains being only partially gelatinized, and 1 per cent 
unaffected. Additional instances are found, but in the 
opposite direction, in the reactions of Hemanthus kather- 
ine (Chart D639), Iris iberica (Chart D684), and 
Richardia albo-maculata (Chart D 652). 

Taking, in turn for comparative purposes, several 
selected charts of this series, and beginning with those 
of Lilium tenuifolium (Chart D 644) and Hemanthus 
katherine (Chart D 639), which represent opposite ex- 
tremes of reaction-intensities, and wherein the two per- 
centage curves in each are almost identical, variations 
in the courses of these curves will be found that are 
coupled with variations in the degree of separation of 
the curves during the progress of reactions, each chart 
being in one or both respects different from the other 
charts, and therefore characteristic of starch plus rea- 
gent. In Cymbidium lowianum (Chart D 657) the reac- 
tions occur rapidly, gelatinization being practically 
complete in 15 minutes, 98 per cent of the total starch 
being gelatinized in 5 minutes, of which quantity 87 
was made up of the starch of completely gelatinized 
grains; while in Richardia albo-maculata only 11 
per cent of the total starch was gelatinized in 60 
minutes, of which quantity 6 per cent was made 
up of the starch of grains completely gelatinized. In 
some of the other charts gelatinization is shown to pro- 
ceed with fair to moderate activity, but during the earlier 
part of the 60-minute period the proportion of gelatinized 
starch contributed by grains that are entirely broken 
down is decidedly less than that by the partially gela- 
tinized grains. This peculiarity is well illustrated, for 
instance, in Iris iberica (Chart D646), Iris tro- 
jana (Chart D647), and Phaius grandifolius (Chart 
D655). In Iris iberica, at the end of 5-minute 
period, 20 per cent of the total starch was gelatinized, 
of which quantity only 2 per cent was contributed by 
grains that were entirely gelatinized ; at 15 minutes the 
figures are 62 and 30, respectively; at 30 minutes, 81 
and 42, respectively; at 45 minutes, 86 and 53, respec- 
tively ; and at 60 minutes, 54 and 90, respectively. Simi- 
lar data are recorded in the other two charts, the 
proportions in each varying at the different periods— 
at the end of 60 minutes, in [ris iberica, 54: 70, in I. tro- 
jana, 63:96, and in Phaius grandifolius, 28:67, of the 
gelatinized starch was contributed by the grains that 
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were entirely gelatinized. In Narcissus tazetta grand 
monarque, during the first 15 minutes less than 0.5 per 
cent of the grains, but 20 per cent of the total starch, 
were gelatinized, and during the progress of the reaction 
both curves rise, but the curve of the percentage of total 
starch rises somewhat more rapidly than the other. In 
certain of the charts this progressive separation is seen, 
as in Amaryllis belladonna (Chart D 635) and Tritonia 
potisu (Chart D651); in others, there is for a time 
separation, this being followed by approximation, as in 
Hippeastrum titan (Chart D 636) and Hemanthus puni- 
ceus (Chart D 640); and in others, there is an early 
marked separation followed in time by approximate 
parallelism, as in Gladiolus tristis (Chart D650) and 
Calanthe rosea (Chart D 658), and so on with various 
differences. 

While no two charts are identical some are quite 
similar, yet readily differentiated. Such similarity is apt 
to be found in very closely related varieties and species— 
for instance, in Hippeastrum titan, H. ossultan, and 
H. deones (Charts D636, D637, and D 638), and in 
Iris (Charts D 646, D 647, and D648). Those of the 
several species of Liliwm differ markedly (Charts 
D 643, D 644, and D645). Those of widely separated 
species, such as Hemanthus katherine and H. puniceus, 
are decidedly different from each other, which species for 
reasons as stated, probably represent subgeneric groups. 
The same peculiarities are true in Iris, those of I. iberica 
(Chart D 646), 7. trojana (Chart D647) and I. cen- 
gialtt (Chart D 648) having a close general resemblance, 
‘and markedly contrasted with the curves of the appa- 
rently distantly related I. persica var. purpurea (Chart 
D 649), which curves are quite different from the former. 
Gladiolus and Tritonia (Charts D 650 and D 651), while 
representing closely related genera and exhibiting at the 
end of the 60-minute period the same percentages of 
both total starch and entire number of grains completely 
gelatinized, nevertheless present differences in the courses 
of the curves that are quite definitely distinctive. 

In some of the charts it will be seen that there is an 
early period of resistance of the starch to gelatinization. 
This is manifest in some instances in the percentage of 
completely gelatinized grains, but not in the percentage of 
total starch gelatinized, as in Iris iberica and I. trojana 
(Charts D 646 and D 647), and in Lilium chalcedonicum 
.(Chart D 645) ; in others, it may be the reverse, as in 
Narcissus tazetta grand monarque (Chart D 642) ; and 
in others, in both percentages, as in Amaryllis bella- 
donna (Chart D.635) and Hippeastrum titan (Chart 
D 636). In other charts both curves may begin at once 
to rise rapidly, but the percentage curve of total starch 
rises more rapidly than the other, as in Hemanthus 
puniceus (Chart D 640), L. martagon (Chart D 643), 
Musa arnoldianaw (Chart D 654), and Miltonia vevillaria 
(Chart D 656). In the different starches these changes 
go on with varying rapidity and relationships, so that 
by the end of the 5-minute period not only may the 
two curves of any given starch be well separated but their 
courses may be quite different. Thus, the figures for the 
percentages of total starch and number of grains com- 
pletely gelatinized in 5 minutes in the above four species 
are 33 and 65, 30 and 77, 30 and 86, and 27 and 50, 
respectively. It is to be noted that while in the four cases 
the percentages of the entire number of grains com- 
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pletely gelatinized are the same or nearly the same, the 
percentages of total starch are in all distinctly different. 
This is of diagnostic importance because it indicates 
inherent individual peculiarities of the several starches. 
The preceding groups of charts indicate to what degree 
the reactions of different starches with a given reagent 
‘may differ in the percentages of both total starch and 
entire number of grains completely gelatinized, and also 
the tendencies in general to similarities of the pair of 
curves of closely related starches and to dissimilarities 
of distantly or unrelated starches. 

When similarities are observed, as in the very closely 
related Hippeastrums, such peculiarity is to be expected 
in the reactions of the same starches with other reagents. 
For instance, in the reactions with chloral hydrate 
(Charts D659, D660, and D661) the three pairs of 
curves are closely alike, the type of curve is the same as 
is seen in the pyrogallic-acid reactions (Charts D 636, 
D 637, and D 638), but the positions of the curves in the 
two reactions are different, owing to the distinctly lower 
reactivities of these starches with chloral hydrate. When, 
however, the reactions of the starches of well-separated 
or unrelated species are studied it is found that there 
may be the widest variations in the relationships of the 
two curves, not only with different agents but also with 
the same reagent, even to the extent that the percentage 
of total starch gelatinized will give a type of curve 
entirely different from that of the percentage of grains 
completely gelatinized. Thus, examining the pyrogallic- 
acid reactions of the various starches (Charts D 635 to 
D658), it will be found that there is with few excep- 
tions a well-marked tendency to separation of the two 
curves, and that in some instances the two curves are 
not of the same type, as in Lilium chalcedonicum (Chart 
D 645) and Iris trojana (Chart D647). In contrast 
with this, in the chloral-hydrate reactions (Charts D.659 
to D 667) both curves tend to marked closeness in course 
and hence to the same type. Comparisons of the pyro- 
gallic-acid and chloral-hydrate reactions of the same 
starch bring out many interesting points. For instance, 
in Amaryllis belladonna (Charts D 635 and D 662) in 
the pyrogallic-acid reaction the two curves become widely 
separated during their progress, the percentage of com- 
pletely gelatinized grains ceases to increase after 30 
minutes, but the quantity of gelatinized starch is mate- 
rially being added to by the grains that are undergoing 
partial gelatinization ; while in the chloral-hydrate reac- 
tion the curves keep very close throughout. The most 
marked difference between the reactions of the two rea- 
gents is seen in the curves of the percentage of the entire 
number of grains completely gelatinized, which differ 
greatly, while the total percentage curves differ compara- 
tively very little. In Hemanthus puniceus (Charts 
D 640 and D664) the pyrogallic-acid and chloral-hy- 
drate curves are of different types; and the curves of 
both pairs of percentages tend to closeness, more particu- 
larly the chloral-hydrate curves. In Narcissus tazetta 
grand monarque (Charts D 642 and D 665) both pairs 
are again different, not only from those of the preceding 
charts, but also from each other, and as markedly in the 
latter as in the former case. Here the types of the pairs 
of curves are distinctly different, and while the two 
curves in the pyrogallic-acid reaction tend to progressive 
separation, those of the chloral-hydrate reaction tend to 
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continued closeness. In Iris iberica (Charts D 646 and 
D 666) there is a difference in the type of the two curves 
in the pyrogallic-acid reaction, but not in the chloral- 
hydrate reaction, and in the former the curves tend to 
marked separations, but in the latter to marked closeness. 
In Phaius grandifolius (Charts D 655 and D 667) the 
same peculiarities are observed. Similar pairs of charts 
of the curves of other starches with these and other 
reagents exhibit corresponding characteristics. It is 
of importance to recognize that the differences be- 
tween the two curves may be as marked in the 
reactions of the same starch with different reagents 
as it is in the case of different starches with the 
same reagent. Indications of these differences have 
had incidental reference in the immediately preceding 
statements, and they may be sufficiently accentuated by 
reference to a single generic group of reactions, as, for 
instance, the reactions of Iris iberica with different rea- 
gents (Charts D 668 to D 688), that which is found here 
being taken as a rough index or suggestion of the records 
of the other starches. 

3. Composite REacTION-INTENSITY CURVES WITH 
Dirrrerent AcEnts anp ReaceEnts. 

(Charts E 1 to E 46, and D 1 to D 691.) 

In the construction of the composite reaction-inten- 
sity curves the absciss are, in the polarization, iodine, 
gentian-violet, and safranin reactions in terms of gross 
quantitative light and color values based on an arbitrary 
scale of 105 in divisions of twentieths; in the tempera- 
tures of gelatinization, in the centigrade scale in divisions 
of 2.5°; and in the reactions with the chemical reagents 
on a duplex scale, the upper portion giving the time of 
complete or practically complete gelatinization (95 per 
cent or more of the total starch), and the lower portion 
of the scale the percentage of total starch gelatinized 
when complete or practically complete gelatinization has 
occurred within not less than an hour. The ordinates 
represent the agents and reagents used in the reactions. 
The reaction-intensity of each agent and reagent is 
marked upon its ordinate and upon the proper abscissa, 
and then a line is continued from ordinate to ordinate, 
making an irregular curve. This form of chart is espe- 
cially useful in the differentiation and recognition of 
varieties, species, subgenera and genera, and in compari- 
sons of the peculiarities of parents and hybrids. The 
method of construction is, however, faulty, and the curves 
are at times misleading because differences that have 
been recorded antecedent to the record used in the chart 
may be of very different significance, on which account 
there will be found here and there what appear to be 
discrepancies from what should be expected upon the 
basis of the data of the systematist; but as previously 
stated, each of these different kinds of charts brings 
out in a particular way certain features, and it is of pri- 
mary importance to note that there are presented in 
Charts D 1 to D 691 data of the progress of the reactions 
that are of essential importance in connection with 
understanding and proper interpretation of these com- 
posite charts. In a word, the composite charts exhibit 
in a gross and by no means accurate way comparative 
reaction-intensities. For instance, the reaction-intensi- 
ties of two or more starches may be shown to be 95 per 
cent of the total starch gelatinized in 30 minutes, or pre- 

REACTION-INTENSITIES OF STARCHES. 

cisely the same, whereas the records tor the preceding 
periods may or may not have shown any differences. 
This is illustrated in the uranium-nitrate reactions of 
Amaryllis belladonna, Phatus grandifolius, and Miltonia 
vexillaria (Chart D689), wherein at the end of the 
5-minute period the figure for both Amaryllis and Phaius 
is the same or 65 per cent; and that of Miltonia 83; 
and at 15 minutes, and thence onward, they are practi- 
cally exactly the same for all three. Then again, the 
curves of gelatinization of any given starch may undergo 
a complete change in its relationships to other curves 
during its progress. This is well shown in the cobalt- 
nitrate reactions with the same starches (Chart D 690). 
At the end of the 5-minute period the order of reactivity 
is Miltonia, Amaryllis, and Phaius; at 15 minutes, 
Amaryllis, Miltonia, and Phaius; and at the end of the 
30, 45, and 60 minute intervals, Amaryllis, Phaius, and 
Miltonia. 

In making the composite charts the records of these 
species at the end of 60 minutes are taken, and quite a 
different impression is given of relative reaction-intensi- 
ties than if the records had been used at the 5- or 15- 
minute periods. Another source of fallacy is to be found 
in the tendency in most of the reactions for convergence 
or divergence of the curves, this being apparent not only 
in the charts of the reactions of the starches of parents 
and hybrid, but also when the curves of arbitrarily 
selected starches are compared. This latter is set forth 
in the pyrogallic-acid reactions of the Amaryllis, Phaius, 
and Miltonta starches (Chart D691). Here it will be 
noted that while the Miltonia curve is highest, that of 
Amaryllis lowest, and that of Phaius intermediate, at 
the end of the 5-minute period the figures are 50, 6, and 
5 per cent, respectively; at the end of the 15-minute 
period 34, 40, and 72 per cent, respectively; at the end 
of the 30-minute period 50, 75, and 84 per cent, respec- 
tively ; and at the end of 60 minutes 94, 90, and 67 per 
cent, respectively. In a word, at the end of the 5-minute 
period there was no practical difference between Amaryl- 
lis and Phaius, but a wide difference between them and 
Miltonia; and during the progress of the reactions, while 
gelatinization in Phaius tends to keep about parallel in 
intensity with that in Miltonia, that in Amaryllis tends 
to approach more and more closely the intensity of reac- 
tion in Miltonia, so that by the end of the hour the 
figures for Miltonia and Amaryllis are very nearly the 
same (94 and 90 per cent, respectively) while the figure 
for Phaius is only 67 per cent. Notwithstanding the 
grossness of this method of charting and the manifest 
tendency to introduce fallacies, it will be apparent by 
even a cursory survey of these charts from the aspect of 
taxonomy that they are not without very considerable 
value, and that by necessary modifications in the plan of 
charting we shall arrive at a positive means by‘ which 
plants can be identified and classified by the physico- 
chemical peculiarities of their starches and other complex 
metabolites, in other words, by a strictly scientific 
method. 

In Publication 173 similar charts were presented. In 
their formulation the number of reactions was less, the 
reagents somewhat different from those used in the pres- 
ent research, and the values expressed were in terms of 
complete or practically complete gelatinization time. At- 
tempts were made in the present investigation to lessen 
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the sources of fallacy by increasing the number and 
changing the concentration of the reagents and modify- 
ing the standard of values in accordance with the abscis- 
se here used. Notwithstanding the crudities of the 
methods adopted and the fallacies introduced in the 
formulation of the composite charts in the former 
memoir the following was rendered apparent: That the 
reactions of members of a genus constitute a well-defined 
group, the mean of the character-values constituting a 
distinct generic type, this type tending to be similar to 
the types of very closely related genera and dissimilar 
to the types of distantly related or unrelated genera; 
that the reactions of different species of a genus yield 
curves that tend to be closely in conformity with the 
generic type of curve, but when there are representatives 
of subgenera or similar generic subdivisions there may 
be departures or aberrations from this generic type so 
that there may be as many subgeneric or group types as 
there are subgenera or subgeneric groups; that the reac- 
tions of varieties of a species yield curves that very closely 
correspond with those of the species ; and that the generic, 
subgeneric, and species differentiations are in general 
in close accord with established botanical data. The re- 
sults of the present research are in harmony with those 
of the preceding investigation, but some unexpected 
variations have been found, especially in the extent of 
certain generic and subgeneric differentiations which will 
be referred to here with sufficient detail. 

Taking up first those genera which are best repre- 
sented by species and varieties, but in which there are 
not included subgeneric or similar generic group repre- 
sentatives, such as Hippeastrum (Charts E 2, H 3, and 
E 4), Nerine (Charts E 10, E 11, and E 12), Narcissus 
(Charts E13 to H 24, inclusive), and Ltliwm (Charts 
E25 to E29, inclusive), it will be apparent upon 
even superficial examination that the starches of the 
varieties or species, or of both varieties and species, of 
each genus have curves that are in general very similar 
in form and that the type form of the curve in each genus 
is different from that of any other, and so markedly 
so that the curves of the members of one genus could 
not be confounded with those of another any more than 
could the plants themselves. It will also be noted that 
when the starches are from very closely related plants, 
as in the Hippeastrums, the curves are very closely alike, 
while in Nerine and Narcissus, respectively, where there 
are instances of both botanical closeness and separation, 
the variations from the mean or the generic type of 
curve tend to be more and more marked as the repre- 
sentatives of the genus are botanically farther separated. 
The curves of Ialiwm, while yielding a generic type very 
different from the Hippeastrum, Nerine, and Narcissus 
types, are of little usefulness in the differentiation of 
the various members of the genus represented because 
of the very rapid gelatinization of the starches with 
nearly all of the reagents. In order to satisfactorily 
differentiate these starches reagents of such modified 
strengths must be used as will render gelatinization very 
much less rapid, and probably additional reagents may 
be necessary. In other genera studied, where there are 
only the two parental and the hybrid representatives of 
the genus, as in Gladiolus (Chart E34), Tritonia 
(Chart E85), Richardia (Chart E40), Musa (Chart 
E41), Phaius (Chart E42), Miltonia (Chart E 43), 
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Cymbidium (Chart E44), corresponding peculiarities 
will be found, although in Gladiolus and Tritonia, closely 
related genera, the curves are so much alike as to indi- 
cate different species rather than different genera. There 
is also much resemblance between the Amaryllis and 
Phaius charts which represent very widely separated 
genera, but this singular peculiarity will be referred to 
particularly later on. In the Amaryllis-Brunsvigia reac- 
tions (Chart E1), where there is bigeneric representa- 
tion, the curves are quite different. 

When genera are represented by subgenera or sub- 
generic groups, as in Hemanthus (Chart £6), Crinum 
(Charts E7, E8, and E9), Jris (Charts E30, E31, 
E 32, and E33), and Begonia (Chart E 36), the curves 
of the subgeneric representatives may differ not only 
markedly but to even a much more marked degree than 
the curves of different genera generally of the same 
family—a most curious and as yet inexplicable phe- 
nomenon. In Hemanthus the curve of H. puniceus is so 
variant in comparison with those of H. katherine, H. 
magnificus, and both hybrids that it seems that this spe- 
cies must be separated botanically sufficiently far from 
the other two to be regarded as belonging to a different 
subgenus, although this differentiation may not have been 
recognized by the systematist. In Crinwm the curves of 
the representatives of the hardy and tender forms (C. 
moores and C. longifolium, hardy ; C. zeylanicum, tender) 
differ so markedly as to suggest members of different 
genera. In Tris, in the first three sets (Charts E 30, 
E 31, and E 32), the reactions of rhyzomatous forms are 
represented, and it will be seen that all of the curves 
conform closely to a common type; but in the fourth set 
(Chart E33) the reactions are of tuberous forms, all 
three curves conform with great closeness to a common 
type, and they all differ materially from the rhyzomatous 
type, and in fact so different are they that they would 
certainly not in the present stages of the investigation 
be recognized as belonging to the same genus. In Be- 
gonia there is found an even more remarkable instance 
of subgeneric differentiation in the curves of the tuberous 
and semituberous forms, the former being represented 
by four garden varieties and the latter by B. socotrana, 
a very exceptional and isolated species of the genus. 
Comparing the curves of these charts (Charts E36 to 
E39) it will be seen that the curves of the tuberous 
forms are in close conformity to a common type, while 
the curve of B. socotrana is so very unlike the curves of 
the former in a large number of the reactions with the 
chemical reagents as to suggest anything but generic 
relationship to the tuberous forms. Unfortunately, the 
number of reactions of the latter were with a single ex- 
ception very limited, but the curve of the reactions of B. 
single crimson scarlet (Chart E36) can with perfect 
safety be taken as very closely typifying the curves of 
the others. 

The Amaryllis and Phaius curves (Charts E1 and 
E42), while representing wholly unrelated and widely 
separated genera, give the impression of curves of closely 
related genera or even of species of a genus; in fact, the 
resemblance is much closer than that of related genera 
here represented, as, for instance, of Amaryllis and Bruns- 
vigia (Chart E1), of Phaius and Miltonia (Charts E 42 
and E 43), or of Phaius and Cymbidium (Charts E 42 
and E44). While there is some resemblance between 
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Phaius and Miltonia, there is exceedingly little between 
Phaius and Cymbidium. Obviously, from what is mani- 
fest by the curves generally of these charts, this resem- 
blance must be seeming rather than actual, and due to 
faultiness in the methods of experiment and charting. 
That the Amaryllis and Phaius starches differ far more 
than is indicated by the composite curves is shown by the 
records of the velocity reactions (Charts D 1 to D 21, and 
D 574 to D 594), and it is obvious that in the construc- 
tion of composite charts the recognition of such differ- 
ences is essential to even an approximately accurate 
presentation of the reaction peculiarities of any starch. 
It will probably be found that taxonomic differences of 
much value will be brought out by differences in the ratios 
of the reaction-intensities of different pairs or combina- 
tions of certain pairs of reagents, and there undoubtedly 
yet remain many reagents that can be employed to advan- 
tage in these studies, it being not improbable that the 
differences in reactions of a very few reagents may be 
specific in the differentiation of certain genera, as has 
been found, for instance, in the tests for proteins, all 
proteins responding to certain of the protein tests, but 
some only to certain tests to which others do not respond. 
Similar restricted methods of differentiation are by no 
means rare even to the systematist. Then again, in com- 
paring these curves it will be seen that no less than 7 of 
the 21 reagents have, apparently at least, proved useless 
because of the energy with which they cause gelatiniza- 
tion. Modifications of the strengths of these alone, or 
in conjunction with the other reagents, may elicit generic 
differences of such a character as to indicate the wide 
separation of these genera. 

These composite charts were studied individually 
in Chapter III, Section 6, of the comparisons of the 
reactions of the members of each set of parent- and 
hybrid-stocks, and two or more of them were considered 
comparatively whenever there were two or more sets 
belonging to the same genus. The main object in these 
studies was to bring out the relations of the hybrids in 
their reactions, individually and collectively, to one or 
the other or both parents. If now these charts are stud- 
ied collectively, with especial reference to the relation- 
ships of the hybrid curves to the parental curves, much 
data of comparative interest will be elicited that is likely 
to be missed otherwise. When the parental curves run 
very closely together, the hybrid curve tends to similar 
closeness; but when the parental curves tend to separa- 
tion, and especially with variance in their courses, the 
hybrid curve may tend to follow the curve of one or the 
other parent, to be intermediate, or to be more or less 
distinctly independent of both parental curves. Inter- 
mediateness is much more of an exception than a rule, 
and therefore except in few instances is far from being 
a criterion of a hybrid. (See also Tables F and H.) In 
Hippeastrum (Charts E2 to £4), Narcissus (Charts 
E 13 to E 24), Iris (Charts E 30 to E 33), and Richardia 
(Chart E 40) the parental curves tend in each group and 
genus to marked closeness in their positions and courses, 
and the hybrid curves similarly tend to closeness to the 
parental curves, but varying from reaction to reaction 
in their parental relationships. When the parents are 
well separated species, as in Hemanthus (Chart E 5), 
Crinum (Chart E9), Nerine (Charts E10 to E12), 
Narcissus (Chart E14), etc., and the parental curves 

.oculata). 

REACTION-INTENSITIES OF STARCHES. 

are generally well separated and somewhat variant in 
their courses, though on the whole conforming to generic 
types, the hybrid curves tend to equal or greater degrees 
of variance. And when the parents are representatives 
of different genera, as in the Amaryllis-Brunsvigia 
group (Chart E 1), or of subgenera or subgeneric groups, 
as in Hemanthus (Chart E6), Crinum (Charts EY 
and E 8), and Begonia (Chart £ 36)—where the paren- 
tal curves are not only well separated but tend to more 
or less markedly different courses—the hybrid curves 
show their greatest variabilities in their relations to the 
parental curves, in some instances tending to have in 
general marked closeness to the curves of one parent, in 
others to have a position of intermediateness which is 
usually closer to one of the parents than to the other, and 
in others to have a more or less wide departure from 
both parental curves. When there are two hybrids of the 
same parentage, as in Amaryllis-Brunsvigia (Chart E 1), 
Nerine (Charts E10 and E11) and Narcissus (Chart 
E 13), the hybrids of each pair of parents tend to differ 
less from each other, as a rule, than the parents differ 
from each other; unless, as in case of Amaryllis-Bruns- 
vigia, the parents are so far separated as to give well 
separated. curves, in which case the curves of the hybrids 
may not only be quite at variance with the parental 
curves, but also be distinctly better separated from each 
other, and show even more marked differences from the 
parental curves than the latter show in relation to each 
other. 

In a number of sets of parent- and hybrid-stocks 
studied a given parent is found to be the seed parent in 
one set and the pollen parent in another, or the seed 
parent or the pollen parent in both sets, but with an as- 
sociated parent that is different in each of the two sets— 
as in Hemanthus (H. katherine, which is the seed parent 
in two sets, the pollen parents being different) ; Crinum 
(C. mooret, C. zeylanicum, and C. longifolium, which 
are differently paired in the three sets); Nerine (N. 
sarniensis corusca major); Narcissus (N. poeticus or- 
natus, N. poeticus poetarum, N. abscissus, N. albicans, 
N. madame de graaff, and N. triandrus albus) ; Lilium 
(L. martagon album and L. maculatum) ; Iris (I. tberica 
and I. cengialti) ; and Calanthe (C. vestita var. rubro- 

In connection therewith many interesting 
features have been recorded in the histologic and polari- 
scopic properties and in the reactions with heat and 
various chemical reagents which show most varying trans- 
missibilities in both kind and degree of parental charac- 
ters to the hybrid, but a detailed review is not necessary 
and is prohibited by want of space in an already too volu- 
minous report. The most important of such data will be 
found presented for the most part and in succinct form 
in Chapter III, and in detail in Part II, Chapter I, under 
the appropriate headings. 

4, Serres or Cuarts. 

The various charts of the reaction-intensities are re- 
ferred to particularly or incidentally with frequency 
throughout Part I, and it was found in the final arrange- 
ment of the report that it was desirable chiefly for conven- 
ience of reference to bring all of them together in one 
section. In addition to these a series, F 1 to F 14, is in- 
cluded, but which belongs in the next chapter, in several 
of which certain reaction-intensities are also recorded. 
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Cuart A 1.—Polarization Reactions. Cuart A 2.—Iodine Reactions. 

INTENGITY OF LIGHT AND COLOR REACTIONS. INTRNEITY OF LIGHT AND COLOR REACTIONS. 
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Cuart A 3.—Gentian-violet Reactions. Cuart A 4.—Safranin Reactions. 

IBRUNSDONNA SANDER 

EIPPEASTRUM TITAN 
HIPPEASTRUM CLEO! 
HUIPPEASTROM. SHTAN-CLEONIA 

HIPPEASTROM OSSULTAN 
HIPPEASTROM PYRRHA 
HIPPEASTRUM OSSULT.-PYRI. 

‘ASTRUM DAONES HIPPE, 
HIPPEASTRUM ZEPHYR 
HIPPEASTRUM DON-ZEPH. 

UEMANTI KATHERINA, 
_|HEMANTHUS MAGNIFICUB ' 
HAMANTHUS ANDROMEDA 

I'S KATHERINE. 
te MAI THUS PUNICEUS 

KONIG ALBERT 

cRINUM 
CRINUM, TEYLANICOM 
CRINUM HYBRIDUM J.C. H. 

CRINUM ZEYLANI 
CRINTM Tonciroitom 
CRINUM KIRCAPE 

LONGIPOLIUM CRINUM 
CRINUM MOOREL 
CRINUM POWELL 

NERINE CRISPA 
NERINE ELEGANS 
in MAID 
NERINE QUEEN OF ROSES 

NERINE BOWDE! 

NE! 
NERINE ABUNDANCE 

NERINE SARN. VAR. COP. MAJ. 
NERINE CURV VAR FOTH. MAJ. EI 
NERINE GLORY OF SARNIA 

NARCISSUS POETICUS ORNAT. 
NARCISSUS POETICUS POETAR. 

US HERRICK 
NARCISSUS POETICUS DANTE 

NARCISSUS GI LORIA MUNDI 
NARCISSUS POETICUS ORNATUS 
NARCISSUS FLERY CROSS 

NARCISSUS TELAMONIUS PI LEN. 
NARCISSUS PORTICUS ORNATUS 
NARCISSUS DUBLOON 

NARCISSUS PRINCESS MAPY 
NARCISSUS POETICUS POETAR. 
NARCISSUS CRESSET 

ISSUS ABSCI: iN ISSUS 
NARCISSUS POETICUS POETAR. 

3 WILL SCARLET 

1SSU8 ALBICANS ARC! 
NARCISSUS ABSCISSUS 0: 

4NARCISSUS BICOLOR APRIQOT 

NARCISSUS EMPRESS 
NARCISSUS iS 
NARCISSUS MADAME DE ORAAVF 

Rarcissus WEARDALE PERPECT. 
RCISSU! MADAME DE GRAAFF 

Teancissus PYRAMUS 

NARCISSUS MON, [ARCH 
NARCISSUS MADAME DE GRAAFF 
NARCISSUS LORD ROBERTS 

mARCISsUS EMPERO! 
IS ALPUS NAR RU: 

NARCISSUS ? MY GERNETT POR 

LILIUM MARTAGON ALBUM 
MACULATOM 

SLUM MARTAGO! Lg 
LOLI MACULATUM 
LILIUM DALHANSONI 

LILIUM TENUIFO! LTUM 
LILIUM MARTAGON ALBUM 
LILIUM GOLDEN GLEAN 

LILTUM CHALCEDONICUM 
LILIUM CANDIDUM 
LELIUM TESTACEUM 

TRIS CENGIALTL 
IRIS PALLIDA QUEEN OF MAY 
TRIS MRS. ALAN GREY 

TRIS PERSICA VAR. PURPUREA 
TRIS SINDJARENSIS 
IRIS PURSIND 

ADIOLUS CARDINALIS 
LADIOLUS TRISTIS 

|GLADIOLUS COLVILLEI 

TRITONIA POTTS 
ITRITONIA CROCOSMIA AUPEA 
TRITONIA CROCOSMEFLOKA 

BEGONIA Ension 

EGONIA DOUBLE WHITE 
peconut cocoreann 

BEGOMTA sino. ch CRIM. SCAR. 

BEGONIA Sans. i 

BEGONIA ows. LIGHT ROSE 
SOTRANA 

131 BECOMIA DOUB. DEEP ROSE 
SOCOTRANA 

—lBecomA Success 
RICHARDIA ALBO-MACTLATA 

ELLIOTTIANA 
RICHARDIA MRS. ROOSEVELT 

PHAIUS GRANDIFOLIUS 

GUTENGITY OF LIGHT AND COLOR REACTIONS, INTENSITT OF LIGHT AND COLOR REACTIONS. 
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Cuart A 5.—Temperature of Gelatinization Reactions. Cuart A6.—Chloral-hydrate Reactions. 
ONTEMSTTE OF LIGHT AND COLOR REACTIONS. & i PE2Q CENT OF TOTAL STARCH GELATIVIZED IN 40 MINUTES ‘THOME OF COMPLETE OELATINIZATION UN MINUTES. 
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Cuart A 7.—Chromic-acid Reactions. 

YEA CERT OF TOTAL STARCH ORLATINIZED IN 00 MINUTES. TIME OF COMPLETE GELATINIZATION IN MINUTES. 
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Cuart A 8.—Pyrogallic-acid Reactions. 
-PER CENT OF TOTAL STARCH GELATINIZED IN co MINUTES. TIME OF COMPLETE ORLATINIZATION IN MINUTES. 
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Cuart A 13.—Potassium-iodide Reactions. 
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Cuart A 17.—Sodium-sulphide Reactions. 
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Cuart A 18.—Sodium-salicylate Reactions. 
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Cuart A 19,—Calcium-nitrate Reactions. 
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Cuart A 21.—Strontium-nitrate Reactions. 
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Cuart A 25.—Barium-chloride Reactions. 
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.), and Temperature ), Iodine (——), Gentian-violet (-----), Safranin (.... 
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Cuart B 1.—Polarization ( 
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Cuart B 3.—Temperature ( ) and Iodine (———) Reactions. 
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Cuart B 5.—Temperature ( ) and Pyrogallic-acid (———) Reactions. 
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) Reactions. ) and Gentian-violet ( Cuart B 9.—Nitric-acid (. 
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) Reactions. Cuart B 11.—Nitric-acid ( ) and Chloral-hydrate ( 
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') Reactions. ) and Pyrogallic-acid ( Cuart B 13.—Nitric-acid ( 

Cuart B 14.—Nitric-acid ( 
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) Reactions. ) and Sulphuric-acid ( 
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) Reactions. ) and Hydrochloric-acid ( Cuart B 15.—Nitric-acid ( 
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) Reactions. ) and Potassium-iodide ( Cuart B 17.—Nitric-acid ( 
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) Reactions. ) and Potassium-sulphide ( Cuart B 19.—Nitric-acid ( 
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) Reactions. ) and Sodium-hydroxide ( Cuart B 20.—Nitric-acid ( 
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) Reactions. Cuart B 21.—Nitric-acid ( ) and Sodium-sulphide ( 
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) Reactions. ) and Calcium-nitrate ( Cuart B 23.—Nitric-acid ( 
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) Reactions. ) and Uranium-nitrate ( Cuart B 24.—WNitric-acid ( 
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) Reactions. ) and Strontium-nitrate ( Cuart B 25.—Nitric-acid ( 
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) Reactions. ) and Copper-nitrate ( Cuart B 27.—Nitric-acid ( 
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203 
) Reactions. Cuart B 31.—Chromic-acid (. ) and Pyrogallic-acid ( 
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204 
) Reactions. ) and Sodium-hydrozide (- CuHart B 33.—Potassium-hydroxide ( 
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) Reactions. ) and Sodium-sulphide ( Cuart B 34.—Potassium-sulphide ( 
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) Reactions. ) and Potassium-sulphocyanate ( Cuart B 35.—Potassium-todide ( 
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) Reactions. ) and Sodium-salicylate ( Cuart B 36.—Sodium-hydroxide ( 
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) Reactions. ) and Cupric-chloride ( Cuart B 39.—Copper-nitrate ( 
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Cuart B 41.—Points of Inversion and Recrossing of the Curves. 
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Carr C 1.—Height, Sum, and Average of Reaction-Intensities of Starches of 

Hybrid-Stocks and Parent-Stocks. 
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Cuarts D 1 To D 15.—Velocity-Reactions of Starches of Amaryllis belladonna (----- ), Brunsvigia josephine 
(-..-.--), Brunsdonna sandere alba (. ), and Brunsdonna sandere (. )e 

1. With Choral Hydrate. 6. With Hydrochloric Acid. 11. With Sodium Hydroxide. 
2. With Chromic Acid. 7. With Potassium Hydroxide. 12. With Sodium Sulphide. 
3. With Pyrogallic Acid. 8. With Potassium Iodide. 13. With Sodium Salicylate. 
4. With Nitric Acid. 9. With Potassium Sulphocyanate. 14, With Calcium Nitrate. 
5. With Sulphuric Acid. 10. With Potassium Sulphide. 15, With Uranium Nitrate. 
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PERIOD OF REACTION CY MEDNOTES 
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Cuarts D 16 To D 21.—Velocity-Reactions of Starches of Amaryllis belladonna ( ----- ), Brunsvigia josephine 

(-.-»-), Brunsdonna sandere alba ( 
16. With Strontium Nitrate. 
17. With Cobalt Nitrate. 

PERIOD OF REACTION IN MINUTES. 

18. With Copper Nitrate. 
19. With Cupric Chloride. 

), and Brunsdonna sandere ( ). 
20. With Barium Chloride. 
21, With Mercuric Chloride. 
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Cuarts D 22 to D 27.—Velocity-Reactions of Starches of Hippeastrum titan ( ----- ), H. cleonia (-..-..-), and 

22, With Chloral Hydrate 
23, With Chromic Acid, 

H. titan-cleonia ( 
24, With Pyrogallic Acid. 
25. With Nitric Acid. 

J 
26. With Sulphuric Acid. 
27, With Hydrochlorio Acid, 
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Cuarts D 28 To D 42.—Velocity-Reactions of Starches of Hippeastrum titan (----- ), H. cleonia (-..----), and 

H. titan-cleonia ( ). 
28, With Potassium Hydroxide. 33. With Sodium Sulphide. 38. With Cobalt Nitrate. 
29, With Potassium Iodide. 34. With Sodium Salicylate. 39. With Copper Nitrate. 
30. With Potassium Sulphocyanate. 35. With Calcium Nitrate. 40. With Cupric Chloride. 
31. With Potassium Sulphide. 36. With Uranium Nitrate. 41, With Barium Chloride. 
32. With Sodium Hydroxide. 37. With Strontium Nitrate. 42, With Mercuric Chloride. 
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Cuarts D 43 to D 57.—Velocity-Reactions of Starches of Hippeastrum ossultan ( ----- ) db DYING (onan), 

and H. ossultan-pyrrha (. ). 
43. With Chloral Hydrate. 48. With Hydrochloric Acid. 53. With Sodium Hydroxide. 
44. With Chromic Acid. 49. With Potassium Hydroxide. 54. With Sodium Sulphide. 
45. With Pyrogallic Acid. 50. With Potassium Iodide. 55. With Sodium Salicylate. 
46. With Nitric Acid. _ 51. With Potassium Sulphocyanate. 56. With Calcium Nitrate. 
47. With Sulphuric Acid. 52. With Potassium Sulphide. 57. With Uranium Nitrate. 
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Cuarts D 58 to D 63.—Velocity-Reactions of Starches of Hippeastrum ossultan ( ----- ), H. pyrrha (-..-+-), 

and H. ossultan-pyrrha ( ). 
58. With Strontium Nitrate. 60. With Copper Nitrate. 62. With Barium Chloride. 
59. With Cobalt Nitrate. 61. With Cupric Chloride. 63. With Merourio Chloride. 
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Cuarts D 64 To D 69.—Velocity-Reactions of Starches of Hippeastrum deones ( ----- ), H. zephyr (-.----), 
and H. deones-zephyr (. ). 

64. With Chloral Hydrate. 66. With Pyrogallic Acid. 68. With Sulphuric Acid. 
65. With Chromic Acid. 67. With Nitric Acid. 69. With Hydrochloric Acid. 
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Cuarts D 70 To D 84.—Velocity-Reactions of Starches of Hippeastrum deones (----- ), He aphy? (ou as), 
and E deones-zephyr ( ). 

70. With Potassium Hydroxide. 5. With Sodium Sulphide. 80. With Cobalt Ni 
71. With Potassium Iodide. ae With Sodium Sulloylate- 81. With Conger: ete 72. With Potassium Sulphocyanate. 77. With Calcium Nitrate. 82. With Cupric Chloride. 73. With Potassium Sulphide. 78. With Uranium Nitrate. 83. With Barium Chloride. 74, With Sodium Hydroxide. 79. With Strontium Nitrate. 84. With Mercuric Chloride. 
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Cuarts D 85 To D 99.—Velocity-Reactions of Starches of Hemanthus katherine ( ----- ), H. magnificus (-.--.--), 
and H. andromeda ( ). 

85. With Chloral Hydrate. 90. With Hydrochloric Acid. 95. With Sodium Hydroxide. 
86. With Chromic Acid. 91. With Potassium Hydroxide. 96. With Sodium Sulphide. 
87. With Pyrogallic Acid. 92. With Potassium Iodide. 97. With Sodium Salicylate. 
88. With Nitric Acid. 93. With Potassium Sulphocyanate. 98. With Calcium Nitrate. 
89. With Sulphuric Acid. 94. With Potassium Sulphide. 99. With Uranium Nitrate. 
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Cuarts D 100 to D 105.—Velocity-Reactions of Starches of Hemanthus katherine ( ----- H. magnificus (-..-.. - F ? 

and H. andromeda ( ). 
100. With Strontium Nitrate. 102, With Copper Nitrate. 104. With Barium Chloride. 
101. With Cobalt Nitrate. 103. With Cupric Chloride. 105. With Merouric Chloride. 
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Cuarts D 106 To D 111.—Velocity-Reactions of Starches of Hemanthus katherine (----- ), Hemanthus 

puniceus (-..-..-), and Hemanthus kénig albert ( ). 
106. With Chloral Hydrate. 108. With Pyrogallic Acid. 110. With Sulphuric Acid. 
107. With Chromio Acid. 109. With Nitric Acid. 111. With Hydrochloric Acid, 
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Cuarts D 112 ro D 126.—Velocity-Reactions of Starches of Hamanthus katherine ( ----- ), Hemanthus puniceus 
(-..-..-), and Hemanthus kénig albert ( ). 

112. With Potassium Hydroxide. 117. With Sodium Sulphide. 122. With Cobalt Nitrate. 
113. With Potassium Iodide. 118. With Sodium Salicylate. 123. With Copper Nitrate. 
114. With Potassium Sulphocyanate. 119. With Calcium Nitrate. 124. With Cupric Chloride. 
115. With Potassium Sulphide. 120. With Uranium Nitrate. 125. With Barium Chloride. 
116. With Sodium Hydroxide. 121. With Strontium Nitrate. 126. With Mercuric Chloride. 



219 
PERIOD OF REACTION I MINUTES. PERIOD OF REACTION IN MINUTES. PERIOD OF REACTION IN MINUTES. 2» 

015 _20 26 30 38° 40 45 50 _55 80 6 “10 15 20 25 30 35 40 45 50 65 61 100 20 2590884048 56 60 
1007" 7 ce ee ee 100) ? AE ] [a2 ‘a 

. 90 = . 90) y a) [ee 

E 80 ian i 80 fo 7 Zid [ i ano 27 7 4 ci f 2 

de i 1 4? {70 an (Zz g 70 ‘3 aa to 
a a fi | | : 

Be =- 60 7 if = 
F] an / ‘4 ; yA Pa 
5 5 = a 60) a «0 7 

é Ac 8 H fi -2 40) f 
74 g ec a | I? = /\ 

8 aol 5 aol-+ e OOF 1 
B aot f E 2 i 28 5 adh ih 

a ft 

it dt L1- Bd li £, 2 a in a ee 107 r “Lee | 

a PERIOD OF REACTION IN MINUTES. PERIOD OF REACTION IN MINUTES. _ . t PERIOD OP REACTION IN MINUTES . 

is ‘10_15 20 25 30 35 40 45 60_§55 60’ a 5 10 15 20 25 30 35 40 45 60 55 60 i “10 15 20 25 30 36 40 45 50 _55 60 

so 4 sold. ze +, 80 £ (-] moore 4 10 ec 4 | gj rof 
5 5 ‘i Read & ook a a eOlL 60 / 60 

E 6 ued d 60) f zal é 50 4s a : 3 
5 40 8 aot it § 40 
S , 3B alt i a 8 30) p30 t ° 3 a 
5. Bot LZ 131 5 | 

20 20 + 2 = 

a 19 : 1h f bog —— 
4 ae 

_+, PERIOD OP REACTION IN MINUTES, “4 _. © PRRIOD OF REACTION IN MINUTES, PERIOD OF REACTION IN MINUTES. 

_10_15 20 26 30 35 40 45 60 65 60 5 0 15. 20. 25 30 35 40 45°60 65 60 ‘ 10_15 20 25 30 35 40 45 50 65 60 
100/— SF = t09 OP a E {00, = 8 

ool BO d 60 i 

§ 

rf ce Er : : ' 
r| 70) d 70 H ToL 

Hs F bolt. : aol t | 60 + 1 i H é 133 @ ect 134 Baal 135 
F ai! H 
40 & 40) ' A 40H 

8 30) 8 80) ; 8 30) i 

B H mt B oof 
fe — fl f 

Seam : cs — 
Legere == 

PERIOD OF REACTION IN MINUTES. PERIOD OF REACTION IN MINUTES. PERIOD OF REACTION IN MINUTES. 

a 10_15 20 25 30 35 40 45 50 65 60 ms 10_15 20 26: 30 35 40 45 50 58 60 ne 10_15 20 25 30 35 40 48 50 55 60 : aos Gen Saas ed Ge ee = a PS re ie a ne ee ie 
' 90) . sof Beal 27 (i 

(: (a (a s4-"F ' i 
oe 4-7T zol_t al il J to. doy 4 
ea jo" # 60 B 6 

-4 1 + 
a° F E ol! 137 pa 138 
a H 136 aot F] { 
5 en ia iB Se 2 4ort 

8 sole 8 3 5 sol} i B aot B oo B aol 
Bd ft, a a 10} al tot — 

, | 1+} 

* » PHRIOD OF REACTION IN MINUTES, _ PERIOD OF REACTION IN MINUTES. _ |. PERIOD OP‘REACTION IN MINUTES. 
10.15 20 25 30 35 40 45 50 ‘55-60 “ “610 15 20 25 30 35 40 45 60 556 510 15 20 25 30 35 40 45 50 65 vO 

it0 1 ay eas 0 ee 109) zea ae (eae a 100 Ss SSS Ge Gel ieee Gee ees a 
Qi L | a * 90 Aa _j--b-4 

> ~4-—T 3: ee 

i if _/ Pa f oo ee : sol pad e-t-7 --7 

vo} [ A 70k A 70} 
Os, / 9 1 a 1 
gj 80) | * 4 g 60) , 3 80 ! 

é sot Als Beale 140 aE M41 
a:]8 ; g-|! Q 1 

ai ly ‘A 5 ! = ' 
© 30+ 7 30 ep 30 
Be} LAA [139 Bad! & at za rH iy ty i ; q 

Cuarts D 127 To D 141.—Velocity-Reactions of Starches of Crinum moorei ( ----- ), Crinum zeylanicum (-..-..-), 
and Crinum hybridum j.c.h. a: 

127. With Chloral Hydrate. 132. With Hydrochloric Acid. 137, With Sodium Hydroxide. 
128. With Chromic Acid. 133. With Potassium Hydroxide. 138. With Sodium Sulphide. 
129. With Pyrogallic Acid. 134, With Potassium Iodide. 139. With Sodium Salicylate. 
1380, With Nitric Acid. 135. With Potassium Sulphocyanate. 140. With Calcium Nitrate. 
131. With Sulphburio Acid. 136. With Potassium Sulphide. 141. With Uranium Nitrate. 
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Cuarts D 142 to D 147.—Velocity-Reactions of Starches of Crinum moorei ( ----- ), Crinum zeylanicum (-..-..-), 

and Crinum hybridum j.c.h. ( ). 
142. With Strontium Nitrate. 144. With Copper Nitrate. 146. With Barium Chloride. 
143. With Cobalt Nitrate. 145. With Cupric Chloride. 147. With Mercuric Chloride. 

PRAIOD OF RECTION OY MINUTES. PERTOD OF REACTION IN MINUTES. PERIOD OF BRACTION 18 MINUTEA 

B10 15 620: 625 630 36 40 45 60 55 80 10.15 20 25 30 35 40 45 50 55 6 10 15 20 25 30 35 40 45¢50 53 69 
y TT I * 100; TI! TTT mo 100) y 5 

Bl 9 Af soy a] ds 25 

f a f eB Z. A f eal i oe ae 

: F bea 
q 70 70 4 Fa Halt /I . A 

> oem mae ° °- 7) 

3 60 — g 0 va VA 8 60 
— 

Z . call rr cA / a Z 
i £ 148 B 00 ic / : / / 
3 aol tat /!|149 5 y A_|180 

' 

ki 2 } E 20+} F E 20 é 
fo Bo HE " / 4 10H as a * 10) 

, PERIOD OF REACTION IN MINUTES . PERIOD OF REACTION IN MINUTES. S z PERIOD OF REACTION IN MINUTES ._ 

i “i015 20 25 30 35 40 45 50 55 60 ‘ 10_15 20 25 30 35 40 45 60 55 60 “10_15 20 25 30 35 40 45 60°55 60 
a ee $109 = aoe wor 

B0) Rs | =) 

; qT ca g 9 
f otf. f sot-} f 4 é rr) 
g 70 . <4 a rol. [|_| B79 Le | 
8 2 151 L— 5 I ; Vi o" =a 

Z. Z L— aot l/l? 152 i : V4 153 
ae if a t a 
BE ot 7 B 40 / q e B a0-—/ 
© so} s 8 aol ot 

E ool Bold Bd Z F aor °, Fl ] if Q a Br 

‘ 7 z 1 7 ' 4 - 

Cuarts D 148 to D 153.—Velocity-Reactions of Starches of Crinum zeylanicum ( ----- ), Crinum longifolium 

(-..----), and Crinum kircape (. ). 
148. With Chloral Hydrate. 150, With Pyrogallic Acid. 152. With Sulphuric Acid. 

153, With Hydrochloric Acid. 149. With Chromio Acid. 151. With Nitric Acid. 
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Cuarts D 154 to D 168.—Velocity-Reactions of Starches of Crinum zeylanicum ( ----- ), Crinum longifolium 
(-..++.-), and Crinum kircape (——). 

154. With Potassium Hydroxide. 159. With Sodium Sulphide. 164. With Cobalt Nitrate. 
155. With Potassium Iodide. 160. With Sodium Salicylate. 165. With Copper Nitrate. 
156. With Potassium Sulphocyanate. 161. With Calcium Nitrate. 166. With Cupric Chloride. 
157. With Potassium Sulphide. 162. With Uranium Nitrate. 167. With Barium Chloride. 
158, With Sodium Hydroxide. 163. With Strontium Nitrate. 168. With Mercuric Chloride. 
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Cuarts D 169 to D 183.—Velocity-Reactions of Starches of Crinum longifolium (----- ), Crinum mooret (- +--+ -), 
and Crinum powellit ( ). ; 

169. With Chloral Hydrate. 174, With Hydrochloric Acid, 179. With Sodium Hydroxide. 
170. With Chromic Acid. 175. With Potassium Hydroxide. 180. With Sodium Sulphide. 
171. With Pyrogallic Acid. 176. With Potassium Iodide. 181, With Sodium Salicylate. 
172. With Nitric Acid. 177. With Potassium Sulphocyanat 182. With Calcium Nitrate. 
173. With Sulphuric Acid. 178. With Potassium Hydroxide. 183. With Uranium Nitrate. 
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Cuarts D 184 To D 189.—Velocity-Reactions of Starches of Crinum longifolium (----- ), Crinum mooret (-..-+-), 

and Crinum powellit ( ). 
184. With Strontium Nitrate. 186. With Copper Nitrate. 188. With Barium Chloride. 
185. With Cobalt Nitrate. 187, With Cupric Chloride. 189, With Mercuric Chloride. 
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Cuarts D 190 to D 195.—Velocity-Reactions of Starches of Nerine crispa (----- ), Nerine elegans (-..-..-), Nerine 
dainty maid ( ), Nerine queen of roses ( ). 

190. With Chloral Hydrate. 192. With Pyrogallic Acid. 194, With Sulphuric Acid. 
191. With Chromio Acid, 193. With Nitric Acid. 195, With Hydrochloric Acid. 



PERIOD OF REACTION Dt MINUTES. , PERIOD OF REACTION I MINUTES. PERIOD OP REACTION DF MINUTES. 
pete 10_15 20 25 30 35 40 45 80 55 60 Ach 10.15 20 25 30 35 40 45 60 65 @0 10 15 20 25 30 35 40 45 50 55 60 

100, 
it 80) oe | 

oe” ae 

; col f 80 s f éo 198 ae 

H 70 7 70) de AS he 
5 60H 196 j J § ‘ vm Fa ww 

5 60 6 aa 19 B ea LZ. vad “7 
a 40] 3 4 EA r 7” ae Co 

s Bs p 7 F ge 
E 30 3 3 5 30 ‘L A= 
ji 20) 5 ial E Y/ ya” i v 20 =t LS © YY a 

' Hy ic cake — f \ L Ca 

a oe ee ee om 

PERIOD OF REACTION IN MINUTES. PERIOD OF REACTION IN MITUTES. PERIOP OF REACTION IN MINUTES, 

‘ie 10 15 20 25 30 35 40 45 50 55 6 ‘at 10_16 20 25 30 35 40 45 50 55 60 107 —p—19-18_-20_25_30_ 35 _40_45_50_65 80 
== so 

80 o 90 901 

a0! Va ea a 
YY i 

7 Ts) 70| 
a 71h gd” g 

oir 199 a° 200 ao bor 
© 60) Bs 5s 

: : : 40) 40 
= 

; 30) - 5 30 ; 30 

fi al 27 Fr f | 10 a SE 1 

Lesa Scoala ll er hes a oe Po 

PERIOD OF REACTION IN MINUTES. PERIOD OF REACTION IN MINUTES. PERIOD OF REACTION IN MINUTES. 

10 15 20 25 30 35 40 45 80 65 60 100) 1o_ 15 20 25 30 35 40 45 50 55 60 a8 10_15 20 25 30 35 40 45 60 58 40 
100 7 
90 v2 we 90) . 90] 

A+ 
é ad V [ ; E ec 

i 'O)| d 70 } | 70 q 7 

60} £ g 6 3 
Hy i f 202 Fy 203 FI sa 204 

Fie © AY 2 FI ; dal Bw Ze 
5 sled Bal 8 sa +14 30 < 

B ll 5 5 -aeas 20) 20) 2 =< 

a oie g L—t—1—] g » a ee 10] 10 = E= 10 =F 
= aH 

PERIOD OF REACTION IN MINUTES. ~ PERIOD OF REACTION IN MINUTES. PERIOD OF REACTION IW MINJTES 

1015 20 25 30 35 40 45 50 55 6 JO_15 20 25 30 35 40 45 50 55 6 6 10 15 20 25 30 35 40 45 50 85 
100) a er a re el te 100) 100, 

Z ----f- 7 80 80 , 80-1 rj 

Ly 80 80) 80 “t t) 

Val a d 70 a g 70 a7 
° WA 
g 60} fe 8 60 g 8 

205 Z = 206 5 50 
& 50 4 

E Hf 40) 40 

m 5 s La 
S 30 30) 30) 
5 § k |_+—f-_[ 

2 2 

‘i fi a a we ro 
g 10 ton = 

PERIOD OF RRACTION IN MINUTES. PERIOD OP REACTION IN MINUTES. PERIOD OF REACTION IN MINUTES. 
10 16 20 25 30 35 40 45 650 65 60 10_15 20 25 30 35 40 45 60 55 60 10 $0_15 20 25 30 35 40 45 50_ 65 80 

100) 100 ae 

90 90 . 30 

- i. te 
d 70 j 70 i 70 
o 5 
8 0 B ni a0) 

é pos é aie E co 21 
F FI 2 B «0 R« F 
~ 8 3 
° wt 30) ) 

d 5 B 
et F ef g 

é , S , : esg-=k= 

Cuarts D 196 ro D 210.—Velocity-Reactions of Starches of Nerine crispa (----- ), Nerine elegans { -..-..-), Nerine 

dainty maid ( ), and Nerine queen of roses ( ). 
196. With Potassium Hydroxide. 201. With Sodium Sulphide. 206. With Cobalt Nitrate. 
197. With Potassium Iodide. 202. With Sodium Salicylate. 207. With Copper Nitrate. 
198, With Potassium Sulphocyanate. 203. With Calcium Nitrate. 208. With Cupric Chloride. 
199. With Potassium Sulphide. 204. With Uranium Nitrate. 209. With Barium Chloride. 
200. With Sodium Hydroxide. 205. With Strontium Nitrate. 210. With Mercuric Chloride. 
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Cuarts D 211 To D 225.—Velocity-Reactions of Starches of Nerine bowdeni ( ----- ), Nerine sarniensis var. corusca 
major (-..-..-), Nerine giantess ( ), and Nerine abundance ( ). 

211. With Chloral Hydrate. 216. With Hydrochloric Acid. 221. With Sodi H i 
212. With Chromic Acid. 217. With Potassium Hydroxide. 222. With Sodiuin fe 
213. With Pyrogallic Acid. 218. With Potassium Iodide. 223. With Sodium Salicylate. - 
214. With Nitric Acid. | 219. With Potassium Sulphocyanate. 224, With Calcium Nitrate. 
215, With Sulphuric Acid, 220. With Potassium Sulphide. 225. With Uranium Nitrate. 
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Cxarts D 226 To D 231.—Velocity-Reactions of Starches of Nerine bowdent ( 

major (-..-..-), Nerine giantess ( 
226. With Strontium Nitrate. 
227. With Cobalt Nitrate. 

228. With Copper Nitrate. 
229. With Cupric Chloride. 

VERTUD OF REACTION IN MINUTES. 

), and Nerine abundance (. 

feces ), Nerine sarniensis var. corusca 

230. With Barium Chloride. 
231. With Mercuric Chloride. 
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Cxarts D 232 to D 237.—Velocity-Reactions of Starches of Nerine sarniensis var. corusca major ( ----- ), Nerine 
curviflora var. fothergiliit major (-..-..-), and Nerine glory of sarnia 

232. With Choral Hydrate. 
233. With Chromic Acid. 

234, With Pyrogallic Acid. 
235. With Nitric Acid. 

- 
236. With Sulphuric Acid. _ 
237. With Hydrochloric Acid. 
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Cuarts D 238 To D 252.—Velocity-Reactions of Starches of Nerine sarniensis var. corusca major (-----), Nerine 
curviflora var. fothergilit major (-..-..-), and Nerine glory of sarnia (. ). 

238. With Potassium Hydroxide. 243. With Sodium Sulphide. 248. With Cobalt Nitrate. 
239, With Potassium Iodide. 244. With Sodium Salicylate. 249. With Copper Nitrate. 
240. With Potassium Sulphocyanate. 245, With Calcium Nitrate. 250. With Cupric Chloride. 
241. With Potassium Sulphide. 246. With Uranium Nitrate. 251. With Barium Chloride. 
242. With Sodium Hydroxide, 247, With Strontium Nitrate. 252, With Mercuric Chloride. 
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Cuarts D 253 To D 258.—Velocity-Reactions of Starches of Nerine curvifolia var. fothergilli major (-----~ ); 

N. elegans (---"-), N. sarniensis var. corusca major ( ), N. crispa (------ , and N. bowdenit (————). 
253. With Hydrochloric Acid. 255, With Nitrio Acid. 257. With Potassium Sulphide. 
254, With Chloral Hydrate. 256. With Potassium Sulphocyanat 258. With Strontium Nitrate. 
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Cuarts D 259, D 260, D 262 To D 264.—Velocity-Reactions of Starches of Narcissus poeticus ornatus (----- ), 

N. poeticus poetarum (-..-..-), N. poeticus herrick ( ), and N. poeticus dante ( ). 
259. With Chloral Hydrate. 
260. With Chromic Acid. 

262. With Pyrogallic Acid. 263. With Nitrio Acid. | 
264. With Sulphuric Acid. 

Cart D 261.—Velocity-Reactions of Pyrogallic Acid with the Starch of Narcissus poeticus ornatus. Percentage 
of entire number of grains (----- ) and of total starch ( ) gelatinized. 
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Cuarts D265 to D 267, D 269 Tro D 279.—Velocity-Reactions of Starches of Narcissus tazetta grand monarque 
(+--+ ), Narcissus poeticus ornatus (-..-..-), and Narcissus poetaz triumph ( F 

265. With Chloral Hydrate. 271. With Hydrochloric Acid. 276, With Sodium Hydroxide. 
266. With Chromic Acid. 272. With Potassium Hydroxide. 277, With Sodium Sulphide. 
267. With Pyrogallic Acid. 273. With Potassium Iodide. 278. With Sodium Salicylate. 
269. With Nitric Acid. 274. With Potassium Sulphocyanate. 279. With Calcium Nitrate. 
270. With Sulphuric Acid. 275. With Potassium Sulphide. 

Cuart D 268.—Velocity-Reactions of Pyrogallic Acid with the Starch of Narcissus tazetta grand monarque. Per- 
centage of entire number of grains (----- ) and of total starch (. ) gelatinized. 
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Cuarts D 280 To D 286.—Velocity-Reactions of Starches of Narcissus tazetta grand monarque ( ----- ), Narcissus 

poeticus ornatus (----- ), and Narcissus poetaz triumph ( ). 
280. With Uranium Nitrate. 282. With Cobalt Nitrate. 285. With Barium Chloride. 
281. With Strontium Nitrate. 283. With Copper Nitrate. 286. With Mercuric Chloride. 

284. With Cupric Chloride. 
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Curves of the Velocity-Reactions of the Starches of 

Carts D 287 Tro D 289 ann D 291, D 292. Re sie, pate of Starches of Narcissus gloria mundi (----- ); 
Narcissus poeticus ornatus (-..-.--), and Narcissus fiery cross ( ). 

287. With Chloral Hydrate. 289. with Pyrogallie Acid. 291. With Nitric Acid. 
288. With Chromic Acid. 292. With Sulphuric Acid. 

Cuart D 290.—Velocity-Reactions of Pyrogallic Acid with the Starch of Narcissus gloria mundi. Percentage of 
entire number of grains (----- ) and of total starch ( ) gelatinized. \ 
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Cuarts D 293 To D 295, D 297, D 298.—Velocity-Reactions of Starches of Narcissus telamonius plenus (----- ? ? ? 

Narcissus poeticus ornatus (-..-..-), and Narcissus doubloon ( ). 
293. With Chloral Hydrate. 295. With Pyrogallic Acid. 297. With Nitrie Acid. 
294. With Chromic Acid. 298. With Sulphuric Acid. 

Cuart D 296.—Velocity-Reactions of Pyrogallic Acid with the Starch of Narcissus telamonius plenus. Percentage 
of entire number of grains ( ----- ) and of total starch ( ) gelatinized. 
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Cuarts D 299 To D301, D803, D 304.—Velocity-Reactions of Starches of Narcissus princess mary (----- ); 
Narcissus poeticus poetarum (-..-..- ), and Narcissus cresset ( UE 

299, With Chloral Hydrate. 301. With Pyrogallic Acid. 303. With Nitric Acid. 
300. With Chromic Acid. 304. With Sulphurie Acid. 

Cuart D 302.—Velocity-Reactions of Pyrogallic Acid with the Starch of Narcissus princess mary. Percentage of 
entire number of grains (----- ) and of total starch ( ) gelatinized. 
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Cuarts D305 To D 307, D 309, D 310.—Velocity-Reactions of Starches of Narcissus abscissus ( ----- ), Narcissus 

poeticus poetarum (-..-..-), and Narcissus will scarlet ( ). 
305. With Chloral Hydrate. 307. With Pyrogallic Acid. 309. With Nitric Acid. 
306. With Chromic Acid. 310. With Sulphuric Acid. 

Cuart D 308.—Velocity-Reactions of Pyrogallic Acid with the Starch of Narcissus abscissus. Percentage of entire 
number of grains (----- ) and of total starch ( ) gelatinized. 
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Cuarts D311 to D313, D 315, D 316.—Velocity-Reactions of Starches of Narcissus albicans (----- ), Narcissus 

abscissus (-..-..-), and Narcissus bicolor apricot (. . 
311. With Chloral Hydrate. 313. With Pyrogallic Acid. 315. With Nitric Acid. 
312. With Chromic Acid. 316. With Sulphuric Acid. 

Cuart D314.—Velocity-Reaction of Pyrogallic Acid with the starch of Narcissus albicans. Percentage of entire 
number of grains (----- ) and of total starch ( ) gelatinized. 
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Curves of the Velocity-Reacth of the Starch of EMPRESS 

Cuarts D317 To D319, D 321, D 322.—Velocity-Reactions of Starches of Narcissus empress ( ----- ), Narcissus 

albicans (-..-..-), and Narcissus madame de graaff ( ). 
317. With Chloral Hydrate. 319. With Pyrogallic Acid. 321, With Nitric Acid. | 
318. With Chromic Acid. 322. With Sulphuric Acid. 

Cuart D 320.—Velocity-Reactions of Pyrogallic Acid with the Starch of Narcissus empress. Percentage of entire 
number of grains (----- ) and of total starch (. ) gelatinized. 
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Cuarts. D 323 to D 325, D 327, D 328.—Velocity-Reactions of Starches of Narcissus weardale perfection ( ----- ), 

Narcissus madame de graaff (-..-..-), and Narcissus pyramus ( ). 
323. With Chloral Hydrate. 325. With Pyrogallic Acid. 227. With Nitric Acid. 
324. With Chromic Acid. eae nie gi 398. With Sulpburie Aeid. 

Cart D 326.—Velocity-Reactions of Pyrogallic Acid with the Starch of Narcissus weardale perfection. Percentage 
of entire number of grains (----- ) and of total starch ( ) gelatinized. 
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Cuarts D 329 to D 331, D 333, D 334.—Velocity-Reactions of Starches of Narcissus monarch ( 

Curves of we Velecit of the Starch of 

madame de graaff (-..---- ), and Narcissus lord roberts 
329, With Chloral Hydrate. 
330. With Chromic Acid. 

331. With Pyrogallic Acid. 

), Narcissus 

). 
333. With Nitric Acid. 
334. With Sulphuric Acid. 

Cuart D 332.—Velocity-Reactions of Pyrogallic Acid with the Starch of Narcissus monarch. Percentage of entire 
number of grains (----- ) and of total starch ( ) gelatinized. 
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Cuarts D 335 To D 337, D 339, D 340.—Velocity-Reactions of Starches of Narcissus leedsit minnie hume ( 

) and Narcissus agnes harvey (- 

Cuart D 338.—Velocity-Reactions of Pyrogallic Acid with the Starch of Narcissus leedsii minnie hume. 
of entire number of grains ( 

Narcissus triandrus albus ( 
335. With Sulphuric Acid. 
336. With Chloral Hydrate. 

337. With Chromic Acid. 
338. With Pyrogallic Acid. 

) and of total starch ( 

us 
339. With Nitric Acid. 
340. With Sulphuric Acid. 

Percentage 
) gelatinized. 
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Cuarts D 341 To D 348, D 345, D 346.—Velocity-Reactions of Starches of Narcissus emperor ( ----- ), Narcissus 

triandrus albus (-..--.-), and Narcissus j. t. bennett poe ( 
341. With Chloral Hydrate. 
342. With Chromic Acid. 

Cuart D 344.—Velocity-Reactions of Pyrogallic Acid with the Starch of Narcissus emperor. Percentage of entire 
number of grains (- 
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343. With Pyrogallic Acid. 

----) and of total starch ( 

PERIOD OF REACTION IN MINOTES. 

345. With Nitric Acid. 
346. With Sulphuric Acid. 

) gelatinized. 
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Carts D 347 To D 349, D 352, D 353.—Velocity-Reactions of Starches of Lilium martagon album (----- ), 
Lilium maculatum (-..-..-), and Lilium marhan ( 

347. With Chloral Hydrate. 
348. With Chromic Acid. 

349. With Pyrogallic Acid. 352. With Sodium Salicylate. 
353. With Barium Chloride. 

Cuarts D 350 ann D 351.—Velocity-Reactions of Pyrogallic Acid with the Starches of Lilium martagon album and 
L. maculatum. Percentage of entire number of grains ( oe ) and of total starch ( ) gelatinized. 
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Cuarts D 354 to D 356, D 358 to D 360.—Velocity-Reactions of Starches of Liliwm martagon ( ----- ), Lilium 
maculatum (-..-..-), and Lilium dalhansont ( is 

354, With Chloral Hydrate. 356. With Pyrogallic Acid. 359. With Cobalt Nitrate. 
355. With Chromic Acid. 358. With Sodium Salicylate. 360. With Barium Chloride. 

Cuart D 357.—Velocity-Reactions of Pyrogallic Acid with the Starch of Lilium martagon. Percentage of entire 
number of grains (----- ) and of total starch ( ) gelatinized. 
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Cuarts D 361 to D 364.—Velocity-Reactions of the Starches of Lilium tenuifolium ( ----- ), Lilium martagon 
album (-.-----), and Lilium golden gleam ( 

361. With Chloral Hydrate. 
362. With Chromic Acid. 

). 
363. With Sodium Salicylate. 
364. With Barium Chloride. 

Cuarts D 365 and D 366.—Velocity-Reactions of Pyrogallic Acid with the Starches of Lilium tenuifolium and 

L. golden gleam. Percentage of entire number of grains (----- ) and of total starch ( ) gelatinized. 
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Cuarts D 367 to D 372.—Velocity-Reactions of Starches of Liliwm chalcedonicum (----- ), Lilium candidum 

(-5++- ), and Lilium testaceum ( ye 
367. With Chloral Hydrate. 369. With Pyrogallic Acid. 371. With Cobalt Nitrate. 
368. With Chromio Acid. 370. With Sodium Salicylate. 372. With Barium Chloride. * 
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Cuarts D 373 To D 378.—Velocity-Reactions of Starches of Lilium pardalinum (ee ), Lilium parryi (-..-.--), 
and Lilium burbanki ae 

373. With Chloral Hydrate. 375. With Pyrogallic Acid. 377. With Cobalt Nitrate. 374, With Chromic Acid. 376. With Sodium Salicylate. 378. With Mercurie Chloride. 
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Cuarts D 379 To D 393.—Velocity-Reactions of Starches of Iris iberica (----- ), Iris trojana (-..-..-), and 

Iris ismali ( ). 
379. With Chloral Hydrate. 384, With Hydrochloric Acid. 389. With Sodium Hydroxide. 
380. With Chromic Acid, 385. With Potassium Hydroxide. 390. With Sodium Sulphide. 
381. With Pyrogallic Acid. 386. With Potassium Iodide. 391. With Sodium Salicylate. 
382. With Nitric Acid. 387. With Potassium Sulphocyanate. 392. With Calcium Nitrate. 
383. With Sulphuric Acid. 388. With Potassium Sulphide. 393. With Uranium Nitrate. 
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Cuarts D 394 to D 399.—Velocity-Reactions of Starches of Iris iberica (----- ), Iris trojana (-..-.-), and 

Iris ismali ( . 
394, With Strontium Nitrate. 396. With Copper Nitrate. 398. With Barium Chloride. 
395. With Cobalt Nitrate. 397. With Cupric Chloride, 399, With Mercuric Chloride. 
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Cuarts D 400 to D 405.—Velocity-Reactions of Starches of Iris iberica (----- ), Iris cengialti (-..-..-), and 
Tris dorak )e 

400. With Chloral Hydrate. 402. With Pyrogallic Acid. 404. With Sulphuric Acid. 
401, With Chromic Acid. 403. With Nitric Acid. 405. With Hydrochloric Acid. 
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Cuarts D 406 to D 420.—Velocity-Reactions of Starches of Iris iberica (----- ), Iris cengialti (-..-..-), 

and Iris dorak ( ). 
406. With Potassium Hydroxide. 411. With Sodium Sulphide. 416. With Cobalt Nitrate. 
407. With Potassium Iovide. 412. With Sodium Salfeylate. 417. With Copper Nitrate. 
408. With Potassium Sulphocyanate. 413. With Calcium Nitrate. 418. With Cupric Chloride. 

-409. With Potassium Sulphide. 414, With Uranium Nitrate. 419. With Barium Chloride. 
410. With Sodium Hydroxide. 415. With Strontium Nitrate. 420.‘ With Mercuric Chloride. 
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Cuarts D421 ro D435.—Velocity-Reactions of Starches of Iris cengialti (----- ), Iris pallida queen of 

may (-+.-+-), and Iris mrs. alan grey ( ). 

421. With Chloral Hydrate. 426. With Hydrochloric Acid. 431. With Sodium Hydroxide. 

422. With Chromic Acid. 427. With Potassium Hydroxide. 432. With Sodium Sulphide. 

423. With Pyrogallic Acid. 428. With Potassium Iodide. 433. With Sodium Salicylate. 

424, With Nitric Acid. 429. With Potassium Sulphocyanate. 434. With Calcium Nitrate. 

425, With Sulphuric Acid. 430. With Potassium Sulphide. 435. With Uranium Nitrate. 

16 
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Cuarts D 436 To D 441.—Velocity-Reactions of Starches of Iris cengialtt ( ----- ), Iris pallida queen of may (----- ), 

and Iris mrs. alan grey ( ). 
436. With Strontium Nitrate. 438. With Copper Nitrate. 440. With Barium Chloride. 
437. With Cobalt Nitrate. 439. With Cupric Chloride. 441. With Mercuric Chloride. 
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Cuarts D 442 to D 447.—Velocity-Reactions of Starches of Iris persica var. purpurea (----- ), Iris sindjarensis 

(-..-.+-), and Iris pursind ). 
442. With Chloral Hydrate. 444, With Pyrogallic Acid. 446. With Sulphuric Acid. 
443. With Chromic Acid. 445. With Nitric Acid. 447. With Hydrochloric Acid. 
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Cuarts D 448 to D 462.—Velocity-Reactions of Starches of Iris persica var. purpurea (----- ), Iris sindjarensi 
(-..-..-), and Iris pursind ( ). 

448, With Potassium Hydroxide. 453. With Sodium Sulphide. 458. With Cobalt Nitrate. 
449, With Potassium Iodide. 454. With Sodium Salicylate. 459. With Copper Nitrate. 
450. With Potassium Sulphocyanate. 455. With Calcium Nitrate. 460. With Cupric Chloride. 
451, With Potassium Sulphide. 456. With Uranium Nitrate. 461. With Barium Chloride. 
452. With Sodium Hydroxide. 457, With Strontium Nitrate. 462. With Mercuric Chloride. 
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Cuarts D463 to D477.—Velocity-Reactions of Starches of Gladiolus cardinalis ( ----- ), Gladiolus tristis (--.----), 
and Gladiolus colvillet ( ). 

463. With Chloral Hydrate. 468. With Hydrochloric Acid. 473. With Sodium Hydroxide. 
464. With Chromic Acid. 469. With Potassium Hydroxide. 474, With Sodium Sulphide. 
465. With coms ice Acid. 470. With Potassium Iodide. 475, With Sodium Salicylate. 
466. With Nitric Acid 471. With Potassium Sulphocyanate. 476, With Calcium Nitrate. 
467. With Sulphuric Acid. 472. With Potassium Sulphide. 477. With Uranium Nitrate. 
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Cuarts D 478 to D 483.—Velocity-Reactions of Starches of Gladiolus cardinalis (----- ), Gladiolus tristis (-------), 

and Gladiolus colvillei ( ). 
478. With Strontium Nitrate. 480. With Copper Nitrate. 482. With Barium Chloride. 
479. With Cobalt Nitrate. 481. With Cupric Chloride. 483. With Mercuric Chloride. 
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Cuarts D484 to D 489.—Velocity-Reactions of Starches of Tritonia pottsti (----- ), Tritonia crocosmia aurea 
(-..-.-), and Tritonia crocosmefiora ( ) 

484. With Chloral Hydrate. 486. With Pyrogallic Acid. 488. With Sulphuric Acid. 
485. With Chromic Acid. 487. With Nitric Acid. 489. With Hydrochloric Acid. 
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Cuarts D490 ro D 504.—Velocity-Reactions of Starches of Tritonia pottsii (----- ), Tritonia crocosmia aurea 
(-..-.-), and Tritonia crocosmefira (. ). 

490. With Potassium Hydroxide. 495. With Sodium Sulphide. 500. With Cobalt Nitrate. 
491. With Potassium Iodide. 496. With Sodium Salicylate. 501. With Copper Nitrate. 
492. With Potassium Sulphocyanate. 497. With Calcium Nitrate. 502. With Cupric Chloride. 
493. With Potassium Sulphide. 498. With Uranium Nitrate 503. With Barium Chloride. 
494. With Sodium Hydroxide. 499. With Strontium Nitrate. 504. With Mercuric Chloride. 



247 
PERIOD OB REACTION IN MINUTES. PEROD OF REACTION IN MINUTES. PERIOD OF REACTION IN MINUTES. 

100 fo _ 15 20 25 30 35 40 45 60 65 60 10 15 20 26 30 35 40 45 50 55 60 100) 10 15 20 25 30 35 40 48 50 56 6 
100 4 —L-F-4 

col eA A * 47 L 20) apes" 
/ e b= oa 

[ eot—} i f co via aa @0 o 
e y - Vy dro y d 7ol4 VA zZ dy A 

7 | BE i } 7 ° 7 Lt 

sont q 60 g 3 eal 

‘ 0) IF as B 60 i VA va & sos VA x 3 7 3 1 

i arin B 40] } p 4ot-+ rm 
eli Br acl Z B att A507 

. ) 7 T 

5 Et ? 506 ae 201% ott ; 2074 a 

f 10) E / H 7A 
‘ 7 bi ‘4 

PERIOD OF REACTION IN MINUTES. PERIOD OF REACTION IN MINUTES. P@RIOD OF REACTION IN MINUTES. 

ee 1o_15 20 25 30 35 40 45 50 65 60 0 1015 20 25 30 35 40 45 50 55 6 loog—P— 12-15-2025 30 35 40 45 60_88 60 

3 ad — 90) uaa é = + 90) 
i y, i Lt f 
a0} 80 aa 80 

f 

if be ae ee } d 7 
aa’ at Prof : oe C m 

2 } -b Bo, 509 fA 510 

4 | f 2 i 2 
LL. E " iy 508 E on 7 . 40) 

Ht . B ad 
L L 8 5 2-7 : 207-7 ‘ 2 

Wor oY 1 

PERIOD OF REACTION IN MINUTES. PERIOD OF REACTION IN MINUTES. PERIOD OF REACTION ON MINUTES. 

10_15_ 20 25 30 35 40 45 50 55 60 510 15 20 28 30 35 40 45 60 55 60 < 10 15 20 25 30 35 40 45 50 55 60 
100, C_ 100 oon 

90] 90 f 60 

0 ai Eso 12 d 513 
i 6 & 50) & 50) 
a 3 2 

Fy mm § 40) pg 40) 

8 3 5 30) ° 30 k 3 

E 20] 5 2 ‘ 20 

g \ == a 1 : le 

PERIOD OF REACTION Of MINUTES. PERIOD OF REACTION IN MINUTES. PERIOD OF REACTION IN MINUTES. 

B 10 15 620 «625 = 630 35 40 45 50 458 10 15 20 25 30 35 40 45 60 55 60 10 16 20 25 30 35 40 45 60 66 6 
worA—T TT 100 — 100 

. 80 ' soll 4 60 0 t 
H aot! fi q cold 

q oR 5 Let | d 70 i rn FI 10 + -4 

a9 0 g — 
4 514 a 515 FI 7 516 
& & 50) 5 50) 3 4 2 Ad 
: B «0 Bort 

tw 8 oi 
a S g 30f-f 

5 ce) As B aol 
R, pm oa f am | 

—o 1 

oe 

PERIOD OF QEACTION IN MINUTES PERIOD OF REACTION IN MINUTES. PERIOD OF REACTION If MINUTES. 

too S018 -20_25_30_35 40 45 50_55 80 ee p—le_20_25 30 35 40 45 50_§5 09 soot P—12-15--20_25 30 35 40 45 60 55 60 

a cola alt 
F eo Boldly B oll 

1 
R | 70 a 70) A roll. 
9 o fq; 9 u 
: 80 7 sottt! & eolf 

q 20 5 as 517] a lf! 518 a ty 519 

cl ici 40) 40+ 40 
3 = (fl = tl 

3 2 30 2 30 | 

Ban Ba B a9 
F, i ft i 10) ae a 

Cuarts D 505 To D 507, D 509 To D 519.—Velocity-Reactions of Starches of Begonia single crimson scarlet (eeeee ) 
Begonia socotrana (-..-..-), and Begonia mrs. heal ( )e 

505. With Chloral Hydrate. 511. With Hydrochloric Acid. 516. With Sodium Hydroxide. 
506. With Chromic Acid. 512. With Potassium Hydroxide. 517. With Sodium Sulphide. 
507. With Pyrogallic Acid. 513. With Potassium Iodide. 518. With Sodium Salicylate. 
509. With Nitric Acid. — 514. With Potassium Sulphocyanate. 519. With Calcium Nitrate. 
510. With Sulphuric Acid. 515. With Potassium Sulphide. 

Cuart D 508.—Velocity-Reactions of Pyrogallic Acid with the Starch of Begonia single crimson scarlet. Percentage 
of entire number of grains ( ----- ) and total starch ( ) gelatinized. 
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Cuarts D 520 to D 526.—Velocity-Reactions of Starches of Begonia single crimson scarlet (----- ), Begonia 

socotrana (-..-..-), and Begonia mrs. heal ( ). 
520. With Uranium Nitrate. 522. With Cobalt Nitrate. 524. With Cuprio Chloride. 
521. With Strontium Nitrate. 523. With Copper Nitrate. 525. With Barium Chloride. 

526. With Mercurio Chloride. 
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Cuarts D 527 to D 529, D 531, D 532.—Velocity-Reactions of the Starches of Begonia double light rose ( ----- ), 

Begonia socotrana (-..-..-), and Begonia ensign (. ) 
527. With Chloral Hydrate. 529. With Pyrogallic Acid. 531. With Nitric Acid. 
528. With Chromic Acid. 532. With Strontium Nitrate. 

Cuart D 530.—Velocity-Reactions of Pyrogallic Acid with the Starch of Begonia double light rose. Percentage of 
entire number of grains (----- ) and of total starch ( ) gelatinized. 
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Cuarts D 533 To D 535, D 537, D 538.—Velocity-Reactions of Starches of Begonia double white ( ----- ), Begonia 

socotrana (-..-..-),and Begonia julius ( 
533, With Chloral Hydrate. 
534. With Chromic Acid. 

535, With Pyrogallic Acid. 

). 
537. With Nitric Acid. 
538. With Strontium Nitrate. 

Cuart D 536.—Velocity-Reactions of Pyrogallic Acid with the Starch of Begonia double white. Percentage of 
entire number of grains (----- ) and total starch ( 
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) gelatinized. 
PERIOD OF REACTION IN MINUTES. 
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CHARTS D 539 To D 541, D 543, D 544.—Velocity-Reactions of Starches of Begonia double deep rose (----- ), 
Begonia socotrana (-..-..-), and Begonia success ( 

539. With Chloral Hydrate. 
540, With Chromic Acid. 

541. With Pyrogallic Acid. 

). 
543. With Nitrie Acid. 
544. With Strontium Nitrate. 

Cuart D 542.—Velocity-Reactions of Pyrogallic Acid with the Starch of Begonia double deep rose. Percentage of 
entire number of grains (----- ) and total starch ( ) gelatinized. 
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Cuarts D 545 to D 559.—Velocity-Reactions of Starches of Richardia albo-maculata ( ----- ), Richardia elliottiana 
(-..-.-), and Richardia mrs. roosevelt ( oF 

545. With Chloral Hydrate. 550. With Hydrochloric Acid. 555. With Pyrogallie Acid. 546. With Chromie Acid. 551. With Potassium Hydroxide. 556. With Nitric Acid. | 547. With Pyrogallic Acid. 552. With Sodium Salicylate. 557. With Sulphuric Acid. _ 548. With Nitric Acid. 553. With Chloral Hydrate. 558. With Hydrochloric Acid. 549. With Sulphuric Acid. 554. With Chromic Acid. 559. With Potassium Hydroxide. 
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Cuarts D 560 to D 565.—Velocity-Reactions of Starches of Richardia albo-maculata ( ----- ), Richardia elliottiana 

(-..-.-), and Richardia mrs. roosevelt ( ). 
560. With Potassium Iodide. 562. With Potassium Sulphide. 564, With Sodium Sulphide. 
561. With Potassium Sulphocyanate. 563. With Sodium Hydroxide. 565. With Sodium Salicylate. 
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NOTE YY 

Cuarts D 566 To D 573.—Velocity-Reactions of Starches of Musa arnoldiana ( ----- ), Musa gilletti (-..-..-), and 
Musa hybrida ( ). 

566. With Calcium Nitrate. 569. With Cobalt Nitrate. 572. With Barium Chloride. 
567. With Uranium Nitrate. 570. With Copper Nitrate. 573. With Merourio Chloride. 
568. With Strontium Nitrate. 571. With Cupric Chloride. 
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Cuarts D 574 To D 588.—Velocity-Reactions of Starches of Phaius grandifolius ( ----- Phaius wallichit (-.-+-), , 

and Phaius hybridus ( ). 
574. With Chloral Hydrate. 579. With Hydrochloric Acid. 584. With Sodium Hydroxide. 

575. With Chromic Acid. 580. With Potasssium Hydroxide. 685. With Sodium Sulphide. 

576. With Pyrogallic Acid. 681. With Potassium Iodide. 586. With Sodium Salicylate. 
577. With Nitric Acid. 582. With Potassium Sulphocyanate. 587. With Calcium Nitrate. 

578. With Sulphuric Acid. 583. With Potassium Sulphide. 588. With Uranium Nitrate. 
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Cuarts D 589 To D 594.—Velocity-Reactions of Starches of Phaius grandifolius ( ----- Phatus wallichii (-.-----), 4 

and Phaius hybridus ( ). 
589. With Strontium Nitrate. 591. With Copper Nitrate. 593. With Barium Chloride. 
590. With Cobalt Nitrate. 592. With Cupric Chloride. 594. With Mercuric Chloride. 
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Cuarts D 595 Tro D 609.—Velocity-Reactions of Starches of Miltonia vevillaria ( ----- ), Miltonia rewzlii (------); 

. With Chloral Hydrate. 

. With Chromic Acid. 

. With Pyrogallic Acid. 
. With Nitric Acid. 
. With Sulphuric Acid. 

). and Miltonia bleuana ( 
600. With Hydrochloric Acid. 
601. With Potassium Hydroxide. 
602. With Potassium Iodide. 
603. With Potassium Sulphocyanate. 
604. With Potassium Sulphide. 

605. With Sodium Hydroxide. 
606. With Sodium Sulphide. 
607. With Sodium Salicylate. 
608. With Calcium Nitrate. 
609. With Uranium Nitrate. 
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Cuarts D 610 to D 615.—Velocity-Reactions of Starches of Miltonia vexillaria ( ----- ), Miltonia rezlit (-..-..-), 

and Miltonia bleuana ( ). 
610. With Strontium Nitrate. 612, With Copper Nitrate. 614. With Barium Chloride. 
611. With Cobalt Nitrate. 613. With Cuprie Chloride. 615. With Mercuric Chloride. 
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Cuarts D 616 To D 618.—Velocity-Reactions of the Starches of Cymbidium lowianum (----- ), Cymbidium 

eburneum (-..--.-), and Cymbidium eburneo-lowianum ( ----- ye 
616. With Chloral Hydrate. 617. With Pyrogallic Acid. 618. With Barium Chloride. 
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Cuarts D619 to D 626.—Velocity-Reactions of Starches of Calanthe rosea ( 

oculata (-..-.. 

619. With Chloral Hydrate. 
620, With Chromic Acid. 
621. With Pyrogallic Acid. 

-), and Calanthe veitchii ( 

622. With Nitric Acid. 
623. With Sulphuric Acid. 
624. With Hydrochloric Acid. 

----- ), Calanthe vestita var. rubro- 
). 
625. With Potassium Hydroxide. 
626. With Sodium Salicylate. 
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Cuarts D 627 to D 634.—Velocity-Reactions of Starches of Calanthe vestita var. rubro-oculata ( ----- ), Calanthe 

regniert (-..-..-), and Calanthe bryan ( is 
627. With Pyrogallic Acid. 630. With Nitric Acid. | 633. With Potassium Hydroxide. 
628. With Chloral Hydrate. 631. With Sulphuric Acid. 634. With Sodium Salicylate. 
629. With Chromic Acid. 632. With Hydrochloric Acid. 

17 
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D 635 To D 649.—Velocity-reactions of pyrogallic acid with various starches, showing the percentage of the 
entire number of grains (----- ) and of the total starch ( 

635. With Amaryllis belladonna. 
636. With Hippeastrum titan. 
637. With Hippeastrum ossultan. 
638. With Hippeastrum dmones. 
639. With Hemanthus katherine. 

640. With Hemanthus puniceus. 
641. With Crinum zeylanicum. 
642. With Narcissus taz. grand mon. 
643. With Lilium martagon. 
644. With Lilium tenuifolium. 

) gelatinized. 
645. With Lilium chalcedonicum. 
646. With Iris iberica. 
647. With Iris trojana. 
648. With Iris cengialti. 
649. With Iris persica var. purpurea. 
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Cuarts D 650 To D 658.—Velocity-reactions of pyrogallic acid with various starches, showing the percentage of the 
entire number of grains (----- ), and of the total starch ( ) gelatinized. 

650. With Gladiolus tristis. 653. With Begonia sing. crim. scar. 656. With Miltonia vexillaria. 
651. With Tritonia pottsii. 654. With Musa arnoldiana. 657. With Cymbidium lowianum. 
652, With Richardia albo-maculata. 655. With Phaius grandifolius. 658. With Calanthe rosea. 

See also Charts: 
261. Narcissus poeticus ornatus. 320. Narcissus empress. 357. Lilium martagon. 
290. Narcissus gloria mundi. 326. Narcissus weardale perfection. 530. Begonia double light rose. 
296. Narcissus telamonius plenus. 344. Narcissus emperor. 535. Begonia double white. 
308. Narcissus abscissus. 350. Lilium martagon album, 542. Begonia double deep rose. 
314. Narcissus albicans. 351. Lilium maculatum. 
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Cuarts D 659 To D 667.—Velocity-Reactions of chloral hydrate with various starches, showing the percentage of 
entire number of grains ( ----- ) and total starch ( ) gelatinized. 

659. With Hippeastrum titan. 662. With Amaryllis belladonna. 665. With Narcissus taz. grand mon. 
660. With Hippeastrum ossultan. 663. With Hamanthus katherine. 666. With Iris iberica. 
661. With Hippeastrum dwones. 664. With Hemanthus puniceus. 667. With Phaius grandifolius. 
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Cuarts 668 To D 682.—Velocity-Reactions of Starch of Iris iberica with various reagents, showing the percentage of 
the entire number of grains (----- ) and of the total starch ( 

668. With Chloral Hydrate. 
669. With Chromic Acid. 
670. With Pyrogallic Acid. 
671. With Nitric Acid. | 
672. With Sulphuric Acid. 

673. With Hydrochloric Acid. 
674. With Potassium Hydroxide. 
675. With Potassium Iodide. 
676. With Potassium Sulphocyanate. 
677. With Potassium Sulphide. 

) gelatinized. 
. With Sodium Hydroxide. 
. With Sodium Sulphide. 
. With Sodium Salicylate. 
. With Calcium Nitrate. 
. With Uranium Nitrate. 
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Cuarts D 683 To D 688.—Velocity-Reactions of Starch of Iris iberica with various reagents, showing the percentage 
of entire number of grains (----- ), and total starch ( ) gelatinized. 

683. With Strontium Nitrate. 685. With Copper Nitrate. 687. With Barium Chloride. 
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Cuarts D 689 to D 691.—Velocity-Reactions of Starches of Amaryllis belladonna (----- ), Phaius grandifolius 
(-.--+-), and Miltonia vexillaria ( ). 

689. With Uranium Nitrate. 690. With Cobalt Nitrate. 691. With Pyrogallic Acid. 
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Cuart E 2.—Composite Curves of the Starches of Hippeastrum titan (-----), Hippeastrum cleonia (-..-..-), 

and Hippeastrum titan-cleonia ( 
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Cuart E 3.—Composite Curves of the Starches of Hippeastrum ossultan ( ----- ), Hippeastrum pyrrha (-..-.--), 
and Hippeastrum ossultan-pyrrha ( 
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Cuarr E 4.—Composite Curves of the Starches of Hippeastrum deones (----- ), Hippeastrum zephyr (-.-----), 
and Hippeastrum deones-zephyr ( ). 
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Cuart E 5.—Composite Curves of the Starches of Haeemanthus katherine (----- ), Hemanthus magnificus (-..-..-), 
and Hemanthus andromeda ( ). 
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Cuart E 7.—Composite Curves of the Starches of Crinum moorei (----- ), Crinum zeylanicum (-..-..-), and 

Crinum hybridum j. c. h. ( ). 
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Cuart E9.—Composite Curves of the Starches of Crinum longifolium (----- ), Crinum moorei (-..----), and 
Crinum powellii ( ). 
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Cuart E 10.—Composite Curves of the Starches of Nerine crispa (----- ), Nerine elegans (-.--..-), Nerine dainty 
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Cuart E 11.—Composite Curves of the Starches of Nerine bowdeni (------ ), Nerine sarniensis var. corusca major 

(-..-.--), Nerine giantess ( ), and Nerine abundance ( ). 
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Cuart E 26.—Composite Curves of the Starches of Lilium martagon ( ----- ), Lilium maculatum (-.-----), and 
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Cuart E 30.—Composiie Curves of the Starches of Iris iberica ( ----- ), Iris trojana (-.---.-), and Iris ismali ( ). 
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Cuart E 32.—Composite Curves of the Starches of Iris cengialti ( ----- ), Iris pallida queen of may (-------), and 

Iris mrs. alan grey ( ). 
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Cuart E 38.—Composite Curves of the Starches 
of Begonia double white (-----), Begonia socotrana 

). (----+-), and Begonia julius (. 

Cuart E 37.—Composite Curves of the Starches of 
Begonia double light rose (-----), Begonia socotrana 

). (-..-++-), and Begonia ensign ( 
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F 7.—Cypripedium lathamianum inversum. F 6.—Cypripedium lathamianum. F 5.—Miltonia bleuana. 

Cuarts F 4 ro F 7.—Percentages of Macroscopic ( ----- ) and Microscopic (--.--.-) Characters. 
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SAME AS SEED 

PARENT 

SAME AS BOTH 

PARENTS 

HIGHEST LOWEST 

SAME AS POLLEN SAME aS BOTH INTERMEDIATE HIGHEST LOWEST 
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F 8,—Cypripedium nitens. F 9.—Tissues and Starches. F 10.—Tissues and Starches. 

Cuart F 8.—Percentages of Macroscopic ( ----- ) and Microscopic (-..-..-) Characters. 
Cuart F 9.—Percentages of Macroscopic and Microscopic Characters ( ----- ) and Starch Reaction-Intensities 

( ) of Hybrid-Stocks in regard to Sameness, Intermediateness, and Excess and Deficit of Development in relation 
to Parent-Stocks. 

Cuart F 10.—Percentage of Macroscopic ( ----- ) and Microscopic (-.-.-) Characters and Starch Reaction- 
Intensities ( ) of Hybrid-Stocks in regard to Sameness, Intermediateness, and Excess and Deficit of Development 
in relation to Parent-Stocks. 
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F 11.—Cymbids eburneo-lowi F 12.—Miltonia bleuana. F 13.—Cymbidi eburneo-lowi yeas bleuana. 
Cuarts F 11 anp F 12.—Percentages of Macroscopic ( ----- ) and Microscopic (-..-..-) Characters and Starch 

Reaction-Intensities ( ) in regard to Sameness, Intermediateness, and Excess and Deficit of Development in 
relation to Parent-Stocks. 

Cuarts F 13 anp F 14.—Percentages of Sameness and Inclination of Macroscopic (----- ) and Microscopic 
(nr eee ) Tissue Characters and Starch Reaction-Intensities ( ) tn relation to those of Parent-Stocks. 



CHAPTER V. 
SUMMARIES OF THE HISTOLOGIC CHARACTERS, ETC. 

This chapter is devoted to the summaries of the histo- 
logic characters and qualitative and quantitative reac- 
tions of the starches of hybrid-stocks in relation to the 
starches of the parent-stocks, and of the microscopic and 
macroscopic characters of the hybrid-stocks in relation to 
the parent-stock plants. 

1. THE STARCHES. 
HistToLogic CHARACTERS AND CERTAIN QUALITA- 

TIVE AND QUANTITATIVE REACTIONS. 
(Tables C, 1 to 17; D; E, 1 to 22; F,1 to 50; G; H, 1 to 26; and 

I, 1 to 8.) 

The methods used in this research in the differentia- 
tion of starches are both quantitative and qualitative. 
From a glance at the large number of charts and tables 
that set forth quantitative results the impression may be 
gained that much more importance is to be attached 
to the former than to the latter method of investigation ; 
but this will be found to be unwarranted by the consider- 
able space that has been given to and the remarkably 
valuable results that have been recorded under qualita- 
tive reactions. In fact, the qualitative method has been 
found to have far the larger and more varied, and an at 
least equally important, field of usefulness. Unfortu- 
nately very little data included under histologic and 
qualitative records lend themselves to chart-making, or to 
such forms of tabulation, as have proven so valuable in 
the preceding chapter and elsewhere in this memoir. 
Hence, the records herein summarized are presented in 
a modified arrangement that is particularly well adapted 
to set forth only a certain but an important aspect of 
the comparative peculiarities of hybrid and parental 
properties. 

From the records found in various parts of this work 
it will be noted that the starchof the hybrid exhibits, his- 
tologically, physically, and physico-chemically, not only 
both uniparental and biparental inheritance, but also 
individualities that are not observed in either parent; 
and that any given parental character that appears in the 
hybrid may be found in quality and quantity to be the 
same or practically the same as that of one parent or both 
parents, or of some degree of intermediateness, or de- 
veloped in excess or deficit of parental extremes. More- 
over, each unit character and unit character-phase (see 
Preface and Chapter I, Section 8) is to such a degree 
independent of the others that one unit-character or 
character unit-phase may be identical with or very close 
to that of one parent, while another bears the same rela- 
tion to the other parent, etc. Thus, in regard to the unit- 
characters (especially the lamelle), the hybrid may show 
a very close relationship in the distinctness of the lamella 
to one parent, but in the forms of the lamelle to the other 
parent ; in fineness or coarseness it may be exactly inter- 
mediate; while in variety, or distribution, or number 
it may be found at the same time to have the most vary- 
ing relationships. In a word, in the summing up of the 
parental relationships it is usually recorded in each of 
the designations of study (hilum, lamella, size, polari- 
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scopic reactions, iodine reactions, and gelatinization 
reactions with each of the different reagents) that a num- 
ber of correlated unit-characters or unit-character-phases 
are separable, and that there is a most remarkable and 
inexplicable swinging to one or the other parent of 
unit character-development and unit character-phase- 
development. 

These records show collectively an extraordinary 
variability in the character relationships of the hybrid 
to the parents; an independence of each unit-character 
and unit-character-phase of every other in the direction 
and degree of its development; an absolute unpredicta- 
bility at the present embryonic stage of our knowledge 
of the form, in which, if at all, any given unit-character 
or unit-character-phase of either or both parents may 
appear in the hybrid; and the closer relationship usually 
of the hybrid in the sum-total of the group-characters 
or character-phases included in every designation, and 
of these designations collectively, to one or the other 
parent. For instance, among the data pertaining to the 
histologic properties of Brunsdonna sandere alba, under 
the designation form it will be noted that the starch 
grains are more like those of Amaryllis belladonna than 
those of Brunsvigia josephine in that they are usually 
simple and isolated, in their regularity of outline, and in 
their conspicuous forms; yet in other respects they are 
more like those of Brunsvigia josephine because of the 
presence of a relatively large number of compound 
grains, of a few small aggregates that consist of 2 or 3 
components, and of a peculiar form of compound grain, 
both of which latter are found in this parent but not in 
Amaryllis belladonna. In the data relating to the la- 
melle, the hybrid is closer in form and arrangement to the 
corresponding parts of the grains of Amaryllis bella- 
donna; but in average number it is closer to the other 
parent. In the chloral-hydrate reactions the hybrid in its 
quantitative reactions shows a decidedly greater sensitiv- 
ity than either parent, but it is distinctly closer toA maryl- 
lis belladonna than to Brunsvigia josephine. In other 
reactions the starch is the same or practically the same as 
one parent or the other or both parents, or of some degree 
of intermediateness, or of less or even very decidedly less 
sensitivity than in either parent, very commonly of the 
latter category. In the qualitative reactions it is in cer- 
tain well-defined respects closer to Amaryllis belladonna 
than to the other parent, and in others the reverse; but 
on the whole the inclination is distinctly toward Amaryl- 
lis belladonna. 

Moreover, forms of gelatinization are seen in the hy- 
brids that are individual. In this hybrid it will be found 
that in the aggregate the gelatinization phenomena re- 
corded under each reagent incline more or less markedly 
toward Amaryllis belladonna. With other hybrids the 
greatest variability of parental relationships may be 
noted, as, for instance, in Hippeastrum, where it will 
be found that with one reagent the relationship may be 
closer to one parent and with another to the other, and 
more or less marked differences may be noted in the 
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hybrids from the same cross (see Brunsdonna) ; but 
here again in the final summing up there is usually 
found to be a distinct majority of the reactions leaning 
to one or the other parent. It is unfortunate that very 
frequently the data have not been recorded in accord- 
ance with the plan adopted at the outstart of the research 
so as to leave no doubt in each character or character- 
phase of the parental relationships of the hybrid, such as 
was pursued in making the quantitative determinations. 
Owing to this defect it is necessary to present these 
summaries in a modified tabular form, and with the view 
particularly of showing the fluctuating relationships of 
the hybrids to the parents. In the preparation of the 
tables that follow (Tables C 1 to C 17), the properties of 
the hybrids in their parental relationships have been 
considered collectively in designations or groups that 
are indicated by the divisions of the tables, those of form 
being taken as one designation, those with a given rea- 
gent as one designation, and soon. The plus sign is to 
be interpreted as meaning that in the final summing up 
of the data of each designation the hybrid in its unit- 
character and unit-character-phase bears, on the whole, 
a closer relationship to the parent indicated at the head 
of the column. The minus sign is, of course, the nega- 
tive correlative of the former; while the plus-minus sign 
indicates that the hybrid resembles in degree one as much 
as the other parent. In the last column the terms excess 
and deficit mean that a unit-character or unit-character- 
phase is developed in excess or deficit of parental ex- 
tremes; individual means that a unit-character or unit- 
character-phase has been discovered in the hybrid that 
was not observed in either parent. 

Certain apparently minor peculiarities have been dis- 
regarded in this tabulation. In some instances it is 
entirely arbitrary whether we regard a given property as 
being developed in excess or deficit of parental extremes. 
Thus, if the grains of the hybrid be more irregular, or 
the resistance to reagents greater, than those of the 
parents, are we to look upon the difference as being an 
expression of increased or decreased development? Ten- 
tatively, such differences have been taken as represent- 
‘ing increased development; and, if there be less irregu- 
larity or less resistance, the opposite. It is obvious that 
these tables indicate merely very grossly certain promi- 
nent phases of hybrid and parental relationships, and that 
the context must be studied therewith in order that the 
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qualitative and quantitative fluctuations of the hybrid in 
relation to each parent can properly be understood. In 
the several sets of tables that follow, the symbols 2, 
and 9=¢4 are used as sex designations to indicate nearer 

the seed parent, nearer the pollen parent, and equally 
related to both, respectively. The symbol @ in Tables 
F, 1 to 50, and H, 1 to 26, indicates that the reactions 
are too fast or too slow for satisfactory differentiation, 
or that because of fluctuations in the courses of gela- 
tinization there is either no satisfactory differentiation 
or sufficiently definite inclination to either parent. The 
data of the quantitative reactions are taken from the 
various tables of the reaction-intensities expressed by 
the percentage of total starch gelatinized at definite time- 
intervals that constitute the third section of each sum- 
mary in Chapter III, and also tabulated in modified ar- 
rangement in Section 4 of this chapter. These data have 
also been presented in the form of charts in Chapter IV. 

It is important to note that in the studies of the quali- 
tative reactions the reagents selected varied somewhat 
in number and kind in the different sets of parents and 
hybrids, and that in the formulation of these tables the 
quantitative reactions given are limited to those of the 
reagents used to elicit the qualitative reactions. Hence, 
in the summing up in these tables of the relationships of 
the reactions of the hybrids to those of the parents there 
may seem to be some discrepancies when the figures are 
compared with those of Tables E, 1 to 22, F, 1 to 50, 
and H, 1 to 26. For instance, in the quantitative reac- 
tions of Brunsdonna sandere alba it will be noted that 
of the 8 reactions with the chemical reagents none is like 
that of the seed parent, pollen parent, or both parents, 
1 is intermediate, 1 is higher than that of either parent, 
and 6 are lower than those of either parent. When, 
however, all of the 21 reactions are summed up it is 
found (Table F, 1) that 4 are the same as those of seed 
parents, none the same as those of the pollen parent, 1 
the same as those of both parents, 5 intermediate, 3 
higher than those of the parents, and 13 lower than those 
of the parents. 

The limited quantitative data given in Tables C1 
to C17 are mainly for comparisons with the qualitative 
reactions with the same reagents, the data of this kind 
being tabulated in full in tables E, F, and H. Limited 
comment only is necessary in explaining this series of 
tables. 

(a) Brunsdonna sandere alba (same parentage as following hybrid). 
Taste C 1.—Brunsdonna sandere alba. 

Designation, agent, and reagent. 
Closer, as a whole, to the— Excess, deficit, or 

Seed parent. Pollen parent. 
individual. Quantitative reactions. 

Histologic properties: 
POP osa 3895008 Mask ahah Os ES + 
PU sca oak X00 84 555 be Oe + - 

Form, arrange. 

Chloral hydrate. ced weme a is 
WTO BOI pac concen adda tg ota lewed 
Potassium iodide................-.5. 
Potassium sulphocyanate............. 

Sodium salicylate................0005 
Cobalt MitrAte. 22.0 .csca den da aweeaged 
COPPEr DUNTALE. 2. osc eee we iwee pees 

Cuprio chlorides.a:.ccrs oe cg ceceawees +4+4+t++4+4++44+ Pel db Pde 

Individual 

- (Intensity) practically same as 2 

— Same as 9 
Individual Much higher than either parent 9 

“ Slightly lower than either parent j 
Very much lower than either parent Q =< 

Very much lower than either parent 9 =¢ 
Intermediate 9 
Much lower than either parent 
Much lower than either parent co’ 
Much lower than either parent 
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TaBLe C 2.—Hippeastrum. 

SUMMARIES OF THE HISTOLOGIC CHARACTERS, ETC. 

Closer, as a whole, to the— : 

Designation, agent or reagent. Hixocas, deftit, Of Quantitative reactions. 
individual. 

Seed parent. | Pollen parent. 

1. Hippeastrum titan-cleonia: 
Histologic peculiarities 

0) 9 ee ee + = = ey, 
Hau Ms sessed ca dy Sree giaalaes + - Excess = 
Lamelle - + - - 
Siz@ ig ox 64 22 6 546 Wha iraerale a = + Excess - 

Qualitative reactions 
Polarization (figure). .... vie Same + = Excess (Intensity) higher than either parent 9 
Selenite..................0005 + - Excess =< 
NOGING is gisscepasiesas se aegis Be 5s) i + Excess Higher than either parent of 
Chloral hydrate.............. + = Excess Lower than either parent 9 

Nitric acid..... 0.060655 0505-% + - Excess Intermediate 9 =< 
Potassium iodide............. + - Excess Intermediate 9 =o 
Potassium sulphocyanate...... + - _ Intermediate 9 =<! 
Sodium salicylate............. + - Excess Lower than either parent 9 

2. Hippeastrum ossultan-pyrrha: 

Histologic peculiarities 
MOVM 275.6 Bloke wie irannelo eure « - + Excess - 
Bilums 5 sia3 us enewenae ee ances = + Excess = 
Lamelll 20). .ccscsiseciavsnes des en Number Character - - - 
BBO esse 5G dadatueaine ooh Ge + - - = 

Qualitative reactions 
Polarization (figure).......... + _ - (Intensity) higher than either parent o' 
Selenite....... eave bia fas wasig eee usr + - - - 
TodiNne x tsetse evans ccdaie 8 anes oe + - - Intermediate 9 =o’ 
Chloral hydrate.............. + - Excess, deficit Intermediate 9 
Nitrio weld. .cinsadeawevevaeas ae + Excess Higher than either parent 9 
Potassium iodide............. + = Excess, individual | Higher than either parent 9 
Potassium sulphocyanate...... + - -_ ; Slightly higher than either parent 9 
Sodium salicylate............. - + Excess, individual | Slightly lower than either parent o' 

3. Hippeastrum deones-zephyr: 
Histologic peculiarities 

OMI heidi anaesebaa neutered - + Excess - 
Blum.) vcaviiicwswrve ta ev eva es + - Excess re 
Lamelle iv siccciwewieninss aos + a _ _ 
SZC sie ss nt Sa eke eae hss - Larger grains Deficit - 

Qualitative reactions 
Polarization (figure).......... saa + Deficit (Intensity) higher than either parent 
Selenite... ........0. ee eee ee - + Excess - 
Todingsiccsipancgosncniay sees aes - + Excess Same as o 
Chloral hydrate.............. + - Excess Lower than either parento 
Witeit 201s ayevenssae xe pean es + - Excess Higher than either parent o 

Potassium iodide............. + ~ Excess Intermediate 9 
Potassium sulphocyanate...... + — - Intermediate 9 =o 
Sodium salicylate............. a ad Excess, deficit Slightly lower than either parent 9 

(b) Brunsdonna sandere (same parentage as preceding 
hybrid). 

The foregoing table is with five differences dupli- 
cated by the records of this hybrid. These hybrids differ 
more in certain particulars (both qualitatively and quan- 
titatively) from each other than do either from their 
parents or the parents from each other. This hybrid, like 
its mate, bears, on the whole, a decidedly closer rela- 
tionship to Amaryllis belladonna than to Brunsvigia 
josephine, and is closer than the first hybrid to Amaryllis 
belladonna. 

The dissociation of lamellar characteristics (the form 
and arrangement being closer to one parent, and the 
number to the other) is very interesting, but by no means 
an uncommon phenomenon in the starches of hybrids. 
Moreover, as will be found by reference to the context, 
similar splitting occurs of the characters of the hilum 
and in the size of the grains. 

That the quantitative and qualitative reactions are 
also as independent of each other in the direction of 

their parental relationships is strikingly shown in the 
table. Throughout the qualitative reactions the hybrids 
incline to the seed parent, but in the quantitative reac- 
tions wide variations are shown in the parental rela- 
tionships. Thus, in the polarization reactions the first 
hybrid is the same as the seed parent, while the second 
is intermediate but closer to the seed parent; in the 
potassium-iodide reactions both have reactivities lower, 
than those of the parents, the first being closer to the 
seed parent and the second as close to one as to the other 
parent; in the sodium-salicylate reactions the first is 
intermediate but closer to the seed parent, and the second 
is the same as the seed parent; and in the cobalt reactions 
both have reactivities lower than those of the parents, but 
one is closer to the pollen parent while the other is as 
close to one as to the other parent. Otherwise they are 
essentially the same in their parental relationships. 
Curiously, while in the qualitative reactions with chloral 
hydrate, nitric acid, potassium iodide, potassium sulpho- 
cyanate, and sodium salicylate it is closer than the other 
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hybrid to Amaryllis belladonna, in the copper-nitrate and 
cupric-chloride reactions it is not so close as the other 
hybrid. 

HippeastruM. (TABLE C 2.) 

In comparing these records and keeping in view the 
botanical closeness of the parents in each case, and also 
a corresponding closeness of the offspring to the parents, 
together with the great importance that is commonly 
attached to intermediateness as a criterion of hybrids, 
one is struck by (1) the frequency of the development 
of properties of the hybrid in excess or deficit of parental 
extremes; (2) the appearance of reactions in the hybrid 
which were not seen in the parents; and (3) the swinging 
of hybrid development to one or the other parent in an 
utterly inexplicable manner. Among the 36 designations 
of the three sets, in no less than 23 some property or 
properties were developed in excess of parental extremes, 
and in 4 there was deficient development. In two in- 
stances properties were noted in the hybrid that were 
not apparent in either parent. The hybrid of the first 
set is in form closer to the seed parent, but in the second 
and third sets it is closer to the pollen parent; in hilum, 
in the first and third sets, closer to the seed parent, but 
in the second set closer to the pollen parent; in lamelle, 
in the first set closer to the pollen parent, in the third 
set closer to the seed parent, and in the second set closer 
to the seed parent in number and to the pollen parent in 
general characters; in size, in the first set closer to the 
pollen parent, in the second set closer to the seed parent, 
and in the third set equally like both parents in common 
size, but like the pollen parent in the larger grains. 
In polariscopic figures and reactions with selenite, in the 
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first and second sets the hybrids are more like the seed 

parent, but in the third set the likeness is to the pollen 

parent. The qualitative reactions with the chemical 
reagents are full of interest. In the first set, with all 
five reagents the reactions are, on the whole, closer to 
those of the seed parent; in the second set those of three, 
of the reagents (chloral hydrate, potassium iodide, and 
potassium sulphocyanate) are closer to those of the 
seed parent, and two (nitric acid and sodium salicylate) 
closer to those of the pollen parent; and in the third set 
those of four of the reagents are closer to the seed parent 
and that of one (sodium salicylate) as close to that 
of one as to that of the other parent. The relationships, 
on the whole, are somewhat closer to the seed parent. 
The quantitative and qualitative reactions show com- 
paratively the most variable relationships. 

Hamantuus. (TABLE C 3.) 

The hybrid in the first set, in form and hilum, is 
closer to the seed parent; in lamelle it resembles both 
parents in equal degree; and in size it is nearer the 
pollen parent. In the second set, in all four histologic 
designations, it is nearer the pollen parent. In the 
polariscopic figures and selenite reactions and in the 
qualitative reactions with the chemical reagents the 
resemblance (except the iodine reaction in the second 
set) is closer to the seed parent. In three instances 
development in excess of parental extremes, and in one 
instance individuality, were recorded. The quantitative 
reactions are most vagarious in their relations to the 
qualitative reactions. It is of interest to note that the 
seed parent is the same in both sets and that in both 

Tasie C 3.—Hemanthus. 

Designation, agent and reagent. 
Closer, as a whole, to the— 

Excess, deficit, or Quantitative reactions. 

Seed parent. Pollen parent. 
individual. 

1. Hemanthus andromeda: 
Histologic peculiarities 

cere ree eer ere fe ee 
tr z 8 

lk++ +H I 

Polarization (figure) 

Selenite........ cece ee ee eens 
TOGING bi5 coiicce cdadon crash eee goes 
Chloral hydrate............... 
Nitric acid................200. 
Potassium iodide.............. 
Potassium sulphocyanate...... 

Sodium salicylate.............. 
2. Hemanthus kénig albert: 

Histologic peculiarities 
POU cs chek eke eeaeadaeyedes 

+4++t+++++ 

Lamell~ ........ 
SLC eee ee ee eee cee 

Qualitative reactions 
Polarization (figure)........... 
Selenite... .......... 000. eee 

++++ se 

TOdING i iicneeieis Bees Osondraadie 
Chloral hydrate............... 
Nitric acid.........-...-...00. 
Potassium iodide..............)° 
Potassium sulphocyanate..... . 
Potassium sulphide............ 
Sodium salicylate.............. Perr tt tet ++4+++441 1 

Excess, individual 

(Intensity) intermediate 9 =< 

Intermediate 9 =o 
Intermediate 9 =o 

Intermediate 9 = 
Same as 9 
Same as 9 
Same as oc! plrdtd@ti 

_ (Intensity) higher than either parent 

- Intermediate 9? =o 
Excess Lower than either parent Q. 

- Intermediate 2 
Same as 9 
Same as 9 
Same as 2 
Intermediate o 
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hybrids there is clear evidence of biparental inheritance. 
The relationships, on the whole, are distinctly closer to 
the seed parent. 

Crinium. (TABLE C 4). 

The parents in each of these three sets of Crinums 
are recognized species that belong to the hardy and 
tender groups—C’. mooreit and C. longifolium to the 
former and C’. zeylanicum to the latter. In each set the 

SUMMARIES OF THE HISTOLOGIC CHARACTERS, ETC. 

hybrid shows very markedly i in each of the designations 
biparental inheritance, varying in degree in relation to 
the various unit-characters and unit-character-phases. 
Occasional individualities of the hybrids are recorded, 
and excessive and deficient developments are noted rarely 
in the first and second sets, but not infrequently in the 
third set. In the first and third sets C. mooret was a 
parent—in the first the seed parent, and in the third 

Taste C 4.—Crinum. 

Closer, as a whole, to the— 
Designation, agent and reagent. ea Of Quantitative reactions. 

Seed parent. | Pollen parent. : 

1. Crinum hybridum j. c. harvey: 

Histologic caramel 
DOIG sa es AEA RA em —- + - - 
PLUG 502 9 ¢ d.2 A wieyectvscnentanaroane - + - - 
BE) 1) |: a gS - + _ _- 
Size ‘i icons Pievakasewa as Length Length, breadth — - 

Qualitative reactions 
Polarization scapes sat eidt: - + = (Intensity) higher than either parent 9 
Selenite. . yi eRaE RES - + - _ 
TOdING.. 5355 sa saa sarees: - + ee - 
Chloral hydrate. . + - Same as c' 
Nitric acid.. Ree were + - Intermediate o' 
Potassium hydroxide. Revectel eis a _ + - Same as 
Potassium iodide. . senses Se ~_ + - Same as ©’ 
Potassium sulphocyanate clap etc - + - Lower than either parent 
Potassium sulphide............ - + - Lower than either parent o' 
Sodium sulphide............ ay — + Excess, individual | Same as @ 

Sodium salicylate............. - + - Intermediate 
Copper nitrate................ - + Intermediate <’' 
Cuprie chl6ndé .. nc sccnce cass _ + - Intermediate 

Mercuric chloride............. - + - Same as 
2. Crinum kircape: 

Histologic peculiarities 
WG ix ea! bs a Gage eae ee ce wih ee + - = = 
Aili: x os sanemere vee esses Character Eccentricity - - 
Lamelle + - Excess - 
Size... whites teas DAe aie + - - - 

Qualitative reactions 
Polarization sees See ee + - = (Intensity) higher than either parent 9 

Selenite. . a eh + = —= - 
Iodine. . + _ a Intermediate o' 
Chloral hydrate. . + = = Same as 9 
Nitric acid.. AeYRRRADS + = = Intermediate ? 
Potassium hydroxide. ere ee Fr + -_ = Intermediate 9 
Potassium iodide. . anaes + = Individual Intermediate 9 
Potassium sulphocyanate ere re + _ - Intermediate 
Potassium sulphide............ + - Individual Same as 9 
Sodium sulphide.............. “bE - Excess, individual | Intermediate @ 
Sodium salicylate.............. + = _ Lower than either parent 9 
Copper nitrate................ + a - Intermediate 9 
Cupric chloride................ + — _ Intermediate 9 
Mercuric chloride.............. + - - Nearly same as 9? 

3. Crinum powellii: 

Histologic peculiarities 
FROLIN 2is cs) adteeethnd ner eats - + = - 
UUs: Sess eetaese cases esacecutvas eves Eccentricity Character - - 
Larne 20) sie ig sie sig agp eevee ins 4 - + a a - 
Size. cdaceigeatmom waeeee aad ecs - + = - 

Qualitative reactions 
Polarization a wsnedeaesad - + - (Intensity) same as do 
Selenite. . Lessuprieatien She - + - - 
Iodine. . - + - Intermediate 9 =o 
Chloral hydrate. . beaten eee - + - Higher than either parent o 
Potassium iodide. . Sane = + Excess, deficit Higher than either parent o 
Potassium sulphoeyanate... Ror - + - Higher than either parent o’ 
Potassium sulphide. . te a - + Excess Higher than either parent co” 
Sodium sulphide............... _ + Excess Higher than either parent o 
Sodium salicylate.............. - + Excess Intermediate o 
Copper Ditrate..0. 0. n.v0cceee re = + Deficit Higher than either parent of 
Cupric chloride................ = + Deficit Higher than either parent o’ 
Mercuric chloride.............. - + Deficit Higher than either parent 
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the pollen parent. In the histologic properties and 
qualitative reactions, in the first set the hybrid shows 
throughout the designations a markedly closer relation- 
ship, on the whole, to C. zeylanicum (the pollen parent) 
than to C. moorei (the seed parent) ; while in the third 
set the hybrid shows a closer relationship, on the whole, 
to C. mooret (the pollen parent) than to C. longifoliwm 
(the seed parent). In the first set C. mooret (hardy) 
is crossed with C. zeylanicum (tender), the two species 
being well separated, the hybrid leaning strongly to the 
pollen parent C. zeylanicum. In the second set C. zey- 
lanicum (tender) is crossed with C. longifolium (hardy), 
the species are well separated, the hybrid leaning 
strongly, but less strongly than in the preceding set, 
to C. zeylanicum. In the third set C. longifolium 
(hardy) is crossed with C. mooret (hardy), the species 
being comparatively close, the hybrid tending to be, on 
the whole, distinctly closer to C. moorei (the pollen 
parent) than to C. longifolium. The shifting of paren- 
tal potency in relation to hybrid development is of inter- 
est, C. zeylanicum being the more potent as both pollen 
and seed parent in relation to C. mooret and C. longi- 
folium, respectively, and C. moorei being more potent 
than C. longifolium. The quantitative in comparison 
with the qualitative reactions are of great interest. In 
the first set there is strong leaning to the pollen parent; 
in the second set to intermediateness and to the seed 

TasLe C 5.—Nerine. 
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rather than to the pollen parent; and in the third set 
almost wholly to the pollen parent, in each the inclina- 

tions being in harmony with the leanings, on the whole, 
of the qualitative reactions. 

NerinE. (TABLE C 5.) 

The first two hybrids vary in a most interesting man- 
ner in their resemblances and differences in regard to 
each other and to their parents ; and they differ from each 
other almost as much as they do from the parents, or 
as the parents differ from each other. Biparental inheri- 
tance showing varying degrees of influence of each parent 
is manifest throughout the designations. The hybrid 
N. queen of roses differs in the form of the grains from 
the other hybrid by a greater resemblance to N. crispa 
because of its grains having a more regular form, more 
aggregates, and more compound grains. The hybrids 
more closely resemble each other than either parent in 
the character of the hilum, and both are closer in this 
feature of WV. elegans than to N. crispa. The lamelle of 
NV. queen of roses are closer than those of the other hybrid 
to those of NV. crispa, while those of N. dainty maid are 
closer to those of the other parent. The size of the 
grains of NV. queen of roses is less than that of the other 
hybrid, but it is closer to that of the latter than the 
latter is to either parent, yet not so close as is that of 
N. dainty maid to that of N. elegans. In the polari- 

Closer, as a whole, to the— . 

Designation, agent and reagent. ee Rein oF Quantitative reactions. 

Seed parent. | Pollen parent. 

1 (a). Nerine dainty maid (same parentage 

as the following hybrid): 

Histologic peculiarities 
BOP 55:2 deh aidoiid dea erd-anglachimeiaduaedea - + = - 
TUT so: 5 ean Sask: ook eee Nein RP OS - + = _ 
Teme 8 bios cas itescacnaa evens a Character, Fineness Excess - 

arrangement : 

126s died dss suarae auncavnlarind wane - + = 
Qualitative reactions 

Polarization (figure)........... - + a (Intensity) same as o 
Selenit6 ccs esata aa aniese - + = - 

VOdIn Gi vac ei oacsos asp Seven seble = + - Same as o 
Chloral hydrate............... - + - Intermediate o" 

Witte adidcs osccusecacedecwns - + _ Intermediate 9 
Potassium iodide.............. _ + - Intermediate 9 =o 
Potassium sulphocyanate - + - Higher than either parent 2 

Potassium sulphide..... - + - Same as both parents 

Sodium salicylate....... we —_ + - Intermediate @ 
1(b). Nerine queen of roses (same parent- 

age as the foregoing hybrid): 

Histologic peculiarities 
FOr Mites ces incses tipesueinccecuwgoctanctedaseotiens - + = - 
PAM MUTI 55 Seeauetaavauts tue das chavarboaseveceen Distinctness Fissuration faa - 
SESH CL Bo goons sere Gooch carsninleipcorianepateys Character, Number = _ 

arrangement 

PPE, paid tana: a4 aes ane ween - + Deficit — 

Qualitative reactions 

Polarization (figure)........... - + - (Intensity) lower than either parent 
Selenite sas aia ccsrssestarcvsacensieets - + - 
LOdiNe} ase casct Bhdeere sis waatale Gelatinized Raw grains Same as o 

grains 

Chloral hydrate............... + - = Higher than either parent ¢” 
Nita @0id; cies acer erceeiees - + = Intermediate 9 =o 
Potassium iodide.............. _ + - Intermediate 9? 

Potassium sulphocyanate....... ~ + = Higher than either parent 9 
Potassium sulphide............ _ + - Slightly higher than either parent 
Sodium salicylate.............. + - - Higher than either parent 

19 
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scopic figure and selenite reactions N. queen of roses is 
closer than N. dainty maid to N. elegans. In the iodine 
reactions with the raw grains N. queen of roses is closer 
than N. dainty maid to N. elegans; but with the gela- 
tinized grains they closely resemble those of N. crispa, 
while those of the other hybrid resemble those of the 
other parent. In the qualitative reactions with chloral 
hydrate both are closer to N. elegans than to N. crispa, 
but NV. queen of roses is not so close to N. crispa as is 
N. dainty maid to N. elegans, and there is nearly as much 
difference between the hybrids as there is between N. 
queen of roses and N. elegans. In the reactions of nitric 
acid, potassium iodide, potassium sulphocyanate, and 
potassium sulphide the hybrids are close to one another, 
and N. queen of roses is not so close as is N. dainty maid 

SUMMARIES OF THE HISTOLOGIC CHARACTERS, ETC. 

to N. elegans. In the sodium-salicylate reactions N. 

queen of roses is not so close to N. crispa as is N. dainty 
maid to N. elegans, and there is nearly as much differ- 
ence between the hybrids as there is between N. queen 
of roses and N. elegans. The reactions of chloral hy- 
drate and sodium salicylate are of especial interest be- 
cause of the reversal of the hybrid and parental relation- 
ships, N. queen of roses being closer to N. elegans, and 
N. dainty maid closer to N. crispa, in both reactions ; 
while both hybrids incline, as a whole, to NV. elegans, N. 
dainty maid is closer than the other hybrid. The quan- 
titative reactions bear the most variable relationships to 
the qualitative reactions, showing, as in preceding sets, 
the independence of qualitative and quantitative reac- 
tions with the same agent and reagent. 

TasBLe C 5.—Nerine.—Continued. 

Closer, as a whole, to the— i 
Designation, agent and reagent. ae OF Quantitative reactions. . 

Seed parent. | Pollen parent. 

2(a). Nerine giantess (same parentage as 
the following hybrid): 

Histologic properties 

OVNI: guiinigvestid v2% 2 od-salavdionaeela + = = cre 
Fi tine oo es csaiicee scence aynrnsanavones _ + = = 
Lamellee ..... 0c. ccc ee + _ = = 
Size..... eee = + = - 

Qualitative reactions 
Polarization (figure)........... + — (Intensity) lower than either parent 9 
Selenites:< 2. : 4.00.26 tumesewa vee + - = = 
Todine.......................--| Gelatinized Raw grains - Same as ol’ 

grains 
Chloral hydrate............... + os = Same as 
Nitric acid.................04. - + - Lower than either parent ¢ 
Potassium iodide.............. - + - Intermediate 9 
Potassium sulphocyanate....... — + - Intermediate o 

Potassium sulphide............ oad + - Intermediate 
Sodium salicylate.............. + - - Same as o 

2(b). Nerine abundance (same parentage 
as foregoing hybrid): 

Histologic properties 

Formiezse+e s5%% - + - - 
Bilums 2 4 a53 4 eer g sia tedden Character Eccentricity - ae 

Hamels .5304 sco os eres eecnhc = = ae 
Size... eee + - - - 

Qualitative reactions 
Polarization (figure)........... + (Intensity) lower than either parent ? 
Selenite..................00006 + = = 
Todines sien ocgtncilen Guhins Raw and gela. 

grains oF a Same as ? 
Chioral hydrates v.56 4% cs ea abe + = Higher than either parent o’' 
NGEIG Bliss ov koa oa i eee + =e = Lower than either parent o’ 
Potassium iodide.............. + = = Same as o 
Potassium sulphocyanate....... + = a Lower than either parent o 
Potassium sulphide............ + - - Intermediate ¢ 
Sodium salicylate.............. + - - Same as co 

3. Nerine glory of sarnia: 
Histologic properties 

BOM 3 cnsneledetes cane aiwenes + - Deficit _ 
Hilum si: wpdevenwede e «6644246 + = = - 
Lame ss caccewan sexe paces s + - Deficit, excess _ 
Size... siete - + = - 

Qualitative reactions 
Polarization (figure)........... + - - (Intensity) same as 9 
Selenite... .... ccc eee e eee eee + = - - 
Todine i isovicrn, sheer oats ea chew a + - _ Lower than either parent 9 
Chloral hydrate............... + a: ty Lower than either parent 9 
Nitric acid...........eeeeceees + = - Lower than either parent c 
Potassium iodide.............. + = = Same as both parents 
Potassium sulphocyanate....... + ~ met Same as 
Potassium sulphide............ + = ~ Lower than either parent 
Sodium sulphide..... faxeakeakes + me mont Lower than either parent 9? 
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The second two hybrids differ almost as much from 
each other as they do from their parents, or as the parents 
differ from each other. Biparental inheritance is mani- 
fest in all of the designations, varying differences in the 
degrees of influence of one or the other parent being 
quite apparent throughout. In form, the grains of N. 
giantess incline to N. bowdeni, and those of N. abund- 
ance to the other parent; but the grains of the hybrids 

291 

are very close to one another. In hilum, N. giantess 
is closer to N. sarniensis var. corusca major; whereas 
in N. abundance it inclines in character to N. bowdent, 

but in eccentricity to the other parent. In character, 
N. abundance is nearer than N. giantess to N. bowdent. 
In both lamella and size there are reversals in both hy- 
brids of parental relationships. In size N. abundance 
is nearer than N. giantess to N. bowdeni. In the 

Taste C6.—Narcissus. 

Closer, as a whole, to the— * 
Designation, agent and reagent. Saar toe Quantitative reactions. 

Seed parent. | Pollen parent. 

1. (a) Narcissus poeticus herrick (same 
parentage as the following hybrid) : 

Histologic properties 
+ = = = 
a cs a = 
of _ = = 
= + = as 

Qualitative reactions 
Polarization (figure)........... - + - (Intensity) intermediate 9 
Selenite. aiamnasweesy aviesonns = + = ae 
Dodine jis ass cent ae ees ase wie - + = Same as o 
Chloral hydrate............... - -- Deficit About same as co” 
Chromic acid................. - + - Intermediate 
Pyrogallic acid................ - + - Same as o 
Nitric acid..........0....0008, - + - Higher than either parent 9 =o 
Sulphuric acid............ waieee - + = Higher than either parent 

1. (b) Narcissus poeticus dante (same 
parentage as the foregoing hybrid): 

Histologic properties 

Ong access ee Bee MaKe eee + - Deficit oe 
UUM cserera vas doctorate vats eds - + = = 
Lamelles - + = = 
SILO), 250008 dealict 5 -Fahsass's: Savers as oa = + = a 

Qualitative reactions 
Polarization (figure)........... - + = (Intensity) intermediate 9 
Selenite... 2.0.0.0... 000. cee + = = 
Todine’s jiwie vec uveu' eins nee e404 > + = About the same as @# 
Chloral hydrate.............. - + - Intermediate 9 =< 
Chromic acid................. _ + Deficit Intermediate 
Pyrogallic acid................ - + - Higher than either parent 2 = 
Nitric acid................... - + - Intermediate 29 =o 
Sulphuric acid................ - + _ About the same as 2 

2. Narcissus poetaz triumph: 

Histologic properties 
1 0) 4 1 ea ee + - Excess - 
PAHS ses eos sos Sreyeiewsisom a bieyers - Character Excess - 
Toarriel 6). sco. 95 geatepvaidanecn deed dc + <= = = 
DIZE se ec satvray daria daanetunmansin wien + - Excess ~ 

Qualitative reactions 
Polarization (figure)........... = + _ (Intensity) same as & 
Belen ican wa vr cacce oxioeak sete _ + = a 
TOMING 5 iccicr anaes alneiata shige: - + = Same as o 
Chloral hydrate............... + = = Higher than either parent 9 
Chromic acid............0.00. + - = Higher than either parent 9 
Pyrogallic acid................ + _ ce Higher than either parent 
Nitric acid.................085 + a = Higher than either parent 
Sulphuric acid.......... ee + = = About the same as 

3. Narcissus fiery cross: 
Histologic properties 

OTM 28. creates nei vedio cassis sacs + oe = = 
PRT P os eeasictee sig esc ese chuave se vcasvoiesasecone Character Eccentricity - =_ 

Dian cl lees vicasiewcaiviestooesienesarseereis'e + ras r = 
Size... Peacint + = = - 

Qualitative reactions 
Polarization (figure)........... - + - (Intensity) same as o 
Beles estrectinctninwieaneinaccnnes - + - - 
DOING: 2 ieaiecasiieusiee dyarcrantaerir snare se aa - Same as 9 
Chloral hydrate............... + - + Lower than either parent o 
Chromic acid........... 200005 + = - Lower than either parent 9 
Pyrogallic acid. ............... + - - Higher than either parent 
Nitric acid.............c000005 + = - Lower than either parent 9 =< 
Sulphuric acid................. + - Intermediate 9 = 
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TaBix C 6.—Narcissus.—Continued. 

: : Closer, as a whole, to the— Ex deficit 
Designation, agent and reagent. Ceeet ce ett OE Quantitative reactions. 

Seed parent. | Pollen parent. individual. 

4. Narcissus doubloon: 
Histologic ee 

Form........ iene Utes cease Be + - Deficit = 
Ws oes decrees oe cecscay ae Character 
Lamelle . fue kena pet + 
Size.. ‘ PE LERER ERS _ 

Qualitative Teactions: 
Polarization (figure)........... 

Selenite...................02. 
Iodine. . 
Chloral hydrate. 
Chromic acid.. 
Pyrogallic acid. . 
Nitric acid.. 
Sulphuric acid... 

5. Narcissus cresset: 
Histologic properties 

Deficit ~ 

(Intensity) same as 9 | 

I++ +11 

| 

- Same as 9 
= = Lower than either parent 9 =o’ 
+ _ Lower than either parent 9 
- - About the same as both parents 
_ = Intermediate 9 

_ Intermediate 2 b++1++1 

Lamelle . 
Size... ete a Ate Ageia 

Qualitative reactions 
Polarization see Sie ay eee a+ = (Intensity) same as o 
Selenite. . AM wtdetteachareaet _ + - - 

+ 

+1+1 

Todine. . 7 Leahae Hee ~ - Same as co 
Chloral hydrate. . Terre 4- - Higher than either parent 9 
Chromic acid.. <n Senate “fe - Individual About the same as 9 
Pyrogallic acid... sa te adsaeudde assign + - - Lower than either parent 9 
INAS QUID 1g cane nce bane een + — - Higher than either parent 9? 

Sulphuric acid................ + Higher than either parent 9 
6. Narcissus will scarlet: 

Histologic pepe 

WM 56s vars ae'ye he eae Ha ia A Character _ 
Lamelle . fie uate sinsteeeadanes Character = 
Size.. paras au ARua ee OY ees Large Common 

Qualitative reactions 
Polarization seta 5 Ri Beeete hit iene 

Selenite. . béacsunaerend 
- —_ (Intensity) same as 9 

+ - Same as 
- - About same as both parents 9 =< 

- - Higher than either parent o 

- _ Intermediate 9 
=— _ Higher than either parent 9 

— - Same as 9 

Chloral hydrate............... 

Chromic acid................. 
Pyrogallic acid. . 
Nitric acid. . 
Sulphuric acid... 

7. Narcissus bicolor apricot: 

Histologic abit 
Form........ SMS Sete sane 
PAG ecccasceueeueurtares eka eke - Character = = 
amelie: cssiiersieane ad axes Character - - - 
SIZE ychwlaiswnitindta helene ane tate + - - - 

Qualitative reactions - 
Polarization aan 
Selenite. . + (Intensity) same as 9 

Iodine.. ‘ ia co se a ire + ed - Intermediate 9? 
Chloral hydrate. . eer Oeens + - — Same as 9 

Chromic acid.. drahiee: Haaren + _ - Intermediate 9 
Pyrogallic welds; pitcede Gakeeed - + _ Lower than either parent ¢ 
INORG psianeninenaraa sd 245 - + - Lower than either parent co’ 
Sulphuric acid................ _ + a Same as both parents. 

8. Narcissus madame de graaff: 

Histologic sieciaeit 
POU cia na e543 Lessee Bee + 

+++4++ 144 

+ 

Excess - 
Deficit - 

1++1 
| 

Qualitative reactions raat 
Polarization (figure) .......... (Intensity) same as co’ 
Bel Gis a sae wneeepeeenueder - ++ +1 

I l 
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Designation, agent and reagent. 
Closer, as a whole, to the— Excess, deficit, or Quantitative reactions. 

Seed parent. | Pollen parent. individual. 

8. Narcissus madame de graaff.—Cont. 
Qualitative reactions 

Iodine. . Fea a aye eat Raw - - Same as 9 
Chloral hydrate... ee + - - Higher than either parent 
Chromic acid. . sihanning eo ane + od - Lower than either parent 2 
Pyrogallic acid... sce naaddnht Sone enna - + - Intermediate 9 
Nitvie-@Gid.. cece ee eneeens + — _ Lower than either parent 9 
Sulphuric acid..............005 + - ad Same as 9 

9. Narcissus pyramus: 

Histologic properties 
OMMD his series cnnitiaiaanwiacin ies - + = = 

FANG a es cus he tea nee ae OEE _ + - <= 
Lamella. . - + - = 
Size.. Miiasien + - - = 

Cualitative senctions 
Polarization sina asia ae wees _ + - (Intensity) higher than either parent 9 =o 
Selenite. . os _ + = - 
TOdin@ineccescacna ses eve ee 88% + - - Same as 9 
Chloral hydrate............... + _ - Lower than either parent 9 

Chiamiit atid, occ ceansecnaes + _ Higher than either parent 9 
Pyrogallic acid. . + - _ Higher than either parent 9 

Nitric acid.. + - = Higher than either parent ? 
Sulphuric acid. . + _ - Same as both parents 

10. Narcissus lord rohertas. 
Histologic properties 

POIs snpeaaveaewas va va io ve Eos + — - - 
SUNG hs 66 85 8 6 a hs + -— Excess - 

DAVIE oc cca 3h ak eae RE BED + _ = _ 

SIZE sige eguaet tsar ages duag ich Bancaee, ae - + - = 
Qualitative reactions 

Polarization (figure)........... : -_ + = (Intensity) same as co” 
Selenite ig vine ce eve des qacniass - + - _ 

Todines vii icon ae va wy ve deen oe ns sk ot - Same as both parents 
Chloral hydrate............... + - i Intermediate 9 
Chromid feid ss 445 acemaws ¢ ee x - + - Lower than either parent <' 

Pyrogallic acid................ _ + - Intermediate 3 
DUIG BHD toca cwaaae to be 825 _- oa - Intermediate ? 
Sulphuric acid................ + - - Same as 9 

11. Narcissus agnes harvey: 
Histologic properties 

FOMD 35 age ek ceen ees wes xs/bhs - Deficit - 
Hilum Character = = =< 
Lamellt@ess isesccacvvacecect es - - - 
Siz@ievcsknes av gesa saved ssexaes - + - - 

Qualitative reactions 
Polarization (figure)........... + - - (Intensity) same as 2 
Selenite... cs cc ccvaeereenseeaus + - - - 

Todine...... + - - Same as 9 
Chloral hydrate. + - - Intermediate 

Chromic acid.. Breese te mio stot clas + - _ Lower than either parent ? 

Pyrogallic acid. MESS ALEREE eek es + - - Intermediate 9 =o 
Nitric acid............ 0000005 + - - Higher than either parent 9? 
Sulphuric acid................ + - - About the same as 9 

12. Narcissus j. t. bennett poe: 

Histologic properties 

POV rs see en doe Ses So + - Deficit - 
PUI 35-4 oo vias acca eta oie ee cae + - Deficit - 
Lamelle - + - - 
Size.... ‘ anes + - - - 

Qualitative fenctions: 
Polarization (figure)........... i + ~ (Intensity) same as 9 
Selenite sciisngacaivie yee eats = + = - 
VOdING gi 500s vos es oe bee GSE Raw - - Same as 9 
Chloral hydrate............... - - Higher than either parent 2 

Chromic acid................. = + — Higher than either parent 2 
Pyrogallic acid..............-. - + - Higher than either parent <j 
Nitric acid.................4.- - + = Higher than either parent 2 
Sulphuric acid...............- - - Higher than either parent 9 
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polariscopic reactions both incline to N. bowdeni, 
but WN. abundance ‘is not so close as N. giantess. 
In the iodine reactions with the raw grains the 
hybrids are as well separated from each other 
as they are from the parents. In N. giantess the gela- 
tinized grains behave more like those of N. bowdeni, 
while the raw grains lean to the other parent; but in 
the other hybrid there was not found any difference 
in the parental inclinations of both gelatinized and raw 
grains. The qualitative reactions with the chemical 
reagents show curious differences, NV. giantess in only two 
of the six reactions inclining to N. bowdeni and in the 
other four to the other parent; while the other hybrid 
inclines all six reactions to N. bowdeni. In the reac- 
tions of chloral hydrate, potassium sulphocyanate, and 
sodium salicylate N. abundance is closer than NV. giantess 
to N. bowdeni; and in the potassium-sulphocyanate reac- 
tion the hybrids are closer to each other than to either 
parent. In the nitric-acid reaction NV. giantess is closer 
to N. sarniensis var. corusca major than is NV. abundance 
to NV. bowdeni, but the hybrids themselves are very close. 
In the potassium-iodide reaction N. giantess leans to 
N. sarniensis var. corusca major, while the other hybrid 
inclines to the other parent; but the hybrids are closer 
to each other than is either to the parent to which it 
is the more closely related. The quantitative and quali- 
tative reactions show most interesting differences and 
independence. 

It will be seen by an examination of the preceding 
table how variable and absolutely unpredictable is the 
shifting of hybrid properties toward one or the other 
parent. Biparental inheritance in each of the designa- 
tions is manifest; but in some instances hybrid and 
parents are very closely alike, and in others the hybrids 
are more alike or more different than are the parents, or 
they differ more from the parents or resemble more 
closely one or the other parent than do the parents them- 
selves appear to be the same or different. With the first 
pair of hybrids, N. dainty maid inclines in the histologic 
properties and qualitative reactions, with the exception 
of the character and arrangement of the lamelle, in every 
designation to N. elegans: while its mate, N. queen of 
roses, leans in only about two-thirds of the designations 
to the same parent. With the second pair, N. giantess 
inclines in about one-half of the designations to N. bow- 
deni, while N. abundance inclines almost wholly to the 
same parent. With the last hybrid, N. glory of sar- 
nia, the inclination with the exception of a single desig- 
nation is to N. sarniensis var. corusca major. Excess 
and deficit of development are rarely noted, and no indi- 
viduality of the hybrid in any case was recorded. In the 
quantitative reactions there is obvious independence of 
the qualitative reactions, inasmuch as they may or may 
not correspond. In N. dainty maid, while in both histo- 
logic properties and qualitative reactions the inclination 
is positively to the pollen parent, in the quantitative 
reactions there is a tendency to intermediateness, and 
to the pollen parent. In WN. queen of roses there is an 
inclination of about two-thirds of the histologic proper- 
ties and qualitative reactions to the pollen parent, while 
in the quantitative reactions there is more of a leaning 
to the pollen than to the seed parent. In N. giantess 
about one-half of the histologic properties and qualitative 
reactions lean to the seed parent, in the quantitative 

SUMMARIES OF THE HISTOLOGIC CHARACTERS, ETC. 

reactions six of the eight reactions lean to the pollen 
parent. In WN. abundance the histologic properties and 
qualitative reactions incline almost wholly to the seed 
parent, in the quantitative reactions six of the eight in- 
cline to the pollen parent. In N. glory of sarnia the 
histologic properties and qualitative reactions incline 
almost wholly to the seed parent and the quantitative 
reactions incline equally to each of the two parents. 

Narcissus. (TaBue C 6.) 

The first two hybrids, while showing throughout the 
various designations biparental inheritance, usually bear 
a closer relationship to N. poeticus poetarum than to 
N. poeticus ornatus; and on the whole are closer to one 
another than to either parent. It is strange that while 
N. poeticus herrick is in form, hilum, and lamelle closer 
to N. poeticus ornatus than to the other parent, the rela- 
tionship in size and all other designations is closer to N. 
poeticus poetarum. N. poeticus dante is in form closer. 
to N. poeticus ornatus, but in all other designations 
closer to the other parent. In form both hybrids are 
closer to N. poeticus ornatus, but N. poeticus herrick. 
is the closer of the two. In hilum and lamelle, NV. poeti- 
cus herrick shows as close relationship to N. poeticus 
ornatus as does N. poeticus dante to N. poeticus poe- 
tarum. In size, N. poeticus herrick is closer than N. 
poeticus dante to N. poeticus poetarum. In both polari- 
scopic figure and selenite reactions both hybrids are 
closer, and in equal degree, to N. poeticus poetarum. 
In the iodine reactions the hybrids do not differ and are 
therefore equally close to N. poeticus poetarum. 
Throughout the qualitative chemical reagent designa- 
tions the hybrids are closer to N. poeticus poetarum. 
In the chloral-hydrate and nitric-acid reactions N. poeti- 
cus dante is closer than N. poeticus herrick-to N. poeti- 
cus poetarum; but in the chromic-acid and pyrogallic- 
acid reactions the reverse. Only rare records of deficient 
development were recorded; in no instance was there 
excess of development or individuality. In the quanti- 
tative reactions N. poeticus herrick is mid-intermediate 
or shows a closer relationship to the pollen parent; while 
N. poeticus dante is mid-intermediate in three of the 
seven reactions and shows a closer relationship in two 
to the seed parent, and in two to the pollen parent. It 
is of interest to note that while in the qualitative reac- 

tions both hybrids are throughout very much closer to 
the pollen parent than to the seed parent, in the quantita- 
tive reactions the first leans markedly to the pollen parent 
and the second to one as much as to the other parent. 

There is seen throughout the designations of the 
various sets of Narcissi the same-swinging of hybrid 
development to one or the other parent, the independence 
of each. unit-character and unit-character-phase of every 
other in its direction and degree of development, the 
absolute impossibility of forecasting the parental rela- 
tionship of any designation, and the usually close rela- 
tionship of the hybrid in its properties, as a whole, to 
one or the other parent, as is evident in preceding sets. 
Special features of the Narcissi group are attached to 
the relative potencies of certain of the parents that occur 
in a number of sets, and to the hybrid N. madame de 
graaff, which in two sets is the pollen parent. NV. poeti- 
cus ornatus is the seed parent in Set 1 and the pollen 
parent in Sets 2,3,and 4. As the seed parent, it exhibits 
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Tass C 7.—Lilium. 

. P Closer, as a whole, to the— Excess, deficit, or 
Designation, agent and reagent. individual 

Seed parent. | Pollen parent. 

Quantitative reactions. 

1. Lilium marhan: 
Histologic properties 

Excess 
Excess 

I++] 
Qualitative reactions 

Polarization (figure)........... 
Belenite i.5. coc ede asics cease 

Q Ez ° 8 ism < s 
L1+1t1 Potassium hydroxide........... 

Cobalt nitrate................. 
Cupric chloride................ 

2. Lilium dalhansoni: 
Histologic properties 

FOr i6sjscceidiacn dba 1a dea eee c + 
FGM sccoees cate. adingonae vice sioe vs a 
pF: 501:)| Pee ae eee Character, Number - 

arrangement 
sia aeareles oa inlet iaistoney + Deficit 

Qualitative reactions 
Polarization (figure)........... 
Selenite jis ee deoateanmnstes 

+tt+i+++ $114 

I 

Deficit, excess 
+1 

nm <a N @ | 

Potassium hydroxide........... 

Cobalt nitrate.............0.. 

Q o 3 8 ie) g = 

+Htt+1 +++ 
3. Lilium golden gleam: 

Histologic properties 

oe Excess, deficit 
_- Excess 
- Deficit 

Blfe ccc tecnica Gas bode awe en 
Qualitative reactions 

Polarization eis ghesablere tan axe 
Selenite. . a 
Iodine. . 
Chloral hydrate. . 
Chromic acid.. peaeauaves 
Potassium hydroxide OE eee 

Cobalt nitrate. . Aan AEBS ERS 
Cupric chloride .. eVEYRA REED SSRN 

4. Lilium testaceum: 
Histologic properties 

Form ae yuierwonenerene sacteces + a Deficit, individual 
PUM see arvaereast fa catia pe he Character Eccentricity - 
Lamelle.............0....000- + = Deficit 

+t+4+ 144+ +444 

| | 

WD 
g -o 

I 
Qualitative reactions | 

Polarization (figure)........... 

Selenite............ Pi alan Gb act aoa 
Iodine. . F 
Chloral hydrate. . 
Chromic acid .. haakiahaed 
Potassium hydroxide Hay sa hee Ae 
Cobalt nitrate................ 
Cupric chloride................ 

5. Lilium burbanki: 
Histologic properties 

| | 

+t++++4+4+ 

/ 

Deficit, excess 

(ay 

ee i's ++1+ 
Qualitative reactions | 

Polarization a ee ier hs esata 

Selenite. . ¢ 
Todine. . 
Chloral hydrate. . ad ee one 
Chromic acid................. 
Potassium hydroxide........... 
Cobalt nitrate................. 
Cupric chloride................ +4+4+4+44 1 1 

I | 

(Intensity) same as o" 

Intermediate # 
Intermediate 
Same as 
Same as both parents. 
Intermediate & 
About the same as o 

(Intensity) same as 9 

Higher than either parent 9 

Intermediate J 
Intermediate # 
Same as both parents. 

Intermediate @ 
Intermediate 

(Intensity) lower than either parent 9 

Lower than either parent 9 
Same as 
Same as 2 
Same as both parents 

Higher than either parent 9 
Higher than either parent of 

(Intensity) same as 9 

Lower than either parent 9 
Higher than either parent 9 
Intermediate 9 
Same as both parents. 

Intermediate 
Same as o 

(Intensity) same as 

Same as 2 
Intermediate 9 
Lower than either parent 9 

Same as both parents. 

Lower than either parent 9 
Lower than either parent 9 
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very much less influence on the properties of the hybrids 
than the pollen parent; in Sets 2 and 3, as the pollen 
parent, it is less effective than the seed parent; and in 
Set 4 it is about equally effective as the seed parent. 
N. poeticus poetarum appears in Sets 1, 5, and 6 as the 
pollen parent. In Set 1 it greatly dominates the seed 
parent in its influence; in Set 5 it is of somewhat less 
potency than the other parent; and in Set 6 it is almost 
completely dominated by the seed parent. WN. abscissus 

SUMMARIES OF THE HISTOLOGIC CHARACTERS, ETC. 

is the seed and the pollen parent, respectively, in Sets 7 
and 8. In the former, it somewhat dominates the pollen 
parent, and in the latter it is distinctly subordinate to the 
seed parent. WN. triandrus albus is the pollen parent in 
Sets 11 and 12, in the former it being almost wholly sub- 
ordinate, and in the latter of about equal value to the 
other parent, in influencing the properties of the off- 
spring. N. madame de graaff is of especial interest 
because of its being a hybrid in Set 8, and the seed 

Taa1e C 8.—Iris. 

Closer, as a whole, to the— ‘| 

Designation, agent and reagent. 7 strc et OF Quantitative reactions. 

Seed parent. | Pollen parent: 

1. Iris ismali: 
Histologic propertie 

OEM psi cccovmanGion Whee eahEe + - Excess, deficit - 
NWO 07 eeaccean es sa ts ak seus Character Eccentricity. = a 
Deel c aseawosan see henna + - Deficit _ 
PAG) opSah biases eke be ea eae EUS + - Deficit - 

Qualitative reactions 
Polarization (figure)........... - + = (Intensity) lower than either parent ¢ 
POlENIGE: ccc ac dy wes da waa do BAe — + — — 
Todine. ........ 0.0 ccc ee ee + - - Same as 9 
Chloval hydrate... .. 26.20. 0+- + _ al Intermediate o 
Hydrochloric acid............. + - _ Intermediate o 
Potassium iodide.............. + - Excess About the same as o’ 
Sodium hydroxide............. + = = About the same as both parents 
Sodium salicylate.............. + - - Same as 

2. Iris dorak: 
Histologic-properties 

POM ou 6k eede ge ae sd ey eeeRee « aa - Excess - 
sie gk kk ne AS Character Eccentricity a = 
AMG 6... sss cian raveduann nice a2 Number Character _ = 
CIB teh bea oug dole Sah docs iin Fee —- - Deficit - 

Qualitative reactions 
Polarization (figure) + _ _ (Intensity) same as 9 
Bele tei wy oy cy agasuase ee Bes 4 “+ - - - 
TOO of dma dao tees ees + - oe Same as 9 
Chlioral hydrate: «c2cac0veeees + - ra Lower than either parent 9 =< 

Hydrochloric acid............ + _ i Same as oc’ 
Potassium iodide.............. + - ars Higher than either parent #7 
Sodium hydroxide............. + — al About the same as 9 
Sodium salicylate.............. + ad ae Slightly lower than either parent ? 

3. Iris mrs. alan gray: 
Histologic propertie: 

POP gece ana se aaa nw eee aes + - - - 

UUM: gibesitasvrn eierg's, Seve ae eens + - Excess -_ 
Lamelle......................| Indistinctness Character = = 
SIZ@i sasevve cece tues eeea ee ws - + Deficit - 

Qualitative reactions 
Polarization (figure)........... - + = (Intensity) lower than either parent o 
MGlENITE: sice-evese and he ae ek cee - + = = 
TONES oases nears enna gpa ae + - - Higher than either parent ? 
Chloral hydrate..............- - + = Higher than either parent 3 
Hydrochloric acid............. - + a Lower than either parent 
Potassium iodide.............. - + ae Lower than either parent co 
Sodium hydroxide............. _- + aad Lower than either parent 9 =o 
Sodium salicylate.............. _ + ee Higher than either parent o 

4. Iris pursind: 
Histologic properties 

POIs wsciicaasrndeaes 8 eens + - - - 
AMiinncenes sas dhde en aaarae Character Eccentricity = - 
Lamelle...... + - = - 
Ie ntiano ek eth wee pas nee ene + _ = _ 

Qualitative reactions 
Polarization (figure)........... + = = (Intensity) lower than either parent 9 
BSIGHING. fncwse rane ke wee saw nds + — = - 
TOdINGsosisia we eels Seas hae eR - + = Same as co 
Chloral hydrate............... : + - _ About the same as both parents 

Hydrochloric acid............. + - + About the same as both parents 
Potassium iodide.............. + = = About the same as both parents 
Sodium hydroxide............. + - Excess About the same as both parents 
Sodium salicylate.............. + - Excess Higher than either parent 9? 
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Taste C 9.—Gladiolus. 

Closer, as a whole, to the— - 
Designation, agent and reagent. se ie Sn ren a or Quantitative reactions. 

} Seed parent. | Pollen parent. 

1. Gladiolus colvillei: 
Histologic properties 

ORT idevieie tise rier sa den dtRansiea da auniers - ae eas 
MAM ais deste serail dienes sas ate Character Eccentricity - ie 

Lamelle...... oe ae Excess = 
S126) aires weeny amenelantiwa teeter ke 5 + = = ~ 

Qualitative reactions 
Polarization (figure)........... + - - (Intensity) intermediate 9 
Selenite... .... cece ce eee eee + — = a 
TOGING s jecs,isiarivessescnsovaanoeidie Reece + = = Lower than either parent @ 
Chloral hydrate............... + = ~ Lower than either parent o 
Hydrochloric acid.............. + = Individual Lower than either parent ? 
Potassium iodide.............. + a _ Lower than either parent 9 
Sodium hydroxide............. + soi ate Lower than either parent! @ 
Sodium salicylate..... ....... + aa = Lower than either parent 9 

parent in Sets 9 and 10. As a hybrid it exhibits mark- 
edly biparental inheritance in all of the designations 
in varying degrees in relation to one or the other parent, 
but leaning, on the whole, strongly to the seed parent; 
not exhibiting any notable peculiarity that is not ob- 
served in one or the other parent, nor showing any de- 
velopment in excess or deficit of parental development, 
except in certain histologic features of minor character. 
As a seed parent it shows in Set 9 less potency, and in 
Set 10 about equal potency, compared with the other 
parent in determining the properties of the hybrid. 
N. madame de graaff shows in its qualitative reactions 
with the various chemical reagents the peculiar processes 
of gelatinization that were recorded in the reactions of 
one parent or both parents; and the processes of this hy- 
brid are manifested in its offspring in a manner not dis- 
tinguishable from that which on general principles 
should be expected were it a species or a variety and 
not a hybrid. 

The quantitative reactions bear to the histologic prop- 
erties and qualitative reactions the most variable rela- 
tionships in their parental leanings. 

Litium. (TaBLe C 7.) 

In histologic properties and qualitative reactions 
L. marhan bears in three-fourths of its designations a 

closer relationship to the pollen parent. In form and 
size of the grains the relationship is closer to the pollen 
parent; but in hilum and lamelle the reverse. Apart 
from the chloral hydrate reaction, which is closer to the 
seed parent, all of the qualitative reactions are closer to 
the pollen parent. ZL. dalhansoni in form, size, charac- 
ter, and arrangement of the lamelle is closer to the 
seed parent, but in hilum and number of the lamelle 
is closer to the pollen parent. In only the chloral- 
hydrate reaction is the hybrid closer in the qualitative 
reactions to the pollen parent, and in the others closer 
to the seed parent, the opposite to what was noted in 
the first hybrid. Each of these hybrids has the same 
pollen parent, but there is an almost entire reversal 
of the parental relationships in the’various designations. 
In L. golden gleam the relationship is, with the single 
exception of the chloral-hydrate reaction, closer to the 
seed parent. The pollen parent of L. marhan is the 
same as the seed parent of L. golden gleam, the hybrid 

| relationships of each being closer to the seed parent, 
L. maculatum and L. tenuifoliwm, respectively. L. tes- 
taceum in form and in character of the hilum and lamelle 
is closer to the seed parent, but in eccentricity of the 
hilum and in size it is closer to the pollen parent. In 
all of the qualitative reactions it is shown to be closer 

Tasie C 10.—Tritonia. 

Closer, as a whole, to the— 
Excess, deficit, or 

Designation, agent and reagent. 

Seed parent. Pollen parent. 

individual Quantitative reactions. 

Tritonia crocosmeflora: 
Histologic properties 

ODM sia shy sistiaesids dsnshs dacnaevgnsssausts - 
< Eccentricity 

Lamellie: ic) i tamameeceeses ws + - 
SiZ6, surtaascnarceeeerasancaws + - 

Qualitative reactions 
Polarization (figure)........... 
Selenite... .... cece ee eee ee eee 
TO IR Gin ssaecissiectereuecasaseveiy bom auetdcees- 
Chloral hydrate ............. 
Hydrochloric acid............. 
Potassium iodide.............. 
Sodium hydroxide............. 
Sodium salicylate.............. [tlt t+++ +t4441 11 

Character 

(Intensity) lower than either parent 9 

Intermediate 9 
Lower than either parent 2 
Intermediate @ 
Intermediate 9 
Intermediate Q 
Intermediate 9 sb ed | 
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to the seed parent. L. burbanki in form, lamelle, and 
size is closer to the seed parent, but in hilum closer to 
the pollen parent. Except the polariscopic figure and 
selenite reaction it is closer in all of the qualitative 
designations to the seed parent. Lxcess and deficit of 
development are recorded only among the histologic prop- 
erties, and no individuality is noted in any of the five 
hybrids in any of the designations. 

SUMMARIES OF THE HISTOLOGIC CHARACTERS, ETC. 

The quantitative reactions bear most variable and in- 
dependent relationships to the qualitative reactions in 
each of the sets of parents and hybrid. 

Iris. (TABLE C 8.) 

I. ismali inclines to the seed parent in all of the 
designations of histologic properties and qualitative re- 
actions, except in eccentricity of the hilum, polariscopic 

TaBLE C 11.—Begonia. 

Closer, as a whole, to the— . 
Designation, agent and reagent. Excess, deficit, or Quantitative reactions. 

individual. 
Seed parent. | Pollen parent. 

1. Begonia mrs. heal: 
Histologic properties 

OPM 35 cdi areca deena beesmon cae - ca Te 
luis osc sci oa asaaieinagassed's Character Eccentricity = sc 
Lamelle.......... pedis trierehaue Ube 2s - - - 
BILE sis sormseazeriie ahetepareieks nie heres 6 - + - - 

Qualitative reactions 
Polarization (figure)........... + - - (Intensity) lower than either parent 9 =o" 
Selenite .wcneicwucen es eect ees + - _ = 
LOGIN: its-o certian tal oS Eee a aS + - - Same as 9 
Chloral hydrate............... + - - Intermediate 9 
Chromic acid..............05- + - - Intermediate 9 
Pyrogallic acid................ + - - Intermediate 9 
Nitric acid.................0-- + - - Same as 9 
Strontium nitrate............. + - = Intermediate ? 

2. Begonia ensign: 
Histologic properties 

OIG va eae nceuen vi ceeedepes + - oe oe) 
PUR died a:te deco eauas tne ceeiaohs Character Eccentricity - _ 
Lamella..............0 00 eee Character Number a = 
Size.. 5 weeeeeeessss-} Smaller grains! Larger grains = = 

Qualitative reactions 
Polarization (figure)........... - + — (Intensity) intermediate ? 
Selenitess cosa ceecires woRase + - - R - 
Iodine. . ‘ + - _ Intermediate 9 
Chloral hydrate............... + - = Higher than either parent 9 
Chromic acid................. + — - Intermediate 9 
Pyrogallic acid................ + - - Intermediate 9 
Nitric acid................2... + _ = Intermediate ? 
Strontium nitrate.............. + - - Intermediate ? 

3. Begonia julius 

Histologic properties . 
POs: knee wee ares eee eas — + Deficit - 
Hilum bases wR iaiasatiasaiee esr = + = = 

Lamelle vio. s vscs.xs os snaneeans + - - = 
BIDEN wn vlan owen Sizes Length 

breadth a ged 
Qualitative reactions 

Polarization ee ec tuciauees ad ais - (Intensity) same as 
Selenite. . ‘ fad ob - im 
b Ce sh: ee Gelat. grains Raw grains - Higher than either parent <' 
Chloral hydrate..............- + - - Higher than either parent 9 
Chromic acid...............45 + ' - - Intermediate 9 
Pyrogallic acid................ + - - Intermediate 9? 
Nitric atid: ecci2ccsaceasais on: + - - Same as 2 
Strontium nitrate.............. + - - Intermediate 9 

4. Begonia success: 
Histologic aureaes 

Form....... ee en = Excess = 
Hilum lp Bie alone ae Ha BS Character Eccentricity - — 
Lame te is5 caids are ahaa ee ans 3 = + - - 
Sizé seis cox diiabawaanes = + - = 

Qualitative reactions 
Polarization (figure)........... - + = (Intensity) same as 
Belem bei yc case os Las ctsalesianin sie tas - + = = 
TOdING i.e osc ea geese ceenn ves = + = Same as @ 
Chloral hydrate............... + — = Intermediate 9 
Chromic acid..............6-- + as = Higher than either parent 9 
Pyrogallic acid. . etc + - -_ Higher than either parent 9 
Nitric acid.. aigievktancateen 8 + - - Same as 9 
Strontium nitrate.............. + - = Higher than either parent ? 
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figure, and selenite reactions. I. dorak shows even a 
stronger leaning to the seed parent, closer resemblances 
to the pollen parent being recorded in only the eccen- 
tricity of the hilum and lamelle. The seed parent of 
these hybrids is the same and it shows in both hybrids 
much greater potency than the other parent. In J. mrs. 
alan grey the form, hilum, and indistinctness of the 
lamella lean to the seed parent, but the general charac- 
ters of the lamelle and the size of the grains incline 
to the pollen parent. Among the qualitative reactions, 
in those with iodine alone is there greater closeness to 
the seed parent. J. dorak and I. mrs. alan grey have 
I. cengialti as their pollen and seed parent, respectively ; 
in each hybrid this parent exhibits the lesser influence 
on the histologic characters and qualitative reactions 
of the hybrids. J. pursind shows, with the exception 
of eccentricity of the hilum and qualitative reactions 
with iodine, a closer relationship to the seed parent. De- 
ficit and excess of development, mostly in histologic 
properties, are occasionally noted; but individualities of 
the hybrids are absent. 

The independence and vagariousness of the quantita- 
tive reactions in relation to the qualitative reactions are 
very striking in all of the sets. 

GuapioLus. (TaBLE C 9.) 

The seed parent of G. colvillei shows throughout 
the histologic properties and qualitative reactions, the 
more potent influence on the hybrid, excepting in the 
eccentricity of the hilum and the lamelle, in the former 
respect being subordinate, and in the latter of equal 
value, to the seed parent. Excess of development of 
parental extremes was noted in the lamelle, and indi- 
viduality was recorded in the hydrochloric-acid reaction. 

In the quantitative reactions there is mostly a tend- 
ency to sameness as both parents, together with some 
inclination to excess and deficit of development; but, on 
the whole, the leaning is rather toward the seed parent. 

Tritonia. (TABLE C 10.) 

This hybrid in its designations shares about equally 
in closeness to one or the other parent. In eccentricity 
of the hilum, lamelle, and size it is closer to the seed 
parent, but in form and character of the hilum closer to 
the pollen parent. In the polariscopic figure, and in the 
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selenite and iodine reactions it is closer to the seed 

parent, but in all the other qualitative reactions it is 
closer to the pollen parent. Excess and deficit of de- 

velopment and individualities were not noted. Curi- 

ously, while in the qualitative reactions with the various 

chemical reagents the leaning of the hybrid is to the 
pollen parent, in the quantitative reactions the inclina- 

tion is in all seven reactions to the seed parent. This 
almost complete reversal of qualitative and quantitative 
parental relationships is by no means uncommon, as will 
be seen in other tables. 

Broonta. (TaBie C 11.) 

B. socotrana is the pollen parent in all four hybrids, 
it belonging to the semi-tuberous group ; the seed parents 
are horticultural varieties that belong to the tuberous 
group. In all four hybrids there is among the histo- 
logical properties a manifest tendency to a splitting 
of the characters in their parental relationships (except 
solely in the form of the grains) and to fluctuation of 
given characters in different hybrids to one parent or the 
other. The form of the grains in B. mrs. heal, B. julius, 
and B. success is closer to the pollen parent, but in B. 
ensign closer to the other parent. The hilum in charac- 
ter is in B. mrs. heal, B. ensign, and B. success closer 
to the seed parent, but in B. julius closer to the pollen 
parent; while in eccentricity it is closer in all to the 
pollen parent. The lamelle in character are in B. en- 
sign and B. julius closer to the pollen parent, while in 
number this property is in all four closer to the pollen 
parent. In size, in common sizes it is in B. mrs. heal and 
B. success closer to the seed parent, in the larger grains 
in B. ensign closer to the pollen parent, and in propor- 
tion of length to breadth in B. julius closer to the pollen 
parent. The polariscopic figure is in B. mrs. heal closer 
to the seed parent, but in the other three the same as 
both parents or closer to the pollen parent. The selenite 
reactions are closer to those of the seed parent in B. mrs. 
heal and B. ensign; closer to those of the pollen parent 
in B. success ; and the same as both parents in B. julius. 
The independence of polariscopic figure and selenite 
reaction is illustrated in B. ensign. In the iodine reac- 
tions the inclinations may be to one or the other parent, 
but in B. julius there is a splitting so that the reactions 
of the gelatinized grains are closer to the seed parent, 

TaBLe C 12.—Richardia. 

Closer, as a whole, to the— 
Excess, deficit, or 

Designation, agent and reagent. 

Seed parent. Pollen parent. 

individual Quantitative reactions. 

Richardia mrs. roosevelt: 
Histologic properties 

(MORN hor aa ve He aG I Be ws Bodine 

Lamelle@....... 6. eee 
ISL BOS seh cvs sndes, Sits capesGooe save iareeaeetel naan 

Qualitative reactions 
Polarization (figure)........... 
Belentta,s. cca00ca2 ae enesene ee 
TOGINGs sisrsicas- ge OL ere iets aatttnauee 
Chloral hydrate............... 

Chromic acid..............0-. 
Hydrochloric acid......,...... 

Potassium hydroxide.......... 
Sodium salicylate............. 

+H+i PRIi+ 

i a +4444 1 1 1 

Deficit, excess 

Deficit 

(Intensity) intermediate 9 =o 

Same as 2 
Higher than either parent @ 
About the same as both parents 

Lower than either parent 
Higher than either parent of 
Same as both parents Prrttidde 
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TaBlLe C 13.—Musa. 

Closer, as a whole, to the— E deficit 
Designation, agent and reagent. ACES, CeHCit, OF Quantitative reactions. 

individual. 
Seed parent. | Pollen parent. 

Musa hybrida: 
Histologic properties 

SPOQM se 3.0°45'sex's Sees a Rage esis - + - - 
Bilas, 2 gs ba sc aiva gr hase nseer _ + Excess - 
Lamelle ieee cis4 cn anscedsnea e+ Number Character Excess - 
SZC scriecisres 455 hi ae cece aaeaues - + Excess - 

Qualitative reactions 
Polarization (figure)........... - + - (Intensity) higher than either parent o 
Selenite: cis.c5.és tenncesaee cons ~ + - - 
TOI 55 ideas hai deaieinecedimey's o's - + = Same as oc’ 
Chloral hydrate............... - + - Lower than either parent o’ 
Chromic acid................. - + - Lower than either parent oc’ 
Pyrogallic acid................ - + - Same as co! 
Sodium salicylate - + - Lower than either parent o! 
Cobalt nitrate...............5. - + - Lower than either parent 

Tasie C 14.—Phaius. 

Closer, as a whole, to the— ‘ 
Designation, agent and reagent. Sean, ma on Quantitative reactions. 

Seed parent. | Pollen parent. 

Phaius hybridus: 

Histologic properties 
OTM vacwioee ihe oek ea wees + - Excess - 
BUM eis saan cn heey as ek ee oe Character - - 
Lameles vscccwerasciccce swan Character, _ - 

arrange 
Biz6s. 5. scacae ie ies vehe'scaeed + - - - 

Qualitative reactions 
Polarization Sean rere + - - (Intensity) higher than either parent 9 
Selenite... ant pede ag as + -_ = = 
Iodine. . Ba - + - Intermediate #' 
Chloral hydrate... alae aceon + - - Lower than either parent o 
Chromic acid............... + - _ Intermediate 9 =o 
Nitric acid.............2.... + _ =< Intermediate ? 
Hydrochloric acid............. + - _ Same as co 
Potassium hydroxide......... + - - Same as both parents. 

Potassium iodide.............. + - - Intermediate 9 =o" 
Potassium sulphocyanate + = - Same as both parents. 
Potassium sulphide............ + — _ Lower than either parent 9 =<! 
Sodium hydroxide............. + - - Lower than either parent 
Sodium sulphide............ + - - Same as co! 
Sodium salicylate............ + - - Same as oc’ 

TasBie C 15.—Miltonia. 

. Closer, as a whole, to the— Excess, deficit, or ; 
Designation, agent and reagent. individual. Quantitative reactions. 

Seed parent. | Pollen parent. 

Miltonia bleuana: 
Histologic properties 

Ort side cies ee eee saw nese + - Excess - 
Bilumy ace icencvals sue vara a Character Eccentricity - - 
Lamelle. . Character _ ~ - 
Size... tirngutivenmiae = + Excess - 

Qualitative reactions 

Polarization oe Mdcan aed + - - (Intensity) higher than either parent 9 
Selenite. . satave-orscs + - - - 
Todine ss .e:és sev Pees Saas + = - Same as 2 
Chloral hydrate. . + - - Intermediate 9 
Chromic acid.. + - - Higher than either parent 9 
Hydrochloric acid.. + - —_ Same as both parents 
Potassium iodide. . DEG erenrerae + - - Higher than either parent ? 
Sodium salicylate. . Puen need eee + ~ - Higher than either parent 9 
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TasLe C 16.—Cymbidium. 
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Closer, as a whole, to the— 
ji i ‘ : Excess, deficit, or ee F 

Designation, agent and reagent. individual. Quantitative reactions. 

Seed parent, | Pollen parent. 

Cymbidium eburneo-lowianum: 
Histologic properties 

OPO Gris euhentewan tek + _ ae i 
PAM UIA», ss scsed staynsennererserensnreusisinier cae Character Eccentricity = i 
Via Ol 2.0.0. sco saw ndsoWanedlvmne sce + = a *; 
B12 Osa ccrecitnatnnsieien anuaMie anne Size Length, width saa ii 

Quantitative reactions 
Polarization sneeee i saateau: + - - (Intensity) same as 9 
Selenite... bcuieifecavaet ots + - - = 
Todine. . + 1 — > Same as 9 
Chloral hydrate... wih tte Wes ++ : - - Lower than either parent 9 =< 

Chromic acid................. + ! _ _ Lower than either parent 9 =o 

Sodium salicylate.............. + _ _ Lower than either parent 9 =o 
Barium chloride............... + | _ ~ Lower than either parent 9 =o’ 
Mercuric chloride............:. + | - me Lower than either parent 9 =o! 

while those of the raw grains are closer to the pollen 
parent. With one exception, in all of the qualitative 
reactions of all four hybrids the relationship is closer 
to the seed parent. Excess of qualitative development 
was noted once, deficit once, and individuality not at all. 
The quantitative reactions are frequently intermediate, 
sometimes the same as or higher or lower than both 
parents; usually very much closer to the seed parent 
and far separated from the pollen parent, and rarely 
the same as or closer to the pollen parent. 

RicHarpia. (TaBie C 12.) 

In form, polariscopic figure, selenite reaction, and 
iodine reaction the hybrid inclines to the pollen parent ; 

in lamelle it is equally related to both parents; and in 
all other designations closer to the seed parent. Deficit 
of development was noted twice, excess of development 
once, and individuality not at all. 

The quantitative reactions are quite variable in their 
parental relationships, and without other than casual 
correspondence in their bearings with the qualitative 
reactions. 

Mousa. (Tasiz C 13.) 

With the exception of the number of the lamelle, 
the designations of this hybrid are toward the pollen 
parent. The quantitative reactions are in all seven 
designations toward the pollen parent. 

Tasie C 17.—Calanthe. 

Closer, as a whole, to the— E deficit 
Designation, agent and reagent. MCR Es eo Quantitative reactions. 

individual. 
Seed parent. | Pollen parent. 

1. Calanthe veitchii: 
Histologic properties x 

MIs ap dean pang ee SERGE ee Most Some = _ 
PRUE oer c.f it eamereae twas eae + - - _ 
Lamella... 1.1... eee ee ee es + _ - - 
Size Mai cece ncvetaun coke wie - + - — 

Qualitative reactions 

. Polarization ene fetes + - - (Intensity) intermediate 9 
Selenite... ich GW oes KS + - - _ 
LOUEE. shea ey dew va ween caeaead + << - Intermediate 9 
Chloral hydrate............... - + - Higher than either parent 9 
Chromic atidssssseacaciccaaen + — ars Same as 9 
Hydrochloric acid.............]. + - - Lower than either parent 9? 

Potassium hydroxide........... - + - Intermediate 2 
Sodium salicylate.............. = + = Higher than either parent 9 

2. Calanthe bryan: 

Histologic properties 
OPM icon eee tae tent. teh eat Bee Some Most - - 

Hilum Seca Mibu tepevrasaes Sakae - + - - 
Lamell@.............. valet dooye - + _ — 
BIZG cies vciw eg dreawuee Oe Gee Length, width Size Excess - 

Qualitative reactions 
Polarization (figure)........... - + - (Intensity) intermediate #7 
Selenitewsccccsvcevevegceecues = + - _ 
TOUMIE: cc cx ceaeenadanesavunes + om . Intermediate 9 =o 
Chloral hydrate............... + = = Intermediate 9 =o 
Chromic acid. eee + _ - Intermediate o 
Hydrochloric acid............. _- + - Higher than either parent 
Potassium hydroxide........... = + - Same as 9 

Sodium salicylate.............. + a Intermediate 9 =< 
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Puarus. (Tasie C 14.) 

With the exception of the character of the hilum 
and the reaction with iodine the hybrid in its histologic 
properties and qualitative reactions is closer to the seed 
parent. Excess of development is noted once; deficit 
and individuality not at all. 

The quantitative reactions are very variable in their 
parental relationships, exhibiting sameness in relation to 
one parent or the other or both parents, intermediateness, 
and excess or deficit in relation to parental extremes, as 
the case may be. 

Mirtonta. (TaBre C 15.) 

Except in the eccentricity of the hilum and size of 
the grains all of the designations of this hybrid incline 
toward the seed parent. 

The qualitative reactions while variable in their 
parental relationships tend with one exception to the 
seed parent, but in none to the pollen parent. 

Cyrmpipium. (Tasie C 16.) 

The hybrid bears a closer relationship to the seed 
parent in all of the histologic and qualitative designa- 
tions with the exception of eccentricity of the hilum and 
of ratio of length to breadth of the grains. 

In the quantitative reactions the inclination is, with 
one exception, to lower reactivity than in either parent, 
the hybrid being in the latter reactions lower than in 
either parent but as close to one as to the other parent. 
The leaning is generally very doubtful because of the 
great rapidity of the reactions. 

Cauantue. (TasueC 17.) 
In C. vettchit two-thirds of the designations incline 

to the seed parent. In form most of the grains are more 
like those of C. rosea, and only some like those of the 
other parent. In hilum and lamelle the hybrid is close 
to the seed parent, but in size closer to the other parent. 
In the polarization figure, selenite reaction, and iodine 
reaction it is closer to the seed parent. In the qualita- 
tive reactions with chloral hydrate, potassium hydroxide 
and sodium salicylate it is closer to the pollen parent; 
but in those with chromic acid and hydrochloric acid it 
is closer to the seed parent. In the quantitative reactions 
throughout the hybrid is the same as or closer to the 
seed parent. 

In C. bryan the designations are about equally divided 
in their parental closeness. In form some of the grains 
are more like those of the seed parent, but most are like 
those of the pollen parent—the reverse of what was 
recorded in the other hybrid (in this set the seed parent 
is the same as the pollen parent in the preceding set). 
There is in this hybrid in comparison with the other hy- 
brids reversal of the relations of the hilum and lamelle 

_ to the parents, and there is a splitting of the characters 
pertaining to size—the grains in ratio of length to 
breadth being closer to the seed parent, but in size gener- 
ally closer to the pollen parent. While the polariscopic 
figure and selenite reaction are in comparison with the 
foregoing hybrid reversed, the iodine reaction remains 
closer to the seed parent. The qualitative reactions like- 
wise show curious differences. Here the chloral hydrate, 
chromic acid, and sodium salicylate reactions are closer 
to the seed parent, while the hydrochloric acid and po- 
tassium hydroxide reactions are closer to the pollen parent 
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(the reactions of chloral hydrate, hydrochloric acid, and 
sodium salicylate being reversed, but those of chromic 
acid and potassium hydroxide remaining the same in 
comparison with those of C. veitchit). 

The quantitative reactions exhibit a tendency to mid- 
intermediateness, and otherwise mostly to closeness to 
the pollen parent. In only one of the seven quantitative 
designations is there manifest greater closeness to the 
seed parent than to the pollen parent. 

HistoLocic PRoPerties oF STARCHES OF Hysrips 
in RELATION TO THOSE OF THE PARENTS. 

In the preceding section, in the consideration of the 
peculiarities of each starch, reference was made to the 
remarkable shifting of the various histologic characters 
in their parental relationships. These peculiarities are 
of exceptional interest and significance, and they have 
been presented for the most part in a succinct form in 
Table D. One would not unnaturally be led to the 
conclusion that if the grains of the hybrid are closely 
like those of the seed parent or the pollen parent in form, 
lamellw, and size, the same would hold good for the 
hilum, but such may in fact be far from the case. 
Moreover, not only may there be different parental rela- 
tionships of the hybrid starch in form, hilum, lamelle, 
and size, but there may also be a splitting of characters 
in each of these designations, so that in a certain respect 
the hilum, for instance, may be close in its relationship 
to one parent, but in another respect equally as close to 
the other parent. In other words, not only are form, 
hilum, lamelle, and size independent characters that 
may be modified in the starch of any hybrid in their 
parental relations in like or unlike directions, but each 
may be split into a variable number of components which 
in like manner may swing to one or the other parent in 
an absolutely unpredictable and inexplicable way. It is 
unfortunate that in making the laboratory records the 
data pertaining to variations in form were not so syste- 
matically made as to make it possible to present in a 
consistent way the splitting of properties such as was 
recorded in the properties of the hilum, lamelle, and 
size, especially of the two former. Sufficient data were 
accumulated to show that such splitting is a common 
phenomenon, as, for instance, where it has been found 
that the hybrid is close to one parent in the characters 
and numbers of compound grains, but close to the other 
parent in the characters and numbers of the aggregates ; 
where a certain type of compound grain or aggregate is 
closer to that of one parent, but another type closer to 
that of the other; where the kinds of irregularity of the 
grains incline to one parent, but the frequency of irregu- 
larity to the other, etc. Similarly, only little analytic 
attention was given to the peculiarities of sizes, but 
enough to show that a splitting of characters must be 
quite common. On the other hand, the records of the 
peculiarities of the hilum and lamelle, while capable 
of much and important extension, are rich in instances 
of splitting. Taking several concrete examples for illus- 
tration, we find that both Brunsdonna hybrids are 
closer to the seed parent in form, hilum, and size, but 
closer to the pollen parent in the form, arrangement, and 
number of the lamelle. Hippeastrum titan-cleonia is 
closer to the seed parent in form and hilum; but closer to 
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* the pollen parent in lamelle and size. Hippeastrum 
ossultan-pyrrha is closer to the seed parent in the number 
of the lamelle and in size; but closer to the pollen 
parent in form, hilum, and characters of the lamella. 
Tris dorak is closer to the seed parent in form, size, 
characters of the hilum, and number of the lamellae; but 
closer to the pollen parent in eccentricity of the hilum, 
and in the character of the lamella, etc. 

Tn only two of the hybrids (Hemanthus konig albert 
and Lilium golden gleam) is the parental relationship 
in all four designations the same, 1.e., the hybrid is in 
form, hilum, lamellz, and size closer to one parent; the 
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former is closer to the pollen parent, and the latter to the 

seed parent. In other hybrids, as in Brunsdonna, 

Crinum hybridum j. ¢. h., Nerine dainty maid, and 

Narcissus cresset, as many as three designations may be 
closer to one parent; but there are seldom more than two, 

as is seen in Hippeastrum titan-cleonia and Hemanthus 
andromeda. In others, there may be only one, the other 
three being split in various ways, as in Begonia ensign, 
in which hybrid the form of the grains is closer to the 
seed parent, and the character of the hilum closer to the 
seed parent, but in eccentricity closer to the pollen 
parent; the character of the lamelle is closer to the seed 

TasLe D. 

Form. Hilum. Lamelle. Size. 

Hybrids. Closer, on the whole, to— | Closer, on the whole, to— | Closer, on the whole, to— | Closer, on the whole, to— 

Seed parent. |Pollen parent.| Seed parent. |Pollen parent.| Seed parent. |Pollen parent.| Seed parent. |Pollen parent. 

B. sanderee alba.......... + - + - Form, arrang. No. + - 

B. sander: ............45 + - + - Form, arrang. No. + - 
H. titan-cleonia.......... + - + = - + - + 
H. ossult.-pyrh .......... - + - + No. Char. + - 
H. dwon.-zeph........... - + + = + = - Larger grains 

Hemanthus andromeda. .. + - “fF - as = — 
Hemanthus kénig albert. . - + - + —- + _ + 
C. hybridum j.c.h....... - + - + - + Length Length to 

breadth 
C. kircape............... + - Char. Eccen. + - + = 
C. powellii..... 0.2.00... - + Eccen. Char. - + - + 
N. dainty maid.......... - + - a Char.,arrang.| Fineness - + 
N. queen of roses......... _- + Distinctness |Fiss., char., & + - - + 

eccen. 
N. giantess.............. + - - + - aa + 
N. abundance - + Char. Eccen. _ + + = 
N. glory of sarnia........ + _ + _ _ + — + 
N. poeticus herrick....... + - a - + — + + 

N. poeticus dante........ + _ - + - + = + 
N. poetaz triumph....... + - - Char. + - + od 
N. fiery cross............ + - Char. Eccen + _ + oS 

N. doubloon............- + - Char. _ + -_ sa0 + 
Nis CLESBOb5e-2esa: oie ese jeusiee ned - + + - + = + ae 
N. will scarlet............ + = Char. = Char. - Large Common 
N. bicolor apricot........ + - - Char. Char. — + - 
N. madame de graaff..... + - - + - + + = 

N. pyramus............. cd + - + — + + sae 

N. lord roberts........... + -_ + - + - = + 

N. agnes harvey......... + - Char. - + - = + 

N. j. t. bennett poe....... + - + - _ + + = 
L. marhan............... - + + - + - — + 
L. dalhansoni............ + - = + Char., arrang. No. + — 
L. golden gleam.......... + -. + - + - + = 
L. testaceum............. + - Char. Eccen. + - - + 
L. burbanki............. + - -_- + + — + as 

L, temal. cscs cn caaa dave es + - Char. Eccen. + -_ + = 
Ts GOrale. es sicaie oe carcass + = Char. Eccen. No. Char. + a 
I. mrs. alan gray......... + _ + _ Indist Char. el + 
I. pursind............... “+ - Char. Eccen. + _ + = 
G. colvillei............... + = Char. Eccen. So + = 
T. crocosmeeflora...... re + Eccen Char. + - + = 
B. mrs, heals sas. cs4 a0 - + Char. Eccen. _ + _ + 

B. ensign. mua Cx ad ened ae + - Char. Eccen. Char. No. Smaller Larger 
Be jC oa sacs een ee ys 5 _ + - + + —_ Sizes Length to 

B. success.............-- - + Char. Eccen. - + - a 
R. mrs. roosevelt......... - + + — = + + is 
MM. HY DPS cvse-ca-ceas aes - + - + No. Char., arrang. = +4 

P. hybridus.............. + - - Char. Char., arrang. - + pas 
M. bleuana.............. + - Char. Eccen. Char. _ ~_ 
C. eburneo-lowianum..... + = Char. Eccen. + - Sizes Length to 

eal iii use eaanase Most Sams eS = ea Z = oe 
C. bryan... .....e eee eee Some Most -_ + - + Length to Sizes 

breadth 
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parent, but in number is closer to the pollen parent; and 
the smaller sizes are closer to the seed parent, but the 
larger sizes closer to the pollen parent. A similar split- 
ting and shifting is seen in Miltonia bleuana, in which 
the form is closer to the seed parent; the character of 
the hilum closer to the seed parent, but eccentricity is 
closer to the pollen parent; the character of the lamelle 
is closer to the seed parent, but certain other features 
closer to the pollen parent, or as close to one as to the 
other parent; and the common sizes are closer to the 
pollen parent. These last two instances are exceptional, 
probably, merely because of inadequate data. In over 
half the hybrid is the same as or closer to one parent in 
only two designations, and in less than half in three 
designations. In only two are all four designations alike, 
and in only two are all four designations different, in 
their parental relationships. 

It is of especial interest to note that in 15 of the 50 
hybrids (nearly one-third) character and eccentricity 
of the hilum are separated in their parental relation- 
ships, character in 12 being closer to the seed parent and 
in 3 being closer to the pollen parent; while eccentric- 
ity in 12 is closer to the pollen parent and in 3 closer to 
the seed parent (an exact reversal), a most remarkable 
peculiarity and one that is very suggestive in connection 
with the processes concerned in the formation of the 
starch grain. Another of the several forms of splitting 
is instanced in Nerine queen of roses, where the hilum in 
distinctness is closer to the seed parent, but in fissura- 
tion, character, and eccentricity closer to the pollen 
parent ; and it is very much less often fissured but more 
eccentric than in either parent. The lamelle appear to 
show less tendency to a splitting of their characters in 
their parental relationships, but this may be merely 
apparent and not actual, as will probably be brought out 
by a sufficiently detailed study. In 9 of the hybrids 
there occurred an obvious splitting of lamellar properties, 
this being noted in a separation of character and num- 
ber; but here, unlike in the case of the hilum, there 
is not a definite inclination generally of one or the other 
of these features to one or the other parent. In the split- 
ting of the hilum into character and eccentricity, charac- 
ter tends to the seed parent and eccentricity to the pollen 
parent; but in the lamelle split, character, and number 
swing apparently indifferently to one or the other parent. 
In size, splitting of characters seems to be comparatively 
uncommon, though here as elsewhere in these studies it 
is probably not so much an absence of commonness as of 
careful investigation and analysis. Such splitting as has 
been recorded under this designation has been manifested 
chiefly in the ratios of length to breadth of the grains 
and of the common sizes to other types and different 
types of grains. 

QuALITATIVE AND QvaNTITATIVE Reactions oF 
Starcues or Hysrips wirn Esprciat Rer- 
ERENCE TO REVERSAL OF THESE REACTIONS IN 
THEIR ParentaL RELATIONSHIPS. 

(Table E, Parts 1 to 21 and Summary.) 

In the first section, in the tabulations of the starches 
in regard to histologic and polariscopic properties and to 
the reactions with iodine and various chemical reagents, 
data were collected to indicate that the characters em- 
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braced under the designations form, hilum, lamelle, and 
size, respectively, may in each designation collectively be 
independently heritable ; or that each designation may be 
split into several independently heritable characters, so 
that a given hybrid may have a starch that is like 
that of the seed parent in form, but like that of the 
other parent in the lamelle; or that it may be like one 
parent in the general characters of the hilum, but like 
the other parent in the eccentricity of the hilum, and 
so on. In the second section, further consideration was 
given to these peculiarities with reference to histological 
inheritance. It was shown, moreover, that each reaction 
is, in its qualitative and quantitative manifestations, 
heritable independently of each other, so that while with 
a given reagent there may be sameness or near sameness in 
the qualitative reaction to the seed parent, with another 
reagent the relationship may correspond to the pollen 
parent; that while a given qualitative reaction may cor- 
respond to that of the seed parent, the correlative quanti- 
tative reaction may correspond to that of the pollen 
parent, etc.; and that while with one reagent the rela- 
tionship may be to the seed parent, with another reagent 
it may be to the pollen parent, and soon, These parental 
similarities and dissimilarities are of such interest and 
suggestiveness in connection with both the constitutional 
peculiarities of different starches and the mechanism 
of heredity that it seems desirable to tabulate such data 
more fully and with especial reference to the reversals 
of the qualitative and quantitative reactions of each agent 
and reagent in their parental relationships. Of Table E 
it will be noticed that with only three of the agents and 
reagents were the reactions of all of the 50 hybrids re- 
corded; and that in the others the number of hybrids 
varied from 1 to 32 (in seven less than 10, and in eleven 
10 or more—the restricted numbers being due to the 
limitations of studies of the qualitative reactions). 

The most conspicuous features of these tables, apart 
from those already referred to, are: 

(1) The absence in members of a genus of constancy 
of both qualitative and quantitative reactions as regards 
sameness of the reactions in their parental bearings; 
(2) the tendency to the appearance of a definite ratio 
in the qualitative reactions in their inclinations to the 
seed and pollen parent; (3) the tendency to an absence 
of such a ratio in the quantitative reactions in their in- 
clinations to the seed and pollen parent; (4) the large 
percentage of instances of reversal of the parental rela- 
tionships of qualitative and quantitative reactions with 
given agents and reagents. 

It will be noted that in the reactions with each rea- 
gent there does not exist generic constancy or uniformity 
of either qualitative or quantitative reactions in their 
parental closeness. For instance, while in the chloral 
hydrate qualitative reactions of Brunsdonna, Hippeas- 
trum, Hemanthus, and Begonia all of the hybrids be- 
longing to each genius incline to the seed parent, in all 
other genera represented in which there are two or more 
members some of the hybrids of each genus incline to one 
parent and others to the other parent. Thus, in Crinum 
one hybrid inclines to the seed parent and two to the 
pollen parent; in Nerine four incline to the seed parent 
and one to the pollen parent; in Narcissus eleven incline 
to the seed parent and two to the pollen parent; in 
Lilium three incline to the seed parent and two to the 
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pollen parent; in Iris three incline to the seed parent 
and one to the pollen parent; and in Calanthe one in- 
clines to the seed parent and one to the pollen parent. 
In the quantitative reactions this absence of constancy 
to one or the other parent is much more marked; thus, 
in only Brunsdonna and Begonia do all of these chloral- 
hydrate reactions tend to the seed parent; but in no 
genus do all of them incline to the pollen parent. Exam- 
ining the different generic groups we note that in Hip- 
peastrum in two hybrids the reactions incline to the seed 
parent and in one to the pollen parent; in Hamanthus 
in one hybrid the reaction inclines to one as much as to 
the other parent, and in the other to the seed parent; 
in Crinum one inclines to the seed parent and two to the 
pollen parent; in Nerine one inclines to the seed parent 
and four to the pollen parent; in Narcissus five incline 
to the seed parent, six to the pollen parent, and two in- 
cline to one as much as to the other parent ; in Liliwm two 
incline to the seed parent and three to the pollen parent; 
in Iris two incline to one as much as to the other parent, 
and two incline to the pollen parent; and in Calanthe 
one inclines to the seed parent and the other inclines to 
one as much as to the other parent. Of exceptional 
interest is the fact, several times noted, that in case of 
any hybrid the qualitative and quantitative reactions 
may or may not correspond in their parental inclinations. 
It is certainly remarkable that with a given reagent the 
qualitative reaction may correspond with that of the seed 
parent and the quantitative reaction with that of the 
pollen parent, or vice versa, and so on in other varied 
relationships. 

The tendency in general to a ratio of approximately 
2:1 in the qualitative reactions in their relations to the 
seed and pollen parents is well marked. This ratio 
varies from 4:0 to 1:1, but in about half of the cases it 
will be found to be as first stated. Totaling these rec- 
ords, it will be seen that 62.8 per cent of these reactions 
incline to the seed parent and 35.8 per cent to the pollen 
parent, a ratio of 1.8:1. In other words, there is 
approximately twice the tendency for the qualitative 
reaction to be closer to the seed parent than to the pollen 
parent. 

There is not a corresponding tendency to such a com- 
mon ratio in the quantitative reactions, but to a marked 
inconstancy. In the qualitative reactions the ratio is 
always in favor of the seed parent; but in the quantita- 
tive reactions it may be in favor of either or of neither 
parent. Thus, it is found that there may be a ratio 
of 4: 1 in favor of the seed parent, or one of 1:3 or 1:4 
in favor of the pollen parent, and intermediate grada- 
tions. Summing up these reactions, 44 per cent incline 
to the seed parent and 40 per cent to the pollen parent— 
a ratio of approximately 1:1. In studying the quanti- 
tative records the large number of reactions that are 
recorded as being the same as those of both parents 
should be taken into consideration, because had these 
been shown to have had in each case, or even in most 
cases, definite uniparental inclinations these ratios would 
of course be subject to more or less modification. Nearly 
all these reactions showed no difference from the parental 
reactions because of gelatinization occurring with too 
great a rapidity or slowness for differentiation. Modi- 
fied strengths of reagents would doubtless have elicited 
differences that are wholly obscured by very quick or 
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slow reactions. It is, however, not probable that there 

would be brought about any important change, as a 
whole, in these ratios. Why the qualitative ratios should 
be so different from the quantitative ratios is entirely 

problematical, very interesting, and very suggestive of 

stereochemic peculiarities of the starches. 
No feature of these records is more remarkable than 

the reversal of the qualitative and quantitative reactions 
of a given starch with a given reagent in their parental 
inclinations. It is of importance to note that this phe- 
nomenon is not peculiar to any starch or reagent, but is 
common, and doubtless common to all starches and to all 
reagents. With not a single starch was it found that 
there was not such reversal; and with only four of the 
reagents (strontium nitrate, barium chloride, and mer- 
curic chloride) was reversal not recorded, the reason for 
which is doubtless to be found in the small number of 
qualitative reactions recorded with these reagents (four 
reactions with the first, one with the second, and four 
with the third). Not less remarkable than the reversal 
of the reactions is the frequency with which this phe- 
nomenon occurs, the percentages ranging from 6 in the 
iodine reactions to as high as 50 in the cobalt-nitrate and 
cupric-chloride reactions with the different starches. The 
mean is 22.5, or close to one-fourth. 

TaBle E. 

Qualitative 
reactions, * 
closer as a 
whole to— 

Quantitative 
reactions, * 

closer as a 
Hybrids. whole to— 

Seed |Pollen| Seed | Pollen 
parent./parent./parent./parent. 

1. Polarization reactions: 
Brunsdonna sanderee alba......... 
Brunsdonna sandere............. 
Hippeastrum titan-cleonia........ 

Hippeastrum ossult.-pyrh 
Hippeastrum deon.-zeph.... 
Hemanthus andromeda... 
Hemanthus kénig albert.... 
Crinum hybridum j.c.h.... 

Crinum kircape.................. 
Crinum powellii.................. 
Nerine dainty maid............... 
Nerine queen of roses............. 
Nerine giantess............-..00- 

Nerine abundance................ 
Nerine glory of sarnia............ 

Narcissus poeticus herrick......... 
Narcissus poeticus dante.......... 
Narcissus poetaz triumph......... 

Narcissus fiery cross.............. 
Narcissus doubloon.............. 

bib bitte 

Narcissus bicolor apricot... . 
Narcissus madame de graaff. d 
Narcissus pyramus............... 
Narcissus lord roberts............ 
Narcissus agnes harvey........... 

Narcissus j. t. bennett poe........ 

Lilium marhan.................. E 
Lilium dalhansoni................ 
Lilium golden gleam.............. 

Lilium testaceum................ 
Lilium burbanki................. 
Trig istmali ..4cax cc on ee tanieaas HHL LEHIFH EL Petter tte ttiti PLFA FEL RAE PEE EHH EE et ttt ee ee ee PRA ART Se Pees 0a see 

*Qualitative reactions = polarization figure; quantitative reactions 
= polarization intensity. 
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Taste E.—Continued. Tasie E.—Continued. 

Qualitative | Quantitative Qualitative | Quantitative 
reactions, reactions, reactions, reactions, 
closer as a closer as & closer as a closer as & 

Hybrids. whole to— whole to— Hybrids. whole to— whole to— 

Seed |Pollen| Seed | Pollen Seed {Pollen} Seed | Pollen 
parent.|parent.|/parent.|parent. parent.|parent.|parent./parent. 

1. Polarization reactions.—Cont. : 3. Chlora]-hydrate reactions.—Cont. : 
Tris dorak....... 0. cece eee eee + - + - Hippeastrum titan-cleonia........ + _- + = 

Iris mrs. alam grey. .......---000- - + - + Hippeastrum ossult.-pyrh......... + - + - 
Iris pursind....... 0.0... eee eee + - + - Hippeastrum deon. zeph..........]| + - - + 
Gladiolus colvillei..............+- + - + - Hemanthus andromeda........... + - ot oe 

Tritonia crocosmeflora........... + - + - Hemanthus konig albert.......... + - + em 

Begonia mrs. heal...........-+-++ + - ae oe Crinum hybridum j.c.h.......... - + - + 

Begonia ensign............++000- - + + - Crinum kireape...........-.0000. + - + = 

Begonia julius.............-06-5+ oa o& ee + Crinum powellii........... 4 tomate -_ + - + 
Begonia success............-+0005 - + - + Nerine dainty maid..............] — + - + 
Richardia mrs. roosevelt.........- - + ao oe Nerine queen of roses............+ + - - + 
Musa hybrida........ aisha aigavonae 3 a + - + Nerine giantess.............-.665 + - - + 
Phaius hybridus............-+++- + - + - Nerine abundance..............+- + - - + 
Miltonis bleuana..............-5- + _ + - Nerine glory of sarnia...........-] + - + ne, 

Cymbidium eburneo-lowianum....| + - + - Narcissus poeticus herrick......... - + - + 
Calanthe veitchii.............6---]) $f _ + —- Narcissus poeticus dante.......... - + oh ok 

Calanthe bryan.............-+++- = + aad + Narcissus poetaz triumph......... + - + - 
2. Iodine reactions: Narcissus fiery cross..........++.- + - - + 

Brunsdonna sanderee alba........-} + = + - Narcissus doubloon.............++ + - - + 
Brunsdonna sanderoe.......+-++-+ + - + - Narcissus cresset..........-2+2055 + - + - 

Hippeastrum titan-cleonia......... = + -_ + Narcissus will scarlet............. + - & a 

Hippeastrum ossult.-pyrh......... + = Sad + Narcissus bicolor apricot..........) + - - + 
Hippeastrum deon.-zeph......... = + - + Narcissus madame de graaff.......| + - - + 

Hemanthus andromeda.........-]| + - oh te Narcissus pyramus.............-- + = + a 

Hemanthus kénig albert.......... + - ae Narcissus lord roberts............| + - + - 
Crinum hybridum j. c.h..........{ — + - + Narcissus agnes harvey........... + - - + 
Crinum kircape..........-+- ee eee + _ - + Narcissus j. t. bennett poe........ + _ + — 

Crinum powellii..........-.-.+05+ -_ + al oe Lilium marhan..........0000000 + - - + 
Nerine dainty maid.............. = + aad + Lilium dalhansoni...............- - + - + 
Nerine queen of roses.........-.-| = + - + Lilium golden gleam.............- - + - + 
Nerine giantess. ..........+-.ee+- = + - + Lilium testaceum.............-6-] - + - 
Nerine abundance................ + - + = Lilium burbanki................. + - + _ 
Nerine glory of sarnia............ + = + - Iris ismali...... 0.0... cece ee cece + - - + 
Narcissus poeticus herrick.........]|  — + = + Tris dorak........ecee cece en eeees + - So ot 
Narcissus poeticus dante.......... - + aad + Iris mrs. alan grey.............-. - + - + 

Narcissus poetaz triumph......... - + oe + Tris pursind...........0.ceeee eee + - So Eo 
Narcissus fiery cross............-- ad os + - Gladiolus colvillei................ + - - + 
Narcissus doubloon...........-.--] - + — Tritonia crocosmeeflora........... _ + + - 

Narcissus cresset...........-...05 - + _ + Begonia mrs. heal................ + - + - 

Narcissus will scarlet............. - + - + Begonia ensign. ........0.eese00: + _- + - 
Narcissus bicolor apricot..........} + - + _ Begonia julius..............2.-2- + =- + =- 

Narcissus madame de graaff.......) + - + _ Begonia success..........2..00005 + - + - 
Narcissus pyramus.............+- + - + - Richardia mrs. roosevelt.......... + - + - 
Narcissus lord roberts............| += = ad ob Musa hybrida..............0506- - + - + 
Narcissus agnes harvey..........- + a + a Phaius hybridus...............-.- + - - + 
Narcissus j. t. bennett poe........] + = + - Miltonia bleuana...............-| + - + - 
Lilium marhan.................- - + — + Cymbidium eburneo-lowianum....| + _ ES 

Lilium dalhansoni................ + = + = Calanthe veitchii................ - + + = 
Lilium golden gleam.............) + - + - Calanthe bryan...............06. + - Sal Sad 
Lilium testaceum................ + - + - 4. Chromic-acid reactions: 
Lilium burbanki.................) #& _- + _ Narcissus poeticus herrick........ - + - + 

Vristemalieiciig cece ee eda hes eid eoesteea aus + - + - Narcissus poeticus dante........ Me - + - + 

Trisidorak cc icc chk os aun ache ne ans aa - + - Narcissus poetaz triumph......... + - + - 

Iris mrs. alan grey............5--) ox + -_ Narcissus fiery cross.............- + = + = 
Iris pursind. ..........-.--.+-008- - + - + Narcissus doubloon............-- - + + 
Gladiolus colvillei................ + - = + Narcissus cresset............2-0--) + - + a 
Tritonia crocosmeflora...........} + = + = Narcissus will scarlet.............| + - = + 
Begonia mrs. heal...............-} + = + == Narcissus bicolor apricot..........} — + + ata 
Begonia ensign .............-..-- + = + - Narcissus madame de graaff....... + - + = 
Begonia julius..................-, + - + Narcissus pyramus............--- + - + - 
Begonia success................-5 - + seed + Narcissus lord roberts.........-.-| — + act + 
Richardia mrs. roosevelt.......... - + + - Narcissus agnes harvey........... + = + = 
Musa hybrida.............0.0005 - + - + Narcissus j. t. bennett poe........ - + + = 
Phaius hybridus................4 - + - + Lilium marhan................26[ 7 + = + 
Miltonia bleuana................ + as + _ Lilium dalhansoni................ + = = + 
Cymbidium eburneo-lowianum....} + - + - Lilium golden gleam.............. + = + i= 
Calanthe veitchii................] + - + - Lilium testaceum............6.-.-] oF = + = 
Calanthe bryan...............00. + - ob ob Lilium burbanki................- + aa + = 

3. Chloral-hydrate reactions: Begonia mrs. heal............++++ + a + - 

Brunsdonna sandere alba......... + — + a Begonia ensign............-050+5 + = + ~ 
Brunsdonna sandere.............) + - + - Begonia juliug..............0000 + - + - 
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TaBie E.—Continued. TaBLe E.—Continued. 

Qualitative | Quantitative Qualitative | Qualitative 
reactions, reactions, reactions, reactions, 

meee closer as a closer as a er closer as a Se asa 
~ Hybrids. whole to— | whole to— ybrida. whole to— | whole to— 

Seed |Pollen} Seed | Pollen Seed | Pollen] Seed | Pollen 
parent./parent.|/parent.!parent. parent./parent.parent-/parent, 

4. Chromic-acid reactions.—Cont. : 7. Sulphuric-acid reactions.—Cont. : 
Begonia success Abe SERS SERESE SK + _ + - Narcissus madame de graaff .......} + - + _ 
Richardia mrs. roosevelt.......... + - _ + Narcissus pyramus ............... + - oe ok 
Musa hybrida................... - + - + Narcissus lord roberts ............ + - + - 
Phaius hybridus................. + — = ae Narcissus agnes harvey ........... + - + - 
Miltonia bleuana................/ + ~ + - Narcissus j. t. bennett poe ........) + - + - 
Cymbidium eburneo-lowianum....| + - ate ae 8. Hydrochloric-acid reactions: 
Calanthe veitchii................ + _ + - TRUS ASE AND.  1s5 aveser's aha w ic ie Seve wee andes + - - + 
Calanthe bryan.................. + _ - + bots (0) 2:1 aan Oo + - - + 

By Pyrogallio-nold reaetions: Iris mrs. alan grey ..........00005 - + - + 
Narcissus poeticus herrick......... - + = + Iris pursind ..... 0... 6s sees eee ate = = = 
Narcissus poeticus dante..........] — + * * Gladiolus colvillei ................ ate os + = Narcissus poetaz triumph......... + eas = 4 Tritonia crocosmeflora ..... Se aed + + - 
Narcissus fiery cross.............. + - - + Richardia Le roosevelt .......... om ae es + 
Narcissus doubloon .............. + - * oe Phaius hybridus ................. + ~ zs + 
Narcissus cresset..............00- + - + - Miltonia bleuana TRE REE ERAS See Es + = - = 
Narcissus will searlet.............] - + - Calanthe veitchii ................. + ee Bs ae 
Narcissus bicolor apricot..........]  — + vn + Calanthe bryan . stent ees see eeeee - +e} + 
Narcissus madame de graaff....... ; + + pall 9. Potassium-hydroxide reactions: 

Narcissus pyramus............... + - + - Crinum hybridum j.c.h.......... a ny a + 
Narcissus lord roberts............|  — + - + Crinum kircape a A a st =) of ae Narcissus agnes harvey........... + a ae = Crinum powellii ...............--. 0 0 - + 
Narcissus j. t. bennett poe........ - + = + Lilium marhan ............+...-- = he = es 
Begonia mrs. heal................ + - + - Lilium dalhansoni ................ 5 = ie = 
Begonia ensign...............0.-] - + - Lilium golden gleam .............. ot <= ce =a 
Begonia julius.................. + - + - Lilium testaceum ................ + a =n vi 
Begonia success...............00- + - + _ Lilium burbanki ................- + 5 a os 
Musa hybrida......... a ads aaa adage - + - + obi wines roosevelt ..........] = ae ~ 

6. Nitric-acid reactions: Galanthe aetisk & Lae ee Mp te ee ge z + + ot 
Brunsdonna sandere alba......... + - _ + Calanthe bryan .................. _ +4 ae = Brunsdonna eanderae..-0 000.2... + |= |=) Lio bemmneroatessseons 
Hippeastrum titan-cleonia......... + = st ot Brunsdonna sanderee alba.......... + = de + 
Hippeastrum ossult.-pyrh......... Sa + + _ Brunsdonna sandere..............) + st sb a eee deteh maa tener ee ees a iy a ny Hippeastrum titan-cleonia.........) + | — | + | — 

AGS sidan Hippeastrum ossult.-pyrh..........] + - + _~ 
Haemanthus kénig albert.......... + = ay = Hippeastrum dwon.-zeph...........] + - + - 
ean a jee Bee eeeeees fs AP a + Hemanthus andromeda............ + | — | + | — 

Siarsrake sel shereterete epee = = Hemanthus konig albert........... - - 
ie ae aca ah been e teen ee ees 0 i z a5 Crinum hybridum j. cv. h........... iy + aa + 
Nerine ay of roses.........+..- + = on cane ae ae fee PAS OCT = + a i 
Nerine giantess.................. - + = + Nerine dainty maid............... - + ae Nerine abundance................ + - - + Nerine Gusen‘of rosesso ale +4 a we 
Nerine glory of sarnia............ of = + Nerine giantess...... : ‘ . ke : ; : : : : : - + + - Narcissus poeticus herrick......... - + - + Nerine abundance...........-.-..| + a a + 
Narcissus poeticus dante.......... = + oe ad Nerine glory of sarnia...... : : ie + _ ote de 
Narcissus poetaz triumph......... + — - + Tris demalicccae cc Ee en + = aA as 
Narcissus fiery cross.............. + - a eo Iris dorak........... en ae coe 4 = ha As 
Narcissus doubloon...............] + = + - Iris mrs. alan grey. Be ee oe = + ae + 
Narcissus cresset................. + = + = Iris pursind...................... + at a oe 
Narcissus will scarlet............. + - + - Gladiolus colvillei. . bes ens End 4 ef == 
Narcissus bicolor apricot.......... - + a + Tritonia crocosmeflora............ ne + = 
Narcissus madame de graaff.......] + - + - Phaius hybridus. ..... pee es [hh us ay re 
Narcissus pyramus............... saa oe (ie ae Miltonia bleuana.................) + | — | 4 ] — Narcissus lord roberts............) = + + = 11. Potassium-sulphocyanate reactions: 
Narcissus agnes harvey........... + _ + = Brunsdonna sandere alba.........} + _ o & 
pene i. ei poe........ 5 + * = Brunsdonna sandere.............. + - a + 
egonla mrs. heal...............- _ zi Hippeastrum titan-cleonia......... + - oe = 

Begonia ensign.................. + = Te m Hippeastrum ossult.-pyrh..........) + - - Begonia julius................... + = + = Hippeastrum deon.-zeph.......... + = + es 
tle re swaps eseieee Al a t = 7 Hemanthus andromeda........... + _ + S 

lus NYDTIGUS..... +. +--+ ee ee eee Fa Hemanthus konig albert........... = - 
7. Sulphuric-acid reactions: Crinum hybridum j.c.h........... i. + ia + 

Narcissus poeticus herrick......... - + - + Crinum kircape................... + - - + 
Narcissus poeticus dante.......... = + + - Crinum powellii.................. - + - + 
Narcissus poetaz triumph......... + = = + Nerine dainty maid...............]. — + + _ 
Narcissus fiery cross.............. + aad ot oe Nerine queen of roges............. - + + _ 
Narcissus doubloon...............]  — + + - Nerine giantess................... - + - + 
Narcissus cresset................- + — + - Nerine abundance................. + - _ 4 
Narcissus will scarlet............. + az + - Nerine glory of sarnia............. + - = + 
Narcissus bicolor apricot..........]. — = = Phaius hybridus.................. + - oe oe 
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TaBLe E.—Continued. 

Qualitative | Qualitative Qualitative | Qualitative 
reactions, reactions reactions, reactions, 

closer as a closer as a closer as a closer as a 
Hybrids. whole to— | whole to— Hybrids. whole to— | whole to— 

Seed | Pollen] Seed | Pollen Seed | Pollen] Seed | Pollen 
parent.|parent.|parent.|/parent. parent.|parent.|parent.|parent 

12. Potassium-sulphide reactions: 18. Copper-nitrate reactions: 
Hemanthus andromeda............ 0 0 ad ok Brunsdonna sandere: alba.........}) + - - + 
Hemanthus konig albert........... + - + - Brunsdonna sandere.............) + - - + 
Crinum hybridum j.c.h...........) — + — ot Crinum hybridum j. vc. h........... - + =- + 

Crinum kircape................-. + _ + - Crinum kireape................... + - + - 
Crinum powellii...............2..,  — + - + Crinum powellii.................. - + _ + 
Nerine dainty maid............... - + oe = 19. Cupric-chloride reactions: 

Nerine queen of roses.............. - + _ + Brunsdonna sandere alba.........| + - - + 
Nerine giantess................4.. - + - + Brunsdonna sanderee..............] + - — + 
Nerine abundance................] + _ 4 Crinum hybridum j.c.h...........]  — + — + 
Nerine glory of sarnia.............| + - - + Crinum kircape................6-./,  # -_ + a 
Phaius hybridus ............. + - ob o& Crinum powellii.................., — + - + 

13. Sodium-hydroxide reactions: Lilium marhan. . ieee e eee ees - + - + 
Tris ismali.. Serer a= = 7 ea Lilium dalhansoni................., + - - + 

Iris dorak...0.. 00s ee cece eee eel # - + - Lilium golden gleam.............. + 4 a a 
Iris mrs. alan grey...........-....] — + os + Lilium testaceum................. + = + 

Tris pursind. ..............-.-005. + = + a Lilium burbanki.............-.... cE = a : 
Gladiolus colvillei................) + | — | + | — | 20. Barium-chloride reaction: 
Tritonia crocosmeflora ...........] — + + _ Cymbidium eburneo-lowianum.....| + - * * 
Phaius hybridus.................. + | — | — | + | #1. Mercuric-chloride reactions: 

14, Bodium-sulphide xeartions: eee Sai Ge. Bick eeak ena OS + - + 

Crinum hybridum j.c.h...........) — | + | — | 4+ yim ae Bea er ome: Se 
Crinum kireape...................) 4 - + = aac ania me ac ary ee = + 
Crinum powellii............. 0-0... = |e | ce be ymbidium eburneo-lowianum  .... salt ieee (ec 
Phaius hybridus .................. + - - + 

15. Sodium-salicylate reactions: Summary or TasBLe E.—Qualitative and Quantitative Reactions 
Brunsdonna sanderee alba.........| + = ar = of the Starches of Hybrid-stocks in regard to Sameness and 
Brunsdonna sandere..............{ + = + = Inclination to one or the other or both Parent-stocks. 
Hippeastrum titan-cleonia........., + _ + - 
Hippeastrum ossult.-pyrh..........)  — + - + epee i ate 1 litative | Quantitative | 4 
Hippeastrum deon.-zeph.......... oe st ote ot Qua : 3 

Hemanthus andromeda...........| + - — + 8 reactions. reactions. 28 
Heemanthus kénig albert...........] + - - + a 6@ : : loser Closer SB Crinum hybridum j.c.h...........] — + - + & e Pt *| 1188 
Crinum kircape...................{ - + ee S onthe | | onthe | # [a3 ; rf Agents ] whole, @ | whole, a|3q Crinum powellii..................) + - ao d 3 ® o|33 
Nerine dainty maid............... - + - + a = |to the—| & |to the—| § | oq 
Nerine queen of roses..............| + - - + Reagents. 3 Fe = 7 bs q z 
Nerine giantess..............0.005 + - _ + 6 e|/ a] 8 ]s] ale oa 
Nerine abundance................. + - - + Se 8 z 8 8 z 2 £ a 
Nerine glory of sarnia.............] + - + = ae S a g zs a 33 
Tristismall:,.cccigtcuammncanca. || Se - - + og 6} 2 6] 2 |S 
Prisidorakeicss cage aisigergecmeauenty SS - + _ 3 3 3 q 3 3 q a5 
Iris mrs. alan grey................ - + = + 4 ma) A |) Oa) nla | ale 
Iris pursind. . + - + _ . 
Gladiolus colvi ‘lle... a3 = ats = eins Arsesnitce aS Manes 24 | 25 1} 27/19]; 4] 6 
Tritonia erécosraehord aoe lie ne + = on WG) csvarc estinnae ood hab aA 28 | 20] 2] 26] 18; 6] 3 

: : Es oral hydrate...........| 50 | 38 | 12 0 |} 23 | 20 7 | 15 
Richardia mrs. roosevelt. . eats niew eae as + a aie . * 
Musa hybrids zg 4 ios de Chromic acid........... 29 | 21 8}; 0/18}; 9] 2] 5 

Degas PU gwar cetet Mira or Pyrogallic acid............} 18 | 11 7 Oo}; 8] 7] 34 2 
Phaius hybridus.................. + _ + Nitri id 32 
Miltonia Bleuans. jacgel |e ae) se My a acid. oF bee be BEERS AS : 22 | 10 1; 19 9 4 8 

Cymbidium eburneo-lowianum . seeel of - oe ot si : coh te ‘cid ake wal i : a ee ia 
Calanthe veitchii................. - + + - spe reba hc bee ee a) Sh 2 Gea tee 
Calanthe bryan.................4. + - ok Potassium hydroxide ae 11 7; 4) O} 2] 3] 6] 2 : : ; Potassium iodide..........] 28] 15} 8] 0} 10] 7] 6] 6 

16. Strontium-nitrate reactions: Potassium sulphocyanate...| 16 | 11 5 0 5 6 5 5 
Begonia mrs. heal.............-...] + aR = Potassium sulphide........ 10] 5! 5] Oj] 2] 6] 2] 2 
Begonia ensign...............+.-. ae = ae — | Sodium hydroxide......... 7/ 4{ 3] Oo] 2] 2] 3] 2 
Begonia julius.................... + - + — Sodium sulphide........... 4 2 2 0 1 3 0 1 

Begonia success. oF = + = Sodium salicylate.......... 28/18} 9] 1/10/14] 4] 8 
17. Cobalt-nitrate Tarehiona: Strontium nitrate.........| 4/ 4] O] O] 4] O/} O|] O 
Brunsdonna sanderee alba ......... + - - + Cobalt nitrate............. 8} 6) 2} O}] 2] 6] O| 4 
Brunsdonna sandere..............| + - — + Copper nitrate............| 6 3 2 0 1 4 0 2 
Lilium marhan.................../ = + - + Cupric chloride............ 10| 7] 3 Oo; 3 7| Of} 5 
Lilium dalhansoni.................) + - _ + Barium chloride........... 1 1/ O07; O} 1] Of 1] 0 
Lilium golden gleam............... + - “+ — Mercuric chloride.......... 4 2 2 0 2 1 1 0 
Lilium testaceum................. + _- - + 
Lilium burbanki isnseuv die te eee aA + - + - Total number.......... 374 |235 {1384 | 5 |166 |150 | 59 | 84 
Musa hybrida...................., + al + Per C001 sy cdeee Ged teens 62.8/35.8/1.34) 44 | 40 [15.8/22.5 
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SUMMARIES OF THE HISTOLOGIC CHARACTERS, ETC. 

REACTION-INTENSITIES OF Eacuo Hysrip Srarcu. 
(Tables F, Parts 1 to 50 and Summary; G and H, Parts 1 to 26 and 

Summaries 1 and 2.) 

In Chapter I particular reference was made to the 
recognition of intermediateness as one of the primary 
criteria of hybrids, this applying not only to macroscopic 
and microscopic characters of plants, but also to the 
microscopic characters of starches. Intermediateness of 
starches was therein shown to have been recorded by 
MacFarlane (page 7) in Ribes, Bryanthus, and Hedy- 
chium, and by Darbyshire (page 8) in Piswm. Mac- 
Farlane states that in Ribes grossularia, R. culverwellit 
(hybrid) and R. nigrum the starch grains of the three 
are very variable in size, but in the first the largest 
are 7 and the average 4u; in the third the largest are 
3p and the average 114n; and in the second the largest 
are 5u and the average 3u. In Menziesis empertriformis 
var., Bryanthus erectus (hybrid) and Rhododendron 
chamecistus he found that in the third the starch grains 
are 4y across the largest, though most are from 2p to 
3p; in the first the largest granules are 6m across, and 
in all cases they are larger than in the third; and in the 
second the size of the granules falls rather toward the 
third. In Hedychium gardnerianum, H. sadlerianum 
(hybrid), and H. coronarium he notes that in the first 
each starch grain is a small triangular plate, measuring 
10u to 12, from hilum to base, and that the lamination 
is not very distinct ; in the third each grain is ovate, or in 
some cases tapered rather finely to a point at the hilum, 
32, to 60 long from hilum to base, and the lamination 
is very marked; in the second “the grains may best 
be described if we suppose a rather reduced one of the 
first parent to be set on the reduced basal half of one of 
the latter. The lamination also is more pronounced than 
in the first, less so than in the second.” Darbyshire 
records that the round starch grain of the F, generation 
is a blend between the type of grain of the round pea 
(the potato-shaped) and the type of grain of the wrinkled 
pea (the compound) in respect to the three characters: 
length-breadth-index, distribution of compoundness, 
and degree of compoundness. While these data are very 
meager they are concordant and in harmony with the 
dictum of intermediateness of histologic and naked-eye 
characters of hybrids. 

In the present research it was found in the studies of 
the histologic peculiarities that in case of every hybrid 
there are certain characters that are intermediate, the 
degree of intermediateness varying from mid-interme- 
diateness to almost identity with one or the other parent. 
Mid-intermediateness was found to be, on the whole, far 
less common than a degree of intermediateness that 
closely approached one or the other parent; identity 
of a given character with that of one or the other parent 
was quite common; development of a given character 
or character-phase in excess or deficit of those of both 
parents quite frequent; and the appearance of individ- 
ualities in the hybrid that are not seen in either parent 
was by no means rare. In fact, it seems clear that the 
more in detail these studies are carried out the farther 
we are taken from the conception of generality of inter- 
mediateness of the properties of the hybrid. The records 
of the histologic peculiarities of the starches are fully 
supported by those of the histologic and macroscopic 
characters of plants as set forth in this chapter and in 
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Part II, Chapter II, and also by the qualitative and 

quantitative reactions of the starches throughout the 

entire range of agents and reagents as shown by the data 

that are represented especially in Chapter III and Part 

II, Chapter I. In preceding parts of the present chap- 

ter various tabular statements exhibit from different 

aspects parental relationships of the hybrids. It seems 
desirable at this point to tabulate the reaction-intensi- 

ties of the hybrids with reference to sameness to one or 

the other parent or both parents, intermediateness, and 

excess and deficit of development in relation to the 
parents, so that one may see at a glance, as it were, the 
relative importance of the several phases of parent-charac- 
ter development in regard to the reaction-intensities of: 
(a) Each hybrid starch with different agents and rea- 
gents, which will exhibit particularly the differences in 
the behavior of each starch in comparison with the reac- 
tion of other starches in the presence of the same agents 
and reagents; (b) each hybrid starch as regards sameness 
and inclination in its properties in relation to one or 
the other or both parents, which will exhibit particularly 
the comparative potencies of the parents in determining 
the properties of the starch of the hybrid; and (c) all 
of the hybrid starches with each agent and reagent, 
which will exhibit particularly the independence of the 
behavior of each agent and reagent, and also all of the 
hybrid starches with each agent and reagent, as regards 
sameness and inclination in the properties to one or 
the other parent or both parents, which will exhibit 
particularly the independent tendencies of each agent 
or reagent to elicit definite and specific parent-phases. 
While all of these tabulations are most intimately cor- 
related, each brings out certain features with marked 
accentuation in a form not elicited by the others. 

REACTION-INTENSITIES OF HacH Hysrip STaRCH WITH 
DIFFERENT AGENTS AND REAGENTS. 

(Tables F, Parts 1 to 50 and Summary.) 

It is to be noted in an examination of the results 
formulated in the accompanying table that in only 32 of 
the 50 hybrids recorded all of the 26 reactions, 16 record- 
ed only 10 reactions, and 2 only 18 reactions. Taking up 
this table, even a most cursory examination will indi- 
cate the very wide variations of the numerical values of 
the 6 phases of parent-development of the different 
starches in their parental relationships, and each part of 
the table is different from every other part and is specifi- 
cally distinctive of the hybrid, even in the cases of hybrids 
that have resulted from the same cross, as in Brunsdonna 
sandere alba and B. sandere (Table F, 1 and 2), and 
Narcissus poeticus herrick and N. poeticus dante (Table 
F,16 and 17). Moreover, in one hybrid intermediateness 
may be relatively so very conspicuous that the other 
phases sink into insignificance, while in another this 
phase may be as markedly conspicuous by its almost or 
entire absence, and so on in other tables with the other 
phases. It is also very obvious that the hybrid is less 
apt to be characterized by a prominence of intermediate- 
ness than by a conspicuousness of highest or lowest de- 
velopment or even of other phase of parental relationship. 

The several parts of this table may, for convenience of 
study, be grouped into four classes: (1) those in which 
one of the phases of development very markedly domi- 
nates the others, one-half or more of the reactions being 
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included in this phase; (2) those in which two phases-are 
definitely dominant, but which may be quite different in 
value; (3) those in which three phases are dominant, 
but which may have different values; and (4) those in 
which the parental relationships of the hybrid seem to 
be directed largely indifferently to the several phases. 
Among the starches that were studied in all of the 26 
reactions it is rare, as, for instance in Iris dorak, to 
find that the assignment is not unmistakable. Where 
the number of reactions is restricted to 10 to 13 the 
classification is often indefinite. The grouping in 
accordance with the foregoing is as follows: 

ere: ‘ | 

Hybrids. Seiee/*s) Se] 
© 8/2 S|\@& # a o 

ge/G ald a £|o E 
nan |a Ia me | I 

First class: 
Brunsdonna sandere alba..| 4| 0 1 5} 3] 13 
Brunsdonna sandere...... 6 0 1 2 3/14 
Crinum kircape............ 4 1 0/18 2 1 
Crinum powellii...........| 0] 3] 0} 2/{21] 0 
Narcissus poetaz triumph...| 2 2 1 0} 20 1 
Narcissus j. t. bennett poe..| 2 0 0 0 8} 0 (10)* 
Lilium burbanki .......... 2/1 1} 6] Oj 16 
Iris mrs. alan grey......... 0 1 3 1 4)17 
Tritonia crocosmeflora.....| 2 1 2] 16 3 2 
Begonia ensign............ Oo; O| O|} 7 1] 2 (10)* 
Musa hybrida.............] 1 3] 0} 2] Of 20 
Miltonia bleuana.......... 3| 0] 3 1/17{| 2 
Calanthe bryan............| 1 0 oO] 11 1 0 (13)* 

Second class: 
Hippeastrum ossult.-pyrha..| 3/ O0/ 8] 3/11 1 
Hemanthus kénig albert....} 5 0 0 7 1 3 
Nerine queen of roses...... Pa 1 7 oli 2 
Nerine abundance......... 3/ 3] 7] 8 1; 9 
Narcissus poeticus dante....} 1 4 0 4 L 0 (10)* 
Narcissus lord roberts......| 3 rj 4 4 0 1 (10)* 
Narcissus agnes harvey.....| 4 0 1 3 1 1 (10)* 

Tris ismali.................] 3] 2] 2/12] 1] 6 
Gladiolus colvillei.......... 7) 0 1 4| 0| 14 
Begonia mrs. heal..........| 9] O| 2/14] 0 1 
Begonia julius.............] 1 ee 0 4 4{ 0(10)* 
Phaius hybridus...........] 1 3 6/11 3 3 
Cymbidium eburneco-lowia- 

BUT on wea ve ee ee Rea e es 4 0 9 0 0/13 
Calanthe veitchii..........| 2 1 Oo; 5| 4 1 (13)" 

Third class: 
Hemanthus andromeda....| 8 0 6] 11 0) 1 
Crinum hybridum j.c.h....| 0 | 12 i) 5 2 7 
Nerine dainty maid......../ 1 2 7 6| 8] 2 
Nerine glory of sarnia. 1 6] 8 1 0 | 10 
Narcissus doubloon.. eel 2 1 1 4 0 2 (10)* 
Narcissus will scarlet.......| 2 1 1 2] 4] O(10)* 
Lilium dalhansoni.........] 4 1 9| 9 2+ 1 
Richardia mrs. roosevelt....| 1 oO; 4; 3] 4 1 (10)* 

Fourth class: 
Hippeastrum titan-cleonia..| 2 3 8 4 5 4 

Hippeastrum deones-zephyr| 0 2 9 6 5) 4 
Nerine giantess............] 2 6| 7 6 1] 4 
Narcissus poeticus herrick .| 0 8 0 2 3} 2 (10)* 
Narcissus fiery cross....... 1 va 0 2 2 3 (10)* 
Narcissus cresset.......... 2 3 0 0 3 2 (10)* 
Narcissus bicolor apricot....| 3 1 1 2) Of; 8 (10)* 
Narcissus madame de graaff| 4] 1 0 1 1 2 (10)* 
Narcissus pyramus.........| 1 0 1 2 4 2 (10)* 
Lilium marhan............. 0 5 9 6 1 5 (10)* 
Lilium golden gleam 4/ 4] 5] 2) 7] 4 
Lilium testaceum. . 4| 3 2) 7/| 6] 4 
Tris dorak......... 5] 3] 2 1/11) 4 
Iris pursind....... .--| 3] 2] 5] 6] 5] 6 
‘Begonia success............ 2 3 0 2 3 0 (10)* 

* Number of reactions when less than 26. 

SUMMARIES OF THE HISTOLOGIC CHARACTERS, ETC. 

The distribution of the hybrids among the four 
classes is fairly uniform except in the third class, there 
being 13 (26 per cent) in the first class, 14 (28 per cent) 
in the second class, 8 (6 per cent) in the third class, 
and 15 (80 per cent) in the fourth class.. In the first 
class, 4 of the hybrids are characterized by the con- 
spicuousness of intermediateness, this phase of parental 
relationship being noted in one hybrid in 18 of the 26 
reactions, in another in 16 of 26 reactions, in another 
in 7 of 10 reactions, and in another in 11 of 13 reactions. 
In 4 hybrids the characterization is especially in de- 
velopment in excess of parental extremes, this phase 
being recorded in one in 21 of the 26 reactions, in 
another in 20 of the 26 reactions, in another in 8 of 10 
reactions, and in another in 17 of 26 reactions. In 5 
hybrids the characterization is especially by development 
in deficit of parental extremes, this being found in one 
in 13 of 26 reactions, in another in 14 of 26 reactions, 
in another in 16 of 26 reactions, in another in 17 of 26 
reactions, and in another in 20 of 26 reactions. In the 
second class, the dominant figure of the couple is found 
in 1 hybrid under the phase the same as the seed parent, 
in 5 under intermediate, in 2 under highest, and in 3 
under lowest; in 1 there is duplication of the figures 
under the phases the same as the pollen parent and inter- 
mediate, and in another under intermediate and high- 
est. This coupling is more marked in the instances 
where 26 reactions were studied than when the number 
is 10 or 13. In the third class there is not only less 
tendency to a very marked degree of characterization 
as regards any one or more of these phases, but also to 
the characterization being present in three phases usually 
with slight gradation, as, for instance, in Nerine dainty 
maid where the values are 7, 6, and 8 under same as 
both parents, intermediate, and highest, respectively ; 
and in Nerine glory of sarnia, where the values are 6, 8, 
and 10 under same as pollen parent, same as both parents, 
and lowest, respectively. Or there may be some dupli- 
cation, as, for instance, in Lilium dalhansoni, where the 
values are 4, 9, and 9 under same as seed parent, same 
as both parents and intermediate, respectively, ete. 

From this limited data one may expect that further 
studies will elicit various combinations of both phases 
and values. In one hybrid the highest number of the 
triple is found under same as seed parent, in two under 
intermediate, in two under highest, and in one, under low- 
est. In one there is duplication of the highest values 
under same as both parents and intermediate; and in an- 
other under same as both parents and highest. In the 
three hybrids with which in each only 10 reactions were 
recorded the grouping of the phases in triplets does not 
yield the striking comparisons that are observed when 
the reactions number 26, or 2144 times larger. In the 
fourth class, with 7 of the 15 hybrids only 10 reactions 
were recorded in each, and in these instances the values 
are (with possibly two exceptions, Narcissus pyramus 
and N. madame de graaff) so distributed among the dif- 
ferent phases that there is not the convincing evidence 
of a well-defined inclination of the hybrids in their 
parental relationships that was found in corresponding 
cases in the preceding classes. Among the remaining 
8 there is marked dominance of 1 phase of the 6 in a 
single hybrid (Iris dorak) in which 11 of the 26 reac- 
tions fall under highest, the other values being 5, 3, 2, 1, 
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and 4. This hybrid should perhaps be assigned to the 
first or second class. In several other instances there 
is evident tendency to dominance in one phase especially, 
as in Hippeastrum titan-cleonia, H. deones-zephyr, and 
Lilium marhan. 

Apropos of intermediateness as a criterion of hybrids, 
it is of interest to note that 4 of the hybrids (Narcissus 
poetaz triumph, N. j. t. bennett poe, N. cresset, and 
Cymbidium eburneo-lowianum) do not in a single reac- 
tion exhibit intermediateness. Two of these belong to 
the first class, both being conspicuous because four- 
fifths of the reactions of each hybrid are higher than 
those of the parents. One belongs to the fourth class, 
and there are no very definite parental leanings. One is 
found in the third class, with very definite inclinations 
to activities that are the lowest or the same as those of 
both parents, especially the first and in the order given 
(18, 9, and 4, respectively). 

In recapitulating the totals exhibited by these tables 
several very interesting points of comparison are elicited 
(summary of Table F). All together 1,018 reactions were 
recorded, which are distributed as follows: Same as seed 
parent 137 (13.4 per cent) ; same as pollen parent 94 
(9.2 per cent); same as both parents 138 (13.6 per 
cent) ; intermediate 236 (23.2 per cent) ; highest 187 
(18.4 per cent) ; and lowest 226 (22.2 per cent). It is 
very obvious that there are much more marked tenden- 
cies to intermediateness, highness, and lowness than to 
sameness of developinent in relation to one or the other 
parent or both parents, there being somewhat less than 
two-thirds of the reactions (63.8 per cent) that fall 
within the first, and 36.2 per cent within the second 
category. There is about an equal tendency to inter- 
mediateness (23.2 per cent) as to lowest development 
(22.2 per cent) and distinctly less tendency to highest 
development (18.2 per cent) than to either of the for- 
mer; and there is on an average approximately only 
about one-half the tendency to sameness to the seed 
parent (13.4 per cent) and to both parents (13.6 per 
cent) as there is to intermediateness, the least tendency 
being shown in sameness to the pollen parent (9.2 per 
cent). Comparing the tendency to intermediateness 
with the tendencies to highest plus the lowest reactivi- 
ties, it is found that the latter predominate in the pro- 
portion of 23.2 to 40.6 per cent, or approximating 1: 2; 
in other words, there is only a little more than one-half 
the tendency to an intermediate reaction as there is to 
one that is above or below parental extremes; and there 
is an equal tendency to sameness as one or the other 
parent as there is to intermediateness. If a comparison 
is made the number of intermediate reactions with the 
total of other reactions the proportion is found to be 
23.2 to 76.8 per cent or approximately 1:3, that is, 
there is in general a likelihood of only 1 reaction in 4 
being intermediate. When these intermediate reactions 
are analyzed only 54 of 236, or somewhat more than 
one-fifth and less than one-fourth (23 per cent), are 
mid-intermediate, the larger’ proportion being closer to 
one or the other parent than to mid-intermediateness. 

TaBLe F, 
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Agent or reagent. 

parent. 
Same as pol- Same as seed 

len parent. 
Same as both 

parents. 
Intermediate. Highest. Lowest. 

1, Brunsdonna sanderce 
alba: 

Polarization......... 

Temperature........ 

Chloral hydrate...... 

Chromic acid........ 
Pyrogallic acid....... 
Nitrie aid .cceecnas 
Sulphuric acid....... 

Hydrochloric acid.... 

Potassium hydroxide . 

Potassium iodide..... 
Potassium  sulphocy- 

anate 

Potassium sulphide... 

Sodium hydroxide.... 
Sodium sulphide...... 

Sodium salicylate. ... 

Calcium nitrate...... 

Strontium nitrate... . 
Cobalt nitrate....... 
Copper nitrate....... 
Cupric chloride...... 

Barium chloride..... 
Merouric chloride... . 

r@rtrtrr rrr tid 

eee 70 Eerie ys y 

pastaneeere e 

Oo _ ow 

2. Brunsdonna sandere: 

Safranin............ 
Temperature........ 

Chloral hydrate...... 
Chromic acid........ 
Pyrogallic acid. ..... 

Nitric acid.......... 
Sulphuric acid....... 
Hydrochloric acid... . 
Potassium hydroxide. 

Potassium iodide... . 
Potassium sulphocy- 
ANAS. 2. cc eeees 

Potassium sulphide... 
Sodium hydroxide... 
Sodium sulphide... .. 
Sodium salicylate... . 

Calcium nitrate..... 
Uranium nitrate..... 
Strontium nitrate... . 
Cobalt nitrate....... 
Copper nitrate...... 

Cupric chloride...... 
Barium chloride.... . 
Mercuric chloride... . 

Poe eri err cde heen 

I+] 

PY etre rr i+ 

P+rrbiidt+iltt+ti 

1@lit@i tr ter tt 

=e 

PEP Phebe nt bag 

fo) ° a a ae ie wo 
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TaBLe F.—Continued. Taste F.—Continued. 

Co aa Fee ; 7 |4 .|a ; 

2 \2e/3 | = 2 (5818 .| 3 
adlasted] @ | 2 | 5 agjagisg] 2 | ¢ | x 

Agent or reagent. | 4 2] » = Soe I S 3 Agent or reagent. | | Elo a a § g 3 % 

gajgeiaal 8 e] 5 gajgsigal $ # 5 
A ia lw 4 ee] ras] an ln |m no em] 4 

. Hippeastrum titan- 5. Hippeastrum deones- 
cleonia: zephyr: 

Polarization......... —-|j-|- - +9 - Polarization.........) — | — | — = +7 - 
TOdin@ e122 ees ee ans -—-|;-|- +2 _ Iodine. aw ee cee | SE - - - 
-Gentian violet.......)| — | + | -— - - - Gentian violet.......; — | — | — - - +o 
Safranin............| — |] #] —- = - - Safranin............] — | — | ® = = - 
Temperature........] — | + ] — _ — - Temperature........] — | — | — - +9=¢ - 

Chloral hydrate.....) — | — | — - _ +9 Chloral hydrate.....} — | — | — - _ +o 
Chromic acid....... -—-|-|- - - +0 Chromic acid........ -{|[-|[- = +9 - 
Pyrogallic acid......| — | — | — = - +9 Pyrogallic acid......| — | — | — = +¢ _ 
Nitric acid..........) — | — | — |4+9=c¢0 - _ Nitric acid.........., — | — | — - +92 - 
Sulphuric acid.......| — | — | — = +9 _ Sulphuric acid....... -|+]- = - - 
Hydrochloric acid....| — +9 _ —_ Hydrochloric acid....} — | — | — |[+9=oc - 
Potassium hydroxide.| — - +o _ Potassium hydroxide.| — | — | — +9 - 
Potassium iodide....} — | — | — |+9=H| — - Potassium iodide....] — —| +9 - - 
Potassium sulphocy- Potassium sulphocy- 

anate............ —-|-|4+9=¢ - - ANA. bebe ee ye eet —|-|+9=¢ - - 
Potassium sulphide...| — | — | @® =_ _- - Potassium sulphide..| — | — | ® — - 

Sodium hydroxide....} — | — | — — +o - Sodium hydroxide...} — | — | — +9 - 

Sodium sulphide..... +/-|- - — - Sodium sulphide..... -|-|- = +9=¢ 
Sodium salicylate....; — | — | — _ —- +9 Sodium salicylate... . -|- —_ +9 
Calcium nitrate.....| —|— | @® - - - Calcium nitrate..... —|@® = = aa 
Uranium nitrate.....] — | — | @ — - - Uranium nitrate.....] — | — | ® = ot = 
Strontium nitrate....| + | — | — pen _ = Strontium nitrate....| — | — | — |+@=¢ - - 
Cobalt nitrate....... —-|-|@8 - - _ Cobalt nitrate....... -;i-|@ = oe = 
Copper nitrate......| — | — | ® - _ _ Copper nitrate....... —-|-|@ = - — 
Cupric chloride......| — | — | ® - — Cupric chloride......| — | — | ® _ _ - 
Barium chloride.....| — | — | ® - Barium chloride.....| — | — | ® = - - 
Mercuric chloride....); — | — | ® - - Mercuric chloride....| — | — | ® - - - 

2 3 8 4 5 4 0 2 9 6 5 4 

. Hippeastrum ossul- Hemanthus andro- 
tan-pyrha: meda 

Polarization.........] — | — | — - +o = Polarization.........| — | — | — |+9=¢ - 
Todine..............) —~]| —] —]49=0| —- _ Todine.............., — | — | —]#92=c%} —- 
Gentian violet....... —-|-|-—- - +9 Gentian violet.......,) — | — | — |4+92=o¢ - 
Safranin............] -— | -— | — - +9 Safranin............] — | -— | - -_ - +9 = 
Temperature........ —{|/-{|- - +o - Temperature........ -—-{|-|[|- +9 - _ 

Chloral hydrate.....} — | — | — +9 _ — Chloral hydrate.....| — -—-I+9=c - - 
Chromic acid........| — - - +9 - Chromic acid........| — | — | — |4+9=¢0 - -_ 
Pyrogallic acid......} — | — | — - +o _ Pyrogallic acid......] + | -— | — = - - 
Nitric acid..........] — | — | — - +9 _ Nitric acid.......... -{|-|j- +9 - - 
Sulphuric acid.......] + | — | — - - - Sulphuric acid.......] — | — | —|j+92=% — - 
Hydrochloric acid....) — | — | — -_ +h =a Hydrochloric acid....| — | — | — +9 - - 
Potassium hydroxide.| — | — | — - +2 - Potassium hydroxide.| — | — | — |+9=c = = 
Potassium iodide....| — | — | — - +9 - Potassium iodide....} + | — | — _ - - 
Potassium sulphocy- Potassium sulphocy- 

anate.............) — | — | — +9? - anate............ + - = - = 
Potassium sulphide...| — | — | ® - - - Potassium sulphide...| — | — | ® = a = 
Sodium hydroxide...}] — | ~ | — +9 - - Sodium hydroxide...| + | — | — = - - 
Sodium sulphide..... +), -]- - - - Sodium sulphide.... . +] -I- = =- - 
Sodium salicylate....| — | — | — _ - +o Sodium galicylate....) — | — | —| +92 - - 
Calcium nitrate..... —-!|!—|@ _ _ a Calcium nitrate...... +/-|- = - - 
Uranium nitrate.....] + | — | — - - - Uranium nitrate.....} + | — | — — ~_ << 
Strontium nitrate....) — | — | @® - — - Strontium nitrate....] + | — | — ~~ a = 
Cobalt nitrate.......} — @ - - - Cobalt nitrate.......1 — | — | ® = = = 
Copper nitrate......| — | — | ® _ - -_ Copper nitrate....... -!-|@68 a aes = 
Cupric chloride......| — | — | ® - - - Cupric chloride......| — | — | ® = = = 
Barium chloride.....| — | — | ® - - - Barium chloride.....| — | — | ® = 
Mercuric chloride....} — | — | ® - = - Mercuric chloride....| — | — | ® = = 

3 0 8 3 11 1 8 0 6 11 0 1 
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3 Ih |g : oso it. ola 5 

= /Eg/8 | 3 z /28/3,| 2 
3 B\ 3 tla & ; 

Agent or reagent. a8 a Z a3 F 4 2 Agent or reagent. a 8 a) 4 8 Fy a 4 oRlag/o8k 7 g 3 2g/eaieg 8 = 4 eaesles) £ | @ | & pajgsigs) 2 | & | & na |n |w 5 ise] s a lnm |o 4 fee) 4 

7. Hemanthus konig al- 9. Crinum kircape: 
bert: Polarization...... -—-|-|]- - +9 - 

Polarization......... -|-|]- = +o = IN oss aine'scd even ee ee es +H _ = 
Todine.............. —-{/—|- |4+9=¢0 - = Gentian violet.......| — | + | — pc es _ 
Gentian violet....... —-|j—-|- - - +9 DMs 533 cap aun sitesi —-/—-|{—- - +9 - 
Safranin............) — | — | — = +9 | Temperature........ -|-|- +9 - = 
Temperature........ +}/—-—-]- - ans Chloral hydrate.....] + | — | — = = as 

Chloral hydrate.....] — | — | — _ - +9 Chromic acid........) — | —|—] +9 _ oe 
Chromic acid........| — | — | — +9 - _ Pyrogallic acid......) — | — | — +o a ae 
Pyrogallic acid. ..... -|-|J- +9 - —- | Nitric acid.......... ae |] = +9 ae pas 
Nitric acid..........] — | —] — +9 - - Sulphuric acid....... -|;/-|]-—- +9 - - 
Sulphuric acid....... —-j;-|]- +9 - - Hydrochloric acid....} — | — | — +9 ~ - 
Hydrochloric acid....) — | — | — +9 _ — Potassium hydroxide.| — | — | — +9 — _ 
Potassium hydroxide.| + | — | — _ - - Potassium iodide....} — | — | — +9 = - 
Potassium iodide....| + | — | — _ _ - Potassium sulphocy- 
Potassium sulphocy-/ {| | | | | | anate............- -|-|- +a - - 

anate.............J -]/—] — - = - Potassium sulphide...} + | — | — - = - 
Potassium sulphide...| + | — | — - - Sodium hydroxide...} — | — | — +9 - - 
Sodium hydroxide...}| + | — | — - = - Sodium sulphide... .. -—-;}-j— +9 = - 
Sodium sulphide..... +/-|]- - - - Sodium salicylate....} — | — | — _ - +9 
Sodium salicylate....)] — | — | — +i _ - Calcium nitrate... .. -|-/|/- +9 - = 
Calcium nitrate.....| + |] — | — - - _ Uranium nitrate.....| — | — | — +9 -_ _ 
Uranium nitrate.....} + | — | — _ _ —_ Strontium nitrate....J| — | — | — +9 ~ a 
Stréntium nitrate....) + | — | — - - Cobalt nitrate.......) + | — | — - = = 
Cobalt nitrate.......) + |] — |] — - - Copper nitrate..... |} — | — | — +9 - = 
Copper nitrate... .. : J+]—-]—- - _ - Cupric chloride......) — | — | — +92 — = 
Cupric chloride...... +/-|-—- - —_ ~ Barium chloride.....} + | — | — _ _ = 
Barium chloride.....} + | — | — -_ - - Mercuric chloride....| — | — | — +9 ~ = 
Mercuric chloride....| + | — | — - - - 

4 1 0 18 2 1 
15 0 0 7 1 3 

8. Crinum hybridum j. 10. Crinum powellii: 
ce. harvey: Polarization.........) — | + | — - - = Polarization.........] — | — | — — -—d - seeeeteef —~|—o1—|49=¢ a tee 

Todine.............., —~ | +] — _ _ _ Gentian violet.......{ — | + | — — _ _— 
Gentian violet....... -|-|j- oe +c — | Safranin............ —|/+#]< —_ = = 
Safranin............) — | — | — - - +9 Temperature........]| — | — | — _ +o _ 
Temperature........] — | — | — - - +o Chloral hydrate...... —/—-{—- - +9=¢ pa 
Chloral hydrate.....| — | — | — +o _- _ Chromic acid........| — | — | — - +a = 
Chromic acid........ —J+tl- - - - Pyrogallic acid......} — | — | — - +o ae 
Pyrogallic acid......] — | — | — - - +7 Nitric acid..........)] — | — | — - +o - 
Nitric acid.........., — | + | — - - - Sulphuric acid.......} — | — | — - +o - 
Sulphuric acid.......] — | — | — - - +e Hydrochloric acid....} — | — | — - +o _ 
Hydrochloric acid....) — | — | — +d - - Potassium hydroxide.| — | — | — - +o nae 
Potassium hydroxide.| — | + | — - - Potassium iodide....] — | — | — - +o jt Potassium iodide....] — | — | — - +c Potassium sulphocy- 
Potassium sulphocy- Pee ee ee +f = 

anate............., — | — | — = = +7 Potassium sulphide. .| — | — | — i +o = 
Potassium sulphide..| — | — | — - - +o Sodium hydroxide...| — | — | — - +¢ = 
Sodium hydroxide...]| — | + | — = - - Sodium sulphide... .. -{-|- - +o - 
Sodium sulphide..... -|-l- +c = Sodium salicylate....} — | — | — +f = oa 
Sodium salicylate..... —| —|—]| +¢ _- - Calcium nitrate...... ee eee ee - +o _ 
Calcium nitrate.....| — | + | — = - - Uranium nitrate. .... —~|/—-|-— fe +o a 
Uranium nitrate.....) — | + | — = -_ = Strontium nitrate....| — | — | — -_ +o on Strontium nitrate....| — | —-|—|] +¢ = - Cobalt nitrate... .... ee eee ee = +o = Cobalt nitrate.......} — | + | — = = - Copper nitrate......] — | — | — _ +h _ 
Copper nitrate...... = eS = - - Cupric chloride......] — | — | — _ +o = 
Cupric chloride......] — | + | — _ oa _ Barium chloride.....| — | — | — — +9=¢ —_ 
Barium chloride.....} — {| + | — - - - Mercuric chloride....} — | — | — = +¢ = 
Mercurie chloride....| — | + | — — - - 

0 3 0 2 21 0 
0 12] 0 5 2 z 
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3 {4 .|4 5 > a | $ 

2 /2al3 | 3 2 |2e1B.| 3 
galgsle2| % gaisslea| 3 ; ; 

Agent or reagent. aaa sia g | a # Agent or reagent. aaia ala a q # 3 
a kl)@ glo > a o ®klo glo & 5 3 o 
gag eiao; 3 ic B Hala 2d o 3 ic B 
an |nm | 4 ig r= an |o ia a fon] 3 

11. Nerine dainty maid: 
Polarization.........] — | +] - - - - 13. Nerine giantess: 
Iodine.............. -|- - +3 - Polarization.........| -— | — | — - - +9 
Gentian violet.......] — | +] — ~ - - Todine.............. a Ne i es = = = 
Safranin............ +/-|]- - - - Gentian violet.......] + | — | — - _ - 
Temperature........| — | — | — +c - - Safranin............ +/-|]- - - - 
Chloral hydrate.....} — | — | — +o - - Temperature........) — | — | — ae +9 = 
Chromic acid........] — | — | — - - +9 Chloral hydrate.....) — | + | — - - = 
Pyrogallic acid......| — | — | ® - - - Chromic acid........ —-|/—-|[—-|]t9=a) - — 
Nitric acid..........} — | -— | —- +9 - - Pyrogallic acid...... -{|—-|@08 _ = — 
Sulphuric acid....... -|-|{- - +i - Nitric acid.......... -|-|- - - +a 
Hydrochloric acid....) — | — | — -_ +9=c - Sulphuric acid.......| — | + | — - - _ 
Potassium hydroxide.| — | — - - +9=c Hydrochloric acid....) — | — | — - - +9=¢0 
Potassium iodide....} — | — | — |+9=c - - Potassium hydroxide.| — | — | ® a _ canal 
Potassium sulphocy- Potassium iodide....} — | — | — +9 - = 

SNOG.. cc cuccess| = fo - +9 = Potassium sulphocy- 
Potassium sulphide. .| — | — | @® - - - anate............. -j;-|]/—-| +¢ - — 
Sodium hydroxide...| — | — | — +o - - Potassium sulphide...) — | — | — +a - = 
Sodium sulphide.....] — | — | ® - - - Sodium hydroxide...} — | — | — - = +a 
Sodium salicylate....J — | — | — +o - - Sodium sulphide... .. -|-|@8 - - i 
Calcium nitrate...... a a - +2 - Sodium salicylate....; — | + | — = = - 
Uranium nitrate.....] — | — | — - +9 - Calcium nitrate...... —~|+t]/-]- = as 
Strontium nitrate....) -— | — | — - +o - Uranium nitrate.....] — | + | — - - = 
Cobalt nitrate....... —~|-|@ - - - Strontium nitrate....| — | — | — |+9=¢ - = 
Copper nitrate......)| -— | -— | — - +9 - Cobalt nitrate.......| — | — | ® = = = 
Cupric chloride... ... -j;-/oe - - - Copper nitrate...... —-|—-|-|]4+9=¢ = - 
Barium chloride.....] — | — | ® - - - Cupric chloride......| — | — | ® - = = 
Mercuric chloride....| — | — | ® - - - Barium chloride.....| — | — | ® - = = 

Mercuric chloride....| — | — | ® a = > 
1 2 7 6 8 2 

2 6 7 6 1 4 

12. Nerine queen of 
roses: 

Polarization.........) — | — |] — - - +o 14, Nerine abundance: 
TOMIBOs gies ca ea ace —-/;+/- - - - Polarization......... —-~j|—-|[- _ — 
Gentian violet.......} + | —-— |] — - - - Todine..............| #]—]-— eo - 
Safranin............ +}/—-|i- - - - Gentian violet.......) — | + | — - = 
Temperature........] — | — | —- +9 - - Safranin............J — | - | —- +9 - 
Chloral hydrate.....) — | — | — — +c _ Temperature........ +) -|- — _ 
Chromic acid........ —-}|—-|- - - +9 Chloral hydrate.....| — | — | — - +o 
Pyrogallie acid......) -— | — | @® - - - Chromic acid........ Cl ae = = 
Nitric acid..........) — | — | — |4+9=c ~ - Pyrogallic acid......] — | — | ® — = 
Sulphuric acid....... -j-|- _ +c - Nitric acid.......... — pa Pe om —_ 
Hydrochloric acid....| — | — | — - +9=c0 _ Sulphuric acid....... +]/-—-|- as = 
Potassium hydroxide.| — | — | @ - - _ Hydrochloric acid....} — | — | — - - 
Potassium iodide....J — | — | — +9 - - Potassium. hydroxide.; — | — | ® - = 
Potassium sulphocy- Potassium iodide....} — | + | — - - 

anate.............| = | =| — - +9 - Potassium sulphocy- 
Potassium sulphide...| - | — | — - +o - anate.............| — | — | 7 ere mae 
Sodium hydroxide...| — | — | — - +o - Potassium sulphide...| — | — | — +o - 
Sodium sulphide.....| — | — | @ - - - Sodium hydroxide...}| — | — | — - - 
Sodium salicylate....| — | — | — - +o od Sodium sulphide... .. -|-|68 — saa 
Calcium nitrate...... -|-|- - +9 - Sodium salicylate....J — | + | — - - 
Uranium nitrate.....] -— | — | — - +9 - Calcium nitrate...... sr fs | = = - 
Strontium nitrate....) -— | - | — - +o - Uranium nitrate.....)} — | -— | — — _ 
Cobalt nitrate.......) — | — | ® - - - Strontium nitrate....| - | —|— | +¢ - 
Copper nitrate...... -|-|- - +9 - Cobalt nitrate.......| - |] -— | ® a = 
Cupric chloride...... -;|;-|@0e - - - Copper nitrate...... —l|-|- - = 
Barium chloride.....] — | — | ® - - - Cupric chloride......) — | — | ® _ co 
Mercurio chloride....| — | — | ® - - - Barium chloride..... -|/-|6 _- = 

Mercuric chloride....| — | — | ® = = 
2 1 7 3 11 2 

3/3) 7 3 1 
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Agent or reagent. 

parent. 

Same as seed Same as pol- 
len parent. 

Same as both 
parents. 

Intermediate. Highest. Lowest. 

Agent or reagent 

Same as seed 
parent. 

Same as pol- 
len parent. 

Same as both 
parents. 

Intermediate. Highest. Lowest. 

15. Nerine glory of sar- 
nia: 

Gentian violet....... 
Safranin............ 
Temperature........ 
Chloral hydrate...... 
Chromic acid........ 
Pyrogallic acid. ..... 
Nitric acid.......... 
Sulphuric acid....... 
Hydrochloric acid. . . 
Potassium hydroxide. 
Potassium iodide.... 
Potassium sulphocy- 

Potassium sulphide... 
Sodium hydroxide... 

Sodium sulphide..... 

Sodium salicylate.... 
Calcium nitrate...... 
Uranium nitrate..... 
Strontium nitrate... . 
Cobalt nitrate....... 
Copper nitrate. ..... 
Cupric chloride...... 
Barium chloride..... 
Mercuric chloride... . 

16. Narcissus poeticus 
herrick: 

Polarization......... 
Todine.............. 
Gentian violet....... 
Safranin............ 
Temperature........ 
Chloral hydrate. .... 

Chromic acid........ 
Pyrogallic acid. ..... 
Nitric acid.......... 
Sulphuric acid....... 

17. Narcissus poeticus 
dante: 

Gentian violet....... 
Safranin......,..... 
Temperature........ 
Chloral hydrate..... 
Chromic acid........ 
Pyrogallic acid 
Nitric acid.......... 
Sulphuric acid....... 

I+ 

Pibrtrrbtirbe 

Pltrrrtirrytidt 

PEd tb beri teit+ 

Seelili@lrititdd 

+ 

Pero btdbt gr brd 

i ee 

OG 

+ 

ete Pe 

qa, 70 1 Q&S Aw 

+,,+ 

Boe ee ee mer re 

a 

- oa o|/@e@eeoeoelitIititt _ °o -_ i) 

Ree ee ener 

PIti+ttiliti 
oP Coe ee ee a 

wo o 

+10 

Stay llitritl 

PEbitittt+t 

+ q 

—~T+rrrtirigvii ny i=) ind So 

18. Narcisus poetaz tri- 
umph: 

Polarization......... 
Todine.............. 
Gentian violet....... 
Safranin............ 
Temperature........ 

Chloral hydrate..... 

Chromic acid........ 
Pyrogallie acid. ..... 
Nitric acid.......... 
Sulphuric acid....... 
Hydrochlorie acid.... 

Potassium hydroxide. 
Potassium iodide. ... 
Potassium sulphocy- 

anate............. 

Potassium sulphide. . 
Sodium hydroxide... 

Sodium sulphide... .. 

Sodium salicylate.... 
Calcium nitrate...... 
Uranium nitrate..... 
Strontium nitrate... . 
Cobalt nitrate....... 
Copper nitrate...... 
Cupric chloride... ... 
Barium chloride..... 
Mercurio chloride... . 

19. Narcissus fiery cross: 

Polarization......... 
Todine.............. 
Gentian violet....... 
Safranin............ 
Temperature... 
Chloral hydrate...... 

Chromic acid........ 
Pyrogallic acid. ..... 
Nitric acid.......... 

Pryde tt) t+i+i Phi dr d bb tb tb bet Prd db bd tbr) 

1@trr rrr tir 

Prhrr tra tretiae 

Pibrrtrrt tbr tita 

YAAAAIA AAAQAGoo! TI! 
peer e ett 

ee a a ere cig a 

wo tw -_ o ~ 

Pretiutrtt+ Pieri bbe it Plritrrrtit 

+ 40 

Prrddad yd 

a 0 Q 
+ pe etr ip pad 

1 oq Q 

~_ i} ° w oo 

20. Narcissus doubloon: 
Polarization......... 

Gentian violet....... 
Safranin............ 
Temperature........ 
Chloral hydrate. .... 
Chromic acid........ 
Pyrogallic acid 
Nitric acid.......... 
Sulphuric acid....... Pier d tt b+ Plaid rt+titd rlr@lidtitidd Prbertrtidi 

+ 

pais erin 

a 

i) -~ ~ °o 
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3 |t .|a é a |4 .14 5 

ge|asige| 3 3 : BH/asiae] 8 re ; 
Agent or reagent @ 8/2 aya 38 g 2 3 Agent or reagent. ej) Be 9 g = a 

ole aio >) a o o8leg|osk q ] 9 

pajesjae] 2 | 3 | & gaiesies) 2 | 3 | & 
na |n im 4 ise) | nan |m |n pe q 4 

21. Narcissus cresset: 25. Narci : 
Polarization......... —-/|4+]- - — - Por enciee usps taInUs: = 

3 : Polarization.........) — | — | — - +9= - lodibes. iacacecseavay = Va | = - = = Todi a ey tee = iti =. 
Gentian violet.......) + | — | — - - - roe a Seitlet fai oe PS ea eo 3 = 
Safranin............ —-|+|- ca as — s af BB TE RONG Ea asia ee oe ee ee = = 
Temperature........ =)—)— = = +9 akeecned Caer ay . 

Temperature........ == = - = +7 
Chloral hydrate.....} — | -— | — - +9 - Chloral hydrate ae Soe |e sas, i 49 
Chromic acid........] +] — | — - - - Clea oa. ee WE Shit sas = +9 es 
Pyrogallic acid......) — | — | — = = +9 P FE eenesgegenteinstas 

Aries iguaaen = yrogallic acid......} — | — | — - +2 - 
Nitric acid.......... -|- - +9 - a 7 
Saluiurie-acid i (ea aes ia +9 a Nitric acid..........) — | — | — = +9 - 

ae: Sulphuric acid.......| — | — | ® — - -_ 

2 3 0 0 3 2 1 0 1 2 4 2 

a ie sieatcsoin 26. Narcissus lord rob- 

Polarization......... —-|- - - - erte: : = = 
Todine eM a a a Polarization sree ives + - - - 

Gentian violet.......) — | —]—| —- +a - ha ie lata eo i 2 7 
Safranin............, — | -— | — iz +c - Gehan tact ce pen ee a ae _ 
Temperature........ aie et Meese | ee = = Las taacea area Temperature........| — | — | — +o - - 
Chloral hydrate..... —i— | @ - es Chloral hydrate oid | esse! || ess 49 — oF 
Chromic acid........| — | — | — - +h - ae ne eel eae (ow im - 49 
Pyrogallic acid......] -— | — | — +9 _ - P P oS : 

ee capase’ sail! es yrogallic acid......} — |} — | — +c - - 
Nitric acid.......... - +9 - Aas ‘ 
Sulphuric acid ae eee _ pS = Nitric acid.......... =; - |= +9 = = 

B ere Sulphuric acid.......) +] —|—-] — - - 
2 1 1 2 4 0 3 1 1 4 0 1 

23. Narcissus _ bicolor 27. Narcissus agnes har- 
apricot: vey: 

Polarization.........| + - - - - Polarization.........) + | — | — - - = 
Todine.............-) — | -— | — +2 - - LOdiDG sh scsnienecnwenl) Se [=e - - = 
Gentian violet.......} + | —] — - - - Gentian violet....... +) -]- = - a 
Safranin............/ # | —-— |] —- - - - Safranin............ Sac Viele [EA = — = 
Temperature........| — | — |] — - - +9 Temperature........| — |] — | — +o - - 
Chloral hydrate.....}] — | + | — - _ - Chlioral hydrate.....) — | — | — +c - — 
Chromic acid........} -— | -— | — +9 - - Chromic acid........ —-|-|- - - +? 
Pyrogallic acid......| — | -— | — - - +o Pyrogallic acid...... —-|/-|-|]+@=¢ = = 
Nitric acid..........] -— | -— | — - - +o Nitric acid..........} — | -— | — - +9 - 
Sulphuric acid.......; -— | -— | @® = _ - Sulphuric acid.......) + }] — | — - _ - 

3 1 1 2 0 3 4 0 1 3 1 1 

24. Narcissus madame 28. Narcissus j. t. ben- 
de graaff: nett poe: 

Polarization......... —|+]- - - - Polarization.........] + | — | — = = = 
TOdINGsiseesleieciinrcsod'es +;);-|- - - - Todine.............. | = be = = oom 
Gentian violet.......] + | — | — - - - Gentian violet.......) — | — | — - +92 = 
Safranin............ +)/-|]- - - - Safranin............ -|-|- - +9 - 
Temperature........| — | +] — - - - Temperature........ ~-~t-|- - +c _ 
Chloral hydrate.....| — | — | — - +o - Chloral hydrate.....) — | — | — - +9 - 
Chromic acid........ -|-|- - - +9 Chromic acid........| — | — | — - +9 = 
Pyrogallic acid...... -—-j-|- +9 - - Pyrogallic acid...... —-|-|- - +a - 
Nitric acid..........] — | -— | —- - - +9 Nitric acid.......... —-|-{- = +2 = 
Sulphuric acid.......} + | — | — - - - Sulphuric acid.......| — | — | — - +9 - 

, 4; 21] 0 1 1 2 2; 0] 0 0 8 0 
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3 4 oa 3 Oe fake [eet é 

5 = Kg Ge] ae es : 4 
Agent or reagent. a 4 4/3 3 A 3 4 Agent or reagent, a aq a 8) 2 a F 2 3 

@Rleg|eR a o o @ hla q|o 8 a} g 
Halg2/sal 8 ©) 5 galgsiga) 2 i) 3 
aA la |a Re} q wy mn | | a a | 

31. Lilium golden 
29. Lilium marhan: gleam: 

Polarization......... -—-{4+/- _ - _ Polarization.........} — | -— | — - ca +9 
Todide.............., — | — +a - - Todine..............) — | — | - - - +9 
Gentian violet....... -|—-j-— -_ = +o Gentian violet.......| — | — | — = -_ +o 
Safranin............ -|-|- _ _ +o Safranin............ —-j|-|]- = - +c 
Temperature........ = ap = - +27 Temperature........ =f = j)— |] +e ra - 
Chloral hydrate.....| — |] —| — |] 4+¢ - - Chloral hydrate..... -/J+]-— ai aa - 
Chromic acid........ —-i4+]—-— - - - Chromic acid........ ae [ar | = - - 
Pyrogallic acid...... —-/|4+]- - - - Pyrogallic acid...... +)/-j- - - - 
Nitric acid.......... -!|!-|06 - _ - Nitric acid..........] — | — | ® = = = 
Sulphuric acid.......] — | — | ® - on _ Sulphuric acid....... —-|/-|@ep —- - - 
Hydrochloric acid....| — | — | ® - _ — Hydrochloric acid....) — | — | ® = oa _ 

Potassium hydroxide.}| — @ _ _ _- Potassium hydroxide.}| — | — | ® = _ = 

Potassium iodide....] — | — | ® - - - Potassium iodide.....} — | — | ® ae = ant 
Potassium sulphocy- Potassium sulphocy- 

anate.............| — | — | ® - _ - anate............ | | = |= _ al = 
Potassium sulphide...| — | — | ® _ _ - Potassium sulphide...) — | + | — = = 

Sodium hydroxide...| — | — | ® _ —_ _ Sodium hydroxide...| — | + | — = = 

Sodium sulphide.....| — | — | ® _ = = Sodium sulphide.....} — | + | — - - _ 
Sodium salicylate....J — | — | — - — +9 Sodium salicylate....| — | — | — = +9=c = 
Calcium nitrate...... —-;|—-|—- - - +9 Calcium nitrate.....| — | — | — _ +o ra 
Uranium nitrate.....) — | — | -— +o _ _ Uranium nitrate.....} — | — | — = + 9 - 
Strontium nitrate....| — | — | — +9 — _ Strontium nitrate....} — | — | — +9 - — 
Cobalt nitrate.......) —| —|—] +@ _ - Cobalt nitrate....... SS = +9 = 
Copper nitrate...... —}|+{- _ - _ Copper nitrate......] — | — | — +9 - 
Cupric chloride......) — | + | — - - - Cupric chloride......| — | — | — - +2 - 
Barium chloride.....| — | — | — +9 _ _ Barium chloride.....| — } — | — — +9 = 
Mercuric chloride....)| — | — | — _ +2= = Mercuric chloride....| + | — | — - - — 

0 5 9 6 1 5 4 4 5 2 7 4 

30. Lilium dalhansoni: 32. Lilium testaceum: 
Polarization.........| + | — | — _- - _ Polarization.........| + | — _ = _ = 

Todine.............. —-|—-j-— _ +9 - Todine.............. —fo}- - - +9 
Gentian violet.......) + | — | — - - - Gentian violet.......} — | + | — - _ = 
Safranin............ +|/-|]- - - - Safranin............ —|4+ ]- — - - 
Temperature........ = Ss +a - - Temperature........} — | —] — - +9 - 
Chloral hydrate.....] — | + | — - - - Chloral hydrate.....) — | — | — - ~ +9 
Chromic acid........} — | — | —| +¢ - - Chromic acid........| — | — | — | +2 _ = 
Pyrogallic acid. ..... —-|-| +0 - - Pyrogallic acid......| — | —|—]| +9 _ = 
Nitric acid..........] — | — | ® - - - Nitric acid..........) -— | -— | - - = +Q=¢ 
Sulphuric acid.......| — | — | @® - - Sulphuric acid.......| — | — | — |+9=o¢ - - 
Hydrochloric acid....} — | — | ® - - - Hydrochloric acid....| — —| +9 = oe 
Potassium hydroxide.| — | — | ® - = — Potassium hydroxide.| — | — | ® = = aon 

Potassium iodide....| — | — | ® _ - Potassium iodide....| + | — | — _ ns = 
Potassium sulphocy- Potassium sulphocy- 

anate............ -|;-|]08 = - ~- anate.cccacicssss| = | = | = - +9 - 
Potassium sulphide..| — | — | @ - - - Potassium sulphide. .| + | — | — - ~ = 
Sodium hydroxide...} — | — | ® - - - Sodium hydroxide....) + | — | — - a = 
Sodium sulphide..... -—-|-1|/16 - - - Sodium sulphide.....} — | — | — = +9 = 
Sodium salicylate....) — | — | — - +h - Sodium salicylate....| — | — | — - +9 es 
Calcium nitrate......) — | — | — +¢ = - Calcium nitrate.....) — | — | — +9 - _ 
Uranium nitrate.....) — | — | — | +9 - - Uranium nitrate.....) — | — | — - +9 = 
Strontium nitrate....) + | — | — - - - Strontium nitrate....| — | — | — _ +9 = 
Cobalt nitrate.......) — | — | - +2 = - Cobalt nitrate.......) — | -— | —- +2 - - 
Copper nitrate......) — | —|—| +o _ - Copper nitrate....... -—~|-|@e - _ = 
Cupric chloride......)} — | — | — |+9=@%} — _ Cupric chloride... ... -/|+/]- - - = 
Barium chloride...... — | — | —] +¢ - - Barium chloride..... —-|—-|-—-/] +9 - = 
Mercuric chloride....| — | — | — - - +2 Mercurie chloride....} — | — | — - - +o 

4} 1] 9 9 2 1 4| 3] 2 7 6 4 



318 SUMMARIES OF THE HISTOLOGIC CHARACTERS, ETC. 

Taste F.—Continued. TaBLe F.—Continued. 

so] + ./4a 5 mol + ./4 5 

2 eas .| 2 2 /5e3.| 3 
aelgalge| 3 é . 9 4/3 led] 3 ; : 

Agent or reagent. @8)S ala 8 q 2 3 Agent or reagent. 81S ala g 8 8 4 
oKlO glo e o Ogle ales a J aia 8la4 B | 4 8 g 8 4 rs 
5 Sa-la 4s = | . E= | . a : 
nan |n In iss 4 n |m In = i Be 

33. Lilium burbanki: sae rar inel Shee aed kill sce = a 
Polarization.........| — | + | — - - = Iodine seeenie ae (eselige es = = 
Todine.............. i) (eee ge = es Gentian violet.......) — | — | — = +c = Gentian violet.......) — | — | — +7 - res Safranin aad ee on es = = a 
Safranin............ -/-|j-|] +¢@ - = Temperature........ al eee = +9 = 
Temperature........ -|/-{]-—- - - +9 Chloral hydrate...... oe ees oe Pe -—- l49=+¢ 
Chloral hydrate.....] — | — ] — +9 - = Chromi pk gcabaeade : if Rae romic acid........ -|-|- ma +9 = Chromic acid........] — | — | — = = +9 Pyrogallic acid Suplcsh Tes = +9 — 
Pyrogallic acid......| — | — | — - - +9 ‘ie ape aa 
Nitric acid.......... ai fee | eed) Ge = |e giegt | SUPRA a attsees anh (cee Se, CS ue = 
Sulphuric acid.......| — | —~ | —| +o@ = Sa cies ane na peer lees “ ws is = 2 
Hydrochloric acid....) — | — | — - - +9 Pilaanis hydroxide:| = |=. |-= os = +o 
Potassium hydroxide.| — | — | ® a aed ‘< Pp jum jodi i tum hyd otassium iodide....]| — | — | — - +¢ = Potassium iodide.....} — | — | — - - |4+9¢ : Pataasien - wilohoey Potassium sulphocy- 

F BO os Paeertiee sf ee | a - +c ADAG. ese cae back —-|-|- - —- |+9=¢0 ou i =, 
Potassium sulphide...) — | — | — - - |+9=¢ he lea aa Ask + a = fe 7 
Sodium hydroxide...| —_| — | — = _ +9=c Sodium mal hide ies nie (eee (eee sa +o me 
Sodium sulphide... .. -|-|{- - - +9=c Sodium aie late. ieee (een ees eae a ee + @ 
Sodium salicylate...) —|—|—| +a] — - ray dread 
Calcium nitrate...... +) —|— - - - Celelum nitrates.) vs oleae) oe = a 
Uranium nitrate.....| — | — | — - - +9 Lassa aad a atta | = = ae Q= J s 
Strontium nitrate....| — | — | — - - +9 Cc : eae a 7 obalt nitrate....... —|- {60 an i = Cobalt nitrate.......) — | — | — - - +9 Cc i : opper nitrate...... ee fee - +9 = Copper nitrate......)] — |} — | — - - +9=d . A : é : Cupric chloride......} — | ~ | — - +9 = Cupric chloride —-|—-|{- - - +9 4 pene Barium chloride.....] + | — | — - - mz Barium chloride..... =—(=—|[=—]|] +9 = = Mercuric chloride ae ee = a - 
Mercurie chloride....}) — | — | — - =) ae aed 

2 1 1 6 0 16 5 3 2 1 11 4 

34. Iris ismali: 36. Iris mrs. alan grey: 
Polarization.........] — | — | — - _ +27 Polarization......... Sart re lias a =. +o Iodine..............) # | —] — = = _ Todine..............) —]|—- | - aaa +9 = 
Gentian violet.......| + | — | — me = _ Gentian violet.......] — | — | — - - +9 
Safranin............ cee ee pe = - = Safranin............ -|-|- - - +9 
Temperature........ eee le |e osial v = Temperature........] — | — _ +c = 
Chloral hydrate.....; — | —|—]| +o& ea - Chloral hydrate.....} — | — | — = +a = 
Chromic acid........ era (a ee (aes eee) a = Chromic acid........ fee | eg = = 
Pyrogallic acid...... ah ea ge Al co _ Pyrogallic acid......) — | — | — - _ +a 
Nitric acid..........| — | ~ | —|]49=c) —- = Nitric acid.......... re |e De = ai =a Sulphuric acid.......) —- | — | — |+9=o0 _ _ Sulphuric acid.......| — | — | ® at = a 
Hydrochloric acid....) — | —| — | +¢ _ - Hydrochloric acid....| — | — | — - = +a 
Potassium hydroxide.| — | — | — - - +9 Potassium hydroxide.| — | — | — = - |[+9=¢ 
Potassium iodide....| — | + | — a a - Potassium iodide....| — | — | — - - +o 
Potassium sulphocy- Potassium sulphocy- 

anate............/ — | — | ® = a = anate............] — | — | = aa A te 
Potassium sulphide...| — | — | — |+9=@ - - Potassium sulphide...} — | — | — - - +9=c 
Sodium hydroxide...| — | — | ® _ - - Sodium hydroxide...) — | — | — - - +?9=0 
Sodium sulphide... .. =|ex|/oboegr = _ Sodium sulphide.....) — | — | — - - +7 
Sodium salicylate....] — | + | — - - - Sodium salicylate....| - | — | — a +a a 
Calcium nitrate...... -{/-|- +9 - - Calcium nitrate...... -|-|- - - +a 
Uranium nitrate.....] — | — | — = +7 = Uranium nitrate.....) — | — | — mi ea +? 
Strontium nitrate....) - | +] — | +9 = = Strontium nitrate....) — | — | — a = +9 
Cobalt nitrate.......) — | — | — _ - |4+9=0 Cobalt nitrate....... call Uo a te! = = a 
Copper nitrate...... -{|-|]-] +9 = - Copper nitrate....... -/|-|- - = + 
Cupric chloride...... -{-|- - - +9 Cupric chloride......) — | — | — = a +e 
Barium chloride.....] — | — | — - - |4+9=¢% Barium chloride.....| — | — | ® = a = 
Mercuric chloride....] — | — | — - - +9 Mercuric chloride....} — | — | — - - +9 

3] 2] 2 12 1 6 o/ 1/ 3 1 4 7 



SUMMARIES OF THE HISTOLOGIC CHARACTERS, ETC. 319 

Tass F.—Continued. TasiLeE F.—Continued. 

oe | ; 3 |4 lq é 

Eade | 3 gees | 3 
galadias| 3 2 gaigaiaa| 3 a r 

Agent or reagent. oO a @ g a % Agent or reagent. Q a 2 8 2 2 
oo lo glo ee a eg/caleg 5 a 
galgsiga 3 “w B galdsigo) 2 "0 B 
A la la a iss) 3 a In |n ea] =) 

37. Iris pursind: 39. Tritonia crocosme- 
Polarization......... =|) =) - - +9 flora: 
Todine. ..603 cseesces —|)+t]—- - - _ Polarization.........) — } — |} — - = +9 
Gentian violet.......) — | — | — - _ +c Todine.............. -—-{|-|-!| +9 -_ -_ 
Safranin............, — | — | — a -_ +e Gentian violet.......} + | — | — - = — 
Temperature........| + | — | — - - - Safranin............ -/-|- - +9 = 
Chloral hydrate..... coool Nice |e +9 - - Temperature........] + | — | — - = a 
Chromic acid........ = 58 a - = Chloral hydrate.....]| — | — | — - - +9 
Pyrogallic acid. .....) — | — | — = +a = Chromic acid........ —|-|-] +9 - - 
Nitrie acids .cccecuna —-—{|—-|/-— +o’ _- - Pyrogallic acid......| — | ~ | — +9 = _ 

Sulphuric acid.......] — | + ] — - - - Nitric acid..........] — |] — | — - +9 _ 
Hydrochloric acid....] — | — | ® - - - Sulphuric acid....... —~|-!1@06 - -_ = 
Potassium hydroxide.} — | — | — - +o — Hydrochloric acid....| — | — | — +9 ss = 

Potassium iodide....| — | — | ® - - - Potassium hydroxide.| — | — | — | +9 - _ 
Potassium sulphocy- Potassium iodide....) — | — | —|] +9 a - 

anate.............] — | — | @ - - aS Potassium sulphocy- 
Potassium sulphide...) + | — | — “ - - anate............. —{—|/-—| +9 a a 
Sodium hydroxide...| — | - | @ - - - Potassium sulphide...} — | — | — +o = oe 
Sodium sulphide.....J — | — | —|+é=%) — - Sodium hydroxide...) — | — | —47 +9 - = 
Sodium salicylate....J — | — | — al +9 - Sodium sulphide.....J — | — | — +9 = = 

Calcium nitrate.....| — | — | — = = +9 Sodium salicylate... . —{/—| +9 _ - 
Uranium nitrate.....J — | — | — |+é6=c%] — - Calcium nitrate..... -/-/|-] +9 = = 
Strontium nitrate....| — = = +o - = Uranium nitrate...,.| — os = +o = pe 

Cobalt nitrate.......) + |] -— | — _- - - Strontium nitrate....} — | — | — ae +o = 

Copper nitrate...... -~|/-|- - - +9 Cobalt nitrate...... —-{4+]- ~ = = 
Cupric chloride...... -;|-|- - +9=¢0 - Copper nitrate...... eee) ene ee +9 = = 
Barium chloride..... cee (ioc (eo a =r 9 Cupric chloride...... -|-|- +2 - —- 
Mercuric chloride....) — | — | — - +9 - Barium chloride.....| — | — | @ = = ae 

Mercuric chloride....} — | — | — +9 - - 
3 2 5 5 5 6 

2 1 2 16 3 2 

38. Gladiolus colvillei: : 
Polarization.........| -— | — | —] +9 _ ~ 40. Begonia mrs. heal: 
Iodine.............. a We a = fou Polarization......... -|-|- - - |+9=¢ 
Gentian violet...... es 6 Ls a Iodine. tines e eee eeee + - - - - 

Safranin............ +]-|]- a - _ Gentian violet.......} + | — | — a cas is 
Temperature........ ae | eae | aoe +9 io _ inal teieeseuagal qf p— | = - - - 
Chloral hydrate.....) — | — | — a +9 emperature........ +}/—-]- - - - 

Chromic acid........} +] — | — - = = Chloral hydrate.....} — | —|—]| +9 = = 
Pyrogallic acid...... Selby antl) Soe +9 = = Chromic acid sienna a —-};-fy- +2 - _ 

Nitric acid.......... She ee le = = = Pyrogallic acid......| — | — | — | +9 - - 
Sulphuric acid.......) — | — | — - - +9 a acid. 7 ea azo eee ie a = = 
Hydrochloric acid....J| — | — | — - - +9 E t uric ACId....... ieee cel Be as ia = 
Potassium hydroxide.| — | — | — - - +9 ydrochloric acid....| + | — | — = = = 
Potassium iodide....) — | — | — - _ +9 Potassium hydroxide.| — | — | ® by = = 
Potassium sulphocy- Potassium iodide....} + | — | — - - _ 

anate............. -|-|- - - +9 Potassium sulphocy- 
Potassium sulphide..} — | — | — _- = 9=09 ‘ anate............) +] — | — - - - 

Sodium hydroxide...} — | — | — _ - +9 otassium sulphide. .| + | — | — ee 7 = 
Sodium sulphide..... -|-j- - _ +9 aan hydroxide...) — | — | —| +8 = = 
Sodium salicylate....{| — | — | — - - +9 odium sulphide... .. Sep ede oe = = 
Calcium nitrate.....| —- | — | — on = 49 Sodium salicylate....J ~ | — | — +9 - - 

Uranium nitrate... . +;);-|- - - —_ Calcium nitrate. .... Rae) hag ole +9 = - 
Strontium nitrate....) — | — | — -~ = +9 Uranium nitrate.....]| — |] —]—]| +9 = = 
Cobalt nitrate....... -|-|/eo 23 2 oe Strontium nitrate....J — | — | — +9 = = 

Copper nitrate......] — | — | — os ee +9 Cobalt nitrate....... -{|-|-|] +92 - — 
Cupric chloride... . oe pees ieee aa =< ca Copper nitrate...... —|—{/—} +9 = = 

: oe eee end een _ as a Cupric chloride......} — | — | —] +9 = = Barium chloride.....} + Bari ehlonde a5 
Mercuric chloride....} + Mesune iti ee ee ce = - 

7 0 1 4 0 14 
9 0 2 4 0 1 



320 SUMMARIES OF THE HISTOLOGIC CHARACTERS, ETC. 

TaBLe F.—Continued. Tasie F.—Continued. 

uo |4 .|a 3 3 {4 .|4 ‘ 
zee | & E kele| 3 

slo 8|,2| 3 : slo kl, 2] 3 
Agent or reagent. @ 8 aala¢ F % 3 Agent or reagent. 35/4 Bla 3 F 2 3 

alg slg a 5 a g gala q a 5 a g 
Ra tol the a = 3 gag 2igs e = Q 
mn |m ID K iss] 4 n In |n | ie) ra 

41. Begonia ensign: 45. Musa hybrida: 
Polarization.........| — | — | — +9 _ _ Polarization,.....-..| — | = | = - _ +o 
Iodine.............-| — —| +9 - - Iodine...........--- —|t+ - - - 
Gentian violet....... —-|-|-—- - - +c Gentian violet....... -—-{|+{- - - _ 

Safranin............ —-|-|-—- - - +o Safranin............ = ae | a - - 
Temperature........ —|}—-|]—-— +2 _ - Temperaturé...<..6.| — | 17 - - +d 

Chloral hydrate.....| — | — | — - +2 - Chloral hydrate.....} — | — | — - - +o 

Chromic acid........} — | — | — +9 _ - Chromic acid........ =) |) = - - +o 
Pyrogallic acid......] — | — +9 -— _ Pyrogallic acid...... +}/-|]- - - _ 
Nitric acid.......... —-|}—-|- +92 _ - Nitric acid.......... | fe _ - +o 

Strontium nitrate....| — | — | — +92 - - Sulphuric acid.......} — | — | — - - +o 
Hydrochloric acid....| — | — | — +c - - 

0 0 0 7 1 2 Potassium hydroxide.| — | — | — |+9=c - 
Potassium iodide....} — | — | — - - +o 
Potassium sulphocy- 

anate............., — | —]- - = +¢ 
bo dea Potassium sulphide. .| — | — | — — _ +o 

i. Besonia julius: Podium hydroxide...) — (|= f=) = = | saat 
Polarization.........) —¢} # }] — - - - 5 ‘ 

" Sodium sulphide.....} — | — | — - - +c 
Todine..........0006/ — | mJ] _ +o - i i 

. . es ~ Sodium salicylate....) — | — | — ed val +h 
Gentian violet....... _ +o = Calcium nitrate an ten ae = 2 ch 

ee Saas e ae ee ee +9 re ia Uranium nitrate.....) — | — | — = -_ +a 

Chloral hy drite..... ae (ean (ee = +9 ue Strontium nitrate....) — | — | — = = +a 

Chromieadid..iacine| — | — |b ae - - scobale DuMe ea creeal = = me +e 
Pyrogallic acid es Weny lee 49 an _ Copper nitrate...... —_— |=) = - _ +o 

eb) el Sac Uliano teal) = |) ee 
. : ein ee ee ae i arium chloride.....| — | — | — = = ou 

Strontium nitrate... . +9 Wavcuric. chloride:...\ <= ||<>|-— = an +3 

1 1 0 4 4 0 1 3 0 2 0 20 

43. Begonia success: 
Polarization.........} — | +] — - - - 
Todiney. j..06 asics sa) = ae | - - - 7 cnn? 
Gentian violet.......] — | + | — - - - ie Phaius hybridus: 

i olarization.........| — | — | — = +92 = 
Safranin............| -# |] -— |] — - - - Todi 
Temperature........| — | — | —| +9 - - a veaa wiatek re eree Pteee | re || ee = = 
Chloral hydrate.....| — | — | —| +9 we = Se ee ae ey eal oe Te = 
Chromic acid........| —|-—]—| - | +9 = Saiana Gee nahin Siete eee Flies as 

Me ee lott ee Py) SY lier tease || ela | | | ee 
‘ P A pee ee se is omic acid........} — | — | — = - - 

Strontium nitrate... . +9 Pyrogallie acid... wor | se ee Lee gt a = 

Nitric acid..........] — | -— | — | +9 oa = 
2/ 3 9 2 3 0 Sulphuric acid....... — | — | ® - - - 

ise Hydrochloric acid....| — | — | ® = ae = 
Potassium hydroxide.} — | — | ® = = ea 

44. Richardia mrs. Potassium iodide....) — | — | — |+?=c) — = 
Potassium sulphocy- 

roosevelt anate ae) (reese ~ om aE 

Polarization.......-.] | —|— |+@=e] ~ | — | potassium euiphide.|—|—]-]| - | - [reso 
Gentian violet.......] — | — - +¢2 - Sodium hydroxide. ..} — | — | — = = +o 
Safranin............ —-|/-|- - +2 - Sodium sulphide.....} — | + | — a = = 
Temperature........ —-j};-|-|]4+9=c7) - - Sodium salicylate...) — | + | — = 4 = 
Chloral hydrate.....| — | — | — ey +o an Calcium nitrate.....| — | — | — +9 - - 

Ghromis:adias oil, etindlt as @ > as ne poo nitrate..... i -|- +9 - _ 
er osrentegie Vso pel see tt Meee = Sy > trontium nitrate.... =| = ae = - 

ee ee ee ee ® ee 7» Cobalt nitrate ...... =f) =) +e! = = 
Sulphurie acid. a E : es le ie ie 8 Copper nitrate......] — | — | ® = - - 

eg | ky ma oe fa Cupric chloride......| — | — | — |+9=o¢ - - 
Hydrochloric acid.... +o Bari hlori 
Potassium hydroxide.| — - - +o - een oride.....} — | — | — | + a: 7 = 
Sodium salicylate... _|lo = a ee ereuric chloride....) - | — | — |+@2=%) — - 

1 0 4 3 4 1 1 3 5 11 3 3 
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Tas ie F.—Continued. TasLe F.—Concluded. 

321 

Tees | 8 
"i, 2l2@s} 3 
Sajagi/aa] ¢@ 3 ; A t Agent or reagent. 8 §)* als § g @ 3 gent or reagent. 
oRlog|o & & P| o 
da gs fal s i] 5 
am ln an a se) 4 

47, Miltonia bleuana: 48. Cymbidium eburn- 

Polarization.........] -— | — | —- - +9 - eo-lowianum—Con.: 

Todine..............| FE] — | —- - - - Sodium sulphide..... 
Gentian violet.......] — | -— | — - - +9 Sodium salicylate... . 
Safranin............/ -]— | — - - - Calcium nitrate..... 
Temperature........ —-/]/-]- - - Uranium nitrate..... 
Chloral hydrate.....} — | — | — +92 _ Strontium nitrate.... 
Chromic acid........ - - +9 - Cobalt nitrate....... 

Pyrogallic acid...... -|]—-|]- - +9 - Copper nitrate...... 
Nitric acid.......... -—-{/-|- - +9=c -_ Cupric chloride...... 
Sulphuric acid....... —-|@8 - - - Barium chloride..... 
Hydrochloric acid....| — | — | ® - - - Mercuric chloride... . 
Potassium hydroxide.| — | — | ® - - - 

Potassium iodide....| — | — | — _ 2 - 
Potassium sulphocy- 

anate............. $l — | — - - ~ 
Potassium sulphide. .| — - - +9 _ 
Sodium hydroxide...| — - - +9 - 49. Calanthe veitchii: 
Sodium sulphide.....| — - - +9 - Polarization......... 

Sodium salicylate....| -— | -— | — - +9 —_ Todine.............- 
Calcium nitrate...... -!-|j- - +9 Gentian violet....... 
Uranium nitrate.....| — | — | — - +9 - Safranin............ 

Strontium nitrate....] -— | — | — - +¢ - Temperature........ 
Cobalt nitrate....... -—-/|j|-{- - +o - Chloral hydrate..... 

Copper nitrate....... = fm |e oad +9 - Chromic acid........ 
Cupric chloride...... -;|}-{- - +9 - Pyrogallic acid. ..... 

Barium chloride.....]| — | — | — - +o - Nitric acid.......... 

Mercuric chloride... .} — - - +9 — Sulphuric acid....... 

a Hydrochloric acid.. .. 

3 0 3 1 17 2 Potassium hydroxide. 
Sodium salicylate.... 

48. Cymbidium eburn- 
eo-lowianum: 

Polarization.........} # | -— | — - - - * 

Todine.............. +}—|]- - - - 50. Calanthe bryan: 

Gentian violet....... +)-|]- - - - Polarization......... 
Safranin............] # | - | — - - - Fodite. .cictcecamas 
Temperature........] — | — | — - - +o Gentian violet....... 
Chloral hydrate.....] — | — | — = — +9=¢ Safranin............ 
Chromic acid........] — | -— | — _ - +9=0 Temperature........ 
Pyrogallic acid...... -i-t- - - +9=c Chloral hydrate..... 

Nitric acid.......... -|-|- - - +9=c Chromic acid........ 
Sulphuric acid.......] — | — | ® - - - Pyrogallic acid...... 

Hydrochloric acid....| — | — | ® = aa - Nitric acid.......... 
Potassium hydroxide.| — | — | ® - - - Sulphuric acid....... 
Potassium iodide....| — | — | ® - - - Hydrochloric acid... . 

Potassium sulphocy- Potassium hydroxide. 
anate.............] — | — | @® - - - Sodium salicylate.... 

Potassium sulphide..| — | — | ® = = = 
Sodium hydroxide...} — | — | ® i Sg + 

3 it oi ; 
e feds | 
alotlea| 3 ; 
agaesl ag | B | 
a kle gle & 5 3 o 
galgega; 2 i.) iB 
n |n | 4 fen ras) 

aay —_ @ — _— _ 
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pelneeeesel| Ses - |49=¢2 
-|-|-|] - — |+9=¢ 
— = @ _ a — 

Ss sie - |+9=¢ 
eS — |+9=0 
-~|/-{-| - - |+9=2 
-|-|-|] - - |+9=¢0 
~|/-|-]| - - |+9=¢ 
4 0 9 0 0 13 

eb == ons: | +9 poy = 

—-|/-|-}9=se] - - 

+ — — _- —_ — 

+ — = = — = 

sd ated Mi - = +2 

2 1 0 5 4 1 

-|-|+@=¢ = - 
-j-|-|]+e@=¢ - ae 
= pi |e: Eo =o! -_ - 

—|-|- |+@=¢ = = 

BO Pea ieee ~ = 2 
lex [oe ms 

1 0 0 11 1 0 
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Summary or Taste F.—Recapitulation of the Sum-totals of the Reaction-intensities of the Starches of all of the Hybrids as regards 
Sameness, Intermediateness, Excess, and Deficit of Development of Different Hybrids in relation to the Parents. 

Same as | Same as | Same as Int 
Hybrids. seed pollen both diate, | Highest. | Lowest 

parent. parent. parents. oes 

Brunsdonna sanderce alba ............ 0. ccc ccc eee eee 4 0 1 5 3 13 
Brunsdonna sanderee....... 20... ee eee ee tee eee eens 6 0 1 2 3 14 
Hippeastrum titan-cleonia............ 0.00.00 eee ee eee ee  atealenghies 2 3 8 4 5 4 
Hippeastrum ossultan-pyrrha.......... 20... 0c cece eee eee eee 3 0 8 3 ii 1 
Hippeastrum deeones-zephyr........... 0. eee eee 0 2 9 6 5 4 
Hemanthus andromeda................. te ke RU RRAw EPA Mo Reahaes 8 0 6 11 0 1 
Hemanthus konig albert... 0.2.0.0... 0. eee ee tee eee 15 0 0 7 1 3 
Crinum hybridum: }. ovis: as easasesa se es ve tee sees ban eee ow ne 0 12 0 5 2 7 
(CTU, TOR DG ss sesh se vessnGndc ats ee adeaceescansdeatincitsi Gre srbcanw iced -avaasutenansledee: B 4 1 0 18 2 1 
CTIUM GO WELT sce. 25. lev sud crsviasa coved cra iaveve. dom eodease hed Bad ave Wu onNun Ny 0 3 0 2 21 0 
Nerine dainty maid............. ccc cee eee enn ee nee ee ees 1 2 7 6 8 2 
Nerine queen Of roses... 1... cc cece cece ce eee cent ence tee eees = i 7 z 11 2 
Nervine. glantessie oo de-4u Ge gstieie ea aaa Vee nd we eee Oboe Apes ave ONG 2 6 7 6 1 4 
Nerine abundanteic: 0, wcngssean eased ss esany sume aadaeoeare 28 3 8 3 7 3 1 9 
Nerine glory ‘of sdrniasi:isecewes os oes y ae 2 oes HA eeeR EO Le BE 1 6 8 pS 0 10 
Narcissus poeticus herrick........... 0.00. e cece ee een eee eens 0 3 0 3 2 2* 
Narcissus poeticus dante. ........ 0... cece een eee tence 1 4 0 4 1 O* 
Narcissus poetaz triumph............ 0. c cece cece ee teen eee e eee 2 2 1 0 20 1 
NaPCisSUS METY COSS 5 5. bs. are ven ON ee Heck HAGA RE ae treat eee EE 1 2 0 2 2 3 
Narcissus doubloonsass seats. isesieinid tyaca a. asses aie nh sclaend ae eae ieee 2 1 1 4 0 2* 
Narcissus: cresse tis ¢:iccces dive You 'sin's ecdidnrev one @ Gen ondigaigudinajeiag: ae dig ared 2 3 0 0 3 2* 
Narcissus ‘will scarleti o's 2s wiaondeuuenuos yuss suse sie bbers waodes 2 1 1 2 4 O* 
WNareiesus bicoldr epreibe so 44040 4ege ae a445 49 Seaeewanss Oo wy eed 3 1 1 “2 0 3* 

Narcissus madame de graaff......... 0... cece eee ee ee eens 4 2 0 1 | 2* 
INAFCIGSUS. PY TAIN UG S25 jens cccdjas tas ieee are saws S/he ge Wekeas uae ledelar Meld Fae 1 0 1 2 4 2* 
Narcissus Jord roberts............ 00. cee cece ene tenet eee eee 3 1 1 4 0 1* 
Narcissus agnes harvey......... 2.0. ee eee eee ee eee eee e ee teees 4 0 1 3 1 1* 
Narcissus j. t. bennett poe........ 0... ccc ce ee eee enetee 2 0 0 0 8 O* 
EilWm MaThaN | eis srssidcciar ies wees ew snes eae wee aOR See eas yy te 0 5 9 6 1 5 
Eshium dalhansont ities oss eg a hge sg bp Os, Owls natin ed a's eh owas 4 1 9 9 2 1 
Eilium golden gleam osé.0s.6c2¢26se ace bands oe eae een Par eseenaes 4 4 5 2 7 4 
Lilium testaceums esi ese ie tides hoe eu ae od Roema se aay ee ee eee ws 4 3 2 1 6 4 
Lilium’ burbank?: si ce-cccsy os oye 65 coke Hee enedisang, ey doe ges 2 1 1 6 0 16 
MPS S1STN AID, ec, feng oasietas ser Faas a0 B Goave eae enehnenn aa wade WE oaamEn ee 3 2 2 12 1 16 
MPS Ore 5 5 Ssrsiccoscivesiede Sues dod Sac tad Bie Sn dvadva apbtuatiatausiansxendlved wAiehd aun 6h 5 3 2 1 11 4 
TPIS MTS: LAD BTCV. vec va cae hie G darned RRL Aw MLO HERS seeks 0 1 3 1 4 17 
WTS PUPSING sis ecdeiale idk a 586.4 bt dies yarann nie atae be eae 3 2 § 5 5 6 
Gladiolus: colvilletscionsaneccac yskices scone a Rea a eee ee 7 0 1 4 0 14 
Tritonia crocosme@flora....... 6... cece eee eee cee teen nes 2 1 2 16 3 2 
PRROIA WE8, DPR evane ees es pee as yere Be Beeneere re seevas een es 9 0 2 14 0 1 
Beeonis Gusign.; sinees ca ch ee edey sa gn ei vencesd Se eS ELGESR RERSS 0 0 0 7 1 2* 

Bégonia jullus: vices sean eg esis sean ge bake Beeweteus Aes de aca aie 1 1 0 4 4 o* 

PCPON IA SUCHE as oxic echu ca tickusce 2 ese 06 Rime aeer hats Heo Re ER 2 3 0 2 3 OF 
Richardia mrs. roosevelt. ...... 2.0.0.0 c cece ce ee eee eee 1 0 4 3 4 i 
Musa by bridas cs.s cs. awancacdaln ets Rae tis abn amen an a weaned to 4 1 3 0 2 0 20 
Phalus by bridusinc: cccccacas ca56 d604 4604 TRIE ERA RRR TR TROD Oe 1 3 5 11 3 3 

Miltonia: bletanai:. 00 eaisa ao oetcecs kd is baie Ganong sarGee See ee op 3 0 3 1 17 2 
Cymbidium eburneo-lowianum............ 0. eee eee eee eee 4 0 9 0 (0) 13 

Calanthe' veitebii 22.2425 c24544.45 44 25 WeMheSe BeBe eR ERT EAE aE Ses 2 1 0 5 4 1* 
Catanthe DrVOdis ss oa as ede eee de 4o 0086 45455425 SORNSE EEE HELO C eS? 1 0 0 ii 1 O* 

Total number of reactions....... Nidade aan emo weee al eud aa aa 137 94 138 236 187 226 
Per cent of 1018 reactions.......... 0... cece cee ee cence eee 13.4 9.2 13.6 23.2 18.4 22.2 

Per cent of sameness and of intermediateness, highest and lowest. 36.2 63.8 

* Number of reactions = 10 or 13. 

REACTION-INTENSITIES OF EacH Hysrip StTarcH IN 

RELATION TO SAMENESS AND INCLINATION TO 
Each PARENT AND BotH PARENTS. 

(Table G.) 

The data included in Table F, Parts 1 to 50, can be 
given a setting that will show quite clearly, although 
somewhat grossly, the comparative degrees of influence 
that have been exerted by each of the parents on the 
properties of the starch of the hybrid. Such a presenta- 
tion will be found in Table G. From the figures here 
formulated it will be seen that the various hybrids ex- 

hibit the widest differences in their parental bearings, 
there being all gradations between one extreme where 
with the exception of 3 reactions of 26 there is same- 
ness or inclination to the seed parent (as in Hemanthus 
kénig albert and Begonia mrs. heal) and the other ex- 
treme where with the exception of 1 or 2 reactions of 
26 the corresponding relationship is borne to the pollen 
parent (as in Crinum hybridum j. c. h., C. powellit, 
Gladiolus colvillet, and Musa hybrida). In most of the 
hybrids there is a quite definite leaning to one or the 
other parent. In summing up the total number of reac- 
tions in each column it is found that of 1,018 reactions 
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434 (42.7 per cent) fall under same as or inclined to 
seed parent, 330 (32.4 per cent) under same as or in- 
clined to pollen parent, 140 (13.8 per cent) under same 
as both parents, and 114 (11.1 per cent) under as close 
to one as to the other parent. Nearly all of the reactions 
recorded as being the same as those of both parents have 
been found so because of too rapid or too slow gelatiniza- 
tion, and therefore doubtless misleading and defective 
in classification. It is of especial interest to note that 

TasieG 1.—Summary of Sameness and Inclination of the Reaction- 
intensities of the Starches of the Hybrids in relation to the 
Starches of the Parent-Stocks. 

Same as or a ak 
inclined to—| 8 . | 2 bec! 

F ——| 82] 8° Hybrids, A gagieg., 
98/88] 08] 28 5 a 
3&8 | x gq a oe. £ 
eal aal a 248 

Brunsdonna sanderas alba......... 11 10 1 4 
Brunsdonna sanderos.............] 18 9 1 3 
Hippeastrum titan-cleonia......... 8 7 8 3 

Hippeastrum ossultan-pyrrha...... Lt 6 8 1 

Hippeastrum dsones-zephyr....... 7 5 9 5 
Hemanthus andromeda........... 12 0 6 8 
Hemanthus kénig albert..........| 23 2 0 1 

Crinum hybridum j.c.h.......... 1 25 0 0 

Crinum kirecape..................| 22 4 0) 0 

Crinum powellii,................. 0 24 0 2 

Nerine dainty maid............... 7 9 7 3 

Nerine queen of roses............. 9 8 z 2 
Nerine giantess.....0.... 0.000000 5 10 7 4 

Nerine abundance................ 6 12 7 1 
Nerine glory of sarnia............. 7 10 8 1 
Narcissus poeticus herrick......... 4 5 0 1 
Narcissus poeticus dante.......... 3 5 0 2 

Narcissus poetaz triumph.......... 4 17 1 4 

Narcissus fiery cross. ...........-. 3 4 0 3 

Narcissus doubloon............... 5 3 1 1 
Narcissus cresset..............0055 7 3 0 0 
Narcissus will scarlet.............. 5 4 1 0 
Narcissus bicolor apricot.......... 6 3 1 0) 

Narcissus madame de graaff....... 7 3 0 0 
Narcissus pyramus................ 5 3 1 i. 

Narcissus lord roberts............. 5 4 1 0 
Narcissus agnes harvey............ 5 3 1 1 

Narcissus j. t. bennett poe........./ 10 2 0 0 

Liliom marhaa.. 2.046 ee cree ee aes 4 12 9 1 
Lilium dalhansoni................. 6 10 9 1 
Lilium golden gleam.............. 12 8 5 1 

Lilium testaceum................. 17 5 2 2 
Lilium burbanki..................] 18 5 1 ri 
Tris ismali......................-] 10 6 2 8 
Tris dorak .. 0.2... cece eee ee es 13 9 2 2 
Iris mrs. alan grey..............0. 7 13 3 3 
Tels pursing... co ccccseawxecesegse} 10 8 5 3 
Gladiolus colvillei................ 23 0 1 Z 
Tritonia crocosmeeflora............ 20 4 2 0 
Begonia mrs. heal. ............... 23 0 2 1 
Begonia ensign..............00005 8 2 0 0 

Begonia julius ................... 6 4 0 (0) 

Begonia success. ........ 0.02000 0e 7 3 0 0 
Richardia mrs. roosevelt .......... 1 5 4 3 
Musa hybrida. ............0000008 0 25 0 1 
Phaius hybridus.................. 8 7 5 6 
Miltonia bleuana................. 20 2 3 1 
Cymbidium eburneo-lowianum..... 4 1 9 12 
Calanthe veitchii................. 11 1 0 1 
Calanthe bryan.............eee0s 3 5 0 5 

Total number of reactions.......| 434 330 140 114 
Per cent of 1018 reactions....... 42.7 | 32.4 | 13.8 11.1 

75.1 24.9 
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764 (75.1 per cent) of the reactions fall under the first 

two columns, 42.7 per cent of the 75.1 per cent, or dis- 

tinctly more than one-half, being in favor of the seed 
parent and the remaining 32.4 per cent being in favor of 
the pollen parent, showing a distinctly greater influence 

of the seed parent. The last column includes many of 
the intermediate, excess, and deficit reactions of the hy- 
brids, some of which will likely be traced by further 
investigation to closeness to one or the other parent. 
Thus, when a reaction of the hybrid exceeds parental 
limits and is as close to one as to the other parent it is as 
likely that the peculiarity of the hybrid is due to one of 
the parents as to both.- At present we have not the data 
to permit of this differentiation. 

REACTION-INTENSITIES OF ALL THE HyBrip STARCHES 
with Each AGENT AND REAGENT AND AS REGARDS 
SAMENESS AND INCLINATION OF THEIR PROPERTIES 
In RELATION TO ONE OR THE OTHER OR BoTH 

PARENTS. 

(Table H, Parts 1 to 26 and Summaries 1 and 2.) 

In Table F, 1 to 50, in a preceding subsection it is 
shown that combinations of the reactions of starches with 
different agents and reagents give in the case of each 
starch a mosaic picture that is specific to the starch, no 
two tables being the same, or even very much alike, even 
when the hybrids are of the same cross; and that, as a 
corollary, each hybrid starch can positively be diagnosed 
from every other by the peculiarities of the parental rela- 
tionships. It was also rendered evident that this demon- 
stration of individuality is dependent upon both specifi- 
city of the starch and specificity of the agent or reagent, 
as is manifest by the fact that if one starch be substituted 
for another or one reagent substituted for another the 
reactions may be like or unlike. Thus, taking the three 

- Crinums, it will be seen that the iodine reactions of the 
seed parents are in all three the same or practically the 
same as those of the corresponding pollen parents. In 
the temperature reactions one (C. hybridum j. c. h.) 
has a higher reactivity than that of either parent and 
closer to the pollen parent; another (C. kircape) has an 
intermediate reactivity and is closer to the seed parent; 
and another (C. powellii) has a higher reactivity than 
that of either parent and closer to the pollen parent. 
In the chloral-hydrate reactions one hybrid is inter- 
mediate and closer to the pollen parent ; another the same 
as the seed parent; and another the highest, and as close 
to one as to the other parent. In the pyrogallic acid 
reactions one hybrid is the lowest and closer to the pollen 
parent; another intermediate and closer to the pollen 
parent; another highest and closer to the pollen parent, 
etc. In other words, the nature of the reaction is deter- 
mined by the character of the starch plus the character 
of the agent or reagent ; each starch has inherently poten- 
tialities of both parents that are expressed by reaction- 
intensities, either or both of which may be elicited in 
accordance with conditions; different agents and reagents 
may behave the same or differently in relation to these 
potentialities; and either parental potentiality can be 
developed at will by proper selection of the agent or 
reagent. 

These facts are of such fundamental importance and 
broadness in their bearings that it seems to be highly 
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desirable to inquire somewhat critically into the evidence 
at hand so as to learn to what extent, if any, each of the 
various agents and reagents exhibits a definite propensity 
to elicit one or the other parent-phases. Consequently, 
the data recorded in the preceding tables have been given 
a resetting in Table H, Parts 1 to 26, in each of which 
division will be found the reactions of all of the hybrid 
starches with each agent and reagent, thus presenting in 
a most succinct and striking form the peculiarities mani- 
fested by each agent and reagent in the elicitation of such 
reactions. Each division of the table is, as in the pre- 
ceding set, so characteristic of the agent or reagent that 
each is specific and diagnostic—in the former set, specific 
and diagnostic in relation especially to the starch ; in this 
set, specific and diagnostic in relation especially to the 
agent or reagent. Hven the tables representing the off- 
spring of the same cross (Brunsdonna sandere alba and 
B. sandere; and Narcissus poeticus herrick and N. poeti- 
cus dante) can be distinguished from each other at a 
glance. In the present table of agents and reagents we 
find parallels in pairs that are similar to the pairs of 
hybrids in the preceding tables, as, for instance, in potas- 
sium hydroxide and sodium hydroxide and potas- 
sium sulphide and sodium sulphide which are comparable 
to two hybrids of the same cross, in each of which pairs 
the two tables will be found to be so definitely unlike in 
so many respects as to be as specific and diagnostic as are 
the tables of the pairs of Brunsdonne and Narcissus hy- 
brids, respectively. 

It has been pointed out particularly that different 
starches in their reactions with different agents and rea- 
gents exhibit marked variations in both kind and dis- 
tribution of the reactions among the six parental phases, 
there being all gradations between one extreme that is 
characterized by almost universal sameness of the hybrid 
starch to the starch of the seed parent and the other ex- 
treme where a corresponding relationship was found to- 
ward the pollen parent; or a striking proneness to 
intermediateness ; or for the reactions to be in excess of 
deficit of parental extremes. In other words, certain 
starches show in their reactions marked likeness to the 
seed or pollen parent, or intermediateness, etc., while 
others exhibit a two-phase peculiarity which may be mani- 
fested in sameness to both parents associated with de- 
velopment in excess of the parental extremes, or in other 
forms of combination as pointed out in Table C 17 under 
Calanthe. Inasmuch as the reactions of the different 
starches were obtained by means of the same agents and 
reagents, one would naturally be led to the conclusion 
that with the starch as the varying factor and the agents 
and reagents as the constant factor the propensities of 
different starches to exhibit especially seed or pollen 
parent propensities, intermediateness, etc., are inherent 
to the starch molecules, and that the agents and reagents 
may be inert or indifferent, or in other words, that they 
do not have any especial propensity of themselves to elicit 
any given parent-phase in preference to any other. There- 
fore, in differentiating the part played by starch mole- 
cule and reagent, respectively, when a given parent-phase 
is developed, it seems that we should take into account 
in the reaction whether or not the starch molecule has 
been altered, for if not altered the peculiarity of the 
reaction would naturally be attributed to the starch alone 
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and would represent an existent phase in contradistinc- 
tion to a developed phase that is owing to the reagent 
bringing to light a potential or latent phase. 

In some instances as pointed out the starch molecule 
is either not in the least modified or but extremely 
slightly modified in the reaction, whereas in others it 
is partially or completely broken down by presumably 
simple processes of hydration, or by a process of hydra- 
tion plus some additional reaction or reactions that de- 
pended upon some peculiar component or components 
of the reagent. Inasmuch as in the polarization reaction 
the molecules are unchanged the reaction must depend 
solely upon inherent properties of the molecules and 
indicate an existent parent-phase, comparable to the 
obvious parent-phases that are exhibited in the histologic 
properties of the starch grains; and it might be taken 
for granted, as a corollary, that any agent or reagent that 
yields a reaction with the starch molecules without break- 
ing down the molecules, would elicit the same parent- 
phase reaction. That is, if in the polarization reaction 
sameness to the seed parent is noted the same would be 
seen in the iodine and aniline reactions; but as this is, in 
fact, not the case, any parent-phase of this complex may 
be demonstrated without or with molecular disorganiza- 
tion. Thus, in Crinum kircape, we find that the polariza- 
tion reaction is higher than in either parent, but closer to 
the reaction of the seed parent; the iodine reaction is 
intermediate, but closer to that of the pollen parent; 
the gentian-violet reaction is the same as that of the pol- 
len parent ; and the safranin reaction higher than in either 
parent, but nearer the reaction of the seed parent, and so 
on in different starches in varying forms of combination 
of these reactions. In other words, in the starch mole- 
cule as in the albumin molecule the components or 
potentials are in the form of a complex labile aggregate, 
so that it is easy to elicit any parent-phase component or 
potential of the starch molecule. Not only are these 
parent-phases readily separable and demonstrable by 
proper agents and reagents, but there is also evidence that 
different agents and reagents exhibit marked differences 
in their propensities to elicit a given phase or given 
phases. This is rendered very obvious by the data as reset 
in the summaries of Table H (page 336) in which, how- 
ever, those recorded under “ same as both parents ” should 
be omitted because in nearly all instances there was no 
satisfactory differentiation owing to extremely rapid or 
extremely slow gelatinization. 

It will be seen by the first summary of this Table 
that while in case of many of the agents and rea- 
gents there is no manifest propensity to elicit sameness 
as the seed parent, or sameness as the pollen parent, or 
intermediateness, etc., the opposite holds good in varying 
degree for others. Thus, in the polarization reactions 
the reactions of the 50 starches are distributed quite 
equally among the 5 phases. In the iodine reactions 
there is an obvious increase in the number of reactions 
that fall in the first column, this being associated par- 
ticularly with a falling off in the “highest ” and “low- 
est” columns. In the temperatures of gelatinization 
there is a marked lessening in sameness as the seed 
parent and sameness as the pollen parent, this being asso- 
ciated with a corresponding increase in the intermediate 
column, showing that in 21 of the 50 starches heat, in 
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causing gelatinization, gives rise to conspicuousness of 
an intermediate parent-phase. In 10 of the 47 starches 
sulphuric acid developed sameness as the seed parent, and 
in only 3 sameness as the pollen parent; potassium sul- 
phocyanate developed sameness as seed parent in 6 of 
the 32 reactions and sameness as the pollen parent in one 
only; potassium sulphide, in 5 and 2, respectively; 
strontium nitrate, in 5 and 0, respectively, and so on. 
Certain other reagents exhibit a reversal of these pro- 
pensities, as is noted particularly in the reactions of 
chloral hydrate, sodium salicylate, and cupric chloride, in 
which are found ratios 1:6, 1: 4, and 2:3, respectively. 
But in the intermediate, highest, and lowest columns, 
many reactions are recorded that are closer to one than to 
the other parent, and when these are added to the first 
two columns, as in the summary of Table H, the pro- 
pensities are in some instances practically unaltered, 
in others accentuated, and in others lessened or reversed. 
It will be seen by comparing the two summaries that in 
the first in the polarization reactions 11 are the same as 
those of the seed parent and 11 the same as those of the 
pollen parent; and in the second an almost equal division, 
26 and 20, respectively. In the iodine reactions the 
figures in the two tables are 16:12 and 25:18, respec- 
tively—a ratio of 1: 0.75 and 1: 0.72, respectively; in 
both of these reactions there being no essential difference 
in the two tables. In the temperature of gelatinization 
reactions the first table gives 7: 3, and the second 29: 18, 
or ratios of 1:0.43 and 1:0.62, which show a slight 
falling off in the latter. In the chloral-hydrate reactions 
the first table shows a marked propensity to the pollen 
parent, and the second a propensity to one about as much 
as to the other; on the other hand, in the chromic- 
acid reactions in the first table there is shown a ratio 
of 4:8 and in the second table 31:12, or in the latter 
two and a half times the propensity to develop sameness 
or closeness to the seed parent as to the pollen parent. In 
other words, it seems that certain reagents, while having 
definite propensities to develop a seed or pollen phase, 
show varying degrees in their propensities to elicit same- 
ness or closeness, some tending comparatively largely to 
sameness and little to closeness, and others the reverse, 
and so forth. Moreover, while a given reagent may have 
a propensity to elicit sameness as one parent, it may 
have at the same time a marked propensity to develop 
closeness to the other parent in other starches, so that 
in the summing up of the reactions with different 
starches one may counterbalance the other. This is 
illustrated in the chloral-hydrate reactions, in which it 
is shown in the two summaries that the propensity to 
elicit sameness to the pollen parents is 6 times greater 
than to sameness to the other parent, while it is also 
shown that because of a propensity to develop closeness 
to the seed parent the former difference is dissipated and 
an equal tendency is manifested to develop either the 
seed or pollen parent phase, the ratio being 23: 20. 
It seems, therefore, that‘a better picture is to be obtained 
of these propensities if those to sameness are included 
with those to closeness. A cursory examination of the 
figures of the first two columns of the latter table (the 
other columns may be omitted to advantage and without 
leading to misunderstanding), will render it evident 
that the agents and reagents fall into 3 classes in accord- 
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ance with their propensity to elicit sameness and close- 
ness to the seed parent, sameness or closeness to the 
pollen parent, or an absence of propensity to elicit either 
parental relationship in preference to the other, and that 
the classes merge into each other, as follows: 

Same as or closer 
to the— 

Seed Pollen 
parent. | parent. 

Polarization 06s jc.edaia aes ga eu diate wee anaen 26 20 
LOGIC 6656.51 5.se sass ie GR ae Gress tek Ried bE ao ase ARR 25 18 
Safranin................0005 24 21 
Temperature of gelatinization . 29 18 

Chloral hydrate............. 23 20 
Chromic acid................ 31 12 
Pyrogallic acid oi. .cce cc ceececaeusiesaisass 23 15 

Nitriciacid ses coweyayeses sedate gt cd sates ee 24 11 
Sulphuric: acid eons oj s2 06 o6 ae gece gen deueceas ae 18 11 
Potassium iodide... ............0..00 000002 0ee 13 8 
Potassium sulphocyanate..................0.. 13 9 

Sodium sulphide.............. 0000000000 eee 12 9 
Calcium nitrate........ 0.0.0... ccc eee eee eee 16 12 
Uranium nitrate..........00. 0000000 eee cece 15 10 
Strontium nitrate....... 0.0.0... . ccc eee 15 10 
Barium chloride.............0... gcc cece ee eee 13 4 
Mercuric chloride....................0000008- 14 6 

Copper nitrate............0. 00.2 ccc ee ee eee Be 10 
Sodium salicylate.........000 0.00.0. cece eee 16 15 

Potassium hydroxide................00 0000s. 8 8 
Cupric chloride..........0.. 00.0002 ce eee eee 9 9 
Hydrochloric acid............0 000.0000 cee a 12 

Gentian violet............0.000.00 000 0c cece aes 21 25 
Potassium sulphide....................000000- ” 10 
Sodium hydroxide............ 0.0.0... ee cee 11 14 

Cobalt nitrate.... 0.0.0... ee eee ee eee 6 11 

With very few exceptions the ratios appear to be ~ 
such as to make the assignment quite definite. From 
these groups it will be seen that most of the agents and 
reagents (17 of the 26) tend, most of them markedly, to 
elicit the seed parent phase ; somewhat less than one-sixth 
(4 of the 26), seldom markedly, tend to elicit the pollen 
parent phase ; and the remaining less than one-fifth (5 of 
the 26) tend with about or equal propensity to elicit one 
or the other parent-phase. Perhaps, several that have 
been assigned to the first group, especially chloral hy- 
drate, should be transferred to the last group, and other 
redistribution made. 

It seems from the foregoing data that the develop- 
ment of the various parent-phases is dependent upon two 
fundamental factors: One, inherent properties of the 
starch by virtue of which different starches exhibit with 
the same agent or reagent specific parent-phase reactions, 
one starch reacting the same as the seed parent, another 
the same as the pollen parent, another intermediate be- 
tween the two parents, etc., as shown in preceding table; 
and the other, inherent properties of the agents and 
reagents by virtue of which, in association with the plas- 
tic starch molecule, any parent-phase desired may be de- 
veloped at will in any given starch. Inasmuch as there 
are thus two factors which may tend in like or unlike 
directions in the evolution of a parent-phase, it is clear 
that the greatest variations in these manifestations must 
be expected in the reactions, both when there is a single 
starch reacting with various reagents or a single reagent 
reacting with various starches. 
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1. Polarization reactions: 2. Iodine reactions: 
Brunsdonna sanderce Brunsdonna sanderce 

albbaiss ces dagyaasios +/-|- - - - alba.. oe +/-]- - - 
Brunsdonna sandere.| — | — | — +9 - - Brunsdonna sanderce: +}-|]- - 

Hippeastrum  titan- Hippeastrum  titan- 
cleonia............ -j-[{- - +9 - cleonia........... he) = 

Hippeastrum ossul- Hippeastrum ossul- 
tan-pyrrha........) — | — |] — - +o - tan-pyrtha........] — | — | — |+9 

Hippeastrum deones- Hippeastrum-deones- 
zephyr.. ‘ -|-|- - +o - gephyr............ —-|+{-—- - 

Hemanthus “‘andro- Hemanthus andro- 
meda.. =| =| — "|e =a = - MEd Ae, 2 cacgaie es —|-|- {+9 

Hemanthus konig al- Hemanthus kénig al- 
bert. —-|-|- - +d - bert.. —-|-|]-14+9 - 

Crinum ‘hybridum js Crinum hybridum. 7 
Gis Dis edrasiuecesashgidigeios —-|-|j]- - +c - Cuba vineavacwors —-}4+t- - 

Crinum kireape...... =| — | _ +9 - Crinum kircape...... —-{|-{- +o 
Crinum powellii.....| — | + | — - - - Crinum powellii.....| — | — | — |4+9= 
Nerine dainty maid..| — | + | — - - -_ Nerine dainty maid. .| — [ — | — - 
Nerine queen of roses} — | — | — - - +o Nerine queen of roses| — | + | — _ 
Nerine giantess......| — | — | — _ -_ +9 Nerine giantess......| — | + | — - 

Nerine abundance...} — | — | — - - +9 Nerine abundance....| + | — | — - 

Nerine glory of sarnia| + | — | — —- - - Nerine glory of sarnia} — | — | — - 

Narcissus poeticus Narcissus poeticus 
herrick........... -—-|-|{- +9 - - herrick........... —-j+{- - - 

Narcissus poeticus Narcissus poeticus 

Manik canna ee os —-|—-|- +9 _ - dante. —-!l+]—- - - - 
Narcissus poetaz tri- Narcissus poetaz ‘trie 

MMNPN ¢.kakwe aa o4 4 -—-{|+{]- —_ - - WO ccee 34-05 —-|+t]—- - - 
Narcissus fiery cross| — | + | — - - - Narcissus fiery cross.| + | — | — _ - 

Narcissus doubloon. .| + | — | — - - =- Narcissus doubloon. .| + | — | — - - 
Narcissus cresset . . —-14+]-—- - _ —_ Narcissus cresset..... —/+]-—- - — 
Narcissus will scarlet} + | — | — - - — Narcissus will scarlet.| — | + | — - —_ 
Narcissus bicolor apri- Narcissus bicolor apri- 

Ota: Atducaanenes J+t]—“/-]- - _ COBM see vets ees -|-|- + - = 
Narcissus madame de Narcissus madame de 

graaff............J] — | #]- - - - graaff............ +/-|- - 
Narcissus pyramus...| — | — | — - +9=¢ _ Narcissus pyramus...} + - - 

Narcissuslord roberts} — | + | — - - - Narcissus lord roberts| — | — | @® - 
Narcissus agnes har- Narcissus agnes har- 

VOY ninaveas teas 8 +) -|- _ - _ VOW code cdeatn as +; -]- - 
Narcissus j. t. bennett Narcissus j. t. bennett 

DOO raic: dusted dasneunduys woe +/-|- - - - poe. wel El ol - 
Lilium marhan...... —-|4+]- _ - - Lilium marhan.. yeneae -|}—-]- +¢ 
Lilium dalhansoni...| + | — | — - - - Lilium dalhansoni.. —-|—-][- - 
Lilium golden gleam.|} — | — | — - _ +9 Lilium golden gleam . -—-|-|- - 
Lilium testaceum....] + | — | — - - - Lilium testaceum....| — | — | — - 
Lilium burbanki.....} — | + | — - - - Lilium burbanki.....} + | -— | — - 
Tris ismali.......... -|-|- - - +¢ Tris ismali...........] |] — |] — - 
Tris dorak...........] #J]—-]—- _ - — Iris dorak...........] # | — | — - 
Iris mrs. alan grey...| — | — | — - - +o Iris mrs. alan grey...| — | — | — - 
Iris pursind,........ -j-|J- - - +9 Iris pursind. . | —~|}+t]— - 
Gladiolus colvillei....} — | — | — +9 — - Gladiolus colvillei... —-j-|[- - 
Tritonia crocosmse- Tritonia crocosme- 

BOTs cisacce dances Sb eT ae _ = +9 flora. eae -j-{- +9 
Begonia mrs. heal....J — | — | — -_ _— +9=¢0 Begonia m mrs. 3. heal. . +/)-]- - 
Begonia ensign...... —-|}-|- +9 - =- Begonia ensign...... —-|-|- +9 
Begonia julius.......} — | + | — - - _ Begonia julius.......] — | — | — - 
Begonia success.....| — | + |] — - -_ _ Begonia success...... —-i+{—- - 
Richardia mrs. roose- Richardia mrs. roose- 

Veltis sane arenes -|-|-|4+9=¢ - = Veltipincens eve ueds, or al (ara ce = = 
Musa hybrida.......] — | — | — - - +o Musa hybrida....... -/+]- - 
Phaius hybridus.....} — | — | — - +9 - Phaius hybridus..... -|-j- +o 
Miltonia bleuana....] — | — | — = +2 - Miltonia bleuana... . -j-|- 
Cymbidium eburneo- Cymbidium eburneo- 

lowianum......... eS as = al - lowianum......... ae = 
Calanthe veitchii....) — | — | — | +92 _ - Calanthe veitchii..... — | — | —| +9 
Calanthe bryan..... . -/|-|- +c - - Calanthe bryan...... —-|-—|-J]+2 

11/11] 0 9 9 10 16/12) 1 12 
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Hybrids, ag|asles| 3 # es Hybrids, SH/2diae| 3 4 r 
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gale slag) 3 eI E pajesles| 8 e E 
n Im |n Ra} i H mn |m | 4 ep] H 

3. Gentian-violet reac- 
tions: 4, Safranin reactions: 

Brunsdonna sanderce Brunsdonna sanderce 
alba..........eeee +o — alba.. - +a - 

Brunsdonna sandere. +3 =- Brunsdonna naridercs. - +9 - 

Hippeastrum  titan- Hippeastrum  titan- 

cleonia. _ cleonia........... + _ _ 
Hippeastrum ”ossul- Hippeastrum _ossul- 

tan-pyrrha. . +9 — tan-pyrrha........ _ +9 = 
pai aia dmones- i ola dzeones- 

zephyr.. 4 - +o zephyr .. - - - 

Hemanthus “andro- Hemanthus | ‘andro- 
meda.. - - - MOO Bi cies cae ds eiaes - - +9=¢0 

Hemanthus kénig al- Hemanthus kénig al- 

bert.. - - +9 bert... -|/|- - +9 
Crinum hybridum is Crinum bybridum j. 

eh hc aseagrered tase +f _ e.h.. nene - - +2 
Crinum kireape...... ~ = Crinum kircape.. peasy ' _ +9 _ 
Crinum powellii..... - _ Crinum powellii: .... + - - 
Nerine dainty maid. .| — _ _ Nerine dainty maid... — - - 

Nerine queen of roses} -++ = - Nerine queen of roses - — - 

Nerine giantess......| + _ _ Nerine giantess...... - - — 

Nerine abundance...| — - _ Nerine abundance... - _ - 
Nerine glory of sarnia _ +9 Nerine glory of sarnia + - -_ 
Narcissus poeticus Narcissus _poeticus 

herrick .. P - +9 herrick...........| — | — - +9 
Narcissus poeticus — Narcissus _poeticus 

dante...........6. - _ dante. P + - _ 
Narcissus poetaz tet Narcissus poetaz tri- 
umph............ - - UMPH sas cares - - +9=0 

Narcissus fiery cross. _ _ Narcissus flery cross . + _ _ 
Narcissus doubloon. . = = Narcissus doubloon. + — — 

Narcissus cresset.... - - Narcissus cresset.... + - - 
Narcissus will scarlet. +h - Narcissus will scarlet. ~ +o _ 
Narcissus bicolor apri- Narcissus bicolor apri- 

cot.. - - cot.. is - - - 
Narcissus madame ‘de Narcissus madame ‘de 7 

Maa eevee yee _ - graafft scaebia - - - 

Narcissus pyramus... _ - Narcissus pyramus... _— _ — 

Narcissus lord roberts - - Narcissus lord roberts _ - _ 
Narcissus agnes har- Narcissus agnes har- 

vey. - - vey. - _ -_ 
Narcissus j. t. bennett Narcissus j. t. bennett 

poe. re +9 - poe . - +9 _ 
Lilium marhan ... ¥ - +o Lilium iaphanc: - _ +o 
Lilium dalhansoni.. oo _- _ Lilium dalhansoni. - oa - - = 
Lilium golden gleam. . - +o Lilium golden gleam.. - _ +c 
Lilium testaceum.... _ _ Lilium testaceum.... + - - 
Lilium burbanki..... - _ Lilium burbanki..... - —_ - 
Iris ismali........... - - Tris ismali........... - — - 
Tris dorak.c.cccus ss +o — Tris dorak........... + - _- 
Iris mrs. algn-grey... - +9 Iris mrs. alan grey... - — +9 
Tris pursind. . - +o Iris pursind......... - - +o 
Gladiolus colvillei. . - _ Gladiolus colvillei.... _ - _ 
Tritonia crocosm# Tritonia crocosmz- 

flora. 3 - - LOT A ac scantneavisvinsice, 309, 9 - +9 =— 
Begonia m mrs. a healcs - - Begonia mrs. heal.... - - _ 
Begonia ensign...... _ +o Begonia ensign...... - =— +o 
Begonia julius.......| — +o - Begonia julius....... - +o _ 
Begonia success...... — Begonia success...... =_ — _ 
Richardia mrs. roose- Richardia mrs. roose- 

velt.. een - +a - velt.. neti th Se - +f - 
Musa hybrida.. + - - Musa hybrida.. Was Sa + - =- 
Phaius hybridus. . eaeans - +92 - Phaius hybridus. .... _ +9 = 
Miltonia bleuana.... - +9 Miltonia bleuana.... - — - 
Cymbidium eburneo- Cymbidium eburneo- 

lowianum. . so mee lowianum......... ~ - - 
Calanthe veitchii. - - Calanthe veitchii. ... + - _ 
Calanthe bryan...... = = Calanthe bryan...... _ - _ 

10 10 11 10 10 
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ZF jt 3/4 3 e Lt ea 3 

eae, i (ae2 | 3 
. blak 3 . sla 4 3 , 

nue 25/88/23) @ 3 4 Hybrids. a5/3 8/33) 3 3 2 ORl/e aloe K a oO eRlealek a a oO 
gajgeiea 2 “wp EB q#algeiaal 3 <) 3 
na |n jn 4 is 4 nN |n | 4 ss) Hy 

5. Mean temperatures 6. Chloral-hydrate reac- 
of gelatinization: tions: 

Brunsdonna sanderce Brunsdonna sanderce 

alba. . : =) ee || +9 -_ act alba.. , —-|/-|j-|- +9 
Brunsdonna sanderce. +]/-|]- _ _- - Brunsdonna sanderee, —-|-jJ- a +9 as 
Hippeastrum  titan- Hippeastrum  titan- 

cleonia........... —-/|4+]-—- - _ _ cleonia. ae eae = ces +9 

Hippeastrum ossul- Hippeastrum — ossul- 
tan-pyrrha........ -—-{|—-|]— - +¢ - tan-pyrrha.. yo} ole- +9 = Ane, 

ey aaa deeones- Hippeastrum dmones- 

zephyr. . —-~|—-|- - |49=c7) — zephyr. . oe SS = = +a 
Hemanthus andro- Hemanthus ‘andro- 

Meds. cis as cy Kew —-|- _ +9 _ _ meda.. =_ = —-|+9=e7/- —- 

Hemanthus kénig al- Hemanthus kénig al- 
bert........c.0.0. aie ee | = - - bert........0. 000. ale fo = = +9 

Crinum hybridum j Crinum Ey pedice j. 
Ci iar acsonsnvicat ets —-|j—-|-—- - - +a Os Weciess wr: wef mf opr +o = ore 

Crinum kircape...... —-|-|-)] +29 - - Crinum kircape. Sodas +])/—-]— - =e as 
Crinum powellii.....| — | — | — - +o - Crinum powellii. . ee ne = +9=¢ tt 
Nerine dainty maid..| — | — | — +o - - Nerine dainty maid. j|oflorojcr fou ~ = 
Nerine queen of roses} — | — | — +2 - - Nerine queen of roses} — | — | — = +2 ~~ 

Nerine giantess......) — | — | — _ +9 - Nerine giantess......| — | + | — - - 2s 

Nerine abundance...} + | — | — - - - Nerine abundance...} — | — | — - +o - 
Nerine glory of sarnia} — | — | — | +9 _ - Nerine glory of sarnia| — | — | — - as +9 
Narcissus poeticus Narcissus poeticus 

herrick........... -|/-|J- +9 a - herrick........... -—-i|+]-—- _ = a 
Narcissus poeticus Narcissus poeticus 

dante............ —{-f—- +9 - = dante. : —-|+]— = = = 

Narcissus poetaz tri- Narcissus poetaz ‘tri- 
umph.......... a.) eS - - - umph............J — | -—] — - +9 = 

Narcissus fiery cross.| — | — | — - +9 - Narcissus fiery cross.| — | — | — _ = + 
Narcissus doubloon. .| — | — | — +c = - Narcissus doubloon..| — | — | — - —- |49=¢ 
Narcissus cresset..... —-|j-|j—- - - +9 Narcissus cresset....| — | — |] — a +9 

Narcissus will scarlet.) — | — | — | +29 - - Narcissus will scarlet.| — | — | @ = ‘a = 
Narcissus bicolor apri- Narcissus bicolor apri- 

WO ncsy ke ah seaees —-|!-|- wee = +9 eee area -—-i|4+]-— im i es 
Narcissus madame de Narcissus. madame de 

graaff............) —1 oe] — - - _ graaff............ —-i|-|—- = +o = 
Narcissus pyramus...| — | — | — - - +o Narcissus pyramus...| — | — | — - _ +9 
Narcissus lord roberts} — | — | — +o << - Narcissus lord roberts} — | — | — +9 - _ 
Narcissus agnes har- Narcissus agnes har- 

vey. coca Pec ect Mia oh = - VEV eles es cue eye -|-/|-|] 4+¢ = ae 
Narcissus j. t. bennett Narcissus j. t. bennett 

POE diocese eteases =—,;o|— = +o - poe . ee en ee (ee = +9 a 
Lilium marhan...... ee en Os = = +c Lilium marhan. ie ap fees -|-|- +c - - 
Lilium dalhansoni...| — | — | — +o - - Lilium dalhansoni....| — | + | — - = = 

Lilium golden gleam.| — | — | — | +2 - = Lilium golden gleam.| — | + | — - _ = 
Lilium testaceum....| — | — | — ~ +9 _ Lilium testaceum....}] — | — | — - _ +9 
Lilium burbanki.....| — | — | — - - +9 Lilium burbanki.....| — | -— | — +9 = = 
Tris ismali........... —-|-|;-|+9= - - Tris ismali.......... —-|-|j- +o - - 
Tris dorak...........] -— | — | —- - +9 _ Iris dorak........... —-}-ye- - -_ +9=¢0 
Tris mrs. alan grey...}| — | — | — - +o - Iris mrs. alan grey...| — | — | — = +o = 
Tris pursind......... +/-j- - - - Tris pursind......... -|j-|]-—- +9 oo — 
Gladiolus colvillei....) — | — | — +h = - Gladiolus colvillei....) — | — | — - = +9 
Tritonia crocosme- Tritonia crocosm#- 

MOTE oc uesseasaeeen +/-]- ea - - flora. | -—-;j—-{- - = +9 
Begonia mrs. heal....) + | — | — — - - Begonia m mors. acheal... — - S| ee +9 = an 
Begonia ensign...... —|— | = +9 os _ Begonia ensign...... —-|!-|- = +9 = 

Begonia julius.......) -— | — | — | +2 aus - Begonia julius....... -—-|-|- = +9 - 
Begonia success...... -|}-|- +9 - = Begonia success...... —-/-|j|-—+ +9 ae as 
Richardia mrs. roose- Richardia mrs. roose- 

velt.. eaeae] Se fe | eee = = - MELE ai 2 cae loneiucteus -|-|- - +2 - 
Musa hybrida.. met aee Sa = = +o Musa hybrida.......| — | — | — - - +o 
Phaius hybridus. .... SP = = as Phaius hybridus. .... = Ast c= _ - +c 
Miltonia bleuana....) — | — | — - -_ +9 Miltonia bleuana....| — | — | — | +9- _ - 
Cymbidium eburneo- Cymbidium eburneo- 

lowianum. . a = = +a lowianum. . .-fo}olo - - +9=¢ 
Calanthe veitchii . -{[-|[- al +9 - Calanthe veitchii . -—-|/-|- - +9 = 
Calanthe bryan...... —-|-;-] +9 _ - Calanthe bryan...... -|/-|/-]4e9=7) - on 

713 ]0 21 10 9 1/6/41 14 14 14 
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ile | ¢ a ieee] ¢ a a 3 a g 3 a. a 8 |.8 3 5 

ia a " 7 1/2 8] an oO H . 

Hybrids. al ee % z Hybrids. age 8/8 | fl § 3 
pages) 2 ) 3 | é pages s | eB | OS an |n |a 4 ine) | n |n 1a a ise A 

7. Chromic-acid reac- 8. Pyrogallic-acid reac- 
tions: tions: 

Brunsdonna sanderce Brunsdonna. sanderce 
alba.. —-j|—-—-|-|J+e=a/ —-— - alba... ‘ eal ca (i - +9 

Brunsdonna sanderce. =)/=—)— - _ +o Brunsdonna ‘ganderce —-|-|- - - +2 
Hippeastrum _ titan- Hippeastrum  titan- 

cleonia........... Spee ie = = +o cleonia..,........ -|-|- - _ fe) 
Hippeastrum ossul- Hippeastrum ossul- 

tan-pyrrha........| — | — | — - +9 - tan-pyrrha........ ||) - +o = 
aes cota deeones- satokniiaa daones- 

zephyr... SS = +9 - zephyr. . ; tee i - +9 _ 
Hemanthus | ‘andro- Hemanthus- ‘andro- 

meda........... _ _ - |4+9=0 _ _ meda.. + _ - _ _ _ 

Hemanthus kénig al- Hemanthus kénig al- 
bert.............. ees | ce | eee - — Dertc xe reeriedee rats -|—-|/—-—| +9 = 23 

Crinum isaac Gy Crinum hybridum j. 

By ersscreeeee| = (Ble | — sy | | Haein ees) 3 se ie 
Crinum kireape.. Ba as = [os — 2 - - Crinum kircape...... —-|/-|-|] +¢ — — 
Crinum powellii. . aad | Ocal Pica - —F- - Crinum powellii.....) — | — | — = +¢ = 
Nerine dainty maid. . Popo pte — s— +9 Nerine dainty maid..| — | — | ® a “= _ 
Nerine queen of roses} — | — | — a - +9 Nerine queen of roses| — | — | ® - - - 
Nerine giantess......| — | — | ~ |+9=o - -— Nerine giantess......| — | — | ® - - - 

Nerine abundance...} — | — | — - - +o Nerine abundance...| — | — | ® - - - 
Nerine glory of sarnia| — | — | — _ _ +o Nerine glory of sarnia] — | — | ® = = = 

Narcissus poeticus Narcissus poeticus 

herrick...........] — | —] —]| +¢ - - herrick..........., — | #]— - _ = 
Narcissus poeticus Narcissus poeticus 

AMEE ose ies vies lecaieness -|-{- +o - - dante. = |e | = = +9= - 
Narcissus poetaz tri- Narcissus. poetaz ‘th 

umph...........5) — = a _ +9 - umph.. x Ladd - _ _ = +o as 

Narcissus fiery cross.| — _ _ _- _ +9 Narcissus fiery cross.| — _ — — +c — 

Narcissus doubloon..}| — | — | — - — +9 Narcissus doubloon..| — | — | ® - - - 

Narcissus cresset....| + | — | — _ - - Narcissus cresset....) — | — | — - - +9 
Narcissus will scarlet... — | — | — = +o - Narcissus will searlet.| — | — | — +9 — = 

Narcissus bicolor apri- Narcissus bicolor apri- 
cot.. ee ce +2 - - cot.. 3 -/|-|-—- - a +f 

Narcissus madame: ‘de ‘Narcissus: Tnadame de 

graaff............ -|j-|/- _ = +9 EAA siecius sis Se ess —-;}-|J- +9 _ = 
Narcissus pyramus...| — | — | — _ +9 - Narcissus pyramus...}| — | — | — _ +9 a 
Narcissus lord roberts| — = _ - - +o Narcissuslord roberts; — _ = +¢ = = 

Narcissus agnes har- Narcissus agnes har- 

vey. cdl CG Hoa ot — +9 GOR sce 045 PERE ER -—-|/-|-4+¢= - _ 
Narcissus j. t bennett Narcissus j. t. bennett 

poe . peite PSS [OR] sea am +9 - POC sce eieseeacse —-|-|- - +o _ 
Lilium marhan...... rail eo Pie = _ - Lilium marhan...... —|+]- _ - _ 
Lilium dalhansoni. . =| +h - - Lilium dalhansoni....| — | — | — +0 - - 
Lilium golden gleam . +)/—-|]- - - - Lilium golden gleam.| + | — | — = — = 
Lilium testaceum....| — | — |-— | +9 _ - Lilium testaceum....| — | — | — | +9 = a 
Lilium burbanki.....] — | — | — _ _ —-9 Lilium burbanki.....)] — | — | — _ - +9 
Iris ismali........... —-|/-|j]—- +9 - _ Iris ismali..........) — | — | — |49= = = 

Tris dorak...........) — | -— |] — - +9 _ Tris dorak...........)| — | -— J] —- - +2 _ 

Iris mrs. alan grey...| — | — | — | +9 - - Iris mrs. alan grey...| — | — | — - _ +3 
Tris pursind......... -|-|6 - _ - Iris pursind......... -|-|- = +3 
Gladiolus colvillei....| + | — — - —- _ Gladiolus colvillei....| — _ a +9 = aa 

Tritonia crocosme- Tritonia crocosme- 
flora . -|-|j- +92 - - HOPS ise yxecgy ee -{-|-—- +9 -_ = 

Begonia m mrs. heal....| — | — | — +9 - - Begonia mrs. heal....) — | — | — | +9 _ = 
Begonia ensign...... = Wee eee fa - - Begonia ensign......| — | — | — | +9 -_ = 
Begonia julius.......) — | —|—| +9 a - Begonia julius....... —-|-|]-] 4+¢9 a a 
Begonia success...... -~|-]—- - +2 - Begonia success...... -—-/|/-|{—- = +9 ese 
Richardia mrs. roose- Richardia mrs. roose- 

Veltri een ty 3 ep | oe =e aes velt.. fee = ee TD — om a 

Musa hybrida.......} — | — | — = = +a Musa hybrida. djhea ae +])/—-]—- a = 
Phaius hybridus. .... —-|/—-|—|4+9e9=¢ - - Phaius hybridus..... —-|—-|]- 149 = = 
Miltonia bleuana....) — | — | — = +2 _ Miltonia bleuana....]| — | — | — +9 is 
Cymbidium eburneo- Cymbidium eburneo- 

lowianum......... =p = |) = _ _ +9= lowianum......... — f= |e _ fat -9=¢9 
Calanthe veitchii....) + | — | — - - - Calanthe veitchii....} — | — | — +9 es et 
Calanthe bryan...... eye eel ah _ - Calanthe bryan...... —-|;-!|-| +¢ = = 

4 2 2 18 10 14 3 2 7 17 12 9 
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Le} ALE ys 4g a ao} re | 3 
o 6+ B Q 68le s 
a | 8 3 a 3 2 : aS 2 a 4 

Hybrids. ei(aaiea| 3 é re Hybrids. aa\#ajae| 3 4 r 
© x © glo 5 g = o @8lo glo k >} 5 $ 

gajesgs) 2 | & | & pajesiea) 2 | 8 | & 
a |a Ia 4 | ra) a \a |e iS Hi 4 

9. Nitric-acid reactions: 10. Sulphuric-acid reac- 
Brunsdonna sanderce tions: 

alba.. i > ee | a - +o Brunsdonna sanderce 
Brunsdonna sanderce SS So - - +o alba.. are +/—-—|- = ~_ 
Hippeastrum  titan- Brunsdonna sanderce +/-|j- - ad - 

cleonia........... -|—-|-}4@=¢ - _ Hippeastrum  titan- 
Hippeastrum  ossul- cleonia . -—-|-|- - +9 — 

tan-pyrrha........ —j =| = _ +9 - Hippeastrum — ossul- 
Hippeastrum deones- tan-pyrrha.. +/-|- - _- - 

zephyr...........] — | -— | — - +9 - Hippeastrum dsones- 
Hemanthus andro- zephyr........... -/|+/- - - - 
meda.. Se et ee +9 - _ Hemanthus andro-| . 

Hemanthus konig al- meda............. —-|{/-|]-|]+¢9=¢ - 
bert... -|-|- +9 _ — Hemanthus konig al- 

Crinum hybridum | i bert.. —_{/oT- +9 - _ 
C. Des cae se ceccded —-{l+]-—- - - - Crinum hybridum j. 

Crinum kireape...... = | | +? - - Co Wiccnnens recess Sf) = - - +9 
Crinum powellii.....} — | — | — - +7 - Crinum kircape..... Pe Ne et) eal a +2 - - 
Nerine dainty maid..| — | — | — + - - Crinum powellii.....) — | — | — - +o _ 
Nerine queen of roses| — | — | — |+9=c¢ - - Nerine dainty maid..| — | — | — +c = 
Nerine giantess......] — | — | — - - +o Nerine queen of roses|_— | — | — - +c _- 

Nerine abundance...| — | — | — = = +f Nerine giantess......| — | + | — = ors = 
Nerine glory of sarnia| — | — | — - - +c Nerine abundance...} + | — | — - - - 

Narcissus poeticus -Nerine glory of sarnia| — | — | — it - +9=c 
herrick .. 3 -|j-|- - +9=¢0 - Narcissus poeticus 

Narcissus poeticus herrick........... -|-|- _ +o _ 
dante. -|/-|)-7H?=¢0 - - Narcissus poeticus 

Narcissus poetaz ‘fit dante . maa’ +/-|- - - - 
umph.. Pee iene (eee (Baa - +c - Narcissus ’ poetaz ‘trie 

Narcissus ‘fiery ceosa = | a 7 - _ +9=¢ Uimph . .caccace oss me me | oe _ +o - 
Narcissus doubloon..| — | — | — +9 - - Narcissus fiery cross | — | — | — |+9=c¢ - _ 
Narcissus cresset....| — | — | — - +9 - Narcissus doubloon..| — | — | — 9 - _ 
Narcissus will scarlet.) — | — | — - +9 _ Narcissus cresset....] — | — | — - +9 - 
Narcissus bicolor apri- Narcissus will searlet.| + | — | — - - - 

CObe caiecly Sse cae -|r-][- - = -d Narcissus bicolor apri- 
Narcissus madame de CObs cece Asides oaks -|1@0 a a - 

graaff............ =|] =— = - +9 Narcissus madame de 
Narcissus pyramus...} — | — | — _ +92 - graaff............ +)-{- - - - 
Narcissus lord roberts see irae +9 - - Narcissus pyramus...| — | — | ® - - 
Narcissus agnes har- Narcissus lord roberts| + | — | — - _ - 

VOY siciicss se waa dis eo - +? - Narcissus agnes har- 
Narcissus j. t. bennett VOY euawwe ce isan 6s +7)-]- - - - 

POC: series saa he -—-|-{- - +9 - Narcissus j. t. bennett 
Lilium marhan......| — | — | ® - - - PO sneha sc ecss SS es | - +9 _ 
‘Lilium dalhansoni...| — | — | ® - - - Lilium marhan...... -/|-|68 = _ —- 
Lilium golden gleam.| — | — | ® - - - Lilium dalhansoni....| — | — | ® - - — 
Lilium testaceum....| — | — | — = - +9=c0 Lilium golden gleam.| — | — | ® - - _ 
Lilium burbanki.....| — | — | — - - +9=¢ Lilium testaceum....| — | — | — |4+9=o¢ - - 
Iris ismali.......... -|j-|-|]+?9=¢ - - Lilium burbanki..... -—-|-]- | +¢é - es 
Tris dorak...........) — | — | — - +2? - Iris ismali..........| — | — | — |+9=o% - - 
Tris mrs. alan grey...| — | — | ® - - - Tris dorak...........] —~ | -— | — _ +9 mt 
Tris pursind......... -/|-|]- +¢o¢ - - Iris mrs. alan grey...| — | — | ® _ - = 
Gladiolus colvillei....{ + | — | — - - - Iris pursind......... -j+fi-—- - - _ 
Tritonia crocosmex- Gladiolus colvillei....} — | — | — - - +92 

AOPB: s ewiascaaon = = - +2 _ Tritonia crocosms- 
Begonia mrs. heal....| + = a = - flora. -|-/108 _ - - 
Begonia ensign...... - - +9 - - Begonia m mars. 5. heal. . -|@ - - 
Begonia julius.......| + _ i - _ Richardia mrs. roose- 
Begonia success... +/-J]- - - - Velticces cas ue earns -|-168 = = - 
Richardia mrs. roose- Musa hybrida.......| — | — | — - - +c 
WElbeica dee ca bineaae -|- +9=c0 - - Phaius hybridus. .... -|-|8 = — = 

Musa hybrida.......] — | — - +o Miltonia bleuana....| — | — | ® _- - - 
Phaius hybridus..... = +9 - Cymbidium eburneo- 
Miltonia bleuana....| — | — | — as +9=c - lowianum......... -j;-|68 -_ - - 
Cymbidium eburneo- Calanthe veitchii....| + | — | — - — 

lowianum. . -|-|- - —- |+9=¢ Calanthe bryan...... -|-|-—| +¢ - a 
Calanthe veitchii . =— po, - +9 - 
Calanthe bryan..... . -|-|- +9 ad 7 

4 1 4 15 14 12 10 | 3 | 12 9 9 4 
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Taste H.—Continued. TasLe H.—Continued. 

ol) ra |G 5 ol A sla a 

g /RalR | 3 Pegs | 2 
Hybrids. agiaaige| Z # Hybrids. geigaiga| 3 # a 

2gigaje 5 g s 8 © 5 2 glo 5 a 3 3 
gajgsiaqa) 2 “o E Gejg2ige) 2 i) B 
n |n |m is iq As nm |n | 3 a 4 

11. Hydrochloric-acid 12. Potassium-hydroxide 
reactions: reactions—Cont’d: 

Brunsdonna sanderce Narcissus poetaz tri- 
ODA ia cise convient -—{|-|- - - +o umph............ -|-|- - +7 - 

Brunsdonna sandere.} — | — | — - - +o Lilium marhan......} — | — | ® - - - 
Hippeastrum  titan- Lilium dalhansoni...| — | — | ® - - 

cleonia........... —-|-[- +9 - - Lilium golden gleam.| — | — | @ - — - 

Hippeastrum ossul- Lilium testaceum....| — | — | ® — — _ 

tan-pyrrha........| — | — | — - +o - Lilium burbanki.....| — | — | @® - - - 

ee deeones- Iris ismali...........] — | -— | — =- - +9 
zephyr. . Z -—-|-|-/+9= _ - Tris dorak........... —}o-j- ~ _ —d' 

Hemanthus ‘andro- Iris mrs. alan grey...| — | — | — =_ _ —Q9-=' 

meda.. = ee oe te _ - Iris pursind......... -|-|- - +d - 
Hemanthus Lonig al- Gladiolus colvillei....) — | — | — _ i +9 
Dh icsnakenseuwas — p= | +2 - - Tritonia crocosmme- 

Crinum anal i AGTA oc daacaweures —-|—|- fe} = _ 
(at eee inant = | = ites +d - - Begonia mrs. heal....| — (>) - = _ 

Crinum kircape. itr ae ae) ee ae +2 - - Richardia mrs. roose- 
Crinum powellii. . —-~Pofl _ +o - velt.. ere ee ee ee ie +o ae 
Nerine dainty maid... ee I a ee - +9=c - Musa hybrida. be fuk Atk —-|-—|—-|4+¢9=¢ ns oe 
Nerine queen of roses| — | — | — - +9=¢ - Phaius hybridus. .... —!|-—-!|@ _ — ~~ 
Nerine giantess......) — | — | — - - +9=c Miltonia bleuana....| — | — | @ ~ _ oe 
Nerine abundance...} — | — | — - _ +9=¢ Cymbidium eburneo- 

Nerine glory of sarnia} — | — | — _ - +2 lowianum.. of —|—-{]@0@ — scat — 
Narcissus poetaz tri- Calanthe veitchii . —-;-|!-| +9 - - 

umph...........- -|-|- - +c - Calanthe bryan..... . +/—-—-|]-— - es _ 

Lilium marhan...... = |b @ = - - 
Lilium dalhansoni...| — | — | ® = = ari 2/1415 6 6 6 
Lilium golden gleam.} — | — | ® - - _- . 

Lilium testaceum....| — | — | — +9 - - 13. Potassium-iodide re-' 
Lilium burbanki.....] — | — | — - - +9 actions: 
Tris ismali...........) — | — | — +o - - Brunsdonna sanderce 
Iris dorak........... —~1+]- _ - - alba.. -|-|- - = +9 
Tris mrs. alan grey...) — | — | — - - +c Brunsdonna sanderaa. —-|j;-|j-—- - ca —9=d 
Tris pursind......... -|-|@8 _ _ - Hippeastrum titan- 
Gladiolus colvillei.. ee eee = _ +2 cleonia . -—-{j-|—-—|+¢9=¢ = tats 
Tritonia crocosme- Hippeastrum ‘ossul- 

flora. pur ca Nica 9 - tan-pyrrha.. re ~ +9 oat 
Begonia m mrs. 3. heal.. +) -|- _ > Hippeastrum desones- 
Richardia mrs. roose- zephyr. . oe -|-|- +9 = = 

VelOisaccananenaines rested al |B ame — - Hemanthus ‘andro- 
Musa hybrida.......) — | — | — +c - - meda.. +/—-|- i = = 

Phaius hybridus..... a fe | a - - Hemanthus kénig al- 
Miltonia bleuana....) — | — | ® - - - Bert ae cohangceave soe +)/-|[- = = = 
Cymbidium eburneo- Crinum hybridum j. 

lowianum......... = bom - - - ce.h.. neal =| Set oe - - +o 
Calanthe veitchii. ... - - - +9 Crinum kireape Licdeeatane -|-|- +9 _ = 
Calanthe bryan..... . —-;—-]- - +o _ Crinum powellii.....) — | — | — os +¢ son 

Nerine dainty maid..| — | — | — |+9=¢ — = 
1 1| 7 10 6 10 Nerine queen of roses} — | — | — +9 - = 

Nerine giantess......| — | — | — +292 = a 
12. Potassium-hydroxide Nerine abundance...}| — | + | — = = ake 

reactions: Nerine glory of sarnia} — | — | @® - = = 
Brunsdonna sanderce Narcissus poetaz tri- 

alba.. = he | = = mg umph............ —{=—]— - +o = 
Brunsdonna sander. =|— 1 @ - - - Lilium marhan...... -{|-|@0 _ as es 
Hippeastrum  titan- Lilium dalhansoni....| — | — | ® - = os 

cleonia . . —-|-}f- - +c = Lilium golden gleam.| — | — | ® = 2 = 
Hippeastrum ossul- Lilium testaceum....} + |] — | — - Ee = 

tan-pyrtha.. Pom podto - +A - Lilium burbanki.....} — | — | — - st +9=¢9 
Hippeastrum deeones- Tris ismali...........) -— | +] — - es = 

wephyr............ —-i|-|- +92 - - Tris dorak........... —}-j— = +o = 
Hemanthus andro- Iris mrs. alan grey...} — | — | — - — +h 

meda............. a Od (ee a = - Iris pursind......... -|-|@ - - = 
Hemanthus kénig al- Gladiolus colvillei....) -— | — | — - = +9 

bert.. : t+l-|- - - - Tritonia crocosme- 
Crinum hybridum. j. MOP ois eden peeace -|jJ-|- +9 - -_ 

Cub aan esa caties —-{|+]- = - - Begonia mrs. heal....| + | — | — me os 
Crinum kircape...... coat Picanceh (era (Ms - - Musa hybrida.......| — | — | — — = +o 
Crinum powellii.....] — [ — | — = ee = Phaius hybridus. ... . -|/-|j-]4#e=e7) —- ae 
Nerine dainty maid. ./-—- | — | — - = +9=c Miltonia bleuana....] — | — | — = +9 a 
Nerine queen of roses.| — | — | ® = — _ Cymbidium eburneo- 
Nerine giantess......| — | — | ® = = - lowianum......... -|-|/oe _ = _ 
Nerine abundance...| — | — | ® = = io 
Nerine glory of sarnia| — | — | ® = = = 4/2/16 8 5 7 
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fk ba a pee ee | q 

2 258 4| 3 z (258 | 2 
as] av ao) : 3 U0 i 

Hybrids. 8 $ : 3 . 5 a a % Hybrids. a a 3 a 3 F g 3 

BB/BSlq8) § = E gajzalga) 8 c E 
a |a Ia a faa] pa an |m |D A ira] 4 

14. Potassium-sulpho- 15. Potassium-sulphide 
cyanate reactions: reactions.—Cont'd: 

Brunsdonna sanderce Narcissus poetaz tri- 

alba.. ae —-|/-|- - - +9=¢ umph.. carnal) = | SS = +9=c = 
Brunsdonna sandere | — | — | — - - +Q2=¢ Lilium marhan...... =| =] o> = = 

Hippeastrum titan- Lilium dalhansoni...| — | — | ® - - - 

cleonia........... -/|/-|-—|/]49= 9] —- = Lilium golden gleam.| — | + | — — = = 
Hippeastrum ossul- Lilium testaceum....| + | — | — - - - 

tan-pyrrha........] — | — | — - +9 - Lilium burbanki.....} — | — | — - _ +9=¢c 

Hippeastrum dzones- Iris ismali. —-j/—-|]-|]4+¢9=¢0 _ _ 

zephyr... —-|/-|-|/]449=a} - - Iris dorak.. ‘ es let - | - - 

Hemanthus ‘andro- Iris mrs. alan prey a fe | ee _ - +9=¢ 

meda.. +{/—-]— — _ Iris pursind......... +/-|- - - - 

Hemanthus konig al- Gladiolus colvillei....| — | — | — - - +9=d7 

bert.. +/-]— - - a Tritonia crocosme- 

Crinum hybridum | A POS oy ecranteducn — | oe | +o — - 

c.h.. eee dean pee Pm _ - +2 Begonia mrs. heal....] + | — | — rt - = 
Crinum kircape ieseetrand -—-|-|- +o - _ Musa hybrida....... eta (eed (as ~ - + 

Crinum powellii.....) — | ~~ | — —- .|| +¢ ~ Phaius hybridus. .... =| eS] - - +9=¢ 

Nerine dainty maid. .| — | — | — — +9 oe Miltonia bleuana....}| — | — | — = +9 = 
Nerine queen of roses} — | — | — - +9 _ Cymbidium eburneo- 

Nerine giantess......) — | — | — +H _ _ lowianum........| — | — | ® - - - 

Nerine abundance...) — | — | — - - +o! 
Nerine glory of sarnia}] — | + | — - _ = 6 2 8 5 4 z 

Narcissus poetaz tri- 
UMP gece sieicsa| = | — | = - +o - 

Lilium marhan...... ® = o = 
Lilium dalhansoni....} — | — aad so = 
Lilium golden gleam.| + | — sd = _ ne 16. Sodium-hydroxide 

Lilium testaceum....} — | — | — - +9 = reactions: 
Lilium burbanki.....) — | —|—| — —~ |49=@ | Brunsdonna sanderce 
Irisismali...........) —]|—|@] — = = alba... .....+.++.. Se aie fhe = +e 
Priadoraleiccn corel = | olf = = +o Brunsdonna sander.) — | — | — | — = Te 
Iris mrs. alan grey...| — | — | — - - +o Hippeastrum  titan- 
Iris pursind......... —-|-|@ - - = Cleonia.......... jee occ a +o = 
Gladiolus colvillei.....) —| —|—] — = +9 Hippeastrum ossul- 
Tritonia crocosmm- tap-pyitlitescsc<ss| = | = | = +9 | - a 

flora.. a Pea) pane ee +9 ww _ Hippeastrum deones- 

Begonia mrs. shea...) + | = | = - _ - zephyr. . SoS | te _ = 
Musa hybrida.. Rasta! Speman | aneae SS = 49 Hemanthus andro- 

Phaius hybridus. . See —|-|@6 = — = meda.. Se = = == 
Miltonia bleuana....| + | —|— | — = = Hemanthus kénig al- 
Cymbidium eburneo- bert.. te ee = ae - 

lowianum.........) — | — | ® - - - Crinum hybridum ii 
C2 Wyeewacne seek es = |41- - - - 

Crinum kircape...... seal Mawel Wan 9 - - 
eee a 6 9 Guunipewellll,.. l= | — pel —. | eg | w 

Nerine dainty maid..| — | — | — +o _ - 
Nerine queen of roses| — | — | — - +o _ 
Nerine giantess......] — | — | — - _- +c 

15. Potassium-sulphide Nerine abundance...) — | — | — - +a 
reactions: Nerine glory of sarnia| — | + | — - _ - 

Brunsdonna sanderce Narcissus poetaz tri- 
alba.. —-|/-|- |4+9=¢ - - umph............| ~]- | - +o - 

Brunsdonna sanderce +}/-|] - - — - Lilium marhan......| — | — | ® _ - - 

Hippeastrum titan- Lilium dalhansoni...| — | — | ® - - - 

cleonia........... -!|-|@6 - - - Lilium golden gleam..| — | + | — _ pa) nN 

Hippeastrum ossul- Lilium testaceum....| + | — | — = = = 

tan-pyrrha........ -—-|-|@® = _ - Lilium burbanki.....| — | — | — - - |+9=¢ 
gle eee deeones- Tris ismali...........| — | — | ® = = = 

zephyr .. —-!|-|@ - - - Tris dorak.......... SS | = | = - - - 

Hemanthus andro- Iris mrs. alan grey...) — | — | — = —- |+9=¢ 
niadac Sep | oe] _ -_ = Iris pursind......... -—-|-|@8 a = = 

Hemanthus kénig al- Gladiolus colvillei....] — - - - +9 

bert.. +])/-|- - - - Tritonia crocosme#- 

Crinum hybridum j a Alora. cists ong ass -|/-|- +9 - - 

Co Ws cxae ene || - - - +c Begonia mrs. heal....} — | — | — +9 - - 

Crinum kireape .. Se | ee oe - - - Musa hybrida.......] -— |] — | — = =~ +7 

Crinum powellii. . -—|-|- - +a = Phaius hybridus. .... —|-|- = es +¢ 

Nerine dainty maid. . .|—-}|]—|@® = - - Miltonia bleuana....} — | — | — - +9 = 

Nerine queenof roses| — | — | — - +2 - Cymbidium eburneo- 

Nerine giantess. .... -—-|j—-{- +c - - lowianum......... -—-|-|6 - - - 

Nerine abundance...} — | — | — +c == _ 
Nerine glory of sarnia} — | — | — = -_ +c 4] 3] 5 6 5 9 
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ao ju. $ og 4 .f4 3 
2 feds) $ g isda | 3 
Beales! % sele Slee 2 ; Hybrid a Ala daias 4 a ” brid REIS 888 ® 3 as 

ybrids. s Ble “152 | rd 4 Hybrids. gale cle e A 3 a 

a"e Slag) ic) E dajgfigal § ec: 5 
a la la Ra i 4 ND IN IN | ea] 4H 

17. Sodium-sulphide re- 18. Sodium-salicylate 
actions: reactions—Cont'd: 

Brunsdonna sanderce Lilium marhan......| — | — | — = +9 
alba. . i -i-|- - _ +9 Lilium dalhansoni...| — | — | — a +o = 

Brunsdonna ‘sandercs -|rj- - a +9 Lilium golden cross. .} — | — | — = 9+ 
Hippeastrum  titan- Lilium testaceum....| — | — | — - +2 = 

cleonia............ +il-|- - - - Lilum burbanki...... Sarai | easai| lle +a oa = 
Hippeastrum ossul- Iris ismali..........) — | #] —- = = = 

' tan-pyrrha........) + | — | — - - - Iris dorak........../ — | — | - - - +9 
Hippeastrum deeones- Iris mrs. alan grey....| — | — | — = +c sa 

zephyr. . re ed — _ +9=¢ Iris pursind......... -|-|- _ +9 = 
Hemanthus  andro- Gladiolus colvillei....| ~ | — | — - - +9 
Med bs se adios Sessa ale cet - - - Tritonia crocosme- 

Hemanthus konig al- flora. y -|-|- +9 = ons 
bert.. gape SI - - - Begonia m mrs. :. heal... -|-]- +2 - i 

Crinum hybridum i. Richardia mrs. roose- 
OC) Dy cay eagceaadvs on ee +c - - velt.. -;/-|@ = a = 

Crinum kircape..... -|-|- +9 — - Musa hybrida.. -|-|- - - +o 
Crinum powellii.....) — | — | — - +o _ Phaius hybridus . . —-|+]- _ - ie 

Nerine dainty maid..| — | — | ® - - - Miltonia bleuana....| — | — | — - +9 = 
Nerine queen of roses| — | — | ® - - - Cymbidium eburneo- 

Nerine giantess......| — | — | ® - - - lowianum......... FT a AR = - +29=c 
Nerine abundance...) — | — | ® - - = Calanthe veitchii....} — | — | — - +2 = 
Nerine glory of sarnia| — | + | — - — - Calanthe bryan......] — | — | — |4+9=¢@ = = 
Narcissus poetaz tri- 
MMP coc eeccl = | = | = in +o oe 1 4 i 10 9 10 

Lilium marhan...... —-|-|@8 = -_ = 
Liliym dalhansoni....| — | — | ® ~ - oe . . 
Lilium golden gleam.| — | + | — = = al 1: evens seek 

wea testaceum....) ~ | — | — = +? ag Brunsdonna sanderee 
ium burbanki.....| — | — | — - —- |+9=o2 alba. . ee ee ee es = +¢ 

“Iris ismali...........] — | — +9= = = B d ae ee ee = fe +o 
Tris dorak.......... | See ee - +o - poate puepetages erce 

Hippeastrum titan- 
Iris mrs. alan grey. -|-|- - - +h . = ze Tas pursiad.,. aaa |e Lie = - eS cleonia........... cl ® = a 

Gladiolus colvillei....} — | — | — - _ +2 Ep pesstnts “Deals 
Tritomia crocosme- SODETPETDEY 5 ors > ey || eos = = = 

flora. S| ed ede +9 = = Hippeastrum deones- 

Begonia n mrs. is, heal... Sih eee | +2 = = RepLYE Sie = ~ ~ 
M Sa Neos 2 ie = Hemanthus andro-— 

usa hybrida.. H +h meda a a = an _ 

Phaius hybridus.. eiieiitis Sl te = = == Hemanthus konig al- 
iltonia bleuana....) — | — | — -_ +2 = bert Shel ee || = = = 

sa ioc eburneo- Crinum patton j. 
owianum.........| — | — | ® a - - = = és: c.h..... nee? + _ _ 

Crinum kireape.. ube oe ee, |e +2 - - 
4 3 7 6 5 7 Crinum powellii. . =) S| - +o - 

Nerine dainty maid.; call cad Wicca = +2 - 
18. Sodium-salicylate Nerine queen of roses} — | — | — a +9 = 

reactions: Nerine giantess......| — | + | — - - - 
Brunsdonna sanderce Nerine abundance...| — | — | — - - +o 

alba... a -|-|;- +9 - - Nerine glory of sarnia| — | + | — - _ - 
Brunsdonna sanderce +)-|- - - - Narcissus poetaz tri- 

Hippeastrum titan- WHIPH... ck cease cea a a _ +o - 
cleonia............ -{/-|]- - - +9 Lilium marhan......} — | — | — _ - +9 

Hippeastrum  ossul- Lilium dalhansoni...| — | — | — +o - -— 
tan-pyrrha .......) — | — | — as oe fou Lilium golden gleam..| — | — | — i +o _ 

Hippeastrum dssones- Lilium testaceum..../ — | — | — +9 = _ 
zephyr............ -;|-|/- - - +2 Lilium burbanki.....] + | -— | — - - - 

Hemanthus andro- Tris ismali.......... ae el +9 - - 
meda.. Jolol- +9 - - Iris dorak.......... =o) 0 = +9 - -_ 

Hemanthus konig al- Iris mrs. alan grey. -|/—-|- _ - +3 

bert.... 0... ee eae = = +o - = Iris pursind. . -|-|- - - +9 
Crinum hybridum j. Gladiolus colvillei. . -|-{T- - - +9 

Cher cise wie a =| =) = +c - _ Tritonia crocosme- 
Crinum kircape..... . - - - - +2 flora....... 2. eee -—-|-|- - +¢ = 
Crinum powellii.....) — | — | — +o = = Begonia mrs. heal....| — | — | — - +9 - 
Nerine dainty maid..| — | — | — +o = - Musa hybrida.......} — | — | — - - +o 
Nerine queen of roses | — | — | — a +o a Phaius hybridus..... — | oe foe +2 - - 
Nerine giantess......] — | + | — - = = Miltonia bleuana....| — | — | — - +9 = 
Nerine abundance...| — | + | — = ae -_ Cymbidium eburne- 
Nerine glory of sarnia| — | — | — - = +9 lowianum.......} — | — | — - —- |4+o=¢9 
Narcissus poetaz tri- 
umph..........5 -{|-|!- - +h -_ 3/| 3) 3 8 6 9 
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Tas_e H.—Continued. . Taste H.—Continued. 

mo: [2h sh s yg {4 .ig ; 
2 23/8 | 3 g \eas | & 

Hybrid gelegiggl 3 | g | x gdiagisz] 2 | «e | G 
ere e@kleglok E 3 o Hybrids. ® Blo glo & A 8 3 

gajgejga) 2 eC) E gajd2iga) 38 E) 8 
mn In |wn 4 q ra) nN in | 4 iss] I 

20. Uranium-nitrate re- 21. Strontium - nitrate 
actions: reactions.—Cont’d: 

Brunsdonna sanderce Musa hybrida.......] — | — | — - - +2 
ADB erence eatin ts el Ke aece | Ses = ore +o Phaius hybridus..... +/-|]- - - - 

Brunsdonna sanderce.} — | — | — = = +c Miltonia bleuana....| — | — | — - +9 = 
Hippeastrum titan- Cymbidium eburneo- 

cleonia...........] — | — | ® - - - lowianum......... = | — 4-8 - - - 
H. ossultan-pyrrha ..} + | — | — - - - — 
H. deones-zephyr ...| — | — | ® - - 5 0 2 12 8 5 
Hemanthus andro- oe 

meda...........5. cae (i - ~ - 22. Cobalt-nitrate reac- 
H. kénig albert .....] + | — |] — - tions: 
Crinum hyb. j.c.h..} — | + | — = = - Brunsdonna sanderce 
Crinum kireape.....} — | — | — | +9 _ alba.............., —~]| — | - - - +o 
Crinum powellii.....] — | — | — _ +f = Brunsdonna sandere.| — | — | — _ -— |+9=¢ 
Nerine dainty maid..| — | — | — - +9 - Hippeastrum  titan- : 
Nerine queen of roses | — | — |.— — +9 = cleonia............ -|@e@ - - - 
Nerine giantess......| — | +] — - - - H. ossultan-pyrrha ..| — | — | ® - - 
Nerine abundance...| — | — | — - - +o H. deones-zephyr ...| — | — | @® - - 
Nerine glory of sarnia | — | + | — = - _ Hemanthus andro- 
Narcissus p. triumph | — | — | — - +c - meda............-] — | —| @® =. -_ - 
Lilium marhan...... eee (ee | all) et - - H. kénog albert .....] + | — | — - - a 
Lilium dalhansoni...}] — | — | — +9 - - Crinum hyb. j.c.h..| — | + | — ot na = 

Lilium golden gleam | — | — | — = +2 - Crinum kireape..... et] -|- - - — 
Lilium testaceum....} — | — | — = +9 - Crinum powellii...... —-|-|- - +o = 
Lilium burbanki.....| — | — | — - - +9 Nerine dainty maid..| — | — | ® = - - 
Tris ismali...........] — | — | —- - +o - Nerine queen of roses} — | — | ® = = - 
Iris dorak.......... -|-|10 - - _ Nerine giantess......]| — | —| ® - = - 
Iris mrs. alan grey...| — | — | — - - +9 Nerine abundance...| — | — | @® - - - 
Iris pursind......... —-|-|]—-j+9=¢ = - Nerine glory of sarnia} — | — | ® = = - 
Gladiolus colvillei....] + | — | — - - - Narcissus p. triumph | — | — | — _- +9=c = 
Trit. crocosmeflora...| — | — | —| +o - - Lilium marham...... —-{|-|-| +a ss = 
Begonia mrs. heal....] — | — | — | +9 = - Lilium dalhansoni...) — {| —| —| +o = = 
Musa hybrida......., — | — | — _ ia +c Lilium golden gleam.; — | — | — - +9 - 

Phaius hybridus. .... =| =) = g - Lilium testaceum....) — | — | —| +o - = 

Miltonia bleuana....) — | — | — oa Hee = Lilium burbanki.....) — | — | — = - +9 
Cymbidium eburneo- Tris ismali..........] — |] — | —- - - +9=¢0 

lowianum......... =e i = = = +9=c Tris dorak.........-.]| — | -— | @® = = = 
—|— Iris mrs. alan grey...| — | +] — - - - 

4] 3 3 7 8 i Iris pursind.........] # | — | — - - - 
=——|——| —— Gladiolus colvillei....| — | -— | ® - - - 

21. Strontium-nitrate Trit. crocosmeflora...| — | + | — - - - 
reactions: Begonia mrs. heaJ....{ — | — | — +9 - _ 

Brunsdonna sanderce Musa hybrida.......)| — | -— | — - - +o 
alae o..se<cseeees -|—-|+¢9=¢ - aa Phaius hybridus..... -j|-|- +o - - 

Brunsdonna sandere.} — | — | —| +2 a = Miltonia bleuana....| — | — | — - +h - 
Hippeastrum _ titan- Cymbidium eburneo- 

cleonia...........- +/-|[- - - _ lowianum.........] — | — | — _ - |l4+9=0 
H. ossultan-pyrrha ..| — @ = = = 
H. deones-zephyr ...| — —-|l+9=¢ = id 3/ 3/11 5 4 6 
Hemanthus andro- =—|—==|==— 

meda............. + = a - - 23. Copper-nitrate re- 
H. kénig albert......| + - - - - actions: 
Crinum hyb. j.c.h..| — | — | — +o = = Brunsdonna sanderce 
Crinum kircape..... . -|-|- +2 - - BL Bia soe sianeendcceavereedos -|—-l- - - +o 
Crinum powellii.....| — | — | — mow +o — Brunsdonna sandere.| — | — | — = +e 
Nerine dainty maid..| — | — | — _ +o - Hippeastrum titan- 
Nerine queenof roses | — | — | — is +o - A ee -|-|6 - ov asl 
Nerine giantess......] — | — | —|+@2=oc¢ = - H. ossultan-pyrrha .. —-|@ - - 
Nerine abundance...| — | — | — +c - - H. deones-zephyr ...| — ® - - - 
Nerine glory of sarnia | — | — | — - _ +o Hemanthus andro- 
Narcissus p. triumph | — | — | — - +o - meda............., ~| —] @® = = 
Lilium marhan......] — | — | — +2 - - H. konig albert......] +] —| — - - - 
Lilium dalhansoni...{ + | — | — _ - - Crinum hyb. j.c.h..| — | +] — - - 
Lilium golden glow. .| — - 9 - - Crinum kircape...... —-{|-|- +9 - - 
Lilium testaceum....| — - - +9 - Crinum powellii.....| — | -— | — - +o - 
Lilium burbanki.....] — | — | — - - +9 Nerine dainty maid..| — | — | — - +9 - 
Iris ismali.......... —|} +9 = - Nerine queen of roses | — | — | — - +9 - 
Iris dorak.......... -{|-|j- - +9=oc - Nerine giantess...... —-j-|J- - +9=c% - 
Tris mrs. alan grey...) — | — | — _ - +9 Nerine abundance... | — | — | — - -— +o 
Iris pursind......... =|s/=—| =e - - Nerine glory of sarnia} — | — | ® - - - 
Gladiolus colvillei....| — | — | — - - +9 Narcissus p. triumph.} — | =| — - +c -_ 
Trit. crocosmeflora..| — | — | — - +o - Lilium marhan...... -—-i|+]- = = - 
Begonia mrs. heal....J| — | — | — +2 - a Lilium dalhansoni...; — | — | — - +o - 
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Tasie H.—Continued. Taste H.—Continued. 

, ' s 

Bagg | 2 # eae] 2 
pe) g| 3 wiimote n| 2 na n s QQ! 2 o 5 

Hybrids. 25/8 8 al 3 ¢ Hybrids. 8 : eel 8 3 a 
gale Slga} € | & B eajgs/gs) 2 | & 3 
DM |M |W 4 a 4 MD |M |W a i 4 

23. Copper-nitrate re- 25. Barium-chloride re- 

actions.—Cont’d: actions.—Cont’d: 
Lilium golden gleam.| — | — | — - +9 _ H. konig albert .....) +] — | — je = = 
Lilium testaceum....}] — | — | ® - - - Crinum hyb. j.c.h..| — | + | — == = = 
Lilium burbanki.....] — | — | — - - +9=¢ Crinum kircape...... +/—-|- a = = 

Iris ismali........ reef ofof- +9 - - Crinum powellii...... -|-{- = +9=o = 
Ins doraksccccccccc) = [| = | = - +? - Nerine dainty maid..| — | — | ® = = = 
Iris mrs. alan grey...} — | — | — -_ - +o Nerine queen of roses| — | — | ® ai a = 
Iris pursind.........} — | — | — - - +9 Nerine giantess......| — | — | ® i = ~ 
Gladiolus colvillei....) — | — | — - - +9 Nerine abundance...| — | — | ® ip ex, 
Trit. crocosmeflora ..| — | — | — +9 - - Nerine glory of sarnia} — | — | ® = oo = 
Begonia mrs. heal....| — | — | — +2 - - Narcissus p. triumph | — | — | ® a i io 
Musa hybrida....... -|-|- - - +o Lilium marhan...... ei (ate +9 = =e 
Phaius hybridus.....| — | — | ® = - - Lilium dalhansoni....| — a +c - = 
Miltonia bleuana....} — | — | — - +9 - Lilium golden gleam.| — | — | — = +9 - 
Cymbidium eburneo- Lilium testaceum....} — | — | — +2 = a 

lowianum......... -|-|- - - +9=o9 Lilium burbanki.....} — | — | — +? - = 
Iris ismali.......... -|- - - +9=0 

1 2 7 4 9 9 Tris dorak...........] # J] — | - - - _ 
= Iris mrs. alan grey...| — | — | ® — a am 

24, Cupric-chloride re- Iris pursind......... -|-|- _ - +9 
actions: Gladiolus colvillei....} + | — | — - - - 

Brunsdonna sanderce Trit. crocosmeflora ..| — | — | ® — = aa 
alba......... eee fm Pm] = = +2 Begonia mrs. heal....J} — | — | — +9 - - 

Brunsdonna sanders | — | — | — on = +7 Musa hybrida....... -{-|- - - +o 
Hippeastrum _ titan- Phaius hybridus. .... -—-|-/]-] +2 - _ 

cleonia........... -|-|6 = = = Miltonia bleuana....} — | — | — - +7 = 
H. ossultan-pyrrha ..| — | — | ®. — _ = Cymbidium eburneo- 
H. dzones-zephyr ...| — @ - - - lowianum......... —{[—-jJof: - _- +9=c 
Hemanthus andro- 

meda.............1 — | — | + a = _ 6{ 1] 12 6 3 4 
H. konig albert .....) +] — | — = - - 
Crinum hyb. j.c.h..) — | + | — - _ - 26. Mercuric-chloride 
Crinum kircape...... —-j-]- +9 - - reactions: 
Crinum powellii.....} — | -— | — a +o Brunsdonna sanderce 
Nerine dainty maid..| — | — | ® = a - fl DB siesccs ste sieecsrepe ane -|-|- - - +9 
Nerine queen of roses} — | — | ® <= = = Brunsdonna sandere | — | — | — - - +9 
Nerine giantess......} — | — | ® = - = Hippeastrum _ titan- 
Nerine abundance...| — | — | ® - = = cleonia...........| — | — | ® = = as 
Nerine glory of sarnia} — | — | ® - - - H. ossultan-pyrrha ..| — | — | ® = = ae 
Narcissus p. triumph.| — | — | — = +9=¢0 - H. deones-zephyr ...| — | — | ® = = = 
Lilium marhan...... =) | = - — - Hemanthus andro- 
Lilium dalhansoni....| — | — | — |+9@=o¢ - = meda............. | all FED. co = - 
Lilium golden gleam. | — | — | — - +a - H. konig albert. ..... +/-—-|[-—- - = = 
Lilium testaceum....} — | + | — = - - Crinum hyb. j.c.h..| — | + | — = = ~~ 
Lilium burbanki.....}| — aa = = = +9 Crinum kircape...... _- _ _ +9 _ a 

Tris ismali...........| — | — | — _ sad +2 Crinum powellii.....} — | — | — - +a _ 
Tris dorak..........| — | — | - - +9 - Nerine dainty maid..} — | — | ® = - - 
Tris mrs. alan grey...| — | — | — - = +¢ Nerine queen of roses| — | — | ® - = = 
Iris pursind......... aed (omnia (ieee = +9=of ce Nerine giantess......| — | — | ® = = = 
Gladiolus colvillei....| -+ | —"]| — _ = = Nerine abundance...| — | — | ® - ad 
Trit. crocosmeflora ..| — | — | — +2 aaa = Nerine glory of sarnia] — | — | ® = — - 
Begonia mrs. heal....| — | — | — +9 = = Narcissus p. triumph.| — | — | — - +o - 
Musa hybrida.......J — | — | -—.J. — - +o Lilium marhan...... =| == - +9=oc - 
Phaius hybridus,....} — | — | — |+9=c} — - Lilium dalhansoni....} — | — | — - - +o 
Miltonia bleuana....} — | — | — - +92 - Lilium golden gleam.} + | — | — - - - 
Cymbidium eburneo- -Lilium testaceum....} — | — | — — - +c 

lowianum.........] — | — | — = = pPrPe=d Lilium burbanki..... -—|-|- - - +9 
Tris ismali...........) — | — | — - - +9 

2] 3] 9 5 6 7 Iris dorak...........| # }] -— | -— _ - _ 
Iris mrs. alan grey...) — | — | — = - Q 

25. Barium-chloride re- Iris pursind......... readies - +9 - 
actions: Gladiolus colvillei....| + | — | — - - _ 

Brunsdonna sanderce Trit. crocosmeflora ..| — | — | — | +9 eee = 
alba...........26-, Elm] - - - Begonia mrs. heal....) — | — | — +9 = ar 

Brunsdonna sanderee.| + | — | — - - - Musa hybrida....... eer | Reet ones uae _ +9 

Hippeastrum titan- Phaius hybridus.....) — | — | — = = se 
cleonia........... ®@ Miltonia bleuana. .. . 

H. ossultan-pyrrha... @ Cymbidium eburneo- 
H. dsones-zephyr .. . ® lowianum......... 
Hemanthus andro- 

meda......... Sse ® 
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1. Summary or Taste H.—Totals of Reaction-intensities of Starches of Hybrids with each Agent and Reagent as regards Sameness, 
Intermediateness, Excess, and Deficit of Development in relation to the Parents. 

Same as | Same as | Same as Tries No. of 
Agents and reagents. seed pollen both mediate. | Highest. | Lowest. | starches. 

parent. parent. parents. 

PoOlarizstion on. 26564044 cess cewetaanneen end HoOS 11 LL 0 9 9 10 50 
POUING a Lancia ae neealh ea cat area ps ee awe nes Bek 16 12 1 12 5 4 50 

Gentian violetinicsc wise scesud do adagus ver eeue ra eese # 13 9 0 8 10 10 50 
Safraninvenc.< 6 vic4s sss vpn e es ee phere 2649 Meee ia 13 11 2 4 10 10 50 
Te PGT AUTO ag 5 4-05 B55 20a BAS beg OG Be ee ee ne 9 8 rd 3 0 21 10 9 50 
Chiloral hydrate cc. 65 <issciescaie 64 4 oc see sense ane wove wer dee 1 6 1 14 14 14 50 
Chromic acid........... 0... cece cece peaaba incense Gare! 4 3 2 18 10 14 50 

Pyrogallic acid. ............ 0.00200 ee iva drisoattedseilsce 3 2 7 17 12 9 50 
INGGrIC: ACI wists are serassi eee ednaitind Malenaig ae ben aida LL boas 4 1 4 15 14 12 50 

Sulphuric acids. i..)1 4. dacawenaacay ease bs aces te ee Sea 10 3 12 9 9 4 47 
Hydrochloric acid.............. 0.00 cece ec ue eee eee 1 1 7 10 6 10 35 
Potassium hydroxide.......... 00.00... cece cece ences 2 1 15 6 6 5 35 
Potassium iodide..... 2.2... 0... cece eee eens 4 2 6 8 5 7 32 
Potassium sulphocyanate............ 0. .0ce cece eens 6 1 6 5 6 9 32 

Potassium sulphide........... 00.0.0 .0 cece cece eeeae 5 2 8 5 4 7 32 

Sodium hydroxide. .......... 0. 0c. cece cece ence eens 4 3 5 6 5 9 32 
Sodium sulphide.............. 0.0002 cece eee euee fase 4 3 7 6 5 7 32 

Sodium salicylate........0..... 0c cece cece cent eee nee 1 4 1 10 9 10 35 
Calcium: nitrate. cscs ccee cea ances Wiad gaencis 62 boa oeers 3 4 3 8 6 9 32 
Uraniwii nitrate, gc gc cna ca 82 ana adie cutie vee 2 hn OA 4 3 3 7 8 7 32 
Strontium nitrate..... 00... kee eee eee 5 0 2 12 8 5 32 
Cobalt nitrate...... 0... ccc cece cee eee nets 3 3 11 5 4 6 32 
Copper nitrates conocscctvsaa ca are cionduueely Fees e234 1 2 7 4 9 9 32 
Cupricnchloride scsi ese sacaes sae gslesebiew oy 32240 65 2 3 9 5 6 7 32 
Barium chloride.......... 0.0... c cece cece ee een eee 6 1 12 6 3 4 32 
Mercuric chloride .......... 0.0... ccc ee cece cece eee 4 1 9 4 5 9 32 

2. Summary or Taste H.—Sameness and Inclination of the Reaction-intensities of allof Hybrid Starches with each Agent and Reagent. 

Same as or closer to— As close to 
Agents and reagents. Same as both oneias to the Number of 

parents. starches. 
Seed parent. |Pollen parent. other parent. 

POR ca is So de PSR SAUD RS BURRESS Ne oe eS 26 20 0 4 50 
TO AUIS asses, dace Rese 5 uk 2 Sy uicdeaielmnasce Dea Rea eABscd aves dhedasuag sheelin Fhe a 25 18 1 6 50 
Gentian-Vidlet.) 6 cess acces wai Seas ake WOR Ned Osawa s Gow 21 25 0 4 50 
Safranins coca anda svaarvlasda wid need ORAAE WAAR Rada d eee 24 21 2 3 50 
"Fes per sie coe uss eee ks OS BEES Ae RENTED HERE RETO S4 Be REE 29 18 0 3 50 

Chloral hydrate)... cag dcsusiaa's eoas wade da eran aa eine aeeah oe 23 20 1 6 50 
Chromic acids 7 ius-ech tenis poses tees eda wiiind gaan gee ain ee haiee 31 12 2 5 50 
Pyrogalli acid: csi auake ce heeree ide deere UR ene eae pene ee nae 23 15 7 5 50 
Nitrié a¢id scc05 aeeeacn dee tee baad Mee eee dea heres Pee aeedes 24 11 4 11 50 
SulPHUPie Cid . 6 ssi ecesoses rd meron nee sda te WE Soe BA we arta 18 11 12 6 47 
Hy drochloricu@ eid ois savers dane Gics @ Ceavetermacguend de slaved neseaaceamnaonseers 11 12 7 6 35 
Potassium hydroxide..........0.. 0.00 cece eee eee eee e eee 8 8 15 4 35 
Potassium 10dIdC ss siieseia eck cea w arm sca Sa HAG See Ae ete ee 13 8 6 & 32 
Potassium sulphocyanate......... 0... cece ee en eee 13 9 6 4 32 
Potassium Gulphides: s cowie ie leede wats Gindioise ae Geoye gwd See HY 7 10 8 7 32 
Sodium hydroxides: :sg.sc2 65 ¢s203 545 meee wees vaseae eenesaagames il 14 5 2 32 
Soditim ‘sulphide: ...: jc.cccccus 55 gah gs wee be REESE SEES RE OSE Y 12 9 7 4 32 
Soditim salicylates: ius ono o2g Gove euedeneat So ER OES See SRS S 16 15 1 3 35 

Calcium nitrates hook Oe dass bv imahcs Ged aoa coat ae Beane 16 12 3 1 32 

Vivant iltrete ivan acca ac etek se eh aterne sheen d ae sere tae es 15. 10 3 2 32 
Strontium nitrates sa: p. jose. caw oa we Gans caares oe es bd Se. Hele wean F 15 10 2 5 32 

Cobalt nitrate. isaclaisniis/es sane idaeie Wa adios ewes steiia eas 6 11 11 4 32 

Copper nitrates «23 eis ayebsh boss sh dee eaie OS Ae wee Fhe ws GEES 12 10 7 3 32 

Cuprie: chloride: ¢ :...iis..0.0 20085 teen ere te Ses t eeka grees aed 9 9 9 5 32 

Barium: chloride..< ocak geist edie Deadheads} OG eS edahare gee 13 4 12 3 32 

Mercuric chloride........... 200.0 cece cece e ee teen ene 14 6 9 3 32 

437 328 140 113 1018 
K+{_———_ (ae ee A 

765 253 



SUMMARIES OF PLANT CHARACTERS, ETC. 

2. THE PLANT TISSUES. 

Macroscopic anp Microscopic CHaRrAcTERS OF 
Hysrip-sTocks IN COMPARISON WITH THE Rzac- 
TION-INTENSITIES OF StTaRcHES oF Hysrip- 
STOCKS AS REGARDS SamEngss, INTERMEDIATE- 
ness, Excess, anp Dericrr or DEVELOPMENT IN 
RELATION TO THE PaRENT-STOCKS. 

(Table I, Parts 1 to 8, and Summaries 1 to 7. Charts F, 1 to 14.) 

Inasmuch as the macroscopic and microscopic char- 
acters of plants are, like the microscopic characters and 
reactions of starches, expressions of physico-chemical 
processes, it follows, as a corollary, if starches exhibit 
well-defined peculiarities in their parental relationships, 
such as have been shown very clearly in preceding pages 
that corresponding characteristics should be manifested 
by the plant tissues. This is not only what has been 
found, but also a remarkable congruity of the data con- 
sidering the exceptional diversity of the methods of 
investigation in the two entirely distinct although co- 
operative lines of investigation. In the studies of the 
starches the records show that«each form of starch ex- 
hibits in its histologic, polariscopic, and chemical proper- 
ties varying relationships to the parents, some of these 
properties (varying in kind and number in different 
hybrids) being the same or practically the same as the 
property of the seed parent, or of the pollen parent, or 
of both parents; others being intermediate between the 
corresponding properties of the parents; and others 
showing development in excess or deficit of parental 
extremes. As exceptionally striking facts it was also 
observed that the distribution of the data of parental 
relationship under the six parent-phase divisions varied 
with the different hybrid starches so markedly and 
characteristically that each table of the characters of 
each starch is diagnostic of the starch; that the propor- 
tions of intermediate and non-intermediate characters 
vary within wide limits in different starches; that the 
development of characters in excess or deficit of parental 
extremes is more conspicuous than intermediateness or 
sameness to either parent or both parents; and that the 
comparative degree of influence of the seed and pollen 
parents varied within extremes characterized by an almost 
universal dominance of one or the other parent. Tables 
F, G, and H give recapitulations and summaries of 
the reaction-intensities of the starches of hybrids which 
are not only exceptionally well adapted for comparisons 
of certain fundamental data of the peculiarities of 
starches, but also for bases of comparison of starch and 
tissue characteristics. 

In Table I the macroscopic and microscopic data of 
hybrid-stocks are formulated in correspondence with the 
reaction-intensity data of the starches in Tables F and H. 
Comparing in a general way the two sets of tables one 
gets at first glance the impression of concordance, and 
of so definite a character that it seems obvious that if 
the two sets of tables were intermingled, the botanical 
names having been removed, it would be impossible 
to distribute them to their proper plant and starch 
groups. The tissue tables differ from each other as do 
the starch tables, and each is as individualized and diag- 
nostic of the plant as is each starch table. In comparing 
the data of Table 1 and its summaries the most con- 
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spicuous features are: The general or gross agreement 
between the figures of the corresponding columns; the 
small number of characters and reactions that are the 
same as one or the other or both parents in comparison 
with the number that are intermediate, highest, and low- 
est; the distinctly smaller number that are intermediate 
in comparison with the combined numbers that are 
highest and lowest ; the comparatively small number that 
are intermediate (in view of intermediateness being a 
criterion of hybrids) ; and the many or less marked 
dissimilarities in the distribution of the macroscopic and 
microscopic data among the six parent-phases. In mak- 
ing these comparisons it is preferable to take percentages, 
inasmuch as the numbers of characters and reactions 
are not the same. 

Referring to the first summary, it will be found 
that of the 959 tissue characters 17.8 per cent are the 
same as one or the other parent or both parents, and 
that 82.2 per cent are intermediate, highest, and lowest; 
while with the reactions of the starches (Table F) the 
figures are 36.2 and 63.8 per cent, respectively, the 
ratio of the former being 1: 4.7 and of the latter 1: 1.8. 
Comparing the figures of the corresponding columns of 
the two tables, the following percentages will be noted, 
the first figure being for the tissues and the second 
for the starches: Same as seed parent 5.8 and 13.4; 
same as pollen parent 6.8 and 9.2; same as both parents 
5.2 and 13.6; intermediate 43.2 and 23.2; highest 24.9 
and 18.4; and lowest 14.1 and 22.2. Intermediate char- 
acters in the tissue represent 43.2, and highest and lowest 
characters 39, compared with 23.2 and 40.6 in the reac- 
tions, showing in both cases that the percentages of 
characters and reactions developed in excess or deficit 
of parental extremes are very large, and in the reactions 
very much larger than the intermediate percentages. It 
therefore would seem to follow, as a corollary, that if 
intermediateness is of given value as a criterion of hy- 
brids, development in excess and deficit of parental 
extremes is a criterion of greater value. 

One of the most unexpected features exhibited by 
these data is the presence or absence of close correspond- 
ence in the form of distribution of the macroscopic and 
microscopic characters among the six parent-phases. One 
would naturally be led to the assumption that if, for in- 
stance, a given percentage of macroscopic characters 
were the same as those of the seed parent a similar or 
very closely similar percentage of microscopic characters 
would fall under the same heading; but, strange enough, 
there may be a range of relationship between almost or 
practical identity and very marked divergence, and even 
inversion, of the percentages of the two groups of 
characters. Thus, in Ipomea sloteri (Chart F 1, Table 
I, Part 1 and Summary 1) there is in general closeness of 
the two curves, the only marked variation being in the in- 
termediate characters. The percentages of characters 
that are the same as those of the pollen parent and both 
parents, and that are developed in deficit of parental 
extremes, are in each case very close. The percentages 
of macroscopic characters under each of these parent- 
phases is lower than the corresponding percentages of 
microscopic characters except in intermediate characters. 
In the latter the percentages are not only markedly dif- 
ferent (macroscopic 47.4 and microscopic 32.6), but 
there is also an inversion of the percentages, and there- 
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fore of the relative positions of the curves. The percent- 
age of microscopic characters developed in excess of 
parental extremes is precisely the same as the percentage 
of macroscopic intermediate characters; and the com- 
bined percentages of macroscopic and microscopic charac- 
ters developed in excess and deficit of parental extremes 
is much larger than the combined percentages of macro- 
scopic and microscopic intermediate characters, the pro- 
portions being 51.9 to 36.9. It is remarkable and inex- 
plicable that the percentage of macroscopic characters 
should exceed the percentage of microscopic characters 
among intermediate groups and be the reverse in all of 
the other five parent-phase groups. 

In Lelia-Cattleya canhamiana (Chart F 2, Summary 
1 of Table I, Part 2 and Summary 1) there is similar 
gross correspondence and lack of correspondence in per- 
centages and in curves, but the curves so differ from 
those of Ipome«a sloteri as to be readily distinguishable. 
In this hybrid the differences between the macroscopic 
and microscopic data are, as a whole, distinctly more 
marked; the percentages of macroscopic characters are 
less than those of the microscopic characters in 5 of the 6 
parent-phases, the most marked difference being noted 
among the characters that are developed in deficit of 
parental extremes, while the percentages of both macro- 
scopic and microscopic characters that are intermediate 
are notably in excess of the percentages of characters fall- 
ing under the other 5 parent-phases. Among the inter- 
mediate characters, 52.9 per cent are macroscopic and 
35.3 per cent microscopic. Taking the characters as a 
whole, 40.3 per cent are intermediate and 34.4 per cent are 
developed in excess or deficit of parental extremes. 

In Cymbidium eburneo-lowianum (Chart F 3, Table 
I, Part 3 and Summary 1) the percentages of char- 
acters differ, on the whole, only slightly more than in 
either Ipomea sloteri or Lelia-Cattleya canhamiana. The 
percentages of macroscopic characters are higher than 
those of the microscopic characters in 3 and lower in 3 of 
the six parent-phases, and the most marked differences 
are found among the characters that are intermediate and 
that are developed in excess and deficit of parental ex- 
tremes. The percentage of macroscopic intermediate 
characters is very much higher than the percentage of 
microscopic characters (62.9 and 36, respectively) ; the 
combined percentages of both macroscopic and micro- 
scopic intermediate characters is close to one-half (44.6 
per cent) of the total of all of the characters, and nearly 
double the combined percentages (25.4 per cent) of char- 
acters that are developed in excess and deficit of parental 
extremes. It is extraordinary that while the ratio of 
macroscopic characters that are intermediate to those 
which are developed in excess and deficit of parental 
extremes is 62.9: 5.7, the ratio of microscopic characters 
is 36: 34.7. 

In Dendrobium cybele (Chart F 4, Table I, Part 4 
and Summary 1) the percentages of characters differ 
in degree, with one exception, from distinct to well 
marked, the greatest divergence being noted among the 
characters that fall under those which are the same as 
those of the pollen parent, the same as those of both 
parents, and which are developed in deficit of parental 
extremes, especially the latter. In 3 of the 6 parent- 
phases the macroscopic characters show higher percent- 
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ages than the microscopic characters, in 2 lower per- 
centages, and in 1 practically the same percentages. The 
percentages of microscopic characters that are interme- 
diate represent much more than one-third (43.3 per cent) 
of the total characters and distinctly more than the com- 
bined percentages (29.9 per cent) of characters that are 
developed in excess and deficit of parental extremes. The 
intermediate microscopic characters represent a percent- 
age (37 per cent) somewhat lower than the macroscopic 
characters and distinctly lower than the combined per- 
centages of characters developed in excess and deficit of 
parental extremes (52.5 per cent). This inversed re- 
lationship of the percentages that are intermediate and 
developed in excess and deficit in comparison with the 
macroscopic characters is extremely interesting. The 
total percentage of intermediate characters is 37 in com- 
parison with 46.6 per cent of characters developed in 
excess or deficit of parental extremes. 

In Miltonia bleuana (Chart F 5, Table I, Part 5 and 
Summary 1) there is a marked tendency to variation in 
the distribution of percentages of macroscopic and micro- 
scopic characters among the 6 parent-phases, the per- 
centages being close in 3 and well apart in 3. The most 
marked differences noted are in the percentages that fall 
under characters that are the same as the seed parent, the 
same as the pollen parent, and which developed in deficit 
of parental extremes. The differences are not only well 
marked, but much accentuated because of the relatively 
small differences found under the other parent-phases. 
The macroscopic character percentages are higher than 
the microscopic percentages in 2 of the 4 parent-phases. 
The macroscopic characters that are intermediate rep- 
resent 31 per cent of the total characters, distinctly 
higher than the combined percentages of characters de- 
veloped in excess and deficit of parental extremes (17.2 
per cent). The microscopic characters that are inter- 
mediate show a somewhat higher percentage than the 
macroscopic characters, but distinctly lower than the 
combined percentages of characters developed in excess 
and deficit of parental extremes, the ratio being 
36.4: 45.9, a reversal of values in comparison with the 
macroscopic characters. The total percentage of inter- 
mediate characters is 35.1 compared with the combined 
percentages (38.7 per cent) of characters developed in 
excess and deficit of parental extremes. 

The two Cypripedium hybrids C. lathianum and C. 
lathianum inversum are offspring of reversed crosses. 
In Cypripedium lathamianum (Chart F 6, Table I, Part 
6 and Summary 1) the records are remarkable on ac- 
count chiefly of the comparatively high percentages of 
characters that are intermediate and that are developed 
in excess of parental extremes, and the correspondingly 
low percentages that fall under all of the other parent- 
phases; the very marked differences between the per- 
centages of macroscopic and microscopic characters that 
are intermediate, and that are developed in excess of 
parental extremes; and the inversion of the macroscopic 
and microscopic values in these two phases. The macro- 
scopic percentages are lower than the microscopic per- 
centages among the characters that are the same as those 
of the pollen parent, developed in excess of parental ex- 
tremes, and developed in deficit of parental extremes; 
and lower in the other three phases. Among characters 
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that are the same as one or the other parent or both 
parents the differences are small. Among the macro- 
scopic characters, 85.3 per cent are intermediate, and 
there is a very small combined percentage of characters 
developed in excess and deficit of parental extremes 
(5.9 per cent). Among the microscopic characters 
49.4 per cent are intermediate and 42.5 per cent are 
developed beyond parental extremes. Summing up the 
percentages of characters that are intermediate and that 
are developed beyond parental extremes, respectively, 
it is seen that of the total characters 60 per cent are 
intermediate and 32.4 per cent developed beyond 
parental extremes. 

In the companion hybrid, Cypripedium lathamianum 
inversum (Chart F 7, Table I, 1), the macroscopic and 
microscopic characters are found to be closely in accord 
in their percentages with those of the C. lathamianum, 
the most noticeable differences being in the percentages 
that fall under the characters that are the same as the 
pollen parent and those that are intermediate. In this 
hybrid the percentage of macroscopic characters that 
are the same as those of the pollen parent is larger than 
the percentage of microscopic characters; but in the 
other hybrid the reverse. The percentages of both macro- 
scopic and microscopic intermediate characters are less, 
especially as regards the former. In this hybrid 73.5 
per cent and in the other 85.3 per cent of the macro- 
scopic characters are intermediate, while the figures for 
the microscopic characters are 46.6 and 49.4, respec- 
tively. Summing up the characters that are interme- 
diate and those that are developed beyond parental ex- 
tremes, respectively, it is seen that of the total characters 
54.1 per cent are intermediate and 36.5 per cent de- 
veloped beyond parental extremes. This gives in this 
hybrid in comparison with the other a lower percentage 
of characters that are intermediate and a larger percent- 
age that are developed in excess and deficit of parental 
extremes. The corresponding percentages and hence 
the corresponding curves of these hybrids are so closely 
alike that one should at a glance suspect that the plants 
are very closely related. In fact, the similarities and 
dissimilarities noted are generally in accord with what 
should naturally be expected from the data of hybrids. 

The remarkable degree of concordance of the data 
of these two hybrids is a matter of pre-eminent impor- 
tance because of the data of one being in the nature of 
a check-off or test experiment in relation to the other. 
It is obvious if the data do not agree within limits that 
have been found by the systematist in his descriptions 
of the naked-eye characters of plants, that they would be 
regarded as being undependable, and that if, on the 
other hand, they do agree that the differences in the 
corresponding percentages in the macroscopic and micro- 
scopic characters are not fallacious. It scarcely seems 
within the realm of possibility, if the data were not 
reliable within reasonable or small limits of error of 
observation, that the two sets of curves would be so 
nearly alike and differ only to about the degree that 
should be expected in the case of offspring of reciprocal 
crosses. There is also, as will be seen, a distinct likeness 
of the courses of the curves of the chart of Cypripedium 
nitens to those of the preceding Cypripedium charts, and 
the differences between the former and the latter are defi- 
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nitely more marked, thus indicating that the parentage 
in the two cases is not identical. The likeness can be 
accounted for in part by the fact that one of the parents 
of C. nitens (C. villosum) is also a parent of each of 
the other hybrids—the pollen parent in the first and 
the seed parent in the second. The charts of C. nitens 
and C. lathamianum inversum are more alike than those 
of C. nitens and C. lathamianum; in both of the former 
the seed parent is the same; and, as will be pointed 
out later in sufficient detail, C. villosum is more potent 

_in influencing the characters of the hybrids than is either 
of the other parents, which in a measure will account for 
similarities of all three charts. 

In Cypripedium nitens (Chart F 8, Table I, 1) the 
percentages of both macroscopic and microscopic charac- 
ters that are the same as those of the seed parent and 
that are developed in excess of parental extremes are dis- 
tinctly larger, and there are notable lowerings of per- 
centages of both macroscopic and microscopic interme- 
diate characters. There is a more marked difference be- 
tween the percentages of macroscopic characters that are 
the same as those of both parents, with, moreover, an 
inversion of the macroscopic and microscopic values in 
this phase; and the macroscopic and microscopic per- 
centages of characters that are developed in excess of 
parental extremes are practically the same, whereas in 
the other two hybrids they are very different. The 
macroscopic percentages are higher than the microscopic 
percentages among the characters that are the same as 
those of the seed parent and that are intermediate, but 
lower in the other four sex-phases. Of the total num- 
ber of macroscopic characters 50 per cent are interme- 
diate and 34.4 per cent are developed in excess and 
deficit of parental extremes; and of the microscopic 
characters 35 per cent are intermediate and 47 per cent 
are developed in excess or deficit of parental extremes. 
Summing both macroscopic and microscopic characters, 
39 per cent are intermediate and 42.4 per cent are de- 
veloped beyond parental extremes. The corresponding 
figures for C. lathamianum are 60 and 32.4, and for 
C. lathamianum inversum 54.1 and 36.5, showing in 
C. nitens an inversion of these sex-phase values com- 
pared with the values of the other two hybrids. 

By comparing Charts F 1 to F 8 it will be seen that 
while there are throughout certain well-defined resem- 
blances, no two are so similar, even in the case of the 
two Cypripedium hybrids that have come from recipro- 
cal crosses, as to lead to one being mistaken for an- 
other. A common plan of distribution of percentages 
of characters among the six parent-phases is evident 
in all of the charts and is only exceptionally departed 
from—that is, in general, comparatively low percentages 
of characters that are the same as one or the other 
parent or both parents, generally higher percentages 
of characters that are developed in excess or deficit of 
parental extremes, and still higher percentages of char- 
acters that are intermediate. Departures of modifi- 
cations of this plan are seen particularly in Ipomea 
sloteri, in the higher percentage of characters developed 
in excess of parental extremes than of intermediate char- 
acters; and in Miltonia bleuana in the high percentage 
of macroscopic characters that are the same as those 
of the seed and pollen parent. Perhaps there is nothing 
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so remarkable among these records as the marked ten- 
dencies in the several sets of parents and hybrids to 
inverted relations of macroscopic and microscopic values ; 
and the tendency for macroscopic values to be higher 
than the microscopic values in the intermediate charac- 
ters, and for the reverse in the characters that are de- 
veloped in excess and deficit of parental extremes. 

Recapitulating the sums of both macroscopic and 
microscopic characters that fall under the six sex-phases 
(Table I, Summary 1) it is found that of the 959 charac- 
ters 5.8 per cent are the same as those of the seed parent, 
6.8 the same as those of the pollen parent, 5.2 the same as 
those of both parents, 43.2 intermediate, 24.9 developed 
in excess of parental extremes, and 14.1 in deficit of 
parental extremes. It will also be seen that 17.8 per cent 
are the same as those of one or the other parent or both 
parents; that 82.2 per cent are intermediate and de- 
veloped beyond parental extremes; and that 43.2 per 
cent are intermediate against 39 per cent that are de- 
veloped beyond ‘parental extremes. 

Further studies of the separate percentages of macro- 
scopic and microscopic characters show, as presented in 
the second summary of Table I, in the former as com- 
pared with the latter, lower percentages in the characters 
that are the same as one or the other parent or both 
parents and that are intermediate, but higher percentages 
in the characters that are developed beyond parental ex- 
tremes, especially in those which are developed in deficit 
of parental extremes. The figures in relation to sameness 
to one or the other parent or both parents run closely, but 
in the other three parent-phases they show marked 
divergence. 

The frequent absence of agreement between the dis- 
tribution of the macroscopic and microscopic data of the 
hybrids among the six parent-phases is at present inex- 
plicable. As before stated, it seems, if in any hybrid 
given proportions of macroscopic characters would be 
found to be the same as those of the seed parent and as 
those of the pollen parent, that the corresponding pro- 
portions of the microscopic characters would be found ; 
but the proportions may not only be quite different but 
even reversed. The proportions of macroscopic and 
microscopic characters that are the same as or inclined 
to the seed and pollen parents, respectively, are approxi- 
mately in Ipomea slotert (Table I, Summary 4) about 
2 to 1 and 3 to 1, respectively; in Lelia-Cattleya can- 
hamiana, 1 to 2 and 1 to 2; in Cymbidium eburneo- 
lowianum, 3 to 2 and nearly 1 to 1 respectively ; in Den- 
brobium cybele, 1 to 3 and about 1 to 1 respectively; 
in Miltonia bleuana, 4 to 3 and 1 to nearly 114 respec- 
tively; in Cypripedium lathamianum, about 1 to 1 and 
nearly 1 to 144, respectively; in C. lathamianum inver- 
sum, 2 to 1 and 114 to 1 respectively, and in C. nitens 
114 to 1 and 1 to 114, respectively. With such marked 
and unaccountable variations of macroscopic and micro- 
scopic values, it is to be expected that owing to the 
great dissimilarity in the methods and characters of the 
data of the tissue and starch investigations the two sets 
of data may differ even more widely than the macro- 
scopic and microscopic data just examined ; and such is 
found to be the case, as will be shown in the following 
section wherein additional consideration of the tissue 
characters is given. 
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3. TISSUES AND STARCHES OF SAME 
PARENT- AND HYBRID-STOCKS. 

ComPpaRISONS OF CHARACTERS OF THE TISSUES AND 
OF THE HISTOLOGIC AND OTHER PROPERTIES AND 
Reaction-INTENSITIES OF THE STARCHES OF 

Hysrip-Stocks as REGARDS Samenzss, InTER- 
MEDIATENESS, Excess AND DeFicit or DEvELorp- 

MENT IN RELATION TO. THE PaRENT-STOCKS. 

(Table 1, Parts 1 to 8, and Summaries 1 to 9. Charts F 1 to F 14.) 

When the present research was planned it was the 
intention, as stated in the introduction, to make coinci- 
dent studies of the tissues and starches of each parent 
and hybrid specimen, with the especial object of show- 
ing what relationships, if any, exist between the macro- 
scopic and microscopic characters of the plants and the 
histological and other properties and reaction-intensi- 
ties of the starches, but various conditions combined to 
render this project impracticable. One might be led 
to the assumption, upon superficial thought, that if, for 
instance, the macroscopic plant-characters of any hy- 
brid are distributed in certain percentages among the 
six sex-phase divisions a closely corresponding division 
of the microscopic characters would be found, and that 
starch characters, physical and physico-chemical, would 
be in similar agreement. In other words, a universality 
of type or plan of distribution of characters, so that if, 
for example, in Ipomea slotert the distribution of macro- 
scopic characters among the six parent-phases be (Table 
I, Summary 1) 2.6, 2.6, 0, 47.4, 42.1, and 5.3 per cent, re- 
spectively, the distribution of the microscopic characters 
would be essentially or closely the same; but, in fact, 
there are more or less marked differences, as is evident 
by the following figures for the latter: 8.4, 3.2, 2.1, 32.6, 
47.4, and 6.3 per cent, respectively. By such compari- 
sons it will be noted that, among the macroscopic char- 
acters as compared with the number of microscopic char- 
acters, less than one-third will be the same as those of 
the seed parent (2.6: 8.4) ; a slightly smaller percentage 
the same as pollen parent (2.6: 3.2) ; a smaller percent- 
age the same as both parents (0:2.1); a very much 
higher percentage intermediate (47.4: 32.6) ; a smaller 
percentage developed to excess of parental extremes 
(42.1: 47.4) ; and a slightly smaller percentage devel- 
oped in deficit of parental extremes (5.3:6.5). Such 
differences vary in the different hybrids in both quantity 
and direction, and when the percentages for all of the 
hybrids are summed up, as in Table I, Summary 2, the 
macroscopic characters show distinctly higher percent- 
ages than the microscopic characters in regard to same- 
ness as the seed parent, pollen parent, and both parents, 
and also to intermediateness, especially the latter; and 
markedly lower percentages in the characters developed 
beyond parental extremes. . 

In view of such extraordinary differences in percent- 
ages of microscopic and macroscopic characters, interest 
is at once aroused in regard to the relative peculiarities 
of the tissues and starches in their parental relationships. 
On general principles it seems probable that if two 
groups of characters which are so closely related as the 
naked eye and microscopic characters differ so notably 
that the group of characters consisting of reaction-inten- 
sities of the starches should differ as much or more from 
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the tissue groups as do the latter from each other. Com- 
paring the tissue characters and starch reactivities 
(Table I, Summary 3), it is found that the former 
show distinctly lower percentages in regard to sameness 
as the seed parent, pollen parent, and both parents; 
markedly higher percentages in regard to intermediate- 
ness and characters that are developed in excess of paren- 
tal extremes ; and a distinctly lower percentage developed 
in deficit of parental extremes. It seems obvious from 
this that the figures recorded in any one of these modes 
of investigation can not be taken as an index of what 
is to be found by another. If the percentages of the 
tissue characters and starch characters are charted (Chart 
F 9) it will be seen that there is only a very gross, if 
any, correspondence between the two curves. If three 
curves are constructed to show the macroscopic, micro- 
scopic, and reaction data respectively (Chart F 10), a 
modified picture is presented. It will be noted that the 
macroscopic and microscopic curves show similarities 
and that neither appears to be related to the starch curve. 

The comparative degrees of influence of each of the 
parents in determining the characters of the hybrid 
varies not only with the different sets, but also in the 
percentages of macroscopic and microscopic characters 
in each set. Table H, Summary 2, gives a summary of the 
sameness and inclination of the reaction-intensities of 
the starches of hybrids to one or the other parent or both 
parents. Table I, Summary 4, presents similar data of 
the macroscopic and microscopic plant characters. Tak- 
ing the macroscopic and microscopic characters together, 
it will be found that there is marked dominance of the 
seed parent in Ipomea sloteri (58:23) and Cypripe- 
dium lathamianum inversum (60: 43), and of the pollen 
parent in Lelia-Cattleya canhamiana (31: 61), and that 
there is little dominance of either parent in Cymbidium 
eburneo-lowianum (41:35), Miltonia bleuana (39: 47), 
Cypripedium lathamianum (39:48), and Cypripedium 
nitens (41:47). In none of these hybrids is there noted 
in the tissue characters the extreme dominance recorded 
in the reaction-intensities and histological properties of 
some of the hybrids in the starch investigation, but such 
dominance will undoubtedly be brought out in researches 
with other parents and hybrids. 

In summing up the numbers and percentages of the 
tissue characters and starch reaction-intensities that are 
the same as or inclined to the seed parent, the pollen 
parent, and to both parents, and which are as close to one 
as to the other parent, respectively, it is found that the 
different hybrids show the widest variations in direction 
and degree (Table I, Summary 6, and Table G). Thus, 
in Ipomea slotert the ratio of macroscopic charac- 
ters that are the same as or inclined to the seed parent 
to those that are the same as or inclined to the pollen 
parent is about 2:1, while of the microscopic characters 
it is almost 3:1. In Lelia-Cattleya canhamiana the 
ratios are about 1:2 and 1:2 respectively. In Cym- 
bidium eburneo-lowianum the ratios are 114:1, and 1:1, 
respectively. In Dendrobium cybele the ratios are 1:3 
and 1:1, respectively, and so on. In the case of the 
starches the ratios are far more varied, ranging from 
23:0 at one extreme to 0:25 at the other extreme, with 
great variations in between. In summing up the figures 
and percentages for the tissues and comparing them with 
the corresponding figures for the starches, it is found that 
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the figures for the combined macroscopic and micro- 
scopic characters that are the same as or inclined to the 
seed parent and the pollen parent, respectively, are 36.8 
and 36.9, while for the starches they are 42.7 and 32.4. 
Of characters that are the same as those of both 
parents the figures for the tissues and starches are 5.2 and 
13.8, respectively. In group of characters first stated the 
figures are almost the same in the first couple, while in 
the second couple the first figure is about one-third higher 
than the second. In the second group the first figure is 
small in comparison with the second, this probably being 
due to the fact that in the study of the tissue characters 
many characters that were found in the hybrid to be the 
same or practically the same as the characters in the 
parents were not recorded. Of characters that are as 
close to one as to the other parent the tissue character 
percentage is 21.1, while that of the starches is 11.1. 
Finally, among the tissue characters, 73.7 per cent are 
the same as or inclined to the seed or the pollen parent ; 
and among the starch characters 75.1 per cent, or prac- 
tically the same. 

In case of two sets of parents and hybrids (Cym- 
bidium and Miltonia), studies were made coincidently 
of both tissue and starch characters, but unfortunately 
in one (Cymbidium) the reactions of the starches were 
with few exceptions so very rapid that satisfactory data 
for differential purposes were not obtained. These data 
are summarized in Tables I, 3, and 5, dnd F, 47 and 
48, and also in Charts F3, F5, F 11, and F12. Re- 
ferring to the characters and character-phases of Cym- 
bidium eburneo-lowianum it will be apparent upon com- 
parison of the data pertaining to the several parental- 
phases (Chart F 3) that the percentages of macroscopic 
characters are smaller than those of the microscopic 
characters that are the same as those of the seed parent, 
and which are developed in excess and in deficit of 
parental extremes; but larger among those which are 
the same as those of the pollen parent and of both parents, 
and which are intermediate. Hence, there are inver- 
sions of the curves in the chart. The quantitative differ- 
ences between the plant and the reaction characters vary 
in the several parental-phases (Chart F 11), the differ- 
ences being distinct among the characters that are the 
same as those of one or the other parent or both parents, 
marked among those which are developed in excess or 
deficit of parental extremes, and very marked among 
those which are intermediate. While there are some 
correspondences in the percentages and curves of the 
macroscopic and microscopic data, there is no corre- 
spondence between these and the starch reaction-inten- 
sity curve. In fact, there seems to be a tendency to 
inverse rather than direct relationship. In Miltonia 
blewana the macroscopic and microscopic figures and 
curves differ in some respects less and in others more 
than in Cymbidium eburneo-lowianum (Chart F 12). 
The percentages of the macroscopic characters are higher 
than those of the macroscopic characters among the 
characters ‘that are the same as those of the seed parent 
and the same as those of the pollen parent, but lower 
among the characters that fall under the other four 
parental-phases, so that here also there is inversion of the 
two curves. The percentages and curves of the starch 
reaction-intensities bear, as in the foregoing hybrid, 
apparently no relationship to either macroscopic or 
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microscopic character curve, and here also it appears as 
though there is a tendency to inverse rather than direct 
relationship. While the starch reaction-intensity data 
in Cymbidium are of little value, for reasons stated, the 
data of Miltonia are to be regarded as being quite as 
dependable as those of either macroscopic or microscopic 
characters. 

In further comparisons to bring out specifically 
the comparative influences of the seed and the pollen 
parent on the properties of the hybrids (Table I, Sum- 
mary 5, Charts F 11 and F 12) it will be found in Cym- 
bidium eburneo-lowianum that the macroscopic and 
microscopic percentages and curves tend to correspond- 
ence in their courses with varying degrees of separation, 
and also to inversions in their positions. The percentages 
of macroscopic characters compared with those of micro- 
scopic characters are lower among the characters that are 
the same as those of the seed parent, that are highest and 
that are lowest; and higher among those that are the 
same as those of the pollen parent, that are the same as 
those of both parents and that are intermediate. 

Comparing now the starch-reaction data with the 
foregoing, it will be seen that while the percentages 
and curves of the tissue data have some correspondence, 
the starch data and curve appear to be quite independ- 
ent, the starch curve being higher than the tissue curve 
in respect to characters that are the same as those of 
the seed parent, the same as those of both parents and 
those which are lowest; and zero in characters that are 
the same as those of the pollen parent, intermediate and 
highest. In Miltonia bleuana the macroscopic and micro- 
scopic values and curves are quite different from the 
preceding. The curve of the macroscopic characters is 
higher than that of the microscopic characters among the 
characters that are the same as those of the seed parent 
and the same as those of the pollen parent, and lower 
in the other four parental designations. The starch curve 
here is also very variant, bearing no relationship to the 
tissue curves. It is intermediate between the macro- 
scopic and microscopic curves in regard to characters 
that are the same as those of the seed parent and that 
are lowest, lower in characters that are the same as those 
of the pollen parent and that are intermediate, and 
higher in characters that are the same as those of both 
parents and that are highest. In Cymbidium eburneo- 
lowianum (Table I, Summary 5) 30 per cent of the tissue 
characters are the same as those of one or the other parent 
or both parents ; 44.5 per cent intermediate ; and 25.4 per 
cent developed in excess or deficit of parental extremes. 
The starch reactions show 50.1, 0, and 50 per cent, re- 
spectively, the figures in the several columns differing 
markedly from those of the tissues. In Miltonia bleuana 
the figures for the tissues are 26.2, 35.1 and 38.6, respec- 
tively ; and for the starch 23, 3.8, and 73.1, respectively. 

The comparative degrees of influence exerted by 
each parent on the properties of the hybrid are shown 
in Table I, Summary 6, and presented in chart form in 
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Charts F 14 and F 15. In Cymbidium eburneo-lowianum, 
in the macroscopic characters the seed parent has exerted 
a much greater influence than the pollen parent, but in 
the microscopic characters very little more than the pollen 
parent. In Miltonia bleuana, in the macroscopic charac- 
ters the seed parent is distinctly more potent, but in the 
microscopic characters the pollen parent is the more 
potent, the values being practically reversed. Summing 
up the macroscopic and microscopic characters it is 
found that in Cymbidium eburneo-lowianum the seed 
parent is but little more potent than the pollen parent 
(37.3: 31.8 per cent), and that in Miltonia blweana the 
seed parent is decidedly less potent than the pollen 
parent (34.2:41.2 per cent). As to the starches in 
Cymbidium eburneo-lowianum the influences of the seed 
parent are far greater than those of the pollen parent 
as shown by the ratio of 15.4: 3.8; and in Miltonia blue- 
ana the difference is very much greater, the ratio here 
being 77: 7.7—in the former 4 times greater and in the 
latter almost 10 times greater. Little or no importance, 
however, is to be attached to the data of the starch of 
Cymbidium for reasons already given. 

In the histological examinations of the starches it was 
found that the starch of Cymbidium eburneo-lowianum 
in the form of the grains, character of the hilum, lamelle, 
and size is closer, as a whole, to the seed parent; and in 
eccentricity of the hilum and ratio of length to width of 
the grains closer, as a whole, to the pollen parent. In 
the qualitative reactions it is in all respects closer to the 
seed parent. In Miltonia bleuana the starch is in the 
form of the grains, character of the hilum, and character 
of the lamelle closer, as a whole, to the seed parent; but 
in eccentricity of the hilum and size of the grains it is 
closer, as a whole, to the pollen parent. In all of the 
qualitative reactions it is closer to the seed parent. 

Apropos of intermediateness as a criterion of hy- 
brids, it is worth while to compare the percentages of 
microscopic and macroscopic characters and starch reac- 
tion-intensities that are intermediate and non-interme- 
diate. These data are given in Table I, Summary 7, by 
which it will be seen that of 264 macroscopic characters 
recorded 56.4 per cent are intermediate and 43.6 per cent 
non-intermediate ; of the 695 microscopic characters, 38.2 
per cent are intermediate and 61.8 per cent non-interme- 
diate ;and of the 1,018starchreaction-intensities, 23.2 per 
cent are intermediate and 76.8 per cent non-intermediate. 

The data recorded are so numerous and of such a 
character that considerable space could be devoted to 
their study, but this seems unnecessary because they 
have been so thoroughly systematized and clearly pre- 
sented in tables and charts as to be instantly understood 
and readily available for any who may be particularly 
interested in any or all of the various phases represented ; 
nor is it necessary, because such detailed consideration 
as has been given meets the requirements of the objects 
of the research. 
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1. Ipomeea sloteri, mac- Ipomeea sloteri, micro- 
rosecopic charac- scopic characters: 
ters: Cotyledons: 

Cotyledons: Upper epidermis: 

Shape............ -j-{- + - - Waviness of walls...) — | — | — |+9=@ ta = 
Length of midrib..| — | — | — +9 -_ = Length of cella....) — | — | — = 
Length of petiole..| — | -— | — | +9 sig ass Width of cells.....) — | — | — ral +7 = 

Anglebetweenlobes}| - | — | — |+9=c] — = bapa reed Fecal (ait (eal cs +9 = 
: ize of glands.....| — | — | — - ay 

rie he on pelmary Number of stomata} — | — | — - = +2? 
root before Size of stomata...] — | — | — - +9 - 

branching suite sas + aes - - Lower epidermis: 
Diameter.........} — | — | — - +92 - Waviness of walls..| ~ | — | — |+9=c - - 
Extent of root sys- Length of cells....} — | — | — +2? - 

LOM iors serscds ee a! - +92 - Width of cells.....] — | — | — - +9=oc¢ - 
Stem: Number of glands..| — | — | — | +2 = = 

Diameter......... -{-|[- = +9 ~ Sse ee eae oh maa (ane cas 7 +? 4¢ 
Growth...........] —|—- | — = +9 = um ber'of stomatal) | | e i 
Distance from Size of stomata....| — | — | — = +92 = 

ground _ before Root: 
branching....... — — oJ +f ce = Number of cork 

Length of branches | — | — | — - +9 - layers.......... Bg ees = a = 
Leaf: Length of cork cells} — | — | — - +9 — 

Number..........] — | —} — - +d - Width of cork cells.|} — | — | — - +Q9=¢0 - 
Duration......... -/|-|{- - +9=c¢ - Length of cork cam- 
Firmness of texture | — | — - +9=c - bial cells........ —-|-|]- - +o a 
Resistance to in- Width of cork cam- 

sects......... wane = | ee les - He=A7 - bial cells........) — | — | — - +e - 
Shape of lamina...| — | — | — |+9=¢ - - Number of cortex 
Length of lamina..| — | — | — + - - layers. . F —-|!-/]/-He¢9=0 - _ 
Width of lamina...J — | — | — <= +9 - Length of. “cortex 
Length of petiole..} — | — | — +2? - - cells...... -/-—-|- - +7 - 

Flower: Width of cortex 
Length of fewer Cella: eves ax ayes -/|-|- _- +2 - 

stalk Rare [eeseat pee & +9 Number of scleren- 

Number of flowers Pc nie Sere = ne! a = 
per flower stalk...) — | — | — |4+92=c] — = ee a a Wise ll eo eet a es 

Relationship of pe- Po sen. of latest oa = 
duncle to pedicle | — | — | — |+2=@} — = = 1 of larges SW. ete sal. a 

Shape of sepals.. -—-|-|/-]+9=¢ - - A Aeioeue: = , 
verage ‘diameter 

ae ea of corolla a) haa ges = _ ab pitted vessel... | 3: |= || = - = i 

Diameter of corolla ‘ Diameter of largest limb... a eee Wigs = |oegl = pitted vessels....] + | — | — - - - 

Color of corolla Width and distine- 
tions of medull- 

limb.. -|-|-|]}+9=¢ - - = 
Length of corolla, BEY FAV Bs s S235 oy alee), = 
‘tube Pe, pean ae a fer = Stem: 

ia pek ae  s Width of epidermal 
Diameter of corolla cells. Pony eee | es +3 

tube. . -j-|- - +¢ - = = 
Colorof corollatube] — | — | — |+9=c] — i aot neal of epidermal na Ieee ge = Pe 
Color of anthers...) — | — | — |+2=c} — - Namboe St eoek aS. 
Color of filaments..| — | — | — |+9=0| — a layera Pr lat = \seegl 

Length of filaments | — | — | — sae a ae 5 os Length of cork cam-|, 
Capsule: bial cells........ -|-|- - +9 - 
Number maturing Width of cork cam- 

on one flower bial cells........ -|-|- - +9=¢c - 
stalk, wusiess be -|J+ - - - Number of cortex 

Shape............ -|- +9=c - - layers; cs c640.. +/-|- - - - 
Number of seeds in Length endodermal 

capsule......... -—-j-|- - - +c cellg.........0.. -{|-|- - +9 - 
Proportion of seeds Width endodermal 

that germinate..| — | — | — - - +9= cells. . oo -|j-|- - + Q _ 
Length of seeds....) — | — | — + - - Diameter of seler- 
Width of seeds....) — | — | — - +2 - osed cells....... -|-|- +9 - _ 

[——— | —— | ——— Number of secre- 
Total......... 388 1 1 0 18 16 2 tory cells....... +)-]- - - = 
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Ipomeea sloteri, micro- Ipomeea sloteri, micro- 
scopic characters scopic characters 
—Continued: —Continued: 

Stem—Continued: Petiole, transverse sec- 
Number of cham- tion: 

bered crystal cells} — | — | — a +9 = Angle between! 

Development of ridges.......... —{|~{—-—!| +9 za = 
wood........... mt = _ - +9 _- Outline. . — _ -—-j|+9=¢ as _ 

Diameter of larg- Depth of “epidermis +)—-]— = = = 
est vasa........ St | ee - +9 - Number of cortex 

Number of proto- layers.......... —-{|-|]-j4+9=a) - _ 
xylem patches...| — | — | — - - +9 Diameter of cor- 

Number of crystal tex cells. Pas ee eee ae +9 ies 

cells in intra- Diameter of largest 
xylaryphlem....| — | — | — |+9=o¢ - - vasa. , ff — fey - +9 

vane Epidermis at base 
Leaf—Lamina: 

. : Length of cells. -—-|-|- +9 - - 
teres Width of cells.....]~|—]|—]| - | +a” | —- 

a, Number of glands..} ~ {| — | — —- |+9=c}/ —- 
Wee ook eee a | cee ay iguana = = Diameter of glands} — | — | — - +9=¢0 — 

i la fee |S Length of multicel- 
Width of cells. .... ese ao | Sie = a lular protuber- 
Number of  sto- e mate spe ait se | ee oe _ +9 

sssttea me ak Bes = a eer ae 
Number of lands +? Length of cells...) — | — ann ee a 

glands.......... ia hed, i sae +9 a Width............ = = — = +9=¢ = 

Position of  sto- Mesophyll cells— 

mata and L a Ss SS Se EQ cee ay 
2m pas = = = ower epi ermis: 

PP cas rsea of “halve ... rly seed II Slam ci ae _ = Waviness of cells..| — | — | — |+9=c = - 
Length of hairs..| — | — | — erg +9 = Thickening at an- _ 

Stiffness of hairs..| — | — | — +9=¢ as os Oa a) Se ee Qi a = 
Length of papil- ize of cells. -;-|{- _ +o - 

lez along veins..| — | —|—]| +9 = = Corolla tube: . 
Length of margi- Outer epidermis: 

nal papillse rae) Ree (ase 49 a a2 Length of cells....) — | — | — - + - 
Upper epidermis “at Width of cells..... -|-|- - +9=¢ - 

apex: Waviness of walls.| — | — |] — |+9+¢ - - 

Length of cells.....| — | + | — i _ = Thickness of walla.} — | — | — |+9=@) — = 
Width of cells... .. = eee ee. eget Size of chromoplast] — Re = = 
Number of  sto- Stamens: . 

indie ccpxaiay Sa ae 7 oe = a a ie eae 
Number of glands} — | — | — |+9=¢ - = 
Diameter of base............ —-|!-/]-|]4+9=¢ - - 

glands.. -|-|- - +9 - 
Length of ‘hairs... = = a = + J x= Total 95 8 3 2 31 45 6 

Length of papillee 

long veins..... -|j-{- - +¢9=¢d - 
Lower epidermis at) 

base: 
Length of cells....}] — | — | — - +92 = 
Width of cells... .. +/-|]-—- _ - - 2. Lelia-cattleya can- 
Number of | sto- hamiana, macro- 

mata. ee ee en - - +9 scopic characters: 

Number. of Root: 
glands.. .f| -|—-]—-/4+9=¢ - _ Size and character 

Diameter of of root.........J — | — |] + _ _ _ 

glands.......... -|-|]- - +9 - Pseudobulb: 
Lower epidermis at Length........... —-{|-|J- - - + 

apex: Width. . = |o} = = = +9 
Length of cells....J — | — | — | — +9 - Ridging of old pseu- 
Width of cells... .. -—-,;/-|- - +o - dobulbs......... ee een i +9 = ex 

Number of _ sto- Leaf: 
mata.. -—-/-|{- - - +9 Thickness......... —-}—-]+ _ - - 

Number ‘of ‘glands -;|]/-|- - ad +9? Colors; casas avnne —|—-{+ - - 
Diameter of Length........... -—-ij-|-/+9=¢ _ _ 
glands.......... —-|-j|],-|[+?=¢ ar - Width............ +/-]- - - — 
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Lelia-cattleya canham- 
iana, macroscopic Lelia-cattleya canham- 
characters— Con- iana, microscopic 
tinued: characters— Con- 

Flower: tinued: 
Length of flower Leaf— Continued: 

stalk........... —-|—-|-|l*+c - Width of cells at 
Size of sheath......J — | + | — - - APEX... 6... eee = 
Color of sheath....}] — | + | — - - Length of cells at 
Number of flowers} — | + | — _ - middle . oe +A 
Length of pedicels...) — | — | — = - Width of cells at 

Sepals: middle.......... oa 
Length of dorsal...) — | + | — - - Length of cells at 
Length of lateral..| — | — | — +9 - base............ - 
Difference in length Width of cells at 

between lateral DASO 2a: 2 sxsne nea +9 
and dorsal sepals} — | — | — |+9= - Lower epidermis: 

Width of sepals....} — | — | — - —_ Length of cells at 

Shape of lateral se- apex. 

pals esccere vasa -—-/-|-|]+@=¢ - Width af “cells. at 
Nectary at apex -|!-j|-|+9=¢ - apex........... - 
Color............. —-|-|-|+¢e=¢ _ Number of stomata 

Lateral petals at apex......... - 

Length........... -{|-|J- +o - Length of cells at 
Width............ -{|-J]-|] +¢ _ middle.......... +c 
Color..........005 -/-—{-}+9= - Width of cells at 

Labellum: middle. +o 
Length. .......... sal alll (iis = - Number of stomata 

Width............ —-}— [t+ me - at middle... = 
Waviness of ante- Length of cells at 

rior margin.....{ — | — | — +9 _ Baseine ssa exsnayaes +9 
Cleft in anterior Width of cells at 

margin......... -!|-|]-| +82 _ base.. - 
Color of base...... -}-|]—-P7e= - Number of stomata 
Color of apical half.} — | — | — |]+9= _ at base......... _ 

Column: Leaf, transverse sec- 
Length. . +}]-]- - _ tion at mid- 
Width............ -|/-|-HgQ= - rib: 
Color of anterior Depth of cuticle. .. 

face.. ‘ -!-]-Heg¢@= - Amount of elonga- 
Color of posterior gation of upper 

LACE i.e Gisiguacsrsvevars SO b= os - epidermal cells. . - 
Pollinia, size. ..... -|J—-|-|]}4+9= - Length of upper ep- 

— - idermal cells.... _ 
TA enh wewewes x 34] 2 4 4 18 2 Length of subepi- 

dermal cells..... — 
Depth of cuticle on 

lower epidermis.. =_ 
Lelia-cattleya canham- Depth of lower epi- 

jana, microscopic dermis.......... +92 
characters: Arrangement and 

Pseudobulb, __ trans- size of cells be- 
verse section: neath lower epi- 

Depth of cuticle...) — | -— | — _ - dermis.......... - 
Shape of epidermal Depth of midrib 

cells. . are +)/-|]- - - bundle. +c 
Depth of epidermal Width of “midrib 

cellg............ +})]-|]- - - bundle......... +o 
Width of epidermal Depth of phloem +9 

cellg..........05 -j-|[- _ +c Depth of xylem... . +o 
Depth of first layer Depth of scleren- 

beneath........ coe Me He! +o _ chyma sheath.... _ 
Width of cells of At first main vein: 

firstlayer beneath] — | — | — - +o Depth of upper cu- 
Thickness of walls cuticle.. - 

of first layer be- Depth of upper épi- 

neath.......... -j-{t- +9 - dermal cells... - 
Leaf: Width of upper epi- 
Upper epidermis: dermal cells.. +d 

Length of cells at Depth of first t layer 
ODOR este tacdeyarelay -|J-j- +c - beneath . +o 
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Lelia-cattleya canham- Lelia-cattleya canham- 
jana, microscopic iana, microscopic 
characters—Con- characters — Con- 
tinued: tinued: 

At first main vein: Labellum: 
Width of cells of Upper epidermis 

first layer be- middle lobe: 
neath.......... -—{|+t)]- - - _- Length of cells....} — | — | — _ +o is 

Depth of cuticle on Width of cells..... -|]-j- - +o - 
lower epidermis..} ~ | — | — |+9=o¢ - - Length of papille..}) — | — | — +9 - _ 

Depth of lower epi- Lower epidermis, 
dermal cells.....} — | — | — +@ _ _ middle lobe: 

Width of lower epi- Length of cells....} — | — | — - +o - 
dermal cells.....| — | + | — - - - Width of cells..... —-{[+]- - _ - 

Depth of cells be- Length of papille...|J - | -— | — +9 _ ~ 
neath lower epi- Number of stomatal — | — | — +9 - - 

dermis......... =—[=— | = +9 - - Upper epidermis, 
Width of cells be- proximal parts of 

neath lower epi- labellum: 
dermis.......... =p | me +o _ _ Length of cells....) — | — | — +o - _- 

Number of scleren- Width of cells..... -!|-|- = +d - 
chyma strands Papille........... —-|/-|J—-|]Fe=a, - - 
beneath upper 
epidermis..... elt] - - - Total cs ssc sse05% 85 6/14] 0 30 14 21 

Diameter of these..| — | — | — +9 _- - 5 
Number beneath 

lower epidermis..} + | — | — - - - 
Diameter of these..| — | — | — = - +c 

Flower stalk, trans- 3. Cymbidium eburneo- 
verse section: lowianum, macro- 

Depth of epidermal scopic characters: 

cells. . ate +i/-|]- - - - Root: 
Width of epidermal Size and character 

cells... eoveeef Pom] - - +¢ of roots......... -—-|-|{+ - _ - 
Regularity of hypo- Pseudobulb: : 

dermal cells.. -—-|+]- - - - Length........... —-|!4+]- - - - 
Depth of hypoder- Leaf: 

mal cells.. food +o - - Amount of droop- 
Width of hypoder- ing previous 

mal cells. . A ie Oe a ite - - - years... -j-|- +2 - - 
Width of cortex...| — | — | — ae - +a Length of ‘oldleaves| — | — | ~ +9 a — 
Length of bundles.; — | — | — - - +o Width of old leaves} — | + | — - - - 
Width of bundles..}| — | — | — - - +a Length of this 
Proportion of year’s leaves....| ~ | — | — +c _ _ 
phlem in bundle} — | — | — |+9=c0 - - Width of this 

Flower: year’s leaves....) — | + | — - - = 
Sepal, upper epider- Number of leaves 

mis: in growth.......| — | — ] — |49=o¢ - - 
Length of cells....) — | — | — - +9 - Flower: 
Width of cells... .. -j+]- - co - Length of flower 
Size of papille....)] — | — | — +c - - Stale ss sisies ins a -|/-|j- +9 - _- 
Number of stomata; — | — | — - - +c Diameter of flower 

Lower epidermis: stalk........... -j—- t+ - _ - 
Length of cells....) — | — | — +a - _- Length of bracts...) — {| — | — +9 - - 
Width of cells..... —f= |= +2 - - Length of pedicels..| — | — | — +9 - - 
Number of stomata} — | — | — - +9 - Number of flowers.| — | — | — |t6=c - - 
Number of hairs...) ~ | — | — +2 - - Dorsal sepal: 
Length of hairs....)] — | — | — - - +o Length........... +]/-|- - - - 

Petal, upper epi- Width............ -|-|j- +9 - - 
dermis: Shape. vs isa os ws —-;|—- {+ _ _ _- 

Length of cells....] — | + | — - - - Lateral sepals 
Width of cells. .... -itl]- - _ - Length........... —!|—-— {+ - - - 
Papille.. —-|-|-|]+e9=¢0 - - Width.,.......... —-f-—-|- +9 - - 
Number of stomata -~fto-t- +9 - - Color - background 
Absence of hairs...| — | + | — <i - _ of upper surface 

Lower epidermis: sepals.......... —-|-|;-|]+9=¢ - = 
Length of cells....] — | — | — = +o = Color lines on upper 

Width of cells. . -|l-|- +2 - surface sepals...] — | — | — - +9 - 
Papillx.. " —-!—-|-]#+9=¢ - - Color lower surface 
Number of stomata -l-j- - +9 - sepals..........] —~|— | — |49=o¢ - _ 
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Cymbidium _eburneo- Cymbidium —_ eburneo- 
lowianum, macro- lowianum, micro- 
scopic characters scopic characters 
—Continued : —Continued: 

Lateral petals: Leaf—Continued: 
Length. ‘ -J-|]-He=a] - = Width of cells at & 
Width........ a feed +9 - - middle. =e ad = = 
o> ee -|/-|-4e@9=¢ - - Length of cella. at 4 

Labellum: Dag hoi esos sy Spe - ro - 
Length......... ePoflordo - +7 - Width of cells at 
Width.......... -|-{- +9 - - base....,....... -—-|[-|- - - +9 
Color of outer sur- Lower epidermis: 4 

face.. —{|/—]+ ~ - _ Shape of cells..... — ] _ ~_ — 
Color of inner sur- Thickness of walls... ~ | — | + - - - 

face of tube. . —-|/—-j]-]49=¢ - _- Length of cells at 
Color of inner sur- ADER pe cace cane ead nae Waa +9 = = 

face at tip of crest} — | — | — |+9=¢ - - Width of cells at 
Color of mark on apex..........- -j{-|-]+9=¢ - - 

anterior lobe....] —-— | — | — +9? - - Number of stomata ry 
Column: at apex.. - = - - = 

Length. .......... < -|- +o - - Length of cells. at 
Width.... -j- - - - middle......... ee a eo = +a = 
Main color of i inner Width of cells at 4 

surface.,....... —-{+i- - - - middle......... ae lis - - - 
Color of specks on Number of stomata 

inner surface....] — | — | — J+9=c - - at middle....... fee (at _ - +c 
Color of outer sur- Length of cells at 

face. 26 wise -}-J-He=c] — - rae Se Sp see = - 
idt! of “cella at 

Total............35 2 4 5 22 2 0 ABO. o.6 iv icecerernrere == | = +? - - 
Number of stomata q 

at base.........] — |] — | — G=c - = 
Microscopic characters: Leaf, (t 

Root (transverse sec- ee ti aaa Bee: 
tion): eesce abe 

Average width of eae 
Depth of upper epi- velamen........ -|]-[- +2 oad - di ps ll) Sash nF tea = +o = 

Width of epidermal ermis.......... 
- Depth of aqueous 

cella. : = ~ = +9 ae tissue cells -Il-|[- - +o - Depth of epidermal Width of aqueou 
cells. . , Ses = +c - i of paueous 

tissue cells... ... +1-]- - - - Shape of epidermal Depth of midrib 
HT - - - - - 

Wat ee | oe +9=a] — as (i See Pe = +e 
Number of scler- b dl ae zy i ee em 2 = 

osed cells in cor- Di coe ae 11, Sree ‘ 
POKi aes, ee ve vans Se) St +a - - Beto ver Ole aTees eu eee ee = 

Thickness of walls basta aes a = Depth of lower. epi of these......... - —-| +d - Sod dermi =—jajal +e = as 
Depth of endoder- er etay pi sgieidiar es 

mal cells........] - | — | — |4+9=o¢ - - Between midrib and 
Width of endomeral margin: 

cells... f +/—-j- - - - Depth of upper 
Number of phlaem aie Son Gk ee RE —-|-!]-|]+?9=¢ — - 

patches. -i-|f- - - ep of upper 
Diameter of > largest sclerenchyma 

% Pisa -fi-]- +c - - ware Sperry, -~/-t- - - +9 
eaf: i of upper 

Upper epidermis: sclerenchyma 

Shape of cells.....) — | — J] + - - - strands.,....... —-!+)]- - - =- 
Presence of crystall —- | — | + - - - Number of upper 
Thickness of walls.| — | — | + - - - sclerenchyma 
a of cells at a strands......... +1-—-]- - - _ 

Neate Siete Oe -j-|- = fo - Number of meso- 
Width of cells at phyll layers ..... -—-{|+i- - - - 

apex........... —~lrjr - +o - Depth of lower 
Length of cells at sclerenchyma 

middle...... wef | oe pa ad = - strands.........] — |] — | — - - +9 
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Cymbidum eburneo- 4. Dendrobium cybele, 7 
lowianum, micro- macroscopic char- 
scopic characters acters: 
—Continued: Root: 

Between midrid and Size and character 
margin — Con- of root system...) — {| — | + _ - - 
tinued: Stem: 

Width of lower Colotsnicee eased -|!-|- |t9=¢ = = 
sclerenchyma Amount of ridging 

strands......... -|- - - +9+=3 of internodes....| — | — | — |+9=+ - - 
Number of lower Length of inter- 
sclerenchyma nodes........... ed ee = = +a 
strands......... -—-|- +9 - - Diameter of nar- 

Depth of lower epi- rowest part of 
dermis.......... es +o - - internodes......| — | — | — +d - - 

Flower: Amount of swelling 
Dorsal sepal: at nodes........ —-|-|/|-| +¢ a a 
Upper epidermis: Diameter of nodal 

Shape of cells..... —|+ - - —- swelling........| — | +] — -_ - - 
Thickness of Leaf: 

walls........... —|+ _ - Length of petiole..| — | — | — = ~ +9 
Length of cells... .. -|- - +9 - Width of petiole...| — | — | — +7 - — 
Width of cells... .. +i - - -_ - Length of lamina..}| — | — | — _ - +9 

Lower epidermis: Width of lamina...} — | + - - - 
Length of cells... . -|— +9 - — Flower: 
Width of cells..... —-{— - _ - Time of flowering. .| — | — | — +o — _ 

Lateral petal: Length of pedicels . —|+ - - - 
Upper epidermis: Color of pedicels...) — | — | — ~_ +é6=¢ - 

Length of cells.... —-|{|—-—|4+9=¢0 - - Size of sepals......] — | — | + - - - 
Width of cells. .... - - +9 - Color of sepals....| — | — | — = +¢ - 

Lower epidermis: Size of petals...... —|+ - - _ 
Length of cells .... —-|j- +9 = - Color of petals.... -—|- - +o _ 
Width of cells..... -—-{— _ _ - Waviness of mar- 

Labellum: gin of petal.....) — | — | — |4+9=c _ _ 
Upper epidermis, Length of labellum.; — | — | — +9 _ 

anterior lobe: Width of labellum.}| — | — +9=0 - 
Shape of papille.. —!|-—|+9=¢ - _ Depth of labellum.} — | — | — |+9=¢ - _ 
Length of papila. . —|-|4+9=¢ - - Apex of Jabellum..} — | — | — |+9=c — — 

Color of papille. .. -—-|-|+9=¢ - - Smoothness of ex- 
Lower epidermis, terior tubular 

anterior lobe: part of labellum 

Length of cells.... -/]—- _ - +°¢ (apparent)...... +)-j- _ _ - 
Width of cells..... -{- - +a Color of exterior 

Upper epidermis, tubular part of 
lateral lobe: labellum (appar- 

Length of cells..... —-|—- - - +o 1) Sarre —-|4+]- - - - 
Width of cells..... -|- + - - Color of interior 
Shape of papille. . . —-|- |4+9=¢ - - tubular part of 
Length of papille.. -j- + _ _ labellum (appar- 
Color of papille... - _ - - BW Visas acaenee —;|j+i)-—- - ~_ _ 

Lower epidermis, Color of rim......} — | — | — - +o - 
lateral lobe: Color of apex...... -|/-|]- - +9=¢ _ 

Length of cells..... —-|—- +9 _ Color of concave’ 
Width of cells... .. -|/- _ +9 - face of column..| — | — | — |+9=o¢ - _ 

Inner epidermis, Color of anther case} — | — | — |[+9=c - - 
above band: 

Length of cells... . -|- - = +9 otal. stccises sis Guar 30 1 4 4 13 5 3 
Width of cells... .. -|- = = +9 

Epidermis above Dendrobium cybele, mi- 
crest: croscopic charac- 

Length of papil- ters: 
Vea ics serctcas end apace —-|- +o - - Root: 

Width of papilla... —|-|j4+9=¢ _ - Width of velamen..} — | — | — +9 - _ 
Column: Depth of epider- 
Inner epidermis at mal cells........ -|-|- - - +9 

base: Width of epidermal 
Length of cells. ... —|- _ +2 - PMO. cx ecwnaxs —-{|j—- + - _ - 
Width of cells... .. -|—- - _ +o Width of cortex...) — | — | — - - +c 

Depth of endoder-| | 
Total 644x632 Keo 75 Ps 8 27 12 14 mal cells........] — | — | — - _- + 
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Dendrobium cybele, mi- Dendrobium cybele, mi- 
ie oe croscopic charac-| 
ters—Continued: ters—Continued: 

Root—Continued: Leaf lamina — Con- 
Width of endoder- tinued: 

mal cells........{ — | -— | —- +9 - - Number of sunken| 

Diameter of vascu- epidermal cells at 

lar cylinder.....) — | — | — | +9 - - base..........0- ee = +o = 
Number of protoxy- Upper epidermis: 

lem patches.....) — 17 — | — |+9=o¢ _ _ Length of cells at 
Diameter of largest apex. ae ee oe = - +2 

VOSRic ses a caanuey —-{j4+)]- - _ - Width of “cells. at 
BPeRSateasassas -|j-|- - = +a 

Stem, transverse sec- Number of sunken 
tion at 3d nodal cells at apex....| — | — | — - +o _ 

swelling: r Number of stomata) 

Character of tissue.} — | — | — |+9=0) — = at apex......... Pies) ees = +9 = 
Size of intercellular, srr Sy cells at +9 

BPAces.......... -|-|-—- = pe et: || eae eage teen tates omen eed (eae ~ Fm 
Distribution of i casi ae 

bundles......... -|-|- - = ag fo an ee Meee ol ioc eee (ae ch = 
Amount of starch.{ — | — | — - +9=¢9 - Number of sunken 
Size of grains at cells at middle...| — | — | — - +3 -_ 

3d internode...J — | — | — = +9 - Number of stomata 
Depth of cuticle...J —- | —] — |4+9=c| — - af middie. ered eo eae ae = +e _ 
Width of epidermal Lower epidermis: 

~ Length of cells at cells. . —-|-|+¢ = = 
Depth of epidermal DASOs eae dgnes de = SS +c - — 

Width of cells at cells. . —/—-fJ— +o = = 
Shape at "‘hypoder- base............ = |= b= - - +o 

mal cells........ -|-|-]4+9@=+¢ - - Bingbes oF sunken 
Width of hypoder- cells at base.....} — | — | — = +o aa 

mal cells........ -|/-|- - +a - Bheerbes of ators ba 
Depth of hypoder- at base.........) — | -— J] — _ = +c 

mal cells........ — |) | _ +9 _ Leaf, transverse sec- 
one of intercellu- tion at midrib: 

ar space.. —-!4+)]-—- _ - = Depth of upper epi- 

Number of bundles| — + ]- - - - dermal cells 
Depth of bundles.) + | — | — - - - above midrib..... —| —|—]| +¢ - = 
Width of bundles.) — | — | — - - +9 Depth of ridges...) — | — | — - - +f 
Comparative Depth of cells form- 

widths of scler- ing ridges....... -—-|-|]- - - +9 
aad and hy- Depth of lower epi- 
em —-/—-—|]- |4+e=¢ -_ - dermal cells.....| — | — | — = _ 

rat ig of Targest Depth of midrib +e 
vasa. —-|-|- +2 - - bundle. —-;j;-|]—- =- = +3 

Width of. "midrib 

Leaf, lamina: Debits 5 5 ns o> ei ee a na +? 
Upper epidermis: Midrib between 

Thickness of cel] ae le 

Wallldjecec ois ee —-i-—-|- +9 - _- ne 
Length of cells at Bo ei ose Se iy ee iS fi +? 
ae —-/|-|- +9 — - repr 

Width of cells at dermal cells.....) ~ | ~ | — | +0 = = 
apex : UM ee [ees me a +9 Width of upper epi- 

Number of sunken dermal cells.....) — | — | — | +2 i os 
epidermal cells at} eeey oa epke +e=¢ 
APEX. 2... eee -|-/- - +9 - : ie evegey| (Py Sree = = = 

Length of cells at Width of lower epi- 

middle.......... a ee ed a Abs Ceaneleals sso) 4 || - +o 
Width of cells at Length of sunken 

UNddlaiewal oe ae ey Wie = = 419 epidermal cells...) — | — | — ~ - +9 

Number of sunken Leaf, petiole: 
ee cells at i Lower epidermis near 
middle.......... SS ie _ fot eal lamina: 

Length of cells at Length of cells....) — | — | — - +1 a, 
cue a a +9 - - Width of cells..... -—-|-|- - aa +9=¢ 

idth, of “cells. at Number of sunken 
DASE: sie se bies as = PAP | = = = COMB 54. cessive ats —-|/-|-|j+@=e - = 
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Dendrobium cybele, mi- Miltonia bleuana, mac- 
eroscopic charac- roscopic  charac- 

ters—Continued: ters—Continued: 
At base: Leaf: 

Length of cells.... Lengins vccdaw des 
Width of cells..... Width............ -|]— 
Number of sunken Color scisieae ca tvs 

cells............ * Number of leaves 
Upper epidermis near in one growth... 

lamina: Flower: 
Length of cells.... + : Length of flower i 
Width of cells... .. +l-i- a — - Stalks issn ven -|-|{- - +9=o0 
Number of hairs...| — | — | — = +9 - Length of medical. -i|—|— - - 

At base: Sepals: 

Length of cells....| ~ | — | — | +8 _ - Shape............ —-|-|-|49=¢ - = 
Width of cells... .. ae) |e = _ - Color é —|+e]-— - - - 
Number of hairs..| — | — | — = +9 - Length of dorsal. . +/-];—-— - _ - 
Average length of Width of dorsal... +)/-J]-—- - - — 

hairs. . es Series || Se - - +o Length of lateral... -| tI] Q]— - _ a 
Flower, lateral sepal: Width of lateral...] — | — | + _- me = 
Upper epidermis: Petals: 
Length of cella....} — | — | — i - +a Shape............ —-|-—-|-—l]+9=¢0 = = 
Width of cells.....| — | — | — = - +a Length........... ee - ms - 

Lower epidermis: Width..co.s0 sks] ce | = | = —_ 
Length of cells....]| — | — | — +9 - - Color of base...... +) -]—- = a 
Width of cells..... = eo = - +9 Color of apical ?...| — | +] — - ~~ - 

Lateral petal: Labellum: 
Upper epidermis: Length........... —}4+]—-— - = - 

Length of cells....] — | — | — = - +c Width............ -—-|+)]- -_ = = 
Width of cells.....] — | — | — = - +d Length of cleft in 

Lower epidermis: comparison with 
Length of cells....} + | — | — - - length of label- 
Width of cells.....| — | — | — = = +9 MR: ectenansieae hie -};—-|]—- +9 - - 

Labellum: Angle betweenlobes} — | — | — +9 - - 
Outer surface: Length of apex....| — | — | — |+9=¢ - - 

Length of cells....] — | — | —| +¢ - - Color at base...... -;/-|- - +o a 
Width of cells. .... = 7 = +92 - - Color of rest of la- 
Number of hairs...| — | — | — | +2 - - bellum.......... -;|+/- - = = 
Length of hairs....| — | — | — +9 - - Column: 
Color. . F —-|—-|—-|4+9=c7) - - Length........... +)—|]—- = = = 

Inner surface: Width............ -—-};-!]- |4+9=¢ - 
Length of hairs....| — | — |— +c - - 
Number of hairs... | — + - - Total.. 29 8! 6] 1 9 4 
Color. . -_ — |+9=c - 

sae epidermis of a 

Length of bairs....|— | —|—| +9 zi — | Miltonia bleuana, micro- 
Number of hairs...] — | — | + a = = scopic charwaters: 
Color of chromo- Paeudobulb: 

lasts . ef = +9=¢0 = A : U Pp Thickness of cell 
pper epidermis at BAL S.canosid se -{|-/4] —- = 

apex: 
Length of cells....| — | — | — = +9 = ane Ae pe = 4 mal cells. ae -|- +o - 
Width of cells. .... —-|—-!|-—} +? - - Width of epidermal : pidermal! 
Length of hairs....| — | — | — +d - - wz 
Number of hairs -—L-jo +a -_ = Gelisies ee a ao = oe 
Color of red violet] | Pseudobulb, trans. Chay fe -_ 4+0=¢ = verse section: 
BAD ons scorecks sacs = = Length of epider- 

mal cells........ -|—-{- +9 - 
Total... scaciewes 97 3 6 3 34 19 32 Depth of epidermal 

cells... é =) =) = +o - 
Thickness ‘of outer 

5. Miltonia bleuana, WANE. ceca ene -—-|-|- +9 _ 
macroscopic char- Length of bundles.| — | — | — +o =- 
acters: Width of bundles..| — | — | — |+9=oc¢ - 

Pseudobulb: Leaf: 
Length........... =f=)= a +9 = Upper epidermis: 
Width............/ —] —]—- a +2 = Shape of cells.....] — | — | + - - 
Thickness.........} $+] — | — = = - Presence of crystal.| - | — | + - _ 
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Miltonia bleuana, mi- Miltonia bleuana, mi- 
croscopic charac- croscopic charac- 
ters— Continued: ters— Continued: 

Leaf—Continued: Leaf—Continued: 

Length of cells at At first main vein: 
APEX iced ieee —-|-|—- _ - +9= Shape of upper epi- 

Width of cells at dermal cells.....)| — | — | + - - - 
apex. -j-|- - 49+e} - Depth of upper epi- 

Number ‘of hairs at dermal cells.....) — | + | — - - - 
ADOR ie ibuiie yes -{j-/- - - +o Width of upper epi- 

Length of cells at dermal cells.....) — | — | — +a - - 
middle.......... -|-|- - - +9 Depth of cells of 

Width of cells at first layerof upper| 
middle.......... -J-]- _- +o - aqueous tissue...) — | — | — - - 9 

Length of cells at Width of cells of 
RBG. ges cs va ce es —-{j-|/-—- - - +9 first layer of upper 

Width of cells at aqueous tissue...| — | — | — - = 9 
base..........0. -|-j- +9 - - Depth of bundle...) — | — | — +2 - - 

Number of hairs at Width of bundle...) + | — | —| +¢ ~ = 
base............ —-|}-|- - - +c Depth of cells of 

Lower epidermis: lower aqueous 

Shape of cells.....)} — | — | +) — - - tissue........... -|-|- - -9 - 
Length of cells at Width of cells of 

ADCS. iaduwe vied -!|!-|]- +¢ - _ lower aqueous 
Width of cells at tissue.......... saci (ices + +2 - 

Char. oa -—-j;-|—- +9 - oo Depth of lower epi- 
Number of stomata, dermal cells.....} — | — | — ad = +6 

at apex......... -—tjole- - - +o Width of lower epi- 

Length of cells at dermal cells.....) — | — | — - - +a 
middle.......... -{[-|- - +9=9 - 

Width of cells at Flower, dorsal sepal: 
middle.......... — fol — +2 - - Upper epidermis: 

Number of stomata Length of cells....)} — | — | — al - +a 
at middle.......)} — | — | — - -_ +o Width of cells. .... omc “ascsicth Wadia = - +o 

Length of cells at Papille........... -|-|j;-|4+9=¢ - - 
base............ -|-/|- - - +o Length of hairs....| —| — | — | +9 - - 

Width of cells at Number of hairs...) — | — | — _ +o - 
base... -i-|- +2? - - Color............) — | Fl — - - - 

Number of stomata Lower epidermis: 
at base......... —-j|]—-|-|j+t?9=0 - - Shape of cells.....]| — | — | + - - - 

Length of cells....) — | — | — +c - - 
Leaf, transverse sec- Width of cells.....) — |] —| —| +o¢ -_ - 

tion at midrib: Number of stomata] + | — | — - - = 
Thickness of leaf...) — | — | — +o - - Lateral petal: 
Angle between Upper epidermis: 

halves of lamina.| — | — | — |+9=c} — - Shape of cells...... some pb - - - 
Depth of upper epi- Length of cells....} — | — | — ~ on +o 

dermis......... —-{|-|- - +9 - Width of cells .....] — | — | — +c - - 
Width of upper epi- Length of hairs....| — | — | — - +o — 

dermis.......... —-{-]- - +2 - Number of hairs...J| — | + ] — - - - 
Depth of first layer Color............., — | #]=— - = * 

of aqueous tissue Lower epidermis: 
beneath upper Length of cells....) — | — | — +9 - - 
epidermis. . —-i+)- _ - - Width of cells. .... -/|-|-|}+9=¢ _ - 

Depth of middle Number of stomata} — | — | — _- _ 
bundle.......... -!-;]—-—| +9 - - Labellum: 

Width of middle Upper epidermis at 
bundle.......... -J-|- +c - - base: 

Depth of cells of Shape of cells.....} — | — | — +9 — — 
lower aqueous Length of cells....)] — | — | — - - +9 
tissue........... ae (eae ad - |4+9= Width of cells... .. -|-j-|- - +o 

Width of cells of Number of hairs...) — | — | — - +o _- 
lower aqueous|— Length of hairs....] — | — | — - +o - 
tissue . : = oad - +2 Length of papille..| —|— |—| +¢@ - <e 

Depth of lower. epi Shade of red-violet 
dermal cells.. St (Met oe aa - +o BAP. ceeen costed -{|-j|-]+9=a7) - a 

Width of lower epi- Extent of red-violet 
dermal cells.....) — | — | — _ = +a BBD os sete ceties -j|-{- - 4+49=s=¢@/ —-— 
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Miltonia bleuana, mi- Cypripedium lathamia- 
croscopic charac- num, microscopic 

ters—Continued: characters: 
Flower—Continued: Leaf: 

Upper epidermis at, Upper epidermis: 
middle of lobe: Thickness of walls 

Shape of cells.....] — | — | + - - — at-apex Pe) eee eae +9 
‘Length of cells....| — | — | — - - +o Length ‘af calls ‘at 
Width of cells. .... =| - - +h apex Pom) een | Ge 49 
Number of hairs...| — | — | — - +o - Width of 3 salle at 
Length of hairs....} — | — | — - +9 _ apex eee ee eee +o 

Lower epidermis at Tita al walle 
middle: middle.........,)-—|—|+] - 

Length of cells....| — | — | — |4+9=c - - Length of cells at 
Width of cells.....} — | — | — - - +c middle ane | Reena (ae 4¢ 
Number of stomata] — | — | — - +2 - Width ai éelle “at 

Total, cirnersnnnnsBe 4 Bl 8) 8) ga 15 | 24 iene sere ca 

6. Cypripedium latha- Width of ‘cella’ at 
A TABS OF Pas@iass eccvean es rie cat Vc: - 
scopic characters: Lower epidermis: 

Leaf: Length of cells at 
Shape..........-. Sao te — — APEX. 2... ee eee -|j}-|- +o 
Thickness......... -|—-|+ - - - Width of cells at 
Length ngucteresee Weyer euiDa oe ra fa + ofl — = apex. ZS es os + 9 

bia ponte icons —-|-j- +o - - Number SE atoniate 
olored areaat base| — | — | — +9 - - at apex.. —|—-{-—l+9=¢ 

Length of spotted Length of cells. at 
ATGR. 2... eee — |] a +c - oe middle . gd +¢ 

length of youngest Width of cells at 
leaf .. re Sel +a - - middle. St a. fs = 

Relative shortness Numberof -atoniatal 
om of youngest leaf] — | — | — |+9=c = = absaiddle.. ee oe a = 

ower: 
Flowering period...| — | — | — +d - = a even a cells at ra eee cn ee ms 

Length of flower Width of “cells at 
stalk........... =) tool et fe = hase’. Sess ees _ 

Color of flowerstalk} ~ | — | — |+°=c fs = Nuriber? of ‘ stomate. 
Length of bract...| — | — | — +2 = = a beac! —~|-|-—l4+9=¢ 
Length of ovary...| — | — | — |+@=c" = ty il) -che poe e ey ae 
Color of ovary....| — | — | — |4+2=c% - - Leaf, transverse sec- 

Dorsal sepal: tion: 
Length........... -|-|- ie) - _ Depth of cuticle 
Width............ Si, SS = = +2 - wax. 2 = pee = _ 

Ratio of length to Depth of upper epi- 
width.......... =| — |= |}-e =o - - dermal cells..... -i|l-f- = 

Shape............ —-|-|-] +9 = = Depth of cuticle on 
Color. -—-|-|- +9 - - lower epidermis..| — | — | — om 

Anterior sepal Depth of lower epi- 

Length........... —f-|- +9 - - dermal cells.....] — | — | — - 

Width............ ee fae Ne! ca - - Width of lower epi- 

COOK iaacicucce sl) =) +o - - dermal cells.....} — | — | —| +o¢& 
Lateral petals: Depth of midrib 

Length........... aa | SS he +d - - bundle.......... S| S| +o 

Width............ = -_ +9 = = Width of midrib 
Shape............ _ +2 bundle......... 
Crisping of dorsal Thickness of trans- 

margin......... +9 verse section at 

ColOr 5 ti. ca sass —|-|-|+e%=¢ -_ - midrib.......... all ication = 

Labellum Flower stalk: 
Length as ie pea eb asceseedel te — =, + g oe _~ Epidermis at top: 

Width geet Ws oo ‘a ve = Length of cells....] — |] — | — | +0 
Color of exterior..| — | — | —|+9=c%) — a Width of cells...... -| — | — = 
Color interior.....) — | — | — |F&=e]) — = Kind of hairs pre- 

Staminode: sent.. ae fe) SS = 
Shape a ea Rie i, ae 2 + 9=c 5 Pee Number of airs. . aes —" = + ou 

Widthy.ssaceees ¥ = ia to = Pas Length of pointed 

GCOlOE} iced iuensuves - +9=c| - = Pree Cane ae |) ES 

nati ai tel 29 2 0 Color. ........06+ +9=c 
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Cypripedium lathamia- Cypripedium lathamia- 
num, microscopic num, microscopic 
characters — Con- characters— Con- 
tinued: tinued: 

Flower stalks—Con- Lateral petals — Con- 
tinued: tinued: 

Epidermis at mid- Lower epidermis at 
dle: middle: 

Length of cells....| — | — | — = +o - Length of cells....) — | — | — - +o - 
Width of cells. .... eee (eet ie +a - - Width of cells..... -—-|-|{- - +92 - 
Kindofhairspresent} — | — | — |+@=c| — _ Shape of cells.....| — | +] — _ - - 
Number of hairs...} — | — | — +¢ - - Waviness of walls..; — | + | — - - - 
Length of pointed Upper epidermis at 

hairs........... ce ee tl it +9 - - base: 
Length of  club- Length of hairs....| — | — | — - +c - 

shaped hairs....| — | — | — +d - - Color.............| —-| — | —]J4+9=o0 - -_ 
Color............ —-|—-/]—-|[4+9=¢0 - - Labellum: 

Flower stalk, trans- Upper epidermis at 
verse section: base: 

Thickness of outer Length of cellb..../ — | — | — |49=¢ - = 

epidermal wall..| — | — | — = +? - Width of cells... .. -—-{|-j- - +o = 
Depth of epidermal Length of hairs....| — | — | — - _ +9 

cellg............ Se I es = - +2? COLOR sic aicsccesces -{j;-|-—- - +o = 
Width of epidermal Upper epidermis at 

Cells. 's sceseen aed -|-|-}e=c¢ = - most anterior 
Width of cortex...} — | — | — |+9=¢ - - part: 
Number of layers in Length of cells..... —}—-|- - +9=o¢ = 

cortex.......... —-|-Jr-[+te=a| —- - Width of cells. .... —-|—/]—-—] +8 - — 
Dorsal sepal: Length of hairs....| — | — | — = +o - 
Upper epidermis at Color ianssscie at iicen t —|}-!]-/]4+9=¢ - — 

middle: Lower epidermis 
Length of cells....} — | — | — a +7 _ between apex 
Width of cells... .. -|-|- = +2 - and most an- 
Number of hairs...| — | — | — - +? - terior part: 
Length of hairs....| — | — | — - +9 - Length of cells....| — | — | — = +o - 
Color above midrib| — | — | — |+9=c¢ - - Width of cells. .... —-{|+i]—- - - — 

Upper epidermis at Color............-/ — | — | — |42=¢@ = - 
base: Lower epidermis at 

Length of cells....| — | — | — - +c - base: 
Width of cells..... -|-|- +c - - Length of cells....| — | — | — - +9 _ 
Number of hairs...| — | — | — +o = = Width of cells... .. -—-}|—-|- - +2 - 
Length of hairs....| — | — | — = +2 - Color.........0065 —-|-|- +2 - - 
Color............- -|-|—|+#eaeu, — - 

Lower epidermis at Total 87 1 4 2 43 30 7 
middle: 

Ratio of pointed to 7. Cypripedium latha- 
club-shaped hairs} — | — | — |1+9=c - - mianum inver- 

Length of pointed sum, macroscopic 

airs: ...3.0008%6 -|-|j- +9 - - characters: 
Length of club- Leaf: 

shaped hairs....| — | — | — +92 - - Shape............ —-/—-]J+ _ = je 
Color.............) =~ | — | -—|4+9=5o¢ == _ Thickness......... —-}/—-]+ - — a 

Lower epidermis at Length wey -—-j|-|- +92 - = 
base: Width ee ee ee ee ie +2 _ - 

Length of celJls....| — | — | — a +9? - Colored area at 
Width of cells..... —-|-|]- - +o = bases, a5 sacceeas -;-|- +2 _ = 
Length of pointed Length of spotted 

hairs........... -|-|/- +? = - area............) — | — | — +9 - <= 
Length of club- Length of youngest 

shaped hairs....] — | — | — = - +2 Le aL cocigu soo pence -{|-|- +c - - 
Ratio of pointed to Relative shortness 

club-shaped hairs} — | — | — +9 - - of youngest leaf.} — | + | — - - ~ 
Color of cells...... —|—-|]+ = = = Flower: 
Color of hairs.....| — | — | — |+#9=o¢ - - Flowering period...| — | — | — +9 = = 

Lateral petals: Length of flower 
Upper epidermis at Stale sass ea enes -{|-|- +o - - 

middle: Color of flower stalk] — | — | — +9 - _ 
Length of cells....] — | — | — +a - Length of tract....] — | —]|—| +¢ ean =< 
Width of cells..... -—{-|- = - + Length of ovary...] + | — | — - as a 
Color..........005 —-/-|}-jte@=0 - - Color of ovary....} — | — | — +9 = = 
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Cypripedium lathamia- Cypripedium lathamia- 
num inversum, num inversum, 

macroscopic char- microscopic char- 
acters—Contin’d: acters —Contin'd: 

Flower—Continued: Leaf— Continued: 

Dorsal sepal: 
Length, ..;4s.0nc0 —-|-|- +2 - - Number of stomata 

Width............ = _- - _- +o ~ at middle......./ — a _ a = +9 

Ratio of length to Length of cells at 

width. ......... —-|-|~-|4+#e9=a| - - base... .....2 ee -—-!-—-|-| +¢ = = 

Shape...........- —jrl|—4+e@=tt - — Width of cells at 
Color.. =—jol—|Fe=a, — - bases. sce ceases -|-|- - +9 - 

Anterior sepal Number of stomata : 

Length........... =.= b= b 4g. - - at base......... —-|-|-| +98 _ a 
Width............ -i+i- - a = 
Color...........-| — | — | — |+9=o¢ - _ Leaf, transverse sec- 

Lateral petals tion: 
Length. -|-j- +2 - - Depth of cuticle 
Widtlin. wesc ee eed -|-l|—- +o ~ - and wax........ a ee _ - +9 

Shape............ -|!-|-—- +o - - Depth of upper epi- 
Crisping of dorsal dermal cells..... -—-|-|-] +82 - - 
MALE. oc uaa « -—-|-|- +o - - Depth of cuticle on 

COE 4ksa seek ees = -—-|-|- - +9 _ lower epidermis..| — | — | — _ _ + 

Labellum Depth of lower epi- 
Length.........-. -{|-|jJ- +92 _ - dermal cells.....} — | — | — - +9 - 

Width. «00605 3 sae -{-|- - +92 - Width of lower epi- 
Color of exterior...| — | — | — + - - dermal cells.....}] — | — | — _- +o - 

Color of interior...| — | — | — |4+9=c¢ - - Depth of midrib 
Staminode: bundle......... -—-|/—-—|-|+9=¢ - - 

Shape...........- —-{[-]—- +2 - - Width of midrib 
Width...........- +/-]- - - - bundle......... -j-|- +9 - - 

Color reece (acct aca (Mis - _- Thickness of leaf at 
midrib.........] —]|— | — _ +9 - 

Totals « «os 0 irae 34 2 2 2 25 3 0 
Flower stalk: 
Epidermis at top: 
Length of cells....| — | — | — +0 _- _ 

Cypripedium lathamia- Width of cells. .... on = +9 _ 
num inversum, Kind of hairs pres- 
microscopic char- ent.......6.244- —-|/-|-| +¢ - - 
acters: Number of hairs...| — | — | — +c - - 

Leaf: Length of pointed 
Upper epidermis: hairs........... —-{—-|- +o ~_ - 

Thickness of walls Length of club- 
at apex......... —-—/—-|-—-— +2 - - aoeved hairs . Nl) ce +9 - — 

‘Length of cells at Color. pa | eee tee +9 it se 

apex. —-|j;-|- +o - - Epidermis “at "mid- 
Width of “cells. at dle: 

APEX... acer: -|j;-|{- +9 - - Length of cells....] — | — | — - - +o 

Thickness of walls Width of cells. .... -j-|- +9 - - 

atmiddle.......| — | — | + - - - Kind of hairs pres- 
Length of cells at Ontecieceeuseccs -|-|- - +9 - 

middle. ff Se - +a - Number of hairs... | — | — | — - +9 - 
Width of “cells” at Length of pointed 

middle. wef of odo - +c - hairs........... —~} — | — +c - - 
Length oP cells at Length of  club- 

base... .-f/ —-]|—-}]—] +8 - - shaped hairs....} — | — | —] +9 - - 
Width of cells at Color.............} —~}—]—] +9 - - 

base........-00- -}-|- = +9 - 
Lower epidermis: Flower stalk, trans- 

Length of cells at verse section: 
apex. eforolo - +9 - Thickness of outer 

Width of “cells at epidermal walls.) ~ | — | — - +3 - 

apex. -—-{|-j;-| +¢ - - Depth of epidermal 
Number ‘of stomata COM 8 ieiecigis is yess: avec -—-|-j- +9 - _ 

at apex......... -|/-j- - - +c Width of epidermal 

Length of cells at cells.........06. -/|-|- +9 ~ - 

middle. +/-j- - - - Width of cortex...) — | — | —] +0 - - 

Width of “cells” at Number of layers # 

middle.......... -j-icr —- {[49=c/ —- in cortex....... -—-|+{- - - - 



SUMMARIES OF PLANT CHARACTERS, ETC. 355 

TaBue I.—Continued. TaBeE I.—Continued. 

og [4.14 5 3 [4 ./4 é 

g [gels] & #833 .| 3 
gulgaigel 3 eg gHiaaiee] 8 ea ee 
o ko a o% a 3 3 cy 5 2 gle z a 3 3 
galg2jsa) 3s o 3 galgcieal & = 5 
a la |a 4 ine) | n In | w ee] ra 

Cypripedium lathamianum 8. Cypripedium nitens, mac- 
inversum, microscopic Toscopic characters: 
characters —Contin'd: Leaf: 

Length............... = ress be - - +0 
Dorsal sepal: Widths cig caonntes a ae = - |toe 
Upper epidermis at Colored area at base..| — | — | — |+2=oc = = 

middle: Length of dotted area.| — | — | — | +o& - - 
Length of cells........]| — | — | — - +9 - Length of youngest leaf} — | — | — +o = = 
Width of cells.........] — | — | — - +o - Relative shortness of 
Number of hairs.......} — | — | — - +e |= youngest leaf........] — | — | — J#F#9=@] — - 
Length of hairs........ -—-/|-f{- - +o - Flower: 
Color above midrib....| — | -—- | — |+9=¢ _ _ Flowering period . endl Utes Ree +2 ae, os 

Upper epidermis at base: Length of flower "stalk —-}|-{- -_ +? = 
Length of cells........ -|-|- - +92 {- Color of flower stalk....] + | — | —-| — = “= 
Width of cells....... elompods +o - - Length of base........| — | +] — oa = a 
Number of hairs...... -|- +9 - - Length of ovary....... = a = +9 = 
Length of hairs........ -|]J-|- - +c - Color of ovary......... -;-|-|}+9=¢ = ae 
COOP is oc seesaw a bse —-{-/]—-— [+94+¢ - - Dorsal sepal: 

Lower epidermis at middle: Length. .............. -|- - +9 - 
Length of pointed hairs} — | — | — +2 - - Width.. és - - +9 - 
Length of club-shaped Color of upper surface..] ~ | — |—| +o = = 

Ways 56. esrciesesaisd eer Sp il -_ - +% Anterior sepal: 
Ratio of pointed to club- Length. .............. Fle] = = = i 

shaped hairs........ - —-+92=c} —- - Width................ cool eee Fai +9 a 
Color.. 4 -|-—}]—-1—] +9 - - GOOF wecie ious ane wen = +9=c} ae 

Lower epidermis at ‘base: Lateral petals 
Length of cells........ ea Pico oe - +o - Length. ........ 0.008. -/|-!|/- _- +9 - 
Width of cells. . = |S = Bay +9 - Widthy..23 chase se seca a: se] | ee +9 - - 
Length of pointed ‘haira| = | = | ~ +h = - Shape................ —-j-|[-|]#e=c/} —- = 
Length of club-shaped Crisping of margin -j-[{- +c - - 

hairs. . -!|-|- | +¢ - - 10.) (6) ee -|J-|]/-]7e=a| —- - 
Ratio of pointed to ‘club- Labellum: 

shaped hairs........ =<) — veg) = _ Length. .............. -~{/-|-HE=ay; - = 
Color of cells........ safe mm | fk - - - Width. veneeep wm fo ho _ +9 - 
Color of hairs......... -~|/-|]/-|]+2=¢ - - Color of exterior....... -]/-|]-|4+?9=¢ - = 

Lateral petals: Color of interior. ...... -|/-|-H}#e=¢ - = 
Upper epidermis at Staminode: 

middle: Length of apex........ +) -{|- = - - 
Length of cells........] — |] — |] — - +82 - Wid thi secennantcts cadres +]/-]- - - - 
Width of cells.. Sf |) bel = = , 00) [o) eee -{|-|]- = = 
Color.. ? -—-/-|-|]}+#e=¢ - - paerinas (Peeeesy, eee Laem 

Lower e D i rT ermis “at Ota. «9d ssa 4 Sivieiweey 30 4 1 0 15 8 
middle: pees (eae peril Bere 

Length of cells........ [ee ee +92 - —— a. 
Width of cells.........] — | — | - = +h — | Cypripedium nitens, micro- 
Shape of cells.........{ $ ]—-— | — = - - scopic characters: 
Waviness of walls......| + | — | — - = - Leaf: 

Upper epidermis at base: Upper epidermis: 
Length of hairs........ - 2 - Shape of cells......... —}|—- jt - - - 
COMO wins scene eae vs -|-]-|+e9=c| - Thickness of walls at 

Labellum: apex. - +9=¢9 - _ 
Upper epidermis at base: Length of ‘cells at apex - - +3 

Length of cella........ -|-jJ- ad +2 - Width of cells at apex] — - - +2 
Width of cells......... et eee - -_ +o Thickness of walls at 
Length of hairs........ -/|-J]- +9 - middle............. —{— [+ - _ _ 
Colors ¢-xsicuewmcnawwes ee | eer =. ll ee = - Length of cellsat middle} — | — | — | +9 - - 

Upper epidermis at most Width of cells at middle] — | — | — - - +9 
anterior part: Length of cells at base..| — | — | — +o - - 

Length of cells........ So) = + [4+8=0)] - Width of cells at base. . —-|-—|] +a - - 
Width of cells......... =| ae = +h - Lower epidermis: 
Length of hairs........ —-j-/-|] +¢ _ _ Shape of cells. — + - = a 
GOlOR. sci ice ae eee = aS +o = = Length of cells at apex - - - +9 _ 

Lower epidermis between Width of cells at apex..} — | — | — - +9 - 
apex and most ante- Number of stomata at 
rior part: BPOR x sisi see he avdecs + ~ _ _ _ 

Length of cells........] — = +2 = Length of cells at middle] — | — | — +c - - 
Width of cells......... yr | a +9 - Width of cells at middle] + | — | — - - — 
Colors sian sei ed setae -|- _ +2 = Number of stomata at 

Lower epidermis at hase middle............. -;|-|- +9 — - 
Length of cells. =| ey ae aa +H [- Length of cells at base.} — | — | — +9 - = 
Width of cells......... ea icoaeel Ais = =. ERS? Width of cells at base..] — | —| — | +o _ = 
COOP esac actiiweacnances| Sp = fs = +30 | - Absence of stomata at 

=| —— DaSC!s sees occa cece -—-j—- [t+ - -_ = 
TVOtall eins icscawiaaeve nies 88 3] 1 2 41 33 8 Color at base.........] — | — |] — |49=o¢@ = <2 
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Cypripedium nitens, micro- Cypripedium nitens, micro- 
scopic characters — scopic characters— 
Continued: Continued: 

Leaf , transverse section: Dorsal sepal—Continued: 

Depth of cuticleand wax} — | — | — = - |+¢ COLOR cs 9 sis:s's eissareuatyeted —-|+)/—-He=a] - _ 
Depth of upper epider- Lower epidermis at 

mal cells............ —|[-—-|[- — - +9 middle: 

Depth of cuticle on Length of pointed hairs} — | — | — _ =_ +o 
lower epidermis... ... — | a pe _ - +o Length of club-shaped 

Depth of lower epider- hairs.. a ee +9 _ = 
mal cells.. i —-|-{]- - +9 - Ratio of pointed t to ‘club- 

Width of lower epider- shaped hairs. —-/|/—-|{-—- +9 = = 
mal cells............ -|/-|]- - _ +9 Color. ........e0ee0: —-|+]-— = as es 

Depth of midrib bundle} — = _ +9 _ Lower epidermis at base: 
Width of midrib bundle] — | — | — - +2 _ Length of cells........] — | — | — - +o —- 
Thickness of transverse Width of cells......... ee ae +9 — = 

section at midrib....}] — | — | — +92 - - Ratio of pointed to club- 
Flower stalk: shaped hairs......... -—-{/—-—-/—-|4+9=0| -—- a 
Epidermis at top: Color.........664008-| — | — |] — + 8=a) = - 

Shape of cella.........] — —|+ = _ —- Lateral petals: 

Length of cells........] — }| — | — - - +o Upper epidermis at 
Width of cells.........}, -— | — | —- +o _ _ middle: 
Thickness of walls..... = [ee fp - - - Length of cells........; — | — | — - +H - 
Ratio of pointed to club- Width of cells......... -;|]-{|- - +o — 

shaped hairs........ eased hemi) ecel Gsece aon oo - GOL Oss oes cer aakvipeaterenate ans —-/-|{|-| +¢ = 
Number of hairs....... - -|49=¢ - - Lower epidermis at 
Length of pointed hairs} — | — | — +o - - middle: 
Length of club-shaped Length of cells........) — | — | — - - +o 

halts: gon ssmesues's fe ee ee - -_ _ Width of cells......... -|j-|- - +2 — 
Color. . +]- - - - Upper epidermis at base: 

Epidermis at middle: | Length of hairs....: ..-} — | — | —- _ +9 _ 
Length of cells. mat (eee eed a = - +7 Colors iisisccicicaaases Sess Mr +2 - - 
Width of cells......... -|-|- - +2 - Labellum: 
Ratio of pointed to club- Upper epidermis at base 

shaped hairs........ -|-|- = +2 =a} — along mid-line: 
Number of hairs....... a | eh] +c - Length of cells........] — | — |] — - +92 - 
Length of pointed hairs} — | — | — +c ee - Width of cells......... —-|-|- - - +o 
Length of ‘lubehened. Length of hairs........ —|—-|{- _ +9 ~ 

hairs. . | = os +o Color. . = 4 —-|—-|- +o _ _ 
Flower stalk, transverse Upper epidermis | at ‘most 

section: anterior part along 
Thickness of outer epi- mid-line: 

dermal wall.. oc ac pee (Ra = = Length of cells........ -—-;-{- - +o - 
Shape of epidermal cells —;|—-|]+ — = = Width of cells......... —-|-|f- _ +c = 
Depth of epidermal cells] — | — | — +8 = _ Length of hairs . -—-|-|- - +9 
Width of epidermal cells} — | — | — |4+2=c¢ = <= Color - ‘ Jel ole - = = 
Width of cortex....... Ft oe +d = = Lower epidermis. ’ be- 

Number of layers in tween the apex and 

cortex.........0000- -—-j+]- - _ - most anterior part: 
Dorsal sepal: Length of cells........] — - - +A - 
Upper epidermis at Width of cells......... - - - +o - 

middle: Color of 88D, ¢o.0caee: —-}|—-t- _ +o _ 
Length of cells........] —} — |] — - +o Lower epidermis at base 
Width of cells......... -|-{- - +o - along mid-line: 
Color iii ees twee —-|]-f- +c - - Length of cells........} — | — J '— -_ +o - 

Upper epidermis at base: Width of cells.........] — | — | -— - +c - 
-Length of cells........] — | — | — = +h _ 
Width of cells......... Sa es = _ =: | Totals. cccuiwassances 83 5| 4] 7 29 24 14 



SUMMARIES OF PLANT CHARACTERS, ETC. 357 

1. Summary or Taste [.—Recapitulation o the totals of the Microscopic and Macroscopic Characters of the Hybrids in relation 
to the Parents. 

Same as Same as Same as Tater 
seed pollen both mediate Highest. Lowest. | Total. 

List of plants—hybrid-stocks. parent. parent. parents. 7 

No P. ct.|No.| P. ct.| No.| P. ct.| No.| P. ct. | No.| P. ct.|No.| P. ct.| No. 

Ipomeea sloteri: 
DRO aoa ep hes hs Se eR eee Rie led 1 2.6 1 2.6 0 0 18| 47.4 16} 42.1 2| 5.3 38 
RNAI. hs neh cele on ce pacce was eens grbenndwe chs 8 8.4 3 3.2 2 2.1 31] 32.6 | 45] 47.4 6 6.3 95 

9 4 2 49| 36.9 | 61] 45.9 8| 6 133 
Lelia-cattleya canhamiana: = =| — peeten 

MatrosGe Gas 4344.09 5 va do os 65 2a a eh Rede R ee RACES 2 5.9 4] 11.8 4] 11.8 18] 52.9 4] 11.8 2 5.9 34 

Microséopies «sia wivinsaa on aivow se au aaa aaa 6 7 14] 16.5 0 0 30] 35.3 | 14] 16.5 | 21] 24.7 85 

8 18 4 48| 40.3 | 18] 15.1 | 23] 19.3 | 119 
Cymbidium eburneo-lowianum: = —- aaaees! 

IMA CLOBCODIO 5 oso dAie-se te aiana ind eet au bee. Coes acaareucdaga ah! Sl 5.7 4] 11.4 5] 14.3 | 22] 62.9 2 5.7 0 0 35 

WEE CS I ein wh eb ae 04s oo Ee ee ee eS 7 9.3 7 9.3 8] 10,7 | 271 36 12) 16 14| 18.7 75 

9 11 13 49| 446) 14] 12.7} 14] 12.7 | 110 
Dendrobium cybele: — = 

Macroscofies.citiecscs Gas ag wor anew esas eve eee d 1 3.3 4 4| 138 | 13) 43,8 5] 16.6 3] 13.2 30 
NpeiORCHINewccned caw busses be varestiagusewneesl Oo 3.1 6] 13.3 3 3.1 | 34] 35 19} 19.5 | 82] 33 97° 

— —; 62 |—- = 
4 10 7 47| 37 24] 19 35] 27.6 127 

Miltonia bleuana: — 

Macrost0piess s1vcueeeecee ca cdeadesenedeeseseees 8 | 27.6 6 | 20.7 1 3.4 9} 31 4! 13.8 1 3.4 29 

Microscopic.......... 2 23 5 5.9 8 9.4 | 31] 36.4 |] 15] 17.7 | 24] 28.2 85 

10 11 9 40| 35.1 19} 16.7 25} 22 114 
Cypripedium lathamianum: — 

Macroscopic..........0.ce cee ee cece etter ececee al 1 3 0 0 2 5.9 | 29] 85.3 2| 5.9 Oo; Oo 34 
MUCTOSCOPIG. cane aiiredancsacdtdentesegandagaies| OL | 4 4.6 2 2.2 | 43) 49.4 | 30| 34.5 < 8 87 

2 4 4 72} 60 | 32| 264] 7] 6 | 121 
Cypripedium latham. invers.: == 
MMacrostogltss cic ew cwaweun sea dase ew ye seseevgsal 2 5.9 2 5.9 2 5.9 25| 73.5 3 8.8 0 0 34 

MierostOnit ccc eye ee gapee se eaneouneeeeureecgeueal 3.4 1 1.1 2 2.2 | 41| 46.6 | 33] 37.5 8} 9.1 88 

, 5 3 4 66| 54.1 39] 30 8 6.5 122 
Cypripedium nitens: 

Macroscopic.........0cee cc en esse ce ccesccesesees] 4] 18.8 1 3.3 0 0 15) 50 8] 27.7 2 6.7 30 
Microscopie: icuseccesegeeseaceestsessagaeseuaasay 6 6 4 5 7 G2 | 29) 35 24] 30 14] 17 83 

9 5 7 44] 39 32] 28.3 16| 14.1 113 

Total number of characters. .......... 0... cece eeeeeees 56 66 50 415 236 136 959 
Per cent of 959 characters.......... 0.00. cece ee cece nee 5.8 6.8 5.2 43.2 24.9 14.1 

2. Summary or Taste I.—Numbers and Percentages 
Sameness, Intermediateness, Excess, and Deficit of Development in Relation to the Parent-stocks. 

of the Macroscopic and Microscopic Characters of Hybrid-st ocks as regards 

: Same as | Sameas | Same as Int 
List of plants—hybrid-stocks. seed pollen both sini Highest. Lowest. Total. 

parent. parent. parents. mediate. 

Macroscopic characters: 

Tpomoba: Slotert sic. oo is i eisge Waites baa ols eaivs asda ae 1 1 0 18 16 2 38 
Leelia-cattleya canhamiana............ 0.0. eee eee 2 4 4 18 4 2 84 
Cymbidium eburneo-lowianum.................5- 2 4 5 22 2 0 35 
Dendrobium eybeles sca va ci ccc cacatavaessasan vas 1 4 4 13 5 3 30 
Miltonia bleuana............... Pe cheatin Mets ve ahaa ei 8 6 1 9 4 1 29 
Cypripedium lathamianum 1 0 2 29 2 0 34 
Cypripedium lathamianum inversum.............. 2 2 2 25 3 0 34 
Cypripedium niteng........ 0... cece eee e eee ee eee 4 1 0 15 8 2 20 

Total number of characters.................- 21 22 18 149 44 10 264 
Percentage of characters............0.0000005 7.9 8.7 6.8 56.4 16.6 3.8 

Microscopic characters: 2 
Ipomoea sloteri..... 0... ccc ee cece teen eee eeenens 8 3 2 31 45 6 95 
Lelia-cattleya canhamiana.............. 0. ee eee 6 14 0 30 14 21 85 
Cymbidium eburneo-lowianum................... 7 7 8 27 12 14 75 
Dendrobium cybele.... 0... 0c cee ee cece ee eeeee 3 6 2 34 19 32 97 
Miltonia bleuana. ........ 0. ec cee eee ee eee eee 2 5 8 31 15 24 85 
Cypripedium lathamianum....................00. 1 4 2 43 30 7 87 
Cypripedium lathamianum inversum.............. 3 1 2 41 33 8 88 
Cypripedium nitens........ 0... eee cece eee eee 5 4 7 29 24 14 83 

Total number of characters.................- 35 44 32 266 192 126 695 
Percentage of characters................e000- 5. 6.5 4.7 38.2 27.6 18.1 
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3. Summary or Taste I.—Numbers and Percentages of Tissue Characters and Starch Reaction-intensities of the Hybrid-stocks in 
regard to Sameness, Intermediateness, and Excess, and Deficit of Development in Relation to the Parent-stocks. Charts F 9 and F 10. 

Tissue characters, | Tissue characters, | 8 hybrid plants | 50 hybrid starches 
. macroscopic. microscopic. (959 characters). | (1,018 reactions). 

Parent-relationships. 

No. P. ct No. P. ct. No. P. ct. No. P. ct. 

Same as seed parent..... 0.0.0. cc cece cece een eee eeeeeeees 21 7.9 35 5 56 5.9 130 12.7 
Same as pollen parent 22 8.7 44 6.5 66 6.9 101 9.9 
Same as both parents.......... ccc ccc e cece cree eter ee ee ees 18 6.8 32 4.7 50 5.2 138 13.6 

Intermediate.............00004. 149 56.4 266 38.2 415 43.2 236 23.2 

- Highest........ dina arcisbviforisual ces tia acsa'w sous Cov atiouartensdede de! shev'ecev eije @-soek eneuauses 44 16.6 192 27.6 236 24.9 187 18.4 

LO WERE iors. ors jiacesiesacess oedea sides ae ark ns aay tarisralcesfe SSR de Ava Seale Voxsan cteatescautars 10 3.8 126 18.1 126 14.1 226 22.2 

4. Summary or Taste I.—Summary of Sameness and Inclination of the Macroscopic and Microscopic Characters of the Hybrid- 
stocks in Relation to the Parent-stocks. 

Same as or Same as or s both As close to one 
inclined to seed | inclined to pollen ame a ‘as as to other Number. 

List of plants—hybrid-stocks. parent. parent. perene: parent. 

Macro- | Micro- | Macro- | Micro- | Macro- | Micro- | Macro- | Micro- | Macro- | Micro- 
scopic. | scopic. | scopic. | scopic. | scopic. | scopic. | scopic. | scopic. | scopic. | scopic. 

Tpomeea sloteri......... 0... eee ee ee ee eee 13 45 7 16 0 2 18 32 38 95 

Lelia-Cattleya canhamiana............... 6 25 11 50 4 0 13 10 34 85 
Cymbidium eburneo-lowianum............ 12 29 8 27 5 8 10 11 35 75 
Dendrobium cybele............e0eeee eee 4 40 12 38 4 3 10 16 30 97 
Miltonia bleuana............... 0. eee eee 12 27 9 38 1 8 7 12 29 85 
Cypripedium lathamianum............... 12 27 10 38 2 2 10 20 34 87 
Cypripedium Iathamianum inversum...... 18 42 9 34 2 2 5 10 34 88 
Cypripedium nitens............. ee eee eee 12 29 9 38 0 7 9 9 30 83 

nt —— 

Total number of characters............ 353 354 50 202 959 
Per cent of 959 characters............ 36.8 36.9 §.2 211 

73.7 26.3 

Per cent of 1018 Starch Reactions...... 42.7 32.4 13.8 11.1 

75.1 24.9 

5. Summary or TaBLe I1.—Summary of the Macroscopic and Microscopic Characters and of the Starch Reaction-Intensities of 
Cymbidium eburneo-lowi and Miltonia bleuana in regard to Sameness, Intermediateness, and Excess 

‘ and Deficit of Development in relation to the Parent-Stocks. Charts F 11 and F 12. 

Same as Same as Same as Tater: 
seed pollen both mediate Highest. Lowest. | Total. 

Plants. parent. parent. parents. 

No, P. et. |No. | P. ct. |No. | P. et. |No. | P. et. |No.| P. ot. |No. | P. et. | NO 

Cymbidium eburneo-lowianum: 
Macroscopie'ss sa cs cic ss aa os Auewasew eg es yee ee ous 2 5.9 4/114 & | 14.3 | 22 | 62.9 2 5.7 0 0 35 
Microscopie ...iis6-354205002% seeeeweemscite st seas 7 9.3 7 9.3 8} 10.7 | 27 | 36.0 | 12] 16 14 | 18.7 75 

9 8.2 | 11 | 10 13 | 11.8 | 49 | 44.5 | 14 | 12.7 | 14} 12.7] 110 

Starch........ a onghaiave ev ekawele: lel exalena leased Goneleke.e Mem aa'e ae 4) 15.5 0 0 9 | 34.6 0 0 0 0 13 | 50 26 
Miltonia bleuana: 

Macrogcopie:...c. ssc ees ke cecseeie snes se eae ee vest 8 | 27.6 6 | 20.7 1 3.4 9} 31 4} 13.8 1 3.4 29 
Microscopie! osc 66 os eas ees ene ncc eisai sas oe ew eles 2 2.3 5 5.9 8 9.4 | 31 | 36.4 | 15 | 17.7 | 24] 28.2 85 

10 8.7 | 11 9.6 9 7.9 | 40 | 35.1 | 19 | 16.7 | 25 | 21.9 | 114 

Starches: convedwaned 233959 dia neehnede de yee ee TORS 3) 11.5 0 0 3] 11.5 1 3.8 | 17 | 65.4 2 7.7 26 
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6. Summary or Taste I.—Summary af Sameness and Inclination of the Macroscopic and Microscopic Characters and of the Starch 
Reaction-Intensities of Cymbidium eburneo-lowianum and Miltonia bleuana in relation to the Parent-Stocks. Charts F 13 and F 14. 

Same as or Same as or Same as or As close to one 
inclined to inclined to inclined to as to the other | Total. 

Plants. seed parent. | pollen parent. | both parents. parent. 

No P. et. No P. ct. No P. ct No P. ct IG, 7 . et. i . et. i. . et. F . ct. P. ct. 

Cymbidium eburneo-lowianum: 
Macroscopic...........0.0.6 iiascgnat we “ahd, Gov eravel ahorickadny Siig iy 12 34.3 8 29.9 5 14.3 10 28.6 35 
WiGrOsGOB Geiss 5 vu 'ew oe doe 46 oe 4S 4h 966 He LA ORES 29 38.6 27 36 8 10.7 ll 14.7 75 

41 37.3 35 31.8 13 11.8 21 19.1 110 

Starchsc cise sck cas eyes esseat see eu eases mete oh oe ee 4 15.4 1 3.8 9 34.6 12 46.2 26 
Miltonia bleuana: 

Macroscopic.......... eee te ee eee eee eee hie ice ch de & 12 41.4 9 31 1 3.6 “4 24.1 29 
BUCPOSCOG, naiee od es Ee ode eee AE OOS SN 27 31.8 38 44.7 8 9.4 12 14.1 85 

39 34.2 47 41.2 9 7.9 19 16.7 114 

Starch jesicses ey seresceey ee sete aeeseds pier eda sweets 20 77 2 7.7 3 11.5 1 3.8 26 

7. Summary or TaBLE I—T'issue Characters and Starch Reactions 
ae fesards Intermediateness and Non-Intermediateness of the 

ybrids. 

Intermediate- Non-inter- 
ness. mediateness. 

Characters. 

No. Pi ot. No. P. ct. 

Tissue characters: 
Macroscopic...............: 149 56.4 115 43.6 

Microscopic................ 266 38.2 429 61.8 

415 43.2 544 56.8 

Starch reactions............| 236 23.2 782, 76.8 



CHAPTER VI. 

APPLICATIONS OF RESULTS OF RESEARCHES. 

In considering the applications of the results of these 
researches to the explanation of the developmental 
changes in the germplasm, and of variations, fluctua- 
tions, sports, mutations, Mendelism, the genesis of spe- 
cies, etc., it must be borne in mind that the investiga- 
tions (Publications Nos. 116, 173, and the present) 
have been of a purely exploratory character and no 
serious attempt has been made to do more than lay a 
substantial foundation for future investigation, theoreti- 
cal and practical. Hence, in the present chapter noth- 
ing more than mere suggestions will be offered in the 
applications of the results of fundamental problems of 
biology ; nor would more here be possible, if for no other 
reason than the enormity of the field to be covered.* 

SPEcIFICITY OF STEREOISOMERIDES IN RELATION TO 
Genera, Srecizs, Etc. 

These researches have as their essential basis the con- 
ception that in different organisms corresponding com- 
plex organic substances that constitute the supreme 
structural components of protoplasm and the major 
synthetic products of protoplasmic activity are not in 
any case absolutely identical in chemical constitution, 
and that each such substance may exist in countless 
modifications, each modification being characteristic of 
the form of protoplasm, the organ, the individual, the 
sex, the species, and the genus. ‘This conception was sup- 
ported not only by the extraordinary differences noted 
between the albuminous substances of venom and those 
of other parts of the serpent,+ but also by the results of 
the investigations of Hanriot, who described marked dif- 
ferences in the properties of the lipases of the pancreatic 
juice and the blood; of Hoppe-Seyler and others who 
stated that the pepsins of cold- and warm-blooded ani- 
mals are not identical; of Wrédblewsky and others who 
recorded differences in the pepsins of mammals; of 
Kossell and his students who found that the protamins 
obtained from the spermatozoa of different species of fish 
are not identical; and of various observers who have 
noted that the erythrocytes of one species when injected 
into the blood of another are in the nature of foreign 
bodies and rapidly destroyed. During subsequent years, 
and especially very recently, data have been rapidly 
accumulating along many and diverse lines of investi- 
gation which collectively indicate that every individual 
is a chemical entity that differs in characteristic par- 
ticulars from every other. ‘To any one familiar with 
the advances of biochemistry and with the trend of scien- 
tific progress toward the explanation of vital phenom- 
ena on a physico-chemical basis, it will be obvious that 
if the conception of the non-uniform constitution of 

*The first three sections of this chapter are reproduced, with 

some alteration and addition, from an article that was published 
in Science, 1914, n.s., XI., 649-661. 

tResearches upon the Venoms of Poisonous Serpents. 
Weir Mitchell and Edward T. Reichert. 
to Knowledge, Publication No. 647, 1886. 
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corresponding proteins and other corresponding complex 
organic substances in different organisms and parts of 
organisms were found to be justified by the results of 
laboratory investigation a bewildering field of specu- 
lation, reasoning, and investigation would be laid open— 
a field so extensive as to include every domain of bio- 
logical science, and seemingly to render possible, and 
even probable, a logical explanation of the mechanisms 
underlying the differentiations of individuals, sex, varie- 
ties, species, and genera; of the causes of fluctuations 
and mutations; of the phenomena of Mendelism and 
heredity in general; of the processes of fecundation and 
sex-determination ; of the tolerance of certain organisms 
to organic poisons that may be extremely virulent to 
other forms of life; of tumor formation, reversions, mal- 
formations, and monsters; of anaphylaxis, certain tox- 
emias, immunities, etc.; and of a vast number of other 
phenomena of normal and abnormal life which as yet 
are partially or wholly clothed in mystery. 

Some years previous to the discovery of the nature 
of the lethal constituents of venoms, Pasteur found that 
there exist three kinds of tartaric acid which, because 
of different effects on the ray of polarized light, are dis- 
tinguished as the dextro-, levo- and racemic-tartaric 
acids, the dextro form rotating the ray to the right, the 
levo form to the left, and the racemic form not at all. 
When these acids were subjected in separate solutions 
to the actions of Penicillium glaucum fermentation pro- 
ceeded in the dextro form, but not in the levo form, 
while in the solution of the racemic acid, which is a 
mixture of the dextro and levo acids, the dextro form 
disappeared, leaving the levo moiety unaffected. All 
three acids have the same chemical composition and 
chemical properties, but differ strikingly in their effects 
on polarized light and in nutritive properties. Identi- 
cal or corresponding peculiarities have since been re- 
corded in relation to a large number of substances. 
Thus, of the twelve known forms of hexoses, or glu- 
coses, only the dextro forms are fermentable, that is, 
capable of being used by certain low organisms as food, 
but not all are thus available, and, moreover, those which 
are show marked differences in the degrees of fermen- 
tability. In the case of other substances Penicillium 
may consume the levo form, but not the dextro form. 
Other organisms show similar selectivities, using either 
dextro or levo form, or both, but in the latter case in 
unequal degree. Even more striking instances have 
been recorded in the actions of poisons, as, for instance, 
dextro-nicotine is only half as toxic as the levo form; 
dextro-adrenalin has only one-twelfth the power of the 
levo form; racemic-cocaine has a quicker and more in- 
tense but less lasting action than the levo form; the 
asparagines, hyoscines, hyoscyamines and other sub- 
stances have been found to exhibit marked differences in 
accordance with variations in their optical properties. 
With other bodies belonging to this category it may be 
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found that one form is sweet while another is tasteless ; 
another may be odorous, but its enantiomorphous form 
without odor. 

To the foregoing there may be added examples of 
other substances that exist in several forms, but which 
physico-chemically belong to a different class. Thus, 
nitroglycerine may exist in forms that are so different 
that under given conditions of temperature and percus- 
sion one is explosive and the other non-explosive. Dif- 
ferences in substances which are found in allotropic 
forms may be as marked as in any of the preceding illus- 
trations, as, for instance, in the case of phosphorus, which 
is familiar as the yellow, white, black, and red varieties, 
all of which with the exception of red phosphorus are 
exceedingly poisonous, while the latter is inert. The 
ortho, meta, and para forms of a given substance may 
exhibit more or less marked physiological and toxicologi- 
cal variations, and so on. 

The explanation of the remarkable differences shown 
by these substances, which differences are paralleled by 
those manifested by the lethal and inocuous proteins of 
the serpent, the pepsins, the protamins and the red-blood 
corpuscles,is to be found in the results of two independent 
but intimately related lines of physico-chemical re- 
search: (1) The investigations of Van’t Hoff and LeBel 
and subsequent observers which have laid the foundation 
of a new, and to the biologist and physician an extra- 
ordinarily important, development of chemistry known 
as stereochemistry—a department that treats of the 
arrangements of the atoms, groups and masses of mole- 
cules, or in other words of intramolecular arrangement 
or configuration of molecular components in the three 
dimensions of space. (2) The investigations of Willard 
Gibbs and others which have given us the “ phase rule,” 
which defines the phases or forms in which a given sub- 
stance or combination of substances may exist owing to 
differences in intramolecular and extramolecular ar- 
rangements and concentration of their components in 
relation to temperature and pressure. 

According to stereochemistry a given substance may 
exist in multiple forms dependent upon differences in the 
configuration of the molecule, all of which forms have 
in common the fundamental chemical characteristics of 
a given prototype, yet each may have certain properties 
which positively distinguish it from the others. Theo- 
retically, such substances as serum albumin, serum glo- 
bulin, hemoglobin, starch, glycogen, and chlorophyl may 
be produced by nature in countless modified forms, owing 
to differences in intramolecular arrangements. Miescher 
has estimated that the serum globulin molecule may exist 
in a thousand million forms. Substances that exist in 
such multiple forms of a prototype are distinguished as 
stereoisomers. The remarkable fact has been noted by 
Fischer and others that stereoisomers may exhibit as 
great or even greater differences in their properties 
than those manifested by even closely related isomers, 
which latter in comparison with stereoisomers are dis- 
tantly if at all chemically related. As already instanced, 
so slight a change in molecular configuration as gives 
rise to dextro and levo forms may be sufficient to cause 
definite and characteristic and even profound differences 
in physical, nutritive, and physiological properties. 

In accordance with the “phase rule” a substance 
or a combination of substances may exist in the form of 
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heterogeneous or homogeneous systems, a heterogeneous 
system consisting of a number of homogeneous systems, 
each of which latter is a manifestation of an individual 
phase and distinguishable from the others by physical, 
mechanical, chemical, or physiological properties. The 
number of phases of a heterogeneous system increases 
with the number of component systems and the number 
of the latter is in direct relationship to the number of 
independent variable constituents. Therefore, by means 
of variations of either or both intramolecular or extra- 
molecular arrangement the number of forms of a sub- 
stance or combination of substances may range from 
few to infinite. 

Our means of differentiating stereoisomers are, on 
the whole, limited, and for the most part crude, and 
while it has been found that differences so marked as 
those referred to may be detected by the ordinary pro- 
cedures, it seems obvious that the inherent limitations of 
such methods render them inadequate where a large 
number of stereoisomerides or related bodies which may 
exhibit only obscure modifications are to be definitely 
differentiated, so that other and more sensitive methods 
must be sought, or at least special methods that are 
adapted to exceptional conditions. The results of much 
preliminary investigation in this direction led in one 
research to the adoption of the crystallographic method, 
especially the use of the polarizing microscope, which 
in its very modern developments of analysis has demon- 
strated that substances which have different molecular 
structures exhibit corresponding differences in crystal- 
line form and polariscopic properties; and, moreover, 
that the “optical reactions” may be found to be as 
distinctive and as exact analytically as the reactions 
obtained by the conventional methods of the chemist. 
Furthermore, the necessities of the hypothesis demanded 
the selection of a substance for study of a character 
which upon theoretical grounds might be expected to 
exist in nature widely distributed and readily procura- 
ble, and, as a consequence, hemoglobin was selected. 

In the study of the hemoglobins the author had as a 
co-worker Professor Amos Peaslee Brown.* Hemoglo- 
bins were examined from over 100 animals, representing 
a large variety of species, genera, and families. From 
the data recorded certain facts are especially conspic- 
uous, among which may be mentioned the following: 

1. The constant recurrence of certain angles, plane 
and dihedral, in the hemoglobins of various species, even 
when the species are widely separated and the crystals 
belong to various crystal systems. This feature indi- 
cates a common structure of the hemoglobin molecules, 
whatever their source. 

2. The constant recurrence of certain types of twin- 
ning in the hemoglobins, and the prevalence of mimosie. 
This has the same significance as the foregoing. 

3. The constancy of generic characters in the crys- 
tals. The crystals of the various species of any genus 
belong to a crystallographic group. When their charac- 
ters are tabulated they at once recall crystallographic 
groups of inorganic compounds. The crystals of the 
genus Felis constitute an isomorphous group which is as 
strictly isomorphous as the groups of rhombohedral and 
orthorhombic carbonates among minerals, or the more 

* Carnegie Inst. Wash. Pub. No. 116. 
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complex molecules of the members of the group of 
monosymmetric double sulphates. 

4. The crystallographic specificity in relation to spe- 
cies. The crystals of each species of a genus, when they 
are favorably developed for examination in the polariz- 
ing microscope, can usually be distinguished from each 
other by definite angles and other properties, while 
preserving the isomorphous character belonging to the 
genus. Where, on account of difficulty of measurement, 
the differences can not be given a quantitative- value, 
variations in habit and mode of growth of the crystals 
often show specific differences. 

5. The occurrence of several types'of oxy-hemoglobin 
in members of certain genera. In some species the oxy- 
hemoglobin is dimorphous and in others trimorphous. 
Where several types of crystals occur in this way in the 
species of a genus the crystals of each type may be 
arranged in an isomorphous series. In other words, 
certain genera as regards the hemoglobins are isodimor- 
phous and others isotrimorphous. 

6. When orders, families, genera, or species are well 
separated the hemoglobins are correspondingly mark- 
edly differentiated. For instance, so different are the 
hemoglobins of Aves, Marsupialia, Ungulata, and Ro- 
dentia that there would be no more likelihood of con- 
founding the hemoglobins than there would be of mis- 
taking the animals themselves. Even where there is 
much less: zoological separation, as in the case of the 
genera of a given family, but where there is well-marked 
zoological distinction, the hemoglobins are so different as 
to permit readily of positive diagnosis. When, however, 
the relationships are close the hemoglobins are corre- 
spondingly close, so that in instances of an alliance such 
asin Cams, Vulpes, and Urocyon, which genera years ago 
were included in one genus (and doubtless correctly) 
the hemoglobins are very much alike, and in these cases 
they may exhibit closer resemblances than may be found 
in general in specimens obtained from well-separated 
species of a genus. 

So distinctive zoologically are these modified forms 
of hemoglobins that we had no difficulty in recognizing 
that the common white rat is the albino of Mus nor- 
vegicus (Mus norvegicus albus Hatai) and not of Mus 
rattus, as almost universally stated, and that Urside 
are related to Phocide (as suggested by Mivart 30 years 
ago), but not to Canide, as stated in modern works on 
zoology. Moreover, we were quick to detect errors in 
labeling, as, for instance, when a specimen marked as 
coming from a species of Papio was found to belong to 
one of the Felide. Generic forms of hemoglobin when | 
obtained from well-separated genera are, in fact, so dif- 
ferent in their molecular structures that when any two 
are together in solution they do not fuse to form a single 
kind of hemoglobin or a homogeneous solution, but con- 
tinue as discrete disunited particles, so that when crystal- 
lization occurs each crystallizes independently of the 
other and without modification other than that which is 
dependent upon such incidental conditions as are to be 
taken into account ordinarily during crystallization. 
Thus, the hemoglobin of the dog crystallizes in rhombic 
prisms which have a diamond-shaped cross-section ; that 
of the guinea-pig in tetrahedra; that of the squirrel in 
hexagonal plates; and that of the rat in elongated six- 
sided plates. When any two of these hemoglobins are 
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together in solution and crystallization occurs, each ap- 
pears in its own form. Such phenomena indicate that 
the structures of the hemoglobin molecules are quite 
different; in fact, more differentiated than the mole- 
cules of members of an isomorphous group of simple 
carbonates, such as the carbonates of calcium and mag- 
nesium, which in separate solutions crystallize in rhom- 
bohedrons whose corresponding angles differ 2° 15’, but 
in molecular union, as in the mineral dolomite, crystal- 
lize as a single substance which has an intermediate 
angle. 

Upon the basis of our data it is not going too far to 
assume that it has been satisfactorily demonstrated theo- 
retically, inferentially, and experimentally that at least 
this one substance (hemoglobin) may exist in an incon- 
ceivable number of stereoisomeric forms,* each form 
being peculiar to at least genus and species and so de- 
cidedly differentiated as to render the “hemoglobin 
crystal test” more sensitive in the recognition of ani- 
mals and animal relationships than the “ zooprecipitin 
test.” 

Subsequent to the research referred to, investigations 
have been pursued in the study of hemoglobins from 
various additional sources, especially from representa- 
tives of Primates, with the result in the latter case of 
finding indubitable evidence of an ancestral alliance of 
man and the man-like apes. 

More or less elaborate studies by crystallographic 
and other methods have also been made with other albu- 
minous substances and with starches, glycogens, phyto- 
cholesterins, chlorophyls, and other complex synthetic 
products of animal and plant life, especially with 
starches, of which over 300 specimens were examined, 
obtained from representatives of a considerable number 
of families, genera, species, varieties, and hybrids. In 
all of these investigations the results are not only in full 
accord with those of the hemoglobin researches but, in 
some instances of broader significance, because by better 
methods of differentiation it was found possible to recog- 
nize not only peculiarities as regards genus or species, 
but also varieties and hybrids, and-even to trace in hy- 
brids with marked definiteness the transmission of 
parental characteristics. 

Summing up the results of these independent but 
interwoven researches, we find that the modified forms 
of each of these substances lend themselves to a very 
definite system of classification, and to one that is in 
general accord with that of the botanist and zoologist, 
that is, each genus is characterized by a distinctive type 
of hemoglobin, albumin, starch, etc., as the case may be, 
which may be designated the generic-type; every species 
of the genus will have a modification of this type, which 
is a species-type, or generic primary sub-type; and every 
variety of a species will have a modification of the species- 
type, that is a variety-type, or generic secondary sub- 
type, or species sub-type. In fact, it seems clear that 
with revisions of present classifications that are certain 
to come there will be found definite family types; and, 
moreover, that with improved methods of differentiation 
there will be discovered positively distinctive sex- and 

*Even if we assume that the different forms are not, strictly 

speaking, stereoisomers it must be admitted that hemoglobin exists 
in forms that are specifically modified in relation to genera and 
species. 
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individual-types. This last statement already has sup- 
port in the results of collateral lines of research which 
bear upon the specificities of enzymes, anaphylaxis, pre- 
cipitin reactions, immune sera, etc. 

From the foregoing data it seems obvious that the 
complex organic substances which may be assumed to 
constitute the essential fundamental constituents of 
protoplasm and the immediate complex synthetic prod- 
ucts of protoplasmic actwity may exist in exceedingly 
numerous or even countless stereoisomeric forms, each 
form being peculiarly and specifically modified in rela- 
tion to genus, species, variety, race, sex, individual, or 

.even part of an individual. 

ProtorpLasm A CoMPLEX STEREOISOMERIC SYSTEM. 

The next logical step in our investigation is mani- 
festly the study of the bearings of these stereoisomers, as 
such and in their variable combinations and associations, 
upon the structure, processes, and products of proto- 
plasm. Protoplasm, according to the modern develop- 
ments of biochemistry, is to be regarded as being in the 
nature of an extremely complex, labile aggregate of pro- 
teins, fats, carbohydrates, and other substances that are 
peculiarly associated to constitute a physico-chemical 
mechanism. The possible number of “ phases” in which 
such a system can exist varies with the forms of the 
stereoisomerides and in general with the number and in- 
dependent variability of the components. In such a 
mechanism we conceive that the number of variables is 
inconceivably great. From analogy we believe that such 
mechanisms are so extremely sensitive that the proper- 
ties and processes may be modified by even so slight a 
change as the substitution of one form of stereoisomeride 
for another of the same prototype. Were it practicable 
to examine all of the most complex of the organic struc- 
tural components of protoplasm, it doubtless would be 
found that every one exists in a form peculiar to the 
individual and his position in classification. Moreover, 
we must conceive that the components of protoplasm 
are as specific in relation to the form of protoplasm as 
are the peculiar forms of stereoisomers, so that differ- 
ent forms of protoplasm are characterized physico-chemi- 
cally (1) by the peculiarities of the stereoisomerides, and 
(2) by the peculiarities of the kinds, combinations, 
associations, and arrangements of the components in 
the three dimensions of space. 

In accordance with the foregoing the human organ- 
ism may be regarded as being a highly organized com- 
posite of heterogeneous physico-chemical systems that 
are composed of a vast number of parts, each such part 
representing a particular “phase” of the system and 
being physically, mechanically, chemically, and func- 
tionally an individual interacting unit of the aggregate. 
Hence, it follows that the sum or totality of these pecu- 
liarly modified stereoisomers per se, and of their arrange- 
ments with the associated components, constitutes a 
“ stereochemic system” peculiar to the cell; that the 
sum of the cell-systems is peculiar to the tissue; that the 
sum of the tissue-systems is peculiar to the organ; and 
that the sum of the organ-systems is peculiar to the 
individual. 

While the living organism had been for years recog- 
nized as being in the nature of an exceedingly complex 
physico-chemical aggregate of interacting independent 
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and interdependent parts that constitute a single work- 
ing unit in only recent years have the mechanisms that 
bring about co-operative activities of the various parts 
been made clear. The governing influences of the ner- 
vous system were found inadequate even in the highest 
organisms, not to speak of forms of life in which such 
actions occur, but in which there is apparently a total 
absence of nervous matter. As an associate of the ner- 
vous system, and doubtless far antedating it in organic 
evolution, is a correlative mechanism of a chemical char- 
acter of the greatest importance, and doubtless equally 
so throughout the whole range of living organisms from 
the lowest to the highest. Every living cell, whether 
it be in the form of a unicellular organism or a com- 
ponent of a multicellular organism, is undoubtedly in 
the nature of a heterogeneous stereochemic system, each 
of the component parts of the system forming substances 
which may affect directly or indirectly the activities of 
the processes of the other parts; likewise, every cell of a 
multicellular organism is not only in itself a hetero- 
geneous system, but a part of a number of associated 
heterogeneous systems and which by virtue of certain 
of its products, with or without the agency of the blood- 
vascular or lymph-vascular systems, may exercise in- 
fluences upon other structures, which structures may 
have or seemingly not have either structural or physio- 
logical relationship. Thus we find that a secretin formed 
in the pyloric glands of the gastric mucosa may excite 
the glands of the cardia; that growth is determined by 
some product or products of the pituitary body that are 
carried to the various structures; that the liver, pan- 
creas and intestinal glands are excited to secretory activ- 
ity by a peculiar substance formed in the duodenal and 
jejunal mucose; that carbohydrate metabolism in the 
liver and muscles is influenced to a profound degree by 
hormones that are formed in the pancreas; that lactation 
is determined essentially by substances derived from the 
corpus luteum, placenta, and involuting womb; that the 
periods of ovulation and menstruation are inhibited by 
secretions of the corpus luteum; that vitally important 
states of activity of the generative organs are directly asso- 
ciated with functions of the adrenal and other glands; and 
that normal development, especially of secondary sexual 
characters, is intimately related to the ovaries and tes- 
ticles. T’o these extraordinary correlations might be 
added many others. Some of the bodily structures are 
in this way so definitely associated in their activities as 
to constitute co-operating or interacting systems, so that 
the tissue products are complementary, supplementary, 
synergistic, or antagonistic in their influences upon 
given structures. Such correlations must be, for per- 
fectly obvious reasons, one of the most primitive forms 
of interprotoplasmic correlation, and we are justified, 
upon the basis of our present knowledge, in the con- 
clusion that each active part of a cell, each cell, each 
tissue and each organ contributes products which may 
affect the activities of functionally related or unrelated 
parts. Hence would follow the dictum that not only is 
every part of a cell, every cell, every tissue, and every 
organ an individualized stereochemic unit, but also that 
its operations, and hence the nature of its products, must 
be subject directly or indirectly to the influence of every 
other active part of the organism, however different the 
structures and functions may be. 
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Tur GERMPLASM A STEREOCHEMIC SysTEM, 

The Germplasm is a Stereochemic System—that is, a 
Physico-chemical System Particularized by the Char- 
acters of tts Stereotsomers and the Arrangements of 
its Components in the Three Dimensions of Space. 

If during the progress of development there arise 
the multiple forms of differentiated protoplasm that are 
represented in the nerve cells, muscles, glands, etc., 
which exhibit such diversity of form, functions, com- 
position, and products, each part being correlated to 
other parts by the agency of tissue products, it is logical 
to assume that in the development of the ovaries and 
testicles these organs have been so specialized as to en- 
dow them with the attribute of producing a form of 
protoplasm that embodies in a germinal state the funda- 
mental peculiar stereoisomerides and the peculiar ar- 
rangements or phases of the associated proteins, fats, 
carbohydrates, and other substances which inherently 
characterize the organism; and, moreover, that owing 
to the influences of the products of activity of the vari- 
ous tissues upon these organs, such changes in the organ- 
ism as give rise to acquired characters may through the 
actions of modified or new tissue products or foreign 
substances affect the operations of these organs and thus 
alter the germplasm and consequently become mani- 
fested in some form in the offspring. The ovule in its 
incipiency is conceived to be comparable to a complex 
unequilibrated solution in which changes go on until 
the attainment of full development, at which time it is 
equilibrated and remains inactive because of the absence 
of some disturbing influence, but in which energy-reac- 
tions may be initiated physically, mechanically, or chem- 
ically, and proceed according to definite physico-chemi- 
cal laws in definite directions to a definite end. For 
instance, when a solution of boiled starch and diastase 
is at a temperature below the minimal of activity and the 
temperature is raised, causing immediate developmental 
activation ; or when the equilibrated molecules of nitro- 
glycerine are exploded by percussion ; or when an equili- 
brated maltose-dextrose-glucase solution is rendered 
active by dilution with water. 

The nature of the germplasm or transmissive material 
that serves as the bridge of continuity between parents 
and offspring has been the subject of speculation from 
time immemorial. Such hypotheses and theories as have 
been advanced have had reference almost wholly to its 
physical constitution or ultimate morphological struc- 
ture. Most of them are micromeric, that is, they hold 
that the germplasm is made up of an infinite number of 
discrete ultramicroscopic particles which are endowed 
with both determinate structural and vital attributes. 
A considerable degree of ingenuity has been displayed in 
their formulation. Thus, we have the “ organic mole- 
cules” of Buffon, the “ microzymes” of Béchamp, the 
“life units” of Spencer, the “ plastidules” of Maggi, 
the “bioplasts” of Altmann, the “stirps” of Galton, 
the “gemmules” of Darwin, the “biophors” of Weis- 
mann, the “pangens” of DeVries, etc., each author 
attributing to the units certain inherent peculiarities. 
To the foregoing might be added particularly the con- 
ceptions that belong to the chemical category, such as the 
“chemism ” of Le Dantec and the “ physico-chemical ” 
theory of Delage. Some of these conceptions are so fan- 
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ciful in the light of modern science as to be unworthy of 
more than passing consideration, while none of them has 
led anywhere beyond the field of speculation and reason- 
ing. Even the very recent and extremely interesting 
and important additions to our knowledge of the histo- 
logical phenomena of the developing ovum, especially 
of the chromosomes, have not taken us appreciably nearer 
the ultimate constitution or mechanism of the germ- 
plasm, or even to the nature of the reactions which occur 
immediately antecedent to and cause the formation of 
the chromosomes. 

A theory to be ideal must not only have as its basis 
well-defined principles that are consistent with facts, , 
but also be capable of substantiation by laboratory in- 
vestigation. Given as the basis of scientific study a 
germplasm that has inherently the power of develop- 
ment, that is in the form of a stereochemic system that 
is peculiar to the organism, that is highly impression- 
able to stimuli, and that has the marked plasticity 
inherent to organic colloidal matter, we have all the 
postulates that are needed as a foundation upon which, 
according to the laws of physical chemistry, can be built 
a logical explanation of the essential fundamental ele- 
ments of the mechanism of heredity. 

The inherent potentiality that determines the de- 
velopment of the egg along a line of definite sequential 
processes must be recognized as being common to both 
animate and inanimate matter and subject to the same 
laws, so that the phenomena of living and dead matter 
are inseparably linked and reciprocally explanatory. The 
typical condition of matter of definite composition is crys- 
talline, and the crystalline form is the result of develop- 
ment that becomes manifested in a separation and orderly 
and progressive arrangements of components in the three 
dimensions of space. Having a homogeneous solution 
of various selected crystalline substances of appropriate 
chemical composition and constitution, and given con- 
ditions attendant to crystallization, the successive stages 
of crystalline development will proceed along fixed and 
definitely recognized lines, and the interactions and 
interaction-relationships between the various substances 
constituting the physico-chemical mechanism become 
obvious to a greater or less extent in the peculiarities 
of form, composition, and other properties of the crys- 
tals. Having in the germplasm an analogous physico- 
chemical system, but one which is markedly different 
especially because of its organic and colloidal character 
and infinitely greater molecular complexity and sensi- 
tivity, the phenomena of development likewise proceed 
in conformity with the same laws along definite lines, 
but they are for perfectly manifest reasons more com- 
plex and varied, more difficult of analysis, and neces- 
sarily in many very important respects quite different. 
Each step in this orderly development leads not merely 
to changes of the physico-chemical mechanism by the 
modification, rearrangement, or splitting off of com- 
ponent parts, but also to alterations which automati- 
cally determine the characters of the next succeeding 
step, and so on to the establishment of physico-chemical 
equilibrium and the consequent termination of the 
reactions. 

In living matter the chemical processes are depend- 
ent to a preéminent degree upon enzymes that are 
formed by the different kinds of protoplasm to serve as 
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implements to carry out operations that are essential 
to their existence, and such enzymes are modifiable in 
quantity and quality in accordance with changes in 
internal and external conditions. The nature of both 
reactions and products of enzymic action depends upon 
the constitution and composition of the physico-chemi- 
cal mechanism of which the enzyme is an integral part. 
Whether or not at each step of serial reactions a portion 
of pre-existing enzyme is merely modified or a new 
enzyme is formed which constitutes an essential part 
of the particular phase of the reactions is not known, 
but that one or the other occurs is apparently without 
question. It has long been established that some of the 
lower organisms, such as the yeast plant, have the prop- 
erty of modifying the characters of the enzymes pro- 
duced in relation to varying conditions; recent studies 
of the animal organism show that the same phenomenon 
occurs in both tissues and blood; and our knowledge 
of the processes concerned in the catabolism and ana- 
bolism of complex substances, such as starch, is fully in 
support of such a conception. In other words, as each 
step of development is reached the alterations which 
occur in the physico-chemical mechanism absolutely 
automatically predetermine the characters of the changes 
of the next succeeding step, and so on to the end. Hence 
it follows that the peculiarities of any given physico- 
chemical mechanism predetermine the characters of the 
phenomena which ensue under given conditions. 

An illustration of the probable modus operandi of 
such a mechanism is found in the phenomena of the 
synthesis and analysis of starch: During the production 
of starch through the agency of the chloroplast or leuco- 
plast we conceive that there are instituted a predeter- 
mined, orderly, independent and interdependent series 
of reactions, the first of which is manifested in an inter- 
action between water and carbon dioxide through the 
agency of an enzyme in the form of an oxidase to form 
formaldehyde. During this process there is formed an- 
other enzyme, which tentatively may be designated an 
aldehydase, that reacts with formaldehyde and by poly- 
merization and condensation of six molecules gives rise 
to a simple sugar, such as dextrose. At the same time 
another enzyme appears in the form of maltase, which, 
reacting with the dextrose causes the formation of mal- 
tose, during which reaction another enzyme, a dex- 
trinase, is produced which reacts with the maltose to 
yield dextrin. Going on with this reaction, another 
enzyme which may be designated an amylase appears, 
which, reacting with the dextrin, forms soluble starch. 
During this stage there arises another enzyme, a coagu- 
lase, which converts the starch from the soluble to the 
insoluble form or ordinary starch. At this stage the 
series of reactions have reached their end because a 
state of physico-chemical equilibrium has become estab- 
lished, the ultimate purpose of the processes being 
attained, that is, a form of pabulum of extremely high 
nutritive value and of extremely low molecular pressure, 
even in soluble form, so that it may entirely and rapidly 
disappear without disturbance of physico-chemical equi- 
librium in the starch-bearing cells. The mechanism con- 
cerned in starch-formation is without doubt paralleled 
in the synthesis of proteins, fats, and other complex 
organic substances, and it is but a step from the indi- 
vidual serial processes concerned in the formation of 
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each of these substances to associated processes whereby 
there are formed and combined the various substances 
that constitute the organic structural components of 
protoplasm. Moreover, such serial processes are rever- 
sible at any stage, and so simple a modification as a 
change in the percentage of water may, as in the maltose- 
dextrose-glucase reaction, cause a synthetic change. 

‘In vitro in both synthetic and analytic processes like 
those which constitute serial steps in the building up 
and breaking down of starch, protein, fat, and other 
complex organic substances, there does not occur in any 
reaction, as far as known, either a transformation or a 
production of enzyme such as occurs in vivo, hence, 
when a single enzyme is present it carries out but one 
step of the reactions, but when, as in the case of diastases 
as ordinarily prepared, the enzyme is not a single sub- 
stance or unit body but a composite of a number of 
enzymes or modifications of a given basic enzyme, serial 
steps may occur as in vivo. Thus, if only a single 
enzyme be present formaldehyde may be converted into 
a monosaccharose, or a monosaccharose into a disac- 
charose, or a disaccharose into a polysaccharose such as 
dextrin, or a dextrin into a higher form of polysaccharose 
such as soluble starch, according to the enzyme or modi- 
fied enzyme and initial substance present; or the reverse 
of any one of these processes may occur if proper con- 
ditions are present, but never do any two successive 
progressive or regressive steps occur unless through the 
agency of two different enzymes or modified forms of 
one enzyme which are present. 

Tt will thus be apparent that the first step of syn- 
thesis is determined by the character of the initial 
physico-chemical mechanism and that all subsequent 
reactions under given conditions are definitely prede- 
termined ; in other words, the entire train of reactions 
depends inherently upon the nature of the initial physico- 
chemical mechanism of which the enzyme that starts the 
serial changes is an integral part. 

Having a specific stereochemic system, such a sys- 
tem in accordance with the laws of physical-chemistry 
can exist in either a latent or active state, and that when 
in an active state the reaction or reactions are always in 
the direction of the establishment of equilibrium of 
solution, every reaction or series of reactions being as 
definitely predetermined as is every reaction familiar to 
the inorganic chemist. The germplasm in the form in 
which it is secreted may be regarded as being in the 
nature of an exceedingly complex stereochemic system 
which is from its incipiency, or very soon is in a state 
of physico-chemical unequilibrium, and in which, as a 
consequence, reactions are set up which are manifested 
especially in histological developments that ultimately 
characterize the fully developed ovule, at which time a 
state of physico-chemical equilibrium is established, as 
is evident by the arrested developmental activities. This 
state of physico-chemical equilibrium of the matured 
ovule may be instantly changed to one leading to serial 
definitely predetermined reactions by means of an acti- 
vating substance or condition, such as certain ions or 
inorganic salts, a spermatozoon, or a needle prick, by 
initiating the first step of the reactions, the nature of 
the succeeding reactions being predetermined primarily 
by the inherent nature of the physico-chemical system 
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and secondarily by the factor that activates it. In other 
words, from this initial stereochemic system there arises 
a complex heterogeneous system that ultimately is mor- 
phologically expressed in the histology of the matured 
ovule and from which are formed a composite of cor- 
related, independent, interdependent, and differentiated 
masses which represent different phases of the compon- 
ents of the initial system which have been modified 
not only physico-chemically as expressed by changes in 
physical, mechanical, and chemical properties, but also 
in developmental energies; and from this composite are 
developed successively other systems. 

Owing to the great impressionability and plasticity 
of such an exceedingly complex stereochemic system as 
the germplasm, it follows that the germplasm must be 
extremely sensitive to changes in internal and external 
conditions, and that its operations and products may 
be so materially modified by changes in its molecular 
arrangements or components as to give rise to variables 
that are manifested in the transmutability of sex, varia- 
tions, fluctuations, mutations, deformities, retrogres- 
sions, tumor formation, immunities, etc. 

Assuming in accordance with our conception that 
the germplasm is in its incipiency an unequilibrated 
stereochemic system that is characteristic of the inherent, 
fundamental stereochemic system of the parent, it fol- 
lows, as a corollary, that having a highly specialized 
form of parental structural material with peculiar 
energy-properties, the offspring must of necessity pos- 
sess essentially the same fundamental characteristics as 
the parents when normal fecundation has occurred, and 
that it would be quite as impossible to have any other 
result than in ordinary chemical reactions under given 
conditions of experiment. The essential characters of 
the building material as regards substances, arrange- 
ments, and energy-properties are definitely fixed within 
narrow limits of variation. 

That the peculiar forms of stereoisomerides or inti- 
mately related bodies that are inherent in the parent 
are conveyed in the germplasm to the offspring, and 
hence of necessity serve to distinguish a given form of 
germplasm from that of any other species or genus, and 
that the stereochemic conception of the nature of the 
germplasm is capable of laboratory demonstration, are 
instanced in the results of the investigations of Kossell 
and his students who found that simple forms of pro- 
tein, known as protamins, obtained from the sperma- 
tozoa of different species of fish are different, each being 
apparently of a form peculiar to the source. Here is 
one substance at least that seems to be in specific stereo- 
isomeric forms in the sperm of different species, which 
obviously must affect the properties of the germplasm, 
and which when brought in contact with the germplasm 
of the egg plays its part in determining the phenomena 
of development. Moreover, by the “ precipitin reaction ” 
method Blakeslee and Gortner have found evidence that 
is consistent with the conclusion that there are not only 
“species proteins” but also “sex proteins,” and this 
receives support in a number of very recent investiga- 
tions, especially those of Steinach, who found that the 
corresponding hormones secreted by the ovaries and 
testicles are different, and that by virtue of these differ- 
ences the secondary sexual characters, female and male, 
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are determined. Thus he found in castrated young 
males, in which transplantation of ovaries had been 
practised, that the development of masculine peculiari- 
ties is inhibited and female traits substituted, so that 
the individuals tend to assume the female type and be- 
come to a striking degree feminized-males, as shown in 
bodily form, in a development of the mammary glands, 
in lactation, and in an alteration of psycho-sexual char- 
acters, Lillie, in studies of the explanation of the steril- 
ity of females of opposite-sexed twins, has presented evi- 
dence of the éxistence of sex hormones, and both Lip- 
schiitz and Morgan have recorded facts to justify the 
belief that the testicular hormone furthers the develop- 
ment of male characters and inhibits the development of 
female characters, while the ovarian hormone favors the 
development of female characters and inhibits the devel- 
opment of male characters. This dual property is ob- 
viously of great fundamental importance in the explana- 
tion of various sex phenomena which have been quite 
inexplicable. Furthermore, Riddle has found that the 
ova of the pigeon are dimorphic, one-half having an in- 
herent tendency to produce males and the other half 
females; that eggs with the male tendency have a higher 
percentage of water, a smaller size, and a lower percent- 
age of potential energy; and that the “ sex-foundation ” 
of the germplasm is transmutable, so that an egg that has 
inherently the male tendency may become female, and 
that such females exhibit secondary male sexual charac- 
ters. The transmutability of the germplasm is compara- 
ble in its physico-chemical mechanism to the reversion 
of the maltose-dextrose-glucase reaction caused by a 
change in concentration of the solution, the dextrose 
being reverted into isomaltose and not to the antecedent 
maltose—the male egg is not changed into a female 
egg, but into a modified or feminized-male egg. 

In considering the transmissibility of parental sub- 
stances it is essential to distinguish positively between 
the stereoisomerides and intimately related bodies that 
are inherent in the parent and those which are acquired 
through infection or otherwise. Thus antibodies ac- 
quired by the mother may be without influence upon 
the ovary during the formation of the germplasm and 
not even become a constituent of the latter. On the 
other hand, an immunity may be established in the 
mother that may be conveyed to the offspring, yet, 
curiously enough, such an immunity may not be trans- 
mitted by the immunized male. In processes of the 
production of the germplasm the ovary may be as insen- 
sitive to the presence of many acquired substances of 
the blood as are some or all other organs, and there is no 
more reason in general for expecting the ovary and its 
product to be affected by such bodies or conditions than 
there is for the pancreas and the pancreatic juice or any 
other secretory structure and its product to be affected. 
Every acquired substance must in its relations to the 
ovaries be governed by the same physico-chemical laws 
as determine specific selectivities or reactivities in con- 
nection with the tissues generally. Hence, any such 
substance may be reactive in relation to one structure, 
but not to another. 

Plasticity as regards sex-determination has been dem- 
onstrated in the studies of the development of a male 
(drone) bee from the unfertilized egg, and of a female 
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from the fertilized egg. Moreover, the developing female 
bee when fed on ordinary food becomes a common female 
“worker,” but when fed on royal food develops into a 
queen. (See also pages 375 and 376.) 

The continuity of the building material between 
parent and offspring is seen in its simplest manifesta- 
tions in reproduction among protozoa by binary fission 
and budding, by which the part separated from the 
parent mass is in all essential respects like the parent, 
having the same fundamental physico-chemical com- 
position and constitution. That in such instances the 
offspring should be a segmental counterpart of the parent 
mass seems as obvious as that halves of a cube of sugar 
should be alike. Similarly, if we have in the ovule 
and sperm forms of protoplasm which as stereochemic 
systems are in all fundamental respects counterparts of 
those from which the parents were developed, it follows 
that the offspring must under normal conditions in ac- 
cordance with the laws of physical chemistry have the 
same fundamental parental characteristics, as much so 
as separated portions of any complex stereochemic sys- 
tem must possess the properties of the initial mass. 
Moreover, if the stereochemic systems of germplasms of 
the female and male differ, as must be admitted, it 
is manifest that the stereochemic system of the egg that 
has been activated artificially or naturally, as the case 
may be, must be different and hence undergo develop- 
ment differences that will be obvious in the offspring. 
In the first instance, the serial reactions which lead to 
the formation of the different tissues, etc., are activated 
by a mere disturbance of physico-chemical equilibrium, 
which may be due to the conversion of a proenzyme into 
enzyme or a prosecretin to a secretin, or in other words 
of an inactive body into an active one. In the second 
instance, there is not only activation, but the extremely 
important addition of the male stereochemic system 
which by admixture with the female system constitutes 
a female-male system. Therefore, in the first place the 
offspring is developed solely from the female stereo- 
chemic system, and in the second place from the com- 
bined female and male systems, one or the other of 
which may be wholly or in part accountable in determin- 
ing certain peculiarities in the developmental changes. 
Moreover, owing to the transmutability of stereoisome- 
rides and the multiphase transmutability of stereochemic 
systems, coupled with the reversibility of metabolic 
processes which may be due to even the simplest of 
changes in physico-chemical mechanisms, we have a 
logical basis for the explanation of the phenomena of 
sexual dimorphism that is expressed in the so-called male 
and female ova, and male and female spermatozoa; of 
primary and secondary hermaphroditism; of paradoxi- 
cal sex developments where the unfertilized egg develops 
into either male or female offspring ; and of sexual trans- 
mutability of the inherently male or female ovule. 

It follows upon the basis of our theory that because 
of the inherent peculiarities of the stereochemic systems 
of the germplasms and the definitely predetermined 
nature of the entire series of reactions in accordance with 
the laws of physical chemistry that “like begets like ” 
because like every other physico-chemical phenomenon, 
individual or serial, single or complex, under given condi- 
tions, it is a physico-chemical fatality. 
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PrororpLasMic StrerEocuEMic System APPLIED TO 
THE EXPLANATION oF THE MrecuanisM OF VaARIA- 

tions, Sports, Fiuctruations, Ere. 

Among the most constant phenomena of living mat- 
ter is inconstancy or variation. The fundamental 
reasons for this peculiarity are to be found in the ex- 
treme complexity, impressionability, and plasticity cf 
the molecules of protoplasm in association with unceas- 
ing and varying kinds and degrees of environmental 
changes. Plasticity is a property that is doubtless com- 
mon to every form of matter, the degree varying within 
wide limits in different substances and under varying 
conditions. Oxygen, nitrogen, carbon, sulphur, selen- 
ium, phosphorus, arsenic, tin, iridium, palladium, and 
other elements have long been known to be allotropic; 
calcium nitrate and metaphosphate, ammonium nitrate 
and fluosilicate, silver nitrate and iodide, calcium car- 
bonate, silica, copper sulphate, iron sulphate, magne- 
sium sulphate, mercuric chloride and iodide, zine chlo- 
ride, arsenious and antimonious oxides, potassium bi- 
chromate and ammonium paratungstate, are only a few 
of the simple inorganic compounds that have been found 
to be dimorphous or polymorphous; and the known 
organic or carbon compounds that exist in multiple 
forms are so numerous as to make an exceedingly large 
list. In some instances the differences in form are said 
to indicate merely differences in physical nature, ther 
being variations in color, hardness, density, melting- 
point, crystalline form, etc., without change in chemical 
properties; but in others the differences are both physi- 
cal and chemical and the latter may completely over- 
shadow the former. Perhaps, there is no more remark- 
able or suggestive ‘instance of difference in properties 
that is associated with differences in molecular form 
than that of strychnine in ordinary and colloidal states, 
the latter having only one-fourth the toxicity of the 
former; and one wonders, apart from anything else, 
what changes have occurred in the properties of the 
various non-colloidal substances such as inorganic salts 
when they have become an integral part of the molecule 
of the most complex of all colloids—protoplasm. More- 
over, change from one state or phase into another is 
usually brought about by very simple means, such as 
mere solution, heat, sunlight, repeated recrystallization, 
gelation, chemical reagents, etc. (See Publication No. 
173, Introduction, page 9.) 

Water, while among the simplest substances of 
nature, is endowed with most extraordinary properties, 
especially in connection with living matter. It exhibits 
a remarkable degree of plasticity in its molecular struc- 
ture. The universal conception up to very recent years 
that water is correctly represented by the symbol H,O 
has been shown to be untenable excepting under very 
limited conditions, and it seems clear that the molecule 

must be looked upon as being in the form of a molecular 
system that consists of H,O (monohydrol), (H,0), 
(dihydrol), and (HO), (trihydrol), which vary in pro- 
portions in relation to temperature and pressure, and 
which are readily convertible from one form into an- 
other by changes in attendant conditions. It is assumed 
that when polymerization occurs there takes place a 
chemical combination of the simple molecules and that 
with this combination changes occur in properties, such, 
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for instance, as has been referred to in the synthesis of 
starch (see Publication 173, page 156), when six mole- 
cules of formaldehyde are polymerized and condensed to 
form dextrose. Moreover, it is to be assumed that the 
molecular system consists of these three forms of mole- 
cules in chemical combination, and therefore if the pro- 
portions vary the system will vary in its properties. The 
chief component of this system when water is in the form 
of ice is (H,O), and of steam (H,0), while in the form of 
liquid water it is (H,O),. 

Each of these forms of water is, therefore, a ternary 
mixture of molecules in chemical combination, the pro- 
portions of the three kinds of molecules differing, and 
alterable in relation to changes in temperature and 
pressure, and in the direction of the maintenance of 
physico-chemical equilibrium. It is also probable that 
there may be higher polymers, and that each polymer 
may exist in more than one form, thus indicating a 
further and by no means unimportant degree of plastic- 
ity in stereochemic phenomena, especially in relation to 
vital processes. Even the proportions of these molecules 
in ice prepared under varied conditions are almost cer- 
tainly different, inasmuch as some forms of ice are 
heavier and other forms lighter than water, and as one 
form crystallizes in the hexagonal system, another in 
the tetragonal system, and another in the regular system. 

Further evidence of the plasticity of water is seen 
in the variety of forms of snow crystals, all of which are 
said to belong to the hexagonal system. It is easy to 
account for these different forms if, as is indicated, the 
proportions of these three kinds of molecules vary with 
temperature; if water in vapor form in the clouds has 
like steam a maximum proportion of the (H,0) mole- 
cules, and if cooling to the freezing-point brings about 
(as the temperature falls) progressive changes in the 
proportions of the molecules, and hence of the molecular 
system, so that at any given temperature the composi- 
tion of the system is different from that at any other 
temperature; if these changes in proportions may be 
further influenced by the rapidity of the fall of tempera- 
ture, the velocity of the change not keeping pace with 
the temperature change; and if crystallization may be 
influenced by incidental conditions, as is manifested in 
the variety of crystalline figures when ice forms on a win- 
dow pane. It has recently been found that when con- 
densation takes place in highly supersaturated ascend- 
ing air, and the air temperature is much below freezing- 
point, both snow crystals and rain-drops are formed. 
If such plasticity is to be found in substances so simple 
as water it seems that almost any conceivable degree is 
to be expected in complex substances, such as the pro- 
teins, fats, carbohydrates, and other organic metabo- 
lites, and to the very ultimate degree in protoplasm. 
The plasticity of proteins has been demonstrated in the 
modifications of the hemoglobins in specific relationship 
to the source; and of carbohydrates in the starches in the 
same respect, and especially in the diversified reactions 
in which properties are elicited that are the same as 
those of one or the other parent, or both parents, or 
which are not exhibited by either parent, and which 
are therefore peculiar to the hybrid, and in all the 
phases of the reactions seem to be limited only by the 
number of reagents. 

APPLICATIONS OF RESULTS OF RESEARCHES. 

Having now in protoplasm a molecular system of 
extreme complexity, affectibility, and plasticity, unceas- 
ing changes in internal and external conditions and a 
knowledge of the fundamentals of biochemistry such as 
is indicated in preceding sections, it requires no more 
effort of the imagination, than in the reactions of organic 
substances generally, to picture the underlying factors 
and processes that become expressed in the differences in 
form, structure, and vital characteristics that are mani- 
fested in variations, sports, fluctuations, and kindred phe- 
nomena, and in individuals, varieties, species, and genera. 
It seems that the mechanisms of Mendelian inheritance 
and sex have striking analogies in the evolution of a and 

. B forms of stereoisomers, as, for instance, in the case of 
a- and @-glucose, as was pointed out in the preceding 
memoir, page 10. 

Protopiasmic STEREOCHEMIC System APPLIED TO 
THE GENESIS OF SPECIES. 

The importance of hybridization in the genesis of 
species has undoubtedly been greatly underestimated, 
chiefly because of a false valuation that has been placed 
upon intermediateness as a criterion of hybrids and the 
belief that the hybrids between species are very commonly 
infertile. But it seems obvious from the records of this 
research that such characters of a hybrid as may be in- 
termediate may be overshadowed by others, some of 
which are the same as those of one or the other parent 
or both parents, or developed beyond parental extremes, 
or which may be peculiar to the hybrid. De Vries, in 
his exposition of the laws of mutation of Oenothera, 
states as follows: 

“The mutations to which the origin of new elementary 
species is due appear to be indefinite, that is to say, the changes 
may affect all organs and seem to take place in almost every 
conceivable direction. The plants become stronger (gigas) or 
weaker (albida), with broader or with smaller leaves. The 
flowers become larger (gigas) and darker yellow (rugrinervis), 
or smaller (oblonga and scintillans) and paler (albida). The 
fruits become longer (rubrinervis) or shorter (gigas, albida, 
lata). The epidermis becomes more uneven (albida) or 
smoother (levifolia); the crumples on the leaves cither in- 
crease (lata) or diminish (scintillans). The production of 
pollen is either increased (rubrinervis) or diminished (scin- 
tillans); the seeds become larger (gigas) or smaller (scintil- 
lans), more plentiful (rubrinervis) or more scanty (lata). 
The plant becomes female (lata) or almost entirely male 
(brevistylis); many forms which are not described here were 
almost entirely sterile, some almost destitute of flowers. 0. 
gigas, O. scintillans, O. oblongata tends to become biennial 
more than O. lamarckiana; and O. lata tends to become less 
so; whilst O. nanella cultivated in the usual way scarcely ever 
runs into the second year. This list could easily be extended, 
but for the present it may suffice. To regard the new forms 
from another point of view, some of them are fitter, some 
geass than the parent form and others neither the one nor 
the other.” 

In reference to O. lamarckiana, he states that nearly 
all organs and all characters mutate, and in almost every 
conceivable direction and combination. The ‘foregoing 
quotation is of especial interest at the present juncture 
because the data are applicable to hybrids, and as it seems 
to have been satisfactorily established that these mutants 
are actually hybrids. Moreover, when they are taken 
in connection with the data quoted from Focke in 
the Introduction, we have facts that are in entire accord 
with the results of the studies of the physico-chemical 
properties of the starches. Again, Ipomea sloteri, one 
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of the hybrids studied in this research in respect to its 
macroscopic and microscopic characters, has been found 
to so differ from its parents that were it not known to 
be a hybrid there would be ample justification to regard 
it as a species (see Ipomea, Part II). It is well known 
to the botanist that many of the hybrids included among 
the hundreds referred to by Focke are so individualized 
as to warrant their assignment as species or subspecies. 
Finally, it seems from the present state of our knowl- 
-edge that the difficulty of hybridization, the tendency 
to infertility of the offspring, the tendency to the develop- 
ment of characters in the hybrid in excess of parental ex- 
tremes, and the tendency to develop new characters in the 
hybrid, bear usually an inverse relationship to the near- 
ness of the parents, while the tendency to intermediate- 
ness bears usually a direct relationship. Owing, how- 
ever, to the extreme plasticity of protoplasm the most 
variable results in hybridization are to be expected, as 
is indicated by the results of the studies of the starches, 
as presented particularly in Table H, Parts 1 to 26, and 
summaries. 

The study of the genesis of species is without doubt 
a study of the evolution of chemical compounds, and 
essentially of interactions, rearrangements, and com- 
binations of stereochemic systems and their compon- 
ents. In the origin of species by hybridization there is, 
according to the conception stated in the penultimate 
section, a union of two stereoisomeric systems of vary- 
ing plasticities, female and male, in each of which there 
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are assumed to be potentially every or practically every 
character and character-phase of the parent. More- 
over, this variability of plasticity applies not only to the 
system, as a whole, but also to each of the integral stereo- 
chemic units. Having extremely complex, plastic, in- 
teracting systems, and applying thereto a fundamental 
knowledge of physical chemistry, especially of organic 
colloids, as is indicated, it seems that there should be 
no more difficulty than in the reactions of organic sub- 
stances generally in reaching satisfactory theoretic un- 
derstandings of the diverse developmental changes that 
occur in the hybrid—that is, why some characters are 
like those of one or the other parent or both parents, or 
developed beyond parental extremes, or new characters 
appear; or why one parent may be of equal or greater 
potency in influencing the development of the characters 
of the hybrid; or why species of remote genera can not 
be crossed, or, on the other hand, why varieties of the 
same species may readily be crossed; or why characters 
that may have existed in ancestral generations, but which 
are not apparent in the parents, may appear in the off- 
spring; or why there may or may not be Mendelian 
inheritance; or why mutations can be induced arti- 
ficially by the injection of certain substances into the 
ovaries, etc., etc. Unfortunately this subject is so vast 
that a detailed consideration of such points would take us 

| far beyond the possible limits of space of this report, and 
therefore, as previously stated, nothing more can be 
offered at present than mere suggestions. 



CHAPTER VII. 
NOTES AND CONCLUSIONS. 

Hyrotrursis Unpertyina THESE RESEARCHES. 

These investigations (Publications Nos. 116, 173, and 
the present) have as their essential basis the conception 
that in different organisms corresponding complex 
organic substances that constitute the supreme struc- 
tural elements of protoplasm and the major synthetic 
products of protoplasmic activity are not in any case 
absolutely identical in chemical constitution, and that 
each substance may exist in countless modifications, each 
modification being characteristic of the form of proto- 
plasm, the organ, the individual, the sex, the species, 
the genus, etc., and that the possible number of modified 
forms of each substance is in direct relationship to the 
complexity of the molecules. 

ExpLoraTory CHAaRrACTER—LEVIDENCE IN SUPPORT 
oF THE Hypotussis, Etc. 

These inquiries have for certain reasons been 
practically of a purely exploratory character and there- 
fore no serious attempt has been made to do more than 
gather sufficiently convincing evidence to amply sustain 
the hypothesis and thus lay a satisfactory foundation for 
subsequent inquiries. It is obvious, from the results of 
each of these studies, that considering the difficulties met 
in pioneer investigations the measure of success has been 
beyond that which should reasonably have been expected. 

Hemoglobins from 107 species were examined, 
mostly from mammals, including representatives of 
Pisces, Batrachia, Aves, Marsupialia, Edenta, Sirenia, 
Ungulata, Rodentia, Otariidia, Phocide, Mustelide, 
Procyonide, Urside, Canide, Felide, Viveride, Insec- 
tivora, Chiroptera, and Primates. The number seems 
large in comparison with the numbers studied by various 
previous investigators, yet it is an insignificant fraction 
of the number existent in vertebrates and invertebrates. 
Moreover, in antecedent investigations the crystallo- 
graphic examinations were, with scarcely an exception 
of a single hemoglobin, limited to geometric form, while 
in the studies embraced in this series of researches both 
geometric form and optic reactions were recorded, the 
latter being here very important and often as distinctive 
and as exact in differentiation as chemical reactions. 

The starches studied have been so numerous as to 
cover a far broader field, including in the preceding 
research 300 that represent 105 genera and 35 families, 
and in the present research 47 sets of parent- and hybrid- 
stocks, and representing 17 genera and 7 families. The 
total number examined compared with those available 
for similar investigation is, as in the hemoglobins, an 
exceedingly small or almost negligible fraction. 

Not only have the hemoglobins and starches been 
scarcely more than touched, but there remains an enor- 
mous list of complex metabolites included among the 
proteins, fats, carbohydrates, enzymes, coloring matters, 
cholesterols, organic acids, alkaloids, etc., and also a 
very large number of compounds, which as yet have been 
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subjected to extremely little or absolutely no investi- 
gation in regard to their constitutional properties in rela- 
tion to biological source. Some or even many of these 
metabolites are not unit substances—that is, they are 
combinations, physical or chemical, of like or unlike sub- 
stances. Moreover, there are derivatives of many of 
these primary or initial substances—for instance, the 
crystalline chlorophyls (ethylchlorophylides)—that are 
most promising for such investigations. An unlimited 
field of investigation in both material and promise 
is opened by the facts that probably every sub- 
stance, elementary and compound, may exist in more 
than one form; that when molecules are associated 
during polymerization there is chemical combination, 
and that in these combinations the arrangements of the 
components in the three dimensions of space may yield 
different forms of the same substance (as in water), or 
entirely different substances (as in the polymerization 
of formaldehyde to form dextrose); that the possible 
number of stereoisomeric forms increases directly with 
the complexity of the molecular organization; and that 
in all probability these various stereoisomeric forms of 
substances produced by protoplasmic activity are spe- 
cifically modified in relation to biologic origin. 

Metuops EMPLOYED AND RECOMMENDED. 

The crystallographic method used in the investiga- 
tions of the hemoglobins is, in so far as the require- 
ments of thése investigations are concerned, not only 
exact but also a very sensitive means of differentiation 
of different forms of these substances, Differences in 
chemical constitution can readily be demonstrated which 
as yet are too obscure for detection by any known chemi- 
cal procedures ; differences have been shown that can not 
be brought out by any of the biologic tests; repeated 
experiments with the hemoglobins from different indi- 
viduals of the same species have yielded practically or 
absolutely the same results; biologic differences elicited 
by this means are in accord with the data of the syste- 
matist wherever the latter is not open to question; and 
these records have had confirmation in the results of 
anaphylactic reactions. The methods for differentiat- 
ing stereoisomers are with rare exceptions quite crude, 
but even those which are inexact may be not only checks 
upon each other but also collectively and even individ- 
ually be of much usefulness in such investigations. It 
was pointed out that differences had been recorded in the 
hemoglobins from different species in their solubilities, 
erystallizabilities, water of crystallization, extinction co- 
efficients and quotients, and decomposability; and it is 
evident, inasmuch as differences that may be exhibited 
by one method may not be brought out by another, or in 
varying degree, that much is to be gained by the use of 
many or all methods. Very much is possible by means 
of further development of biologic tests. 

In the differentiation of starches, both in the pre- 
ceding and present researches, the methods employed 
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are the same but modified in their applications in certain 

important respects. In both investigations the histo- 
logic properties, the iodine and aniline reactions, and 

the gelatinization reactions with heat and various chemi- 

cal reagents were studied, the chief differences being 
in the method of recording the reactions with the chemi- 

cal reagents, and in the kinds and concentrations of the 

reagents. In the former research the quantitative dif- 
ferentiations by means of the chemical reagents were 
made by determining the time of the occurrence of com- 
plete or practically complete gelatinization, and the 
preparations of starch with the reagent were not ade- 
quately protected from the air and evaporation. It was 
found during the progress of this work that fictitious 
values may be recorded owing to the existence in nearly 
every form of starch of different kinds of grains which 
vary in proportions and gelatinizabilities, together with 
varying degrees of influence of the air (probably chiefly 
or solely differences in oxidation), and effects that are 
due to varying rapidity and degrees of evaporation. 
Such sources of fallacy have been practically eliminated 
in the present research by making records of the progress 
of gelatinization in regard to both the entire number of 
grains completely gelatinized and the percentage of the 
total starch gelatinized at definite time-intervals; and 
by the prevention of oxidation and evaporation by seal- 
ing the preparations. In nearly every form of starch 
there are grains, usually very small, and also parts of 
grains, that are quite resistant to reagents. The former 
commonly represent much less than 5 per cent of the 
total quantity of starch, and it has been assumed that 
gelatinization is practically complete when 95 per cent of 
the total starch has been gelatinized. The methods used 
and their values in the differentiation of starches have 
been set forth in full in the preceding memoir on pages 
305 to 313, and supplementary statements are to be 
found in the present memoir in Chapters IT, IV, and V. 

The histologic method employed in this research is 
the same in all respects as in the preceding investigation, 
in the report of which it has been discussed with suffi- 
cient fulness (page 307). Its value has not only been sub- 
stantiated but accentuated by the results of the present 
study of the starches of parent- and hybrid-stocks. 

The polariscopic, iodine, and aniline methods are so 
crude that the personal equation enters largely into the 
determination of the values recorded, and while they 
have proved of unquestionable usefulness they are so 
inferior to the gelatinization method that they should 
be given a very subordinate place. The polarization and 
aniline methods are by far the least useful of all of those 
used, yet the anilines will be found of much value in the 
differentiation of different lamelle of individual grains, 
as has been shown by the work of Denniston (see pre- 
vious Memoir, page 56). Iodine, like the anilines, can 
be used to great advantage in the study of the structure 
of the starch grain. It is also of usefulness by showing 
by variations in the color reactions differences in the 
constitution of starches from different sources; of dif- 
ferent kinds of grains of the same starch; of the capsular 
and intracapsular parts of the grains; and of the cap- 
sules themselves. The method used in determining the 
temperature of gelatinization is practically exact, as has 
been shown by the fact that when the experiments are 
made with proper care the figures recorded are quite as 
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uniform as those obtained in the determination of the 
melting-points of various substances. : 

The gelatinization method by means of various 
chemical reagents as here pursued has proven to be so 
near exact that the records of repeated experiments 

have, except very rarely, been found to be exactly or prac- 
tically exactly the same, even though made at widely 
different periods and with varying temperature and 
humidity. Very rarely, for some inexplicable reason, a 
more or less markedly aberrant record has been made. In 
every instance this error was detected because of the 
absence of agreement with what was positively indicated 
by conditions. In fact, as was found in practice and as 
will be obvious by the context, the records of the reactions 
obtained by means of the various methods employed are 
in the case of each agent and reagent, and of all collec- 
tively, in a very large measure checks upon each other. 
In other words, the values for the starch of a given spe- 
cies serve as prototype or generic standard with which 
the records of all other species and varieties of the genus 
must conform, unless there are represented members 
of subgenera or other subgeneric divisions. The closer 
botanically the species or the varieties the closer will 
the records collectively agree with the given standard. 
Varieties of a species exhibit remarkable closeness, and 
their values represent a species type. When members 
of subgenera or other form of subgeneric division are 
represented they may exhibit differences that are as 
marked, and even more marked, than those of members 
of closely related genera. 

It is to be borne in mind that the method of classi- 
fication of the systematist is of an arbitrary character, 
as is evident, for instance, in the shifting of species from 
one to another genus, the remodeling of genera, families, 
etc. This classifying and reclassifying that has been in 
progress for generations continues at the present time, 
and even now the most generally accepted classification 
can not be accepted as being more than tentative. If, 
therefore, the results of these investigations seem to be 
or are not in accord in isolated instances with the classi- 
fication of the systematist it does not follow that the 
former are wrong. As evidence of the mutual checking 
of the records one need examine only the very similar 
curves of the starches of the closely related members of 
Iris (Charts E 30 to E 33) and Richardia (Chart E 40) ; 
the dissimilar curves of the starches of members of 
subgeneric divisions, such as the hardy and tender 
species of Crinum (Charts E? to E-9); the dissimilar 
curves of the starches of members of subgenera of Be- 
gonia (Charts F386 to E39); the similar curves of 
the starches of the closely related genera Amaryllis and 
Brunsvigia (Chart E1), and of Gladiolus and Tritonta 
(Charts E34 and E35); and the dissimilar curves, 
usually highly characteristic, of the starches of various 
genera of the same and different families that are shown 
in this series of charts (E 1 to E46), asa whole. These 
similarities and dissimilarities are in degree variable in 
accordance with what in general should be expected, or 
what is at least in accord with unquestionable botanical 
classification. : 

The differentiation of starches by heat, as in the 
temperature of gelatinization method, is to be recom- 
mended as being of much value, both quantitatively and 
qualitatively. It was shown in the preceding investi- 
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gation that the temperatures of gelatinization of starches 
from different sources vary within a range of over 40° 
C.; and that the figures for the starches of different 
members of a genus usually tend to keep within limits 
of about 5°, the closer the plant sources the closer the 
temperatures. Moreover, qualitative differences similar 
to those elicited by the various chemical reagents have 
béen observed, and they are worthy of detailed study. 
These it seems will be found to differ not only in dif- 
ferent starches, but also to differ from the reactions 
elicited by the chemical reagents and to differ as much 
from them as they do from each other. These qualitative 
reactions have been found, as a whole, to have such 
values as to recommend them for extensive use. In the 
present research these reactions with heat and chemical 
reagents have yielded records that are of especial interest 
in the differentiation of the starches of the hybrid- and 
parent-stocks, and they have not only shown peculiari- 
ties of the hybrid that are the same as those of one or 
the other parent or both parents, but also individualities 
not observed in either parent and corresponding to what 
was found in the records of the histologic and other 
characters and character-phases. The extraordinary 
plasticity and complexity of the starch molecules and its 
character and character-phase potentialities offer endless 
opportunities in this form of investigation. 

The quantitative data appeal more to both experi- 
menter and reader because they lend themselves so 
admirably to reduction to tables and charts. The possi- 
bilities for additions to our knowledge of this kind are 
unlimited. As previously indicated, the number of 
starches available for such investigations is enormous 
and the number of the reagents can be considerably 
amplified. Moreover, there can often be used, to much 
advantage, several concentrations of the same reagent 
and also combinations of certain reagents. 

These various reagents differ markedly in their 
values in the quantitative and qualitative reactions, 
respectively, and some are better for the former than the 
latter and vice versa; moreover, a reagent that may be 
particularly good for qualitative reactions with one form 
of starch may be inferior for another form, and so on. 
Recognition of these points will be of great advantage 
in subsequent investigations. 

Srarcu Susstances as Non-Unir SupsTances. 

Starch from any given plant is a heterogeneous col- 
lection of grains which vary in microscopical and 
molecular properties; even the individual grains, except 
perhaps the very small embryonic, spherical, and seem- 
ingly amorphous forms, are likewise of non-uniform 
composition. The differences in the behavior of the 
inner and outer parts or (according to general ideas) 
of the so-called amylose and cellulose can be demon- 
strated with the greatest ease and in ways to show that 
these parts represent different forms of starch-substance. 
As already repeatedly pointed out, the individualities of 
these two parts are markedly shown in their different 
behavior towards various reagents. As a rule, the outer 
part is the more resistive, but toward some reagents it is 
the less resistive. In relation to moist heat, when the 
grains are boiled in water the outer part is always the 
last to disappear, sometimes resisting boiling for many 
minutes, appearing in suspension in the form of empty 
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capsules from which the less resistive inner starch has 
escaped in semi-liquid form and passed into a pseudo 
solution. 

The different lamellae of the mature starch-grain are 
of less and less density from without inward. These 
peculiar variations are, it seems clear, not owing to an 
increase in the density of each additional lamella as it 
is deposited, but to a gradual transition of the molecular 
states of the inner or older lamelle to a less dense con- 
dition. Such a change is explicable in the light of the 
ready transmutability of one stereoisomeric form into 
another owing to slight differences in attendant con- 
ditions. (See preceding memoir—Publication No. 173, 
page 9.) The mere separation of the starch from direct 
contact with the plastid or the cell-sap by the later-de- 
posited starch, age, and other incidental conditions, are 
of themselves doubtless sufficient to satisfactorily account 
for this transmutation. Likewise, differences in other 
parts, such as in primary and secondary lamelle, pro- 
tuberances, etc., in relation to other parts of the grains, 
may be explained in the same way. 

Eacu Starcu Property an InpEPENDENT Puysico- 
CuemicaL UnIT-CHARACTER. 

Each starch property, whether it be manifested in 
peculiarities in size, form, hilum, lamellation, or fissura- 
tion, or in reactions to light, or in color reactions with 
iodine or anilines, or in gelatinization reactions with 
heat or chemical reagents, is an expression of an inde- 
pendent physico-chemical unit-character that is an index 
of specific peculiarities of intramolecular configuration, 
the sum of which is in turn an index which expresses 
specific ‘ peculiarities of the constitution of the proto- 
plasm that synthetized the starch molecule. The unit- 
character represented by the form of the starch grain is 
independent of that size ; that of lamellation independent 
of that of fissuration, etc. This is evident in the fact 
that in different starches variations in one may not be 
associated with variation in another, and that when 
variations in different properties are coincidently ob- 
served they may be of like or unlike character. Gela- 
tinizability is one of the most conspicuous properties of 
starch and it represents a primary physico-chemical 
unit-character, which character may be studied in as 
many quantitative and qualitative phases as there are 
kinds of starches and kinds of gelatinizing reagents, the 
phenomena of gelatinization by heat being distinguish- 
able from those by a given chemical reagent, and those 
by one reagent from those by another, and those of one 
starch by a given reagent from those of another starch. 
The gelatinization of the starch grain is not only a very 
definite chemical process but one that must vary in 
character in accordance with the reagent entering into 
the reaction. It follows, as a corollary, that the prop- 
erty of gelatinizability of any specimen of starch may be 
expressed in as many independent physico-chemical unit- 
character-phases as there are reagents to elicit them. 

Inprvipvaity on Srectricrry oF Eacu AGENT AND 
REAGENT. 

The methods employed in the research, all micro- 
scopic, have, as stated, included inquiries into histo- 
logic characters; polariscopic, iodine and aniline reac- 
tions; temperatures of zelatinization; and quantitative 
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and qualitative gelatinization reactions with a variety 
of chemical reagents which represent a wide range of 
differences in molecular composition. In some instances 
the starch molecules alone or largely determine the 
reaction, while in others both starch and reagent play 
important parts, as in chemical reactions generally. 
Thus, in the crystallographic studies of the hemo- 
globin crystals and in the polarization reactions with 
starch the molecules undergo no change; hence the 
reactions express peculiarities that are inherent to the 
molecules. In other starch reactions, in the gentian- 
violet and safranin reactions, the organization of the 
molecules is either unaffected or affected to an unde- 
tectable degree, the reactions being presumably adsorp- 
tion phenomena; in the iodine reactions there is prob- 
ably a feeble chemical combination of the iodine and 
starch, but without apparent intermolecular disorgan- 
ization; in the temperature and chemical-reagent reac- 
tions there is an intermolecular breaking down by a 
process of hydration, with which process there may be 
associated reactions that vary in character and number in 
accordance with peculiarities in the composition of the 
reagents. If the molecules of the starches from different 
sources are in the form of stereoisomers, it follows, as a 
corollary, that they must exhibit differences in their 
behavior with different agents and reagents, and show 
differences that are related to variation in the kind of 
agent and in the composition and concentration of the 
reagents. In other words, the reaction in each case is 
conditioned by the kind of starch and the kind of 
agent or reagent. 

Rewiasitiry or Mrruops as SHown By Cuarts AND 
Conrormity oF Resutts CoLLEcTIVELY. 

It is obvious that tests of the reliability of the 
methods employed in the differentiation of starches 
from various sources are to be found in the agreement 
of the results of repeated experiments and in the con- 
formity of the results with established data of the syste- 
matist. As stated in preceding paragraphs, the polari- 
zation, iodine, and aniline methods are, notwithstanding 
their crudity and limitations, reliable if the experiments 
are carried out with sufficient care; the temperature of 
gelatinization method is accurate within very narrow 
limits of error; and the gelatinization method used in 
the present research by means of chemical reagents is 
practically exact. The first three methods are, owing 
to their usually very restricted range of values, of very 
much more usefulness in the differentiation of members 
of a genus than of different genera, and this applies, 
although to a less degree, to the temperature of gela- 
tinization method; while the chemical reagent method 
has unlimited application to both intrageneric and in- 
tergeneric differentiation, though the different rea- 
gents have widely varying values. In comparing 
these records with those of the systematist it is im- 
portant to recognize that a slight change in molecular 
constitution may give rise to very marked changes in 
properties and that distinction must be made between 
that which is definitely established and that which is ten- 
tative in even the most advanced taxonomic system. All 
things considered, it is remarkable how close in general 
is the agreement of the data of these exceedingly dissimi- 
lar methods of investigation. In fact, they are evidently 

CONCLUSIONS. 373 

mutually corrective and confirmatory, and where seeming 

or actual disagreements exist it doubtless will be found 

that further applications of the physico-chemical method 

will demonstrate the reasons. ; 

Certain of the several forms of charts are of especial 

value in showing the reliability of the methods used, 

particularly those which are included in the groups D1 

to D 691 and E1to 46. These charts have been given 

somewhat detailed discussion in Sections 2 and 3 of 

Chapter IV. Even a most cursory examination separ- 
ately and together will demonstrate their taxonomic 
values. In group D 1 to D 691, in which are presented 

the progress of gelatinization at definite time-intervals, 
it is obvious from the characters of the curves, both in 
courses in the individual charts and in the parent-hybrid 
and the generic groups, that they are quite as dependable 
as the data of the systematist. Were these records not 
reliable, it seems clear that the curves would not take 
regular but irregular or zigzag circumlinear courses, or 
instead of being straight or practically straight lines be 
irregular, etc.; moreover, there would not be the con- 
formity of the curves of the reactions with each reagent 
that is found in each set of parent- and hybrid-stocks, 
or in the sets belonging to each genus, excepting in the 
latter when subgeneric divisions are represented. The 
more or less marked subgeneric differences attest the 
value of the method, and if in some instances they may 
seem to be disproportionate to the differences of the sys- 
tematist, this may be and doubtless is owing to a greater 
sensitivity of the physico-chemical method. 

The plan adopted in the preparation of Charts E 1 to 
E 46, in which composite curves of the reaction-intensi- 
ties are exhibited, has proved in a very large measure 
successful in eliciting varietal, species, subgeneric, and 
generic peculiarities, but its essential defect is to be 
found in the neglect of differences that were found dur- 
ing the earlier periods of experiment. In the formula- 
tion of these charts terminal data were used—that is, the 
time of complete or practically complete gelatinization 
in an hour or of the percentage of total starch gelatinized 
within the same period. In many instances such figures 
may be the same, yet there may have been more or less 
marked differences in the progress of gelatinization dur- 
ing the early periods of the experiments. Notwithstand- 
ing such defects, there is in general a remarkable degree 
of conformity of these curves with taxonomic data. There 
should be considered with the foregoing the figures pre- 
sented in Table B 1 which give the numbers of very high, 
high, moderate, low, and very low reactions ; the sums of 
reaction-intensities; and average reaction-intensities of 
each starch and each parent-hybrid set of starches. 

GENERAL CONCLUSIONS DRAWN FROM RESULTS OF 

THE HemocLoBIN RESEARCHES. 

The results of the crystallographic studies of the 
hemoglobins indicate: that there is a common structure 
of the hemoglobin molecule, whatsoever the source of the 
hemoglobin; that the crystals of the species of a genus 
belong to a crystallographic group which represents a 
generic type; that the crystals of each species of a genus 
when favorably developed can be distinguished from 
those of another species ofthe genus; that in some spe- 
cies there may be found one, two, or three forms of hemo- 
globin, and that this seems to be a generic peculiarity, 
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inasmuch as if in one species there be found, say, three 
forms the same number will exist in other members of 
the genus; that the crystals of different genera differ as 
definitely and specifically as those of crystalline groups 
of mineral substances differ chemically and as generic 
groups differ zoologically or botanically; and that by 
means of peculiarities of the hemoglobins phylogenetic 
relationships can be traced, as has been found in the case 
of the bear and seal and other animals. 

GENERAL CONCLUSIONS DRAWN FROM THE STARCH 

RESEARCHES. 

The results of the hemoglobin and starch researches 
are mutually confirmatory in support of the existence of 
stereoisomeric forms of complex organic substances that 
are specifically modified in relation to varieties, species, 
subgenera, and genera, and that these specificities indi- 
cate corresponding peculiarities of the protoplasms in 
which the substances are formed. The records of the 
starch researches indicate: that each starch property is 
an independent physico-chemical unit-character, and that 
the unit-character represented by the property of gela- 
tinizability may be manifested in an indefinite number 
of quantitative and qualitative unit-character-phases, the 
number varying with the form of starch and the number 
of gelatinizing reagents employed ; that qualitative reac- 
tions are as distinctive and important as the quantitative 
reactions; that the reactions of different starches with 
a given reagent vary within wide limits, and that those 
of each starch vary with each reagent independently of 
the variations of other starches; that the reactions of 
varieties of a species very closely correspond to those of 
the species and are in accord with botanical characters ; 
that the reactions of members of a genus are in general 
in close accord with taxonomic data and constitute a 
generic type, the varieties and species tending to exhibit 
closeness or separation in their relationships in close 
accord with botanical peculiarities; that when a genus is 
represented by subgenera or other form of subgeneric 
division (such as rhizomatous and tuberous plants, or 
hardy and tender species, etc.), the reactions may exhibit 
as many different groupings as there are subgeneric 
divisions, and that these divisions may show very marked 
differences, even more marked than what may be noted 
in the case of closely related genera; that the reactions 
of closely related genera tend to be similarly close; that 
in hybrids any one of the six parent-phases (the same 
as the seed parent, the same as the pollen parent, the 
same as both parents, intermediate, higher than either 
parent, and lower than either parent) can be developed 
at will by the selection of the proper reagent; that the 
tendencies of different reagents to elicit in the hybrid 
any given parent-phase varies with reagent and starch, 
certain reagents tending to develop sameness to the seed 
parent or to the pollen parent, etc., and a given reagent 
may elicit one phase with one starch and another phase 
with another starch, etc., so that by the selection of the 
reagent any parent-phase can be developed in any given 
starch ; that the starches of hybrids tend to show marked 
closeness to the properties of the parental starches when 
the parents are closely related, and to exhibit a tendency 
to more and more divergence as the parents are more and 
more distantly related, in some instances tending by 
comparatively numerous intermediate characters to 
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bridging the parental characters and in others to be par- 
ticularly characterized by being very closely related to 
one parent, or in others (by excess or deficit of develop- 
ment) to be quite variant from the parental types, ete. ; 
that the starches of different hybrids show a very wide 
range in their parental relationships, some being almost 
throughout very close to the seed parent, others very 
close to the pollen parent, others for the most part inter- 
mediate, etc.; that the starches of hybrids of reciprocal 
crosses and of the same cross, respectively, are different, 
the former differing from each other far more than the 
latter from each other; that the relationships of the 
properties of starches of hybrids to the properties of the 
parents are in harmony with the data of the macroscopic 
characters collected by Focke, with the data of DeVries 
mutants (hybrids), and with the macroscopic and micro- 
scopic tissue characters recorded in this research, in 
showing that in any given hybrid the development of dif- 
ferent characters may take on different directions so that 
some properties are like those of one or the other parent 
or both parents, or developed in excess or deficit of 
parental extremes, and also that new characters and 
character-phases may appear. 

GENERAL CoNCLUSIONS DRAWN FROM INVESTIGA- 

TIONS OF THE Macroscopic anp Microscorio 
CHARACTERS OF THE PLant. 

The results of the studies of macroscopic and micro- 
scopic tissue characters are in harmony with those re- 
corded by Focke and of the researches with the starches 
in showing that in any given hybrid certain characters 
may be the same as those in one or the other parent or 
both parents, intermediate, or developed in excess or 
deficit of parental extremes, and that the distribution 
of these directions of character development is most vari- 
able. A surprising result is found in a common lack of 
correspondence between the percentages of macroscopic 
and microscopic characters of any given hybrid that are 
the same as those of the seed parent or pollen parent, 
or intermediate, etc. Why, for instance, in any hybrid 
the percentage of macroscopic characters that are the 
same as those of the seed parent are relatively large in 
comparison with the percentage of microscopic charac- 
ters or vice versa is as yet inexplicable. What pertains 
to one of the six parent-phases applies equally to all. 
Moreover, there is not a constant quantitative agreement 
between the macroscopic and microscopic characters, 
separately or combined, and between either of these and 
the starch characters of the same plant in the percentage 
distributions among the parent-phases. 

Tue Revative PorentTiarities OF THE SEED 
Parent anp THE Potten Parent in InFLUENC- 
ING THE CHARACTERS OF THE HyBriD. 

The relative potentialities of the parents in determin- 
ing the characters of the hybrids and in the distribution 
of characters among the six parent-phases varies within 
wide limits. In the starch reactions it is shown that in 
some hybrids the influences of one parent are almost or 
practically negligible, in others they appear to be about 
equally divided, and in others there are various grada- 
tions in degree and kind between these extremes. In the 
tissue characters concordant results were recorded, but 
here the variations were found to be very much restricted, 
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doubtless because chiefly of the small number and the 
kinds of hybrids studied. In summing up the characters 
that are the same as or inclined to the seed parent and the 
pollen parent, respectively, it was found in the 1,018 
starch reactions that the seed parent is, on the whole, 
distinctly more potent than the pollen parent, while in 
959 tissue characters the parental influences are equal. 

Sprcres Parents versus Sex Parents. 

The parental properties referred to in the preceding 
section are, in an important sense, illusory, because they 
indicate sexual instead of species characters. The terms 
seed parent and pollen parent have been used in this re- 
search in the conventional sense of the botanist and horti- 
culturist, that is, without necessarily implying or even 
inferring unisexuality of the plants. This usage, to- 
gether with the employment of the signs 9 and 4, may 
carry the impression that the parents of the hybrids 
are correspondingly female and male, but all of the 
parents are flowering plants in which in each individual 
there are produced both female and male ‘gametes. Hach 
plant is, therefore, female or male in reproduction in 
accordance with whether it furnishes the seed or the 
pollen, irrespective of the actual sex of the organism. 
A concrete illustration of this paradoxical statement is 
found, for instance, in Cypripedium spencerianum and 
C. villosum, which have been reciprocally crossed, yield- 
ing the hybrids C. lathamianum and C. lathiamianum 
inversum, these hybrids not being identical but very 
closely resembling each other (page 338 et seq.). In the 
first cross the seed of C. spencerianum was fertilized by 
the pollen of C. villosum, and in the second cross the 
pollen of C. spencerianum fertilized the seed of C. vil- 
losum, thus reversing the parentage. Inasmuch as each 
plant is precisely the same in both crosses, it is evident 
that the properties ascribed to C. spencerianum as the 
seed parent and the pollen parent, respectively, are identi- 
cal and therefore that they are, as far as we can discern, 
peculiarities of species and not of sex. However, the 
differences in the offspring of reciprocal crosses show that 
while the seed and the pollen carry species-characters 
they also transmit certain obscure properties that are 
peculiar to each of the sex elements. 

All living tissues have without question species-types 
of metabolism, and, as a corollary, species-types of com- 
plex organic metabolites (see preceding memoir, Car- 
negie Institution of Washington, Pub. No. 173, page 12) ; 
and if the tissues are further characterized by femaleness 
or maleness, they must have the corresponding sea-types. 
In bisexual or monecious organisms, such as the plants 
used in this research for the sources of the starches and 
tissues, the structures, processes, and products, with the 
exception of those belonging to the primary sex organs, 
are without determinable sex characters, yet for well- 
known reasons it is certain that they possess inherently 
potentialities of both sexes. In unisexual organisms, as in 
certain plants and in all normal mammalia, there must 
be both species-types and sex-types. Therefore, in the 
first group of the properties are broadly speaking or pre- 
eminently those of species, and in the second those of 
species and sex. 

That there are species-types is convincingly shown 
by the distinguishing features of species; and that there 
are very definite sex-types has been rendered positive, 
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especially by recent investigations. For instance, in 
gynandromorphs (as noted in a bullfinch by Poll, in a 
chaffinch by Weber, in a pheasant by Bond, and in men, 
dogs, guinea-pigs, crabs, bees, ants, butterflies, and moths 
by various writers) the structures of the two sides or of 
the anterior and posterior parts of the body, or of differ- 
ent organs or of parts of an organ are oppositely 
sexed. Geoffrey Smith found that the bloods of female 
and male spider crabs differ, and Stecke in investigations 
with moths noted that not only do the bloods of the sexes 
differ but also are as much unlike as are those of indi- 
viduals of the same sex of different species. The bloods 
of woman and man, and of the sexes of certain other 
mammals, are not identical. The ovaries and testicles 
are specifically female and male organs, and the egg, 
spermatozoon, and sex hormones are similarly sexed. 
Moreover, during the existence of the germplasm, and 
even in some organisms long after development has 
proceeded, there is a period of sexual plasticity during 
which various factors may be directly operative on the 
egg or indirectly through the parent, or directly on the 
metabolic processes of the individual, to lead to the 
development of either sex or of either female or male 
secondary characters, as the case may be, and hence to 
corresponding female or male types of metabolism and 
metabolites. In studies of the pupa of butterflies, Stand- 
fuss found that by the influence of temperature the 
female can be made to assume the male type. Geoffrey 
Smith noted that the sacculinated male spider crab (that 
is partially or completely parasitically castrated) be- 
comes markedly feminized, even to the extent of rudi- 
mentary eggs being formed in the testes. Riddle records 
in studies of pigeon eggs a transmutability so marked 
that eggs having one sex tendency may be caused to be- 
come oppositely sexed. Steinach and others in ovarian 
and testicular transplantation experiments have shown 
that the female can be masculinized and the male femi- 
nized. Moreover, the potent influences of food, of an 
excess or deficit of water in the egg, of the energy of 
oxidative metabolism, and of light on sex control are 
well known. And in the human being indications of 
female and male types of metabolism and metabolites 
are to be found among differences in the sexes in bodily 
structures, in the composition of the blood and certain 
other parts, in the actions of a number of medicinal sub- 
stances and certain internal secretions, in the properties 
of the sex hormones and of some other substances that 
are produced by sex organs other than the ovaries and 
testes, in basal metabolism, in psychic phenomena, etc. 

The factor or factors that determine species-types are 
not known, nor have we much definite knowledge of those 
which control sex-types, but it may justly be assumed that 
what is learned of one is applicable in principle to the 
other. Since the discovery of the sex hormones there has 
been a tendency generally to attribute to them the deter- 
mination of secondary sex characters, but there are 
reasons for believing that other substances, as yet un- 
known, may be similarly potent. Thus, Meisenheimer 
showed by the results of experiments with the larve of 
the gypsy moth that secondary sex characters are devel- 
oped without material modification after the removal of 
the ovaries and testes ; and it is evident that in gynandro- 
morphs both sex hormones circulate throughout the 
organism, and thus reach every tissue, yet some parts 
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become specifically female and others male. Moreover, 
in addition to these sex hormones and hypothetical sub- 
stances there are the influences of environmental con- 
ditions which are effective in unknown ways. 

If, as seems manifest, there are species-types of 
metabolism, if these types are undoubtedly modifiable by 
environmental conditions, if these types give rise to 
corresponding species-types of metabolites, and if these 
metabolites have inherently the potentialities of both 
parents that can, as has been shown, be elicited in any 
one or more of the six parent-phases by the selection 
of the proper agent or reagent, it seems to follow, as a 
corollary, that corresponding properties should be mani- 
fested by sex-types. These statements suggest that in 
artificial parthenogenesis and artificial fertilization the 
selection of a proper agent or reagent may render it pos- 
sible to give rise to either sex, or before or after develop- 
ment has begun, to gynandromorphism. In a word, from 
present knowledge and indications (and all that they 
imply), species, parthenogenesis, fertilization, sex, sec- 
ondary sex characters, and sex control are problems of 
physical chemistry. 

INTERMEDIATENESS AS A CRITERION oF HysBrips. 

Whether or not intermediateness is a criterion of hy- 
brids depends upon the sense in which these two terms are 
used—that is, whether or not intermediateness is to be 
taken as meaning mid-intermediateness, and where the 
line is to be drawn where dintermediateness in either 
a broad or a narrow sense is or is not a criterion. Some 
authorities, as is evident by references in the introduc- 
tion, look upon intermediateness in the sense of mid- 
intermediateness or “ exact intermediateness,” and upon 
this developmental peculiarity as being a criterion when 
all or nearly all of the characters of the hybrid are mid- 
intermediate ; but it is manifest that such a conception 
is not justified by literature and is untenable. Viewing 
intermediateness from a broad point of view—that is, to 
include all characters which show stages of character 
development between those of the parents, it is an open 
question as to whether a character that is intermediate 
but exhibits almost identity with that of one parent 
should be classified as intermediate or as being the same 
as the character of the parent. Many of both the starch- 
reaction and the tissue characters that herein have been 
classified as intermediate have been so close in their 
development to the parent characters that it is question- 
able if they should not have been assigned to the charac- 
ters that are the same or practically the same as those 
of the parent. Then again, what percentage of inter- 
mediate characters must be intermediate to justify the 
application of the term criterion? Among the 1,018 
starch reactions, 236 were recorded as being intermediate, 
while 53 were mid-intermediate. Among the 959 macro- 
scopic and microscopic tissue characters 415 were inter- 
mediate, and 160 were mid-intermediate. The differences 
in the figures of the starch and tissue records are prob- 
ably due chiefly to differences in both number and kind of 
material. Moreover, the percentages of characters devel- 
oped beyond parental extremes are very high, those in the 
starch reactions exceeding (nearly doubling) the per- 
centage in intermediate characters ,(40.6: 23.2), and in 
the tissue characters being almost as high as the latter 
(39: 43.2). It seems from these data that if intermedi- 
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ateness is a criterion, development in excess and deficit 
of parental extremes may or should have an equal or 
greater degree of importance, and even a far greater value 
if only mid-intermediate characters are taken as the 
criterion. 

GerMpLasm A STEREOCHEMIC SYSTEM. 

The recognition that the germplasm is a stereochemic 
system that is characterized by the kinds and arrange- 
ments of its stereoisomers in the three dimensions of 
space; that it is of great complexity, impressionability, 
and plasticity; that it presumably possesses potentially 
the characters and character-phases of the parent; that 
the germplasms of the sexes are different, varying in 
plasticity, etc.; and that in normal fecundation there 
occurs a union of the two sex systems with interactions, 
rearrangements, and combinations, and therefore a new 
physico-chemical state is developed that possesses the 
potentialities of both sexes; that stereoisomerides are 
readily transmuted with attendant change of properties, 
and that the directions and propensities of the reactions 
are determined by peculiarities of the compounds and 
attendant conditions; and, finally, that we have, in a 
word, in the germplasm a form of protoplasm that must 
like all colloidal substances be studied upon the basis 
of physical chemistry, opens up a unique and promising 
field for investigation of the laws that determine organic 
growth, form, and function. 

APPLICATIONS TO THE EXPLANATIONS OF THE Oc- 
CUREENCE oF VagiaTions, Sports, Fructua- 
TIONS AND THE Genesis oF SPECIES. 
The characters of the germplasm and of protoplasm, 

and incidentally the extraordinary plasticity of the starch 
molecule, as set forth by the results of this research, 
seem readily to induce clear conceptions of the mechan- 
isms that underlie variations, sports, fluctuations, Men- 
delism, reversions, monstrosities, etc., and also the genesis 
of strains, subspecies, and species by gradual and progres- 
sive changes and ultimate fixation. And it also seems, 
from the data presented in conjunction with biological 
literature, that we have all of the postulates that are 
necessary to warrant the assumption that probably the 
chief method in the genesis of species is by hybridization. 

Scientiric Basis ror CxiassiricaTIon or PLants 
AnD ANIMALS AND FOR THE Stupy oF Proto- 
PLASM. ; 

The discovery of the existence of highly specialized 
stereoisomers that are specifically modified in relation to 
genera, species, varieties, etc., has brought to light one 
of the most extraordinary phenomena of living matter, 
and it not only gives us a strictly scientific basis for the 
classification of all forms of life, but also leads us to 
the varying constitutions of protoplasm of the same and 
of different organisms, and to the differences in vital 
phenomena that are dependent upon these variations. 
The dictum set forth in the hemoglobin investigation 
that “vital peculiarities may be resolved to a physico- 
chemical basis” has been most substantially supported, 
and it may be safely predicted that important and even 
epochal advances in the elucidation of many of the great 
problems of biology will be made in the near future 
along such or closely related lines of investigation as 
have been pursued in these researches. 



PLATE 1 

land 4. Amaryllis belladonna. 3. Brunsdonna sandere alba. 
2and 5. Brunsvigia josephine. 6. Brunsdonna sandere, 





PLATE 2 

7. Hippeastrum titan. 10. Hippeastrum ossultan. 
8. Hippeastrum cleonia. 11. Hippeastrum pyrrha. 
9. Hippeastrum titan-cleonia. 12. Hippeastrum ossultan-pyrrha, 





PLATE 3 

andromeda. 
17. Hemanthus magnificus. 
16. Hemanthus katherine. 

18. Hemanthus 

@ones. 
phyr. 

deones-zephyr. 

13. Hippeastrum d 
14. Hippeast 
15. Hippeastrum 





PLATE 4 

19. Hemanthus katherine. 22. Crinum mooret. 
20. Hemanthus puniceus. 23. Crinum zeylanicum. 
21. Hemanthus kénig albert. 24. Crinum hybridum j. c. harvey. 





PLATE 5 

25. Crinum zeylanicum. 28. Crinum longifolium. 
26. Crinum longifolium. 29. Crinum mooret. 
27. Crinum kircape. 30. Crinum powellit. 





and 34. Nerine crispa. 33. Nerine dainty maid. 
5. Nerine elegans. 36. Nerine queen of roses. 





38 and 41. Nerine sarniensis var. corusca major 





PLATE 8 

a major 
r. ‘fothergilli major. 

45 and 48. Nerine glory of sarnia 

43 and 46. Nerine sarniensis var. corusc 
ifolia va 44 and 47. Nerine curv 





PLATE 9 

49 and 52. Narcissus poeticus ornatus. 51. Narcissus poeticus herrick. 
50 and 53. Narcissus poeticus poetarum. 54. Narcissus poeticus dante. 





PLATE 10 

55. Narcissus tazetla grand monarque. 58. Narcissus gloria mundi. 

56. Narcissus poeticus ornatus, 59. Narcissus poeticus ornatus. 

57. Narcissus poetaz triumph. 60. Narcissus fiery cross. 





PLATE 11 

61. Narcissus telamonius plenus. 64. Narcissus princess mary 
62. Narcissus poeticus ornatus. 
63. Narcissus doubloon. 66. Narcissus cresset. 

65. Narcissus poeticus poetarum. 





PLATE 12 

67. Narcissus abscissus. 70. Narcissus albicans, 
68. Narcissus poeticus poelarum. 71. Narcissus abseissus. 
69. Narcissus will scarlet. 72. Narcissus bicolor apricot. 





PLATE 13 

73. Narcissus empress. 76. Narcissus weardale perfection. 
74. Narcissus albicans. 77. Narcissus madame de graaff. 
75. Narcissus madame de graaff. 78. Narcissus pyramus. 





PLATE 14 





PLATE 15 

85. Narcissus emperor. 88. Lilium martagon album. 
86. Narcissus triandrus albus. 89. Lilium maculatum. 
87. Narcissus j. t. bennett poe. 90. Lilium marhan. 





PLATE 16 

91. Lilium martagon. 94. Lilium tenuifolium. 
92. Lilium maculatum. 95. Lilium martagon album. 
93. Lilium dalhansoni. 96. Liliwm golden gleam. 





PLATE 17 

97. Lilium chalcedonicum. 100. Liltum pardalinum. 
98. Lilium candidum. 101. Lilium parryi. 
99. Lilium testaceum. 102. Lilium burbankt. 





PLATE 18 

103. Iris iberica. 106. Iris iberica, 
104. Iris trojana. 107. Iris cengialti. 
105. Iris ismali. 108. Iris dorak. 





PLATE 19 

109. Iris cengialli. 112. Iris persica var, purpurea. 
110. [ris pallida queen of may. 113. Iris sindjarensis. 
111. Jris mrs. alan grey. 114. Iris pursind. 





PLATE 20 - 

118. Tritonia pottsi. 115. Gladiolus cardinalis. 
116. Gladiolus tristis. 119. Tritonia crocosmia aurea. 

120. Tritonia crocosmeflora. 117. Gladiolus colvillei. 





PLATE 21 

124. Begonia double light rose. scarlet, 121. Begonia single crimson 

125. Begonia socotrana. 122. Begonia socotrana. 

126. Begonia ensign. 123. Begonia mrs, heal. 





PLATE 22 

127. Begonia double white. 130. Begonia double decp rose. 
128. Begonia socotrana. 131. Begonia socotrana. 
129. Begonia julius. 132. Begonia success. 





PLATE 23 

~~ 

133. Musa arnoldiana. 136. Phaius grandifolius. 

134. Musa gilletir. 137. Phaius wallichii. 

135. Musa hybrida. 138. Phaius hybridus. 





PLATE 24 

139. Miltonia vexillaria. 142. Cymbidium lowianum. 
140. Miltonia rezlii. 143. Cymbidium eburneum. 
141. Miltonia bleuana. 144, Cymbidium eburneo-lowianum. 





PLATE 25 

16 149 152 
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145. 
148. 

151. 

146. 
149. 
152. 
147. 
150. 
153. 

Ipomea coccinea. Cotyledon, showing long petiole, long midrib, blunt wide lobes, with an angle of 90° between. 
Ipomea quamoclit. The same, showing short petiole, short midrib, long narrow pointed lobes, and an angle of 

150° between lobes. 
Ipomea slotert. The same, showing medium length petiole and midrib, lobes of medium width and somewhat 

tapering, and an angle of 120° between lobes. 
Ipomea coccinea. Lateral branch, showing entire leaves. 
Ipomea quamoclit. The same, showing pinnate leaves. 
Ipomea sloteri. The same, showing deeply lobed leaves. 
Ipomea coccinea. Flower, showing rounded lobes. 
Ipomea quamoclit. The same, showing pointed lobes. 
Ipomea sloteri. The same, showing slightly pointed hexagonal outline. 

Figs. 145, 148, and 151 are slightly, but equally, reduced. Figs. 146 and 149 are reduced equally, and Fig. 152 isreduced 
more than the former. Figs. 147, 150, and 153 are natural size. 





154. 

155. 

156. 

157. 
158. 
159. 

PLATE 26 

Ipomea coccinea. Section of upper epidermis at base of mature leaf, showing numerous stomata, regular dis- 
tribution of stomata, straight-walled cells, and no hairs. 

Ipomea quamoclit. The same, showing fewer stomata; stomata grouped mainly at veins, wavy-walled cells and 
short dagger-like hairs. 

Ipomea sloteri. The same, showing more stomata than in I. quamoclit, but fewer than in I. coccinea, moderately 
wavy-walled cells, longer hairs, and larger cells and stomata. 

Ipomoea coccinea. Section of same at margin of leaf, showing protuberances from marginal cells. 
Ipomea quamoclit. The same, showing flat marginal cells, no protuberances. 
Ipomea sloteri. The same, showing smaller protuberances from marginal cells. 





160. 
161. 
162. 

163. 
164. 
165. 

PLATE 27 

Ipomea coccinea. Section of upper epidermis at base of mature leaf; over a vein, showing long papille along veins. 
Ipomea quamoclit. The same, showing no papilla over veins. 
Ipomea sloteri. The same, showing smaller papilla along vein and that the stomata are slightly more 

numerous at the veins. 
Ipomea coccinea. Section of epidermis at base of filament showing short glandular shaggy hairs. 
Ipomea quamoclit. The same, showing much longer glandular shaggy hairs. 
Tpomea sloteri. The same, showing glandular shaggy hairs of intermediate length. 





PLATE 28 

169 

170 

166. Ipomea coccinea. Transverse section; petiole of mature leaf equidistant from the lamina and the base. 
167. Ipomea quamoclit. The same. : 
168. Ipomea sloteri. The same. 
169. Ipomea coccinea. Multicellular protuberances at base of petiole. 
170. Ipomea quamoclit. The same. 
171. Ipomea sloteri. The same. 





PLATE 29 

172. Ipomea coccinea, Upper epidermis, limb of corolla. 
173. Ipomea quamoclit. The same. 
174. Ipomea sloteri. The same, showing larger cells than in either I. coccinea or I. quamoclit. 
175. Ipomea coccinea. Lower epidermis, limb of corolla showing slightly wavy cell walls. 
176. Ipomea quamoclit. The same, showing very wavy cell walls. 
177. Ipomea sloteri. The same, showing waviness between that of the two parents. 





178 

179 

180 

181 

182. 
183. 

. Lelia purpurata. Transverse section of pseudobulb at middle, showing deep epidermis, deep cuticle, elongated 
thick-walled cells of two layers beneath epidermis. 

. Cattleya mossie. The same, showing shallower epidermal cells, cuticle as deep as in L. purpurata, cells of two 
layers beneath the epidermis not elongated and only those of first layer have thickened walls. 

. Lelia-Cattleya canhamiana. The same, showing epidermal cells, deeper than those in C’. mossie but not quite 
as deep as those in L. purpurata; cuticle, deeper than in either C. mossie or L. purpurata; and two 
layers beneath the epidermis not as elongated nor as thick-walled as in L. purpurata, but distinctly 
more elongated and thicker walled than in C. mossie. 

. Lelia purpurata. Transverse section of leaf near apex, showing slightly elongated cells of first layer of aqueous 
tissue at midrib, and large bundle. 

Cattleya mossie. The same, showing more elongated cells of aqueous tissue and rather small bundle. 
Lelia-Catileya canhamiana. The same, showing cells of aqueous tissue of same length as in C’. mossi@ and smaller 

bundle than in either C. mossie or L. purpurata. 





PLATE 31 
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. Cymbidium lowianum. Transverse section of root, showing vascular cylinder and part of surrounding cortex, 
showing one very rare, slightly sclerosed cell in cortex, narrow endodermal cells, 16 phloem patches, 
and large vasa. 

. Cymbidium eburneum. The same, showing numerous thickly sclerosed cells, deeper endodermal cells, 18 phloem 
patches, and small vasa. 

. Cymbidium eburneo-lowianum. The same, showing sclerosed cells not as thick-walled or as numerous as in 
C. eburneum but more numerous than in C. lowianum; endodermal cells exactly mid-intermediate 
between the two parents in depth, 11 phloem patches and vasa in size between those of two parents. 

. Cymbidium lowianum. Transverse section of leaf near apex, showing comparatively shallow upper epidermal 
cells, short cells of layer beneath upper epidermis. 

. Cymbidium eburneum. The same, showing deeper upper epidermal cells, long cells of layer beneath upper 
epidermis. 

. Cymbidium eburneo-lowianum. The same, showing deeper epidermal cells than in either C. lowianum or C. 
eburneum; cells of layer beneath upper epidermis longer than in either C. lowianum or C. eburneum. 





PLATE 32 
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190. Dendrobium findlayanum. Transverse section of root, showing narrow velamen and small vascular cylinder. 
191. Dendrobium nobile. The same, showing wide velamen and wide vascular cylinder. 
192. Dendrobium cybele. The same, showing velamen and vascular cylinder in width between the two parents. 
193. Dendrobium findlayanum. Transverse section of leaf midway between apex and base, showing deep ridges, 

large lower epidermal cells and large bundle. 
194. TnrOD apne: The same, showing slightly larger ridges, large lower epidermal cells, and slightly smaller 

undle. 
195. Dendrobium cybele. The same, showing faint ridges, smaller epidermal cells, and smaller bundle than in either 

parent. 





PLATE 33 

198 

196. Miltonia vexillaria. Transverse section of leaf at equal distances from apex and base, showing elongated keel, 
elongated cells below upper epidermis, large oval bundle. 

197. Miltonia rezlii. The same, showing much shorter keel, more acute angle at midrib, less elongated cells below 
the upper epidermis, and a small almost circular bundle. : 

198. Miltonia bleuana. The same, showing keel fairly intermediate, also angle at midrib fairly intermediate, elon- 
gated cells of layer beneath upper epidermis as long as in M. rezlii, oval bundle nearly as large as in 
M. vexillaria. 

199. Phaius grandifolius. Transverse section petiole of mature leaf, showing midrib bundle with upper and lower 
sclerenchyma sheaths. y 

200. Phatius wallichii. The same, showing midrib bundle with continuous sclerenchyma sheath. 
201. Phaius hybridus. The same, showing midrib bundle with upper and lower sclerenchyma sheaths, but more nearly 

Joining each other than in P. grandifolius, an approximate mean between the two parents. 





202. 

203. 
204. 

205. 

206. 

207. 
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Cypripedium spicerianum. Transverse section of leaf midway between apex and base, showing deep aqueous 
tissue and narrow leaf at midrib region. 

Cypripedium villosum. The same, showing narrow aqueous tissue and wide leaf at midrib region. 
Cypripedium lathamianum. The same, showing narrower aqueous tissue and leaf wider at midrib than in 

either parent. 
Cypripedium lathamianum inversum. The same, showing aqueous tissue in width between the two parents, 

and wider leaf than in either parent. 
Cypripedium insigne maulet. The same, showing aqueous tissue almost same width as in C. villosum, but 

narrower leaf at midrib region. : 
Cypripedium nitens. The same, showing narrower aqueous tissue than in either parent, and width of leaf 

between the two parents. 












