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. CHRONICA BOTANICA, an: International Col-
. legtion of Studies in the Method and History of
- »Biology and Agriculture, founded and edited by
_lirans VewrpoorN, Ph.D., aimg primarily at the
“Tomotion of :— K

1) International relations and cosperation in the bio-
logical sciences;

2) Studies in the method, philosophy, and history of pure
and applied biology;

3) A better understanding among specialists in the vari-
ous branches of biology and agriculture, and the
improvement of their relations with the world at
large.

Annual Subscription Rate: $7.50, post free, for-
eign and domestic. Orders may be sent directly to
the Curonica Boranica Co., to its authorized
agents (see p. 1 of this cover), or to any book-
seller.

Back volumes (some of them covering two years) are still
available at $7.50 (paper) or $9.00 (buckram), postage
extra; vols. 1-7 at $9.00 (paper) or $10.50 (buckram), —
Subscribers who have for disposal any of vols, 1-5 of
Curonica BoTanica should please contact our Business
Office.

Strong buckram binding cases, lettered in gold and exactly
uniform with former. binders, may be had for any volume
subsequent to Vol. 3, at $1.25, post free, payable in advance.

An annual volume of Chronica Botanica consists
of six numbers (3-6 issues) with :-—

1) Memoirs in the fields outlined above.
are also available to non-subscribers
colummn) ;

2) Directories of institutions and societies, as well as re-
views of current activities in special fields (we pub-
lished, e.g., several editions of a ‘World List of
Plant Science Institutions and Societies’, various
Latin American directories, reviews of current re-
search in taxonomy and plant geography, lists of
hiological field stations, gardens, herbaria, etc.);

3) Annotated reprints of important and rare classical
papers (see next column),

4) BioLocGia (cf. #nfra);

5) Smaller, special issues dealing with timely subjects.
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of the natural sciences. — Vols, 4-7 (1938/1942) were pub-
lished as an ‘international plant science newsmagazine’, —
From Vol. 8 (1944) to the present, CHRONICA BOTANICA
contains more material than formerly dealing with the basic
humaniora of the plant sciences: history, methodology and
philosophy. Nevertheless, much space is still given over
to news, discussions, international announcements of all
kinds, notices, ete.

BIOLOGIA, an International Year-Book, de-
voted to the pure and applied plant and animal
sciences, is now being published as a special annual
issue of Curonica Boraxica, under the auspices
of the International Union of Biological Sciences.
In due time, it will contain:
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Mostly, these
(see mnext
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Fravre 1— Nikorar Tvarovrcn Vavnoy was born in Ruossia in 1887, Studied with Wir-
eiaM Batrzon at the Jobn Innee Horticultural Institution and with Sit Rowiaxn Qirrew ol
the School of Agriculture, Camhridge. England, 191321914 Proicssor, Moscow  Undversity.
1914 Expedition to Persia and surrounding countries to collect cercals, 1916, Professor of
Agricuttare, Botany, and Genctics. Saratov, 1917, President of the Lenin Academy of Agri-
cutturad Sciences and Thrector of the Tnstitute of Applicd Botany (Institute of Tlant Tndostey).
1621, Establishmient and divection of more than four hundred research institutes and oxperi-
ment stations with stafl of 20000, 1921-1934.  Expeditions to Afghanistan, Abyssinia. China,
Central America, and South Awerica to collect economic plants, including 26,000 stvains of
wheat, 1923-1931.  Direction of comprehensive study of the world collection of plants, awd
use of these in brecding : similar works with hvestock, including horses, cattle, and reivdeer,
1931-1934.  Elected Academician of the USSR, 1929. Soviet delegate to International Con-
gress on the History of Scicnce, Tondon, 19310 Invited o be President of International Cen-
gress of Genetics, 1930, Elccted Foreign member of the Royal Society of Great Britam. 1942,
Died probably in the ezrly months of 1942
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Puc. 1. FoMmonnruueckue pAdbl H3MEHYHBOCTH Yy BHONB MUWEHHUB H AUYMEHA N0 NPH3IHAKY OCTHCTOCTH.
| —4 —DopMhl  pAma MArKAX mnieHuU (42 XPOMOCOMBI): OCTHCTad, KOPOTKOOCTas, HHPIATHA
(Mpan) wn Gesoctan; 5 —8 QopMmul paga TeepabIX nuweHHy (23 XPOMOCOM):; OCTHCTasA, KoporKoocs&
(Abuccunua), uHpnaTHAS (AGHCCHHNA) M 6e30CTas (ABUCCHHMA) M 9 ~— 10 GOpMBI LIECTHPARHOrD AUMEH
OCTHCTaA, KOpPOTKOOCTan (FNOHUA), HHPIATHAA (frifurcalum) HU3 cesepHoit Mnpun n Gesoctas (Snonus).

Puc.M.Il. JioGanoBo#,

Ficure 2.— Homologous series of variations in species of wheat and barley, with respect to awnedness,
1-4, forms of .soft wheat (42 chromosomes): awned, short-awned, inflated (Iran), and awnless; 5-8, forms of
hard wheat (28 chromosomes): awned, short-awned (Abyssinia), inflated (Abyssinia), and awnless (Abyssinia);
9-12, forms of six-rowed barley: awned, short-awned (Japan), inflated (¢rifurcatum) from northern India, and
awnless (Japan). Drawn by M. P. LoBanOvA, .
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Ficure 3.— Homologous series ot heritable variations in seed and cotyledon in forms
of vetch (Vicia sativa 1.) and lentil (Lens esculenta Moench.). Enlarged two diameters.
Drawn by M. P. Loeanova. From left to right: Seed form in I. Vetch, II. Lentils;
Cotyledons in I. Vetch, TI. Lentils.

I. Vetch: 1. Kharkov; 2. Kharkov; 3. Kharkov; 4. Vicia platysperma Bar., Saratov
(Flat-seeded, disk-like type); 5. Kharkov; 6. Kharkov; 7. Kharkov; 8. Saratov; 9. Khar-
kov; 10. Saratov (Wildling); 11. Kharkov; 12, Central Asia; 13. Kharkov; 14, Small-
seeded type of Russian fodder vetch; 15. Vicia platysperma Bar., Saratov (Flat-seeded,
disk-like type).

II. Tentils: la. Vicia persica Bar., Persia; 2a, Palestine; 3a. Vicia grisea Bar.,
Asia Minor; 4a. Vicia nummularia Al.,, Saratov (Flat type); 5a. Victa violascens Bar.,
Armenia; 6a. Vicia brunnea Bar., Georgia (SSSR); 7a. Vicia wmelanosperma Bar.,
Afghanistan (Black-seeded); 8a. Vicia syriaca Bar., Syria; 9a. Vicia indica Bar., India;
10a. Victa marmorata Bar., Asia Minor; 1la. Vicia dupuyensis Bar., France (“DuPuy”);
12a. Vicia abyssinica Al., Abyssinia; 13a. Vicia leucosperma Tschern,, Kiev (Green-
seeded); 14a. Vicia vulgaris (Al) Bar.,, Ryazan (SSSR); 15a. Vicia nummularia Al,
Saratov (Disk-like).

(viii)
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Fioure 4. Eligolate wheat, Triticume vulagare chigudatinon N av, found in North Afghan-
stan and in Palinyra; b wheat with ordinary lgula, Treticum wulgare Faulatum; o) eligulate

ryve, Secale coreale eligulatum Vav, found i Nortih Afghanistan and in Palmyra; ) ordinary
rye, Secafe cereele Hgulatum,



'PREFACE

a

Acad. NixoLAr Ivanovica VaviLov will long be remembered as one of the world’s out-
standing contributors to scientific thought and accomplishment in genetics, plant breeding, and
the study of plant variation, systematics, and evolution.

In 1935 the climax of his career was marked by publication of the 2500-page symposivm,
The Scientific Bases of Plant Breeding of which VaviLov was editor and a principal author.
Here, in their last and most complete form, are given VaviLov's contributions on the origin
of cultivated plants, the law of homologous series in wvariation, the immunity of plants from
diseases, and the scientific bases of wheat breeding.

VaviLov had hoped to translate at least a part of these contributions into English for the
benefit of his many English-speaking fellow scicntists and friends, but this was prevented by
his untimely death, and, until the present, these classics of botanical-agricultural literature, in
their mature form, have been printed only in the Russian tongue. They are translated here in
full,

VaviLov's life and achievéments are an inspiration and a challenge to the generations of
scientists who follow the trails which he has blazed. These translations are offered in the
hope and belief that those who were not privileged to have known VaviLov may find their
scientific experiences enriched, their minds stimulated, and theiy research energized by better
acquaintance with the work and the philosophy of one of the most memorable figures in the
history of plant science. - . r

A number of colleagues have contributed to the preparation of this volume., With kind
permission of Dr. E. W. BRANDES of the U. S. Department of Agriculture and Mrs. EUGENTA
ARTSCHW AGER, the latter's mimeographed translation of most of the chapter on the phytogeo-
graphic bases of plant breeding was made available for consultation, as was a typed partial
translation of the same chapter and of the introductory chapter, kindly furnished by Dr. R. H.
Ricuens of the Commonwealth Bureau of Plant Breeding and Genetics, Cambridge. The
text of the introductory pages is essentially as received from Dr. Ricuens. The assistance
of each of these is gratefully acknowledged. Thanks is also expressed to the Editor of
CHroONICA BotaNica for his encouragement of the project and his valuable assistance.

) . e e o . ) K. StarR CHESTER.
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Fraver 5. - Scale of resistance of wheat varicties (the comparative resistance of wheat varieties
to leal vust, Puceinie treticing Erks, showing the upper sides of deaves af the second rank from
the tup).-— (1) Strongly attacked variety Noo A-127, 7. are Nl var, forrwarnenm Al (Rust
value — 4).  The hgure shaws the wuxemal degree of susceptibnlity o leat rust o oa leaf of a

Mizhly susceptible varivis . — (23 Strong atiack of the varety A276L, 77 asdygorye var, orythrospermum
Keke:  { Rust value 41, The fipure shows the ordinary degree of attack of leaf rust on a strongly
susceptible  varietyv.—— () Moderately aifected varicty A-191, T, ewioare var, ferruginenm Al
(Rust valuye~-3), The small size of 1the fungus pusiules and the vellow spots bordering them
are very characteristic. - (4) Weakly anacked wvaricty A-2731, 7. durwon Desf. var. lordeiforme
Host. (Rust value 20 A very typical picture of atrack of leal rust on doram wheats.— (%) The

maost resistant variely No.o A8, 7. wmonoceccrm L. var, flavescens Keke,  Ru-t value — 09
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Fieure 6. — Secale of resistance of wheat vareties (the comparative resistance of varieties of
spring wheat ta stripe rost, feecinis ghonorzn Eriks. showing the upper sudes of leaves of the
second rank from the top).-— Rust wvaler 4 — strongly attacked variety No, 441, T, ovuigare var.

erythrospermuem Kcke,, showing the maximal degree of attack of stiripe rust on Jeaves of a sus-
ceptible variety uuder feld conditions.  Rust walre J— moderately attacked varienn Nao 78, 7.
vitlpare var. forruginenm AL, characierized by the smaller size of the fungos pustules and the
presence around them of vellow spots of injured leaf tissues.  Rust velue 2 - woikly attacked
variely No. A-2751, T, dwrien Desi. var. hordeiforme Host.  Typical picture of attick of stripe
rust on durum wheat,  Fue! volue 7 very weakly attacked variety No.o 2739, T. pulgare wvar.
milturem Al. Rust wvalue 0 -— most resistant variety Ne. 39, 7. monococcum L. var  hornemann:
Glem., einkarn,
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“WE ARE NOW ENTERING AN EPOCH OF DIFFEREN-
TIAL ECOLOGICAL, PHYSIOLOGICAL, AND GENETIC CLASSI-
FICATION. IT IS AN IMMENSE WORK. THE OCEAN OF
KNOWLEDGE TS PRACTICALLY UNTOUCHED BY BIOLOGISTS.
IT REQUIRES THE JOINT LABOURS OF MANY DIFFERENT
SPECIALISTS — PHYSIOLOGISTS, CYTOLOGISTS, GENETI-
CISTS, SYSTEMATISTS, AND BIOCHEMISTS. IT REQUIRES
THE INTERNATIONAL SPIRIT, THE CO-OPERATIVE WORK
OF INVESTIGATORS THROUGHOUT THE WHOLE WORLD . . .
. . . WE DO NOT DOUBT THAT THE NEW SYSTEMATICS
WILL BRING US TO A NEW AND BETTER UNDERSTANDING
OF EVOLUTION, TO A GREAT INCREASE IN THE POSSIBILI-
TIES OF GOVERNING THE PROCESSES OF EVOLUTION, AND
TO GREAT IMPROVEMENT IN OUR CULTIVATED PLANTS
AND DOMESTIC BREEDS OF ANIMALS. IT WILL BRING US
LOGICALLY TO THE NEXT STEP; INTEGRATION AND SYN-
THESIS.” (From the last publication of Vavilov in “The
New Swystematics,” Oxford, 1940).

(xviii)
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Plant breeding is a science, an art, and a branch of agricultural practice.

As an art its origins go back to the beginning of agriculture when plants
were first cultivated and animals domesticated. The history of animal and
crop husbandry reveals the supreme importance of plant breeding as an art,
which by means of the guidance of the living organism strives to gain such
control over animals and plants as contributes increasingly to the satisfaction
of human needs.

Comparison of modern cultivated breeds and varieties with their original
wild forms, still to be found in nature, shows how great is the progress which
has resulted from man’s interference, For hundreds and thousands of years
many species and varieties of wheat have existed which are the product of
selection by unknown breeders in ancient times. To this day in Peru, va-
rieties of corn, included in the Cuzco group, are grown which have grain three
or four times as large as those of the usual varieties of the cultivated crop.
Excavations have shown that a corn variety with large grain existed at least
a thousand years ago, and was known to the Incas. Its size has not been ex-
ceeded by any produced by the plant breeder of today.

Some of the best modern varieties of cotton as, for example, the upland
varieties widely grown in the U. S. A. and in the Soviet Union, resulted from
minute selection and propagation of varieties acquired by Americans from
peasants living in old Mexican villages. Such varieties are Acala, Big Boll,
and Durango which doubtless were bred by unknown breeders, and date back
to the Maya civilization which survived until the coming of the Europeans.

Old districts of Turkey and of our Khiva oasis are world-famous for their
melons which, bred by unknown breeders hundreds and perhaps even thousands
of years ago, are unsurpassed to this day. A large number of the most valu-
able varieties of fruit trees of the present time are the creation of the art of
the plant breeder. Many of the best varieties of pears, apples, and grapes
originated in remote ages.

The world’s chef d’oeuvre of plant breeding is to be found on the island of
Sakurajima in southern Japan: a radish one pud in weight (15 to 17 kgs.).
On the same island under conditions similar to those in which it thrives, are a
wild radish and a cultivated radish, each related to the same botanical species,
which form only small roots. It would be vain then to ask how the wonderful
giant has been produced ; no one knows, not even the professor of plant breed-
ing who lives on the neighboring island of Kagoshima. But one thing is cer-
tain, the giant forms were the consequence of skillful selection of extreme
variants by unknown breeders many ages ago. An interesting principle is de-
ducible from a comparison of ancient farming civilizations; the higher the
technical level of a civilization the more highly bred are its crop plants. Thus,
Chinese vegetables including different varieties of cabbage, soybeans, rice, and
many crops of Mediterranean countries, where the powerful civilizations of
the Old World once thrived, are noteworthy for quality and size of fruit and
seed, and altogether bear witness of careful selection during many centuries.
In Algiers in the gardens of natives we collected onion bulbs which weighed
up to two kilograms and flax seeds twice as large as those of normal size.
Similar phenomena were evident to a still more striking extent in wheat, beans,
lentils, and grain. On the other hand, in many regions, in northwest India,
Afghanistan, and Abyssinia, and in Peru and Bolivia, among the pre-Inca civili-
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zations preserved in the mountainous regions of the Andes, the plant varieties
are small, unfruitful, poor in quality, and but little different from the wild
formis which often grow in fields nearby, in uncultivated land and field borders.

Breeds of livestock and varieties of crop plants, which have survived to
our time, bear traces of the skill of unknown breeders. Instructions on breed-
ing given two thousand years before our epoch are to be found in the works
of CoLuMELLA, VARRO, VIRGIL, and THEOPHRASTUS.

In a still larger measure, the more fully recorded history of recent times
reveals the part played by breeding as an art: the great variety of new orna-
mental plants which have come into existence, the striking results obtained
from flower breeding generally during the last century as exemplified in new
varieties of roses, dahlias, chrysanthemums, tulips, cannas, and gladioli, all of
which bear eloquent testimony to breeding as an art. In The Variation of Awni-
mals and Plants under Domestication, DARWIN gives an excellent summary of
such results.

The advancement of capitalisin at the end of the XVIIIth century and the
beginning of the XIXth century in Western Europe, particularly in England,
and the opening up of markets necessary for a new world economy, gave a
fresh stimulus to pedigree livestock and seed production, thus affording profit-
able outlets for its development. The progress of pedigree livestock breeding
was assisted by land enclosure in England at the end of the XVIIIth century,
intensification of farming, and introduction of crop rotations which provided
a large proportion of forage grasses and root crops. England at this time
established a monopoly of new breeds. BAKEWELL originated new breeds of
sheep and the brothers CHARLES and RoBErRT CoLLING obtained the celebrated
breed of Shorthorns. England was then, in fact, the source of improved breeds
for the whole world. Numerous societies sprang into being for the promo-
tion of pedigree livestock breeding; hundreds of clubs were founded for the
study and judging of new breeds of horses, cattle, dogs, and poultry. Increased
interest also was taken in the investigation of new crop varieties. Large seed
and industrial plant breeding firms were established. In 1727, near Paris
was founded the famous seed firm of Vilmorin which exists to this day and is
the chief supplier of seeds in France and her Colonies. During the XIXth
century thousands of seed firms, both large and small, appeared in Germany,
England, and the United States.

As farming became more intensified, as fertilizers entered more widely
into use, and as new machines and implements were employed, the demand for
new varieties considerably increased. Breeding was eagerly taken up by those
engaged in crop and animal husbandry and farming on a large scale, and was
developed on capitalist lines to the fullest possible extent. It then became com-
mercially profitable and in the course of time was mechanized. In these cir-
cumstances skilled workers were called for. Breeding had now to be associated
with the mass production of pedigree seed and livestock. Factories were set
up with the labor and equipment requisite for extensive serial output. In
(cermany, for example at Kleinwanzleben, the breeding of sugar beet, which
involves the analysis of millions of roots yearly, is mechanized to a remark-
able extent. Analytical laboratories, in no way differing from factories, have
heen erected; to these are laid rails along which trucks loaded with roots are
carried. Such buildings are designed to facilitate the speedy washing and
analysis of roots. From an art, breeding has thus to a large extent become an
industry or a trade.

With the advance of technique, processes of selection became increasingly
mechanized. NEERGAARD, the engineer, who is director of the famous Svalov
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agricultural experimental station in Sweden, invented a special apparatus for
speeding up the measuring processes involved in the determination of weight,
number and volume. A period of invention set in. Numerous mechanical de-
vices for plant breeding were designed: special drills, threshers, cleaners, and
graders. A technique of breeding is in process of being worked out; in other
words, mechanization in a semi-industrial form is being applied. Such de-
velopment is especially noticeable in regard to sugar and forage beets.

The idea of breeding with which large firms in western Europe, and par-
ticularly England, were preoccupied in the early XIXth century, was trans-
formed by the genius of DARWIN in his theory of natural selection and its part
in evolution. The social genesis of his work is revealed in every detail of it.
As we know, he utilized the practical experience of animal and crop husband-
men in improving varieties and breeds, and thus for building up his conception
of evolution acquired a large amount of information which he supplemented
with the conclusions arrived at from a study of plants and animals in nature.
His theory provided the first scientific basis for the breeding of plants and ani-
mals. From our point of view, his greatest service consisted in that he opened
the way to the limitless influence of human reason and will on the variability
of plants and animals. His study of evolution became the primary basis of
scientific breeding.

Experimental research in heredity and variation, MENDEL’S laws, JOHANN-
SEN’s theory of pure lines, and the mutation theory, all enable the biologist to
direct the inheritance of organisms. The investigator is now beginning to
discern the presence of a law governing morphological processes. In the early
XXth century knowledge of variation and heredity began to assume the char-
acter of a science, known as genetics. The study of the material basis of hered-
ity, founded on a large accumulation of facts, constitutes an independent
branch—cytology.

While plant breeding borrows the methods of genetics and cytology, apply-
ing them to the production of new varieties and forms, and to all the practical
problems of plant and animal life, it also develops methods of its own. Thus
breeding is entering upon a new phase, and is itself becoming a science. But,
of course, even under modern conditions an element of art still survives and
plays a not unimportant part. As in the past, the practical breeder sometimes
makes notable discoveries. It should not be forgotten that the theory of breed-
ing is born of practice and in turn extends practice. Such is the dialectics of
knowledge, inseparably bound, as it is, with productivity. The interpenetration
of theory and practice and their unity are fully borne out by the history of
breeding as an art, a science, and a special branch of agriculture.

To the present day the breeding of both animals and plants is a concern of
private firms. Hitherto in the U. S. A., England, France, Germany, Denmark,
Spain, Italy, Japan and Argentina, new varieties have usually been produced
by such undertakings. To the present day also in certain countries as, for ex-
ample, France, private firms enjoy a monopoly of the production of new va-
rieties, and even oppose the establishment of state breeding stations. The de-
velopment of breeding, moreover, into a scientific discipline has been and is
still being hindered by certain impediments as, for instance, advertising, free-
dom from control, and trade secrecy. Art has played and continues to play a
dominant part in the breeding both of plants and animals. As a science, breed-
ing is still in process of formation.

Yet glimpses of its entry upon this path are discernible even in the literature
of the XVIIIth and the middle of the XIXth centuries. Here we need only
mention the works of KorLrruTER, KNiGHT, GARTNER, NAUDIN, MENDEL,
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RiMPAU and of DARwIN himself. But on the whole breeding only began to
take the shape of a science in the XXth century when many breeding stations
were established, breeding organized at places of higher education, and text
hooks of breeding as well as scientific journals devoted to the subject appeared.

The publication of Die Methoden der Pflanzenziichtung in experimenteller
Priifung—Anleitung zur Getreideziichtung auf wissenschaftlicher und prak-
tischer Grundlage, 1889, by voN RUMKER was an event of historic importance,
A revised edition of this work appeared in 1909 under the title of, Die Methoden
der Pflanzengiichtung. Mention should also be made of the classical researches
of Nirsson-EHLE at Svaldv, an account of which was published in German in
1909-1911 under the title of Kreusungsuntersuchungen an Hafer und Weizen.
The last three decades have been marked by the publication in five volumes of
Das Handbuch der landwirtschaftlichen Pflanzenziichtung, a collective work
which, under the editorship of FRUWIRTH, the Austrian plant breeder, went
into many editions. The first volume, devoted to a general study of plant breed-
ing, appeared in 1900, and the seventh edition in 1930.

* * * * *

Planned plant breeding by the state, upon which we have embarked, neces-
sitates the formulation of a sound theoretical basis within the shortest possible
time, While our socialist fatherland develops plant breeding on a large scale,
plans and creates a network of breeding stations, mobilises large bodies of sci-
entific workers, and introduces into breeding an increasing assortment of plants
and animals, it is greatly interested in the promotion of breeding as a science.
Only well-founded theory can enable us, as soon as possible, to achieve the
modification of varieties according to the needs of socialist economy.

We do not reject the conception of breeding as an art, but to insure cer-
tainty, speed and preeminence in the essential tasks we need a well-worked out
theory of practical breeding procedure. Scientific bodies cannot rely upon
intuition merely hoping to achieve success by chance. A solid scientific founda-
tion is needed so that work may be properly regulated and have a definite aim.

Of what does breeding as a science constst?—Many authors abroad and at
fiome thought, and still think, that breeding is identical with genetics.

Barteson, who in 1906 introduced the word “genetics,” defined its mean-
ing in the twelfth edition of the Encyclopaedia Britannica, published in 1922.
Genetics, he said, is the science of heredity and variation and the study of
selection. In the Latin countries, as for instance, Italy, Spain, and all the
South American states, plant breeding is called genetics and plant breeding
stations are known as institutes of genetics. According to many authors plant
hreeding is the application of genetics to practical ends. The plant breeding
text book written by D. F. Jones, the American plant breeder, is entitled:
Genetics in Plant and Animal Improvement. In the opinion of many authors,
breeding methods are based on genetic principles. A publication devoted to
breeding in America is called the Journal of Heredity. The sub-title of the
German publication, Der Ziichter, describes it as a journal of theoretical and
applied genetics. One of the most widely used text books on breeding in
America, that written by Barcock and CLAUSEN, is called Genetics in Rela-
tion to Agriculture. Some authors consider that the word breeding should be
replaced by the term “‘special genetics,” by which is.meant the genetics of par-
ticular species of plants and animals. By a historical process, the progress of
scientific breeding, natural specialization and the development of branches di-
rectly associated with practical plant and animal breeding inevitably leads to
the segregation of breeding as an independent science.
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The basic principles of genetics embodied in the study of heredity and
variation, as well as several principles of cytology, form one of the chief com-
ponents of breeding, although they are not synonymous with it. The science
of breeding is the study of producing varieties for human needs.

Genetics 1is paramountly concerned with the problems of genes, variation,
heredity, sex, and questions of phenogenetics, both of plants and antmals. As
a theoretical science, it searches for appropriate material with which to experi-
ment. Hence its preoccupation, both in the past and in the present, with the
most convenient object for investigation, the Drosophila of classical experi-
ments, with which the outstanding discoveries of modern genetics have been
made.

As a science, the scope of breeding is defined by the necessity for obtaining
practical results, for concentration upon the improvement of domesticated ani-
mals and crop plants, and for embracing every aspect of their biological, physio-
logical, biochemical, and other characteristics, while at the same time devoting
the greatest share of attention to the individuality of the particular object under
investigation.

Since, in part, they treat of heredity and variation, certain parts of genetics
and breeding interpenetrate. Breeding makes use of the laws of heredity dis-
covered by genetics; genetics draws on the data of breeding in order to in-
corporate them into generalizations. In its earliest stages genetics is naturally
bound up closely with breeding theory. The investigation of genetical and
breeding problems, the marked advance of knowledge generally of the sub-
ject, the blossoming of genetics in the last decade consequent upon discoveries
in cytology, and the extensive breeding activity which accompanied it, all tended
to bring about its branching off into separate sciences, a development which the
listory of science shows is usual.

It must not be supposed because investigators work simultaneously both
in breeding and genetics, and breeders require a knowledge of genetics, that
these two spheres of discipline are of necessity inseparable. Their divergence
has, in fact, become real enough in the course of research, and must be reckoned
with both in theory and in practice. .

Evolutionary principles permeate the whole science of breeding. In effect
breeding is man’s interference in the morphological formation of animals and
plants; in other words it is evolution directed by the will of man.

The word selektsia (“breeding”) derived from the Latin seligere, to select,
or in a wider sense, to study selection, conveys as clearly as possible the nature
of the scientific system called for. This word perhaps has a truer claim to uni-
versal recognition than, say, the French description “amélioration des plantes
cultivées et du bétail,” or the German word “Ziichtung,” which literally means
breeding ; rearing; growing ; cultivation. The English term “plant or animal
breeding,” which is the equivalent of this German word, is no hetter. In many
of the Latin countries, where research work is still in its earlier stages, breed-
ing, as we have already mentioned, is translated by the word “genetics.” To
our way of thinking, the Russian word for breeding, that is the study of selec-
tion in the wider sense, defines with sufficient exactitude and embraces in its
entirety, the general content of that system which we have in mind. The pro-
duction of new varieties and ‘“‘selection” involves more than variability and
heredity. Selection necessitates the consideration of original material and of
the physiological, biochemical, and other varietal differences as well as the com-
plex process of segregation and creation of desired forms. The study of
selection has acquired a wider meaning in the period that passed since DarRwWIN
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gave to his classic work the title On the Origin of Species by Means of Natural
Selection.

In the general classification of science, breeding is related to biology and
borders on many branches, borrowing something from each of them, particu-
larly from genetics. The well known text book of animal breeding by KarL
KRONACHER is entitled Die Grundziige der Ziichtungsbiologie. By virtue of its
practical aims, its specific nature, and, above all, the demand made upon it for
economic results, breeding is compelled to be a science in itself. Because of
the extent of practical knowledge of the subject increasing from year to year
and the exclusively practical value of it in pedigree animal and plant produc-
tion, breeding has, of necessity, become a special department of knowledge.
So vast is the scope of classified knowledge which constitutes the study of
plant and animal breeding that it has to be treated separately as a special branch
of science. Breeding has developed its own methods, the methods based upon
the principle of pure lines and that of inbreeding.

According to our interpretation the science of plant breeding consists of the
tfollowing sections:

1. The study of the potentials of original varieties, species, and breeds (the
phytogeographical basis of breeding).

2. The study of inherited variability (laws governing variation, the study
of mutations).

3. The study of the effect of environment on the emergence of varietal
characters (variety and environment, the influence of particular factors of
environment, the study of the stages of plant development and its application to
breeding). :

4. The theory of hybridisation of closely and remotely related forms.

5. The theory underlying breeding practice (self- and cross-pollination,
vegetative and apogamous reproduction of plants). R

6. The study of the chief aims of breeding: immunity from disease, cer-
tain physiological characters (winter-hardiness, resistance to drought, photo-
periodism), properties useful for industrial purposes, and chemical composition.

7. Special breeding—Dreeding of particular crops.

Such, in outline, is the substance of the study of plant breeding. It will no
doubt in the future be necessary to increase the number of sections.

The foregoing enumeration of the constituents of the science of breeding
shows the relationship which it bears not only to genetics but also to systematics,
geography of plants, biology of flowering, cytology, ecology, biochemistry,
physiology, and technology.

As supplementary to the study of a general nature, the great importance of
individuality of aim, of specificity, calls for investigation of the breeding of
particular species of animals and plants.

In reality, breeding is a development of evolutionary studies. It provides
an experimental basis for the evolutionary process. A bred variety is the re-
sult of man’s interference with the nature of growth. Hence breeding is a
significant link in evolution controlled by man. If Darwin largely based his
theory of evolution and natural selection on data provided by the practice of
breeding as an art, more important still must hecome the practice of breeding
as a science, indispensable for explaining the evolutionary process. Thus, in
the course of their actual work research workers in breeding cannot avoid the
problems of evolution. As the science of hreeding progresses it will strengthen
their control over the living organism, and will confer upon them a powerful
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means for modifying the inherited constitutions of these living organisms ac-
cording to their desires.
* * * * *

Unlike the fundamental sciences such as chemistry, physiology, botany and
zoology, breeding, regarded as a scientific system is complex to a high degree:
it borrows from general science, methods and laws of plants and animals and
subjects them to a detailed study appropriate to the aims of breeding down to
the individual variety. In controlling heredity it relies wholly on the findings
of genetics, cytology, and embryology, while in the study of breeding technique
it depends upon the biology of flowering, physiology, chemistry, technology,
phytopathology, entomology. But the definition of breeding as a science rests
chiefly on the fact that because of its complexity it not merely selects certain
parts of other sciences but transforms and differentiates them to an extent
necessary for the achievement of its aim: the production of a new variety. On
the basis of discipline it works out its own methods, and establishes a regular
procedure which the formative process follows in the creation of new variety.

Because of its youthfulness as a science, and its dependence on other sci-
ences, breeding is subject to change. It is still in process of formation—in statu
nascendi. Yet in spite of this, it already has methods of its own ; and some are
peculiar to it such as those of the differential systematics of species, pure lines,
and inbreeding. Many of the fundamental ideas of modern genetics have in-
deed been worked out by breeders as, for example, polymery and the inheritance
of physiological characters.

If we take into account the considerable amount of potential knowledge on
the subject, then breeding as we interpret it, the study of the control of the
heredity of organisms, is a science in formation, a science of the future, thus
differing from those sciences which are already fully formed.

The dependence of varieties on environment and the impossibility of divorc-
ing them from it, requires that they be studied under certain definite conditions.

’ * * * * *

The question of environment and the interaction of the organism and the
environment is one of the most important branches of breeding.

Let us pause here to examine in some detail the main sections of breeding
as regards their statics, .e., their condition at the present time, and the dynamics
of the formation of the theory of breeding.

In order to control organisms when breeding, knowledge is particularly
necessary of their individuality, of the species and breeding potentialities of
the object under investigation, and of the ranges of morphological, physio-
logical, quantitative and qualitative variations within the species itself. It is
also necessary to know wherein lie the potentialities of the species, and what are
the genetical relationships within a given group. A differential interpretation
of species is called for, involving the application of modern methods, including
those of cytology, anatomy, physiology, biochemistry, embryology, and pathol-
ogy. The study of original material, and of the origin of cultivated plants, are
fundamental requisites of the science of breeding.

While in the botany and plant systematics sections these requisites are of
an entirely general character, in breeding they have a definite and special
content. It is not accidental that in regard to such sections breeders are apply-
ing methods similar to those of differential systematics and the geography of
plants. In this sphere there is abundant scope for work of such importance
as would serve even the highest aims of the plant breeder. As a rule, in the
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past, he dealt with parts of species ; the near future holds promise of a synthesis
of scientific knowledge that will throw light on the range of variation within
the species, the systematics of species, the extreme variants, and the range of
physiological, chemical, and other properties. As a result of the investigation
which we have begun along these lines in recent years, it has been clearly dem-
onstrated that the old ideas which were concerned with fragments of species
and the incidental material with which breeders worked, must be changed at
the root. From now on the basis of scientific breeding should consist of phyto-
geographical information relating to varietal potentialities of species and breeds.

Such a basis, together with the application of the differential method, would
provide a starting point for breeding investigations.

The second section is the study of variation, while the third section deals
with the interrelationships of the environwment and heredity of the organism and
external conditions or, to be more precise, the study of the genotype and pheno-
type, according to the theories of JomaNNSEN. This section is concerned with
the study of mutations and their application to breeding, of the laws and in-
heritance of variability, of quantitative and qualitative characters, and of the
range of variation. The distinction in principle between the gene and outward
character has already been made clear by modern genetics. Yet in the past
breeders did not allow for modifications of the phenotype by envirenment.
They did not reckon with the possibility of imminent great changes in environ-
ment resulting from extensive use of chemical fertilizers, irrigation, and ver-
nalization. The last mentioned, vernalization, might radically alter the pheno-
type even to the extent of changing perennials into annuals, and late varieties
to early, with corresponding modifications of characters.

Outstandigly importance has become attached to the study of the influence
of individual Tactors and combinations of factors on separate stages of develop-
ment, both of individual plants and different varieties. Variety physiology
should be studied in the near future.

The fourth section consists of the theory of hybridization, which has been
brilliantly expounded on the basis of MENDEL’S laws and MoRrGAN’S chromo-
some theory of heredity.

In this section the science of breeding is especially near to genetics. It
borrows largely from genetics, which has itself been very largely worked out
by breeders. In regard to breeding the theory of hybridization should be ren-
dered more amenable to practical application than is possible in a general course
of genetics. It should be emmphasized that breeding should pay particular at-
tention to quantitative, physiological, and economic characters. As a science
of the future, it should also embrace a complete study of pairing, in other
words, of the correct choice of components for crossing. So far this branch
has been hardly touched by modern genetics. The theory of hybridization
should place at the disposal of the breeder formulae more directly applicable
than any hitherto known, but it will only be able to do so after a large planned -
investigation of a variety of subjects, both analytical and synthetical, has been
undertaken. Hitherto, to a large extent the breeder has paired fortuitously.

Not less thoroughly, having in view as a definite aim the creation of econom-
ically useful varieties, the study of interspecific and intergeneric hybridization
should be carried out.

The next section is called the theory underlying breeding practice: it is con-
cerned with the study of the principles involved in working with various types
of plants: self-pollinating, cross-pollinating, intermediate, and others. This
section includes systematized information on the biology of flowering and fruit
formation. Thus it deals with the most important aspects of plant breeding.
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The chief cultivated plants should be studied in the near future in regard to
flowering, apogamy, and the manifestation of self-sterility and self-fertility.
Included in this study is a wide range of ecological-geographical material, and
also the diversity of biological types to be found within one and the same species.

It is essential that all these sections, the general outlines of which are
touched upon by botany and biology, be differentiated with regard to the breed-
ing of various groups of plants.

A theoretical elaboration of the method of inbreeding is particularly neces-
sary, both by producing new forms as a result of the propagation of close rela-
tives and the creating, within the shortest possible time, of true breeding types
of cross-pollinating plants. This section throughout calls for investigation, by
means of experiment.

The sixth section consists of the study of breeding with specific atms n
view: chemical composition, properties desirable for industrial purposes, physio-
logical properties, and immunity from disease.

This section is intimately bound up with physiology, biochemistry, technol-
ogy, phytopathology, and entomology.

In spite of its exceptional importance to breeding, which is inseparable from
econoniic needs, it has so far been little studied.

Having enumerated the foregoing branuches, we should next consider the
range of varietal diversity within the species under investigation, and deter-
mine the breeding possibilities of the chief characters such as, for instance,
resistance to drought and cold, and chemical composition in its effect both on
quantity and quality. It is particularly necessary to demonstrate the laws
governing the manifestation of variation in these characters, When studying
the process of segregation in hybridization, special attention should be paid to
the range of differénces which show themselves in certain characters.

The knowledge which exists in regard to some items of this section is so
scattered and inadequate as to preclude the formation of anything like a sound
theory. Ahead lies colossal labor in the spheres of the biochemistry, physiology,
and technology of varieties.

Such spheres, bound up as they are with breeding, will no doubt provide
the main branches of the science with facts of exceptional value. A differential
knowledge of varieties will afford a real insight into the physiological and bio-
chemical aspects of plants. Equally certain is it that cooperative work on the
part of physiologists, biochemists, and breeders will enrich physiology and bio-
chemistry. An example of this cooperation was the discovery of vernaliza-
tion—one of the most powerful instruments of modern plant physiology—made
during work on varieties at a plant breeding station.

In the near future we shall no doubt be able {o perceive system and regu-
larity where hitherto there has been chaos and obscurity. At the present time,
as a result of the mutual exchange of methods, very fruitiul work is being
done at the points of contact between different sciences, on the borderline be-
tween spheres of knowledge. Some of the chief biological investigations, ex-
tending over a period from DarwIN's theory of evolution to the mutation
theory of DE VRiEs, have been rendered possible by freely drawing upon data
made available by plant breeding.

A distinguishing feature of the science of plant breeding is its complex ap-
proach to the plant, involving various methods of investigation. Furthermore,
physiology, biochemistry, and technology are closely connected with plant breed-
ing, which is not only a science, an evaluator of varieties, but something more,
a means of revealing the differential of species of the chief crop plants in order
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to demonstrate laws governing the morphological formation of the chief physical
and chemical characters.

The connection between breeding on the one hand and genetics, physiology,
ecology, biochemistry, systematics, and plant geography on the other, reveals
new, peculiar, and specific aspects of these sciences. By incorporating their
tried methods breeding endows such sciences with new content.

To a certain extent breeding is to genetics and other sciences what medicine
and technology are respectively to biological and physico-chemical sciences.

Special breeding, that is the breeding of particular plants, consists of the
study of the individuality of the plant, its differential systematics and geog-
raphy, its biology of flowering and fruit formation, and its ranges of variation
in all the chief characters. In order to comprehend his material, the breeder
should study it in its historical and geographical relationships, and should seek
to explain the differentiation of the most important characters in their inter-
action with environment. Knpwledge must be obtained of the specific char-
acters of the plant and the apg@ficability of various methods of breeding. We
would not be justified in regarding this section as equivalent to special genetics
or, in particular, to modern genetics which is based on the study of an insignifi-
cant number of characters in only a few varieties. It should be based wholly
on phytogeographical differential knowledge, due consideration being given to
physiological, chemical, and technical characters of varieties, their immunity
or susceptibility to disease, and their reactions to environment at the various
stages of their development.

Such approximately is the outline of what constitutes the science of plant
breeding, according to our understanding at the present time. The scope of
the real knowledge, of which the study of the subject consists, is sufficiently
wide to justify specialization. Already breeding has its own methods. A host
of examples of variability within varieties, morphological, biochemical and
physiological may now be reduced to order and systematized. As a consequence
of all these considerations, it is permissible to segregate breeding as a special
science. ,

It is not a question of status; the essence of the segregation of plant breed-
ing as a science in itself lies in the fact that it was raised to a new level by the
formulation and crystallization of knowledge which increased its powerful-
ness as a weapon in the struggle against nature, and enabled the plant breeder
more actively to participate in the great work of socialist construction.

The working out of plant breeding theory will doubtless necessitate the ad-
lition of new sections, and its development will inevitably lead to that of other
siological and agricultural sciences. A great amount of collective effort, or-
zanized according to a definite plan, will be needed in order to render more
concrete the sections and chapters enumerated. The progress of practical
dlant breeding during the last thirty years provided the stimulus for bringing
wbout its separation into a science on its own account, but that achievement is
10t sufficient.

The need for scientific discipline in plant breeding has never been so acute
15 it 1s in our country, with its socialist structure designed for clearly defined
iims, its unlimited horizon of work and its enormous body of research work-
:xrs.  Only a maximal, concrete productive theory will suffice for the strong
srganization which has been built up, and still continues to develop, in connec-
ion with our plant breeding activity. The large number of plants with which
we have dealt and on which breeding work is proceeding, calls for differential
:nowledge. But at the same time and to no less extent, the general synthetic
study of breeding and the dialectical unity of theory and practice, especially
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under conditions of socialist economy, necessitates that the Soviet state shall
call upon breeders to meet in the shortest possible time the chief needs of va-
riety seed and pedigree livestock production, and provide the prerequisites for
the creation of a sound theory.

The vast scale on which breeding is conducted, its industrialization, its need
to conform to the requirements of socialist industry, all demand the formula-
tion of such a theory. At the same time the vast scale of the work which it is
doing provides unique opportunities for harmonizing theories in the course of
experience and observation.

We are interested in the study of underlying principles of all aspects of
general genetics: the problems of the gene, the theory of mutation, the theory
of hybridization, and the problems of genetics. We are persuaded that more
thorough research will afford fresh stimulus to breeding. On the strength
of this conviction, laboratories for the study of genetics are being established
at our breeding stations. At the same time general genetics will itself derive a
strong stimulus from the practical work of breeding. That such a promise will
be fulfilled is shown by the history of the theory of evolution——of genetics it--
self. Within the shortest possible period the science of breeding must advance
through a whole series of upward stages to a level immeasurably higher than
that on which it rests today. Only by working out a theory of breeding will
the investigator be able to achieve real control over the organism—the ultimate
aim of modern biology.
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1. Local Varieties and Their Significance:— The varieties of cultivated
plants grown in the different regions of the Soviet Union until recently were
varieties introduced from various localities and countries, and were inseparable
from human migration and colonization. The list of cultivated plants reflects
the history of our country in its recent past, it shows the effects of individual
peasant farming. In the separate groups and varieties of plants one can trace
the routes by which they were brought from Western Europe, the United
States, Asia Minor, Mongolia, and Iran. In the pre-revolutionary period, the
introduction of new varieties in our country was haphazard. Beginning with
the eighteenth century, individual amateur growers and societies unsystemati-
cally introduced new varieties from abroad. Sometimes these new varieties
were quite valuable but because of the vastness of our country and the com-
plete absence of any state-planned system of plant introduction, the imported
varieties usually restricted themselves to very limited areas and disappeared.

It may be considered that pedigree seed production, in the real meaning
of the term, did not exist in our country before the October Revolution. We
have just begun a planned distribution of varieties in accordance with the needs
of our large-scale socialized and mechanized agricultural economy.

Yet, there is no doubt that the varietal materials which were introduced
i our country and cultivated for decades and centuries were subjected to
natural selection, and also to deliberate or casual artificial selection, and that
some local varieties evolved that were ecologically adapted.

The proximity of the Soviet Union to the basic centers of origin of numer-
ous cultivated plants facilitated the selection of exceptionally valuable forms.
Certain crops such as fiber flax, and some varieties of wheat, rye, clover, and
timothy, are represented in our country by excellent local varieties. Our in-
vestigations on flax, for instance, have shown that the northern varieties of
fiber flax found in the European part of the Soviet Union occupy first place
among the varieties of the world. The local Middle Eastern and Transcauca-
sian varieties of wheat, barlev, forage grasses, grapes, and fruit trees consist
of valuable original adapted forms which will require great care in breeding
in order to retain all the valuable properties they already possess.

The concept of “local variety” is actually very relative; it usually embraces
both old varieties which had undergone natural selection during decades and
even centuries, and accidental varieties which have been but recently introduced
and which have lost their original character, original names, and pedigrees. A
great many of the so-called local varieties come within this category.

In appraising local material for breeding purposes, a very important fac-
tor is the presence or absence of a diversity of hereditary forms. In this
respect different plants and varieties, grown in different environments, vary
greatly. Under some conditions the local assortment is represented by hetero-
geneous populations consisting of many forms differing from one another
morphologically and physiologically. In other cases, the local varieties con-
sist of populations of uniform physiological and morphological characters.
When, as frequently occurs in Transcaucasia and in cen Asia, the local
materials are heterogeneous, they afford the greatest possibilities for breeding.
For example, plantings of millet in southeast European Russia consist of
heterogeneous populations ranging up to a dozen botanical varieties. Yet,
frequently the so-called local varieties are very uniform, having resulted from
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uniform varieties which were introduced from other parts of SSSR or abroad
some time previously and which have lost their names, "

It is natural that the first step in breeding should be the maximum utiliza-
tion of local materials, the segregation of their most productive and valuable
forms. The success of breeding in our country in recent years has been chiefly
hased on this segregation of the most valuable forms from local populations.
Our best varieties of winter and spring wheat, rye, flax, and barley, produced
in recent years by our breeding stations, are chiefly the result of selection from
local varieties. In their work with old crops the newly established breeding
stations must first of all devote their attention to the investigation and the
utilization of local varieties.

In beginwing practical breeding work it is paramount to become well ac-
quainted with the potentialities of local materials. These should serve as a
starting point for the subsequent improvement of wvarieties. In all breeding
stations, there should be special seed plots for the preservation of all valuable
local materials.

2. The Significance of Material Introduced from Abroad or Brought
from Other Regions of SSSR:— However, the procedure is very different
when the problem concerns the breeding of new varieties for a region where
the crop in question has not been previously cultivated. In this case, attention
should be concentrated on securing the most interesting and valuable materials
to work upon.

It can be emphasized that all the achievements of Canada and of the United
States in their great expansion of the cultivated areas of wheat, barley, oats,
rye, forage, and fruit crops are based on an introduction of suitable varieties
from our country, from India, and from Western Europe. The winter wheat
grown in the dry regions of the United States is the product of varieties im-
ported from our southern regions. In recent years the greatest progress has
been made in the United States, Canada, and Argentina by crossing very dis-
tant geographic races introduced from Europe, India, and China. The suc-
cess of noted breeders, such as I. V. MicHURIN, BUrRBANK, and HANSEN, is
chiefly based upon their use, in crossing, of extensive varietal materials from
foreign countries. The history of breeding clearly shows that the great achieve-
ments of the past decade have resulted from the use of breeding materials
introduced from distant regions. This can most easily be seen in the cases of
Canada, the United States, Australia, Argentina, and South Africa, which
acquired all their breeding materials from other countries, but this was also
true of countries that also had their own valuable local materials. Sweden, for
instance, has greatly improved her local wheat varieties by crossing them with
the English “Squareheads.” This is also true of France. Germany, in the
last decade, has introduced breeding materials from many countries, for which
purpose special expeditions were sent to Asia Minor, South America, Afghanis-
tan, and India.

It is difficult to imagine our existence today without such crops as the sun-
flower, corn, potato, tobacco, and Upland cotton, all of which were imported
not long ago from America. In relation to new crops, special attention should
be given to a well planned system of plant introduction, because the success or
failure of new crops is inseparably bound up with the varieties originally
chosen.

The new conditions created by the socialization and mechanization of our
agriculture have put new qualitative demands upon our plant varieties such
as resistance to shattering of the mature grain, resistance to lodging, and
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adaptability to mechanized harvesting. Our local varieties have to be revalu-
ated in accordance with the new demands.

Moreover, however valuable our local varieties are ecologically, they are
vet far from ideal. The spring wheat varieties of the regions of Volga,
Ukraine, and western Siberia which have undergone centuries of natural selec-
tion still suffer from drought.

The winter wheat varieties, even in the chief regions of cultivation, often
are killed in cold winters.

Thus, the necessity of a radical change in varieties to correspond with the
conditions of our rigorous continental climate, and the new demands of our
socialized agricultural economy, makes it of utmost importance to make the
widest possible choice of new breeding materials.

The importance of plant introduction is especially great for our subtropical
regions where all efforts should be directed at bringing in suitable assortments
of plant varieties from abroad.

3. The Theory of Plant Introduction:— Investigations conducted in re-
cent years by the All-Union Institute of Plant Husbandry have demonstrated
a number of principles governing the geographic distribution of the plant re-
sources of the earth, and have greatly helped in pointing out the direction of
search for new plants, new species, new varieties.

The botanical study of the globe is still far from complete. Botanists prob-
ably are acquainted with not more than half of all species of flowering plants in
existence, The vast continents of South America and Africa, India, China,
Indo-China, and Western Asia have been studied but little. There still exist
many regions where botanists have never set foot. According to our most
competent taxonomists, there remain to be discovered hundreds of new species
in our own republics of Transcaucasia and Central Asia.

But from the incomplete data which we now possess on the vegetation of the
earth, the important fact of the geographic localization of the process of spe-
cies formation has been made clear. The geography of plants shows definitely
that in modern times the distribution of plant species on the earth is not uni-
form. There are a number of regions which possess exceptionally large num-
bers of varieties. Southeastern China, Indo-China, India, the Malay Archi-
pelago, southwestern Asia, tropical Africa, the Cape regions, Abyssinia, Central
America, South America, southern Mexico, countries along the shores of the
Mediterranean, and the Near East possess extraordinary concentrations of
plant varieties. On the other hand, the northern countries—Siberia, all of
central and northern Europe and North America—are characterized by a
poverty of varieties.

Central Asia is surprisingly rich in varieties. Within the Soviet Union,
from Crimea towards Transcaucasia and the mountainous regions of Central
Asia through Altai and Tian-Shan, the number of varieties markedly increases.
It reaches its peak in the Caucasus and the mountains and foothills of Central
Asia. Here the number of species is very great for a given area. The con-
centration of species in these regions is ten times greater than in Central Europe
and still greater when compared with the northern regions.

In some parts of the world, the concentration of varieties is remarkable.
Thus, for example, the small republics of Central America, Costa Rica and
Salvador, have areas about one hundredth of that of the United States, yet
they possess a number of species as great as is found in all of North America,
1.e., in the United States, Canada, and Alaska combined.
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In an interesting new paper, entitled “The Analysis of the Flora of Cau-
casus,” Prof. A. A. GrossuHEIM has for the first time indicated exactly the
regions of Transcaucasia which possess the greatest diversity of species.

In searching for new useful plant species, both here and abroad, one should
keep in mind the locations which possess the greatest wealth of species and
pay special attention to these locations. Thus, for instance, in spite of num-
erous expeditions in search for it throughout Central Asia and Kazakstan, the
famous rubber plant, Tau-saghyz, has been found only on the mountain range
of Kara-Tau in Kazakstan, a locality which possesses a rich endemic flora.
Another remarkable rubber plant, Kok-saghyz, was found along the Chinese
frontier, on Tian-Shan, which also has a rich variety of species. Krym-saghyz
is found in Crimea and originated in Mediterranean countries which have an
exceptionally rich flora.

Our investigations of recent years have clearly revealed the locations or,
as we prefer to call them, the centers of species formation, of the most im-
portant cultivated plants of our present time. We have naturally directed
most of our research toward the varietal resources of those crop plants which
are most important to our country.

Within the past decade, in accordance with a unified plan, the Institute of
Plant Industry has conducted extensive and systematic geographical investiga-
tions of a great number of species of crop plants. These investigations have
leen primarily concerned with field, vegetable, and fruit crops and their wild
relatives. Our attention has been concentrated on the intraspecific composition
of particular plants and on the botanical study of the varietal composition of
certain Linnaean species.

The study of several hundred cultivated crops conducted by a large body of
scientific workers has led us to a conception of the Linnaean species including
the cultivated plants, as a definite heferogeneous system. As we interpret it,
the species represents a more or less distinct heterogeneous and variable morpho-
thysiological system, the origin of which is associated with o particular environ-
ment and area.

The study of several hundred species showed an absence of monotypic
species, 4.¢., those consisting of only one definite race or one distinct botanical
form. All species were found to be composed of large or small numbers of
hereditary forms (“Jordanons” and genotypes).

A detailed study of variability within species showed from the very outset
an underlying principle, manifested in a striking parallelism in the heritable
variability of closely related genera and species—a resemblance between many
hereditary forms representative of them. This fundamental law we have called
the law of howmologous series in inherited variation. The formulation of this
law gave an impetus to all our research work on varieties, because it showed
numerous missing lnks in the taxonomic systems of cultivated plants and their
related wild forms. Theoretically, these links must either exist in the present
or have existed in the past. The question naturally arises: tn what regions
must one seek for these absent links? Thus we have come back to the old prob-
lem of the origin of cultivated plants, but with new and definite aims. The
solution of the problem of origin of cultivated plants is in mastering the genetic
potentialities of cultivated plants.

It has become clear to us that botanists knew very little about cultivated
plants. As we went deeper into the study of heritable variability, new possi-
bilities of varietal forts continued to open before us. The question arose:
what are the varietal plant resources of the world?
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During the last ten years the Institute of Plant Industry, proceeding on a
definite plan, has conducted a large number of expeditions both within the
limits of the Soviet Union and abroad.

The location of the principal geographic centers of origin or formation of
cultivated plants was established by us with the aid of the dlﬁ’erenual phyto—
geographic method. It consists of the following:

1. A strict classification of the plants studied into Linnaean species and
genetic groups based on systematics, morphology, genetics, cytology, and im-
munology.

2. The location of the original areas occupied by these species in the past,
when communications were more difficult than at present,

3. A detailed determination of the composition of botanical varieties and
races of each species, or of the general system of hereditary variation within
species.

4. Determining the regions and countries wherein occur the heritable forms
of a given species and the geographic centers where the basic varieties are con-
centrated. As a rule, in the original centers are found numerous endemic
varietal characters. In cases when the endemicity of a given group is of an-
cient origin (paleo-endemicity), it may embrace not only characters of species
and varieties but also those of whole genera of cultivated plants. This is often
the case.

5. In order to establish more exactly the centers of origin and initial forma-
tion of varietal forms, it is also necessary to determine the geographic centers
of origin of varieties of closely related wild and cultivated plants.

6. The original centers often contain a large number of genetically domi-
nant characters. In the general scheme, as shown by a study of the geography
of cultivated plants, recessive forms, resulting from inbreeding and mutation,
are found mostly at the periphery of the ancient basic areas of the cultivated
plant species and also in isolated regions (on islands and in mountainous
regions).

7. Finally, a confirmation of the phyto-geographic differential method may
be found in archeological, historical, and linguistic data, but, on the whole,
these data are too general for practical needs which require a concrete and
exact knowledge of species and varieties.

It is essential to differentiate between primary and secondary centers of
varietal ongm Cases are known in which the present large number of varieties

comprising a species is the result of a union of two or more species or of their
hybridization. For instance, Spain contains an exceptionally large number of
varieties and species of wheat—due to the general geographic location, the
mountains, and the history of this country. However, the total number of
forms actually means very little because, as shown by direct analysis, the num-
ber of subspecies within the limits of separate species found in Spain is very
small compared to the number found in the real centers of initial formation of
these species. The great variety of wheats in Spain is explained by the intro-
duction of many species from different centers.

The application of this complex method naturally has required the collec-
tion of enormous quantities of material, and knowledge from all parts of the
world. But as a result, we have data concerning the potentialities of the
morphological and physiological properties within species which are indispen-
sable for breeding work and genetic studies; it also gives us a sound approach
to the knowledge of the dynamics of the evolutionary process.

U S »
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Genetic investigations have shown that external uniformity sometimes con-
ceals a great variety of genetic potentials. For instance, in crossing the rela-
tively uniform Afghan Mountain peas with the extremely recessive cultivated
European varieties it was found that under the external uniformity of the
original Afghan varieties there was hidden a great number of genes which,
after hybridization with the extreme FEuropean recessives, brought out the
diversity of cultivated forms (L. I. Govorov).

Natural mutations and hybridization in secondary centers of origin may
give rise to new forms which are often of great practical interest to the plant
breeder. In our work with flax, for instance, we discovered that at the periph-
ery of the area of origin of flax there separated out forms of special prac-
tical importance to the breeder because of the height of the plants, the type of
branching, and the quantity of fiber. The winter-hardy wheat varieties are to
be found, for the most part, not in the primary endemic areas but at the limits
of cultivation, in high mountainous regions, or in the north. In some cases, as
shown by genetic research, this fact is connected with the recessive nature of
the character of winterhardiness in many varieties. Of exceptional interest
are new recessive forms of waxy corn and waxy beans which have arisen in
China after these American plants were transplanted from the New World
to the Old.

Finally, of great importance is the use, for parental materials, of the new
hybrid forms created by the plant breeders of the world. While utilizing ma-
terial found in the basic primary centers which contain an enormous reserve
of new and valuable genes, it is at the same time necessary to make the fullest
possible use of materials found at the peripheries of plant cultivation, especially
the products of the latest breeding in various countries.

The large amount of work performed during recent years in the Soviet
Union by the collective efforts of the Institute of Plant Industry in the com-
prehensive study of the varietal resources of the world for the most important
economic plants, based on the colossal amount of newly-collected materials,
has fundamentally changed our conceptions of the varieties and species com-
posing our economic plants. Even in such crops as wheat, potato, corn,
legumes, rye, and flax, which have been bred for decades, we found enormous
untouched varietal resources in the primary centers of their origin, in ancient
agricultural regions in the mountainous sections of central and South America,
southern Asia, and Abyssinia. Soviet scientists have discovered almost one-
half of the new species of the most important cultivated plants and a great
number of new varieties previously unknown to science. In the case of certain
plants such as the potato, the newly discovered species and varieties literally
revolutionized our conception of the source materials.’

In wheat, we have rediscovered three-fourths of the new botanical varieties
and half of the new species. An exceptional wealth of genes has been discov-
ered in wheat and in barley growing in Abyssinia, in the tiny area devoted
there to agriculture. Here is concentrated a remarkable diversity of varieties
of this, the most important bread grain of the earth. An enormous number of
new varieties of wheat and other crops have been discovered in Afghanistan,
Turkey, and northwest India.

We have located the regions of maximum concentration of primary di-
versity for the species and varieties of cultivated plants. It was ascertained
that a considerable number of the cultivated plant species had remained within

1See S. M. Bukasov: [Revolution in the breeding of the potato.] All-Union Institute
of Plant Industry, Leningrad, 1933.
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the confines of this ancient primary center of origin. Dozens and even hundreds
of species of cultivated plants are still indigenous to the regions where they
had first been cultivated and where they had remained undisturbed by European
explorers until the present time, This localization is especially striking in
Central and South America where the primary centers of origin of economic
plants are very restricted in area. Tt is also true of southern Asia. One of the
nost interesting regions of origin of forms and species of wheat and rye and
particularly of fruits is our Transcaucasia and the adjacent regions of north-
west Iran and northeast Turkey.

Here the process of species formation in such plants as wheat, alfalfa,
pear, almond, and pomegranate is strikingly in evidence. It seems that one
can trace here, in statu nascendi, the process of segregation of species and of
larger genetic groups of these plants.

We have even succeeded in locating accurately the basic areas of origin of
the primary species for such plants as wheat, barley, corn, and cotton, plants
which have long since been distributed far and wide over all continents.

We have defined, with comparative exactness, the locations of the primary
regions, which we have called the centers of origin of the species and variety
potentials for several hundreds of plants, including all those of economic im-
portance (but excluding ornamentals and park plants). In these regions are
often found the closely related wild species of the plant in question, but not in-
variably. For some plants, such as corn, no original wild species have yet been
discovered.

Our early efforts were to study the more difficult plants, such as wheat, rye,
barley, corn, and cotton, which are at present widely cultivated throughout the
world, and which have long since spread beyond the centers where they were
first cultivated. For such plants, it would be superficial to consider only the
area for the entire species, not including the varieties and types of which they
are composed. In order to solve the question of location of their origin, it is
necessary to employ the differential geographic method which has already
brought to light a great quantity of new varieties and new characters, and the
discovery of new species of wheat. Of these new species many were found
to be localized within very narrow confines and were first discovered by Soviet
expeditions to Abyssinia, Armenia, Georgia (SSSR), and Turkey.

With the study of new plants we often discovered coincidences in areas of
origin for many species and even genera. In a number of cases we have found
identical areas for dozens of species. Our geographic studies have demon-
strated entire independent cultivated floras indigenous to certain regions.

4, World Centers of Origin of the Most Important Cultivated
Plants:— In summarizing the work of the numerous expeditions conducted by
the Soviet plant investigators in Asia, Africa, southern Europe, and North
and South America, including a total of 60 countries and the entire Soviet
Union, together with the detailed comparative study of enormous amounts of
material of new species and varieties, we have located eight independent centers
of origin of the world’s most important cultivated plants. The task is not yet
finished ; we still know too little about southeastern Asia and we need to make
a number of additional expeditions to China, Indo-China, and India in order to
locate more exactly the centers of primary origin of cultivated plants and to
obtain new materials, However, we can speak, with a degree of exactness
that was unthinkable ten years ago, of eight ancient main centers of origin of
world agriculture or, more exactly, of eight independent regions where various
plants were first cultivated. In our earlier works we had limited ourselves to
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defining centers of original agriculture, using but a few chief plants as indica-
tors. We then lacked data for a comprehensive study of the subject. In the
present work we have attempted to give as complete an enumeration as pos-
sible of cultivated plants indigenous in the different centers of origin. We have
heen compelled to make some important corrections in and additions to our
original enumeration which was first formulated in our book “Centers of
Origin of Cultivated Plants,” published in 1926. Most of the expeditions and
the largest amount of work on the study of the world’s plant resources have
heen accomplished between the years 1923-1933. We shall now consider the
separate centers of origin.

I. The Chinese Center of Origin of Cultivated Plants.— The earliest and
largest independent center of the world’s agriculture and of the origin of culti-
vated plants consists of the mountainous regions of central and western China,
together with the adjacent lowlands. The following is a list of the chief endemic
plants of this center, with the exception of ornamentals.?

CEREALS AND OTHER GRAINS :—

1. Panicum wmiliaceum L.—Broomcorn millet,

2. Pantcum italicum L.—Ttalian millet.

3. Panicum frumentaceum Fr. and Sav.—Japanese barnyard millet.

4. Andropogon sorghum Brot—Kaoliang.

5. Awvena nuda L.—Naked oats of large size. (Secondary center of origin).

6. A group of endemic hull-less, awnless barley varieties—(Hordeum hexastichum 1.).

7. Groups of waxy maize varieties, Zea mays L.—(Secondary center of orlgm—typlcal
recessive forms).

8. Fagopyrum esculentum Moench.—Buckwheat.

9. Fagopyrum tataricum Gaertn.—Tartar buckwheat.

10. Glycine hispida Maxim.—Soybean.

11. Phaseolus angularis Wight—Adzuki bean.

12. Phaseolus vulgaris L.—Bean. (Recessive form; secondary center).

13. Vigna sinensis Endl. subsp. sesquipedalis Piper—Cowpea. (Secondary center).
14. Stizolobium hassjoo Piper and Tracy—Velvet bean. (Eastern Asia and Japan).

BAMBOOS :—

15. Phyllostachys puberula Munro, P. quilioi A. and C. Riv., P. bambusoides Sieb. and
Zucc, P. edulis A. and C. Riv., P. nigra Munro var. Hononis Makino, P. reticulata C.
Koch, P. mitis A. and C. Riv. (this species is most frequently used as food), and other
species.

16. Arundinaria simonii Riv., A. nitida Fr. Mitf., and other species.

17. Bambusa mitis Poir., B. vulgaris Schrad., B. multiplex (Lour.) Roensch, B, spinosa
Roxb., B. senanensis Franch. and Sav., and other species.

THICKENED TAPROOTS, ROOT TUBERS, BULBS, AND AQUATIC PLANTS USED AS FOOD :—

18. Dioscorea batatas Decne, D. japonica Thunb.—Chinese yam.

19. Stachys sieboldi Mig.—Chinese artichoke.

20. Raphanus sativus L. raphanistroides (Makino) Sinsk—Radish. Wild and cultivated
in enormous diversity of forms.

21. Brassica rapa L. rapifera Metzg.—Separate geographic group of East Asiastic turnips
(Secondary center: Japan and the humid eastern China).

22. Brassica napiformis Bailey. L et

23. Wasabia japonica Matsum.—]apanese horse-radish.

24. Arctium lappa L.—Edible burdock.

25. Amorphophallus konjak K. Koch—Konyak. (Found chiefly in Japan).

26. Petasites japonicus Mig.—Butterbur. (Found chiefly in Japan).

2 These lists of plant species are based mostly on personal investigations and trips and
on the differential study of many cultivated plants conducted in the last ten years by the
scientific staff of the All-Union Institute of Plant Industry. (See Trudi po Prikl. Bot.,
Genet, 1 Selekts., volumes 11-27 and subsequent volumes, also supplements to them (1923-
1934). For the tropical crops of India, China, and the Islands we referred to: Warr, Dic-
tionary of Economic Plants; Ocuse, WiLsoN, TaANAKA, AREMINE and various monographs
ot the different genera.
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27.
28.
29.
30.
31

32
33.
34.

35.
36.

37.
38.
39.
40,
41.
42,
43.
44.
45.
46.
47.
48.
49.

50.
51
52.
53.
54,
55.

56.
57.

58.
59.
60.

61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72,

73.
74.

75.

76.
77.

Adenophora latifolia Fisch., A. verticillata Fisch—Ladybell (Japan).

Eleocharis tuberosa Schult. (Scirpus tuberosus Roxb.)—Water chestnut,

Nelumbo nucifera Gaertn. Lotus (possibly also in India).

Sagittaria sagittifolia L. var. sinensis Makino.—Arrowhead,

Zizania latifolia Turcz.—Wild rice. (The bases of stems and the leaf sheaths which
are affected with smut are used as food).

Ipomoea aguatica Forsk—Morning glory.

Trapa bicornis L. and T. bispinosa Roxb—Water chestuut.

Colocasia antiquorum Schott—Taro. (Wild and many cultivated forms). Possibly
also found in India and the Sunda Islands.

Lilium tigrinum Ker., L. Maxrimowiczii Regel, and other species with edlble bulbs.
Elatostema umbellatum Blume var. convolucratum Makino,

VEGETABLES !—

Brassica chinensis L.—Pak-Choi. ]
Brassica pekinensis Rupr.—Pe-Tsai.

Brassica alboglabra Bailey } (Japan and eastern China).

Brassica nipj)osz'nica Bailey

Brassica narinosa Bailey |

Brassica juncea Czern.—Leaf mustard. (Secondary center of origin).

Peucedanum japonicum Thunb.,

Aralia cordata Thunb.—Udo. (Found chiefly in Japan).

Rheum palmatum L.-—Rhubarb.

Allium chinense Don. (A. odorum 1..)—Chinese perennial onion.

Allium fistulosum L.—Spanish onion,

Allium macrostemon Bge.—(Northern China).

Allium pekinense Prokh.—In Korea and Japan. (Known only in the cultivated state,
resembles A. sativum 1.).

Lactuca sp.—Stem lettuce.

Solanum melongena L.—Eggplant. (A special form with small fruits).

Cucumis chinensis Pang.

Cucumis sativus L—A large-fruited cucumber.

Luffa cylindrica M. Roem.—(Used as a vegetable and also for sponges).

Cucurbita moschata var. Toonasa Makino (var. japonica Zhit.)—A small warty
squash. (Secondary center).

Actinostema paniculatum Maxim.,

Chrysanthemum coronarium L.—Chrysanthemum. (Leaves are used as food); C
morifolivm Ram. v. sinense Makino. (Petals are used as food).

Perilla ocymoides L., P, arguta Benth. T
Asparagus lucidus Lmdl —Tuberous asparagus (Japan).

Basella cordifolia Lam~—Chinese spinach. (Possibly introduced from Indla)

CULTIVATED FRUITS ;— N,
Group of the temperate zone Y

Pyrus serotina Rehd.—Chinese pear. N o\
Pyrus ussuriensis Maxim.—Ussurian pear,
Malus asiatica Nakai—Chinese apple.
Prunus persica L., P. Davidiana Franch.—Peach. (The second species is a wild one).
Prunus armeniaca L.—Apricot.

Prunus mume Sieb. and Zucc.—Japanese apricot.

Prunus salicina Lindl. (P. triflora Roxb.)—Japanese plum.

Prunus simonii Carr.—Chinese plum. -
Prunus tomentosa Thunb.—Chinese cherry.

Prunus pseudocerasus Lindl.—Cherry.

Prunus paucifiora Bge.

Crataegus pinnatifida Bge—Hawthorn.

Chaenomeles lagenaria Koidz—Chinese quince.

Chaenomeles sinensis Koehne, Ch. japonica Lindl.—Chinese quince, dwarf Japanese
quince.

Eleagnus multiflora Thunb. var. hortensis Maxim., E. umbellata Thunb., E. pungens
Thunb., and other species.

Zizyphus vulgaris Lam. (Z. sativa Gaertn.).—Chinese or common jujube.

Hovenio dulcis Thunb.—Japanese raisin tree. (The sweet fruit stalks are used as
food). B

. Ginkgo biloba 1..—Ginkgo. Lo : T
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79.
80.
81

82.

83.
84.

85.
86.
87.

88.

100.

101.
102.
103.

104.
105.
106.

107.
108.
109.
110.
111.
112.

113.
114
115.
116.
117.
118.
119.

120.
121.
122,
123.
124.

Juglans sinensis Dode, J. siecboldiane Maxim., and other species.—Walnut.

Carya cathayensis Sarg. (Chiefly in wild form) ~—Chinese hickory.

Corylus heterophylla Fisch,, C. ferox Wall., C. colurna 1. (The last two species are
also found in their wild form in Nepal, Sukhum, and Kamaon), and other species.—
Hazelnut. (Chiefly wild).

Castanea crenata Sieb. and Zucc., C. mollissima Bl.—An East Asiatic chestnut. (The
first species is found in Japan and Korea, the second in China).

Torreya grandis Fort.

Pinus koraiensis Sieb. and Zucc.—Korean pine. (Korea, Japan, Manchuria).

Group of subtropical and tropical sones

Citrus junos (Sieb.) Tanaka.

Citrus ichangensis Swingle.

Citrus sinensis Osb.—QOrange. (A very important secondary center). This species
has a great number of varieties.

Citrus nobilis Lour. (Probably a secondary center); C. ponki Tan. (Endemic to
China) ; C. tarbiferox Tan. (Endemic to China); C. erythrosa Tan. (Endemic);
C. Einokuni Tan. (Endemic to China and Japan) ; C. amblycarpa (Hassk.).—Tanger-
ines.

. Fortunella margarita Swingle—Kumquat. (Typical endemic Chinese species, as are

the other species of kumquats).
Fortunella japonica Swingle; F. crassifolia Swingle.

. Poncirus trifoliata Kaf.—Trifoliate orange.

Diospyros kaki L. and D. sinensis Bl.—Persimmon.
Diospyros lotus L.—Date plum. (Wild and grafted).
Eriobotrya japonice Lindl.—Loquat.

Clausena lansium Skeels—Wampi.

. Myrica rubra S. and Z.
. Litchi chinensis Sonn.—Litchi.
. Nephelium longanum Cambess.—Litchi.

Rhodomyrtus tomentosa Wight—Hill gooseberry.
SUGAR PLANTS :—
Saccharum sinense Roxb.—An endemic group of sugar cane varieties.
OIL, ETHEREAL OIL, RESIN, AND TANNIN PLANTS :—

Perilla ocymoides L.
Raphanus sativus var. oleifera Metzg.—Oil-bearing radish.
Aleurites fordit Hemsl., A, montana Wilson, A. cordata R. Br.—Wood-oil tree. The
species A. cordata is distributed chiefly throughout Japan.
Camellia sasanqua Thunb., C. japonica L.
Melia azedarach L.—Chinaberry.
Sesamum indicum L.~-Sesame. Special endemic group of dwarf varieties. (Secondary
center).
SPICE PLANTS :—
Zanthoxylum bungei Planch.
Zanthoxylum piperitum DC., Z. planispinum Sieb. and Zucc.
Fagara schinifolia (Sieb. and Zucc.) Engl. (var. macrocarpa Loes).
Cinnamomum cassia L.—Chinese cinnamon.
Illicium anisatum (L.) Gaertn. (I. verum Hook. {.) (Japan mcluded)
Camellia sinensis (L.) O. Ktze. (Thea sinensis 1..).—Tea bush.

TECHNICAL AND MEDICINAL PLANTS \—

Sapindus mukorost Gaertn—(Usged in soap).

Eucomia ulmoides Oliv—(Rubber tree found chiefly wild).

Sapium sebiferum Roxb. (Stillingia sebifera Michx.)—Chinese oil (lard) tree.

Rhus vernicifera Stockes; and other species.—Lacquer tree.

Rhus succedanea L.—Wax tree.

Broussonetia papyrifera Vent., B. kasinoki Sieb. and other species.—(Used for paper).
Morus alba L.—Mulberry tree; also M. bombycis Koidzumi, M. multicaulis Perr. (M.
alba L..) R
Cinnamomum camphora Nees and Eberm.—Camphor tree. - .
Papaver sommiferum L.—Opium poppy. (An unusual diversity of varletles)
Panazx ginseng C. A. May.—Ginseng.

Aconttum wilsonii Hort.—Aconite,

Smilax china L.
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FIBER PLANTS !—

125. Bochmeria nivea Hook. and Arn., B. tenacissima Gaud.—Ramie,

126. Canmabis sativa L.—A hemp with large fruits.

127. Abutilon ovicennae Gaertn.

128. Trachycarpus excelsus Makino—Fiber palm.

129. Themeda triandra Forsk. var. japonica Makino.

130. Metroxylon sagu Rottb.—(Used for roof covering and as food in the Sunda Islands).

PLANTS USED FOR MANUFACTURING DYES !— .

131. Polygonum tinctorium Lour. { %\
132, Strobilanthes flaccidifolius Nees—(For blue dye). \
133. Rubia cordifolia 1.—Madder.

134. Lithospermum erythrorrhizon S. and Z.

PLANTS OF MISCELLANEQUS USES (—

135. Astragalus sinicus 1.—Chinese Astragalus, used as green manure.
136. Cycas revoluta Thunb.—Sago palm (Japan).

The most important endewmic plants of the temperate zone are three species
of wmillet, buckwheat, soy bean, and a number of legumes. Here we find an un-
usually large number of plants with tubers and thickened taproots, and aquatic
plants which are peculiar to China. China occupies first place in the wealth of
fruit species of Pyrus, Malus, Prunus. Many citrus fruits have their origin in
China. The cultivated plants of China are peculiar and differ in their makeup
from those of other primary centers of agriculture of the world. Both the
vegetable and the animal foods of the Chinese are unusual. The customary diet
of the Chinese includes shoots of various bamboos ; numerous cultivated aquatic
plants, including the grass, Zizanio latifolia, which is grown for the smutted leaf
sheaths ; edible burdock ; strange chinese cabbages; giant radishes weighing up
to 36 pounds; a host of dishes prepared from the soy bean which takes the
place of meat; and toffu-cheese. In wealth of its endemic species and in the ex-
tent of the genus and species potential of its cultivated plants, China is conspicu-
ous among other centers of origin of plant forms. Moreover, the species are
usually represented by enormous numbers of botanical varieties and hereditary
forms. The varieties of the soy bean, adzuki bean, persimmon, and citrus fruits
include thousands of easily distinguished hereditary forms.

It is noteworthy that this diversity of plants of the temperate and subtropical
zones is in evidence chiefly around the eastern and central sections of China.?

II. The Indian Center of Origin of Cultivated Plants (Exclusive of North-
west India, Punjab, and Northwest f{rontier, but including Assam and Bur-
ma).— Second in importance and n geographic order is the Indian or, more
exactly, the Hindustan center of origin of cultivated plants, which includes
Burma and Assam and excludes Northwest India—Punjab, and the northwest-
ern frontier provinces.

CEREALS :—
1. Oryza sativa L—Rice. (Cultivated in enormous variety, also wild).
2. Andropogon sorghum Brot~—Sorghum. An unusually large geographic group. (Sec-
ondary origin). ‘
3. Eleusine coracana Gaertn.—African millet. (One of the centers of origin) ; E. indica
(L.) Gaertn—Wiregrass. A wild weed form. (Its young plants are used as a vege-

table).
4. Paspalum scrobiculatum L.—Cultivated and wild.

LEGUMES :—

Cicer arietinum L.~—Chick pea.
Cajanus indicus Spreng.—Pigeon pea.

oen

8 If we take into account the enormous number of wild plants, besides the cultivated ones,
used for food in China, we may better understand how hundreds of millions of people man-
age to exist on its soil.
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34.
35.
36.

37.

Phaseolus aconitifolius Jack. (Ph. trilobus Willd.).—Mat bean. Wild and cultivated.
Phaseolus mungo L.—Urd or black gram.

Phaseolus aureus (Roxb.) Piper—Mung bean.

Phaseolus calcaratus Roxb. (Cultivated and wild).—Rice bean.

Dolichos biflorus L. (Cultivated and wild).

Dolichos lablab L.—Hyacinth bean.

Vigna sinensis Endl—Cowpea.

Trigonella foenum graecum L.—Fenugreek. (Independent center of origin).

. Canavalia gladiata DC.—Sword bean. (Wild and cultivated).

Pachyrrhizus angulatus Rid.—Yam bean. (Possibly also found in Indo-China).
Psophocarpus tetragonolobus DC.—Asparagus bean.
Cyamopsis psoralioides DC.—Guar,

OTHER GRAINS —

Amarantus frumentaceus Roxb.; A. speciosus Sims.; A. anardana Wallich.—Ama-
ranth. ’
VEGETABLES :—

. Amarantus blitum var. oleraceus Watt.—(Wild and cultivated).

. Amarantus gangeticus L.; A. tricolor L.

. Solanum melongena L.—Eggplant.

. Carum roxburghianum Benth. and Hook.; C. copticum Roxb.—(One of the centers

of origin).

. Mowmordica charantia L.—Balsam pear.
. Cucumis sativus L.—Cucumber. Here is also found its closely related wild species,

Cucumis hardwickii Royle.

. Raphanus caudatus L.—Radish. (The pods are used as food).
. Lagenaria vulgaris Ser—White flowered gourd.

Luffa acutangula Roxb.—Dishcloth gourd.

Trichosanthes anguina L. and other species.—Serpent gourd, etc.

Basella rubra L.—Malabar nightshade.

Pluchea indica (L.) Less.—Marsh fleabane, (Wild and cultivated).

Anethum sowa Roxb. (Peucedanum graveolens Wats) . —Indian parsley. (Also me-
dicinal).

. Lactuca indica L.—Indian lettuce.

PLANTS WITH EDIBLE ROOTS AND ROOT TUBERS :—

Colocasia antiquorum Schott.—Elephant’s ear. (Wild and cultivated; one of the
centers of origin).

Alocasia macrorrhiza Schott, (Arum macrorrhizum 1.). Especially numerous on the
island of Ceylon and other islands; wild and cultivated.

Dioscorea alata L., D. aculeata L.—Yam. (Wild and cultivated ; possibly also in the
Malay Peninsula).

Curcuma zedoaria Rosc., C. longa Roxb., and other species. (Used for starch and
in medicine).

Awmorphophallus campanulatus Blume. (Wild and cultivated).

. Raphanus indicus Sinsk.—Indian radish.

CULTIVATED FRUITS !—

. Mangifera indica L.—Mango. (Wild and cultivated).

. Citrus sinensis Osb.—QOrange. (Wild and cultivated).

. Citrus poonensis Tan,

. Citrus nobilis Lour.—Tangerine.

. Citrus limonia Osb.—Canton lemon. (Cultivated and wild) (?). Citrus limon Burm.

f.—~Lemon.

. Citrus medica L.—Citron. (Cultivated and wild).

. Citrus awrantium L.—Sour orange. Wild and cultivated.

. Citrus aurantttfolia (L.) Swingle—Sour lime. (Chiefly on the islands).

. Terminalia bellerica Roxb. (Cultivated and wild).

. Phoenix silvestris Roxb.—Wild date. (Cultivated and wild).

. Garcinia indica Choisy. (Cultivated and wild).

. Mimusops elengi L.—Spanish cherry, (Cultivated and wild).

. Feronia elephantum Correa. (Cultivated and wild).

. Eugenia jambolana Lam. (E. jembos 1L.)—Jambos or jambolan plum. Cultivated

and wild ; one of the centers of origin.
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54.

55.

72.
73.
74.
75.
76.
77.

78.

79.
80.
81.
82.

99.
100.
101.
102.

Artocarpus integra (Thunb.) Merr. (A. integrifolia 1..)—Jack fruit. Cultivated and
wild. (One of the centers of origin).

Aegle marmelos Correa—Ball fruit. (Also used for resin production, medicinally,
and as a dye).

. Averrhoa bilimbi L.—Bilimbi. (Cultivated and wild).

. Awverrhoa carambola L.—Carambola. (Ceylon and also the Islands of Molucca).

. Carissa carandas L.—Karanda. (Usually wild, also in cultivation).

. Phyllanthus emblica L., and other species.—Mpyrobalan, etc. (Cultivated and wild).
. Murraya exotica L., M. koenigii Sér. (Cultivated and wild).

. Morinda citrifolia L.—Indian mulberry. (Cultivated and wild).

. Mimusops hexandra Roxb. (Cultivated and wild).

Tamarindus indica L. (?)—Tamarind. (It is not impossible that this has been in-
troduced from Africa).
SUGAR PLANTS :—

. Saccharum officinarum L.—Sugar cane.
. Arenga saccharifera Labill—Sugar palm. (Also common on the Malay Archipelago).

OIL PLANTS (—

. Cocos nucifera L.—Cocoanut palm. (One of the centers of origin, growing chiefly in

Southern India).

. Sesamum indicum L.—Sesame. (Basic center of origin of cultivated sesame).

. Carthamus tinctorius L.—Safflower. (One of the centers of origin).

. Brassica juncea Czern.—Leaf mustard. (Possibly a secondary center of origin).

. Brassica glauca Wittm.— (Possibly a secondary center of origin).

. Brassica nigra Czern—Black mustard. A separate geographic group. (Secondary).

FIBER PLANTS [~—

Gossyptum arboreum L.—Tree cotton.

Gossypium nanking Meyen and G. obtusifolium Roxb.—Oriental cotton.
Corchorus capsularis L., C. olitorius L. and others.—Jute.
Crotalaria juncea L.—Crotalaria.

Sesbania aculeata Pers—Sesbania.

Hibiscus cannabinus L.—Kenaf.

Hibiscus sabdariffa L—Roselle. (Flower buds are used as food).
Bowmbax malabaricum DC. (Cultivated and wild).

Stda rhombifolia L. (Cultivated and wild).

Abroma augusta L. £,

Sansevieria zeylanica Willd—Bowstring hemp.

SPICE PLANTS AND STIMULANTS {—

. Cannabis indica I.—Hemp. (Used for hasheesh).

. Piper nigrum L.—Black pepper. (Wild and cultivated).

. Piper betle L., P. longum L., and other species.—Betle nut.

. Elettaria cardamomum Maton and White, E. major Smith—Cardamon. .

. Aveca catechu L.—Areca palm. (Probably a secondary center of origin). Chiefly

in Ceylon. '

. Alpinia galanga Willd. and other species.

. Kaempferia galanga L.

. Curcuma mangga Val. et v, Zijp., C. purpurascens Bl., C. xanthorrhiza Roxb.

. Cuminum cyminum L.—Cumin. .

ETHEREAL OIL PLANTS, RESIN AND TANNIN PLANTS .—

. Acacia arabica Willd.—Gum arabic.

. Acacta catechu Willd.—(Also used in dye manufacture).

. Acacia farnesiana Willd.

. Cymbopogon martini Stapf. C. nardus Rendle—Citronella grass.

. Pogostemon heyneanus Benth. (P. patchouli Pellet.). .
. Santalum album L.—Sandalwood. :

Jasminum grandiflorum L.—Poet’s jessamine.
PLANTS USED IN MANUFACTURE OF DYES :—
Indigofera tinctoria L.—Indigo. (Possibly introduced from China).
Morinda citrifolia L.~Indian mulberry.
Rubia tinctorum L.—Madder.
Lawsonio alba Lam.—Henna. (Wild and cultivated; it was cultivated as early as the
time of ancient Egypt). .
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103. Oldenlandia umbellata L.

104. Caesalpinia sappan L.

105. Terminalia catappa L.~—Indian almond. (Cultivated and wild).
106. Terminalia chebula Retz. and other species—(Cultivated and wild).

MEDICINAL PLANTS ;~—

107. Cassia angustifolia Vahl—Senna. (Wild and cultivated).
108. Cinnamomum seylanicum Breyn~—Cinnamon tree. (Wild and in cultivation—also a
spice).
109. Croton tiglium 1.—Croton.
110. Strychnos nux vomica L.—Strychnin nut.
111. Taraktogenos kurzii King. —Chaulmoogra oil tree.
112. Hydnocarpus anthelmintica Pierr.
113. Oroxylum indicum (L.) Vent.
MISCELLANEQUS ;—

114. Bambusa tulda Roxb.—Bamboo. (Cultivated and wild).

115. Cedrela toona Roxb. (In cultivation and wild).—Used for various purposes.
116. Borassus flabellifer I.—Palmyra palm. (Cultivated and wild).

117. Ficus elastica Roxb.—~Rubber plant.

India is undoubtedly the birthplace of rice, sugar cane, a large number of
legumes, and many tropical fruit plants, including the mango and numerous
citrus plants (e.g., the orange, lemon, some species of tangerine). Assam, in
tarticular, is most remarkable for its citrus plants.

Even though tropical India may stand second to China in the number of
species, its rice, which was introduced to China, where it has been the staple
food plant for the past thousand years, makes tropical India even more impor-
tant in world agriculture. That India is the native home of rice is borne out by
the presence there of a number of wild rice species, as well as common rice,
growing wild, as a2 weed, and possessing a character common to wild grasses,
namely, shedding of the grain at maturity, which insures self-sowing. Here
are also found intermediate forms connecting wild and cultivated rice. The
varietal diversity of the cultivated rice of India is the richest in the world, the
coarse-grained primitive varieties being especially typical. India differs from
China and other secondary regions of cultivation in Asia by the prevalence of
dominant genes in its rice varieties.

In India, as in China, a large number of wild plants are used for various
purposes including food.*

{la. The Indo-Malayan Center of Origin of Cultivated Plants (Including
Indo-China and the Malay Archipelago.)—In addition to the Indian center we
distinguish the Indo-Malayan center which includes the entire Malay Archi-
pelago, the large islands such as Java, Borneo, and Sumatra, the Philippines,
and Indo-China. «

CEREALS 1—

1. Coix lacryma L.—Job’s-tears. (Mostly indigenous to islands).
LEGUMES ;-—

2. Mucuna wtilis Wall. and Wight. (Sunda Islands).
BAMBOOS :—

Dendrocalamus asper (Schult.) Backer.—Giant bamboo. (Sunda Islands).
Gigantochloa apus (Roem. and Schult.) Kurz., G. ater Kurz., G. verticillata (Willd.)
Munro (most commonly cultivated on the Sunda Islands).

s

THICKENED TAPROOTS AND ROOT TUBERS :—
5. Dioscorea alata L. (On islands), D. hispida Dennst.—Yams.
6. Dioscorea pentaphylla L. (Wild and cultivated in Java) —Yams.
7. Dioscorea bulbifera 1.—Air potato.

4 See Warr, Dictionary of Economic Plants; Drury, The Uscful Plants of India, I.ondon,
2 ed. 1873 and others.
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8. Coleus tuberosus (Bl.) Benth.—Leaves, stems and tubers are used for food. (Sunda
Islands).

9. Phytolacca esculenta Van Houtte.—Pokeweed. (Possibly also in India).

10. Tacca pinnatifida Forst. (Especially common on the islands of Fiji, Samoa, and the
New Hebrides).

11. Zingiber officinale Rosc., Z. mioga Rosc., Z. zerumbet Rosc.—Ginger; also used as a
spice plant. (The second species also refers to Japan).

12. Benincasa hispida Cogn~—Wax gourd. N

13. Sauropus androgynus (L.) Merr—(On Sunda Islands). i

14, Abelmoschus manihot (L.) Medic. v

CULTIVATED FRUITS (—

15. Citrus microcarpa Bge., C. mitis Bl.—Calamondin. The first species is most com-
mon in Java.

16. Citrus grandis Osb. (C. maxima Merr.)—Pummelo. (Found chiefly on islands).?

17. Citrus hystriz (DC). Ang. (On islands).

18. Nephelium mutabile Bl. (On islands) —Wild and in cultivation.

19. Canarium pimela Koenig, C. album Roensch.

20. Areca catechu L.—Areca palm. (Sunda Islands, Malacca). Wild and cultivated.
(Basic center).

21. Erioglossum rubiginosum (Roxb.) Brandes, E. edule Bl.

22. Antidesma delicatulum Hutch., 4. hainanensis Merr., 4. bunias (L.) Spreng

23. Musa cavendishii Lamb., Musa paradisioca L., M. sapientum L.—Banana. (The two
last species are mostly indigenous to the islands).

24. Garcinia mangostana L.—Mangosteen, G. dulcis (Roxb.) Kurz. Wild and cultivated.

25. Artocarpus communis Forst., A. champeden (Lour.) Spreng.—DBreadfruit. (Malay
Archipelago).

26. Artocarpus mmtegra (Thunb.) Merr.—Jackfruit.

27. Durio zibethinus Murr—~Durian. (Malay Archipelago).

28. Lansitum domesticum Corr.—(Malay Archipelago).

29. Bouea macrophylla Griff—(Malay Archipelago).

30. Mangifera caesia Jack., M. foetida Lour.,, M. odorata Griff.—(Malay Archipelago).

31. Baccaurea racemosa (B1.) Muell. (Java and the Philippines).

32. Flacourtia rukam Zoll. and Mor. (Wild and cultivated on Java).

33. Pangium edule Reinw. and Bl. (Wild and cultivated on the Sunda Islands).

34. Pithecolobium lobatum Benth. (Sunda Islands).

35. Cynometra caulifora L. (On islands).

36, Sandoricum koetjape (Burm.) Merr, f. Wild and cultivated (Java).

37. Eugewnia aquea Burm. {., E. cuminit (L.) Merr~Jambolan plum, E. jambos L.—Rose
apple, E. jovanica Lam., E. malaccensis L.—Malay apple (On the Malacca, Java
and other islands). :

38. Nephelium lappacenm (L.) Wight.

39. Salacca edulis Reinw.—Salacca palm.

40. Rubus rosaefolius Smith—(Introduced into cultivation in Java; also found wild on the
Philippine Islands; extends as far as southern Japan).

OIL PLANTS \—

41, Aleurites moluccana (1..) Willd.—Candlenut. (On Sunda Islands).

42. Camanga odorata (Lam.) Hook. and Thoms. f—Ylang-ylang. (Probably irom
Malay).

43. Vetiveria sizanioides Stapf.—Vetiver. (Probably from Malay).

44. Cocos nucifera L—Cocoanut palm. (Probably basic center of origin).

SUGAR PLANTS i—

45. Saccharum officingrum L.—Sugar cane. One of the centers of origin.

46. Arenga saccharifera Labill——Sugar palm. One of the centers of origin. (Possibly
the main one).

SPICE PLANTS (—

47. Elettaria cardamomum Maton and White~—Cardamon. Wild and cultivated on the
Sunda Islands. Also Amomum krevanh Pierre. (Wild and cultivated).

48. Kaempferia galanga L., K. pandurata Roxb., K. rotundata 1. (Growing on Sunda
Islands).

49. Carvophyllus aromaticus L. (Eugenia caryophyllata Thunb.) —Clove tree. (The
Moluccas and other islands). .
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50. Myristica fragrans Houtt.—Nutmeg. Wild and cultivated. (On the Moluccas and
other islands).
51. Piper nigrum L.—Black pepper.
FIBER PLANTS i—
52. Musa textilis Née—Manila hemp or abaca. (Philippine Islands).
53. Metroxylon sagu Rottb.—(Used for roofing and also as food on the Sunda Islands).
PLANTS USED IN THE MANUFACTURE OF DYES :—
54. Curcuma longa L.—Curcuma. (One of the centers of origin).
RUBBER PLANTS :—
55. Palaquium gutta Bursck—Gutta-percha tree.

Unfortunately, the region of southeastern Asia, with its wealth of tropical
wild and cultivated flora, has as yet been insufficiently explored, and it may be
necessary later to make numerous additions to and perhaps changes in the fore-
going list of the species.

This center, supplementing the center of India, is rich in cultivated fruits
of worldwide economic importance, such as the banana and certain citrus fruits.
The wild flora includes a large number of useful plants which have been espe-
cially well studied by Dutch scientists in Java.®

I1I. The Central Asiatic Center of Origin of Cultivated Plants—The third
center of formation of cultivated plants embraces a comparatively smaller terri-
tory. We refer to it as the Central Asiatic center. It includes northwest India
(Punjab, the northwestern frontier provinces, Kashmir), all of Afghanistan,
our Soviet Republics of Tadjikistan and Uzbekistan, and western Tian-Shan.

CULTIVATED GRAIN CROPS :(—

Triticum vulgare Vill.—Common wheat.
Triticum compactum Host—Club wheat.
Triticum sphaerococcum Perc—Shot wheat.
Secale cereale L—Rye. (Secondary center).
Pisum sativum L.—Pea.
Lens esculenta Moench.—Lentil,
Vicia faba L.—Beans.
Lathyrus sativus L.—Grass pea. Ce
Cicer arietinum L.—Chick pea.
Phaseolus aureus Roxb.—Mung bean.
Phaseolus mungo L.—Urd or black gram. (Ph. radiatus Roxb.)—Secondary center,
Brassica campestris subsp. oleifera Metzg.—Rape. (Secondary center).
Brassica juncea Czern.—Mustard.
Eruca sativa Lam.—Rocket-salad. (A weed; one of the centers of origin). A
Lepidium sativum L.—Garden cress. (Secondary center). .
Linum usitatissimum L.—Flax. (One of the centers of origin).
. Sesamum indicum L.—Sesame. (One of the centers of its origin).
Coriandrum sativum L.—Coriander. (One of the centers of origin).
Carum copticum Benth. and Hook. (Ammi copticum L.).
Carthamus tinctorius L.~—Safflower. (One of the centers of origin).
. Cannabis indica Lam.—Hemp.

FIBER PLANTS :—
22. Gossypium herbaceum L.—Cotton.
VEGETABLES :~—

23. Cucumis melo L—Cantaloupe. (Secondary center).

24. Lagenaria vulgaris Sér—White flowered gourd. (Secondary center).

25. Daucus carota L-—Carrot. (Basic center of Asiatic varieties).

26. Brassica campestris L. subv. rapifera Metzg.—Turnip. (Basic center of Asiatic tur-
nips).

27. Raphanus sativus L.~—Radish. (One of the centers of origin).

5 See OcHSE, J. J. Vegetables of the Dutch East Indies. Buitenzorg, Java; Fruits of the
Dutch East Indies, by the same author, 1933 ; and Hey~g, K. De nuttige planten van Neder-
landsch Indié, 2nd ed. (3 volumes), 1927. Buitenzorg.
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28. Allium cepa L. (sensu lato) —Onion. (Cultivated). Here are also found growing
wild the related species: A. pskemense Fedtsch., A. vavilovii Vved.

29. Allium sativum L.—Garlic. (Cultivated and w1ld) A. longwuspzs <. Regel.

30. Syinacia oleracea L.—Spinach. Also here the related wild species, S tetrandm Stev.

31. Portulaca oleracea 1.—XKitchen garden purslane. (One of the centers).

SPICE PLANTS :—

32, Octmum bastlicum L.—Basil.

CULTIVATED FRUITS :— . \

33. Pistacia vera L.—Pistachio. (One of the centers).

34. Prunus armeniaca L—Apricot. (One of the centers).

35. Pyrus communis L—Pear. Also growing wild, P. heterophylla Reg. and Schmalh.,
P. korshinskyi Litw., P. vavilovii M. Pop., P. bucharica Litw.

36. Amygdalus communis L.—Almond. (Wild and cultivated). (One of centers of
origin, very diversified in the species it contains). Here are also found 4. bucharica
Korsh.,, A4. spinosissima Bge., both growing wild.

37. Eleagnus angustifolia L.—Russian olive. (One of the centers).

38. Zizyphus sativg Gaertn.—Jujube. Wild and cultivated. (One of the centers)

39. Vitis vinifera L.—Grape. (Wild and in cultivation).®

40. Juglans regia L—English walnut. (Cultivated and wild). One of the centers.

41. Corylus colurnag L.—Turkish hazelnut. (Chiefly wild, in Afghanistan).

42. Malus pumila Mill—Apple. Grows wild in great variety, especially in Western Tian-
Shan. Also in cultivation. (One of the centers).

The number of species in this center is much smaller than in the two pre-
ceding ; nevertheless, it is of great importance to us for it is the native home of
common wheat. Here is the location of a tremendous potential source of va-
rieties of common wheat—the principal bread grain of the earth. This is the
birthplace of club wheat, of shot wheat, and of all the chief legumes, such as
peas, lentils, beans, grass peas, and chick peas; all of which are exceptionally
rich in the number of genes. Here many oil plants have had their origin; and
here cotton, was probably first cultivated on a broad scale.

The uniform ecological conditions and the uniform wild and cultivated
floras of Punjab, Kashmir, and the eastern part of Soviet Central Asia neces-
sitate regarding these regions as one center. In spite of the barrier presented
by the Himalayas and Hindu-Kush, it seems necessary to combine a large part
of Middle Asia and Northwest India into one center.

IV. The Near-Eastern Center of Origin of Cultivated Plants— The fourth
center occupies the Near East, including the interior of Asia Minor, the whole
of Transcaucasia, Ivan, and the highlands of Turkmenistan. |

CULTIVATED GRAIN CROPS i—

1. Triticum monococcum L.—Einkorn wheat. (14 chromosomes). Here are also found
widely-distributed the wild single-seeded Triticum thaoudar Reut. and Tr. aegilopoides
Perc.

2. Triticum durum subsp. expansum Vav.—Durum wheat. (28 chromosomes).

3. Triticum turgidum L. mediterraneum Flaksb—Poulard wheat. (28 chromosomes).

4. Triticum vulgare Vill.—An endemic awnless group of common wheats. (42 chrom.).
One of the centers of origin.

5. Triticums orientale Perc.

6. Triticum persicum Vav.—Persian wheat. (28 chrotnosomes). Armenia and Georgia,

7. Triticum timopheevi Zhuk.— (28 chrom.).

‘8. Triticum macha Dekapr. (42 chrom.).

9. Triticum wavilovianum Jakub. (Tr. wvulgare compositum Tum.).— An unusual

branched wheat found by Prof. M. G. TumaANvAN near Lake Van in Turkish Armenia
(42 chrom.). Here are also found large quantities of wild wheat, Tr. dicoccoides
Korn. (Armenia, Nakhichevan) and a large number of endemic species of Aegilops.

¢ Here the wild grape, Vitis vinifera spontanea M. Pop., is of table quality, i.e., it closely
resembles the cultivated grapes. These grapes are at present found only within the bounda-
ries of Tadjikistan. The Vitis silvestris C. Gmel,, which has given rise to the wine-produc-
ing grape varieties, is not found here (M. Porov).
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Endemic group of cultivated two-rowed barleys—(Hordeum distichum vv. medicum,
nigricans, nutans, and others).
Secale cereale 1.—~Rye; here there are also the wild species, S. montanum Guss., S.
ancestrale Zhuk., S. vavilovii Grossh., S. fragile L., S. villosum L. (Haynaldia vil-
losa Schur.).
Avena byzanting C. Koch—Mediterranean oats.
Avena sativa L.—Common oats. A great number of endemic varieties growing as
weeds in cultivated fields, especially in Transcaucasia.
Cicer arietinum subsp. pisiforme G. Pop.—Chick pea. (Secondary center).
Lens esculenta Moench—Lentil. A large endemic group of varieties. Here there
are found also the wild forms: Lens lenticula (Schreb.) Alef., L. nigricans (M. B.)
Godr., L. kotschyana (Boiss.) Alef., L. orientalis (Boiss.) Hand.—Mazz.
Vicia ervilia Willd.—French lentil—a separate endemic group.
Pisum sativum L.—Pea. A large endemic group. (Secondary center). Here are
also found wild species of peas: P. elatius M. B., P. humile Boiss., P. fulvum Sibth.
et Sm.
Lupinus pilosus 1., L. angustifolius 1.—Blue lupine; L. albus L.—White lupine;—
wild and in cultivation in Asia Minor.

FORAGE PLANTS i~—

Medicago sativa L.—Blue alfalfa.
Trifolium resupinatum 1.—Persian clover.
Trigonella foenum graeccum L.~—Fenugreek. Cultivated and wild. (Secondary center).
Onobrychis altissima Grossh,, O. transcaucasica Grossh.—(Two Transcaucasian spe-
cies, wild and in cultivation).
Lathyrus cicera L. (One of the centers).
Vicia sativa L—Crop vetch; a large endemic group of varieties in Asia Minor.
(Basic center of formation for this species).
Vicia villosa Roth var. perennis Tum.—Hairy vetch, wild-growing; is being intro-
duced into cultivation.
Vicia pannonica Jack.—Hungarian vetch. Cultivated and growing as a weed.

OIL PLANTS :—
Sesamum indicum L. subsp. bicarpellatum Hillt—Sesame. (A separate geographic
group).
Linum wusitatissimum L. —Flax—Many endemic varieties. The group prostratum

Vav. is endemic in Asia. ‘
Brassica campestris L. subsp. oleifera Metzg.—Rape. (Secondary center).

mustard. (One of the centers).

Brassica juncea Czern. var. sareptana Sinsk.—Leaf mustard. Secondary center.
Cameling sativa L.—False flax. Cultivated and growing as weed

Eruca sativa L. var. orientalis Sinsk.—Rocket salad.
Cephalaria syriaca Schrad.

Ricinus persicus G. Popova—A caster-oil plant with small seeds. (Secondary
center).

1

ETHEREAL OIL, ALKALOID, AND TANNIN PLANTS

Pimpinella anisum L.—Anise.
Pimpinella anisetum Boiss.—Anisette,
Coriandrum sativum L.—Coriander. (One of the centers).
Lallemantia iberica 1.—A field weed and cultivated plant.
Papaver somniferum L.—Poppy. A large group of endemic forms with high mor-
phine content.
Rosa centifolia L.—Rose.
Rhus coriaria L~—Sumac. Mostly wild.
MELON PLANTS :—

Cucumis melo L—Cantaloupe. Also wild forms: Cucumis agrestis Pang. and C.
microcarpus Pang. All basic world varieties of the cantaloupe are concentrated in
Near Asia.

Cucumis flexuosus 1.—Serpent melon.

Cucumis sativus L. subsp. antasiaticus Gabaiev.—Anatolian cucumber. A separate
geographic race.

Cucurbita pepo L——Pumpkm The greatest diversity of varieties is concentrated in
Asia Minor.”

7 The question of the origin of Cucurbita pepo requires further investigations.

. . . . - . ’
Brassica nigra L. var. pseudocampestris Sinsk. and var. orientalis Sinsk.-—Black

e e
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77.
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80.
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83.

VEGETABLES :—
Lepidium sativum L.—Garden cress. (Secondary origin).

. Brassica campestris var. rapifera Metzg.~—Turnip. (Secondary center).
. Beta vulgaris L.—Garden beet. There exists a separate geographic group of forms

in Near Asia. (Secondary center).

. Daucus carote L.—Carrot. There is an unusually great variety of cultivated forms in

Anatolia.

. Brassica oleracea L.—Cabbage. In Anatolia there are many endemic forms.

Eruca sativa L.—Rocket salad. (A weed form ; the leaves are utilized).

Allitum cepa L—Onion. (Secondary center).

Allium porrum L.—Leek. (There are present some closely related wild species such
as A. ampeloprasum L. and others).

. Petroselinum hortense Hoffm—Parsley. (Secondary center).

Lactuca sativa L.—Lettuce, wild and cultivated.

Portulaca oleracea L.—Purslane. Present as a weed and in cultivated form.
CULTIVATED FRUITS — o

Ficus carica L.—Fig.

. Punica granatum L.—Pomegranate.
. Malus pumila Mill—Apple. (One of the centers).
. Pyrus communis L. and other species, such as P. salicifolia Pall, P. eleagrifolia Pall,,

P. syriaca Boiss., P. nivalis Jacq.—Pear.

. Cydonia oblonga Mill.—Quince.
. Prunus divaricata Led.—Cherry.
. Prunus cerasus L—Cherry. (The center of origin may possibly be in Asia Minor;

this, however, is subject to proof).?

. Cerasus avium (L.) Monch—Black cherry.
. Amygdalus commumis 1., A. fensliana Lipsky, A. bucharica Korsh., A. scoparia

Spach., A. spinosissima Bge., and other species—Almond, etc. Mostly growing wild.

. Laurocerasus officinalis Roem.—Cherry laurel,

. Mespilus germanica L.—Medlar.

. Juglans regia L.—English walnut. (One of the centers).
. Corylus avellona L—FEuropean hazelnut. (Cultivated and growing wild). Also wild

species: C. maxima Mill—Filbert; C. pontica Koch, C. colurna L.—Turkish hazel-
nut, and C. colchica Alb.

Castanea sativa Mill. (C. vesca Gaertn.)—Chestnut. One of the centers.

Zizyphus sativa Gaertn~—Jujube. (Secondary center).

Vitis vinifera L.—Grape. (In enormous diversity of forms). Cultivated and wild.
Berberis vulgaris L.—Barberry.

Prunus armeniaca L—Apricot. (One of centers of origin, probably a secondary one).
Prunus padus L.—European bird cherry. One of the centers.

Pistacia vera L.—Pistachio. (QOne of centers).

Eleagnus angustifolia L.—Russian olive. '*\
Diospyros lotus L.—Date-plum. . . \
Cornus mas L.—Cornelian cherry. ' SN
Crataegus azarolus L.—Hawthorn. ' N

SPICES AND PLANTS USED FOR DYE AND MANUFACTURE (—

Crocus sativus 1.—Saffron crocus. It is possible that this plant also belongs to the

Mediterranean center. (Greece, Italy).
Rubia tinctorum L.~—Madder. (Wild and cultivated).

Recent research has shown that this center is most notable for its wealth of

varieties of cultivated wheats. Nine botanical species of wheat are endemic in
the Near East.

Within the limits of the SSSR the greatest diversity of wheats is found

in Armenia, surpassing the number of varieties and species in all other parts
of the Union. M. G. TuMANYAN has estimated that the number of varieties
here exceeds 200 out of a world total of 650. Here were also discovered nu-
merous wild wheats, including single-seeded and double-seeded types. In the
diversity of species and ecotypes of wheat, this center is the most outstanding

of the earth.

& In the Caucasus and in Middle Asia the wild species of cherry is not known.

[ i
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In Asia Minor and in our own Transcaucasia we find the original birthplace
of rye, which exists here in amazing diversity of forms, so different from the
single variety of rye in Europe. Here we found rye with black and with red
spikes and many unusual forms including the new species of wild rye, Secale
vavilovii Grossh. and Secale ancestrale Zhuk.

The world’s potential sources of Occidental orchard fruits are concentrated
in the Near East, the native home of the grape, pear, cherry, pomegranate,
walnut, quince, almond, and fig. The first orchards were undoubtedly located
in the Near East. In Georgia (SSSR) and Armenia one may still observe all
phases of the evolution of fruit growing—Ifrom wild groves consisting almost
wholly of wild fruit trees, through transitional methods, to methods approach-
ing those of modern fruit growing, including grafting of the better wild va-
rieties on the less valuable wild forms of fruit trees. Here one may see how
the farmer, while clearing away forests to make room for grain fields, has left
to grow in his fields the better specimens of wild apple, pear, and cherry trees.
Recent research has shown that viticultural methods and all of the more im-
portant grape varieties have been acquired from the Near East where one can
still find wild-growing grapes which are quite suitable for culture in vineyards,

In several genera, such as Medicago, Pyrus, and Amygdalus and to a con-
siderable degree also in the wheats, species formation has been actively occur-
ring here, and is still going on. For example, natural polyploidy has been
discovered here among the wheats and also among numerous species of wild
plants, especially those of the alpine and sub-alpine zones.

From Turkey, Persia, and our own regions of Central Asia has come the
world’s wealth of melons, the possibilities of which have been far from ex-
hausted by modern plant breeders. The leading forage crops—alfalfa, Per-
sian clover, a number of species of Onobrychis, Trigonella, vetch, and others
have also originated in the Near East.

V. The Mediterranean Center of Origin of Cultivated Plants—The fifth
or Mediterranean center is notable for its distinct cultivated plants which are of
more limited significance than those from centers previously mentioned.

CEREALS (—

1. Triticum durum Desf. subsp. expansum Vav., which includes two geographic sections:
mediterraneum Vav. and africanum Vav. ——Durum wheat.
Triticum dicoccum Schrank—(One of the centers) Emmer.
Triticum polonicum L.—Polish wheat. (One of the centers, localized within narrow
limits). Here (in Syria and Northern Palestine) large numbers of wild wheats
(Tr. dicoccoides) also occur.
4, Triticum spelta L.—True spelt. Southern Pyrenees and Tyrol. (Possibly a secondary
center).
Awvena byzanting C. Koch—Mediterranean wheat.
Avena brevis Roth and A. strigosa Schreb.—Sand oats. (Pyrenees).
Hordeuwm sativum Jess—Endemic group of coarse-grained barley. (Secondary
center).
8. Phalaris canariensis L.—Canary grass. (Western Mediterranean),
9. Ervum monanthos Desf—Uniflorous lentil. (Pyrenean Peninsula).
10. Lens esculenta Moench subsp. macrosperma Bar.—ILarge-seeded lentil.
11. Vicia ervilia Willd.—Bitter vetch. (Eastern Mediterranean, Cyprus, Crete).
12. Lathyrus sativus macrospermus Zalk—Grass pea.
13. Pisum sativum L.—Pea. A variety with large seeds.
14, Vicia faba var. major Harz.—Large-seed beans.
15. Lupinus albus L., L. termis Forskal, L. angustifolius L., L. luteus L.—Lupines.
16. Cicer arietinum L.~—Chick pea. A large-seed group.
FORAGE PLANTS i—
17. Hedysarum coronarium L.—French honeysuckle. (Southern part of Apennine Penin-

sula and Sicily).

wnN
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23.
24.
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27.

Trifolium alexandrinum L.—Egyptian clover. (Syria and Egypt).
Trifolium repens L. var. giganteum—White clover. (LLombardy).
Trifolium incarnatum L—Crimson clover. Cultivated and wild. (Sardinia, Balearic
Islands, Algeria, and other regions).
Ulex europacus L.—Gorse. (Portugal). :
Vicia sativa L.—Crop vetch. (Wild-growing and cultivated since the time of the
Romans ; one of the centers).
Lathyrus gorgonii Parl—(Syria).
Lathyrus ochrus DC. Wild (Italy, Spain) and cultivated.
Lathyrus cicera L. (In cultivation and wild).
Ornithopus sativus Brot—Seradella. Wild (Portugal, Spain, Algeria) and in culti-
vation.
Spergula arvensis L.—The area of the wild Spergula is broader than that of the cul-
tivated.
OIL AND FIBER PLANTS :—

Linum usitatissimum L. subsp. mediterraneum Vav.—Flax. (A variety with large
seeds). Also the wild Linum angustifolium Huds. in great profusion.

. Sinapis alba L—White mustard. (Growing wild as a weed and in cultivation; one

of the centers).

. Brassica napus L. subsp. oleifera Metzg.—Rape.
. Brassica nigra L.—Black mustard. (Main center).

Brassica campestris L. subsp. oleifera Metzg.—Rape. (One of the centers).

. Eruca sativa L—Rocket salad. (Main center of origin).
. Argania sideroxylon R. and S.—(Morocco).

CULTIVATED FRUITS (—

. Olea europaeca L.—Olive.
. Ceratonia siliqgua 1..—Carob.

VEGETABLES [ —

Beta vulgaris L.—Garden beet. (Found in great diversity of varieties; here is also
the wild Beta maritima 1.).

Brassica oleracea L.—Cabbage in great variety, also wild; its closely related wild
species are: B. balearica Pers., B. insularis Moris., B. cretica Lam. .
Petroselinum sativwm L.—Parsley. (In cultivation and wild).

. Cynara scolymus L.—Artichoke. (Wild and in cultivation). A related type is the

wild C. cardunculus L.

. Brassica campestris 1.. subvar. rapifera Metzg.—Turnip. (Basic center of origin of

the European varieties).
Brassica napus L. var. rapifera Metzg~—Turnip. (Basic center).

. Portulaca oleracea L.~—~Purslane. (As a weed and in cultivation; its area' extends

into Near Asia).

. Allium cepa 1.—Onion. Large-size types. (Secondary center). :

. Allium sativum L.—Garlic. Large-size forms. (Secondary center). A

. Allium porrum L.—Leek. \.
. Allium kurrat Schweinf.—Chives. ‘ \
. Satureja hortensis L.—Savory. ‘ :

Lactuca sativa L.—Lettuce. The area extends also into Near Asia.

. Asparagus officinalis L.—Asparagus. (The wild varieties are also utilized).
. Crambe maritima L.—Sea kale.

Apium graveolens L.—Celery. (In cultivation and wild).

. Cichorium endivia L—~Winter endive. (Here is found also its close relative, C.

pumilum Jacq.).

. Cichorium intybus L.—Chicory. (Growing wild as a weed and in cultivation). Its

area is very extensive.

. Aunthriscus cerefolium Hoffm.—Chervil. (The area of the wild chervil—(cow-

parsley)—also extends into Near Asia).

Lepidium sativum L.—Cress. (Cultivated and wild; secondary center).
Pastinaca sativa L.—Parsnip.

Tragopogon porrifolium L.—Salsify. Wild and in cultivation.

. Scorzonera hispanica L.—Black salsify. Wild and in cultivation. In Spain and

Sicily, the wild S. deliciosa Guss., is used.

. Scolymus hispanicus L.~Spanish oyster plant. (Wild and cultivated).

. Smyrnium olusatrum L. (In cultivation and wild).—Also as a spice.

. Anethum graveolens I.—Parsley. (Cultivated and wild). Also as a spice.
. Rheum officinale Boill—Rhubarb.
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64. Ruta graveolens 1.—Garden rue. Also used as a spice!

65. Rumex acetosa L. and other species.—Dock.

66, Blitum rubrum Rchb., B. virgatum L., B. capitatum L.
ETHEREAL OIL PLANTS, SPICE PLANTS :—

67. Nigelle sativa L—Fennel.
68. Carum carvi L.—Caraway.
69. Cuminum cyminum L.—Cumin. (Possibly a secondary center),
70. Pimpinella anisum L.—Anise, (Cultivated and wild).
71. Foeniculum vulgare Mill.—Fennel.
72. Thymus vulgaris L.—Thyme.
73. Hyssopus officinalis L.—Hyssop. i R e
74. Lavandula vera DC.—Lavender. R g A
75. Mentha piperita L—Peppermint. . : . :
76. Rosmarinus officinalis L.—Rosemary.
77. Salvia officinalis 1..—Sage.
78. Iris pallida Lam.—Iris. (Italy).
79. Rosa damascena Mill—Damask rose.
80. Laurus nobilis L.—Laurel.
81. Humulus lupulus L—Hop. In Mediterranean countries mostly wild growing. Its
area extends far into the north where it was probably first introduced into cultivation.
PLANTS USED FOR DYES AND TANNING :—
82. Rubia tinctorum L.—Madder. Wild and cultivated.
83. Rhus coriaria L.—Sumach. Wild and in cultivation (Italy and Spain).
PLANTS USED FOR MISCELLANEOUS PURPOSES ;~—

84. Cyperus esculentus L—Chufa. (Apparently from Egypt).

This is undoubtedly the native home of the olive and the carob tree, Cera-
tonta siliqua. A large wwmber of cultivated vegetables, including the beet, hove
had their origin here. This ranks with China as a center of origin for vegetables.
Many of the old varieties of forage plants have originated in the Mediterrancan
countries. It is interesting to note that each civilization in this center has in-
troduced its own forage plants into cultivation; from Egypt and Syria have
come the Egyptian clover; from the Apennlne% Hedysarum coronarium and
Trifolium repens glganteum, from the Pyrenees, the single-flowered lentil ; from
Syria has come Lathyrus gorgonii; and from Portugal, the gorse, Ulex euro-
paeus. Judging by the species and varieties comprising them, many of the
most important cultivated plants, such as wheat and the legumes, indicate the
existence, here, of a secondary center of origin, and bear witness to the im-
portant role that man has played, since ancient times, in producing improved
varieties. Many of the cultivated plants of the Mediterrancan countries, such
as flax, barley, beans, and chick pea, are notable for their large seeds and fruits,
in contrast to the small-seeded forms of Central Asia, their basic place of origin,
where most of the dominant genes of these plants are concentrated. In all the
cultivated plants of the Mediterranean center one can trace the important role
played by man in selecting the best cultivated forms.

VI. The Abyssinian Center of Origin of Cultivated Plants— The expedi-
tion conducted by us in 1927 in Abyssinia, Eritrea, and Somaliland, and the
subsequent comparative study of the large amount of collected material, have
established the independence of Ethiopia in its cultivated flora and have proven
beyond doubt the existence here (including the hill country of Eritrea) of an
independent center of origin of the world’s cultivated plants.

CULTIVATED GRAIN CROPS i(—

1. Triticum durum subsp. abyssinicum Vav.—Abyssinian hard wheat. An amazing
wealth of forms.

2. Triticum turgidum subsp. abyssinicum Vav.—Poulard wheat. An exceptional wealth
of forms.



Vavilov | —38— . Phytogeographic Basis

3. Triticum dicoccum subsp, abyssinicum Stol—Emmer,

4. Triticum polonicum L. gr. abyssinicum Vav.—Polish wheat.

5. Hordeum sativum Jess—Barley. An exceptional diversity of forms.

6. Andropogon sorghum Link—Grain sorghum.

7. Eragrostis abyssinica L.—Teff.

8. Eleusine coracana Gaertn. (E. tocussa Fresenius) —African millet.

9. Pennisetum spicatum L.—Pearl millet. (Grows in semi-arid regions).

10. Cicer arietinum L.—Chick pea. (A center). :

11. Lens esculenta Moench.—Lentil. (A center).?

12. Pisum sativum L.—Pea. (One of the centers).

13. Vicia faba L.—Beans. (Probably a secondary center).

14. Trigonella foenum graecum L.—Fenugreek.

15. Lathyrus sativus L.—Grass pea. (A center).

16. Vigna sinensis Endl. var. sinensis (Stick.) Pip—Cowpea. V. sinensis Endl var.
catjang (Walp.) Pip—Catjang.

17. Dolichos lablab L.—Hyacinth bean. (A variegated-flowering late variety).

18. Lupinus termis Forsk—Lupine. (Grows in the sands of Northern Abyssinia).

19. Linum usitatissimum L—Flax. Cultivated as a crop for its seeds. (A center).

OIL PLANTS :—
20. Guizotia abyssinica Cass.
21. Carthamus tinctorius L—Safflower.
22. Sesamum indicum L.—Sesame. (Basic center).
23. Ricinus communis L.—Castor bean. (A center).
24. Lepidium sativum L.—Garden cress. (Basic center; the greatest diversity of forms
is found here).
SPICES AND STIMULANTS :—
25. Coriandrum sativum L.—Coriander. One of the centers, a specific group of forms.
E. A. SToLETOVA segregates this group into a separate sub-species. .
26. Nigella sativa L—Fennel. (A center).
27. Carum copticum Benth. and Hook. (A center).
28. Rhamnus prinoides Hér.—Buckthorn. (Takes place of hops in the preparation of
beer).
29. Catha edulis Forsk. (Celastrus edulis Vahl.)—Khat. Wild and in cultivation.
30. Coffea arabica L—Coffee.
VEGETABLES :—

31. Brassica carinate Al. Braun—Vegetable mustard; this is also on oil plant.
32. Allium sp. (4. ascalonicum 1..)—Onion.

33. Musa ensete J. F. Gmel.—Abyssinian banana.

34. Hibiscus esculentus L—Qkra. (Mostly wild-growing). Cultivated by Arabs.

PLANTS OF MISCELLANEOUS USES :—

35. Euphorbia candelabrum Trem.—Spurge. Wild-growing, used as a hedge plant.

36. Hagenia abyssinica Willd— (Growing only wild). B

37. Commiphora abyssinica (Berg.) Engler—Myrrh. (Grows only as a wild plant).
Furnishes resin. '

38. Indigofera argente L.—Indigo. Grows almost entirely as a wild plant. (Cultivated in
Egypt and in Arabia).

In spite of the limited agricultural territory, an astonishing wealth of va-
rieties exist here. Barely half a million hectares are under wheat in Abyssinia—
an insignificant proportion of the world’s total of 160 million hectares. Yet,
according to the number of its botanical varieties of wheat Abyssinia occupies
first place. 1In fact, botanical, physiological, and genetic studies indicate that
the wheats of Abyssinia should actually be divided into separate botanical spe-
cies. This is also the center of origin of cultivated barley. Nowhere else does
there exist in nature such a diversity of forms and genes of barley. A number
of genera of cultivated plants are found only in Abyssinia, for example, the
bread grain Eragrostis abyssinica and the oil-bearing Guizotia abyssinica. Here

® Recent studies on the genetics of the lentil (E. I. BaruLINA) have shown that the
Abyssinian lentil, when crossed with the Afghanistan and Middle-Asiatic forms, remains
partly sterile—a fact which proves its individuality.
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are found peculiar forms of flax which are used not for their fibers nor for oil
but for the flour made from their seeds. In other words, flax in Abyssinia is a
cereal plant.

The number of plants indigenous in Ethiopia is not large; actually, before
the coming of the Europeans, Ethiopia knew nothing of fruits or vegetables.
This is primarily a land of field crops which exist in amazing diversity of va-
rieties ; it is surprising that this diversity expresses itself under relatively uni-
form ecological conditions, since the region of cultivated plants here is concen-
trated in high alpine regions, 1500 to 2500 meters above sea level.

* * * * *

We have now examined all the primary centers of origin of plant forms
in the Old World. Studies based on our expeditions, conducted by the Insti-
tute of Plant Industry from 1925 to 1933, have shown that the New World is
characterized by a very distinct localization of its basic centers of origin of
plant forms. These centers are restricted to Central America and comprise
southern Mexico and the central part of the South American Andes, including
Ecuador, Peru, and Bolivia. Here we find two independent centers: the Cen-
tral-American, including southern Mexico, and the Andes center, comprising
the present territories of Peru, Bolivia, and Ecuador.

In the limited territory embracing the southern sections of Mexico, Guate-
mala, Honduras and a part of Costa Rica, originated the cultivated plant re-
sources of the New World.

VII. The South Mexican and Central American Center of Omgm of Cul-
tivated Plants (Including the Antilles).

CROP CULTURES :—
Zea mays L—Corn,
Phaseolus vulgaris (L.) Savi—Common bean. :
Phaseolus multiflorus Willd—Multiflorous bean. v
Phaseolus lunatus 1. gr. microspermus—Lima bean. -
Phaseolus acutifolius A. Gray var, latifolius Freeman—Tepary bean.
Canavalia ensiformis DC. (?)—Jack bean, )
Chenopodium nuttalliae Saff., Ch. ambrosioides L.—American wormseed.
Amarantus paniculatus L. var. leucocarpus Saff —Tassel flower. w

PN LN

MELON PLANTS {—

9. Cucurbita ficifolia Bouche (C. melanosperma Al. Braun).—Malabar gourd.
10. Cucurbita moschata Duch.—Winter crookneck pumpkin.

11. Cucurbita mixta Pang.

12. Sechium edule Swartz.—Chayote.

13. Polakowskia tacaco Pittier. (Costa Rica).

14, Sicana odorifera’ Naud.—Curuba.

THICKENED TAPROOTS AND ROOT TUBERS :-—

15. Pachyrrhizus tuberosus Spreng. (Cacare edulis Kuntze).—Yam bean.
16. Ipomoea batatas Poiret.—Sweet potato.
17. Maranta arundinacea L.—Arrowroot. (Antilles).
SPICE PLANTS — ‘
18. Capsicum annuum L.—Pepper.
19. Capsicum frutescens Will.—Pepper.
FIBER PLANTS :—
20. Gossypium hirsutum 1.—Upland cotton.
21. Gossyptum purpurascens Poir—Bourbon cotton.
22. Agave sisalana Perrine—Sisal hemp. Ag. ix#li Karw.—Henequen,

FRUITS \:—

23. Opuntia sp—A number of species.—Prickly pear.
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24, Awnona cherimolia Mill. (Possibly a secondary center). A. reticulata L., A. squamosa
L., A. muricata L., A. purpurea Moc. and Sesse, A. cinerea Dun., A. diversifolia Saf-
ford, A. glabra L.

25. Sapota achras Miller, Sapota sapotilla Coville.—Sapodilla.

26. Casimiroa edulis La Llave.—White sapote.

27. Calocarpum mammosum (L.) Plerre. \

28. Calocarpum viride Pittier (Achradelpha viridis Cook).

29. Lucuma salicifolia H. B. K.—Yellow sapote.

30. Carica papaya L.—Papaya.

31, Persea schiedeana Nees and P. americane Mill. (P. gratissima Gaertn.)—Avocado.

32. Psidium guayave L.—Guava.

33. Psidium friedrichsthalianum (Berg) Niedenzu, P. sartorianum (Berg) Niedenzu.—

Guava.

34, Spondias mombin L—Yellow mombin. S. purpurea L.—Purple mombin.

35. Crataegus mexicana Moc. and Sesse, C. stipulosa Steud.—Hawthorns.

36. Diospyros ebenaster Retz.—Black sapote.

37. Chrysophyllum cainito L.—Star apple. Found chiefly on the Antilles Islands, in
Jamaica, in Panama, both in wild and cultivated form.

38. Anacardium occidentale L.—Cashew. Antilles, Panama.

39. Prunus serotina Ehrhart (Pr. capollin DC) —Wild black cherry. (Mostly wild).

MISCELLANEOUS CULTIVATED PLANTS :—

40. Agave atrovirens Karw.—Agave.

41. Cereus sp.—Cacti. Used for hedges.

42. Nopalea coccinellifera Mill.—Cochineal plant.

43. Tigridia pavonia Ker-Gawl—Tiger flower. (Mostly wild-growing).

44. Physalis aequata Jacq—Mexican tomato.

45, Lycopersicum cerasiforme Dun—Cherry tomato.

46. Salvia chia Fernald—An oil plant.

47. Theobroma cacao L.—Cacao.

48. Bixa orellana I.—Annatto. A dye and spice plant.

49. Nicotiana rustica L.

The use of the phytogeographic method has shown clearly that this is the
primary center of corn (wmaize) and its wmost closely related wild species,
teosinte. This center is also the native home of the chicf American species of
bean, squash, pepper, and nuwmerous tropical fruits, Here the cultivation of
cacao had its origin; this is probably also the home of the sweet potato. Upland
cotton, the variety upon which the cotton growing of the world is based, had its
origin in southern Mexico. Here maize has played a role similar to that of
wheat in the centers of origin of the Old World. Without it, the Maya civili-
zation could have never existed. The very restricted territory of southern
Mexico and Central America is full of cultivated endemic plant varieties, differ-
ing strikingly, in this respect, from the vast North American continent where
all agriculture, both past and present, is based upon imported varieties.

* * * * * L

Our investigations in South America, conducted in 1932 and 1933, have
compelled us to make important corrections in the former conceptions of centers
of origin as recorded in American literature. The most outstanding region,
which was undoubtedly a center of independent and original agriculture, is the
high mountainous area of Peru, Bolivia, and part of Ecuador, which was form-
erly the center of the so-called Megalithic or Pre-Inca civilization. This ter-
ritory, insignificant in area as compared with South America, is remarkable for
its collection of cultivated endemic animals and plants.

VIIL. South American (Peruvian-Ecuadorean-Bolivian) Center of Origin
of Cultivated Plants (the chief endemic plants of the high mountainous dis-
tricts—Puna and Sierra). '

L3
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1
2.

bl ol

ROOT TUBERS :—

Solanum andigenum Juz. et Buk.—Potatoes from the Andes, most widely distributed
between Bolivia and Central America (chromosome number 2 x 48).

Other endemic potato species {cultivated) :

. cuencamum Juz. and Buk.—Ecuador. (24 chromosomes).

kesselbrennert Juz. and Buk.~Ecwador. (24 chromosomes).

. ajanhuiri Juz. and Buk.—Bolivia. (24 chromosomes).

. pauciflorum Juz. and Buk.—Bolivia. (24 chromosotnes).

. stenotomum Juz. and Buk.—Bolivia, Peru, Ecuador. (24 chromosomes).
. gontocalyx Juz. and Buk.—Peru. (24 chromosomes).

rybinti Juz. and Buk.—Colombia. (24 chromaosomes).

bayacense Juz. and Buk.—Colombia. (24 chromosomes).

juzepczukii Buk—Peru and Bolivia, (36 chromosomies).
tenuifilamentum Juz. and Buk—Peru and Bolivia. (36 chromosomes).
. mamilliferum Juz. and Buk.—Peru. (36 chromosomes).

. chocclo Juz, and Buk.—Peru, Bolivia, Ecuador. (36 chromosomes).

. riobambense Juz. and Buk.—Ecuador. (36 chromosomes).

. curtilobum Juz. and Buk.—Peru and Bolivia. (60 chromosomes).
O;ralw tuberosa Molina, O. crenata Jack.—Oka.

Tropaecolum tuberosum Ruiz and Pav.—Edible nasturtium.

Ullucus tuberosus Lozano.—Ulluco.

nLLLLLLOULULL LY,

CULTIVATED CROPS i—

Lupinus mutabilis Sweet—Bolivian lupine.

Chenopodium guinoa Willd—Quinoa, )

Chenopodium canahua (Indigenous to higher elevations in Bolivia and Peru).
Amarantus caudatus L.—Tassel fower.

Lepidium meyenii Walp.

Plants endemic to irrigated coastal regions of Peru and non-irrigated subtropical cmd
tropical regions of Ecuador, Peru and Bolivia.

19.
20.

21.

22.
23.

24,

25.
27.
28.

29.
30.

(Bearing the ecological names: costa, ceja, yunga, montana).

CULTIVATED CROPS (—

. Zea mays L. gr. amylacea—Starchy maize, large-grained forms. (Secondary center

of varieties).
Phascolus lunatus L. gr. macrospermus—ILima bean. (Secondary center).
Phaseolus vulgaris L.—Common bean. (Secondary center).

ROOT TUBERS AND THICKENED TAPROOTS i— .
Solanum phureja Juz. and Buk.—Potato, Bolivia. (24 chrom.).

. Polymnia sonchifolia Poepp. and Endl. e “c" ‘

Xanthosoma sagittifolium Schott (X. edule Meyer) —Malanga.

. Canng edulis Ker-Gawl.—Edible canna.

Arracacia xanthorrhiza Bancroft (A. esculenta DC.)—Apio.

‘ VEGETABLES :—
Solanum muricatum Ait—Pepino,
Lycopersicum esculentum Mill, var. succenturiatum Pasq.; L. peruvianum Mill.—
Tomato.
Cyclanthera pedata Schrader, C. brachybotrys Cogn.
Cyphomandra betacea Sendtn.—Tree tomato.
Physalis peruviana L.~—Ground cherry.

SQUASH PLANTS :—

Cucurbita marima Duch—Pumpkin. (Probably taken from the eastern slopes of the
Cordilleras).

SPICES AND STIMULANTS :—
Capsicum frutescens L. var. baccatum L.; also C. pubescens Ruiz and Pav.—~Pepper.
Tagetes minuta L.—~Marigold.
Erythroxylon coca Lam.—Cocaine bush.
Bixa orellang 1..—Annatto. (Secondary center).

FIBER PLANTS {—

Gossypium barbadense L. (G. peruvianum Cav. )——Egyptlan cotton, o
Fourcroya cubensis Vent.
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FRUIT CROPS (—

31. Passiflora ligularis Juss.; P. quadrangularis L.—Passion-flower,

32. Carica candamarcensis Hook., C. chrysopetala Heilborn, C. pentagona Heilborn—
three Ecuadorean species; C. pubescens (A. DC.) Solms Laub. and C. candicans A.
Gray—two Peruvian species.

33. Lucuma obovata H. B. & K., L. caimito Ac.X.C—Wild and cultivated.

34. Psidium guajava L.—Guava. Wild and cultivated.

35. Anona cherimolia Mill. (One of the centers).

36. Inga feuillei DC.

37. Bunchosta armeniaca DC.

38. Matisia cordata Humb. & Bonpl.

39. Caryocar amygdaliferum Cav.

40. Guilielma speciosa Mart—Peach palm.

41. Malpighia glabra L.—Barbados cherry.

42. Solanum quitoense Lam.

43. Prunus capuli Cavanille (Pr. capollin Zucc.)—Capollin. Differs from the Central-
American group; mostly wild-growing. .

MEDICINAL PLANTS :—

44. Cinchona calisaya Wedd., C. succirubra Pav.—Quinine tree. (Mostly wild-growing).

45. Nicotiana tabacum L.—Tobacco (?). According to recent genetic investigations
(D. Kostov and others), the common tobacco may have arisen from a cross of the
wild N. sylvestris and N. rusbyi or other Andean species closely related to these with
subsequent doubling of the chromosomes (amphidiploidy) which made this inter-
specific hybrid fertile.

Soviet expeditions have discovered in this 8th center of plant origin enor-
mous and almost untapped resources of cultivated plants. They found dozens of
new species of potatoes, some cultivated and other closely related wild forms,
all of which were used as food by Indian tribes. The high mountains of Peru,
Bolivia, and Ecuador are full of endemic species, from unusual sorts of potatoes
to rare tuber plants found at present only in this part of the globe, such as
Oxalis tuberosa, Tropaeolum tuberosum, and Ullucus tuberosus. The cultivated
grain crops, produced here include such unusual species as Chenopodium cana-
hua and others. There exist here not only cultivated endemic plants but also
unusual endemic animal types indigenous to Peru and Bolivia (the llama and
the alpaca). Both the animals and the plants are concentrated chiefly in the
so-called “punas”—plateau prairies at an altitude of 3500-4300 meters. The
crops are grown here without irrigation. Even at present, one may see transi-
tion stages from cultivated plants to the wild ones. There is no doubt that
both plant and animal husbandry in South America has had its start in the
“puna.” The localization of endemic species of cultivated plants and animals
is very distinct and restricted in the present as it has been in the past.

The coastal regions of Peru which were populated later, during the Inca
civilization, present a striking ecological contrast to the high mountain regions.
The former are mostly desert and plant cultivation is possible only by the aid of
irrigation. The agriculture of the Incas, remarkable though it is, is undoubt-
edly of secondary origin, just as the Egyptian agriculture. Both Egyptian and
the Inca agriculture were based on artificial irrigation. Before the advent of
the farmer, there was no original wild flora; there was neither corn nor cotton
in Peru. Most of the plants of the irrigated regions of Peru were imported
from Central America or from the Eastern slopes of the Cordilleras where one
still finds growing wild in the forests such endemic species as the cinchona tree
and the cocaine shrub.

It is necessary to add to the basic Peruvian center of plant origin the ter-
ritory of the small island of Chiloe, located near the shore of southern Chile.
It was here that the Europeans obtained from the Indians the Irish potata,
Solanum tuberosum, as well as the S. andigenwm, a variety which also possesses

. .
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48 chromosomes and closely resembles the Irish potato morphologically. This
variety is particularly suitable for European conditions because it is adapted to
long periods of daylight. Most of the species and forms of the potato from
Peru, Bolivia and Ecuador require a short day for their normal development,
and under usual European conditions, with long days during the summer
months, these varieties fail to produce tubers.

VIlla. The Chiloe Center of Origin of Cultivated Plants.

Solanum tuberosum L.—Common potato. (48 chromosomes).
Madia sativa Molina—Chile tarweed. An oil plant.

Bromus mango Desv.—Chilean center of origin (Extinct).
Fragaria chiloensis Duchesne—A wild growing strawberry.

bl e

The enormous territory of Brazil with its rich flora, estimated by botanists
(HoeuNE) to comprise 40,000 species, up to the present has furnished the
world with a very insignificant number of cultivated plants, of which the most
important are manioc, peanut, and pineapple. It is interesting to note that even
these plants are indigenous not to moist tropical forests but to the semiarid re-
gions of Brazil. The rubber tree still grows wild in its native home, the valley
of the Amazon river, whence it has been introduced into southern Asia by the
Dutch and English during the past decades.

VII11b. Brazilian-Paraguayan Center of Origin of Cultivated Plants.

ENDEMIC PLANTS (—

1. Manihot utilissima Pohl.—Manioc. (Growing on light dry soils).

2. Arachis hypogaea L.—Peanut. (On light soils).

3. Phaseolus caracalla L.—Snail flower.

4. Theobroma cacao L. (Secondary center), T. grandifiora K. Schum. (Guazuma
grandiflora G. Don.) and other species.—Cacao. (Valley of the Amazon river).

5. Hevea brasiliensis Miill—Rubber tree. (Valley of the Amazon river).

6. Ilex paraguayensis A. St. Hil—Paraguayan tea.

CULTIVATED FRUITS (—

7. Eugenia wniflora L.—Surinam cherry. E. wwalka Cambess.; E. dombeyi Skeels—
Grumixameira tree; E. tomentosa Cambess.—(All of these are cultivated).

8. Myrciaria jaboticaba Berg.; M. caulifiora Berg.—Jaboticaba.

9. Ananas comosa (L.) Merr.—Pineapple. (On dry soils).

10. Bertholletia excelsa Humb. and Bonpl.—Brazil nut. (Growing wild). .

11. Anacardium occidentale L.—Cashew. (Also growing on the Antilles). e

12. Fetjoa sellowiana Berg.

13. Passiflora edulis Sims—Purple granadilla.

* * * * *

Still later, although before the time of CorLumsus, the Indians introduced
and cultivated the Jerusalem artichoke and the sunflower in the northern region
of the present United States, where these plants are still found growing wild.

These are the localities of concentration of the world’s sources of the
principal cultivated plant species and varieties, as determined by detailed phyto-
geographic investigations of the last decade. More exact information will
probably be necessary in the case of a number of tropical plants growing in
adjacent centers. The centers of primary origin for plants which are economic-
ally most interesting to the SSSR have been established quite accurately.
All these centers undoubtedly have developed independently from each other,
which is borne out by the composition of the genera, species, and varieties of
cultivated plants, as well as by their distinctive agricultural methods, imple-
ments, and domesticated animals. .

10 Gee N. VaviLov: World centers of animal and plant breeding. Proceedings of th.e
second All-Union Conference on the evolution of domestic animals at the Academy of Sci-
ences SSSR (1934). i .

"
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It is important to note that the eight basic centers are separated by deserts
or by mountain ranges. The Chinese center is separated from the Central
Asiatic center by an enormous desert and by the semi-desert plateaus of Cen-
tral Asia. The Near Eastern center is isolated from the Central Asiatic center
by the desert of eastern Afghanistan and the Bakviad and Seistan deserts of
western and central Iran. From India proper, the Central Asiatic center is
separated by the Tar desert. The Mediterranean center is bounded by deserts
on the east and south. Similarly, Abyssinia is encompassed by deserts. The
high mountainous region of Peru and Bolivia which was the cradle of agri-
culture in South America is bordered by the desert of Atacama on the west.
North of Southern Mexico are located the Mexican desert plateaus. Indeed,
the very geography of the primary centers of origin isolates them, and thus
has contributed to the independent development of the floras and human popu-
lation, the interaction of which has brought about the independent agricultural
civilizations. The deserts were formidable obstacles to the primitive peoples,
keeping them isolated for long periods.

The foregoing lists comprise the most important cultivated plants of the
world. Outside these primary centers there have been few plants introduced
into cultivation, and some of these, especially forage plants, vegetables, and
medicinal plants, have been only recently introduced. Among important crop
plants of ancient cultivation outside these centers are the date palm (probably
from the oases of Mesopotamia and northwest India and possibly independently
also from Africa), and the watermelon which is found growing wild in the
desert and semi-desert regions of South Africa.

Differential maps of the geographic localization of varieties showing places
of concentration of the maximum number of original plant varieties have been
compiled on the basis of the enormous amount of seed and seedling material
collected by the expeditions of the Institute of Plant Industry (about 300,000
samples). Cultivated plants which are of greatest importance to the SSSR
have been planted and studied in detail. Such maps have been compiled for
varieties of wheat, oats, barley, rye, corn, millet, and flax ; of the legumes, for
peas, lentils, beans, chick peas, grass peas, and mung beans; of vegetables for
carrots and tomatoes as well as for root crops and potatoes (see N. VaviLov:
Centers of Origin of Cultivated Plants, also articles on separate cultivated
plants published in “Trudi po Prikl. Bot., Gen. i Sel.” (1923-1934).

On the whole, it appears clear that the primary regions of formation of the
most important cultivated plants are localized within very narrow limits, oc-
cupying approximately 1/40th of the entire dry land area of the earth (not in-
cluding desert and rocky sections within the areas of the centers proper).
From the lists given above it seems apparent that an overwhelming majority of
cultivated plants had their origin in the Old World. Of the 640 most important
cultivated plants listed, over 500 belong to the Old World, i.e., 5/6 of the culti-
vated plants of the world. The New World contributed approximately 100
plants (considering each newly discovered species of the potato as a separate
plant). Within the limits of the Old World, the greatest number of cultivated
plants had their origin in southern Asia—over 400 plants or almost 25 of all
the crop plants under cultivation. If the calculation were based on the exact
number of species, the number of plants would be larger but the proportions
would remain the same. The greatest potential resource of species and varieties
of cultivated plants is focated in the mountains and tropical regions of southern
Asia. The smallest number of plants is found in Africa which has contributed
only 50 cultivated plants. Australia knew nothing of cultivated plants until
tecent times. Some of the members of its wild flora have heen introduced into

4
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cultivation only during the 19th century: such are, for example, the eucalyptus,
acacia, and cassowary.

An unusual wealth of original genera, species, and varieties of plants is
found in India and China, countries which have contributed almost half of our
crop plants; large original floras exist also in the Near Fast and the Mediter-
ranean countries.

If, besides the cultivated plants, one takes into account also the wild va-
rieties which are utilized by inhabitants of these countries, one can understand
the material basis on which the enormous agricultural populations in these ter-
ritories have subsisted in the past and are still destined to live,

The actual location of the primary plant cultures is more clear and distinct
than it appeared to be in the times of pE CanpoLLE (1882), whose main con-
cern was with whole continents. A concrete study of plant resources by the
differential method has permitted the exact delimination of the basic regions of
formation of cultivated plants within the continents.

We have presented here only a summary of data concerning the most im-
portant species found within the limits of the larger centers; one could con-
tinue to make further geographic differentiation within the regions mentioned.
In the case of many species of economic importance to Soviet agriculture, with
an exactness that is exceptional in botanical investigations, we have succeeded
in establishing locations of the centers of their origin within radii of a few
hundreds of kilometers in many cases.

The method of phytogeographic differential plant study has fully justified
itself. Using it we have disclosed enormous resources of species and varieties
of cultivated plants and their most closely related wild forms—resources which
no botanist or agronomist has ever suspected in the past. In a great many cases
of our most important cultivated plants, we have had to reconstruct our entire
conception of the species and their composition.

* * * * *

The enormous quantity of field and vegetable crop material discovered in
these centers should be widely used in breeding work in the SSSR.

It is clear that the zone of initial development of the most important culti-
vated plants lies in the strip between 20° and 45° north latitude, near the higher
mountain ranges, the Himalayas, the Hindu Kush, those of the Near East, the
Balkans, and the Apennines. In the Old World this strip follows the latitudes
while in the New World it runs longitudinally, in both cases conforming to the
general direction of the great mountain ranges.

The plant lists given above for the separate centers show another very
important fact, namely, that a number of plants have had their origin in several
regions or centers. Of these plants a different Linnaean species may be in-
digenous to each center, the difference showing clearly physiologically and in
the number of chromosomes. This is very clear in the cases of wheat, potato,
oats, cotton, fruit trees. Data obtained by the differential phytogeographical
method have revealed that pE CANDOLLE’s old opinion that the native home of
wheat is Mesopotamia, and the statement of the famous Austrian geobotanist,
Sorms-LausacH, that the birthplace of wheat was in Central Asia, have no
foundation. The case of wheat and oats is a good example of the complicated
picture of distribution of the basic potential of a plant. Whereas the original
common wheat species (42 chromosomes) are centered between Hindu Kush
and the western Himalayas and also in Transcaucasia, species having 28
chromosomes are concentrated in Abyssinia or in the Near Fast (Transcaucasia,
Turkey, northwestern Iran) which is a region of endemic wheat species and
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their closely related genera. These facts have enabled us to exercise control
over original material for breeding. They have shed entirely new light on
the problem of source materials for the most important cultivated plants.
Among the newly discovered plant sources we have found many valuable
agronomic properties such as resistance to diseases and awnlessness in some
wild hard wheat varieties found in Abyssinia. In the mountainous regions of
Peru and Bolivia there were found certain species of potato which have been
able to withstand temperatures as low as —8° C. These facts have proven to
be so significant that, after the Soviet expeditions, special expeditions were
sent from Washington, from Sweden, and from Germany into Central and
South America. The most recent German expedition went to India with one
definite object—“to collect wheat materials in this world geographic center of
soft wheat genes.”**

Even if we consider as completed the investigation of the world’s resources
of certain crop plants such as wheat, barley and legumes, there still remains
an enormous amount of work to be done on vegetables and cultivated fruits.
We can look forward to important discoveries on fruits in China, Asia Minor,
and Iran. Of great interest would be a thorough exploration of northwestern
India where the most important European field crops have had their origin.

5. Primary and Secondary Crops:— Our research has suggested a
division of all cultivated herbaceous plants into two groups. The first group
consists of plants cultivated from ancient times and known only in cultivation
or in wild state. These we called the primary group. To this group belong
such plants as wheat, barley, corn, soy bean, flax, and cotton.

The second group consists of all plants which have been derived from weeds
which grew among the basic primary plants.

We have determined that cultivated rye has arisen from rye which grew as
a weed in fields of wheat and winter barley in southwestern Asia and Trans-
caucasia where it is now found in great diversity in its weed form. In Afghan-
istan, rye is a stubborn weed, especially since many of its forms have a tendency
to self-sowing (shattering). .

With the northward movement of cultivated wheat and winter barley from
southwestern Asia—from the basic center of formation of soft wheats into
Europe and Siberia—rye began to replace wheat. Due to its winter hardiness
and its general tolerance of soil conditions, rye replaced wheat, with man’s
assistance, and became an independent cultivated crop as may be observed at
present in mountainous regions of southwestern Asia and also in our own coun-
try, in North Caucasus.

The predominance of rye which is found in the northern European areas
of Soviet Russia and in northern Germany is largely a result of natural selec-
tion. At the northern edge of the zone of wheat adaptation, the farmer often
plants a mixture of rye and wheat, since such a mixture guarantees him a
better yield than wheat alone, which is likely to freeze out in cold winters.
We were able to clarify the entire process of replacement of wheat by rye to
the minutest detail.** Evidently it was wheat that brought rye into cultivation ;
it is impossible to understand the origin of cultivated rye without cultivated
wheat. An important fact for breeding is the presence of a large source of
the genes of rye among the weed varieties of rye in southwestern Asia.

1 This was the official designation of this expedition. (We are quoting from a letter of
Dr. RUDORF.)

12 See VaviLov, N. Centers of origin of cultivated plants. Trudi po Prikl. Bot. 16(2),
1926. i E
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Thus, in our search for new genes and for new valuable characters, we
have had to resort to a weed found in wheat fields.

A similar situation, but one even more complicated, was found in the case
of oats. It is interesting that the various forms of oats, differing in their
chromosome number, are associated, in their origin, with the separate geo-
graphic groups of emmer and of barley. As the ancient cultivated forms of
emmer moved northward, the weed oats which grew in fields of cultivated
wheat replaced the wheat and became an independent crop. In seeking new
forms, new genes of oats, the breeder should give special attention to the cen-
ters of origin of the ancient forms of cultivated emmer, for it is in these centers
that he will find a great diversity of original genes of cultivated oats.

Similar facts have come to light in connection with a number of other plants,
such as Eruca sativa, certain mustards, rape, and other crucifers, the coriander,
a number of potato varieties of Peru and Bolivia, and the Peruvian tomato. A
study of weeds growing in cultivated fields should open new possibilities for
breeding from this point of view.

—

6. Regularities in the Geographic Distribution of Varietal Diversity
of Cultivated Plants:— The accumulation of a large number of facts on the
distribution of varieties in the primary centers and on the migration of these
varieties from the original centers has disclosed a number of important prin-
ciples which facilitate our search for necessary and valuable material.

We have already mentioned the fact that on the periphery of the areas oc-
cupied by a given plant and in places of natural isolation, such as islands and
isolated mountain regions, one may often find extremely interesting original
recessive forms which are the result of inbreeding or of the process of muta-
tion. We have a very large number of such cases. China, for instance, is
characterized by the presence of peculiar cultivated plant forms of secondary
origin, introduced from their primary centers of origin. Here we find the
world’s greatest diversity of varieties of hull-less barley (smoothness of grain
is a typically recessive character), also of hull-less millet and of large-seeded
hull-less oats (Awvena nuda). Here also, as we have previously stated, we find
segregations of peculiar recessive forms of waxy corn and of asparagus bean.
The latter is a variety lacking the parchment layer in the wall of the bean pod,
which makes the beans edible in the pod. It is possible that these recessive
qualities have been brought out by intensive breeding conducted since ancient
times by primitive Chinese breeders.

Unusual eligulate forms of rye, of soit wheat, and of club wheat are re-
stricted to the region of Palmyra, growing in isolated regions of Badakhshan
and Shugnan and in the mountainous regions of Soviet Tadjikistan and of
Afghan Tadjikistan. Varieties of hard eligulate wheat were found segregated
in the place of their origin, on the island of Cyprus.

It is possible to trace remarkable geographic regularities in the distribution
of cultivated plants from the Himalayas to the Mediterranean Sea. The group
of mountain ranges between the Himalayas and Hindu Kush offers the world
a collection of astounding wealth of primitive, mostly dominant forms of peas,
beans, chick peas, and grass peas with small seeds and pods. The varieties of
Lathyrus found in Palmyra and in northwest India are characterized by hav-
ing blue, often very dark blue, flowers and dark, small speckled seeds. As we
move westward to Iran we find larger forms, recessive forms, forms with white
seeds and with pink flowers. Countries around the Mediterranean have almost
none but very highly cultivated forms with large white seeds and white flowers.

We find the same phenomenon in the case of the lentil which is represented
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at Chitral and on the boundary between India and Afghanistan by black small
seeded forms differing from the large seeded forms of the Mediterranean. The
bean seeds of Sicily and Spain are seven or eight times larger than those grow-
ing in the region of Kabul (Afghanistan) and in Badakhshan. The same is
true of the chick pea. The Mediterranean area is also characterized by its
large-seeded forms of flax, wheat, and barley. In Algeria we found varieties
of the onion with bulbs weighing up to 2 kilograms each.

Thus we see that in a number of species the recessive characters increase
as we go from the Himalayas to the Mediterranean, and that the seeds and
fruits become larger, a fact which is very important to keep in mind when
searching for the most valuable forms.

We also have observed certain regularities with respect to immunity from
disease. Certain geographic groups are generally resistant to specialized types
of smut, rust, mildew, and other parasitic fungi and also to bacterial diseases.
The American group of species of grapes, for example, is characterized by its
resistance to Phylloxera and to mildew. The East Asiatic species of apple,
pear, and chestnut are strikingly different in their reaction to disease from
our West Asiatic and European cultivated species and varieties. The sesames
of Abyssinia, southwestern Asia, India, and Japan differ greatly from each
other in their reactions to the same bacterial infections. The hard wheats of
the Mediterranean countries possess a distinct immunity from stripe and leaf
rusts in contrast to the relatively susceptible hard wheats of Abyssinia and
partly of Egypt. The dicoccum types of different geographic regions are
quite distinct in the degree of their immunity from the stripe, leaf, and stem
rusts and from mildew. These varieties range in their reaction to mildew and
the rusts from complete immunity to great susceptibility.

Very interesting regularities have been discovered in the study of varietal
material from Yemen in the mountainous regions of Arabia. In this country,
adjoining the desert of Arabia, with its peculiar climatic conditions, there have
evolved very early-maturing types of all herbaceous crops grown in the moun-
tains. Here we find the most early-maturing wheats of the world. The same
is true for varieties of barley, lentil, and fenugreek. We also found that the
blue Arabian alfalfa matures very early, its vegetative period being almost as
short as that of the annual alfalfa.

The different geographic groups are also characterized by other biological
differences. For example, the grass pea forms of Afghanistan, Palmyra, and
Tadjikistan have a tendency to self-pollinate, while the European Mediter-
ranean forms show, on the contrary, a tendency toward cross-pollination. The
horeal forms of forage grasses have a tendency toward apogamy, a fact which
has a decisive influence on methods of breeding.

In beginning his work with different plant groups, the breeder must take
into consideration the phytogeographic peculiarities of the species with which
he is concerned. This will help him with his practical problems by enabling
him to find the most suitable original materials for his purposes.

7. The Finding of Valuable Forms Far Removed from Primary
Centers of Origin:— In exploratory work one often comes upon exceptionally
valuable forms far from the primary centers of their origin. Thus, for in-
stance, the well known variety of orange, the “Washington Navel,” was dis-
covered in Brazil, whereas the basic center of citrus fruits is located in south-
eastern Asia. At present, enormous plantations in the United States are de-
voted to the growth of this variety which apparently originated as a mutant
form or accidental seedling in Brazil. The famous Jaffa oranges probably had
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their origin in a bud mutation found in Palestine. To the same category be-
long some of the curious recessive forms of secondary origin of cultivated
plants growing in China.

There is no question that the results of deliberate breeding work of the past
centuries and decades represent an enormous achievement. The use of such
breeding stocks may greatly facilitate the work of practical breeding.

8. Original Forage Plant Materials:— Only two of the existing centers
of origin of plants possess endemic groups of cultivated forage plants, namely,
the Near Eastern and the Mediterranean centers. These centers have given
rise to a number of highly valuable plants such as alfalfa, a number of clovers,
grass pea, lentil, vetch, seradella, and French honeysuckle. The same centers
have long been known to have domesticated our most important animals and
to have developed the science of animal husbandry.® The introduction of
forage plants into cultivation has originated at a relatively late period, dating
but a few centuries back. In the case of most of the basic cultivated plants,
we must seek the primary sources of their origin in our search for new varieties ;
but in the case of forage plants, we already have an enormous supply of species
and varieties in our native vegetation. Actually, the breeder has just entered
the stage of selection among species, to say nothing of varieties,

Research all over the world during recent decades points to the great im-
portance of the European and Sibetian native flora as original material for the
breeding of new forage plants. It is interesting to note that the American flora
which has been quite well studied and frequently used in introducing new plants
into cultivation (MarTe and Kirk in Canada; Pirer, Hircucock and others
in the United States) has rarely shown species which were able to compete with
the European forage plants. Only one Canadian species, Agropyrum tenerum
Vasey, deserves special mention; however, it occupies but very limited areas
in North America and is of interest to us only for certain regions of western
Siberia. A great number of species of grasses and of annual and perennial
leguminous plants of our Union deserve serious consideration as original ma-
terials for introduction into cultivation. The Swedish expedition headed by
TuressoN, conducted in 1928 in western Siberia and in Altai, disclosed the
following interesting fact: Apparently certain plants of foothill regions of
Altai and of western Siberia, which possess a double chromosome complex,
are characterized by rapid growth and by large vegetative bulk as compared to
related species growing in northern Europe. According to the Swedish sci-
entists, certain western Siberian species deserve special consideration for breed-
ing because they surpass the forage plants originating from the local varieties
of northern Europe.

In order to supply the breeder with the best available material, one must
possess a broad geographic outlook with the ability to utilize varied ecogeo-
graphical groups within the limits of a given species. One should make the
most of mountainous regions, especially Caucasus which is so rich in forms of
alfalfa, sainfoin, vetch, Lathyrus, and f{orage grasses. The expeditions of the
Institute of Plant Industry and of the Institute of Forage Plants have collected
during recent years over 250 species of wild forage grasses represented by
many specimens, all gathered within the limits of the SSSR. These are now
being grown in special seed plots and studied to determine the most valuable
species and ecological types. Usually there is found a great diversity of eco-

1BV aviLov, N. I. “World Centers of Animal and Plant Breeding.” Paper presented
at the Second All-Union Conference on the Evolution of Domestic Animals at the Academy
of Sciences, March 1934. . i SR :
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geographic forms within the limits of each species. To select from this diver-
sity of forms is the basic problem of the plant breeder. As illustrated in the
breeding of red clover, the correct geographic approach in selecting original
breeding material determines the success or failure of the selection (P. I.
LisitzIin).

9. The Theory of Climatic Analogies in Plant Introductions:— In
selecting species and varieties for the SSSR one has to take into account the
climatic conditions under which the plants introduced were growing and when-
ever possible, to select varieties from regions more or less similar climatically
to our country. The knowledge of the climate of the country from which the
original material for breeding has been collected is very important.

However, it must be borne in mind that the question of climatic analogy
cannot be disposed of as readily as it has been in the recent past. A study of
the distribution of plants shows the complex nature of this process.

Some cultivated plant varieties possess a surprising universality. This is
true for many forage grasses and cultivated vegetables. Denmark exports seeds
of vegetables into many countries of the world. According to the data of the
seed-testing laboratories of the SSSR, the Danish vegetable seeds are found
kest for our own regions although our climatic conditions are very different
from those of Denmark. We use these Danish seeds throughout the entire
Union and even beyond the Arctic circle. Southern Sweden exports forage
grass seeds all over the world. The Swedish oats, “Conquest,” has truly con-
quered the entire world; it is successful in our western Siberia and in the
Ukraine, as well as in western Europe, under the most varied climatic and
soil conditions. The Pettkover rye, bred in northern Germany, is cultivated
with success throughout all Germany as well as in our own country. Many
herbaceous ornamentals are also surprisingly universal. Petunias, fuchsias,
snapdragons, lobelia, mignonette, nasturtium, dahlias, asters, stocks, and many
others are grown from seed all the way to the Arctic Ocean, in spite of their
tropical and subtropical origin. In other words, some plants and plant varieties
seem to be cosmopolitan under cultivation.

On the other hand, the majority of imported varieties of spring and winter
wheat and barley are of little interest to us even when transplanted into very
similar conditions. The best standard varieties of the world planted over.im-
mense areas in Canada and the United States, such as Marquis wheat, are not
adapted to areas of any size in the SSSR and are, therefore, less desirable than
our own varieties, Many varieties of this group of plants are found to be thus
specialized; however, there are exceptions even among such plants.

For example, the Saratov wheat variety “Lutescens 062” was unexpectedly
found suitable for the coastal region of the Far East, where the climatic con-
ditions bear very little resemblance to those of Saratov. The Australian sum-
mer wheat, Aurora, grows well in Sweden and in Finland and in our northern
European SSSR. A number of Argentine wheat varieties which grow in their
mother country in practically subtropical climate, with an absence of winter
weather and a heavy annual rainfall up to and over 1000 mm., do well in our
country, especially in the Leningrad section and the northern region. The
barleys which we had collected in the mountains of Abyssinia, were found to
perform excellently under the climatic conditions of Leningrad, notwithstanding
the long summer days as contrasted with the short days of Abyssinia. The
Abyssinian varieties of peas without special selection were also found to per-
form excellently under Leningrad conditions. On the other hand, the Abys-
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sinlan spring wheats from the same localities performed poorly in the Lenin-
grad section and in all sections of European SSSR.

The blue and the yellow alfalfas of southern origin withstand the winters
beyond the Arctic Circle and east of Finland. According to experiments of
ZHEREBINA, the awnless varieties of brome grass collected near Voronezh with-
stand the winter without freezing in the extreme north.

To be sure there exists no perfect climatic and soil analogy. From the
standpoint of plant introduction, the meteorological factors such as moisture
and humidity are usually taken into consideration; but aside from these fac-
tors, there is the relative day length which changes with the latitude and is of
great importance in plant introduction. The physiological experiments of
Arrarp and GARNER and other investigators and also our own geographic
experiments proved the great importance of photoperiodism in plant growth.
The beets and turnips of southwest Asia, when transplanted into our northern
regions change from biennials into annual plants. The Afghanistan radish
has changed in the north from an oil plant with a thickened taproot into an an-
nual plant without a thickened taproot (experiments of E. N. SINSRAvYA).

As shown by direct experiments, great care is needed in applying the theory
of climatic analogy in plant introduction. To the above listed examples can
be added the observations on the Peruvian and Bolivian potatoes. Contrary
to our expectations certain species and varieties of potato from these equatorial
countries perform excellently beyond the Arctic Circle, where they not only
bear tubers but also seed balls.

Also contrary to expectations, the formation of tubers and seeds in a num-
ber of South American potato varieties is especially pronounced in the extreme
North.

The commonly employed method of equating zones of altitude with zones
of latitude should be used with considerable caution, because this does not con-
sider differences in photoperiodism.

However, in using climatic and soil data in breeding work, one should not
overestimate the importance of climatic analogies. Thus, the statements of our
very authoritative cotton breeder, G. S. Zartzev, that, on the basis of the cli-
matic conditions for Central Asia, cotton would not do well in north Caucasus
and southern Ukraine, proved to be incorrect. In the light sandy subsoils of
north Caucasus and southern Ukraine and with a high seeding rate, the cotton
plant shortens its phases of development and produces mature bolls, which
was not understood from the data from Central Asia, where cotton is grown
under irrigation and where the plants are widely spaced.

To speak with certainty of the suitability of a species or a wvariety to new
conditions, it must be subjected to direct testing.

10. Quarantines in Plant Introduction:— The extensive development of
plant introduction must go hand in hand with its regulation in order to prevent
the introduction of new parasites. The organization of quarantine inspection
is an essential part of plant introduction. Every parcel of seed from abroad
should be examined by entomologists and phytopathologists. Infected plants
should be fumigated and treated with fungicides and insecticides., In case of
- doubt the material should be sent to quarantine seeds plots for investigation.
Special quarantine greenhouses are essential.

For this reason the imiportation of plants should be centralized and strictly
controlled.
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11. Introduction and Breeding of New Plant Varieties:— While in the
breeding of cereals use is made of the original materials developed during
thousands of years both in the Old World and the New, in the breeding of
other crops (including fruits and berries) selections are made from the na-
tural resources of the world’s flora.

Hunger and the constant search for food have forced primitive peoples to
select for their food all plants suitable for cultivation in temperate and sub-
tropical climates. Great accomplishments have been made in this direction
throughout past centuries by unknown breeders. One can only marvel at the
diversity of varieties and species of wheat, barley, corn, sorghum, and legumes,
all of which were known in primitive civilizations. It is not easy to find com-
petitors to our present cereals; it would be very difficult to replace wheat, rice
and corn by other cultivated plants. At any rate, world-wide botanical in-
vestigations, which had this for their aim during the last five decades, have
resulted in the discovery of no new major crops. It is possible to change the
existing varieties of wheat ; it is also possible to create new species by crossing,
and there is a great field open in this direction. However, the search for new
genera of cultivated cereals is not promising.

Nevertheless, it is possible to create entirely new plants out of old forms,
as, for example, the alkaloid-free lupines developed in recent years.

We have seen that an unlimited field for experiment is open in this direc-
tion in work with forage plants, among which there are hundreds of species
deserving further breeding tests. This is true not only of plants utilized for
grazing and for hay but also of those grown for the grain. Recent works of
experiment stations in Italy and Portugal have shown that there is still much
to be accomplished in the breeding of legumes grown for their seed. The Rus-
sian Institute of Plant Industry has succeeded in discovering a lupine con-
taining 219% {fat and 30% of protein, i.e., a lupine which equals the soy bean
in food value and at the same time is adapted to light soils.

There are many more possibilities for introduction of wild plants into cul-
tivation for commercial use. In this field the plant breeders of former civili-
zations have accomplished relatively little. There is much to be done even in
breeding fiber plants which have served as sources of raw material for marny
centuries. A new fiber plant is the Indian hemp which has been recently in-
troduced into cultivation. It is interesting to note that in introducing this
plant into cultivation, great difficulties had to be overcome in finding sultabTe
eco-geographic forms.

An almost untouched field for experimentation is found among med1cma1
and ethereal oil producing plants.

Great possibilities exist in the introduction of new rubber plants suitable
for cultivation in temperate and subtropical zones. Excellent examples are
the new rubber plants, Tau-saghyz, Kok-saghyz, and Krym-saghyz, as well as
the goldenrod of Epison.

The cultivation of these plants again brought up the question of variety
because investigations had shown that the different strains of Tau-saghyz and
goldenrod greatly differed in the amount of rubber produced. The gquestion of
new crops is invariably tied up with the finding of suitable varieties.

The field of pigment plants and paper pulp plants is still untouched.

Among the wild fruit trees we find extremely interesting varieties of the
almond, walnut and others which are in no way inferior to the best modern
cultivated varieties. We find such varieties in the mountainous regions of
Central Asia and Transcaucasia, not to mention the untouched resources of
eastern Asia, which has literally hundreds of species of wild fruit trees.

L
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12. Vernalization and Its Significance in the Utilization of the World’s
Plant Resources:— The method of vernalization introduced by T. D. Lysenko
opened up great possibilities for the utilization of the world’s assortment of
herbaceous crops. All our own old and new varieties, as well as the entire as-
sortment of the world, should henceforth be tested from the standpoint of
vernalization because experiments of recent years have shown that vernaliza-
tion may give astonishing results by literally transforming plant varieties,
changing them {rom plants ordinarily unsuitable for a given region into high-
quality productive forms. For example, winter barleys which can not be
grown under Leningrad conditions, since spring sowings fail to head and winter
sowings are winter-killed, when vernalized, not only head normally but in some
of the varieties have given higher yields than the best northern selections of
spring barleys.

Certain vernalized varieties of long-fiber flax have grown taller than the
untreated plants.

We are undoubtedly standing on the threshold of a revision of the world’s
crop resources, including our entire assortment of selected and local varieties
in the sense of their reaction to vernalization. The method of vernalization is
a powerful factor in breeding many herbaceous plants, enabling us to grow in
our northern climes many southern subtropical forms which would fail to de-
velop normally without this treatment.

Experiments with vernalization in the Khibin country beyond the Arctic
Circle and in Leningrad have demonstrated great possibilities in the utilization
of the world’s assortment of various cultivated plants. For the first time we
were able to experiment with the entire collection of barley varieties of the
world, including both winter and late spring varieties which under ordinary
conditions could never have headed in the Leningrad region.

In selecting suitable parents for hybridization, the theory of LvyseEnko on
“stages” also opens up unusual possibilities in utilizing the plant assortment
of the world.

Conclusion:— We have barely begun the systematic study of the world’s
plant resources and have discovered enormous untouched reserves, unknown to
scientific breeders in the past. The tremendous potential source of species and
varieties requires thorough investigation employing all the newest methods.
The problem of the immediate future is a classification of the enormous di-
versity of the most important cultivated crops not only on the basis of their
botanical and agronomic characters but also with the use of physiological, bio-
chemical, and technological methods. We should endeavor to develop in the
near future a biochemical and physiological systematization of cultivated plants.
The enormous plant potentials discovered in the centers of primary origin of
forms and species of cultivated plants should be subjected to investigation not
only by the taxonomist but also by the physiologist, the biochemist, and the
pathologist. In the field of genetics, which aims at new creations through the
most rational combinations of parents, an immense field of the most fascinating
and urgent work is opened up.
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Introduction' :— The characteristic feature of studies of the earth’s vegeta-
tion, from TOURNEFORT to our own times, has been the wvaried conception of
systematic units. Further investigations have done away with the general
concept of species, introduced by LinNaEus. The history of plant systematics,
in particular that of cultivated plants, vividly illustrates the attempts to ar-
range, in a convenient and harmonious system, all the morphological and
physiological characteristics, the number of which increases with finer methods
for distinguishing heritable forms and the study of new specimens of the same
plant, collected in different regions. Linnean species have become divided
into subspecies and varieties, and varieties, in turn, into races. Genetic in-
vestigations of recent years, however, have proved the divisibility of even the
most minute morpho-physiological units of systematics (elementary species in
the sense of DE VRIEs), and have shown that external uniformity may conceal
distinct genotypes.

Lorsy, in his book “Evolution by Means of Hybridization” (1916) pro-
posed a new terminology for distinguishing the basic units in the classification
of hereditary forms. The old Linnean species, the heterogeneous character
of which was brought out in the 19th Century, were not rejected, but consid-
ered as collective in nature, and these Lorsy distinguished as Linneons, in
lionor of LINNAEUS; races and varieties which make up the elementary species
of Jorpan and DE VRiEs, he proposed calling Jordanons in honor of Jorpax.
The term species LoTsy reserved for genotypes, as basic units embracing
genetically homogeneous groups of individuals. This last proposal, which is
contrary to established botanical and zoological terminology, is inconvenient for
practical usage, and, to avoid confusion, it is better not to use it.

Statistics of the Diversity of the Plant Kingdom:— The statistics of the
plant kingdom deals for the present only with Linneons. Hooker and ENGLER
estimated the number of known species at 130,000 to 140,000 Linnean species
of flowering plants including conifers. Present day botanists estimate the num-
lber of species of higher flowering plants at approximately 160,000. Richest in
species are the families Compositae (about 14,000), Leguminosae (more than
13,000), and Gramineae (about 6,000)."° \

However large this number of Linneons may be, it gives little indication
of the diversity of the earth’s vegetation. A more concrete idea of the com-
plexity of the plant kingdom is obtained only by a study of the Jordanons.

The systematic study of the numerous varieties within the limits of a Lin-’
nean species was begun by LINDLEY (monograph on roses), pE CANDOLLE
(Brassica), Kravus, METZGER, ALEFELD, and KORNICKE on cultivated plants
and SERINGE, JorDAN, and NAEGELI on wild plants; in recent times these works
on differentiation have been carried out by breeders and botanists (school of
Swedish systematists : WITTROCK, DAHLSTEDT, ALMQUIST, and others).

The detailed study of plant races has revealed a lack of homogeneous, mono-
typic Linneons. Linnean species that were considered in the 19th Century as

14 This is a translation, from the English, of our publication in the Journal of Genetics
in 1922, with additions and changes. In Russian, “The Law of Homologous Series” was

published in brief form in the Proceedings of the Third All-Russian Breeding Conference

- in Saratov.
15 ENGLER: Syllabus der Pflanzenfamilien. 8. Auflage, 1919,
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ultimate basic entities, in the 20th Century have been broken up by breeders
and systematists into a great number of jordanons, distinguished both morpho-
logically and physiologically. As a classic example of the splitting up of a
Linnean species we have Draba verna, the many heritable forms of which were
considered as a unit in the 19th century, while in the 20th century the complex
constitution of this species is regarded as a generally recognized established
fact. Many cultivated and wild species of plants can be divided into a great
number of well-distinguished heritable forms.

Thus, on the basis of the investigations carried out by us and our colleagues
in the Institute of Plant Industry, wheat species are divided into a great num-
ber of forms that are readily distinguished, both morphologically and physio-
logically. Whereas ten years ago we determined the number of Jordanons of
the soft wheat Triticum vulgare Vill,, at approximately 3000,"° at present, as
a result of additional studies, this figure must be increased manyfold, and we
cannot determine it even approximately. In this matter we are not dealing
with artificial hybrids produced by breeders in the past 30 years, but principally
with forms of wheat cultivated locally in the different regions of Asia and
Europe. The diversity of wheat can be judged by the fact that there are dis-
tinguished today no less than 400 heritable morphological and physiological
characters, which in most cases can freely combine in all directions, giving us
the theoretical opportunity for millions of possible combinations.*

Thousands of Jordanons have been found in investigations of local Asiatic
and African forms of barley. Even greater numbers have been found in oats.
At the beginning of the 20th century the Italian botanist ComEes found 700
botanical varieties in beans. Detailed investigations of recent years at the
Institute of Plant Industry have increased thie number of heritable forms of
heans severalfold.

In rye—Secale cereale—which, not long ago was considered to be relatively
uniform in comparison with wheat, there have been discovered hundreds of
forms distinguished by morphological and physiological characters. They were
found principally in the regions of Trans-Caucasus, Iran, and Afghanistan.
The heritable forms of rice are numbered in the thousands. Varieties of corn
are distinguished by hundreds of morpliological and physiological characters.
Also in the liundreds or thousands of varieties and heritable forms are divided
peas, vetch, chickpeas, flax, lentils, beans, grasspeas, cotton, hemp, and sesame.

Detailed systematic investigations of important species of cucurbits carried
out by K. I. Pancaro and his co-workers have disclosed a colossal diversity,
with the determination of many thousands of forms. The same applies to fruits,
vegetables, and potatoes.

In essentially every cultivated plant, whether it be tropical, subtropical, or
a plant of the Temperate Zone, regardless of the family to which it belongs,
with wide geographic differential study it becomes divided into a multitude of
heritable forms, the number of which one can hardly estimate. We are obliged
to limit the determination of differential heritable characters which can com-
bine in many different ways.

Wild species vary no less than cultivated ones. This has been seen in the
wild fruits of Central Asia and Caucasus which have been studied recently.
Almost every wild plum tree in Trans-Caucasus shows some sort of heritable
differences. It would be difficult to estimate the number of forms of wild ap-
ples and pears, quinces, pomegranates, and almonds. Scorzonera or Tau-

18 N. VaviLov: [On soft wheat.] Trudi po Prikl. Bot. 13 (1). 1923.
1T N. Vavirov: [Scientific Bases for Wheat Breeding.] .
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saghyz, the new source of rubber discovered on the shores of the Caribbean
Sea, which is botanically no doubt one of the oldest plants, possibly from the
Jurassic Age (M. V. Kurtiasov) shows literally thousands of well-distin-
guished forms. JorpaN and Rosen discovered about 200 constant heritable
forms in the wild Draba verna. The study of different wild plants of the
Crucifer family (species of Eruca, Brassica, Raphanus, Camelina, and others)
conducted by E. N, Sinsxava has revealed a great number of forms. Hun-
dreds of heritable forms have been found in the wild Linnea borealis (WrirT-
ROCK), Picea excelsa (WITTROCK), Viola tricolor (CLAUSEN), and others.
Wild species of clover, sweet clover, yellow alfalfa, quackgrass, wild barley,
foxtail grass, timothy, orchard grass, awnless darnel, wild oats, and many other
iorage grasses and legumes which have been studied in detail at breeding sta-
tions reveal no less variation in heritable characters than wheat, barley, oats,
or peas. Monotypic species remain such only during the time when they are
studied exclusively in the herbarium. When they are studied in culture with
large numbers of specimens, inevitably the polymorphic nature of the species is
revealed.

No less diverse are plants that are propagated today by vegetative or apoga-
mous means, such as roses, potatoes, tree fruits, citrus fruits, and dahlias. One
has the general impression that the more we study plants or animals, the more
variable they appear to be, and the more varieties there are discovered within
the limits of a Linnean species. Some Linnean species of plants, such as wheat,
corn, rice, date palm, roses, apples, pears, pomegranates, peaches, apricots,
cabbage, lettuce, and squash show an unusual amount of variability ; the same
applies to species of domestic animals and to Drosophila but this is evidently
due to the fact that these have been investigated more than other species of
animals.

The differences between Jordanons within the limits of a given Linneon,
with respect to form and color of flowers and to form and dimensions of leaves
and other organs, are no less striking than the differences between Linneons in
many cases. For example, some forms of the squash, Cucurbita pepo, have
fruit about the size of a hen’s egg, while other members of the same species,
growing under the same conditions, have fruits reaching a half meter and more
in diameter. Varietal differences with respect to weight of fruit in the bottle
gourd, pear, and apple within the limits of a single Linneon, are as great as a
thousandfold ; the same is true of root crops, for example, radish.

Varieties w1t111n the limits of a single species of sesame are dlstmgulshed
from one another by important systematic characters which in other plants
would serve to distinguish species, and even families, for example, opposite
or alternate position of leaves and fruits, fused or separate valves of the fruits,
position of the blossoms, whether single or in threes, and others. In some
forms of wheat and rye the leaves lack a ligula, i.e., they do not show the cus-
tomary differentiation of the leaves into leaf sheaths and leaf blades.

On the other hand, such a common alternating character in varieties of the
majority of plants as the presence or absence of anthocyanin in stems and
shoots, appears to be specific throughout the entire family of cucurbits. De-
spite an extended search among thousands of varieties of watermelon, musk-
melon, squash, and gourds, we have not once found forms with anthocyanin
in the stems or shoots.

The similarity of polymorphism in both cross-pollinated and self-pollinated
plants. The uniformity of some cross-pollinated plants is only apparent in

_cases where it has not been investigated. The only difference is that in cross-

pollinated plants characters are often found in a heterozygous condition, while
: 14 .
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in self-pollinated plants they are often homozygous. In cross-pollinated plants
many recessive characters may not be recognized as a result of the dominance
of other characters.

In deliberate self-pollination of these plants (Inzucht or inbreeding) there
can be discovered a great diversity of recessive forms. Investigations of recent
years on corn, sugar beets, rye, and sunflowers by seli-pollinating the plant,
have revealed a multitude of original recessive forms, still more increasing the
variability known to exist in these plants. But even without deliberate in-
breeding, many cross-fertilized plants such as corn, rye, and beets, and many
domestic animals, even man himself, show no less variability than self-fertilized

organisms.
* * * * *

There arises the urgent problem of the systematic study of Jordanons within
the limits of species, particularly in cultivated plants and domesticated animals.
This is indispensable to the purposes of genetics as well as agronomy. Only
by means of detailed study of Jordanons and genotypes can we arrive at the
correct understanding of species. In order to determine genetic formulas of
variation it is necessary to know the constitution of the Linnean species. Be-
fore proceeding to the creation of new varieties by crossing, it is necessary
to know the existing forms in nature.

In 1880 ALrrONSE DE CANDOLLE, in his remarkable book “La Phytographie”
wrote:

“There will come a day when science will treat the elements
of species just as the elements of genera and families, and all

these groups will be coordinated into a perfectly uniform sys-
tem.” (Page 80).

This day has arrived.

But the problem is not a simple one. A detailed study made by us on a
number of cereals, legumes, cucurbits, composites, mallows, and flax has con-
vinced us of the complexity of this undertaking. To give an exhaustive list
of the variations of animals and plants, even of the principal groups, is an al-
most insuperable problem.

The near future promises an extension of the Linneons, and a multiplica-
tion of the number of Jordanons. Artificial hybridization and mutation, and
the use of inbreeding and crossing threaten to produce, in the near future, a
significant increase in the external variation in form, and already at the present
time it is expedient to determine the extent of variation within the limits of
Linneons, not by the number of described and possible combinations, but the
number of varietal characters which distinguish the different forms from one
another. In this connection we must not forget that various characters may
be conditioned by several hereditary factors, .e., may have complex formulas
of inheritance.

The numberless variations, the chaos of endless forms, compel the investi-
gator to follow the route of systematization or synthesis. The process of dif-
ferentiation of Linneons has been going on for a long time; it is inevitable and
indispensable, for an enumeration of forms existing in nature, to have a correct
presentation of the constitution of the plant world, and to have clearly in mind
the route which must be followed in man’s work in creating new forms. As
the biological investigations go deeper they pass from morphological characters
to physiological and biochemical properties. Ahead of us lies differential sys-
tematics based on biochemical and physiological differences within the limits of
a species. But parallel with differentiation, naturally, it is necessary for us
to integrate our knowledge of varieties, races, and Linneons themselves. If

[ »
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160,000 Linneons are already the prodigious number with which the investiga-
tor must laboriously deal, even more complex will be the work with tens and
hundreds of millions of Jordanons.

Next before the investigators of the animal and plant world there arises
the urgent problem of explaining the regularities in intraspecific polymorphism
and of classifying the phenomena of polymorphism, a similar problem to that
which in its time existed in the study of the world of inorganic and organic

chemicals. ' o
* * * * * S

In studying in detail the race constitution of world vegetation, one can
note certain regularities in the diversity in the varieties and races which are
contained within Linnean species, despite their great polymorphism.

An attempt has been made to integrate the phenomena of intraspecific
polymorphism and present the underlying regularity which we have observed
in studying the forms of the plant kingdom, and which we have called “the
Law of Homologous Series in Heritable Variation” (1920).

The Concept of Parallel Variation:— The basic idea of uniformity in
the inheritance of organic matter was developed philosophically in its basic
features by GoeTHE in his “Metamorphosis of Plants” and also in the idea of
uniformity in diversity developed by Grorrroy St. Hivaire (1828) and
Dresser.”® This idea, particularly after DarwiN and under his influence,
penetrated comparative anatomy and morphology of animals and plants.

Isolated facts of parallel heritable variation in closely and distantly re-
lated species have been known for a long time. The botanist, NaubIN, noted
them clearly in his classic investigations of cucurbits in the middle of the 19th
century. DarwiN, in the breadth of his grasp of the problems of evolution
and his careful study of variations, could not by-pass the fact of parallel varia-
tion which, he considered, occasionally occurs in plants and animals.”

In “The Origin of Species,” in the chapter on Compensation and Economy
in Growth, DARwIN emphasizes that “various species show analogous changes
in such a way that one species acquires the characters of other related species
or reverts to characters of an earlier ancestor.” ¢

At the beginning of the section on analogies or parallels in variations (Varla-
tions of Animals and Plants under Domestication) DArRwIN writes:

“By this term I mean that similar characters occasionally \
make their appearance in the several varieties or races de-
scended from the same species, and more rarely in the offspring
of widely distinct species. . . . The cases of analogous variation,
as far as their origin is concerned, may be grouped, disregard-
ing minor subdivisions, under two main heads; firstly, those due
to unknown causes acting on similarly constituted organisms,
and which consequently have varied in a similar manner; and

secondly, those due to the reappearance of characters which were
possessed by a more or less remote progenitor.”

In this, DaArRwiIN is alluding to the facts reported by NAUDIN for cucurbits

18 GEoFFROY ST. HILATRE: Sur le principe de l'unité de composition organique, Paris,
1828.

CuristorHER DRESSER: Unity in variety, London, 1860.

In recent years there have been published a number of works devoted to the unity of
the phenomena of life. Cf. K. Maree: Die Gleichférmigkeit in der Welt. Bd. I und IL
Miinchen, 1916-1919. P. KaMMEReRr: Das Gesetz der Serie. 1919.

1 DARWIN : Variation of Animals and Plants. Part 2, Chap. XXVI “Analogous or
* Parallel Variation.” London, V. Murray, Popular edition in two volumes, 1905.
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and to the entomologist, WaLsu’s Law of Equable Variability (1863),*® which
runs as follows:

“If any character is variable in one species in a given group
there will appear a tendency to variation also in other related
species ; and if any character is entirely constant in one species
of a given group, it will tend to be constant in related species.”

In the entire evolutionary conception of DarwinN, however, this law of the
variation of species receives no further development.® WaLsi, himself, in a
special publication on the systematics of the Neuroptera gives a short formula-
tion of the Law of Equable Variability and a few examples of its application
in entomology but does not develop this generalization further.

The French botanist M. J. Duvar-Jouve collected a large number of facts
on variation of wild species of grasses, rushes, and sedges in his “Variations
paralléles des types congénéres” published in 1865 in the “Bulletin de la
Société Botanique de France,” Volume 12. Its conclusions are in good agree-
ment with our law. Hugo pe Vrigs in his “Mutation Theory” and “Pangenesis”
also notes a series of parallel variations. EIMER in his study of orthogenesis
supports the same theme, but from another point of view.*

A number of paleontologists such as Cope and OsBorN have noted trends
toward parallel variations in animals. Recently Saccarbo and ZEDERBAUER
have given striking examples of parallelism in fungi and conifers. The entire
system of fungi in the monumental classic work of Saccarpo is based on the
law of analogous variation.

Fragmentary indications from systematics, on the regularity and parallelism
in variation in different groups of plants and animals and particularly insects,
show the wide distribution of this phenomenon.

Detailed studies of the variations within many species, and a great quantity
of new facts, collected principally on cultivated plants and those wild plants
that are most closely related to them, permit us now to approach this problem
anew and to bring together all known facts in the form of a general law to
which all organisms conform, and which, it is our conviction, must have a
basic place in systematizing our knowledge of the inheritance of the variations
in species. N

X S

1. Variation in Related Linneons:— In studying the racial composition
of the world vegetation in certain related Linnean species within the limits of
single genera, despite a sharp expression of polymorphism of many species,
one can note a number of regularities in the diversity of the varieties.

The first regularity seen is a similarity in the morphological and physiologi-
cal characters which distinguish different varieties and races (Jordanons), con-
stituting related Linneons. A detailed study of species in extensive materials
collected in different geographic areas, shows a parallelism in phenotypic va-
riation in Linnean species within the limits of a given genus.

We will take up a few concrete examples.

20 Proc. of the Entomolog. Soc. of Philadelphia. Oct. 1836. P. 213.

2! Only in the quotation from DARWIN in “Variation of Animals and Plants in Domesti-
cation” is the Law of Equable Variability given wider application in the field of biology.

2 G. H. T. ExMer. Die Entstehung der Arten auf Grund von erworbener Eigen-
schaften nach den Gesetzen organischen Wachsens. Vols. I-I111, 1888-1901. Jena.

ZBP. A. Saccarpo. “I Prevedebilli Funghi Futuri secondo la Legge d’Analogia.”
Degli Atti del R. Istituto Veneti de Scienze, Lettere ed Arti, Tomo VIII, Ser. 7, 1896.

E. ZepErBaUER. ‘Variationsrichtungen der Nadelholzer.” Sitzungsberichte d. Aka-
demie d. Wissenschaften, Wien, Nat.-Math. Klasse, 116, Abt. I, 1907.
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Wheat—We are considering the species of cultivated wheat. As shown by
numerous investigations, the species of wheat are grouped into the following
three genetic and geographic types, distinguished according to their numbers
of chromosomes (2x — 14, 28, 42).

Grour I (42 chromosomes) : Triticum vulgare Vill.
(Basic area: S. W. Asia) Triticum compactum Host. _
Triticum spelta L. Vo

Triticum sphaerococcum Perc.
Triticum wmacha Decap.
Triticum vavilovianum Jackub.

Group II (28 chromosomes) : Triticum durum Desf.
(Basic area: Abyssinia, Trans-Caucasus, Triticum turgidum L.
and the Mediterranean region) Triticum polonicum L.

Triticum dicoccum Schr.
Triticum persicum Vav.
Triticum timopheevi Zhuk.

Group III (14 chromosomes) : - Triticum monococcum L.
(Basic area: Asia Minor and Trans-
Caucasus)

Triticum vulgare—soft wheats, with many varieties and races divided into
the following groups: 1) awned, awnless, and semi-awned forms with bent
awns and inflated glumes (inflatum) ; 2) white-, red-, grey-, and black-headed
forms; 3) forms with hairy glumes, with smooth glumes; 4) forms with white
or red grains; 5) winter and spring types, etc.

The species which are closely related to soft wheats, T. compactum, T.
spelta, T. sphaerococcum, and T. macha, exactly duplicate the variations of soft
wheats that have been given.

We pass to the second genetic group of wheats characterized by 28 chromo-
somes. In general they repeat the series of characters found in the first
group. Here, too, we find forms with white, red, or black heads, forms with
glumes that are smooth or hairy, with white or red grains, and of winter or
spring types. Here also are found forms that are awned, short-awned, awnless,
and inflated types. (See Fic. 2).

The third group, the 14-chromosome wheats, includes the species T. mono-
coccum which duplicates the second group in its varietal constitution. Here we
only fail to find awnless forms, but we do find varieties with long and short
awns, as well as forms with whlte red, or black heads, with smooth or han‘y
glumes, and with red or white grains.

The wild form of wheat, 7. dicoccoides Korn. which is characterized by"
28 chromosomes and today is found in considerable quantity in Syria, northern
Palestine, Armenia, and near Nakhichevan, and the wild single-grained wheat,
T. aegilopoides (with 14 chromosomes) each consists of a large number of
varieties basically similar to those in the other species of cultivated wheat,
mentioned above.

Numerous races within the limits of different botanical varieties of a given
species of wheat reveal an even greater similarity in detail.

Barley—Cultivated barley contains two species or subspecies that are very
closely related genetically and are easily crossed with each other: Hordeum vul-
gare and H. distichum. The first of these contains the following forms:

¥ Compact-headed, loose-headed

Yellow-, red- (with anthocyanin), and black-headed

With smooth or hairy glumes

With hull-less or hulled grain

Awned, short-awned, awnless, and furcate (type trifurcatum)
With smooth awns or with barbed awns

Winter or spring type

,
N

N

A
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Both species of barley duplicate the same series of characters.

Until quite recently there was known only one variety of wild barley
(Hordeum spontaneum C. Koch), closely related to H. distichum L. This
form was of winter type and characterized by yellow heads. In our investiga-
tion in Iran, Turkoman, and Afghanistan, there were found a number of new
forms of wild barley, among which were varieties with black or brown heads,
and with smooth or hairy glumes. Among the winter types were found typical
spring varieties. Parallel forms with colored heads were found also in the
wild species, Hordeum murinum.

QOats—TIere we are considering oats of the section Euavena, including the
cultivated species and the most closely related wild oat species. Study of a
large number of forms at the Institute of Plant Industry (A. I. MaLTsev, N. L.
VavriLov, and A. I. MorpvINKINA) has shown that the species 4. diffusa Asch.
& Gr., A. orientalis Schr., A. fatua L., A. ludoviciana Dur., A. sterilis L., A.
byzantina C. Koch., 4. brevis Roth., 4. strigosa Schreb., and A. barbata Brot.,
as well as A. abyssinica are all characterized by similar series of varieties with
white, yellow, grey, or brown glumes that are either smooth or hairy. In many
of these species there were found both spring and winter forms and forms that
were either early or late.

Millet—The same parallelism can be found in a study of related species
within the genus of millet. Pantcum ttalicum, P. miliaceum, and P, frumenta-
cewm present a striking example of species which are sharply distinct and
which at the same time show a common diversity of botanical varieties. In
compactness of the panicle, in the color of the glumes, in the presence or absence
of awns, and in the development of anthocyanin pigment in the heads, these
species repeat one another. The differences go deeper. Among the forms of
both Panicum italicum and P. frumentaceum are found races which are dis-
tinguished by the reaction of the endosperm to iodine in potassium iodide. One
of these forms colors red, the other blue, which indicates differences in the
chemical composition of the endosperm.

Cotton—Comparing Asiatic cotton, Gossypium herbaceuwsn L., which is
widely cultivated in Iran, Afghanistan, and Kashgania (China) with the In-
dian cotton G. arboreuwm 1.. and also with American species G. hirsutum L.,
Upland cotton, and G. barbadense L., the so-called Egyptian cotton, one cannot
fail to note a striking similarity in the series of variations even though these
species are separated by continents, as has been brought out in the investiga-
tions of G. S. Za1rtsev, S. E. HArLAND, and F. M. MAvYER, and other authors.
Varieties of these species resemble one another with respect to variation in
fiber color (white, brown, green) presence or absence of hairiness, color of the
seed, type of branching of the entire plant (monopodial, sympodial), form of
leaves, color of stems, and presence of forms with open or with closed bolls.
This is in spite of the fact that the American and Asiatic cottons are sharply
distinct with respect to numbers of chromosomes (52 and 26) and to difficulty
in crossing them with each other.

Agropyrum repens and A. cristatum.—In comparing the polymorphism of
the Linnean species 4. cristatum and A. repens, crested wheat grass and quack-
‘grass, two species which are widely distributed in European and Asiatic parts
of SSSR, and which have been intensively studied by V. S. Bocpano and P. N,
KonNsTANTINOV, one cannot help noting the striking resemblance in the series
of variations in these two independent species. Both of them have:

1. Awned and awnless forms

2. Hairy and smooth-glumed forms
3. Yellow, red (with anthocyanin), and black-headed forms
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Forms with recumbent, erect, and intermediate habits
Forms with thin straw and others with thick straw
Narrow-leaved and wide-leaved forms

Compact-headed and loose-headed forms

Forms with and without a waxy coating

Forms with yellow and others with violet anthers \
10. Low-growing and tall-growing forms

11. Forms with hairy and others with smooth leaves
12. Late and early forms i
13. Hydrophilic and xerophilic types . \

020 NS LA

\
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In crested wheatgrass there are forms with solid straw, while such are un-
known in quackgrass, but quackgrass has been studied too little to permit one
to conclude as to the presence or absence of such forms. The investigations of
the Canadian botanist MaLTe (1932)* definitely show that in other species
of Agropyrum in North America there appear the same homologous series of
forms.

Brassica napus and B. rapa.—A clear-cut parallelism of the series of forms
is observed also in B. napus and B. rapa. In both there are annual and bien-
nial varieties when these are cultivated under uniform conditions. With re-
spect to color and form of the blossoms and leaves, to the habit of the plant,
and to the color and form of the roots, there are observed parallel series in
both Linneons (See E. N. Sinskava, “Oil and Root Crops of the Family
Crucifereae,” Trudi po Prikl. Bot., Vol. 19, Part 3, 1928).

Cucumbers and cantaloupes; different species of cucurbits—A striking
parallelism of varieties can be traced in cucumbers and cantaloupes, belonging
to two different Linnean species Cucumis sativus and C. melo, which are quite
distinct physiologically as has been shown by NaupIN. In form of fruit, color,
seeds, and leaves, in details of the structure of the blossoms, and in general
appearance of the plant, it is impossible to overlook the marked resemblance
of the variations of these two Linneons, which contain large numbers of well-
distinguished Jordanons. Some of the cantaloupes are strikingly reminiscent
of forms of cucumbers in external appearance, and even in flavor.

The same series of parallelism of Jordanons can be observed in other cucur-
bits, as, for example, in Cucurbita maxima, C. pepo, and C. moschata (Cf.
Trudi po Prikl. Bot., Vol. 23, Part 3, 1929/30, on cucurbits, edited by K. I.
Pancaro). :

A large number of similar facts and examples could be introduced from dif-
ferent cultivated and wild plants. ‘

Such parallelism in variation does not appear to be fortuitous, but entirely
general. Whereas in the time of DARWIN such facts were isolated and discon-
nected, today as a result of detailed study of a great number of Linneons found
in different families and involving investigations of new materials, there is
no doubt of the generality of this law.

A priori, one might think that series of parallel variations would not always
necessarily be complete in all species which have been submitted to the effects
of natural selection during hundreds or thousands of years; this is all the more
probable since some of the combinations of genes appear to be lethal. In the
historical processes of development, some species have become extinct, as is
demonstrated by the findings of paleontology. It is therefore not surprising
to find a lack of certain connecting links in series of existing forms within the
limits of Linnean species.

An exhaustive botanical study of a great number of cultivated plants and

2 Marte, M. O. The so-called Agropyrum caninum (L.) Beauv. of North America.
' Annual Report (1930). National Museum of Canada, Ottawa, 1932,
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their wild relatives, based upon the extensive collection of world materials
gathered by expeditions of the Institute of Plant Industry, has revealed a com-
plete series of heritable forms within the limits of many species, surpassing our
expectations. This study has shown the existence of a striking parallelism in
variation, examples of which have been given; others will be given later.

Thus we come to the conclusion that genetically close Linnean species are
characterized by resemblances in their series of heritable forms, and it is ob-
served that the closer species are related genetically, the more exact is the
repetition of series of morphological and physiological characters. Linneons
that are closely related genetically are characterized, consequently, by uniform
sertes of heritable intraspecific variations.

2. Variations in Different Genera:—— Rye and W heat— In comparing
the racial constitution in related genera, we can observe the same regularity in
polymorphism. We will compare wheat and rye.

Until quite recently rye (Secale cereale), despite its wide distribution in
culture, has been little studied with regard to varietal constitution, since va-
rieties of rye, being cross-pollinated, are not sharply distinct, and the division
of the species into heritable forms is more difficult than in wheat. Our in-
vestigations with our colleagues A. Yu. FrReiman-Turikova and V. F. ANTRO-
rova on specimens of rye collected from different localities in Iran, Trans-
Caucasus, Afghanistan, Uzbekistan, and Tadzhikistan, have revealed the pres-
ence of a distinct polymorphism in rye, no less than in wheat, and, which is
particularly interesting, the group of characters distinguishing the forms of
rye when they have been fully exposed, show in detail races and varieties com-
parable to those in wheat. For example there were found in rye as well as in
wheat forms with the following contrasting characters:

1. Awned, half-awned, and almost awnless forms

2. Forms with hairy, and others with smooth heads

3. Forms having red, white, black, and violet heads

4. Green (typical), white, red, brown, and violet-grained forms (Green forms are also
found in wheat. Violet-grained wheats are found in Abyssinia.)

5.

As in wheat, forms with grain that is easily, or only with difficulty, separated from
the chaff
6. Forms with solid, and others with hollow straw
7. Forms with brittle, and others with tough rachises
8. Winter and spring grown types
9. Compact and loose-headed forms
10. Forms with and without a waxy coating on the heads
11. Forms with simple, and others with branched heads
12. Long- and short-headed forms.
13. Forms with hairy, and others with almost smooth rachises
14. Forms with wide, and others with narrow glumes
15. Forms with and without awnlets
16. Forms with hairy, and others with smooth leaf sheaths
17. Forms with violet, and others with green seedlings
18. Forms with a large number of blossoms in a spikelet, and others with only two blos-
soms
19. Forms with coarse, and others with delicate awns
20. Forms with grain that is vitreous, and others with mealy grain
21. Forms with large, and others with small grains
22. Forms with wide, and others with narrow leaves
23. Forms with smooth, and others with hairy leaves
24. Forms with, and others lacking a ligula (eligulatum)
25. Forms with long, and others with short straw
26. Forms with dense, erect growth, and others with a falling habit
27. Late and early forms
28. Forms that are self-pollinated, and others that are cross-pollinated

’
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Ina word, the genus Secale in detail repeats the genus Triticum in its species
composition—a fact which was entirely unsuspected when the investigation
began. The experiment was so carried out that we discovered in rye those
same characters which were known in wheat, and our presumption of the
existence of this or that form on the basis of the Law of Homologous Series
in Variation was usually verified by investigations of new geographical mate-
rials from sources in the native home of rye. For example, in 1917 we found
in specimens of soft wheat from Palmyra (in Shugnan and Afghanistan) sev-
eral varieties with simplified leaves, lacking ligulae and auriculae. Such forms
up to this time had not been known in the botanical literature. A priori, on
the basis of the parallelism of polymorphic series, we foresaw the possibility of
the existence in nature of forms of rye without ligulae. In 1918 we were able
to confirm our supposition: such forms were found in a detailed study of
spring rye varieties from Palmyra (F1c. 4).

In the literature there had not been reported forms of cultivated rye with
hairy glumes. A priori, the existence of such forms was very probable, since
in the related genus of wheat, all the Linneons contained forms with smooth
glumes and others with hairy glumes. In 1918 hairy forms of rye were found
among specimens from Palmyra and later in specimens from Armenia.

In rye, just as in wheat, were found forms with long awns, semi-awned
forms, and forms that were almost awnless,

The parallelism of the series of variations in rye and wheat is understand-
able from the evolutionary point of view, since these genera are quite closely
related to one another genetically.

Wheat and rye naturally hybridize. It is most striking to find here a com-
plete parallelism in variation in the last detail.

Aegilops and Agropyrum.—The genus Aegilops which is closely related to
Triticum and which grows extensively in a wild condition in SSSR, Asia
Minor, Iran, northern Afghanistan, Central Asia, and the region along the
shores of the Mediterranean Sea, on the whole repeats the diversity characteris-
tic of the genus Triticum. In the species Aegilops squarrosa, A. crassa, and
A. cylindrica as well as in 4. ovata and A. triaristata, we now know that there
are awned as well as awnless forms, varieties with yellow, red, and black heads,
and with smooth and hairy glumes. There are known to be both winter and
spring varieties in Linneons of this genus. Furthermore, the division of . the
genus Aegilops itself into Linneons to marked degree runs parallel with that
of the genus Eutriticum. A. squarrosa, A. crassa, and A. cylindrica are most
closely related to Triticum vulgare or to Linneons of the same group of wheat.
These species are characterized by hollow straw and susceptibility to stripe and
leaf rusts (Puccinia glumarum and P. triticina), to powdery mildew (Erysiphe
graminis), and to smuts, just as are the soft wheats. Other Linneons such as
Aegilops triuncialis and A. ovata, which correspond more to T. durum or T.
monococcum, are immune from the enumerated parasitic fungi, and are char-
acterized by solid straw as in the hard wheats.

The genus Aegilops is also quite closely related to Triticum as is shown by
the possibility of obtaining hybrids between members of the two genera.

The genus Agropyrum, although systematically somewhat more distantly re-
lated to wheat than rye or Aegilops, nevertheless does have some degree of re-
lationship since some of its species hybridize with wheat.

In 1919 we obtained sterile hybrids (I;) by crossing Secale fragile with
Agropyrum villosum.

CHERMAK obtained fertile amphidiploids by crossing wheat with Agropyrum
villosum. Recently N. V. TsitsiN and other investigators have obtained
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fertile hybrids between certain species of quackgrass and wheat. As we have
already seen in the examples of A. cristatum, A. repens, and others, these species
repeat the variations of characters found in the genera Triticum and Secale.

Vicieae—~—We turn to the family of legumes. Four Linneons—Pisum
sativum, Lathyrus sativus, Lens esculenta, and Vicia sativa—belong systemati-
cally to the section Vicieae. Their botanical composition has been studied in de-
tail at the Institute of Plant Industry, the study being based on extensive ma-
terials collected in different European and Asiatic regions (about 8,000 speci-
mens). All four species show similar homologous series of variations. All
of these Linneons vary similarly with respect to colors of blossom and seed.
Along with white-flowered forms, there are varieties with anthocyanin, rose-
colored, purple, blue, forms with yellow petals (flavone pigment), and forms
with spotted or striped blossoms. There are forms with small and others
with large leaves, and forms with or without a waxy coating on the leaves and
stems. All four genera show uniform variability in color of the cotyledons
(green-yellow versus orange-red). In all four genera there are heritable forms
from white-seeded to black-seeded, including yellow and green-seeded ones.
Along with uniformly colored seed, in all genera there are found races with
spotted and marbled seed, with small and large seeds, forms with white and
black scars, flat, angular, and spherical seeds, and forms with smooth and
wrinkled seed surfaces. Also in the four genera there are forms that are low-
growing or dwarfed as well as normal ones, and early and late forms. In all
four genera there are found forms with narrow and wide leaves and with leaves
covered with wax or lacking this feature, and with stems and leaves containing
anthocyanin or lacking it. Variations in the fruits of all species proceed in the
same direction,

The resemblances in species of the Vicieae are so striking that frequently it
is difficult to tell from the external appearance of the seeds to which genus a
given sample belongs (FIcUrE 3).

Cucurbitaceae and Other Families—The principal cultivated species and
genera of the family Cucurbitaceae are: watermelons—Citrullus wvulgaris;
cantaloupe—Cucumis melo; cucumber—Cucumis sativus; and the squashes—
Cucurbita pepo, C. maxima, and C. moschata.

According to the investigations of Naubpin all three genera belong to two
related sections, the Cucumeringe and the Cucurbitinae, and thus we can com-
pare their variability. A great number of varieties collected in different regions
were investigated, beginning in 1919, at first by us personally and our co-
workers, and later by K. I. PaNncaro. The most thoroughly studied species of
all three genera are characterized by varieties with round, oblong, flat, and
simple or segmented fruits. The variations in color of the fruits are quite
similar in all genera: they are either uniformly colored, striped, or spotted,
and white, green, yellow, brown, or black. The parenchyma of the fruits is
either colorless or contains colored plastids. With respect to taste they are
divided into sweet and bitter forms. Variations in the size of the fruits are
very great in all of these genera: from small fruits no larger than a hen’s egg
to giant fruits such as our common squashes, cantaloupes, or watermelons.
Differences in the structure of the flowers in color and hairiness of the corolla
and calyx vary in the different forms, and in general these differences are
similar in all genera. The leaves also vary in all three genera. The majority
of varieties of cantaloupe are characterized by simple leaves quite distinct from
the deeply-lobed leaves of the ordinary watermelon, but we found forms of
cantaloupe with lobed leaves, as in typical watermelon. On the other hand we
found watermelons with simple leaves, characteristic of cantaloupes.
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Varieties of Cucurbita pepo have leaves ranging in form from those as in
cantaloupes to those as in watermelon,

Along with the usual creeping forms of cantaloupe, in Afghanistan we
found bushy types reminiscent of the habit of growth of pumpkins.

Cases have been found among squashes where it has been difficult to deter-
mine, from the external appearance of the fruit, or even after cutting it open,
to which genus it belonged. The similarity in variation of different characters
is so marked in the Cucurbitaceae that even careful botanists, such as the late
S. I. KorzuiNsKI, have reported non-existent natural hybrids between canta-
loupe and watermelon,® on the basis of the characters involved.

In the agricultural literature one can find reports of fertile hybrids between
cantaloupes and squashes. Careful experiments carried out by NAuDIN and
other workers and also at the Institute of Plant Industry, have given negative
results. Even different Linneons within a single genus, such as Cucurbita
moschata, C. maxima, and C. pepo, can be crossed with one another only with
great difficulty. Despite many attempts, we have never yet been able to cross
watermelon with cantaloupe or watermelon with squash and obtain fertile hy-
brids.

The intermediate forms found in nature and erroneously considered to be
natural hybrids between these genera because of leaf form, seed structure, and
taste, are excellent illustrations of the resemblances in variation among these
genera. This is the case with the variations in the so-called “hybrids” be-
tween watermelon and cantaloupe described in detail by KorzuINSK1.* Analo-
gous forms are known to exist among the grains.

For us the important fact is that despite the extraordinary variability among
these genera and species, the variations show definite regularity. Knowing
the series of variations in watermelon varieties, we can search for the same
series of forms in cantaloupes and squashes.

A regularity of variability has been observed in striking form in the family
Crucifereae in different genera—Brassica, Evuca, Stnapis, Raphanus, Lepidium,
Cardamine, and Capsella—with respect to the form of leaves, arrangement of
blossoms, hairiness of fruits and shoots, color of seed, color of blossoms, and
division into winter and spring forms, as well as other characters. The more
specimens we examine and the more carefully we study the content of heritable
forms within the limits of a species, the more clearly appears this parallelism.”

Closely related genera in the family Solanaceae, such as Capsicum, Ly-
copersicon, and Solanum, also are striking examples of parallel variability.
The family Pomaceae, in numerous species of Eurasian origin, clearly demon-
strates the regularity in variation. A comparison of the species of pears of
Eastern Asia, Caucasus, and Central Asia, and their varietal constitution, with
species of apples, quince, and other genera, clearly brings out their resemblance
in variation of fruit, blossom, leaf, and stem characters. The same thing may
be observed in species of the genus Prunus: apricots, prunes, plums, and cher-
ries.

The phenomenon of homologous variability in related genera can be traced
in the most diverse botanical families, including monocotyledons, dicotyledons,
and even conifers (ZEDERBAUER).

25 S 1. KorzHINSKI. “Bastarde zwischen Citrullus vulgaris und Cucumis Melo.” Bul-
letin de I’Académie des Sciences de St. Pétershourg. 1897.

26N. I. VaviLov. “On intermediate hybrids of cantaloupe, watermelon, and squash.”
Trudi po Prikl. Bot. 14, Pt. 2, 1925.

2TE. N. SinskAvA. “On regularity in variability in the family Crucifereae.” Trudi

' po Prikl. Bot. 13, Pt. 2, 1923.
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Despite the important role of natural selection and the dying out of many
connecting links, as the facts show, it is not difficult to demonstrate the resem-
blance of inherited variations in closely related genera.

Thus, the second rule or law in polymorphism, resulting from the nature
of the first, is that not only closely related species, but also genera show similari-
ties in the series of inherited variations.

3. Variability in Whole Systematic Families:— The study of a large
number of genera within the limits of a family males it possible to find general
tendencies in variability that apply to all genera of the family.

Gramineae—We will examine the most thoroughly studied family, Gramsi-
neae, and consider first of all the basic divisions of the several genera and spe-
cies into varieties. All cereals and grasses may be divided according to struc-
ture of inflorescence. Millet, as is well known includes ramose, more compact,
drooping, and ball-like types of inflorescence. The same divisions occur in
sorghums. Oats are divided into forms with compact inflorescences with short
internodes and branches, and ramose types which are subdivided according to
the degree of looseness of the panicle (Schlafrispe, Steifrispe). The division
of oats is essentially similar to that in varieties of millet and sorghums. The
same divisions occur in different species of millet, such as Panicum italicum
and P. frumentaceum. Cereals are divided into loose-headed, compact-headed,
and intermediate types. In rye, wheat, and barley, we have a clear expression
of divisions according to compactness of the inflorescence. Varieties of corn
are also divided according to the compactness of the cob. Varieties of rice may
be separated in a similar fashion, according to compactness of the inflorescence.
The pasture grasses which have been investigated from this point of view,
such as Festuca pratensis, Phleum pratense, Bromus inermis, Dactylis glomerata,;
Agropyrum repens, and others, all may be subdivided according to looseness or
compactness of the inflorescence.

Throughout the entire family of Gramineae the varieties may be divided
into awned and awnless forms.

The type of articulation of spikelets found in the closely related wild rela-
tive of cultivated barley, Hordeuwm spontaneum, characterized by easy break-
ing off or shattering when ripe, or an analogous type of shattering which oc-
curs in the wild species of the cultivated oat, Avena fatua and Avena ludoviciana,
with scars at the base of the spikelet—is found in many genera and may be
demonstrated in Secale, Triticum, Agropyrum, Oryza, Andropogon, Alopecurus,
Phleum, and others. It also appears in the wild genus related to corn, Teosinte,
and in all species of cultivated millet and their wild relatives.

A branched inflorescence, as a racial variation, is characteristic not only
of many species of wheat and rye, but also a large number of other genera
that normally have head-like inflorescences. It has been found in species of
Agropyrum, Lolium, Hordeum, etc.

The whole family of grains and grasses can be divided into hulled and hull-
less forms, i.e., into forms with grain which is tightly enclosed by the glumes
and others in which the grain easily separates from the glumes. Such forms
are known in wheat, barley, rye, corn, millet, sorghum, and foxtail.

According to color of the mature glumes the grains and grasses may be
divided into types with five basic colors: white, yellow, red, gray, and black or
dark brown. Such forms have been found in wheat, barley, rye, oats, rice,
millet, sorghum, Aegilops, Agropyrum, foxtail, and other genera.

NirssoN-EHLE found among cultivated oats a variety lacking a ligula
(form eligulatum). We have also obtained such forms in wheat and rye.
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EmersoN and CoLrins in America have observed similar forms in corn, and
D. E. YanisgevsKI has also discovered such forms in Poa bulbosa. A. N.
Lutkov (1935) has obtained eligulate mutations in barley.

Almost all Linneons belonging to the most diverse genera of cereals and
grasses can be divided according to the degree of hairiness of the glumes.
Hairiness can also be associated with stems and leaves. Probably all Linneons
of cereals may be divided into forms with and without anthocyanin in the
stems, and into forms with leaves and stems covered with a waxy coating and
others lacking this covering.

In nearly all Linneons which have been studied there have been found forms
with prostrate, and others with upright growth habits.

General Scheme of Variability in Species of the Gramineae!:—
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1 +: QOccurrence of the character in some forms of the species.

2 Including variations in both ear and tassel.

3 In teosinte, Euchlaena mexicana, which gives fertile hybrids with corn, and in such hybrids.

4 Also in rye, barley, wheat, and a number of species of Aegilops, there is a2 type with separation of
only the upper part of the glume (type of Aegilops cylindrica).

& Found by V. F. ANTROPOVA in breeding cultivated rye (1930).

In a large number of Linneons the phenomenon of vivipary*® has been ob-
served. Duvar-Jouve in his old paper (l.c.) gives many examples of similarity
in variation in the different genera of wild grasses (Poa, Festuca, Bromus,
Brachypodium, Agropyrum). Even rare characters which are supposed to be
restricted to certain Linneons, on detailed study become evident in other genera.
For example the specific character of certain cultivated barleys—the presence
of an appendage on the upper glume (frifurcatum type)—has recently been
found in soft, hard, and English wheat, and also, to a certain extent, in rye.

If we make a detailed comparison of the characters which distinguish
heritable forms in wheat and rye with those distinguishing races of other

28 Prnzic. Teratologie, 2nd edition. 1920.
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Gramineae, we can see clearly the striking resemblances in the directions of
variation of these characters.

The accompanying scheme of variable characters in grains and grasses is
far from complete. We distinguish varieties of wheat, barley, rye, oats, corn,
and sorghum by several hundreds of characters. Nevertheless, the inventory
given shows the great variability within the limits of Linneons of the grain
and grass family and the regularities of their appearance. Many of these
characters are independently inherited, and thus they may be combined in many
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thousands of heritable combinations. A knowledge of the theory of variation
within the limits of given genera or species indicates the direction of variation
in other Linneons and genera.

The Canadian graminologist, MALTE, has analyzed a number of heritable
variations in wild grasses of North America, and has written: “The similarity
in the nature of variation of several characters is, indeed, so remarkable that one
cannot but agree with Vavirov that it expresses not merely simple parallelism,
but real homology of variation, having its basis in the phylogenetic constitution
of the whole family. In other words, the parallelism is so conspicuous that it
most decidedly points to a universal law of homologous variation.
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“The recognition of such a law gives the systematist a rather definite and
solid basis to work from, when the taxonomic values of the characters affected
are under consideration. It simply means that within the family of Gramineae,
all variations of the same nature ought to be considered as equal, i.e., ought to
be conceded equal taxonomic rank and value.

“Applied to Agropyron the inference is clear. The presence or absence of
pubescence and awn on the lemma cannot be considered of any greater taxo-
nomic value in Agropyron than in other genera of Gramineae.” (Pages 31-32).%
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1In Avena strigosa Schreb.
2 Waxy forms found in Japanese investigations in Panicum frumentaceum and Panicum stalicum.
3 In Avena byzantina Koch have been found forms with very thick-walled straw.

The family most closely related to the Gramineae, the Juncaceae, as shown
by Duvar-Jouve is characterized in general by a series of forms similar to
those in the Gramineae.

Papilionaceae.—Similar variations characterize the whole family of legumes.
A detailed study of variability of different genera of this family has brought
out uniformities in their differentiation into varieties, including many characters
of the seeds, pods, blossoms, and vegetative organs. For example, if we com-
pare differentiation into varieties in the above-mentioned section Vicieae, in-

2 Marte, M. O. The so-called Agropyron caninum (L.) Beauv. of North America.
Annual Report (1930). National Museum of Canada, Ottawa, 1932,
[
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cluding lentils, vetch, peas, grass peas, and chick peas, with differentiation in
clovers, belonging to the section Trifolicac (Trifolium pratense, Medicago
sattva), with the section Loteae (Lotus corniculatus), the section Galegae
(Caragana arborescens) and the section Phaseoleae {Phaseolus vulgaris, Sovya
hispida), one cannot help noting the clear-cut resemblances in the direction of
variability according to the color of seed from white to black, the number of
flowers from one to five, the color of the cotyledons, the form of the seed, the
‘color of the blossom, the form of the fruit, the structure of leaf and blossom,
the hairiness of stems and leaves, the color of seedlings, and a great many
other characters. Despite the specificity of the different genera and botanical
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sections to which they belong, we can speak of the existence of a form system
for the entire family of legumes.

Crucifereae, Papaveraccae, Compositae, Pomaceae, Solanaceae, Malvaceae.—
The same system of variability can be established for other families. For the
crucifers E. N. Sinskava has given a scheme of variability of species and
genera in her work “On the Regularity in Variability of the Family Cruci-
fereae” (1923) and in her paper on the various genera of this family.*

If we compare the forms found within the Linneons belonging to the genera
Raphanus, Brassica, Eruca, Lepidium, and Sinapis with data on the variability
for genera and species of the section Hesperideae, such as Draba werna and

30 E. N. Sinskava, “Oil and Root Crops of the Family Cruciferae.” Trudi po Prikl. Bot.
19, Pt. 3, 1928.
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Capsella bursa-pastoris which have been intensively studied by Jorpan, RosEN,
Lotsy, SHULL, and others, we cannot fail to note obvious similarities in the di-
rection of variability and a general regularity in the diversity of forms. A
study of “Flowers and Indicators,” in those cases dealing with varieties within
the different genera of the Cruciferae, brings out clearly the regularity in the
process of differentiation of forms.

Close to the crucifers is the poppy family which, as far as may be judged
from a study of poppies, celandine, and Corydalis solida, is characterized by a
series of forms that are similar to those in species of crucifers. ZEDERBAUER
established a parallel series of forms for fruits (apple, pear, quince, plum,
apricot, peach, walnut, almond, and others) according to form and color of the
fruit and characters of the crown of the tree, the branches, and the leaves.
The series of forms were quite similar within the limits of different families
and in related species.

s e e |
o 4 6 g X TR
& é -~ § A : 2
| g | § f£g08 | 2
;B4 . & SES L o3
- §38 4 § §8 o
s 2EEn nd 5w | e
HERITABLE VARIABLE CHARACTER R ERL B EE] 54 8 ]
P ] _EEQE ., = E8
3§,;§m\|,§u§’]§' CRE
N S| (2328 276
3 i3s3 E3588 % § §%
$§ E@SESSEFEA ¢ p 5O
nueE T N & N N OF
Winter type + 4+ 4+ 4+ .. .. .. +
(Growth habit Spring type + 4+ + 4+ + + + +
Semi-winter type + + 4+ 4+ 4+ 4+ 4+ +
. Late forms + + 4+ + + + + + +
o Earliness Early forms + + + 4+ + + + 4+ +
]
5 . Hydrophytic + + + + + + + + +
3] ydropay!
5 Ecological type {Xerophytlc + + 4+ 4+ + + + ..+
-]
o s Low + + 4+ 4+ + + + + ..
E Cold resistance {ngh F + + + + 4+ + o+ 4
§ Response to fertiliza- High + 4+ + + +
= tion Low + 4+ 4+ + +
[=2]
Character of blossom- Open + + 4+ 4+ + + + +
ing Closed + 4+ + + .. + + ..
\Formation of albinos + + + + + 4 +

“For horticulture,”—writes ZEDERBAUER,— ‘the presence of parallelism in
variation has this significance, that it gives us the possibility of easily evaluating
the diversity and leads to a uniform nomenclature . . . . and it shows for
which forms we still need further search.” (1927, p. 145).

Many genera in the composite family bring out clearly the regularities in
heritable variability. If we compare the forms of the hawkweed (Hieracium)
which have been extensively studied by NAgGeL1, with the numerous forms of
sunflower determined by E. M. PLACHEK in Saratov and CockEereLL in the
United States, and also with the varieties of safflower which have been carefully
studied by A. I. Kuprsova in Russia, and the Howarps in India, we can note
marked tendencies in the differentiation of species. Dabhlia, cornflower, chrys-
anthemum, aster, and chickory show similar series of variations in form and
color of blossoms. In looking over the catalogues of the horticultural literature
‘with their displays of color, we can observe an almost endless number of factors
of similarity in variation in the different species belonging to the most diverse
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genera of composites. This similarity shows not only in external features, but
also in anatomical characters. Thus in many composites the seed coat has a
layer of dark-colored cells which protect the seed from injury by the larvae of
the sunflower moth. The color of the plastids in the flowers of the sunflower,
safflower, and hawkweed vary similarly in the different species.

Homologous variability characterizes the nightshade, cucurbit, and mallow
families, and we may suppose all of the families included in the plant world.

General Scheme of Variability in Species of the Papilionaceae:—
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A striking example of parallel variability in different genera of conifers has
been given by ZEDERBAUER.
* * * * *

In summarizing the regularities detailed above, we can come to the follow-
ing conclusions ;

1. Species and genera that are genetically closely related are characterized
by similar series of heritable variations with such regularity that knowing the
series of forms within the limits of one species, we can predict the occurrence of
parallel forms in other species and gemera. The wmore closely related the
species and Linneons in the general system, the more resemblance will there be

in the series of variations.
2. Whole families of plants in general are characterized by definite cycles of
variability occurring through all genera and species making up the family.

The Prediction of the Existence of New Forms—The regularities in poly-
morphism of closely related species and genera make it possible to predict the
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possibility of finding corresponding forms in nature or obtaining them artificially
by means of mutation, inbreeding, or hybridization. We have given examples
of such prediction and its later confirmation in cases of rye and wheat without
ligulae, hairy rye, and awned and awnless rye. Many times we have been suc-
cessful in predicting the existence of forms that had not previously been known,
on the basis of the Law of Homologous Series. We will give a few examples.

Soft wheats and related species with 42 chromosomes have forms with
awned spikelets and others with awnless spikelets. There are also known
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short-awned forms of soft wheat, and peculiar furcate forms with inflated
glumes and awn-like appendages. Until recently, among the hard wheats (T.
durum) and the English wheats (7. turgidum), awnless or furcate forms had
not been known. The existence of such forms could be predicted because of
the general occurrence of this variation in grains and grasses. Our investiga-
tions in Abyssinia in 1927 led to the discovery of awnless hard and English
wheats, and also to the finding of short-awned and inflated forms of the same
species. In addition the group of hard and English wheats from Abyssinia in-
cluded numerous characters which occur in soft wheat, for example, hairy
leaves and susceptibility to leaf rust.
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Thus were determined striking similarities between hard and soft wheats
which are quite distinct in their numbers of chromosomes.

The species Triticum wvulgare, T. compactum, T. spelta, T. dicoccum, T.
monococcum, and T. turgidum contain both winter and spring forms. The hard
wheats (T. durum), despite their great variability, until recently were known
only in the form of typical spring varieties. In the literature, to be sure, there
were reports on the existence of a winter form of hard wheat, but they were
contradicted by other workers. A priori, we might expect to find winter forms
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of hard wheat. D. D. BukinNicH has actually found these in the Sumbarsk
region at the edge of Iran and Turkmenia.

Wild barley, Hordeum spontaneum, was known only in the form of winter
varieties. In collections made in Afghanistan, in Iran, and in Turkmenistan
there have been found spring varieties of this barley. Until recently, botanists
the world over did not know of hull-less winter barleys. Theoretically these
might have been predicted. In 1934 they were found in a great number of
forms from China and Japan. As we have seen above, many species of cereals
are characterized by having both hulled and hull-less forms, as in oats, wheat,
barley, and corn. Such forms were later found in millet.
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On the basis of the Law of Homologous Series there have been found forms
of lentils with green cotyledons.

Soybeans usually consist of forms with hairy pods. A priori, we might
expect to find forms with smooth pods. Such forms were actually found by
us in materials in the University of Illinois which originally came {rom Japan
and Manchuria,

Squashes and cantaloupes are characterized by having forms with simple
and others with segmented fruits. In the literature there were not known to
exist segmented forms of watermelon. Such forms, however, were found in
investigations in the southeastern European part of SSSR.
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All ordinary cantaloupes are characterized by having creeping vines which
are unsuitable for row cultivation. It could be predicted that in the places where
varieties have been differentiated, there might be found cantaloupes with up-
right growth. Such were actually found in northern Afghanistan in 1924.

Investigations of African, American, and Asiatic cottons carried out in
recent years on the basis of the Law of Homologous Series have disclosed
many new and earlier unknown forms, and have revealed a striking parallelism
in the diversity within different species of Gossypium.™ We might say that
each new expedition has confirmed the applicability of the Law of Homologous
Series in plant explorations. The species Gossypium arboreum, G. herbacewm,
G. hirsutum, G. purpurascens, and G. barbadense show almost complete parallel

81 See S. G. Zarrsev on “The Classification of the Genus Gossypium,” Trudi po Prikl.
Bot. 18, Pt. 1, 1927, and also S. E. HarrLanD, “Genetics of Cotton.” Bibliographia Genetica.
1932.
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series of forms according to morphological, and to some extent physiological,
characters.

Finally we can give still further examples. In wheat, rye, corn, and oats
there are forms with eligulate leaves, Such forms appeared to be lacking only
in barley despite special searches carried out by us in different regions during
the past ten years.

Theoretically, on the basis of the Law of Homologous Series, such forms
should either exist in nature or be produceable artificially, as through mutations.

By using X-rays, very recently A. N. Lurkov in the Institute of Plant
Industry, has succeeded in obtaining awnless forms of barley, and has thus sup-
plied one of the missing links which has long concerned investigators.

In our investigations of the race constitution of cultivated plants, we have
adhered to a system worked out on the basis of the Law of Homologous Series
of Heritable Variations, which make it possible to determine many forms that
by other means, in many cases, would fail to come to the attention of the sys-
tematists.

As the investigations have expanded more widely and deeply, there has
evolved the system of homologous series in families, and there is no doubt that
the determination of such series and systems will not only reveal missing links
in the chain of relationships, but will develop particularly with respect to
physiological, anatomical and biochemical characters. C

4. Phenotypic and Genotypic Variability:— Up to this point we have
been speaking about the existence of phenotypic variations—Jordanons, Lin-
neons, genera, and botanical families, in the sense of Johannsen, appear to be
phenotypic. It is very probable that in some degree the same rules apply to
genotypic variations. The majority of the differences given above, on the basis
of which systematics is built, are unquestionably hereditary and are displayed
under uniform conditions. Under such conditions the different phenotypes de-
pend on genotypic differences. However under uniform environment and
otherwise comparable conditions, there can sometimes be demonstrated dif-
ferent genotypes, as has been shown by the investigations of present-day genet-
ics. We know that red color in the grain of wheat can be conditioned by one,
two, or three genes (NiLssoN-EHLE), and yellow cotyledons in peas may be
of either dominant or recessive types. Awnedness in wheat may be either reces-
sive or dominant. Unfortunately, the genetic investigations, even of cultivated
plants, are still only at a beginning. The genetics of different plants will give
but a fragmentary picture, even for the best studied plant objects.

Genetic investigations force us to be cautious and not always to judge by
external appearance, but to have regard for the genetic constitution. HARLAND
has shown that different species of cotton, which show striking homologous
series both morphologically and physiologically, may be very unlike with refer-
ence to their genes, particularly gene modifiers.®

As to the probability of genetic differences in similar-appearing phenotypes,
there are indications of this in polyploids with double or quadruple the normal
chromosome number, which are rather common among plants (wheat, oats,
roses, and poppies). It is possible that polyploidy may condition the polymeric
nature of some plant characters (in the sense of LaNG and Nirsson-ErniLe).*

82S. E. Harranp., “The genetic conception of species.” Dokl. Akad. Nauk. SSSR.
1933. 3. XI.

33 E, I. BaruriNa. “Comparative-genetic studies of species of Triticum.” Trudi po
Prikl. Bot., Series II, No. 5, 1933.
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Thus phenotypic investigations are the first stages through which genetics
investigations must pass.

Proceeding from the striking resemblance in genotypic variation among
species within a given genus or closely related genera, conditioned by identical
evolutionary processes, we must assume the presence in them of many common
genes along with genes that are specific for the species and genera. Many facts
indicate the presence of similar basic genes in closely related species and genera.
Mutation in such genera and species, as is well known, proceeds in the same
directions. MorGAN, BripGes, STURTEVANT, WEINSTEIN, and MULLER have
determined this for different species of Drosophila, Bascock for walnuts, and
DE VRiEs, GEITz, SToMPS, and others for Oenothera. In different species of
rodents there have been demonstrated identical genes (at least so far as regards
external effects and behavior).

The homologous genes that have been best studied genetically are in Droso-
phila melanogaster and D. simulans. In this case it has been precisely shown,
by crossing experiments and a study of the localization of genes in the chromo-
somes in both species, that there are no less than 26 common genes, located in
identical positions in corresponding chromosomes ( STURTEVANT, 1929). This
is the best-studied genetic example of homologous variability in two related
species.** Tfor other species of Drosophila the presence of homologous genes
has not been demonstrated because of difficulty in crossing the species. '

The next best-studied example, which is far removed from the preceding
one, is the genotypic constitution of wild flax, Linum angustifolium and culti-
vated flax, L. usitatissimum, investigated by TINE TamMMES.*

The genetic constitution of the characters for color of blossoms, pods, seed,
and stems in the best investigated legumes: peas, lentils, sweetpeas, and others—
shows a clear-cut resemblance in genotypic structure of these genera, which is
particularly apparent in the determination of dominant and recessive genes
and genes which have a pleotropic effect. (See the summary on plant genetics
by MaTsuura in 1933 and the data of E. I. BArULINA).

Baug, in the 4th edition of “Einfithrung in die experimentelle Vererbungs-
lehre” (1919), in the chapter on mutations, has noted a striking parallelism of
mutations in different related species of plants and animals and “a notable
homology of the series of mutations,” as he expresses it.

In general, in comparing the mutations in related plants and animals, we can
observe numerous similar types of mutations.

The process of segregation after hybridizing wheats with different chromo-
some numbers, and using different combinations of species, shows a great
parallelism appearing in similar forms: narrow-leaved and wide-leaved forms;
the appearance of forms with branched heads ; the development of awns on the
glumes; and the appearance of dwarfs, giants, and albinos. This regularity of
parallelism can not be regarded as merely accidental. It testifies to a general
genetic phenomenon.

In our crosses of hull-less oats having colorless glumes and hulled forms
having grey glumes, in the second generation, as well as in succeeding genera-
tions, all the plants with hull-less grain were colorless, showing a clear-cut
antagonism between the genes conditioning hull-lessness and the genes for
colored glumes.

The same thing was observed in crossing black-glumed barleys with yellow

3¢ SrurtEvant, A. H. The genetics of Drosophila simulans. Publ. of Carnegie Insti-
tution in Washington. Nr. 399. 1929,
35 Tamumes, T. The genetics of the genus Linum. Bibliogr. Genetica. 4, 1-36. 1928.
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or colorless hull-less forms. In addition, all the forms of hull-less millet which
were found in Afghanistan and Uzbekistan were white-grained (colorless).
The identity of the gene “chlorina” in the species Mirabilis jalapa and M.
longiflora has been shown by CorreEns. Using the method of hybridization,
Baur found a number of common genes in Antirrhinum majus and A. molle.

DeTLEFSEN by crossing two species of the guinea pig (Cavia porcellus and
C. rupescens) found in them seven identical genes.

From the overwhelming number of facts on the similarity of heritable va-
riations in related species and genera, from the similarity of mutations in
closely related genera and species, from the data of genetics, even though they
are fragmentary, and finally from the general evolutionary conception of re-
lationship and identity in development, we may consider it a probably valid
assumption that the Law of Homologous Series is also basic for genotypes.

5. Formulation of the Law of Homologous Series:— The regularities
discussed above may be presented by symbols as follows. As we have seen,
different Linneons and different genera show great numbers of varying forms.
At the same time the range of this variability is similar in related Linneons and
genera. For brevity we will designate the different variable characters by let-
ters,a, b, c,d, e, f, g, h, 14, k, etc. Different expressions of these characters may
be designated by subscripts as @y as @3 @4 . . . . by by by by, etc. For example
the color of the glumes may be designated by the letter ¢; white glumes will
then be a,, yellow as, red ag, grey ay, etc.

Linneons and genera are distinguished not only by these characters, but
also by specific complexes of morphological, physiological, and genetic nature.
These specific differences we may call radicals. There can be radicals of species,
genera, and whole families. Thus for three closely related Linneons of the
same genus we may have the following expression of their morphological and
physiological properties: |

Ly(e+b+ct+d+et+f+o9+ht+i+k.. )
Ly(e+bt+ctdte+ft+og+h+it+k.. )
Ly(a+dbtct+dt+e+f+g+h+itk...)

Ly, Lo, and Ly are radicals distinguishing these Linneons from one an-
other; a, b, ¢ . . . are the varying characters, such as color and form of the
glumes, leaves, stems, etc. Each of these characters can be complex in itself,
and may be correspondingly divided into a greater or smaller number of mor-
phological and physiological units: a, ag, a3, etc. Each of these morphological
units may be represented in terms of its genotypic composition, in turn, if this
is necessary and possible.

If we compare, for example, three Linneons of wheat, Triticum wvulgare,
T. compactum, and T. spelta, we may say that the radicals of these are dis-
tinguished morphologically according to the degree of compactness of heads.
T. spelta is distinguished from the other species also by the tightness with
which the grain is enclosed in the spikelet. The varying characters of varieties
will be uniform in all these Linneons.

The radicals of the species Triticum vulgare and T. durum are distinguished
primarily by the number of chromosomes (42 and 28).

The same may be done with different genera. ILet us consider rye and
soft wheat. As we have already seen, these are comparatively close in the
similarity of directions of varijability. Although at first glance it appears that
there is no difficulty in distinguishing rye from wheat, nevertheless, there are
actually very few characters specific for each of these genera. The other char-
acters may be found, although sometimes in rare varieties, in both species. In
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other words there are very few morphological characters in this case which
can be represented outside the parenthesis in constructing the radical. We
designate the radicals of different genera by letters: G, Go, Gg, etc. If we
indicate the formulas for the constitution of rye and soft wheat, we obtain the
following :
Gi(a+b+ct+d+et+f+g...)
Ge(a+b+ct+d+e+f+g...)

The characters indicated within the parentheses are more or less identical
in the two species. The principal differences from the morphological point
of view in this case are differences in the glumes of rye and wheat and also in
the characters of the grain. Rye has 14 chromosomes. Soft wheat, with
which we are comparing rye, has 42 chromosomes. Other generic characters
are less clear and less stable. Since many genera include a significant number
of Linneons, a more correct representation of the genus would be the follow-
ing formula:

Gilla+b+c+d+et+f4+g+h...) Ly Lo, Ls, Ly, Ls]

The conceptions of “radicals” for Linneons and genera, in view of our
present day inadequate knowledge, must be abstract conceptions, to a consider-
able extent, but with the passing years the conceptions become less abstract
and more and more materialistic. In many plants, for example in species of
wheat, oats, barley, millet, cotton, and tobacco, the conception of “radical”
must include a consideration of the chromosome numbers in the species, making
it possible to divide these into short series. .

Species of vetch (Vicia) and cotton (cf. ScovstEDp) are well distinguished
according to the morphology of their chromosomes.

Many species of plants are sharply distinguished by the presence of specific
chemical components (ethereal oils, acids, alkaloids).

Even though comparatively abstract, because of our deficiencies in knowl-
edge, the concept of radicals is convenient for systematics, since it forces in-
vestigators to concentrate their attention on the substance of generic and spe-
cific differences.

The recurrent series of forms in different species, and all the more in dif-
ferent genera, along with the homologies, clearly indicates that there are cer-
tain specific features in the external manifestations of a given character which
are combined, in the different radicals, into general complexes of the genera or
species. Similar characters appear in their own manner to a recognized ex-
tent. For example, the series of forms according to awnedness of the heads
in different species of wheat and barley with different chromosome numbers
show, on the whole, a striking parallel—a fully homologous series, but at the
same time each species and genus shows certain specific differences in details.
The same is observed in turnips (Brassica rapa and B. napus rapifera) and
radish, with respect to color of the root and fruit. All three species have
colored forms giving a homologous series, but all show certain details of dif-
ference in the color. Even a homologous gene which appears in different
radicals and different genotypes may show peculiarities in the different cases.

If, from this point of view, we consider the distribution of different plants
in Linnean species and genera, we must note that in many cases this distribu-
tion follows systematics quite regularly, whether we are considering the dis-
tribution of species or the characters which make up the radicals of Linneons
and genera. Some systematists, such as LINNAEUs, Jussievu, pE CANDOLLE,
and Borssier, were astonishingly sagacious in this regard, but in many other

cases it was the other way around. Alternately varying characters were often
. ¢ «
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confused with the characters of species radicals. This was particularly fre-
quent in those cases where new species and genera were described from plants
consisting of single specimens collected in one locality. From our representa-
tion of systematic units, it is clear that in new separations into species and
genera for phylogenetic purposes, we must depend primarily on the characters
of radicals.

Many of the “new species” described by botanists actually are only new
Jordanons. A task of the future is to revise all these doubtful species and
thereby reduce the number of species.

The Regularity of Chewical Variability Within Species and Genera.—The
morphology of different species and genera is associated with differences in
chemical composition of the organism. Species and genera differ chemically,
and it is only because of our inadequate study of such properties that we are
limited to classifications based on morphological characters. As has been
shown by RocHLEDER, GRESHOFF, HALLIER, M. WHELDALE, JARETZKY, S. L.
Ivanov, Morisca, V. 1. N1rov, and others, closely related species of plants are
characterized by similarities in chemical composition produced by similar or
identical specific chemical compounds.

The intraspecific range in chemical composition, as shown by V. I. NiLov,
usually involves quantitative relationships of rather constant specific chemical
substances, formulas, in other words, of a quantitative character. The quanti-
tative intraspecific range may be very wide. Tor example, the quantity of
nicotine in different varieties of common tobacco varies from a bare trace up
to 11%. The quantity of alkaloids in different forms of lupin varies from
0.01 up to 2.5%. The quantity of sugar varies in cantaloupe from less than
1% to 12%. Varieties of grapes within a given species differ markedly in
their acidity. At the same time, the qualitative nature of chemical substances
associated with species, according to the data of V. I. Nirov, appears, at least
with respect to ethereal oils and alkaloids, to be very constant and characteristic
of species radicals.

It is quite another matter within the limits of genera, where different species
are distinguished chemically not only in a quantitative, but also in a qualitative
fashion, and where the different species are usually characterized by theoreti-
cally specific chemical isomers or related chemical compounds. Related genera
show a rather clear parallelism in the variability of the species, and we can
make use of this in searching for corresponding chemical components. Know-
ing the chemical variability in a neighboring genus, we can search for, or ob-
tain synthetically within the limits of the given genus by crossing, chemical
substances of a specified nature.

On the whole this regularity is very clear and the chemical study of more
and more genera and species of plants, in turn, confirms more and more the
presence of this kind of regularity, and this has practical value for the purpose
of discovering needed components. However, it is necessary to have in mind
that there are exceptions, although they are not frequent. For example caffein
is present not only in Coffea arabica and in C. liberice which belong to the
family Rubiaceae, but also in the Chinese tea plant Thea chinensis in the family
Theaceae, in the kola-nut—Sterculia acuminata and S. vera (family Sterculia-
ceae) and also in cacao—Theobroma cacao and Paullinia sorbilis of the family
Sapindaceae, and in the Paraguay holly, llex praguayensis and I. vomotoria
(family Aquifoliaceae). In other words, specific substances such as caffein
appears to be, may be found in different families. As has been correctly pointed
out by H. MoLiscH, in determining relationships it is necessary to use not only
chemical differences but also as many other characters as possible. “The in-
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herited substance of plants is determined by many elements or genes, and hence
it is not surprising that one gene or another is encountered at distant points
in the classification system where it governs the formation of some given
specific substance.” (H. MoriscH, 1933, p. 12.)

The wide range in color of various organs within the limit of a species is
no doubt due to chemical differences. The intraspecific differences in chemistry
of cereal pollens brought out by color reactions with iodine, the variations in
structure of the endosperm within species of grains, such as corn, wheat, sorgo,
and Coix, ranging from vitreous to mealy and waxy, and finally the gross
anatomical differences which are brought out clearly by using different methods
of staining, all these testify to the presence of a significant range of chemical
differences within the limits of species. These differences impel us to go more
deeply into chemical investigations, and, if possible, within the limits of species
to discover series of chemical differences of a qualitative nature, not only in re-
lation to ethereal oils and alkaloids, but to other components, and most of all
to the proteins.

6. Parallel Variation in Distant Families:— We have considered varia-
tion included within Linnean species, genera, and families. Studies have shown,
however, that parallel variability also appears in different families that are
genetically unrelated, and even in different classes.

Albiwism.—Such a phenomenon is heritable albinism, i.e., the appearance
of plants without chlorophyll, and semi-albinos, which occur in the most di-
verse families. This has been demonstrated in many genera of Gramineae,
Compositae, Papilionaceae, Chenopodiaceae, Polygonaceae, Onagraceae, Rosa-
ceac (peas, beans, wheat, barley, corn, raspberries, forget-me-nots, primrose,
According to the degree of albinism there are distinguished the horticultural
forms: argentea, aurea, variegata, albo-variegata, aureo-variegata, and argenteo-
variegata.

Gigantism and Nanism.—Among the genetically most diverse and unrelated
families, such as Gramineae, Papilionaceae, Urticaceae, Solanaceae, and Rosa-
ceae (peas, beans, wheat, barley, corn, raspberries, forget-me-nots, primrose,
primula, hops, tobacco, etc.) there have been observed dwarfed forms, and at
the other extreme, gigantic forms.

Fasciations.—In almost all families there appears to be a tendency to the
formation of fasciated or hypertrophied organs of different kinds. This phe-
nomenon appears through all the families from the composites to Equisetum.
We have observed it in peas, soybeans, flax, beets, sunflowers, barley, corn,
wheat, buckwheat, squashes, watermelons, and in many of the crucifers.

Dwarfs, giants, albinos, and fasciated individuals are found in the entire
plant world, and even appear in the animal kingdon.

Root Forms—Along with such all-embracing types of genotypic variability
there are variations that are less widespread, but nevertheless are present in
many families that are genetically only very distantly related to one another.

For example, in a number of families some genera show an inclination to
the formation of fleshy roots, of which we have examples in beets, radishes,
turnips, and carrots. This feature is found in dozens of different families, but
what is more peculiar, if we consider the forms of the root we find that varietal
differences are repeated in the most distantly related families.

For example in beets (goosefoot family) there are known to be the follow-
ing basic variations: in some varieties the roots may be elongate, in others
cylindrical, approaching a rhomboid form in a third group, and spherical or
even flattened in a fourth group. There are varieties with segmented roots.

¢
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Similar varieties have also been observed in types of turnips and in radishes,
which belong to the crucifer family, and in carrots which belong to the Umbel-
liferae, i.e., in very diverse families there may be uniform series of characters.

The Forms of Fruits—The same thing may be shown in fruits of different
families : for example in apples, pears, cantaloupes, tomatoes, peaches, squashes,
and watermelons. In these entirely distinct plants the different varieties show
similar series of variations, there being forms that are spherical, elongate, flat-
tened, cylindrical, pear-shaped, and segmented (as in certain varieties of canta-
loupes and apples).

Color of Blossoms and Fruits—The colors of flowers are usually dependent
on two groups of pigments: (a) yellow or red pigmented plastids, and () rose
or violet anthocyanin pigments which are soluble in the cell sap. The latter
anthocyanin group is often accompanied by supplementary pigments (flavones),
which are closely related chemically to the anthocyanins and have a bright yel-
low color and are also soluble in cell sap. Series of variations in anthocyanin
colors of flowers from colorless forms through bright yellow ones to dark
violet and blue forms are similar in thousands of Linneons of the most diverse
families. We can see this in comparing varieties of cornflower, iris, lily of the
valley, columbine, flax, chickory, hyssop, forget-me-not, stocks, peas, vetch,
lilac, hyacinth, tulips and others. Some of these are rarely seen, as white, rose,
and red cornflowers, or rose and bright blue lilies of the valley. They are rare,
just as are many minerals in nature, but they necessarily must be kept in mind
in setting up systems of genotypic variations in plants.

In those cases where a single Linneon is characterized by the presence in
the blossoms of both anthocyanin pigments and colored plastids, for example
in dahlias and tulips, in Chetranthus cheiri, Viola tricolor, and Helianthemum
vulgare, we have more complicated but regularly uniform series of polychroism,
series of plastid and anthocyanin pigments. The distribution of pigments is an
orderly arrangement with well-defined types in different varieties and plants.
These types are repeated in the different families.

The parallelism of variability, as regards occurrence or absence of antho-
cyanin pigments in different degrees and of different qualities, is observed not
only in flowers, but also in fruits of many plants, such as Atropa belladonna,
Daphne, Mezereum, Frageria vesca, Ribes rubrum, Rubus idaeus, Solanum
nigrum, Vitis vinifera, in apples, pears, and many others (see WHELDALE).

In almost all plants and species, with rare exceptions as in the cucurbit
family, the varieties are divided according to presence or absence of antho-
cyanin in the seedlings. The same applies also to stems.

Variability in other Characters—Species of the most diverse families are
divided into varieties with hairy and smooth leaves and stems, stipules, and
fruits. Almost all plants can be divided according to the compactness of the
inflorescence. Many plants are characterized by varieties with upright, and
others with a procumbent habit.

ZEDERBAUER has divided varieties of woody species according to the habit
of the stem or trunk and branching (cf. forms pendula, pyramidalis, prostrata,
nana). Such forms are encountered both in conifers and in dicotyledons, as in
willow, birch, beech, walnut, apple, pear, and quince.

Thousands of Linneons contain both simple and double-blossomed varieties.

The character of regular form of flowers appears in the most diverse fami-
lies having zygomorphic flowers (Labiateae, Scrophulariaceae, Papilionaceae,
and others).

Division into winter and spring types occur in a great number of families
of herbaceous plants, o
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A comparison of teratological phenomena in species of various families
shows definite tendencies to such variations in the most unrelated species be-
longing to very distinct families.®

In general, parallelism involves organs having the same function. In the
most diverse families which have very little in common between them, such
as cereals, cucurbits, and legumes, we can observe series of regular variations
of both morphological and physiological characters. For example, naked-seeded
forms are known not only in cereals, but also in cucurbits. In the type of
hairiness of the leaves and stems, in the most different families, there can be
observed a regular similarity.

7. Homologous and Analogous Variation:— The production of organs
showing parallel variations in the cases of distantly related families may be
very different, not only from the standpoint of genes, but even from the mor-
phological-embryological point of view. The resemblance of organs in such
cases appears to be due not to homology, but only to analogy.

The difference between homologous and analogous organs and characters,
just as that between homologous and analogous variation, is not always easily
discernible. Some authors are very competent in distinguishing between homol-
ogies and analogies, such as LoTsy, but probably more others who have been
occupied with questions of phylogeny are inclined to deny the existence of a
difference between homology and analogy in variation. (See Lorsy, “Evolu-
tion by means of hybridization,” 1916). From the morphological point of view,
in most cases, racial and varietal characters, the ones which we are considering
here, appear to be homologous.

After the appearance of “The Law of Homologous Series” in 1920 and its
more extensive publication in English in 1922, a number of authors have in-
dicated that it was useful, but that in their opinion the term “homologous
series,” should be “homoclinic series” (Yu. N. VoronNov), “genoidentical,” or
“analogous mutations” (PLATE), or simply “parallel” or “analogous variabil-
ity.”

We retain our adopted term since the basis of the Law of Homologous
Series is this similarity of variations in closely related species and genera which
is uniform in the inheritance of variation in whole families. We are dealing
not merely with a parallelism in external similarity, but with a deeper evolu-
tionary uniformity in the inheritance of variability in related organisms. The
universality of this phenomenon appears to be due to a genetic unity in the evolu-
tionary process that underlies relationships. The most complete parallelism is
found in closely related genera, or within the limits of a family.

Finally, not in all cases, particularly in different genera, are variations pro-
duced by identical homologous genes. Identical phenotypic variations can be
the result of different genes. Since systematists must work with characters,
and since, in the description of the varied vegetation of the whole world, we are
only theoretically concerned with genes, about which we know very little, but
rather instead are concerned with observable characters under the conditions of
definite environments, it is more correct to speak of homologous characters.

In cases of parallelism in distantly related families or different classes, we
cannot speak of identical genes even for characters that appear to be externally
identical. Given organs cannot be identified, even embryologically, in distantly
related families or classes. ‘

Yu. A. FrLiecaENRO (1925) has proposed the term genotypic parallelism
to embrace characters that are primarily found in related species and genera.

' 3 Penzic. Teratologie, 1, 2 Band, 2nd edition. 1920.
I3
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In addition, he distinguishes anatomical parallelism which has to do with simi-
lar development of organs, and is observed in larger systematic groups. A
good illustration of anatomical parallelism is seen in the investigations of A. A.
ZAvArRzZIN who found similarities unrelated to genetic relationships in the
general histological structure of analogous organs in animals of different classes.

Later (1927) Yu. A. FiLircHENKO proposed to distinguish: 1) genotypic
parallelism based on the presence, in related species, of identical genes and
similar biotypes, 2) ecotypical parallelism in which identical reactions of or-
ganisms to the external environment result in the appearance of series of Jor-
danons (ecotypes) which may be associated with either dissimilar or identical
genotypic structure, and 3) wmorphological parallelism which results from
identical opportunities for development in different organs; this last kind of
parallelism appears in the broader systematic groups and does not concern
similar genes or genotypic structure.

The assumption of CoPE, JoHANNSEN, and FILIPCHENKO that the evolu-
tion of genera and generic characters has proceeded in a different fashion from
that of specific characters, and may even be conditioned by particular agents of
heredity which may reside, not in the nucleus, but in the protoplasm—to us and
to the majority of geneticists, this appears to be unconvincing and unsupported
by the data of present-day genetics.

There next arises the new and important question of the parallelism of
modifications and inherited variations (see the works of B. A. KeLLER and
M. A. RozanNova) but this question has been investigated only to small extent.
It does not enter here into our problem.

8. Variation in Fungi, Algae, and Animals:— The same regularities
appear not only in the “higher,” but also in the “lower” plants, as well as in
animals. The well-known Swiss mycologist Ep. Fiscaer (1896) devoted one
of his studies to the parallelism in Tuberaceae and gastromycetes in which he
noted a striking repetition in the ascomycete and basidiomycete series. Sac-
CARDO, in his “Sylloge Fungorum,” on the basis of the Law of Analogies, has
noted the existence of parallel series of forms in fungi, and on this principle
has constructed an entire system of the classification of fungi.

On the whole SAccarpo’s system has proven to be too artificial. Tt has
followed basically the classification of varietal characters of “higher” plants;
its subdivisions into larger groups and genera are based, not on radicals, but
primarily on varietal characters. Nevertheless a beginning in this direction has
great significance in systematics. N. M. Gamuxkov has demonstrated parallel
series of forms in schizophytes and algae (1926).

N. Morozova-VODYANITSKAYA, in the publication “Homologous Series as
the Basis for Classification of the Genus Pediastrum Meyen” (1925), confirmed
for algae the applicability of the Law of Homologous Series and tested its
application in the systematics of the genus Pediastrum.

The systematic division of many genera into Linneons in zooclogy fre-
quently reveals clear-cut series of homologous variations. Paleontology gives
many examples of this. If we look into the zoological literature and include
paleontological materials on variation and systematics, we find many data on
parallel variability.

The American paleontologist, CoPg, in his discussion of the particular routes
of evolution of genera and species, has introduced the idea of homologous
series at the basis of parallelism of variability. Among the higher groups of
animals, in his opinion, there may be demonstrated series of “homologs” on
the same principle as for chemicals such as alcohol and its derivatives. In
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mollusca, amphibia, turtles, lizards, birds, and mammals, he showed a parallel-
ism in structure, and Core also developed the idea of related radicals which
change in evolution without changing the species.

V. M. SaimkevicH (1906) developed a periodic system for the classifica-
tion of pantopods which facilitated the placement of various forms and made
it possible to include yet unknown forms. D. N, SoBoLEv determined parallel
series of fossil copepods which he called in his later work (1924) “isomorphic,”
since at the basis of this parallelism lies an isomorphism of living substance, i.e.,
resemblances in the structure of the substance. V. A. DogeL in classifying in-
fusoria, arranged them in parallel series (1923). G. G. VITTENBERG has used
the Law of Homologous Series in constructing a periodic system of trematodes
(Cyclocoelidae). TERENTEV found parallel series in amphibia, DoBrzHANSKII
in ladybird beetles (Coccinellidae) and SuHvaNvicH in Rhopalocera.

J. B. S. HALDANE has published an interesting paper on the genetics of color
of fur in rodents and carnivora which clearly shows the similarity of genes in
closely related species and genera. Even though there may be some doubt as
to the identity of dominant genes in this connection, in his opinion the recessive
genes are unquestionably homologous. There are particularly large numbers of
similar genes in mice, rats, rabbits, and guinea pigs.

9. The Phenomena of Mimicry and Convergence:— The so-called
phenomenon of mimicry or imitation of one species by another in form and
color, which may sometimes be helpful to the species, often represents a repeti-
tion of cycles of variation in different families and genera. Mimicry may be
regarded as a general phenomenon of form repetition which is characteristic
of the entire organic world.

In the investigations of cultivated and wild plants, there have been found
series of notable facts of mimicry in plants. Particularly interesting cases of
mimicry are found in legumes. In the Saratov region there was found a flat-
seeded vetch (Vicia sativa) contaminating the seed of lentils. Some of these
forms of vetch were so similar to forms of the seed in lentils in both color and
dimensions of the seed that they could not be separated out on sorting machines.
The majority of such forms blossomed and ripened at the same time as lentils,
and represent very typical cases of mimicry. As a result of extensive investi-
gations of lentils and vetch (E. I. BARULINA), based on a great assortment of
varieties of these legumes from different regions of SSSR and Asia, there was
found a striking paralleism of forms of vetch and lentils illustrated in
figure 3 (front matter). It was determined that not only did vetch mimic
the flat-seeded lentils, but the reverse also occurred, and there were forms of
lentils, particularly from Northwest India and Afghanistan, which reminded
one of the round, black-seeded typical forms of vetch with seed of the same
dimensions. The resemblance of series of variations in seed of vetch and
lentils was so great that even to the trained eye, it was difficult, from external
appearance, to distinguish the seed of one from the other. This example ap-
pears to be an excellent illustration of homologous series in variability. The
same may be seen, not only in the seed, but also in the blossoms, and many
other characters of vetch and lentils. The role of natural selection in this case
was very clear. Man unconsciously, from year to year, by means of the sort-
ing machine, separated out forms of vetch which resembled the flat-seeded
lentil in dimensions and form of the seed, and at the same time reproduced
such forms. The appearance of flat-seeded vetch like the flat-seeded lentil,
confirms the general correctness and applicability of the law of variation.

The phenomenon of mimicry, from our point of view, appears to be general
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and in those cases where species and genera show a resemblance in variations
and belong to the same family, we have illustrations of the Law of Homologous
Variability.

In a particular category, having no relation to the Law of Homologous
Series, or, in general, to parallel variability, are included cases of mimicry of
organisms as regards external form, form of leaves, etc.

The phenomenon of convergence or resemblance in characters is known in
many existing and fossiliferous, closely or distantly related, forms of animals
and plants; we find it occurring under the same or different conditions and it
also indicates parallel variability whether homologous or analogous. The num-
ber of facts on convergence of animals and plants increases each year. LINDEN
has found many cases of convergence in gastropods,” and ALVERDES has pub-
lished on the parallel development of birds and mammals.*®

General Conclusions:— The presence of parallelism in polymorphism and
the existence of regularity in the differentiation of Linneons, genera, and fami-
lies, greatly facilitates study of variations of plants and animals. Investigators,
instead of blindly searching, can predict the existence of forms that are lack-
ing in a system, on the basis of resemblance of variation in related known spe-
cies and genera. The investigation of polymorphism and the description of
new species becomes completely scientific in significance. New forms must fill
in the gaps in a system. The collection of species and varieties of animals and
plants acquires new significance when the systematics is not just natural curios-
ity, but an attempt to understand the meaning and order of living things in the
whole organization of life.

Existing systems of Linneons and varieties must be re-evaluated according
to their harmony with a general plan. An important problem of systematics
appears to be to work out a single system, based on specific differences of spe-
cies and varieties and their radicals, along with the analysis of homologous
series of variations within the limits of species.

Instead of having in mind innumerable forms named for the place where
they have been found, or in honor of persons, there is opened up the possibility
of developing a system of species and genera. This is a problem for biology
of the future, requiring extensive differential works for the different groups
of species and genera. Without such differential works there cannot be funda-
mental synthetic works. In order to integrate, it is necessary to differentiate.
Historically this course is inevitable.

Present-day biology in its development repeats, to some extent, the develop-
mental course of organic chemistry. Chemistry has been far ahead of biology.
Innumerable chemical compounds have been grouped together in the construc-
tion of a system based on relatively few elements. However, in the last few
decades genetics has been rapidly coming to the fore, and to some extent is
beginning to resemble chemistry, at least the chemistry of organic compounds.
Genetics has already worked out a laconic language of symbols for heritable
factors determining external characters. The biologist is learning how to
analyze organisms and to master the methods for synthesizing new forms.

The regularities in polymorphism of plants, determined by detailed study
of the variation in different genera and families, may to some extent be com-
pared with the homologous series of organic chemistry, for example the hydro-

37 LinpeN, Countess M. von. Unabhingige Entwicklungsgleichheit der Schneckenge-
hausen. Biologisches Centralblatt, Bd. XVIII. 1898.

38 ALverpEs, F. Die gleichgerichtete Stammesgeschichte der Viégel und Siugetiere.
Biologisches Centralblatt, Bd. 39, 1919.
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carbon series (CHy, CoHy, CHy . . .). Series of these compounds are dis-
tinct from one another, but are characterized by many common properties in
the sense of forming definite cycles of compounds with definite reactions of
substitution and combinations. Each individual hydrocarbon gives a series of
compounds resembling those of other hydrocarbons.

In general, genera (Gy, Gg, G3) and Linneons (Ly, Lo, Lg) of plants
and animals also include homologous series of forms which might be consid-
ered to correspond to the different homologous series of hydrocarbons.

GiLi(a4+b+c+ ... ), GLia+b+c+...)
Gilo(a+b+c+...),GLl(a+b+c+...)
Gils(a+b4c+ .. ), Gla(at+b+c+...)
Lia, Lyas, Liaz. ..
Leai, Lyas, Lzas. ..
Lsai, Lyag, Lgzaz. ..
The letters ay, ag, a3 indicate characters which distinguish the different forms.
As we can see, the series of forms remind one of the homologous series of or-
ganic chemistry.

Besides their chemical structure, different forms of plants and animals are
characterized by physical structure which is reminiscent of the system of clas-
sification of crystals. Variations in form to some extent may be grouped in
geometrical schemes.

The problem of origin of species cannot be separated from the problem of
variation. The occurrence of regularity in the variation of species leads us to
a conception of the Linnean species as a definite complicated system consisting
of parts which are connected with each other, and in which the parts and whole
are mutually related.

The races and varieties which make up Linnean species cannot be regarded
as mechanical isolated parts. They are of complicated structure resembling
species, which is shown by the fact that experimental systematics of a single
variety is often quite similar to that of a Linnean species. The complexity of
species, the variations of species in time and space, the appearance of mutations,
new forms as a result of inbreeding or hybridization, all contribute to the
variations and mobility of the species. At the same time, as shown by present
studies, the biologist is proceeding to an understanding of the species as orderly
cffective complexes. At any given moment a species has actual existence. The
divergence of species is really a mental conception of the investigator. There
is a harmony in the continuous and discontinuous character of the evolution of
organisms. The evolutionary process is discontinuous in the sense of the con-
stant movement of change, of origin and extinction, each being linked in an
endless chain in which species are a system of heritable forms. The great
amount of factual material which the present-day biologist has at his disposal,
forces him to approach the species in a dialectical fashion, and not to consider
it as a fixed entity, the reflection of an act of creation, as the species was form-
erly regarded. ‘““Since that time, as biology is studied in the light of the theory
of evolution”—writes ENGeLs in “Dialectics of Nature”—“in the domain of
organic nature, one after another there disappear the hard and fast limits of
classification, daily there is an increase in the intermediate links which will not
yield to classification. More exact investigations throw organisms out of one
class and into another, and distinguishing characters becomie hardly more than
symbols, losing all absolute significance.”

The different species of the present day are in different stages of their de-
velopment, and in accordance with this, they represent complexes of very dif-
ferent amplitude and content. They may be divided into ecological-geographical
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complexes which not infrequently are very sharply expressed and which may
include subspecies, geographic races, etc.

Thus the Linnean species, in our conception, appears to be a distinct, com-
plex, mobile, morpho-physiological system related in its origin to a definite en-
vironment and area, and in its intraspecific hereditary variability, subject to the
Low of Homologous Series. The regularities described above cannot be regarded
as absolute : not every species existent today must necessarily show homologous
series agreeing with those of another species. The distinctness of species must
be regarded as not ahsolute, but relative, taking into account difficulties in cross-
ing species, non-homologous chromosomes, the appearance of new species as a
result of crossing, the presence of well-marked morphological and physiological
characteristics, as well as the differences in areas occupied by species.

In nature one finds, usually, some variations from the operation of this
law, but at the same time the law is confirmed as a whole. The Law of Homol-
ogous Series in Heritable Variations appears to be a definite general tendency,
inherent in organisms, and representing a general property of organisms.

Natural selection and external conditions have resulted in the past, and will
result in the future, in the dying out of many links in the chain. The factors
of isolation and distribution play a great role in the appearance of forms, and
may cause incompleteness in the series of variations in species as compared
with their original potentialities for variation. On the other hand, selection
and external conditions, acting in the same fashion on different genera and spe-
_cies, may result in a uniformity in the expression of characters; for example,
they might lead to the appearance of parallel series of ecotypes in different spe-
cies and genera. Man has a major role in guiding the variation of cultivated
plants and domestic animals by selection, use of hybridization and inbreeding,
and conservation of mutations which in nature, would be lost.

The uniformity of many wild species is associated with their heterozygous
condition, their cross-pollination, and the non-appearance of recessive char-
acters. By using inbreeding and isolation, one ordinarily can disclose variations
in such wild species.

The Law of Homologous Series is not arbitrary, limiting variations; on the
contrary, it discloses the great possibilities of variation; it only states that,
with regard to the entire system, thorough investigation of all the variations
characteristic of species, reveals not a disorganized process, but a definite
regularity that follows from the nature of the evolutionary process.

The Law of Homologous Series shows investigators and breeders the di-
rections for their search. It aids in the discovery of systematic links and ex-
tends the horizon of the worker, disclosing the great amplitude of species va-
riations. The hundreds of characters distinguishing heritable forms that are
‘known already, can be combined in millions of forms in almost endless possi-
bilities. The appearance in nature of odd or rare forms which at first glance
might appear to be mutations proceeding in different directions, i the last
analysis prove to be part of a regular process; what first appear to be accidental
facts become necessary parts in the system of species. Mutations may appear
to be accidental and going in different directions, but when they are brought
together, they are found to follow general laws.

If there appear to be limitations in the series of variations, this is the con-
sequence of physical limitations. Thus, forms of fruit vary from spherical to
flat, cylindrical, oval, pear-shaped, or inverted pear-shaped, i.c., they include
essentially all of the basic geometric forms. The color of the glumes in cereals
varies from colorless, straw yellow, or white, to black. In the same regular
way the forms of leaves and many other morphological characters vary. The
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amplitude of ecological types obviously is determined by the range of environ-
mental conditions under which the species finds itself. In the extent of quanti-
tative variation (to which we have given particular attention in our studies)
there are definite regularities which are evidently associated with the constitu-
tion of the organs. Organs which are filled with parenchymatous tissue, such
as fruits and roots, vary more than organs which have other types of structure.
In intensive investigations of species, one can demonstrate a colossal diapason
of variations.

The Law of Homologous Series lies at the basis of differential systematics
of cultivated plants (see numerous works on the systematics of different genera
and species in Trudi po Prikl. Bot., Sel., i Gen., beginning in 1923). It gives
us the possibility of constructing a system which embraces the most diverse
forms found in distantly related species divided into numerous varieties. It
has been used with success in recent years in the systematics of different classes
and families of plants and animals.

M. R. Levyns has used it in the systematics of the genus Lobostemon in
the family Boraginaceae (1934). It has been used for algae by N. M. Gamu-
kov (1926) and N. MoOROZOVA-VODYANITSKAYA; for grains by MALTE in
Canada (1932) ; by P. V. TerENTEV with amphibia (1923) ; by G. G. VITTEN-
BERG (1923) with trematodes; with domestic animals by S. N. BocovyLUBSKII
(1928, 1934) ; and with protozoa by V. Docer (1923).

* * * * *

In conclusion I express the firm conviction that the most rational and ex-
pedient means for studying and disclosing the system of variations in the fu-
ture is the determination of parallelism in homologous series of variations.
Beyond doubt this will facilitate the works of investigators in both differentia-
tion and integration, both of which are indispensable for mastering and controll-
ing animals and plant organisms.
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FROM INFECTIOUS DISEASES




1. Introduction:— By the term immunity we mean the lack of susceptibility
of organisms to diseases. In relation to parasitic infections, immunity indicates
the impossibility for a disease-causing parasite to develop normally within a
non-susceptible plant.

Among the measures for protecting plants from various diseases caused by
parasitic fungi, bacteria, and viruses, and also the depredations of different
insects, the most efficient appears to be the introduction of immune varieties
into culture, or the creation of such by means of crossing. In relation to
cereals, which occupy three-fourths of all cultivated land, the substitution of
resistant forms for susceptible varieties appears to be the most practicable
method for combatting such diseases as rusts, powdery mildew, loose smut of
wheat, different Fusarium diseases, and leaf spot diseases, but even in relation
to crops that are cultivated intensively, such as grape-vines or fruit trees, which
are usually protected with insecticides and fungicides, here too the most prac-
tical means of combatting diseases appears to be the introduction of immune
varieties,

In 1919, in the book “Immunity of Plants from Infectious Diseases,” the
author attempted to summarize the knowledge on the subject at that time, in-
cluding the results of his own investigations.

The increase in knowledge in the field of plant immunity during this pe-
riod has progressed at a geometrical rate. A more or less complete list of the
world literature on plant immunity in 1919 would comprise not over 200 works,
of which a considerable part only touched on the subject of immunity in passing.

At the present time the number of works on plant immunity approaches
4000.® 1In a single American journal alone, “Phytopathology,” from 1918 to
1934 there were published more than 300 papers on immunity. During this
interval of 15 years, the question of immunity attracted wide attention, par-
ticularly in the United States, Canada, Germany, England, France, Switzer-
land, Sweden, Argentina, and Italy. There have arisen new phases of the
subject on which, during the past 20 years, the attention of phytopathologists,
breeders, geneticists, and to some extent physiologists, has been concentrated.
There have arisen new chapters in the study of immunity. There has come
into being the whole science of virus diseases of plants, the significance of
which is growing every year, although their biological nature, because of their
submicroscopic size and filterability, has not yet been fully explained. Virus
diseases have been found in several hundred kinds of plants, and the most
decisive method of combatting them appears to be the breeding of immune
varieties. The conceptions of parasitic species of fungi and bacteria have
undergone dissociation. Investigators have studied the occurrence of various
forms of parasitic fungi and bacteria. Phytopathologists have undertaken dif-
ferential studies of the relationships between the external environment and
the susceptibility of plants to various diseases. Studies have been conducted
on the genetics of immunity. Particular attention has been given to the ques-
tion of acquired immunity in plants. The studies have proceeded widely and
deeply, and the significance of this field is growing every day. Whereas in
1915 even S. G. NavasHIN expressed doubt as to the practical possibilities in
plant immunity, considering the high degree of plasticity in parasitic fungi,

3 A complete bibliography on plant immunity may be found in the library of the All-
Union Institute of Plant Industry.



Immunity of Plants —97 — History

today the fact of variety differences in resistance appears to be unquestionable,
and more than this, it lies at the basis of governmental measures for combatting
diseases. Breeders with almost every kind of plant have been working with
heritable varietal differences in reaction to one or another bacterial, virus, or
fungus disease, and even with differences in resistance to attack by different
insects. Varietal differences in immunity have been widely used in plant breed-
ing. The constancy of immunity has been shown for many plants. For ex-
ample, in monococcum, dicoccum, and durum wheats, this has been shown to
have existed for tens, and even hundreds of years.

The great amount of assembled materials, the specificity of the subject of
relationships between host plants and parasites, and the uniqueness of the ex-
perimental methods in this field, give us a basis for separating out a branch of
botanical science which may be called “Phyto-immunology” or “Immunology of
Plants.”

Among the recent extensive publications on plant immunity, besides that
of E. Movrz (1917), we should point out the very complete review on the inter-
relationships of parasites and host plants published by A. ZIMMERMANN in 1925
and 1927 (Zentralbl. fiir Bakteriologie, IT Abt.) embracing the literature on
the Erysiphaceae, Uredineae, Sclerotinia, Monilia, and Botrytis, with particular
attention to the role of environment and the nature of immunity and with a
general bibliography. We should mention the book of the French investigator,
NosEcourr, “Contribution to the Study of Immunity in Plants” (1927), an
extensive publication dealing particularly with acquired immunity, and also
the book of the Italian authors CARBONE and ArRNAUDI, “Immunity in Plants”
(1930). This last publication likewise is primarily on the question of ac-
quired immunity. ApoOLPH MULLER has published a critical work including
the results of original investigations, on the use of chemical injections of plants,
“Die innere Therapie der Pflanzen,” (Berlin, 1926). A very extensive treat-
ment of the nature of resistance to parasitic diseases, and the relationship be-
tween environment and immunity is to be found in the book by Ep. FiscHEr
and E. GAumaNN, “Biologie der pflanzenbewohnenden parasitischen Pilze”
(JEwa, 1929). A thorough, critical study of the status of present-day knowl-
edge on acquired and physiological immunity in plants is the publication of K.
CuESTER (Quarterly Review of Biology, Vol. 8, 1933). The Danish geneticist
H. Hansex (1934) has given us a very valuable critical literature review on
the genetics of plant immunity from diseases caused by fungi, bacteria, and
viruses. Valuable publications on virus diseases have been published, for ex-
ample those of K. M. Smrra (1933) and L. O. Ku~NkeL (1928). The re-
maining extensive original literature is principally concentrated in papers in
the journals devoted to phytopathology, breeding, and general agronomy. In
addition, one should mention the voluminous literature in the form of bulletins
of the experiment stations.*

4 The most impaortant periodical publications giving particular attention to the question
of plant immunity are the following: In USA, Phytopathology (Ilancaster, Pa.), Journal
of the American Society of Agronomy (Geneva, N. Y.), Journal of Agricultural Research
(Washington, D. C.), bulletins of the Department of Agriculture, USA (U. S. Department
of Agriculture, Washington, D. C.) and experiment stations in the states of Minnesota,
Kansas, Washington, North Dakota, and others; in Germany: Zeitschrift fiir Pflanzen-
krankheiten (Stuttgart), Phytopathologische Zeitschrift (Berlin), Zentralblatt fiir Bak-
teriologie, Parasitenkunde und Infektionskrankheiten, Abt. 2 (Jena), Zeitschrift fiir Ziich-
tung, Reihe A : Pflanzenziichtung (Berlin), Der Ziichter (Berlin), Arbeiten der Biologi-
schen Reichsanstalt fiir Land- und Forstwirtschaft (Berlin) ; in England: Annals of Ap-
plied Biology (London), Annals of Botany (London); in Canada: Scientific Agriculture
(Ottawa), Canadian Journal of Research (Ottawa). Recent works on plant immunity are
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Unfortunately, in recent times there have not appeared any all-inclusive,
critical publications on the general problems of plant immunity, particularly
from the point of view of the interests of breeders.

The purpose of the present work is to attempt to give a short review of all
phases of present day knowledge on immunity as applied to the problems of
breeding.

First of all we will take up the question of the nature of immunity.

2. The Nature of Immunity :— Investigations on different plants in rela-
tion to different diseases have brought out the manifold types of resistance of
plants to infections. Recent data have shown still more clearly the complexity
of the nature of immunity in plants and the impossibility of referring it to
simple physiological or biological causes. Basically there is found, as in ani-
mals, a division into two fundamental categories of immunity, on the one hand
natural or congenital immunity, and on the other hand acquired immunity, pro-
duced artificially.

In distinction to animals and man, in plants natural immunity has the greater
significance.

Acquired Immunity.—Acquired immunity, which has decisive significance
in protecting the organism in animals and man, in plants has only limited effec-
tiveness. Some very competent authors, for example the well-known English
plant physiologist and pathologist, V. BLackMAN, basing his conclusions on
the anatomical and physiological peculiarities of plants, denied the practical ap-
plicability of acquired immunity in plants. Considering the colloidal nature of
antigens, BrackmMan did not consider sero-therapy and sero-prophylaxis pos-
sible in plants because of the transport of matter in plants which differs from
that in the blood system of animals. Antigens, if they actually are formed,
being colloidal substances, could not penetrate to all parts of the plant organ-
ism. In “Principles of Plant Pathology” (1928)—a detailed treatise on gen-
eral plant pathology, OWENS writes on the question of artificial immunization
of plants as follows: “No progress has yet been made in this direction, and it is
doubtful if this ever can be done with plants, as it is done in the animal king-
dom. The structure of plants is so different from that of animals, especially
as regards a circulatory system, that it does not seem likely that much success
can ever be attained in that direction.” (See page 125.)

We are not obliged, however, to deny the theoretical possibilities of the
occurrence of acquired immunity in plants. At the beginning of the 20th
Century, NoeL. BERNARD (1909) definitely showed that orchids, after infection
with their parasitic fungus (Rhizoctonia), become resistant to reinfection, i.c.,
acquire immunity.

Early in this century there were carried out experiments on artificial im-
munization of plants by infecting them with virulent and attenuate cultures
of pathogenic organisms or by injecting them with products of bacterial meta-
bolism or extracts of parasites. BEAUVERIE and Ray in 1901 vaccinated plants
of begonia, oats, beans, and lupin with weak cultures of fungi and bacteria or
even with extracts from cultures, and obtained positive results. HILTNER and
STORMER (1903) showed that legumes infected with virulent races of nodule
bacteria could not be subsequently infected with less virulent races.

referred to most frequently in the Review of Applied Mycology (Kew, England), Experi-
ment Station Record (Washington, D. C.), Biological Abstracts (Philadelphia, Pa.), and
Review of Applied Entomology, Series A: Agricultural (London). In addition, bibliog-
raphies of the principal current literature are given in the issues of the Bibliographie der
Pflanzenschutzliteratur, Berlin).
! i
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In recent years interest in this field has been renewed with the publication
of a number of extensive investigations which tend to confirm the findings of
BERNARD and of BEAUVERIE and Ray. In 1930 the question of acquired im-
munity in plants was taken up at the International Congress of Microbiology
in a number of contributions (CARBONE, KosToFF, and others).

Zova in Italy (1925) grew wheat in an aqueous extract of the fungus Hel-
minthosporium sattvum and found that the vaccinated plants showed a higher
degree of resistance than the controls. The immunity was retained about a
month after infection. The vaccine was still effective after heating to a tem-
perature of 50-55° C. It was inactivated by boiling.

In France, NOoBECOURT carried out extensive investigations on vaccination
with the fungus Boirytis cinerea and also obtained positive results. Beans were
grown in soil watered with the liquid on which the fungus had been cultured.
The plants grown in this soil were inoculated artificially with the same fungus.
At the same time, control plants were treated similarly, but not watered with
the fungus liquid, and these died from the infection, while the experimental
plants grew in the inoculated soil and remained healthy.

ARrNAUDI found that branches of geranium (Pelargontum zonale) inocu-
lated with Bacillus tumefaciens could not be infected a second time with this
bacterium at a distance of three to four centimeters from the gall.

StepEN and TRIESCEMANN in 1926 carried out some interesting experi-
ments producing immunity in potatoes against wart (Synchytrium endobioti-
cum). They introduced into potato tubers extracts of tubers diseased with
wart, The vaccinated tubers were planted in soil contaminated with this fungus.
As a result the vaccinated tubers gave good yields of healthy tubers, while con-
trol, non-vaccinated tubers produced plants that were highly infected with wart.

The Italian investigators, CARBONE and ARNAUDI, carried out a large num-
ber of experiments on the immunization of plants against different pathogenic
organisms, by treating them with attenuated cultures of extracts of micro-
organisms. These experiments, just as the older works of BEAUVERIE and Ray
and the more recent ones of Nosfcourt, BrowN, HursH, and Zova, showed
that vaccination produced the development or increase in immunity in the plants.
CarBoNE and ARNAUDI in a monographic review published in 1930 have re-
ported these experiments, The school of CarBoNE in Milan has carried out
many experiments in this field in recent times.

On the whole, numerous results from the active immunization of plants by
vaccination, either with attenuated cultures of parasitic fungi and bacteria or
with extracts of parasites, have had positive effect in the sense of increasing
resistance, The duration of the effect of vaccination has varied in the different
experiments, but in general it has not been prolonged. The nature of this
type of immunization has received little study. CARBONE, as other authors, has
analyzed it from the point of view of zoo-immunology.

In SSSR, work in this field has been begun in recent years in the Microbio-
logical Institute (K. A. FripE and A. V. Kavrvaev, A. T. Kravcuaenko, N. I
SmirNova) and in the Ukrainian Institute of Plant Protection (V. L. Rizu-
KOV).

In vaccinating beans by watering them with aqueous cultures of filtrates of
month-old bouillon cultures of the fungus Botrytis cinerea, the resistance to
later infection has been increased. Of the vaccinated plants, on the average
42.2% survived, while of the nonvaccinated controls only 4.3%. Anatomical
investigations showed enhanced development of the cambium, protoxylem, and
pericycle in the vaccinated plants.

PricE in the Boyce Thompson Institute near New York, brought out some
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interesting facts concerning the ringspot virus disease of tobacco. If tobacco
plants are infected with the virus of this disease, they usually show a strong
infection, but later, with further growth, they gradually recover. The leaves
formed later develop without signs of disease. Price (1932) showed that
inoculation of the leaves of such plants with the virus had no effect. If cut-
tings were made of the recovered parts and these were vegetatively propagated,
they remained healthy on inoculation ; under the same conditions control plants
became strongly infected.

Other investigators have also noted that older, fully-developed leaves do not
display virus attack, although these leaves may be carriers of virus.

In conclusion, the investigations of Prick only indirectly touch on the sub-
ject of acquired immunity ; they do not essentially demonstrate its presence in
plants.

Traunc (1931) found that a mixture of the virus of ordinary tobacco
mosaic (JoENSON’s tobacco virus 1) and the virus of white mosaic (JorN-
SON’s tobacco virus 6) produced in inoculated tobacco plants symptoms of one
or the other disease which diminished with the growth of the plant.

If tobacco was inoculated with white mosaic virus and then with the ordinary
mosaic virus, this second disease did not develop. The same thing occurred in
the reciprocal order of inoculation. In other words the presence of either virus
in the tissues protected the plants against infection with the other virus.

The well-known English potato specialist, SaLaman (1933), demonstrated
the same phenomenon in relation to virulent and weak strains of potato Virus X,
finding that plants of tobacco or Jimson weed which were already infected with
a weak strain of Virus X did not show symptoms of later infection with a viru-
lent strain of Virus X.

The question of antibodies, i.e., compounds of a protein nature in plants,
produced actively on infection, analogous to those that occur in animals, has
attracted particular attention. To it has been devoted a series of works in re-
cent times (see SILBERSCHMIDT, CHESTER, WHITAKER, K0STOFF, CARBONE,
Arwaupy, and others). The cytological picture of the relationship between
parasitic fungi and the tissues of the host plant, and the symbiotic phenomena
which are common in relationships between fungi and host plant cells, which
will be discussed in a later chapter, testify to the probability of the production
in plant cells of specific compounds—antigens and antitoxins. This is also sug-
gested in the above-mentioned works on the appearance of immunity in plants -
on repeated inoculation with a given parasite. The opinion that there is a
production of antibodies in plant cells to protect them from parasitic fungi was
expressed by MarsuEALL WARD at the beginning of the 20th century.

Dr. D. Kosrtov, working with grafts of numerous species and genera of
the Solanaceae, found that repeated grafting on stocks that had previously been
grafted did not succeed, although the first time the graft was made without
particular difficulty. Further investigations of the chemistry of stock and scion
of such heterologous grafts, using the method of the precipitin reaction, bor-
rowed from zoo-immunology, led Kostov to the determination, in the tissues
not far from the point of grafting, of substances analogous to antibodies in
animals : agglutinins, lysins, and precipitins. By means of the “precipitin ring
reaction,” and the more sensitive nephelometric method, he came to the con-
clusion that there were “precipitins” in stock and scion, and also substances
with a lytic or dissolving effect, determined by the use of the “lytic ring” and
the method of dialysis with the Ninhydrin reaction, which is a colorometric
method for determining the quantity of protein substances before and after
lysis. The precipitin reactions led Kostov to the conclusion that in some of

[
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his grafts there were formed precipitins and lysins in the stocks and scions,
that these were increased as a result of grafting, and that this increase was
particularly noticeable near the place of grafting and progressively weaker
with distance from it. It increased during a month after grafting and some-
times appeared to be specific. The formation of antibodies after grafting was
considered by Dr. Kostov as indicative of an acquired immunity. The in vitro
reactions of tissue juices of stock and scion near the place of grafting were con-
sidered due to the presence of agglutination (clumping), precipitation (the
effect of precipitins), and solution (the effect of lysins).

These data have been regarded by Kostov and a number of other authors
as particularly convincing evidence of the existence of acquired immunity in
plants, and the formation of antibodies in plant cells. However, Dr. Kostov
refrained from using the terminology of serological reactions, recognizing the
non-identity of the phenomena of acquired immunity in plants and animals.

SrLserscHMIDT (1931) in a study of the Kostov reaction, at first held a
similar opinion as to the immunological nature of the phenomenon in heter-
ologous grafts. Further investigations by SiLBERSCHMIDT, however, soon led
him to opposite conclusions (1932). Numerous experiments showed the non-
specificity of the acquired precipitins which, as a matter of fact, Kostov had
observed himself in numerous experiments (1929). Only in isolated cases
did SiLBERSCHMIDT'S results agree with those of Kosrtov's experiments. In
his work published in 1932, SiLBErscaMIDT denied immunization as a result
of grafting as a general phenomenon, although it must be noted that he varied
Kostov’s method by using solutions of KC1 instead of distilled water.

The conclusions of Kostov and SiLBERSCHMIDT, and in part their experi-
mental data, were subjected to serious revision by the American investigators
WHrtaXER and CuHEsTER. While not denying the theoretical possibility of the
formation of antibodies in cases of parasitism, these authors showed the non-
applicability to plants of the usual serological methods borrowed from zoo-
mmmunology.

The presence of toxins, unfavorable pH relationships, the absence of cor-
responding nutrient salts, all these and many other factors having no relation-
ship to immunology appear in one or another of the reactions in plants. In-
vestigators of plant immunity having to do with expressed saps or fluids from
macerated tissues in physiologic solutions of salts do not obtain antibody solu-
tions, but complexes of broken-down and altered substances which have little
resemblance to the living cells. Substances which are isolated in cells with
their complicated structure, when they are removed by breaking the cell mem-
branes, and dissolved, are subject to fundamental, irreparable change.

Repeating this work on a broad scale, and with additions to the graft com-
binations in the experiments of Kostov, and those of SiLBErscHMIDT which
supported the views of Kosrov, CHESTER and WHITAKER came to the conclu-
sion that the precipitin reactions in Solanaceae essentially have no immunologi-
cal character. They often are not associated with protein substances. The
“ring reaction,” a test for observing the effects of precipitins in zoo-immunol-
ogy, on the basis of which Kostov came to the conclusions on plant precipitins,
was obtained by CHESTER and WHITAKER in extracts unrelated to immunologi-
cal phenomena. The precipitins, and in general the antibodies determined by
Kostov, in the opinion of WHITARER and CHESTER, were not of immunological
nature, had no relation to acquired immunity, and may be called pseudoanti-
bodies or pseudo-precipitins. In general, CaEstER and WHITAKER did not
confirm the formation of precipitins associated with immunity, as a result of
heterologous grafting of plants, and in addition to this, in their experiments
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they did not confirm the fact itself of the production of acquired immunity as a
result of grafting. (See CHESTER, 1933). The precipitates obtained from
“pseudo-precipitins,” in the majority of cases were shown to be precipitates
of calcium oxalate ; hence the conclusions of Kostov appear to CHESTER and
WHITAKER to be unconvincing as regards any demonstration of the nature of
inhibitory substances. They considered that a more careful analysis of the
phenomenon is necessary. It may be pointed out that WHITAKER and CHESTER
(1933) in their investigations used somewhat different methods than Kostov.
Whereas the latter used fresh green materials, the aforementioned authors
employed dry, pulverized plant materials. FosTErR and Avery (1933) retested
CuEsTER'S methods, showing that in drying, many proteins are irreversibly
coagulated.

O. MoriTz, in an appendix to the book by N. P. Krenke, “Wundkompensa-
tionen, Transplantationen und Chimiren bei Pflanzen” (1933), has stated that
the recent data of SiLBERSCHMIDT (1933) as well as work at the Botanical In-
stitute at Kiel where MoriTz himself worked, have not confirmed Kostov's
conclusions. A detailed account of MorITz’s investigations has not been pub-
lished.

The methods of animal serology in CHESTER’S opinion hardly apply in full
to the study of plant immunity. The presence in animals of a blood system
makes them far more suitable for a study of antibodies than plants.

The living plant cell in CHESTER’s opinion can produce, and probably does
produce, antibodies, as in animal organisms, but in plants these substances do
not accumulate in the cells, and are not carried about in the blood as in animals,
where they may easily be demonstrated. It is impossible to arrive at conclusions
regarding specific substances from expressed juice of crushed cells. Experi-
ments on anesthesia of plant cells and with the use of the least violent ways of
killing them, show that immunity in the plant cell is lost not only after it dies,
but even during the time it is narcotized. “Hence”—writes CHESTER—'‘there
is therefore, no more reason for regarding the negative results of the ‘serologi-
cal’ tests in plants as evidence disproving the thesis of plant acquired immunity
than there would be for expecting to obtain evidence as to the cytology of the
apple fruit from a microscopic examination of cider.” (P. 311-312, 1933).

Acquired immunity in plants, in CHESTER’S opinion, ts a vital phenomenon
and 1s more localized than in amimals. This indicates the necessity for distinct
methods for its study (for example, the use of tissue cultures in artificial
media). Circulating antibodies in plants, if such exist, no doubt are more lim-
ited than in the animal organisms.

The possibility of acquired immunity in plants as a result of vaccination
and the effect of parasites may be considered demonstrated in the recent in-
vestigations of NoBECOURT in France, and the Italian investigations of CAr-
BONE, ARNAUDI, Zova, and others. Meanwhile the nature of acquired im-
munity in plants is insufficiently explained.

Still inadequately worked out are the questions of the duration of acquired
immunity in plants, its specificity, and the particulars of the nature of antigens,
i.e., immunizing substances. In the above-mentioned experiments of Zova
with wheat, the effect of the acquired immunity was short. In the experiments
of BEN1GNI they were even shorter.

The phenomenon of anaphylaxis, i.e., increased susceptibility with repeated
inoculations of the same infectious principle—a common phenomenon in ani-
mals—has not yet been definitely determined in plants,

»  NosEcourT (1928) does not consider it demonstrated for higher plants.
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Theoretically this whole field of investigation is most interesting, the more
so since here it is possible, although with some modifications, to use the tests of
animal immunology.

MULLER and CHESTER recently, just as a number of authors had done earlier
(SuEVIREV, MOKRZHETSKII, NORTON, and others; see VaviLov “Immunity of
Plants from Infectious Diseases,” 1919}, have injected the tissues of different
plants with different substances for preventing diseases, and in a number of
cases have obtained positive results. The injection of plant tissues to combat
insects or fungus and bacterial diseases in a number of cases has given posi-
tive results. The principle of the possibility of combatting parasites by means
of injecting plant tissues with various solutions may be considered fully dem-
onstrated. The techniques of plant therapy and the wide practical application
of this method are more complex matters. The author of the recent mono-
graph on plant therapy, ApoLPH MULLErR (1926), in a publication in 1929,
showed that the practice of injecting the effective substances into plants is
hardly practicable. In his opinion it is more necessary to turn one’s attention
to introducing such substances into the soil to induce indirect passage into the
plant for the purposes of plant protection.

It is possible that in greenhouse culture, for woody plants, and possibly for
treating seed against certain diseases, vaccination or injection may in the course
of time find some usefulness. It is probable that the use of acquired immunity
may play a greater role for perennial plants or woody species than in herbaceous
annual plants. There are indications (see CHESTER) that after heavy infection
of the coffee tree with rust (FHemileia) and red cedar (Gymmosporangium),
in succeeding years the effect of the parasite is significantly lessened, i.e., the
trees may have acquired immunity. The same thing has been noted for oak
in relation to powdery mildew and for chestnut with respect to Endothia.

It is premature to speak at present of wide possibilities in the practical uses
of acquired immunity in plants. This field still requires considerable experi-
mental and theoretical work before putting it to practical use.

The possibility of artificially creating immunity in animals and man has
opened up the widest perspectives and has led to a series of extremely impor-
tant discoveries in this field. ‘“No such great practical advantage can be
prophesied for an application of acquired immunity in plants,” writes CHESTER
in the conclusion of his work cited above (1933)—"because of the inherent
difference in the purposes of plant and human pathology. The aim of human
medicine is to preserve the individual; the phytopathologist, on the other hand,
as a rule has little interest in the individual, his main objective being the preser-
vation of the population. Moreover, while much of the activity of the physi-
cian is devoted to cure or therapy, that of the phytopathologist is more directly
concerned with the prevention or prophylaxis” (page 314).

3. The Nature of Congenital Immunity:— The occurrence of congenital
immunity in varieties, as has been made clear during the past decade, embraces
essentially all species and genera of herbaceous and woody crop plants, and is
shown in varying degree in relation to the most diverse fungus, bacterial, and
virus diseases, and also to injurious insects. Particularly numerous investiga-
tions have been carried out on immunity in cereals, potatoes, sugar beets, sugar
cane, grapes, tobacco, apples, pears, and citrus fruits. The phenomena of
congenital immunity are very diverse in nature, and require classification.

Practically, we may first distinguish the categories of immunity and re-
sistance in relation to specialization of the parasite. The most important factor
determining the occurrence of immunity and resistance to fungus, bacterial,
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and virus diseases, and also to insects appears to be biological specialization of
parasites on hosts—species and genera of plants. Species and genera of fungi,
bacteria, viruses, and insects have selective possibilities in their parasitism.
Along with polyphagy, particularly among insects, the majority of species of
parasitic fungi, bacteria, viruses, and even insects, have become adapted in their
evolution to definite genera and species of plants.

Practically, we first distinguish the phenomena of immunity and resistance
associated with the specialization of parasites, according to genera and species
of host plants. There is no sharp limit between varietal, specific, and generic
immunity, but nevertheless we can commonly observe that a high degree of
resistance to disease in a variety bears a relation to its species or even genus.
This is expressed so sharply that immunity may be used as one of the methods
for determining the relationships of plants.*

The most widely distributed forms of immunity among plants are generic
and specific immunity. Whole genera and species are resistant to certain dis-
eases. In approaching the problem of selection or the creation of resistant
forms, the breeder first of all must know the degree of specialization of the
parasite, i.e., the species and genera of plants entering into the cycle of its
adaptation, and also the specific differentiation of the host plant. An incom-
patibility of a parasite with a given species or genus of plant ordinarily takes
the form of a sharply-expressed immunity, usually an entirely indifferent rela-
tionship between parasite and host, and the absence of reactions on the part of
the plant cells to injury by the parasite. Recently E. KOHLER has proposed
calling the occurrence of specialization absolute immunity within the orbit of
the given parasite. On the basis of concrete facts, however, it appears to us
that such an absolute point of view is excessive. Practically absolute immunity
is frequently found in certain varieties of plants within the limits of a species.
For example, we have varieties of Persian wheat, Triticum persicum Vav.,
which are absolutely unaffected by powdery mildew (Erysiphe graminis), while
the oat variety Mesdag (Awena sativa) as well as some varieties of Avena
brevis and Avena strigosa, are almost entirely unaffected by smut.

There has recently been discovered the complicated makeup of parasitic
species which we will discuss later, and which has obliterated the limits be-
tween specific and varietal susceptibility. Varieties which are resistant to a
high degree, as we may see from many examples that have been recently studied,
frequently correspond to botanically separate species or particular geographic
races of host plants, but on the whole, in practice, specialization of parasites
on genera and species of plants is so extensive that it is necessary to divide it
into separate basic categories. From this we conclude that immunity which is
associated with biological specialization of parasites on genera and species of
plants is dependent on the processes of divergence of host plants and parasites
wn their evolution.

Turning to ordinary varietal immunity we first distinguish active or physio-
logical immunity associated with the reactions of the host plant cells following
inoculation with a parasite.”* In the phenomena of immunity, we must dis-
tinguish two phases in the development of parasites, namely the penetration of
the parasite into the plant, and the distribution and development of the parasite

41 Vavirov, N. I.: Immunity to fungus diseases as a physiological test in genetics and
systematics, exemplified in cereals. Jour. of Genetics. Vol 4, 1913. At the present there
might be cited hundreds of facts confirming the basic thought in this publication, illustrated
by the most diverse plants.

42 The term “active or physiological immunity in plants” must be sharply distinguished
ifrom the conception of active, acquired immunity in ranirnals and man.

P
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within the tissues of the host plant. The relationship between parasite and cells
of the host tissues in the second phase is usually very complicated in cases of
active immunity and the appearance of so-called humoral reactions, i.e., the
production by cell parasite and host of complex chemical compounds, usually
of protein character. By analogy with animal immunity, we may speak of
the production of toxins by the parasite, and of antitoxins or antibodies by the
host cell, these antibodies appearing in the form of lysins, dissolving antigens
which act on parasitic fungi, bacteria, or viruses, in the form of agglutinins or
clumping antibodies, or in the form of precipitins, precipitating antibodies. In
isolated cases the production of such substances has been shown experimentally.
Recently Nopfcourt has chemically determined the presence in plant sap of
antitoxins corresponding to definite fungus toxins, since he showed that the
antibodies produced were observed only in the presence of the fungus. Ag-
glutinins were found in infected roots of legumes with bacterial galls, but in
general this field of study has been worked over very little, as may be gathered
from the foregoing section. Furthermore, as has been seen from the work of
NoBEcourT, antibodies, or antitoxins for the most part have been determined
in plants in relation to saprophytes or hemisaprophytes and least of all in cases
of parasitic fungi such as rusts and powdery mildews. DurrENoy tested
BESREDKA’S local immunity in plants in connection with the relationship be-
tween tissues of the chestnut and Phytophthora cambivora (1930). In all the
literature of this aspect of immunity there is observed a definite tendency to
consider the phenomena of plant immunity as analogous with processes occur-
ring in animals, but little proof of this is offered.

The relationship between parasites and host tissues in active immunity is
very complicated, and is observed in different degrees: from a practically com-
plete or absolute immunity down to weak resistance. Active immunity may
be accompanied not only by physiological and chemical reactions, but some-
times there appear certain anatomical changes, for example, the isolation of
fungus hyphae by tissues of the host plant.

No#L BerNarp (1909) noted in orchids a phenomenon reminding one of
phagocytosis in animals. The role of phagocytosis in plants, however, as ad-
mitted by all authors (NoBEcourt, p. 153), is very limited.

In the early phases of development of parasites, frequently there may be
observed a positive chemotropic effect of plant cells on fungus hyphae. The
British mycologist, Massee (1904), even developed a comprehensive chemo-
tropic theory of immunity, although he noted its inadequacy with broadening
knowledge of the subject (see VaviLov, “Immunity,” 1919). The penetration
of the parasite through a stoma or through the epidermis is only the beginning
phase of parasitism, and such tropisms would not apply to later relationships
between the parasite and the cells of the host plant.

The American investigator, ALLEN, has studied the cytological behavior of
resistant and susceptible varieties of wheat in relation to stem rust, and found
in immune varieties the following picture of relationships between fungus and
host tissues: a) the hyphae of the fungus do not as easily penetrate through
the stomata as in susceptible varieties; ) coming into contact with the cells
of the mesophyll, the hyphae cause a killing of the host cells with immediate
effect on the hyphae and a plasmolysis of adjacent tissues; in turn toxic sub-
stances produced by the dying host cells kill the hyphae and haustoria of the
fungus, while in susceptible varieties the hyphae penetrate without hindrance;
¢) the dying cells, which produce toxic substances, become isolated in their
effects from the healthy surrounding tissues, with thick cell walls surrounding
the dying portion.
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On the whole the cytological picture of the behavior of immune varieties
in relation to rusts and powdery mildews appears to reveal an antagonism be-
tween fungus and host cell. The invading hyphae and haustoria of the fungus
do not attain a normal feeding status and die from starvation. On the other
hand, in susceptible varieties it appears that the invaded cells are even stimu-
lated and in early stages are even better provided with nutrient substances.
Our proposed scale of immunity (1913, 1919) has been constructed on the
conception of this relationship between plant tissues and parasites,

WELLENSIEKR (1927), in studying the behavior of susceptible and resistant
varieties of corn with rust, showed that in this case the immunity of the variety
is related to an exhaustion of the parasite with observable signs of its starva-
tion.

Not infrequently—for example with infection of different species of rusts
or powdery mildews—susceptible varieties at first do not suffer, or suffer only
very little; the cells remain well supplied with chlorophyll and give a definite
impression of the occurrence of symbiosis, at least in the earlier phases.
KouLER has proposed naming this kind of close relationship, a sort of high
degree of parasitism, euphagy. The parasite to a marked extent does not dis-
rupt the basic functions of the host plant, and even may stimulate the plant
cells.

“The parasitism of rusts”—writes NOBECOURT—‘shows unique features;
it is a veritable symbiotic association” (p. 13). This symbiosis, however,
eventually has ill effects on the plant. The symbiosis commonly appears in
susceptible varieties; immune varieties on the other hand, show a sharp re-
action to the penetration of the parasite: cells surrounded by hyphae of the
parasites quickly die, and with this the fungus dies. In other words, immunity
in these cases appears to be the result of a high sensitivity of the tissues to
injury by the parasite. Various species of parasitic fungi show a great diver-
sity in the picture of relationships with the tissues and cells of the host plant.
For example, in certain smut fungi the mycelium, on infection, grows down
as a pollen tube, and with the development of the seed there follows, step by
step, the development of the fungus. In the cases of rusts and powdery mil-
dews, the fungus parasite guides its hyphae and haustoria into the intercellular
spaces, and in case of susceptible varieties, the cells of the host plant and the
haustoria live for some time in a symbiotic state. In a third category of cases,
as in cabbage clubroot or wart of potatoes, the parasite penetrates entirely into
cells of the host plant and develops at first as a photoplasmic mass, also show-
ing in early phases a symbiotic relationship. In more primitive cases, the
fungus penetrates into the living cells of the host plant, kills them by its poison-
ous secretions, and feeds at the cells’ expense. This, for example, is the be-
havior of Sclerotinia, Rhizoctonia solani, and Phytophthora infestans. Other
types of interrelationships might be noted (see E. K&HLER).

* * * * *

The next major categories of resistance are based on features of the struc-
ture of plants in a morphological and anatomical sense. In these cases resistance
of the tissues themselves to injury by the parasite appears to be not active but
passive. In our monograph on immunity we have called this category of re-
sistance mechanical or passive immunity. It would be more correct to call this
structural immunity, in a broad sense, associated with resistance based on dif-
ferent morphological and anatomical features of the variety, since these struc-
tures arise with no relation to injury caused by the parasite; in other words,
this kind of immunity actually appears to be passive.

. . . ¢
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This category may be subdivided according to the factors respon51b1e for
resistance. They are as follows: ~ 1

1. Features of the structure of the epidermis, cuticle, cortex, wax covering the stems
and leaves, features of the stomata and lenticels.

2. Features of the blossoms; closed versus open blossoms have decisive significance, for
example, in infection by ergot and smuts in cereals. Cleistogamy protects plants from
blossom infections.*? ‘

3. Hulled and naked seed. i : '

4. Features of tissue growth. For example, the rapidity of growth of tissues has sig-
nificance in the resistance of cereals against infection by smuts and Fusarium.

5. The possibility of rapid healing of wounds.

6. The production on the surfaces of cells of slimy or resinous substances or waxy
layers, and ethereal oils which protect against penetration by the parasite.

7. The general habit of the plant which may affect its injury by diseases. For example,
upright or compact growth; flat or twisted leaves; and hairiness of the leaves and stems, or
the absence of such hairiness.

The types of resistance based on structural peculiarities constitute a main
division of immunology. A number of authors (e.g., Ep. FIscHER, GAUMANN,
and others) propose an entire category of resistance, associated with structural
features, and sharply distinguished from real physiological immunity, which is
associated with active reactions of the host cells, The investigator of gall for-
mation due to attack by insects, FriTz ZWEIGELT, proposes calling resistance
which is based on structural peculiarities, ‘“pseudo-immunity” (1931). There is
no sharp distinction between active and passive immunity. Immunity in the
early stages of attack by parasites on tissues is often due to structural features
of the surfaces of leaves and stems, the structure of the cuticle, stomata, and
cortex. Active physiological immunity, the reaction of cells in producing one
or another type of compound—“antitoxins”—begins after the penetration of
the parasite into the tissues or cells, 7.e., passive and active immunity appear in
different phases of development of the parasitic relationship.

Varietal differences in relation to attack by insects are quite frequently due
to structural features of the plant. Examples of structural immunity may be
found in the resistance of protected varieties of sunflowers to the sunflower
moth, or the susceptibility of eligulate varieties of cereals to attack by the spring
fly, the larvae of which enter freely into the leaf sheath if there is no ligula
preventing ingress into the leaf sheath (N. L. SaAkmarov).

In some plants, as a result of attack by insects, there is formed a protective
sclerenchyma layer of cells which prevents further spread of the parasite.
This appears frequently, for example, in attack of oak by gall-forming cynipids
(Kostorr and KENDALL, 1929).

In relation to saw flies, resistance of cereals is dependent on structure of the
straw. Varieties with solid straw are more resistant than those with hollow
straw ( SHCHEGOLEV).

In cases of attack by insects, for example the frit fly (Oscinella frit), there
are good possibilities for the regeneration of the plant after attack, associated
with the energy of growth (N. V. Kurvumov, A. V. ZNAMENSKII, and others).

* * * * *

The next extensive category of phenomena of immunity in plants is asso-
ciated with the chemical properties of tissues, high osmotic pressure of the cell
sap, presence in the cell sap of organic acids, tannins, phenols, and other toxic
substances. This kind of immunity we may call chemical and at the same time

48 A number of varieties of barley, for example the group erectum, are very little affected
by Ustilago nuda, since many of these have cleistogamous flowers, formmg seed within the
protection of the leaf sheath. o . N .
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it appears to be passive. The chemistry of the cells in these cases is expressed
through its effect on the parasites.

Cook and TAUBENHAUS have observed the strong effects of tanmic sub-
stances particularly in relation to parasitic fungi. In various cases the role of
tannins may be quite significant. This does not yet have general application to
other cases, according to recent investigations. BaveEnpamm (1928) has de-
termined, for example, for a number of fungi attacking woody plants, such
as Stereum, Lenzites, Trametes, Polyporus, Merulius, and Coniophora, that
they can tolerate tannic substances very well and even use them as food.
VarLLEAU did not find any connection between content of tannins and resistance
to Sclerotinia cinerea in plums.

Anthocyanin pigments have often been shown as contributing to resistance
to diseases (cf. VaviLov, “Immunity,” 1919), but in the literature may be found
a considerable number of contradictory facts.

A similar role is played by osmotic pressure of the cell sap (¢f. Vavirov,
“Immunity,” 1919), or the presence in cell sap of different organic acids,
anthocyanins, and flavones. Direct observations have shown that positive find-
ings of this sort for certain plants and diseases cannot be applied generally to
other plants nor to other diseases.

Roeert NEwTON in Canada and his associates have made a particularly
careful study of the chemistry of eight standard varieties of wheat which differ
strikingly in reaction to rusts. In addition to the chemical properties they have
investigated the electro-conductivity, osmotic pressure, and bound water of
the materials. As a result they found that the greatest correlation with im-
munity was with the quantity of phenolic compounds. Thus, the highly im-
mune variety, Khapli, Indian emmer, showed the greatest amount of phenolic
compounds in expressed leaf sap. Next came durum wheat (Kubanka), and
the least phenols of all were found in common wheats.

NewToN himself, however, declares at the end of his work that we cannot
at present distinguish individual phenols; in expressed sap of plants there are
contained different substances, and at present the determination of the phenolic
compounds is comparatively crude; “hence it is impossible to draw many sig-
nificant conclusions from this, but they stimulate and force us to go on” (cf.
NewToN and ANDERSON, p. 11, 1929). It is sometimes possible by chemical
means, to distinguish immune from susceptible varieties or species. Even
crude analyses of seeds and leaves may show striking variations, as in deter-
mining the acidity by simple titration (cf. Vavivov, “Immunity,” 1919), which
has sometimes brought out sharp differences. NEeLson and Dworax (1926),
using serological reactions, have found that varieties of flax which are resistant
to Fusarium belong to one well-marked serological group, which indicates cor-
responding differences in the proteins. LiNxk and Suarp (1927) have found
that a number of types of bacteria attacking plants show definite serological
specificity corresponding to their biological reactions (specialization).

Numerous investigations have been carried out in recent years in studying
the acidity of cell sap of different varieties in connection with their different
reactions to diseases. While at first the method of titrating with alkali was
used in studying the chemical composition of attacked and non-attacked va-
rieties, in the more recent investigations the active acidity has been determined
more exactly in terms of definite hydrogen ion concentrations (pH). Such
methods have been applied to many varieties by a number of investigators.
Both the method of titration and determination of pH have shown the com-
plexity of the relationship between immunity and acidity. In some cases and
in some plants, such as grapes, a correlation between immunity and quantity

v N
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of acid is comparatively clear, although not absolute ; in wheat such a relation-
ship between acidity and immunity has not been observed in relation to rusts,
smuts, or powdery mildew.

Hurp has investigated the pH in cell sap of wheat varieties in relation to
stem rust and smuts, and has not been able to determine any definite correla-
tion between immunity and pH value. The pH values were not found to be
significantly different even in the most strikingly distinct varieties of wheat,
which acted entirely differently with regard to stem, leaf, and stripe rusts,
and also to powdery mildew, species of smut (Urocystis tritici, Tilletia tritici),
Gibberella saubinetii, and nematodes (Tylenchus tritici). WEerss and Harvey
did not find such a correlation with respect to resistance of potatoes to wart
(Synchytrium endobioticum).

W. F. Hanna (1931) in Canada did not find notable differences in oxidase
activity in immune and affected varieties of wheat in relation to rust.

In the investigations of A. A. R1xHTER in Saratov there was found a cor-
relation between high peroxidase activity in the roots of sunflowers and attack
by broomrape. His student, K. T. SurnorUukov, found that forms of com-
posites, Artemisia and Xanthium, which were immune from broomrape, and
also from rust, were characterized by a low peroxidase activity. No other
enzymes were found to have a noteworthy role in immunity.

Alkaloids contained in plant tissues, evidently do not always have a pro-
tective role. NoBEcoURT found that atropine, quinine, and nicotine had no
effect on Botrytis cinerea. It is the opposite with resistance to insects; the
chemical composition of the tissues and in particular the content of alkaloids,
in this case, plays am essential role.

E. RokHLINA demonstrated a correlation between resistance of crucifers
to clubroot (Plasmodiophora brassicae) and differences in the content of
glucosides, which in fermentation with myrosin give mustard oil. Among such
glucosides are singrin, which is found in many species of crucifers (Brassica
nigra, Cochlearia officinalis and others), gluconasturtin in Barbarea praecox
and Nasturtium officinale, and glucotropeolin in Lepidium sativum.

DicksonN, Eckerson, and LINK found that resistance of wheat seedlings
to the fungus Gibberella saubinetii was explained by the quantity of pectic sub-
stances in the cell walls. The fungus easily penetrates walls which consist of
pectin, and is prevented from doing so by walls lacking pectin substances.*

RevNorps found a correlation between the resistance of flax to Fusarium

Iini and the concentration of the glucoside linamarin in the tissues of different
varieties. This glucoside in hydrolysis produces cyanic acid. Extracts of the
leaves and stems of flax containing linamarin are toxic to Fusarium lini. The
quantity of the glucoside varies markedly and is evidently higher in resistant
varieties. As a particular case one cannot deny this correlation, but it is hardly
possible to apply it to all varieties of flax and even less so to other plants.

With respect to the many studies on the chemistry of immune and suscepti-
ble varieties of wheat, RoBErT NEWTON writes: “Thus far the investigations
have only touched the problem, and only scratched the soil on which slowly,
and with great difficulty, will be established the basis of our knowledge”
(p. 8, 1929).

On the whole, the phenomena of structural and chemical passive immunity
graphically reveal the multiplicity of kinds of resistance and the impossibility
of bringing them all into a single system.

* * * * *

4 See Phytopathology, Vol. 14, 1924,
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Hurr (1929) has distinguished, besides physiological and morphological
factors of resistance, “functional resistance.” Some varieties of wheat are re-
sistant in the field during the period of growth, thanks to the particular be-
havior of their stomata. These varieties can show susceptibility to stem rust
in the seedling stage. The rhythm of daily stomatal movement differs with
the varieties. In some varieties they are open all day and in others only for a
very short time. The critical period for infection by stem rust is early morn-
ing, not long before sunrise, when the plants are well covered with dew. If the
stomata are open at this period the fungus can penetrate into the tissues; if, on
the other hand, they are closed at this time, infection does not occur. Further
investigation has shown that this phenomenon is somewhat more complicated.
In the mandarin orange the stomata are so constructed that they will not per-
mit the entry of water or bacteria; from this results the resistance of the va-
riety to citrus canker. If the epidermis is removed, the bacteria penetrate and
infect the variety (McLEaN). '

* * * * *

A distinct type of resistance is that of grapes to Phylloxera. The so-called
“resistant” varieties of grapes, for example different species of American vines,
when attacked by Phylloxera do not form galls on the roots ; the European vines
do form galls in the crevices of which there develop bacteria which cause a rot-
ting of the roots. This bacterial disease really appears to be the cause of the
damage to European grapes when attacked by Phylloxera. The insect in this
case seems to be only a contributing factor. Practically, this type of phe-
nomenon, despite its complexity, may be referred to the category of immunity,
since the real problem is one of creating varieties that are resistant to infectious
disease.

In the phenomenon of gall formation there are observed processes which
remind one to a considerable extent of reactions in active immunity. However,
ZwEIGELT (1931), who studied in detail the process of gall formation by aphids,
has considered that the immunity in this case is not fully analogous to immun-
ity from parasitic fungi. ‘
* * * * * . ~

In a final, special category, but not directly related to immunity, is the escape
of plants from infection due to their earliness of ripening before the maximum
development of an epidemic. In this case the varieties which escape attack do
not have any real immunity. Early-ripening varieties of cereals, for example
oats, succeed in heading before the extensive development of thrips and other
insects. Early varieties of barley frequently escape rust, etc. Practically,
such varieties are sometimes called resistant, or even immune, in the agronomic
literature.

* * * * *

In concluding this survey of the nature of immunity, there should be noted
also the occurrence of different degrees of resistance.

In some cases the cause of immunity may be definitely associated with spe-
cific factors such as acidity, anatomic structure, etc., but on the whole, so far
as present knowledge goes, the nature of immunity is more complicated. Im-
munity may be regarded as the result of interaction of many components. The
immune reactions of cells must be considered in relation to the environmental
medium. The investigations of Jones and Dickson in the United States
(Madison) and GassNEr in Germany, are particularly instructive in this re-
spect. From this we naturally turn to the complexity of the interrelationships
of immunity and environment, from which we cannot separate either plant or

v

,‘. ’ B . "



Immunity of Plants — 111 — Physiologic Races

parasite, and which must be considered in work on breeding for immunity.
The limits between the categories of physiological, structural, and chemical im-
munity frequently can be defined only with difficulty or not at all. Lines of
demarcation between different kinds of immunity often do not exist. We must
regard the categories of immunity as being abstract to some extent, embracing
diverse phenomena.

4. Differentiation of Species of Parasites into Physiologic Races:—
Among the great achievements in the past 15 years in phytopathology having
direct relationship to immunity, we need first of all to consider differentiation
in our conception of parasites. At the end of the 19th century Erixsson had
determined the presence of biologic races in cereal rusts. These were distin-
guished not by morphological characters, but only by their adaptation to definite
species of plants. Thus stem rust (Puccinia graminis) was broken up into the
forms tritici, secalis, hordei, etc.).

The investigations of E. C. STaxMAN, M. N. LevinE, and later a large
group of American and German phytopathologists during the last two decades,
have shown that within these biological species of cereal rusts are to be found
many physiologic races distinguished by their infectivity on different host va-
rieties. Old mycological species have been broken up into a great number of
races which are morphologically indistinguishable, but are differentiated ac-
cording to their virulence on different plant varieties. If we take a number of
standard, distinct varieties of wheat and infect them with different collections
of rust, we distinguish various races of the fungus according to degree of viru-
lence. In stem rust of wheat alone (Puccinia graminis f. tritici) have been
determined more than 150 physiologic races distributed in different territories.

For leaf rust of wheat, in 1934 there had been determined 54 races, includ-
ing 38 races in the States of North America, 15 in Europe, and 1 in Australia.
In stripe rust of wheat there have been found 17 races (see Gassner and
Strais, 1934); in bunt of wheat, about 8 races of Tilletia tritici, and 4 of
Tilletia levis (REED) ; in Ustilago hordei, 12 races (RopENHISER) ; in Ustilago
jensenii, 7 races; in Helminthosporium graminewm, 4 races (ROMER); in
Helminthosporium sativum, 37 races (CHRISTENSEN) ; in loose smut of wheat
(Ustilago tritici), 14 races (RODENHISER) ; in smut of oats (Ustilago avenae),
about 20 races; in Ustilago levis, 5 races (RopENnwHISER) ; in Colletotrichum
lindemuthianum attacking beans, 34 races; and in Fusarium lycopersici, 24 races
(Wurrg, 1927). With respect to the number of races within the limits of
different species of parasites, we also see a kind of specialization: some of the
parasites are less differentiated, others more. For example, thus far no
physiologic races have been found in potato wart, Synchytrium endobioticum.
Up to 1932 there were not known to be races of the potato late blight fungus,
Phytophthora infestans, despite special investigations in Germany (MULLER)
and in America (ReDDICK). In very recent times, however, in this case there
have been found races distinguished on different species, varieties, and hybrids
of potato, according to their degree of susceptibility (¢f. Scuick, 1932, and
MULLER, 1933).

In the future the number of races within species of parasitic fungi will un-
doubtedly be increased.

The different races of parasites are also distinguished by localization of in-
fection. Thus some races of oats smut (Ustilago avenae) according to our
observations, affect only the stamens. E. E. GEsHELE found in Ukraine a race
of barley smut (Ustilago jensenii) which infected the blossoms.

For determining physiologic races, the pathologist has constructed varietal
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keys which have been particularly well worked out for wheat and oats in the
United States of America, Canada, Germany, Sweden, and Rumania, accord-
ing to which the races of parasites may be differentiated. Races in the ma-
jority of cases are characterized by definite geographic areas, and not infre-
quently are very limited in range. No doubt the number of physiologic races
of parasites is much greater than has been determined up to the present, par-
ticularly if we take into account the fact that in America, where the races of
fungi have been studied in particular detail, grain has been cultivated no more
than 300 years; wheat, barley, oats, and rye, have been brought there from
Europe. We might expect that under the conditions of our region, near to the
source of origin of the cereals and of their parasites, the number of physiologic
forms of fungi would be still greater. This is indicated, for example, by the
finding in Central Asia of new species or biologic races of Ustilago vavilovii
Jacz, on rye, which were unknown in other regions, an unusual form of Puc-
cinia graminis, producing aecia resembling those of cedar rust (Gymnosporan-
gum) (cf. Vavirov, “Immunity,” 1919), and a different form of Tilletia, dis-
tinguished by the color of its spores (SPANGENBERGER).

Preliminary experiments by A. A. YACHEVsKI have shown that some of
our northern races of wheat bunt, Tilletia tritici, are evidently more virulent
than American ones. I.. F. Rusakov noted in 1924 in the Central Chernozem
region (Kamennoi Steppe) a massive infection of rye with crown rust, Puccinia
coronifera Kleb., which usually affects oats, and while this may be associated
with peculiar conditions of the season, it also may indicate a particularly viru-
lent race of this fungus distributed in this area.

Interesting investigations of BODENHEIMER (1925) have shown that usu-
ally in the native home of given species of host plants, a number of insects
which parasitize these species are particularly specialized, much more so than
in regions where these plants have been introduced in recent years. This was
particularly striking, for example, in Palestine, where BODENHEIMER carried
out investigations on Australian eucalyptus, acacia, and casuarina, and on citrus
fruits ; the native home of the latter is in China and India. Citrus fruits as
well as eucalyptus, casuarina, and acacia in Palestine were almost free from
injurious insects, although these plants have many such in their native coun-
tries.

Differentiation into physiologic races occurs not only in ascomycetes and
basidiomycetes, but also in a number of species of imperfect fungi. More and
more there is being found a differentiation of virus diseases on various species
and genera of plants. Biologic races have been determined also in insects, for
example Phylloxera and the frit fly. Races of fungi are distinguished pri-
marily according to the species and varieties of host plants which they affect.
Differences appear in the degree of virulence in relation to one or more of these
varieties.

GAUMANN found in Peronospora parasitica 67 different forms which he
distinguished not only by their ability to infect different species of plants, but
also according to small quantitative characters, such as the size of conidia. Such
forms, which have biological and minor morphological differences, are called
morphological-biological species.

Sometimes physiologic races of fungi differ chemically, particularly in the
character of growth under the conditions of an artificial environment for the
parasites, which is found in artificial culture. Such have been found, for ex-
ample, in different races of corn smut (Ustilago zeae), Fusarium wilt of flax
(F. lim), and Helminthosporium sativwm (CHRrisTENSEN). The temperature
optima for different physiologic races and in general their relationship to en-
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vironmental factors may be different, as has been demonstrated experimentally
for leaf and stem rusts and for Helminthosporium sativum. Specialized races
are usually designated by numbers or letters. As has been shown directly by
experiments, physiological differences of rust races appear to be completely
hereditary.

Unfortunately the Soviet phytopathologists have barely touched the subject
of differentiation of parasites; in this respect the workers in foreign countries

have done significantly more.
* * * * *

The investigations of physiologic races have shown that some of them are
very widely distributed, while others have narrowly restricted geographic
ranges. For example, STAKMAN and LevINE have distinguished a race of
wheat stem rust which has wide distribution in the United States, Canada,
England, France, Norway, Egypt, and even Japan; all of the methods of in-
vestigation which could be used indicated that this was actually one and the
same race. In other cases, even in different localities of one region, there are
encountered different physiologic races. For example, certain varieties of In-
dian two-grained emmer (variety Khapli) were resistant to 40 different races
of wheat stem rust; however, when there was obtained an additional race of
stem rust from Egypt, this variety became infected. All of the 40 physiologic
races tested infected the soft wheat variety Little Joss, which was developed
in England. The Egyptian race of stem rust infected Abyssinian emmer, but
showed a lack of adaptation to Little Joss wheat, only infecting it to a weak de-
gree.

The races of stem rust of oats in U. S. A. and in Europe are very different.
Moreover, the race constitution of rust may vary from year to year due to the
effect of natural selection, and also to the possibility of transport of races from
one geographic region to another.

The geographic races of Tilletia tritici in England differ markedly in their
virulence from those in the United States. In the experiments of GAINEs,
American resistant varieties planted in England became more strongly attacked
than in their native home, and on the other hand, the English varieties showed
a higher degree of infection in America.

The introduction of new varieties may evoke marked differences in the
race specialization of parasites. Thus, in Germany in 1910 there was intro-
duced into culture the Swedish variety of winter wheat, Svaléfs Panzer, which
was practically immune from stripe rust. For a number of years this variety
remained unaffected, and it became widely distributed in Germany. In 1923
there was general surprise when it showed a high degree of attack by stripe
rust. ROMER explained this as follows: the physiologic races of stripe rust
attacking the variety Panzer had previously either been absent or strictly limited
in their distribution. The wider distribution of the variety made possible the
wider distribution of physiologic races of its parasite, producing, in 1923, a
genuine epidemic,

RowmEr has given another illustration of the distribution of physiologic
races in the case of loose smut of wheat (Ustilago tritici). In recent years in
Germany the spring wheat variety Peragis has become widely distributed. Be-
fore this time, on the variety Griine Dame there was known to be a rare spe-
cialized race of loose smut. With the wider distribution of the variety Peragis
this race of smut became widely distributed since it showed virulence for this
variety, just as for “Griine Dame.”

* * * - *
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KonLER has recently reported that the large number of physiologic races
which have been determined in recent phytopathological investigations may
be to some extent reduced. The determination of the number of races depends
on properties of the parasite, and on differences in the host variety. The total
number of races is determined by the reactions which result from different
factors, including the effect on the variety and on the parasite, and, accordingly,
in his opinion, the number of physiologic races of fungi probably may be re-
duced to a much smaller number. This conclusion deserves attention, but in
any case the fact of differentiation of races of parasites is indisputable, and
the number of races remains considerable.

The Origin of Forms of Parasitic Fungi—Very important discoveries re-
cently have made contribution to our understanding of the dynamics of the
origin of the forms of parasites in connection with the determination of sexual
processes and heterothallism in rusts, smuts, and powdery mildews. As early
as 1904, BLARESLEE, using fungi of the Mucorales showed that the mycelium
formed from a single spore does not produce zygotes. These result only on the
meeting of two mycelia, and then not in all cases but only when the two mycelia,
which may be identical in appearance, differ from one another sexually. At the
place of contact of two different mycelia there are formed sexual organs, and
zygotes result from the conjugation of the male and female gametes. Recent
investigations have shown the wide occurrence of heterothallism in many genera
of smuts, basidiomycetes. In 1927 the Canadian mycologist, Crarcik, demon-
strated it for cereal rusts—Puccinia graminis and P. helianthi. AcrLex (1931,
1932) proved the existence of heterothallism in leaf rust of wheat (Puccinia
triticing) and in flax rust (Melampsora lini) ; it was also found in Phytoph-
thora ommivora (LEONTAN). Heterothallism probably exists in Puccinia cor-
onata (CralGie). It should be explained that, as a result of the occurrence of
sexual processes, not infrequently there is a crossing of different races of rusts
and smuts.

The investigations of Craicre and his school in Canada, who have worked
experimentally on the question of hybridization in fungi, have shown that as a
result of crossing of stem rust on barberry there are produced various new
forms of the parasite, some with greater and some with less virulence in com-
parison with the parental forms used. Thus, to a certain extent, we can under-
stand the production of new races of parasites. In eastern Canada and in
British Columbia, where there are many barberry bushes, this is correlated with
the finding of a greater number of physiologic forms of stem rust of wheat
than in the plains of western Canada where there is practically no barberry
(M. Newton). Heterothallism has been demonstrated in Tilletia tritict and
T. levis. Experiments on hybridization of these have been carried out (FLoR,
1932).

Dobce in the New York Botanical Garden has demonstrated the possibility
of crossing different species of fungi (Neurospora), but it is easier to obtain
crosses between different races and varieties of a single species.

Work on rust in the Winnipeg laboratories has shown that the biological
species of stem rust, Puccinia graminis tritict, may be crossed with P. graminis
secalis, and that this is followed by a normal process of segregation. Unsuc-
cessful attempts were made to cross stem rust of wheat with species of stem
rust occurring on more distantly related genera, such as Agrostis.

As a result of these discoveries, mycologists have been able to study the
genetics of parasites and the inheritance of both morphological and physiological
characters, including differences in specialization on host varieties. In this
work it has been shown that inheritance in rusts and smuts follows the Men-
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delian law, just as in higher plants. The genetics of the parasites has thus
given us an understanding of the origin of forms and the production of new
races of parasites.

Direct observations on fungus cultures have brought out the occurrence
of mutations and saltations :** in smuts there have been found unique recessive
forms lacking color, in rusts light and brown colored forms, and also there
have been found mutations in rusts, smuts, and Helminthosporium sativum,
with production of new races distinguished by their various forms (STAKMAN,
LeviNg, CoTTER, and MITRA).

* * * * *

The discovery of these facts still further complicates work on immunity.
The breeder finds that he must have to do not only with species, but also with
races of parasites, and for different regions he must determine the racial con-
stitution of the parasites. The possibility of the origin of new races by hy-
bridization must be considered. Many physiologic races may possibly be
heterozygous forms with respect to the character of virulence.

Considering the possibility of the new formation of races, breeding for
immunity must be a complex work, always faced with the possibility of the
appearance of new and more new forms with different degrees of virulence.
It might appear that the skepticism of S. G. NavasHIN is beginning to be con-
firmed. As we will see below, however, the case is not altogether hopeless.

5. Environment and Immunity:— The reactions of immunity or its re-
verse, susceptibility, are determined by three categories of factors: the heredity
of the variety in question, the selectivity or specialization of the species of
parasite or its races, and the environmental conditions. A change in the en-
vironmental conditions may, to greater or less extent, change the immunity
reaction. The normal infection of tissues and cells by plant parasites to a sig-
nificant extent is determined by the environmental conditions.

The reactions of plants to parasites may be changed by the conditions of
the soil environment, particularly its acidity (pH value), its physical properties,
the presence of various salts, the effects of soil and air temperature and mois-
ture, the effect of light, the quantity of carbonic acid contained in the air, and
other factors.

The relationship between immunity and environment with respect to cer-
tain diseases has been studied in particular detail by JonEes in the University
of Wisconsin (U.S.A.). Much attention has been given to the role of the
environment in the detailed work of A. ZimmerMANN (1925-1927) on the
relationships between parasites and host plants (Centralblatt fiir Bakteriologie,
IT Abt.) and also the school of GassNER who formerly worked in Uruguay, and
at present in Germany. A thorough treatment of this question is given by Eb.
Fiscuer and E. GAuMANN in their book, “Biologie der pflanzenbewohnenden
parasitischen Pilze” (1929).

We will begin with the effect of soil conditions on the development of dis-
eases, and on changes in plant reactions.

Soil Reaction (pH).—A very marked effect on susceptibility results from
the reaction of the soil in which the variety is growing, in other words the pH
value.

For example, in the experiments of E. GAuMANN, varieties of sugar beet
that are usually resistant to the fungus Phowma betae (Oud.) Rostr. change their

45 Tn those cases where there is no sexual reproduction and where there may be heritable
mutations or slower modifications there is a tendency to call the latter saltations (STEVENS,
1922). : . .
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disease reaction with variation in the nutrient medium, particularly the soil re-
action. If the acidity (pH) does not exceed 6.9, all of the tested varieties ap-
peared to be healthy. At pH 7.2 disease appeared to a limited extent; at pH
values above 8.0, beet varieties in these soils, which earlier had shown immun-
ity, contracted infection.

In other words, the immunity of the varieties of sugar beets in this case was
not a constant quantity, but was to some extent a function of the reaction of the
soil or a function of the nutrition of the variety.

The same picture has been observed in comparatively susceptible varieties
of sugar beets (of the type Kleinwanzleben). If these are tested under con-
ditions comparable to those with the resistant varieties, the following results
are obtained with respect to the same disease: at pH values up to 7.6 the beet
roots remain healthy ; at higher pH values the disease appears, and at pH 8.1
the roots become totally affected.*® )

These facts show that the heritable characteristics of the variety are dis-
played only under certain definite conditions. Immunity and susceptibility
appear to be phenotypic showing only consequences of hereditary (genotypic)
differences in predisposition.

In the experiments of Craupp (1928) it was shown that the development of
cabbage clubroot on crucifers is associated with acid soil. The lower the pH
of the soil, the higher the susceptibility of the plant. At pH 7.4, the plants
were not attacked by clubroot; at pH 5.8, 100% of the experimental plants
developed clubroot. REED and Farts (1924) found the same true for covered
smut of oats (Ustilago levis [K. et S.] Magn.). Only at a definite acidity (pH
between 7.0 and 8.0) in sand cultures with 20% moisture and with soil tempera-
ture from 19-20° C,, did the oats (varieties Victor and Avena nuda inermis)
become infected with smut.

Effect of Soil and Air Temperature—Immunity not infrequently shows a
very marked relationship to soil and air temperature and moisture.

For example, the fungus Gibberella saubinetii (Mont.) Sacc. affects wheat
seedlings at 22-27° C. At these same soil temperatures, seedlings of corn are
hardly affected ; if, however, the temperature is raised 8°, corn becomes strong-
ly infected by the same fungus. Resistance, as DicksoN has shown, is de-
pendent on the hydrocarbons and pentosans which differ in the different va-
rieties, and the amounts of which are conditioned to a large extent by tempera-
ture. In other words, in this case we have a clear picture of the relationship
between the immunity of wheat and corn and the conditions of the environ-
ment, in particular the soil temperature.

L. R. Jones and J. G. GILMAN have shown that for infection of cabbage
with the fungus Fusarium conglutinans it is essential to have “a critical tem-
perature of the soil.” At temperatures below 17° even susceptible varieties do
not become infected with Fusarium even though inoculum is present in the soil.
In hot summers, even the most resistant forms may become infected. Varieties
which are resistant in a cool climate theoretically might become susceptible if
they are brought to a warm climate. Practically, however, varieties that were
resistant in Wisconsin where the investigations were carried out showed their
immunity from New Jersey to Iowa.

The effect of air temperature on changes in resistance is well seen in the ex-
periments of MeLHUS (1911) with crucifers artificially infected with the fun-
gus Albugo candida. At ordinary temperatures the infection did not exceed
5-15%, while at 10-12° it reached 95%. Reed showed that tomatoes were also

46 This experiment is cited from E. GAUMANN : Das Problem der Immunitit im Pflan-
zenreich, 1928, .
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strongly infected by Phytophthora infestans at low temperatures ; the same is
known for grapes in relation to Plasmopara viticola.

Susceptibility of wheat to bunt (Tilletia tritici and T. levis is evidently re-
lated to external conditions at the time of sowing infested seed (see REED,
1924, and others). For strong infection with bunt the favorable factor appears
to be low temperature. Thus, in the experiments of Faris, at a soil tempera-
ture of 5° C., 69.8% of the plants were infected ; at 10°, 64.6% at 15°, 53.8%
and 20°, 15.5%, and at 30°, 1.7%, i.e., the optimum for susceptibility lies near
5° C. This temperature favors the coming together of hyphae of the parasite
and the host cells since at low temperatures the wheat embryo is in the most
susceptible stage for infection by the smut for a longer time. In this connec-
tion it is very important to note that this temperature optimum for infection is
not uniform for different varieties. For the variety Marquis, for example, the
optimum for infection by smut is 10° C,, and for the variety Dawson, 5° C.

The wheat variety Hope, obtained by McFappEN from crossing emmer and
soft wheat, shows differences in susceptibility to bunt in relation to the tem-
perature. If it is sown at the customary time in the spring (South Dakota)
it is resistant to three physiologic races of Tillefia tritici and two forms of Til-
letia levis. 1If it is sown at the usual time for fall sowing, it becomes mod-
erately affected by all five races. Differential sowings at intervals of a week
(SmitH, 1932) have shown that this variety appears to be resistant when sown
in cold weather with later growth at high temperatures. If Hope wheat is
held at prolonged low temperatures, it becomes infected with bunt. Other va-
rieties of soft wheat (for example, Jenkin) react differently, showing suscepti-
bility at both low and high temperatures. In the experiments of GAINes and
StaNTON, the variety Marquis, if sown in the spring, is highly resistant to
bunt (Tilletia tritici). 1f the same variety is sown in the fall, it is compara-
tively susceptible to this fungus. The same thing has been found for another
variety of wheat—Turkey. When sown in the fall it shows comparatively
weak resistance, hut when sown in the spring, it is entirely unaffected by
smut. Increase in the soil temperature lowers the percentage of infection of
oats varieties by the smut Ustilago avenae (BarraoLoMeEW and JonEs, 1923).

In the investigations of GAssNER and Strars (1931) the temperature had
very strong influence on the infection of wheat by stripe rust (Puccinia glu-
marum). Only a few varieties of wheat in Germany remain immune under
these conditions (cf. Der Ziichter, 1931).

Soil and Air Moisture; Aeration of the Soil—Moisture of the soil, just as
of the air, not infrequently is a factor favoring infection and susceptibility. This
is particularly clear in relation to such diseases as rusts, powdery mildew,
Phytophthora of potatoes, mildew of grapes, and smuts. This factor is also
highly correlated with temperature.

For example, it has been definitely noted that ergot in wheat, which is very
limited under ordinary conditions, appears in the form of epidemics (up to
10% of the plants affected) when there is high humidity of the air and alternat-
ing heat and cold, factors which influence the opening of the wheat blossom.

The moisture of the soil is particularly important in predisposing plants
to diseases of roots, tubers, and fleshy roots.

An abundance of soil moisture, along with high temperatures, inhibits the
development of oats smut (Ustilago avenae) and, conversely, low soil moisture
within the limits of ordinary temperatures, is accompanied by a high percentage
of infection of oats varieties by this smut (BartaoLOMEW and Jones, 1923).

Tapxke (1931) showed that for the infection of wheat and barley by loose
smut (Ustilago tritici and U. nuda) it is necessary to have a definite degree of
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air humidity. At low air humidies the loose smut develops very weakly. On
the other hand, varieties which are almost entirely resistant show as high as
91 or 96% infection with high moisture. The wheat variety Little Club, after
infection with smut, was held for eight days at low moisture (11-30%) and at
high moisture (58-85%). As a result, the plants in the first group showed
21.9% infection, and those in the second group 94% infection with smut.

ALBERT Howarp (1921) directed attention to the important role of aeration
of the soil with reference to different fungus diseases in India, and to the re-
sistance of varieties with different types of root systems. The relationship ap-
peared to be particularly striking in dealing with hemisaprophytes.

The Role of Light—The influence of light is definitely related to the dis-
play of susceptibility to parasitic diseases. STAxRMAN, PieMEiseL, and LEVINE
(1917, 1919) have found that stem rust of wheat does not develop on etiolated
plants. '

The same was observed by Mains (1917) in experiments with crown rust
of oats. Darkness lengthens the incubation period; light shortens it. If the
plants are kept in the darkness, and as a result there is a reduced conversion of
carbon dioxide into carbohydrates, these plants become immune from infection
by rust. This relationship to carbohydrates has been demonstrated by MAINS
in corn leaves deprived of carbohydrates by holding them in darkness. If
etiolated leaves are placed in sugar solutions, they become susceptible to de-
velopment of Puccinia sorghi. With an insufficient quantity of COj, in the
air, which prevents the normal accumulation of carbohydrates in the leaves,
this rust does not develop.

GassNer and AppeL (1927) have shown that with supplementary night
lighting of wheat and oats (2000 candlepower) the number of pustules of rust
(Puccinia triticina and P. coronifera) increased four fold. The same thing has
been demonstrated for stem rust of wheat (GassNER and Strais, 1928).

Although in relation to rusts the question of the influence of light is com-
paratively clear, with respect to other parasites the effect of this factor has
not been well explained and the data are contradictory. In contrast to rust,
seedlings of wheat were infected by the fungus Gibberelle more strongly in
the presence of reduced light ( Dickson, EckERsoN, and LNk, 1923) ; TrHOMAS
(1921) found that etiolated celery (Apium graveolens) is less affected by Sep-
toria apii Rostr. than normally green celery.

The effect of light under the conditions of nature is interwoven with that
of other factors such as warmth and moisture of the soil and air. The effect
of one factor may be annulled by that of other factors.

Fertilization—We, as well as StaxkMAN and Aamopt, were unable to in-
crease susceptibility of wheat to rust in the field by strong nitrate fertilization.
The same thing was noted by HENNING and other authors. On the other hand,
Spinks and PANTANELLI obtained positive results from nitrogen fertilization
of wheat and beans in the sense of increasing susceptibility to rust (Puccinia
glumarum and Uromyces fabae). The same thing relates to the role of potas-
sium fertilization. MULLER, Morz, SPiNnks, ScHAFFNIT and Rump observed
increased resistance to Puccinia glumarum, P. graminis, and Uromyces pisi as
a result of adding potassium salts to soil. In other cases this was not observed.
BirreN, WEIss, and others were unable to note any effect of phosphoric acid
salts on the susceptibility of cereals to rust. GassNer found that fertilization
of cereals with phosphates decreased their rust infection. This he explained as
being due to the fact that the fertilized plants, at the time of the development
of the rust epidemic, had attained a stage at which Puccinia graminis was no

“ longer dangerous to them. From his experiments (1916) it is clear that a
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shifting of the stage of development of the plant when the parasite appears may
result in an alteration of the relationship between plant and rust. It is evident
that the simple formula often encountered and indicating the strong positive
effect of nitrogen salts in increasing susceptibility, and of increasing resistance
by adding salts of P3O5 and K, applies only in exceptional cases. For exam-
ple, in relation to bunt of wheat and flax rust, nitrogen fertilization reduces in-
fection and strong fertilization with phosphorus salts increases infection by
the fungi (Harrt, 1926, Burxk, 1923). But in all cases it is impossible to ignore
entirely the role of fertilization in the expression of susceptibility of varieties
to infectious diseases.

Salts of lithium increase resistance of wheat to powdery mildew (see
SriNks, VaviLov, 1919). According to R. Caspar (1926) calcium nitrate re-
duces infection of wheat by bunt. In many cases in using different kinds of
fertilizer, one can note a definite effect on increasing or decreasing immunity.

In recent years, very important studies along this line have been carried out
by the school of GAssNER in Germany.

GassNER and HassEBrRAUK have found that K and P salts strikingly change
the susceptibility of wheat varieties to leaf rust. Nitrogenous compounds
whether inorganic or organic (asparagin, glycocol, urea) increase susceptibility.
This effect of nitrogenous substances is observed under conditions in which
the plants have an adequate supply of carbon dioxide.

Contradictory results of different authors are commonly due to different
methods of evaluating infection. A number of authors who have reported a
favorable effect of nitrogen have failed to take into account the increase in the

“surface of plant organs available for infection. The conditions of the environ-
ment, the soil reaction, the stage of development of the plant, all have great
significance on the expression of the effects of fertilization.

The effects of fertilization differ with different parasites and in relation to
other factors of the environment and to host varieties.

Parasites and Hewmisaprophytes—In many investigations the authors have
come to the conclusion that between the parasitic fungi (such as rusts and
powdery mildews) and the hemisaprophytic ones (such as Gibberella saubinetii
or different species of Fusarium and Botrytis) there are definite differences in
relationships to the host plant. The latter group develop particularly well on
weakened plants, the former on normally developing plants. This explains to
some extent the differences in degree of attack by one or another parasite under
different environmental conditions. Susceptibility to hemisaprophytes is par-
ticularly influenced by changes in different factors of the external environment.
If we create favorable conditions for the growth of the plant, at the same time
we reduce the effect of hemisaprophytes, and in contrast, we may be increasing
the opportunity for infection of the varieties by typical parasitic fungi.

The known facts indicate that the thing which is inherited is not a definite
degree of immunity or susceptibility, but a norm of reaction under different
conditions. Changes in the environmental conditions may change tnmmunity.

The Effect of Enviromment on Physiologic Races of Parasitic Fungi—The
differentiation of species of parasites has led to a revision of older views, par-
ticularly with reference to the relationships between environment and immun-
ity.

g Tt might naturally be expected that different physiologic races of a fungus
might react differently to external conditions. The experiments of GAsSNER
and ScENEIDER show clearly the differences in the reactions of parasitic races
with respect to temperature. Thus, a number of varieties of wheat tested for
infection by German races of leaf rust behaved as resistant at a temperature of
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20° C., while if the temperature was lowered to 6° C., and with a lengthening
of incubation up to one month, these varieties became susceptible. At the same
time, GASSNER and SCHNEIDER found a number of very resistant varieties of
wheat, such as Triticum monococcum, and the varieties Bezeler and Dickkopf,
which showed no change in resistance when the temperature was varied. The
varieties that were more resistant in the field were also resistant under various
environmental conditions in the greenhouse.

With stripe rust the reverse was true. It was found that the resistance of
varieties was increased as the temperature was lowered. JouNsTON has shown
that the effects of different temperatures may change the reaction of wheat
varieties toward certain physiologic forms of stem rust. At low temperatures
the varieties show immunity, while at higher ones they become susceptible.
Light may also change the reaction of varieties toward certain physiologic races
of rust. Given influences of light and warmth within definite ranges apply
only to certain varieties of wheat in their reaction toward certain physiologic
races of parasites. The same variety does not change its reactions to other
races of rust under the influence of warmth and light.

The Relation of Growth and Stages of Development to Susceptibility.—
Growth and the growth stage of the plant have no less significance for the ex-
pression of immunity reactions. STAKMAN and PrEMEISEL (1917) have shown
that strains of orchard grass are comparatively uniform in susceptibility to
stem rust at different stages of development. In species of Agropyrum and
Elymus they found a lowering of susceptibility with advanced growth. Timo-
thy and Agrostis alba on the other hand, showed more resistance to stem rust
in earlier stages of development. In other words, we can distinguish diseases
of early stages of growth and diseases of more mature plants. Different or-
gans of plants show different degrees of susceptibility. For example, with
dahlias inoculated with Bacillus felsineus, the tuberous roots become severely
diseased, while at the same time the stems do not react at all to the infection
(CarBoNE). Powdery mildew (Ervsiphe graminis) attacks seedlings of cereals
only very lightly.

Vernalization of cereals evidently favors infection by smuts in some va-
rieties of wheat and oats, and it may be that this effect is not only on the host
tissues, but also on the smut fungus itself. For example in the spring sowing
of 1933 in Detski Village, many varieties of vernalized oats and wheat showed
much more development of smut (Ustilago avenae and U. tritici) than control,
non-vernalized plants.

According to the observations of M. VEIDEMAN at the Institute of Plant In-
dustry, vernalization alters the time of ripening and this may favor or impede
the optimuin development of stem and leaf rust and may, in different varieties,
either increase or decrease resistance.

Vernalization evidently favors the escape of tomatoes from infection of
virus diseases (Rizaxov and Karacuevskii, 1934).

Oats which are infected with smut are evidently more strongly attacked by
rust than non-smutted oats. (¢f. WELsH, J. N., 1931).

A comparison of the experimental data on the effects of different environ-
mental conditions shows the great role that environmental factors play in
shifting immunity. At the same time the experimental data show a great
stability of immunity in those cases where we are dealing with one disease,
with one given physiologic race, and under ordinary conditions of field culture.
In many experiments with wheat and oats using different fertilizers the heritable

differences of the plants with respect to rust immunity appear to be very con-
’
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stant. The immunity is frequently retained even under the most diverse con-
ditions.

During the period 1923-1934 we conducted geographic tests to study the
behavior of given wheat varieties toward leaf and stripe rusts in different
regions of Russia. As a rule, the common European durum wheat, Triticum
monococcum, emmers, 1. persicum, and T. timopheevi everywhere showed re-
sistance to both rusts.

In recent years we have studied the behavior of certain varieties and spe-
cies of cereals in different regions of Asia and North Africa, and North and
South America. It was seen that differences in the race constitution of the
parasite and in the environment resulted in corresponding differences in the
behavior of a given variety. Nevertheless, in those cases where it was possi-
ble to determine exactly the species and varieties, we usually observed a strik-
ing conservation of immunity under the most varied conditions. For example,
in 1932, we studied the stripe rust and stem rust reactions of a collection of
wheats from the Experiment Station in Lima, Peru, under optimal conditions
for infection: with irrigation and artificial fog. In spite of this, the behavior
of the species and varieties of wheat with respect to stripe rust, was the same
as had been determined for other regions. The same thing was determined in
Argentina where the conditions for infection of wheat with stripe and stem
rust are particularly favorable. Durum wheats, as well as a number of Euro-
pean emmers, did not become infected with stripe rust.

Argentine oil flax is entirely resistant to Fusarium, Polyspora, and anthrac-
nose. In North Caucasus, Leningrad, and other regions of SSSR, these va-
rieties retained their resistance.

The Persian wheat (Triticum persicum) which we found in 1913, is almost
totally resistant to powdery mildew and shows this resistance in Japan, Eng-
land, the United States, and Canada, under both field and greenhouse condi-
tions, Only in Georgia (Russia) and Armenia, the native home of the species
T. persicum, are there races of powdery mildew which somewhat (weakly)
infect certain forms of this wheat species.

Varieties and species of wheat which are quite distinct in their immunity
from different species of rust in our country show approximately the same
behavior in Canada, as we ascertained in 1932, The same may be noted also
for the United States. All durum wheat varieties such as Kubanka, Garnovka,
Acme, Pentad, and Maonad, according to the observations of STakMAN, MAR-
11N, and CLARK, are noteworthy in America as well as in Russia for their
immunity from stem rust. The same may be said of emmers (Khapli, Vernal).

The varieties of common wheat, Webster, Hope, Marquis, Kota, Kanred,
Cooperatorka, and the emmers, Vernal and Khapli, show identical resistance to
stripe rust under field conditions in North America and in Argentina (RUDORF,
1933).

In the experiments of ReEp and FAris, varieties of sorghum that are im-
mune from smuts (Sphacelotheca sorghi, S. cruenta) show their resistance
under different conditions of culture with respect to temperature (from 12°
to 37.5° C.) and moisture (from 10 to 80%). REkep, GrirrrTHs, and Brigas,
in New York, have conducted extensive investigations on the resistance of spe-
cies and varieties of oats to smut. There, variety and species reactions fully
agreed with ours, determined independently in Moscow. The same thing may
be seen in the experiments of K. voN RoseENsTIEL (1929) in Germany. Our
characterizations of numerous species of cultivated and wild oats, including
particular varieties, such as Mesdag, Burt, Red Rustproof, and Fulghum, have
been fully confirmed by the data of voN ROSENSTIEL.
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In comparing the data of GaupiNeaU (1932) in France on the behavior of
species and varieties of wheat and also Aegilops ventricosa and A. triuncialis
with our data on smut, Tilletia tritici, one cannot help but note the similarity in
behavior of given varieties in Russia and in France.

Varieties of roses react identically toward powdery mildew (Sphaerotheca
pannosa Lév.) and rust (Phragmidium subcorticinum Winter) in different re-
gions.

Direct testing has shown that there are many varieties which show im-
munity from complexes of different races of rusts, smuts, and powdery mil-
dews under the most diverse conditions of the Old and New World.

The variety of apple, Northern Spy, shows identical resistance to red rot in
Australia, in England, and in other European areas.

On the other hand, we must not overlook the importance of cases of the
reverse type of behavior. Thus, the coffee tree (Coffea arabica) in Java is
strongly attacked by rust, Hemileia vastatrix, at altitudes of 1300-1500 meters.
Above 1500 meters the coffee tree appears to be resistant (Ep. Fiscuer and
E. GAumann, Lc.). The appearance of new physiologic races of fungi in dif-
ferent regions, finally, may result in corresponding changes in the reactions of
varieties. The behavior of varieties in the greenhouse, as we will see below,
frequently is quite different with respect to rusts, powdery mildew, and other
diseases, from their behavior in the field.

In the monograph on plant immunity (1919) we reported a large number
of experiments which we conducted in studying the influence of environment
on changes in immunity from rust and powdery mildew, and came to the con-
clusion that immunity from a given parasite, from the point of view of breed-
ing, is comparatively constant. Geographic plantings in the most widely sepa-
rated regions of SSSR and abroad, experiments testing the effects of different
combinations of fertilizers and specific subst<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>