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of 

PLANT BREEDING 



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 
in 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, barley, 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 central 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 
based 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 beginning 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 varieties. 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 f rom 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, BURBANK, 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 
yet 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-
t 071n. 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, 
i.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. GROSSHEIM 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 researchtoward 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 
been 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 heterogeneous system. As we interpret it, 
the species represents a more or less distinct heterogeneous and variable morpho-
physiological system, the origin of which is associated with a particular environ-
ment and area. 

The study of several hundred species showed an absence of monotypic 
species, i.e., 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 homologous series in inherited variation. The formulation of this 
law gave an impetus to all our research work on varieties, because it showed 
numerous missing links 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: in 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 forms 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 o f origin or formation of 
cultivated plants was established by us with the aid of the differential 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 origin. 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. 
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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 European 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. 1  

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 

I See S. M. BUICASOV [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. It is also true of southern Asia. One of the 
most 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 rnany 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 
been 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 
been 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 worlds 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 miliaceutn L.—Broomcorn millet. 
2. Panicum italicum L,—Italian millet. 
3. Panicum frumentaceurn Fr. and Say.—Japanese barnyard millet. 
4. Andropogon sorghum Brot.—Kaoliang. 
5. Arena nuda L.—Naked oats of large size, (Secondary center of origin). 
6. A group of endemic hull-less, awnless barley varieties—(1-Iordelon. hexastichtim L.). 
7. Groups of waxy maize varieties, Zea mays L.—(Secondary center of origin—typical 

recessive forms). 
8. Fag opyrum esculentum. Moench.—Buckwheat. 
9. Pagopyrum 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. Arundinarie simonii Riv., A. nitida Fr. Mitf., and other species. 
17. Bambusa mitis Poir,, B. vulgaris &brad., B. multiplex (Lour.) Roensch, B. sPinosa 

Roxb., B. senanensis Franch. and Say., 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. 
23. Wasabia japonica Matsurn.—Japanese horse-radish. 
24. Arctium lappa L.—Edible burdock. 
25. Amorphophallus konjak K. Koch—Konyak. (Found chiefly in Japan). 
26. Petasites japonicas Mig,-13utterbur. (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. Bet., 
Genet. i 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: WATT, Dic-
tionary of Economic Plants; OCHEE, WILSON, TANAICA, AKEMINE and various monographs 
of the different genera. 
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27. Adenophora latifolia Fisch., A. verticillata Fisch.-Laclybell (Japan). 
28. Eleocharis tuberosa Schutt. (Scirpus tub erosus Roxb.)-Water chestnut. 
29. Nelumbo nucifera Gaertn. Lotus (possibly also in India). 
30. Sagittaria sagittifolia L. var. sinensis Makino.-Arrowhead. 
31. Zizania latijolia Turcz.-Wild rice. (The bases of stems and the leaf sheaths which 

are affected with smut are used as food). 
32. IPontoea aquatica Forsk.-Morning glory. 
33. Trapa bicornis L. and T. bispinosa Roxb.-Water chestnut. 
34. Colocasia antiquorum Schott.-Taro. (Wild and many -  cultivated forms). Possibly 

also found in India and the Sunda Islands, 
35. LiErum tigrinum Ker., L. Maximowiczii Regel, and other species with edible bulbs. 
36. Elatostema umbellatum Blume var. convolucratum Makino. 

VEGETABLES :- 

37. Brassica chinensis L.-Pak-Choi. 
38. Brassica pehinensis Rupr.-Pe-Tsai. 
39. Brassica albogiabra Bailey 	 (Japan and eastern China). 
40. Brassica nipPosinica Bailey 
41. Brassica narinosa Bailey 
42. Brassica juncea Czern.-Leaf mustard. (Secondary center of origin). 
43. Peucedanum japonicum Thunb. 
44. Aralia cordata Thunb.-Udo. (Found chiefly in Japan). 
45. Rheum palmation L.-Rhubarb. 
46. Album chinense Don. (A. odorum L.)-Chinese perennial onion. 
47. Album fistulosuni L.-Spanish onion. 
48. Allium rnacrostemon Bge.-(Northern China). 
49. AlUlm pekinense Prokh.-In Korea and Japan. (Known only in the cultivated state, 

resembles A. sativum L.). 
50. Lactitca sp.-Stem lettuce. 
51. Salmon melongena L.-Eggplant. (A special form with small fruits). 
52. Cucumis chinensis Pang. 
53. Cucurnis satimts L.-A large-fruited cucumber. 
54. Luffa cylindrica M. Roem.-(Used as a vegetable and also for sponges). 
55. Cucurbita moschata var. Toortasa Makino (var. japonica Zhit.)-A small warty 

squash. (Secondary center). 
56. Actinostema Paniculatum Maxim. 
57. Chrysanthemum coronarium L.-Chrysanthemum. (Leaves are used as food) ; C. 

morifolium Ram. v. sinense Makino. (Petals are used as food). 
58. Perilla ocymoides L., P. argitta Benth. 
59. Asparagus lucidits Lindl.-Tuberous asparagus (Japan). 
60. Basella cordifolia Lam.-Chinese spinach. (Possibly introduced from India). 

CULTIVATED FRUITS :- 

Group of the temperate zone 

61. Pyrits serotina Rehd.-Chinese pear. 
62. Pyrus ussuriensis Maxim.-Ussurian pear. 
63. Mains asiatica Nakai-Chinese apple. 
64. Prunus persica L., P. Davidiana Franch.-Peach. (The second species is a wild one). 
65. Prunus armeniaca L.-Apricot. 
66. Prunus misuse Sieb. and Zucc.-Japanese apricot. 
67. Prunus salicina Lindl. (P. triflora Roxb.)-Japanese plum. 
68. Prunus simonii Carr.-Chinese plum. 
69. Prunus tomentosa Thunb.-Chinese cherry. 
70. Prunus pseudocerasus Lindl.-Cherry. 
71. Prunus pauciflora Bge. 
72. Crataegus pinnatifida Bge.-Hawthorn. 
73. Chaenomeles lagenaria Koidz.-Chinese quince, 
74. Chaenorneles sinensis Koehne, Ch. japonica Lindl.-Chinese quince, dwarf Japanese 

quince. 
75. Eleagnus multiflora Thunb. var. hortensis Maxim., E. tonbellata Thunb., E. pungens 

Thunb., and other species. 
76. Zizyphus vulgaris Lam. (Z. sativa Gaertn.).-Chinese or common jujube. 
77. Hovenia dulcis Thunb.-Japanese raisin tree. (The sweet fruit stalks are used as 

food). 
78. Ginkgo biloba L.-Ginkgo. 
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79. fuglans sinensis Dode, J. sieboldiana Maxim., and other species.-Walnut. 
80. Carya cathayensis Sarg. (Chiefly in wild form).-Chinese hickory. 
81. Corylus heterophylla Fisch., C. ferox Wall., C. colurna L. (The last two species are 

also found in their wild form in Nepal, Sukhum, and Kamaon), and other species.-
Hazelnut. (Chiefly wild). 

82. 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). 

83. Torreya grandis Fort, 
84. Pinus koraiensis Sieb. and Zucc.-Korean pine. (Korea, Japan, Manchuria). 

Group of subtropical and tropical zones 

85. Citrus junos (Slab.) Tanaka. 
86. Citrus ichangensis Swingle. 
87. Citrus sinensis Osb.-Orange. (A very important secondary center). This species 

has a great number of varieties. 
88. Citrus nobilis Lour. (Probably a secondary center) ; C. Ponki Tan, (Endemic to 

China) ; C. tarbiferox Tan. (Endemic to China) ; C. erythrosa Tan, (Endemic) ; 
C. kinokuni Tan. (Endemic to China and Japan) ; C. amblycarpa (Hassk.).-Tanger-
ines. 

89. Fortunella margarita Swingle-Kumquat, (Typical endemic Chinese species, as are 
the other species of kumquats). 

90. Fortunella japonica Swingle ; F. crassifolia Swingle. 
91. Poncirus trifoliata Kaf.-Trifoliate orange. 
92. Diospyros kaki L. and D. sinensis B1.-Persimmon. 
93. Diospyros lotus L,-Date plum. (Wild and grafted). 
94. Eriobotrya japonica Lind1.-Loquat. 
95. Clausena lansium Skeels.-Wampl. 
96. Myrica rubra S. and Z. 
97. Litchi chinensis Sonn.-Litchi, 
98. Nephelium longanum Cambess.-Litchi. 
99. Rhodomyrtus tomentosa Wight.-Hill gooseberry. 

SUGAR PLANTS :- 

100. Saccharum sinense Roxb.-An endemic group of sugar cane varieties, 
OIL, ETHEREAL OIL, RESIN, AND TANNIN PLANTS :- 

101. Perilla ocyntoides L. 
102. Raphanus sativus var. oleifera Metzg.-Oil-bearing radish. 
103. Aleurites fordii Hemst, A. montana Wilson, A. cordata R. Br.-Wood-oil tree. The 

species A. cordata is distributed chiefly throughout Japan. 
104. Camellia sasanqua Thunb., C. japonica L. 
105. Melia acedarach L.-Chinaberry. 
106. Sesamum indicum L.-Sesame. Special endemic group of dwarf varieties. (Secondary 

center). 
SPICE PLANTS :- 

107. Zanthoxylunt bungei Planch. 
108. Zanthoxylum piperitum DC., Z. planispinum Sieb, and Zucc. 
109. Fagara schinifolia (Sieb. and Zucc.) Engl, (var. macrocarpo Loes). 
110. Cinnamomum cassia L.-Chinese cinnamon. 
111. Illicium anisatum (L.) Gaertn. (I. verum Hook. f.) (Japan included). 
112. Camellia sinensis (L.) 0. Ktzc. (Thea sinensis L.). Tea bush. 

TECHNICAL AND MEDICINAL PLANTS :- 

113. Sapindus mukorosi Gaertn.-(Used in soap). 
114. Eucomia ulmoides Oliv.-(Rubber tree found chiefly wild). 
115. Sapium sebiferum Roxb, (Stillingia sebifera Michx.)-Chinese oil (lard) tree, 
116. Rims vernicifera Stockes; and other species.-Lacquer tree, 
117. Rhus succedanea L.-Wax tree. 
118. Broussonetia papyrif era Vent., B. kasinoki Sieb. and other species,-(Used for paper). 
119. Morus alba L.-Mulberry tree; also M. bombycis Koidzumi, M. multicaulis Perr. 

alba L.) 
120. Cinnamomum camphora Nees and Eberm.-Camphor tree. 
121. Papaver somniferum L.-Opium poppy. (An unusual diversity of varieties). 
122. Par= ginseng C. A. May.-Ginseng, 
123. Aconitum wilsonii Hort.-Aconite. 
124. Smilax china L. 
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FIBER PLANTS :- 

125. Boehmeria nivea Hook. and Arn., B. tenacissima Gaud.—Ramie. 
126. Cannabis sativa L.—A hemp with large fruits. 
127. Abutilon avicennae Gaertn. 
128, •rachycarpus excelsus Makino—Fiber palm. 
129. Themeda triandra Forsk. var. japonica Makino. 
130, Metroxylon saga Rotth.—(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. Rubin, cordifolia L.—Madder. 
134. Lithospermum erythrorrhiaon S. and Z. 

PLANTS OF MISrET  T  ANEOUS USES :- 

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

The most important endemic plants of the temperate zone are three species 
of millet, 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, Mains, 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, Zizania 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 tofu-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 frontier, but including Assam and Bur- 
ma) .— Second in importance and in 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 :- 

5. Cicer arietinum L.—Chick pea, 
6. Cajanus indicus Spreng.—Pigeon pea. 

3  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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7. Phaseolus aconitifolius Jack, (Ph. trilobus Wilid.) .-Mat bean, Wild and cultivated, 
8. Phaseolus mango L.-Urd or black gram. 
9. Phaseolus aureus (Roxb.) Piper.-hung bean. 

10. Phaseolus calcaratus Roxb. (Cultivated and wild).-Rice bean. 
11. Dolichos biflorus L. (Cultivated and wild). 
12. Dolichos lablab L.-Hyacinth bean. 
13. Vigna sinensis End1.-Cowpea. 
14. Triganella foenurn graecum L.-Fenugreek. (Independent center of origin). 
15. Canavalia gladiata DC.-Sword bean. (Wild and cultivated). 
16. Pachyrrhizus angulatus Rid.-Yam bean. (Possibly also found in Indo-China). 
17. Psophocarpus tetragonolobus DC.-Asparagus bean. 
18. Cyarnopsis psoralioides DC.-Guar. 

OTHER GRAINS :- 

19. Amarantus frumentaceus Roxb.; A. speciosus Sims,; A, anardana Wallich.-Ama-
ranth. 

VEGETABLES :- 

20. Amarantus blitum var. oleraceus Watt.-(Wild and cultivated). 
21. Amarantus gangeticus L.; A. tricolor L. 
22. Solanum rnelongena L.-Eggplant. 
23. Carum roxburghianum Benth. and Hook.; C. coPticum Roxb.-(One of the centers. 

of origin). 
24. Monzordica charantia L.-Balsam pear. 
25. Cucurnis sativus L.-Cucumber. Here is also found its closely related wild species, 

Cucumis hardwickii Royle. 
26. Raphanus caudatus L.-Radish. (The pods are used as food). 
27. Lagenaria vulgaris Ser.-White flowered gourd. 
28. Luff a acutangula Roxb.-Dishcloth gourd. 
29. Trichosanthes anguina L. and other species.-Serpent gourd, etc. 
30. Basella rubra L.-Malabar nightshade. 
31. Pluchea indica (L.) Less.-Marsh fleabane. (Wild and cultivated). 
32. Anethurn sowa Roxb. (Peucedanum graveolens Wats).-Indian parsley, (Also me-

dicinal). 
33. Lactuca indica L.-Indian lettuce. 

PLANTS WITH EDIBLE ROOTS AND ROOT TUBERS :- 

34. Colocasia antiquorum Schott.-Elephant's ear. (Wild and cultivated; one of the 
centers of origin). 

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

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

37. Curcuma zedoaria Rose., C. Tonga Roxb., and other species, (Used for starch and 
in medicine). 

38. Amorphophallus campanulatus Blume. (Wild and cultivated). 
39. RaPhanus indicus Sinsk.-Indian radish, 

CULTIVATED FRUITS :- 

40. Mangif era indica L.-Mango. (Wild and cultivated). 
41. Citrus sinensis Osb.-Orange. (Wild and cultivated). 
42. Citrus poonensis Tan. 
43. Citrus nobilis Lour.-Tangerine. 
44. Citrus linzonia Osb.-Canton lemon. (Cultivated and wild) (2). Citrus limon Burm. 

f.-Lemon. 
45. Citrus medics L.-Citron. (Cultivated and wild). 
46. Citrus aurantium L.-Sour orange. Wild and cultivated. 
47. Citrus aurantiifolia (L.) Swingle.-Sour lime. (Chiefly on the islands). 
48. Terminalia bellerica Roxb. (Cultivated and wild). 
49. Phoenix silvestris Roxb.-Wild date. (Cultivated and wild). 
50. Garcinia indica Choisy. (Cultivated and wild). 
51. MinnuoPs elengi L.-Spanish cherry. (Cultivated and wild). 
52. Feronia elephantum Correa. (Cultivated and wild), 
53. Eugenia jambolana Lam. (E. janibos L.)-Jambos or jambolan plum. Cultivated 

and wild; one of the centers of origin. 
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54. Artocarpus integra (Thunb.) Merr. (A. integrifolia L.)-Jack fruit. Cultivated and 
wild. (One of the centers of origin). 

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

56. Averrhoa bilimbi L.-Bilimbi. (Cultivated and wild). 
57. Averrhoa carambola L.-Carambola. (Ceylon and also the Islands of Molucca). 
58. Carissa carandas L.-Karanda. (Usually wild, also in cultivation). 
59. Phyllanthus emblica L., and other species.-Myrobalan, etc. (Cultivated and wild). 
60. Murraya exotica L., M. koenigii Ser. (Cultivated and wild). 
61. Morinda citrifolia L.-Indian mulberry. (Cultivated and wild). 
62, Minatsops hexandra Roxb. (Cultivated and wild). 
63. Tamarindus indica L. (?)-Tamarind. (It is not impossible that this has been in-

troduced from Africa). 
SUGAR PLANTS: 

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

OIL PLANTS :- 

66. Cocos rtucifera L.-Cocoanut palm. (One of the centers of origin, growing chiefly in 
Southern India). 

67. Sesainurn indicum L.-Sesame. (Basic center of origin of cultivated sesame). 
68. Carthamus tinctorius L.-Safflower. (One of the centers of origin). 
69. Brassica juncea Czern.-Leaf mustard. (Possibly a secondary center of origin). 
70. Brassica glauca Wittm.-(Possibly a secondary center of origin). 
71. Brassica nigra Czern.-Black mustard. A separate geographic group. (Secondary). 

FIBER PLANTS :- 

72. Gassypium arboreum L.-Tree cotton. 
73. Gossypium nanking Meyen and G. obtusifoliuni Roxb.-Oriental cotton. 
74. Corchorus capsularis L., C. olitorius L. and others.-Jute. 
75. Crotalaria juncea L.-Crotalaria. 
76. Sesbania aculeata Pers.-Sesbania. 
77. Hibiscus cannabinus L.-Kenaf. 
78. Hibiscus sabdariffa L.-Roselle. (Flower buds are used as food). 
79. Bombax malabaricum DC. (Cultivated and wild). 
80. Sida rhambifolia L. (Cultivated and wild). 
81. Abroma augusta L. f. 
82. Sansevieria zeylanica Willd.-Bowstring hemp. 

SPICE PLANTS AND STIMULANTS :- 

83. Cannabis indica L.-Hemp. (Used for hasheesh). 
84. Piper nigrunt L.-Black pepper. (Wild and cultivated). 
85. Piper betle L., P. longurn L., and other species.-Betle nut. 
86. Elettaria cardamonzunt Maton and White, E. major Smith-Cardamon. 
87. Areca catechu L.-Areca palm. (Probably a secondary center of origin). Chiefly 

in Ceylon. 
88. Alpinia galanga Willd. and other species. 
89. Kaempferia galanga L. 
90. Curcuma mangga Val. et v. Zijp., C. purpurascens Bl., C. xanthorrhiza Roxb. 
91. Cuminum cyininum 

ETHEREAL OIL PLANTS, RESIN AND TANNIN PLANTS :- 

92. Acacia arabica Willd.-Gum arabic. 
93. Acacia catechu Willd.-(Also used in dye manufacture). 
94. Acacia farnesiana Willd. 
95. Cymbopogon martini Stapf. C. narcbus Rendle.-Citronella grass. 
96. Pogostemon heyneanus Benth. (P. patchouli Pellet.). 
97. Santalum album L.-Sandalwood. 
98. lasminum grandifiorum L.-Poet's jessamine. 

PLANTS USED IN MANUFACTURE OF DYES :- 

99. indigofera tinctoria L.-Indigo. (Possibly introduced from China). 
100. Morinda citrifolia L.-Indian mulberry. 
101. Rubia tinctorum L.-Madder. 
102. Lawsonia alba Lam.-Henna. (Wild and cultivated; it was cultivated as early as the 

time of ancient Egypt). 
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103. Oldenlandia umbellate L. 
104. Caesalpinia sappan L. 
105. Terminalia catappa L.—Indian almond. (Cultivated and wild), 
106. Terntinalia chebula Retz. and other species.—(Cultivated and wild). 

MEDICINAL PLANTS :- 
107. Cassia angustifolia Vahl.—Senna. (Wild and cultivated). 
108. Cinnamomum zeylanicum Breyn.—Cinnamon tree. (Wild and in cultivation—also a 

spice). 
109. Croton tiglium L.—Croton. 
110. Stryclznos nua-  vomica L.—Strychnin nut. 
111. Taraktogenos kurzii King.—Chaulmoogra oil tree, 
112. Hydnocarpus anthelmintica Pierr. 
113. Oroxylum indicum (L.) Vent. 

MISCELLANEOUS: 
114. Bamhusa tulda Roxb.—Bamboo. (Cultivated and wild). 
115. Cedrela toona Roxb. (In cultivation and wild).—Used for various purposes. 
116. Borassus flabellifer L.—Palmyra palm. (Cultivated and wild), 
117. Ficus elastica Roxb.—Rubber plant. 

/ 	India is undoubtecbirthplace  of  rice,symitne a large member o 
legumes and many tropical fruit t plants including the flinLing,o and numerous 
citrus plantl7T7zeoraron, some species of tangerine). Assam in 
?eirTie-vi-Tar,Ts most remarkable for its citruilants.--  , 

Even thiiiiiTTFOPral 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 a 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 f ood.' 

IIa. 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 :- 

I. Cai:r taCrylita L.—Job's-tears, (Mostly indigenous to islands). 
LEGUMES :- 

2. Mucuiza utilis Wall, and Wight. (Sunda Islands). 
BAMBOOS :— 

3. Dendrocalamus asper (Schult.) Backer.—Giant bamboo. (Sunda Islands). 
4. Gigantochloa aPus (Roem. and Schutt.) Kurz., G. ater Kurz., G. verticillata (Willd.) 

Munro (most commonly cultivated on the Sunda Islands). 
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  bulbif era L.—Air potato. 

4  See WATT, Dictionary of Economic Plants; DRURY, The Useful Plants of India, London, 
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 Rose., Z. mioga Rose., Z. zerumbet Rosc.-Ginger; also used as a 

spice plant. (The second species also refers to Japan). 
12. Benincasa hispida Cogn.-Wax gourd. 
13. SauroPus androgynes (L.) Merr.-(On Sunda Islands). 
14. Abelmoschus inanihot (L.) Medic. 

CULTIVATED FRUITS :- 

15. Citrus nticrocarpa 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 hystrix (DC). Ang. (On islands). 
18. Nephelium mutabile 131. (On islands).-Wild and in cultivation. 
19. Cattarium 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 delicatulunt Hutch., A. hainanensis Merr., A. bunias (L.) Spreng. 
23. Musa cavendishii Lamb., Musa paradisiaca L., M. saPientitm 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 comtnunis Forst., A. charnpeden (Lour.) Spreng.-Breadfruit. (Malay 

Archipelago). 
26. Artocarpus Integra (Thunb.) Merr.-Jackfruit. 
27. Durio zibethinus Murr.-Durian. (Malay Archipelago). 
28. Lansium dontesticum Corr.-(Malay Archipelago). 
29. Bonea 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 rukcan 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. Cyttometra caulijlora L. (On islands). 
36. Sandoricum koetjape (Burm.) Merr. f. Wild and cultivated (Java). 
37. Eugenia aquea Burm. f., E. curninii (L.) Merr.-Jambolan plum, E. jambos L.-Rose 

apple, E. javanica Lam., E. tnalaccensis L.-Malay apple. (On the Malacca, Java 
and other islands). 

38. Nephelium lappaceum (L.) Wight. 
39. Salacca edulis Reinw.-Salacca palm. 
40. Rubes rosaefolius Smith-(Introduced into cultivation in Java; also found wild on the 

Philippine Islands; extends as far as southern Japan). 
GIL PLANTS :- 

41. Aleurites moluccana (L.) Willd.-Candlenut. (On Sunda Islands). 
42. Cananga odorata (Lam.) Hook. and Thorns. f.-Ylang-ylang. (Probably from 

Malay). 
43. V etiveria zizanioides Stapf.-Vetiver. (Probably from Malay). 
44. Cocos nucif era L.-Cocoanut palm. (Probably basic center of origin). 

SUGAR PLANTS :- 

45. Saccharunt officinarum L.-Sugar cane. One of the centers of origin. 
46. Arenga saccharif era 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 Amontum krevanh Pierre. (Wild and cultivated). 

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

49. Caryophyllus arotnaticus 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 nigrurn L.-Black pepper. 
FIBER PLANTS :- 

52. Musa tertilis 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. Pataguiunt 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. 5  

III. 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 :- 
1. Triticum vulgare Vill.-Common wheat. 
2. Triticum compactum Host-Club wheat. 
3. Triticum sphaerococcurn Pere.-Shot wheat. 
4. Secale cereale L.-Rye, (Secondary center). 
5. Pisum sativum L.-Pea. 
6. Lens esculenta Moench.-Lentil, 
7. Vicia faba L.-Beans. 
8. Lathyros sativus L.-Grass pea. 
9. Cicer arietinum L.-Chick pea. 

10. Phaseolus aureus Roxb.-Mung bean. 
11. Phaseolus mango L.-Urd or black gram. (Ph. radiatus Roxb.)-Secondary center. 
12. Brassica camPestris subsp. oleif era Metzg.-Rape. (Secondary center). 
13. Brassica juncea Czern.-Mustard. 
14. Eruca sativa Lam-Rocket-salad. (A weed; one of the centers of origin). 
15. Lepidium sativum L.-Garden cress. (Secondary center). 
16. Limon usitatissinucm L.-Flax. (One of the centers of origin). 
17. Sesaimon indicum L.-Sesame. (One of the centers of its origin). 
18. Coriandrum sativum L.-Coriander. (One of the centers of origin). 
19. Caruin copticum Benth. and Hook. (Ammi copticum L). 
20. Carthamus tinctorius L.-Safflower. (One of the centers of origin). 
21. Cannabis indica Lam.-Hemp. 

FIBER PLANTS :- 
22. Gossypium herbaceum L.-Cotton. 

VEGETABLES :- 
23. Cucuta: ludo L.-Cantaloupe. (Secondary center). 
24. Lagenaria vulgaris Ser.-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 HEYNE, K. De nuttige planter van Neder-
landsch IndiF, 2nd ed. (3 volumes), 1927, Buitenzorg. 
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28. Allium cepa L. (sense lato).—Onion. (Cultivated). Here are also found growing 
wild the related species : A. pskentense Fedtsch., A. vavilovii Vved. 

29. Alliunt satimon L.—Garlic. (Cultivated and wild) ; A. longicusPis E. Regel. 
30. Spinacia oleracea L.—Spinach. Also here the related wild species, S. tetrandra Stev. 
31. Portulaca oleracea L.—Kitchen garden purslane. (One of the centers). 

SPICE PLANTS :- 
32. Ocinutm. basilicum 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 A, bucharica 
Korsh., A. spinosissima Bge., both growing wild. 

37. Eleagnus angustifolia L.—Russian olive. (One of the centers). 
38. Zisyphus sativa 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 colurna L.—Turkish hazelnut. (Chiefly wild, in Afghanistan). 
42. Males 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 c14 zvheat, 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, Iran, and the highlands of Turkmenistan. 

CULTIVATED GRAIN CROPS: 
1. Triticum monococcum L.—Einkorn wheat. (14 chromosomes). Here are also found 

widely-distributed the wild single-seeded Triticum thaoudar Rent. and Tr. aegilopoides 
Pere. 

2. Triticum durum subsp. expansum Vay.—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. Triticum orientate Pere. 
6. Triticum persicum Vay.—Persian wheat. (28 chromosomes). Armenia and Georgia. 
7. Triticum timopheevi Zhuk.—(28 chrom.). 
8. Triticum macha Dekapr. (42 chrom.). 
9. Triticum vavilovianum Jakub. (Tr. vulgare compositum Turn.).—An unusual 

branched wheat found by Prof. M. G. TUNIANYAN 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 Aegifops. 

6  Here the wild grape, Vitis vinif era 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. PoPov). 
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10. Endemic group of cultivated two-rowed barleys-(Hordeunt distichum vv. medicum, 
nigricans, nutans, and others). 

11. Secale cereale L.-Rye; here there are also the wild species, S. montanum Guss., S. 
ancestrale Zbuk., S. vavilovii Grossh., S. fragile L., S. villosum L. (Haynaldia vil-
losa Schur.). 

12. Avena byzantina C. Koch-Mediterranean oats. 
13. Avena sativa L.-Common oats. A great number of endemic varieties growing as 

weeds in cultivated fields, especially in Transcaucasia. 
14. Cicer arietinum subsp. pisiforme G. Pop.-Chick pea. (Secondary center). 
15. Lens escutenta 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. orientatis (Boiss.) Hand.-Mazz. 

16. Vicia ervilia Willd.-French lentil-a separate endemic group. 
17. Pisum sativum L.-Pea. A large endemic group. (Secondary center). Here are 

also found wild species of peas: P. elatins M. B., P. huinile Boiss., P. fulmcnt Sibth. 
et Sm. 

18. Lupinus pilosus L., L. angustifolius L,-Blue lupine; L. albas L.-White lupine,;-
wild and in cultivation in Asia Minor. 

FORAGE PLANTS :- 

19. Medicago saliva L.-Blue alfalfa. 
20. Trifolium resupinatum L.-Persian clover. 
21. Trigonella foenum gremlin L.-Fenugreek. Cultivated and wild. (Secondary center). 
22. On,obrychis altissima Grossh., 0. iranscaucasica Grossh.-(Two Transcaucasian spe-

cies, wild and in cultivation). 
23. Lathyrus cicera L. (One of the centers). 
24. Vicia sativa L.-Crop vetch; a large endemic group of varieties in Asia Minor. 

(Basic center of formation for this species). 
25. Vicia vitlosa Roth var. Perennis Tum.--Hairy vetch, wild-growing; is being intro-

duced into cultivation. 
26. Vicia pannonica Jack.-Hungarian vetch. Cultivated and growing as a weed. 

OIL PLANTS :- 

27. Sesamum indicum L. subsp. bicarpellatum Hillt.-Sesame. (A separate geographic 
group). 

28. Linum usitatissintunt L.-Flax--Many endemic varieties. The group prostratum 
Vay. is endemic in Asia. 

29. Brassica campestris L. subsp. oleifera Metzg,-Rape. (Secondary center). 
30. Brassica nigra L. var. psendocamPestris Sinsk. and var. orienta/is Sinsk.-Black 

mustard. (One of the centers). 
31. Brassica funcea Czern. var. sarePtana Sinsk,-Leaf mustard. Secondary center. 
32. Camelina saliva L. False flax. Cultivated and growing as weed. 
33. Eruca saliva L. var. orientalis Sinsk.-Rocket salad. 
34. Cephalaria syriaca Schrad. 
35. Ricinus persicus G. Popova.-A caster-oil plant with small seeds, (Secondary 

center). 	
ETHEREAL OIL, ALKALOID, AND TANNIN PLANTS :- 

36. Pimpinella anisum L.-Anise. 
37. Pimpinella anisetum Boiss.-Anisette. 
38. Coriandrum sativum L.-Coriander. (One of the centers). 
39. Lallernantia iberica L,-A field weed and cultivated plant. 
40. Popover somniferum L.-Poppy. A large group of endemic forms with high mor-

phine content. 
41. Rosa centifolia L.-Rose. 
42. Rhus coriaria L.-Sumac. Mostly wild. 

MELON PLANTS :- 

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

44. Cucumis flexuosus L.-Serpent melon. 
45. Cucumis sativus L. subsp. antasiaticus Gabaiev.-Anatolian cucumber. A separate I. 

\ geographic race. 
46. Cucurbita pepo L. Pumpkin. The greatest diversity of varieties is concentrated in 

Asia Minor.' 

The question of the origin of Cucurbita pepo requires further investigations. 
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VEGETABLES :- 

47. Lepiclium sativuni L.-Garden cress. (Secondary origin). 
48. Brassica campestris var. rapifera Metzg.-Turnip. (Secondary center). 
49. Beta vulgaris L.-Garden beet. There exists a separate geographic group of forms 

in Near Asia. (Secondary center). 
50. Daucus carota L.-Carrot. There is an unusually great variety of cultivated forms in 

Anatolia. 
51. Brassica oleracea L.-Cabbage. In Anatolia there are many endemic forms. 
52. Eruca sativa L.-Rocket salad. (A weed form; the leaves are utilized). 
53. Allium cepa L.-Onion. (Secondary center). 
54. Allium porritna L.-Leek. (There are present some closely related wild species such 

as A. ampeloprastim L. and others). 
55. Petroselinum hortense Hoffm.-Parsley. (Secondary center). 
56. Lactuca sativa L.-Lettuce, wild and cultivated. 
57. Portulaca oleracea L.-Purslane. Present as a weed and in cultivated form. 

CULTIVATED FRUITS :- 

58. Ficus carica L.-Fig. 
59. Punica gramatunt L.-Pomegranate. 
60. Malus pmnila Mill.-Apple. (One of the centers). 
61. Pyrus commis L. and other species, such as P. salicifolia Pall., P. eleagrifolia Pall., 

P. syriaca Boiss., P. nivalis Jacq.-Pear. 
62. Cydonia oblonga 
63. Prunus divaricata Led.-Cherry. 
64. Prunus census L.-Cherry. (The center of origin may possibly be in Asia Minor ; 

this, however, is subject to proof) 8 
65. Cerasus avium (L.) Monch-Black cherry. 
66. Antygdalits communis L., A. feneliana Lipsky, A. bucharica Korsh., A. scoParia 

Spach., A. spinosissima Bge., and other species.-Almond, etc. Mostly growing wild. 
67. Laurocerasus officinalis Roem.-Cherry laurel. 
68. Mespilus germanica L.-Medlar. 
69. Juglans regia L.-English walnut. (One of the centers). 
70. Corylus avellana L.-European 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. 

71. Castanea saliva Mill. (C. vesca Gaertn.)-Chestnut. One of the centers. 
72. ZizyPhus sativa Gaertn.-Jujube. (Secondary center). 
73. Vitis vinifera L.-Grape. (In enormous diversity of forms). Cultivated and wild. 
74. Berberis vulgaris L.-Barberry. 
75. Prunus armeniaca L.-Apricot. (One of centers of origin, probably a secondary one). 
76. Prunus padus L.-European bird cherry. One of the centers. 
77. Pistacia vera L.-Pistachio. (One of centers). 
78. Eleagnus angustifolia L.-Russian olive. 

. 79. Diospyros lotus L.-Date-plum. 
80. Cornus mas L.-Cornelian cherry. 
81. Crataegus azarolus L.-Hawthorn. 

SPICES AND PLANTS USED FOR DYE AND MANUFACTURE :- 

82. Crocus sativus L.-Saffron crocus. It is possible that this plant also belongs to the 
Mediterranean center. (Greece, Italy). 

83. 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. 

8  In the Caucasus and in Middle Asia the wild species of cherry is not known. 
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In Asia Minor and in our own Transcaucasia we find the original birthplace 
(Ltrye, 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—from 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 moderripTanl 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. expansurn Vay., which includes two geographic sections: 
mediterraneum Vav, and africanum Vay.—Durum wheat. 

2. Triticum dicoccum Schrank—(One of the centers) Emmer. 
3. 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. di,coccoides) also occur. 

4. Triticum spelta L.—True spelt. Southern Pyrenees and Tyrol. (Possibly a secondary 
center). 

5. Avena byzantina C. Koch—Mediterranean wheat. 
6. Arena brevis Roth and A. strigosa Schreb.—Sand oats. (Pyrenees). 
7. Hordeum sativum Jess.—Endemic group of coarse-grained barley. (Secondary 

center). 
8. Phalaris canariensis L.—Canary grass. (Western Mediterranean). 
9. Ervuns monanthos Desf.—Unillorous lentil. (Pyrenean Peninsula). 

10. Lens esculents Moench subsp. macrosperma Bar.—Large-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. Lupines albus L., L. tennis Forskal, L. angustifolius L., L. [Weiss L.—Lupines. 
16. Cicer arietinum L.—Chick pea. A large-seed group. 

FORAGE PLANTS :- 

17. Hedysarum coronarium L.—French honeysuckle. (Southern part of Apennine Penin-
sula and Sicily). 



18. Trifolium alexandrinum L.-Egyptian clover. (Syria and Egypt). 
19. Trifolium repots L. var. giganteunl-White clover. (Lombardy). 
20. Trifolium incarnatum L.-Crimson clover. Cultivated and wild. (Sardinia, Balearic 

Islands, Algeria, and other regions). 
21. Ulex europaeus L.---Gorse. (Portugal). 
22. Vicia sativa L.-Crop vetch. (Wild-growing and cultivated since the time of the 

Romans; one of the centers). 
23. Lathyrus gorgonii Parl.-(Syria). 
24. Lathyrus ochres DC. Wild (Italy, Spain) and cultivated. 
25. Lathyrus cicera L. (In cultivation and wild). 
26. Ornithopus sativus Brot.-Seradella Wild (Portugal, Spain, Algeria) and in culti-

vation. 
27. Spergula arvensis L.-The area of the wild Spergula is broader than that of the cul-

tivated. 
OIL AND FIBER PLANTS :- 

28. Linum usitatissimum L. subsp. mediterraneurn Vay.-Flax. (A variety with large 
seeds). Also the wild Linum angustifolium Hurls. in great profusion. 

29. Sinapis alba L.-White mustard. (Growing wild as a weed and in cultivation; one 
of the centers). 

30. Brassica napus L. subsp. oleif era Metzg.-Rape. 
31. Brassica nigra L.-Black mustard. (Main center). 
32. Brassica campestris L. subsp. oleif era Metzg.-Rape. (One of the centers). 
33. Eruca sativa L.-Rocket salad. (Main center of origin), 
34. Argania sideroxylon R. and S.-(Morocco). 

CULTIVATED FRUITS :- 

35. Olea europaea L.-Olive. 
36. Ceratonia siligua L.-Carob. 

VEGETABLES :- 

37. Beta zmlgaris L.-Garden beet (Found in great diversity of varieties; here is also 
the wild Beta maritinta L.). 

38. Brassica oleracea L.-Cabbage in great variety, also wild; its closely related wild 
species are: B. balearica Pers., B. insularis Moris., B. cretica Lam. 

39. Petroselinum sativum L.-Parsley. (In cultivation and wild). 
40. Cynara scolymus L.-Artichoke. (Wild and in cultivation). A related type is the 

wild C. cardunculus L. 
41. Brassica campestris L. subvar. raPif era Metzg.--Turnip. (Basic center of origin of 

the European varieties). 
42. Brassica napus L. var. rapifera Metzg.-Turnip. (Basic center). 
43. Portulaca oleracea L.-Purslane. (As a weed and in cultivation; its area extends 

into Near Asia). 
44. Allimn cepa L.-Onion. Large-size types. (Secondary center). 
45. Album sativurn L.-Garlic. Large-size forms. (Secondary center). 
46. Allium Parrant L.-Leek. 
47. AlNum hurrat Schweinf.-Chives. 
48. Satureja hortensis L.-Savory. 
49. Lactuca sativa L.-Lettuce. The area extends also into Near Asia. 
50. Asparagus officinalis L.-Asparagus. (The wild varieties are also utilized). 
51. Crambe maritinta L,-Sea kale. 
52. Apium graveolens L.-Celery. (In cultivation and wild). 
53. Cichorium endivia L.-Winter endive. (Here is found also its close relative, C. 

pumi/um Jacq.). 
54. Cichorium intybus L.-Chicory. (Growing wild as a weed and in cultivation). Its 

area is very extensive. 
55. Anthriscus cerefolium Hoffm.-Chervil. (The area of the wild chervil-(cow-

parsley)-also extends into Near Asia). 
56. Lepidium sativum L.-Cress. (Cultivated and wild; secondary center). 
57. Pastinoca saliva L.-Parsnip. 
58. Tragopogon porrifolium L.-Salsify. Wild and in cultivation. 
59. Scorzonera hispanica L.-Black salsify. Wild and in cultivation. In Spain and 

Sicily, the wild S. deliciosa Guss., is used. 
60. Scolymus hispanicus L.-Spanish oyster plant. (Wild and cultivated). 
61. Smyrnium ohtsatrum L. (In cultivation and wild).-Also as a spice. 
62. Anethum graveolens L.-Parsley. (Cultivated and wild). Also as a spice. 
63. Rheum officinale Boiit-Rhubarb. 
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64. Rota graveolens L.—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. Nigella sativa L.—Fennel. 
68. Carom carvi L.—Caraway. 
69. Cuminum cyminum L.—Cumin. (Possibly a secondary center). 
70, Pimpinella anisum L.—Anise. (Cultivated and wild). 
71. Foeniculune znagare Mill.—Fennel. 
72. Thymus vulgaris L.—Thyme. 
73, Hyssopus officinalis L.—Hyssop. 
74. Lavandula vera DC.—Lavender. 
75. Menthes piperita L.—Peppermint. 
76. Rosmarinus officinalis L.—Rosemary. 
77. Salvia officinalis L.—Sage. 
78. Iris pallida Lam. Iris. (Italy). 
79. Rosa damascena Mill.—Damask rose. 
80. Laurus nobilis L.—Laurel. 
81. Humu/us /upuhis 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-
tonia siligua. A large number of cultivated vegetables, including the _beet, have 
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 Mediterranean 
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 Apennines, Hedysarum coronarium and 
Trifolium rep ens giganteum; 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 Mediterranean 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 :- 

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

2. Triticum turgidum subsp. abyssinicum Vay.—Poulard wheat. An exceptional wealth 
of forms. 
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3. Triticum dicoccum subsp. abyssinicurn Stol.-Emmer. 
4. Triticum polonicum L. gr. abyssinicum Vay.-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. Penniseturn spicaturn L.-Pearl millet. (Grows in semi-arid regions). 

10. Cicer arietinum L.-Chick pea. (A center). 
11. Lens esculents Moench.-Lentil. (A center) , 9  
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 tennis 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. Guisotia abyssinica Cass. 
21. Carthamus tinctorius L.-Safflower. 
22. Sesamum indicurn 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. Rhaninus prinoides Hen-Buckthorn. (Takes place of hops in the preparation of 

beer). 
29. Catha edulis Forsk. (Celastrus edulis Vahl.)-Khat. Wild and in cultivation. 
30. Coffee arabica L.-Coffee. 

VEGETABLES :- 

31. Brassica carinata Al. Braun-Vegetable mustard; this is also on oil plant. 
32. Allium sp. (A. ascalonicurn L.)-Onion. 
33. Musa ensete J. F. Gmel.-Abyssinian banana. 
34. Hibiscus esculentus L.-Okra. (Mostly wild-growing). Cultivated by Arabs. 

PLANTS OF MISCFTLANEGUS USES :- 
35. Euphorbia candelabrum Trem.-Spurge. Wild-growing, used as a hedge plant. 
36. Hagenia abyssinica Willd.-(Growing only wild). 
37. Commiphora abyssinica (Berg.) Engler.-Myrrh. (Grows only as a wild plant). 

Furnishes resin. 
38. Indigojera 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. In 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 

9  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 Origin of Cul-
tivated Plants (Including the Antilles). 

CROP CULTURES :- 

1. Zea mays L.—Corn. 
2. Phaseolus vulgaris (L.) Savi—Common bean. 
3. Phaseolus multifiorus Willd.—Multiflorous bean. 
4. Phaseolus lunatics L. gr. microspermus—Lima bean. 
5. Phaseolus acutifolius A. Gray var. latifolius Freeman.—Tepary bean. 
6. Canavalia ensiformis DC. (?)—Jack bean. 
7. Chenopodium. nuttalliae Saff., Ch. ansbrosioides L.—American wormseed. 
8. Arnarantus paniculatus L. var. leucocarpus Saff.—Tassel flower. 

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. Polakowshia tacaco Pittier. (Costa Rica). 
14. Sicana odorif era Naud.—Curuba. 

THICKENED TAPROOTS AND ROOT TUBERS :- 

15. Pachyrrhizus tuberoses Spreng. (Cacara edulis Kuntze).—Yam bean. 
16. Iponioect batatas Poiret.—Sweet potato. 
17. Maranta arundinacea L.—Arrowroot. (Antilles). 

SPICE PLANTS 

18. Capsicum annuum L.—Pepper. 
19. Capsicum frutescens Will.—Pepper, 

r 	 FIBER PLANTS :- 

20. Gossypistrn hirsutum L.—Upland cotton. 
c 	21. Gossypiurn Purpurascens Pair.—Bourbon cotton. 

22. Agave sisalana Perrine—Sisal hemp. Ag. ixtli Karw.—Henequen. 
Le 
LS 	

FRUITS :- 

23. OPuntia sp.—A number of species.—Prickly pear. 
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24. Anona, cherimolia Mill. (Possibly a secondary center). A. reticulate 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.) Pierre. 
28. Calocarpum viride Pittier (AchratlelPha viridis Cook). 
29. Lumina salicifolia H. B. K.—Yellow sappte. 
30. Carica papaya L.—Papaya. 
31. Persea schiedeana Nees and P. americana Mill. (P. gratissima Gaertn.)—Avocado. 
32. Psidium guayava L.—Guava. 
33. Psidium friedrichsthalianum (Berg) Niedenzu, P. sartorianum (Berg) Niedenzu.— 

Guava. 
34. SPandias 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. N o palea co ccinellif era Mill.—Cochineal plant. 
43. Tigriclia pavonia Ker-Gavel.—Tiger flower. (Mostly wild-growing). 
44. Physalis aeguata Jacq.—Mexican tomato. 
45. Lycopersicum cerasiforme Dun.—Cherry tomato. 
46. Salvia chic Fernald—An oil plant. 
47. Theobrorna cacao L.—Cacao. 
48. Bixa orellana L.—Annatto. A dye and spice plant. 
49. Nicotiana rustics L. 

The use of the phytogeographic method has shown clearly that this is the 
Primary center of corn (maize) and its most closely related wild species, 
teosinte. This center is also the nativehome of the chief American species of 
bean, squash, pepper, and numerous tropical fruits. Here the cultivation of 
cacao had its origin; 

_ 
gin; this is probably also the home of the sweet potato„, Upland 

cottotb, 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. 

* 	* 	* 	* 

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. 

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

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

2. Other endemic potato species (cultivated) : 
S. cuencanum Juz. and Buk.-Ecuador. (24 chromosomes). 
S. kesselbrenneri Juz. and Buk.-Ecuador. (24 chromosomes). 
S. ajanhuiri Juz. and Buk.-Bolivia. (24 chromosomes). 
S. pauciflorwm Juz. and Buk.-Bolivia. (24 chromosomes). 
S. stenotomum Juz. and Buk.-Bolivia, Peru, Ecuador. (24 chromosomes). 
S. goniocalys Juz. and Buk.-Peru. (24 chromosomes). 
S. rybinii Juz. and Buk.-Colombia. (24 chromosomes). 
S. bayacense Juz. and Buk.-Colombia. (24 chromosomes). 
S. juzepcsukii Buk.-Peru and Bolivia. (36 chromosomes). 
S. tenuifilamentum Juz. and Buk.-Peru and Bolivia. (36 chromosomes). 
S. mamilliferum Juz. and Buk.-Peru. (36 chromosomes). 
S. chocclo Juz. and Buk.-Peru, Bolivia, Ecuador. (36 chromosomes). 
S. riobambense Juz. and Buk.-Ecuador. (36 chromosomes). 
S. curtiloburn Juz. and Buk.-Peru and Bolivia. (60 chromosomes). 

3. Oxalis tuberosa Molina, 0. crenata Jack.-Oka. 
4. Tropaeolwrn tuberosum Ruiz and Pay.-Edible nasturtium. 
5. Ullucus tuberosus Lozano.-Ulluco. 

CULTIVATED CROPS :- 

6. Lupinus mutabilis Sweet-Bolivian lupine. 
7. chenopodium quinoa Willd.-Quinoa. 
8. Chenopodii,on canahua (Indigenous to higher elevations in Bolivia and Peru). 
9. Amarantus caudatus L.-Tassel flower. 

10. LePidium rneyenii Walp. 
Plants endemic to irrigated coastal regions of Peru and non-irrigated subtropical and 

tropical regions of Ecuador, Peru and Bolivia. 
(Bearing the ecological names: costa, ceja, yunga, montana). 

CULTIVATED CROPS :- 

11. Zea mays L. gr. ainy/acea-Starchy maize, large-grained forms. (Secondary center 
of varieties). 

12. Phaseolus lunatus L. gr. macrospermus-Lima bean. (Secondary center). 
13. Phaseolus vulgaris L.-Common bean. (Secondary center). 

ROOT TUBERS AND THICKENED TAPROOTS :- 

14. Solanum phureja Juz. and Buk.-Potato, Bolivia. (24 chrom.). 
15. Polymnia sonchifolia Poepp. and Endl. 
16. Xanthosoma sagittifolium Schott (X. Mule Meyer).-Malanga. 
17. Canna edulis Ker-Gawl.-Edible canna. 
18. Arracacia xanthorrhiza Bancroft (A. esculenta DC.)-Apio. 

VEGETABLES: 

19. Solanum niuricatum Ait.-Pepino. 
20. Lycopersicum esculentum Mill. var. succenturiatum Pasq.; L. peruvianum 

Tomato. 
21. Cyclanthera pedata Schrader, C. brachybotrys Cogn. 
22. Cyphomandra betacea Sendtn.-Tree tomato. 
23. Physalis peruviana L.-Ground cherry. 

SQUASH PLANTS :- 

24. Cucurbita maxima Duch.-Pumpkin. (Probably taken from the eastern slopes of the 
Cordilleras). 

SPICES AND STIMULANTS :- 

25. Capsicum frutescens L. var. baccatum L.; also C. pubescens Rdiz and Pay.-Pepper. 
26. Tagetes minutia L.-Marigold. 
27. Erythroxylon coca Lam.-Cocaine bush. 
28. Bixa orellana L.-Annatto. (Secondary center). 

FIBER PLANTS :- 

29. Gossypium barbadense L. (G. peruvianum Cay.)-Egyptian cotton. 
30. 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. cairnito A.c.X.C.—Wild and cultivated. 
34. Psidium gitajava L.—Guava. Wild and cultivated. 
35. Anona cherimolia Mill. (One of the centers). 
36. Inga feuillei DC. 
37. Bunchosia armeniaca DC. 
38. Matisia cordata Humb, & Bonpl. 
39. Caryocar amygdaliferum Cav, 
40. Guilielnza 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 Pay.—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 tub erosa, Tropaeolum tuberosurn, 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 potato, 
Solanum tuberosum, as well as the S. andigenum, 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. 
1. Solomon tuberosum L.—Common potato. (48 chromosomes), 
2. Media sativa Molina—Chile tarweed. An oil plant. 
3. Bromus mango Desv.—Chilean center of origin (Extinct). 
4. Fragaria chiloensis Duchesne—A wild growing strawberry. 

The enormous territory of Brazil with its rich flora, estimated by botanists 
(HoEnNE) 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. 

VIIIb. 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. grandijiora K. Schum. (Guagurna 

grandiflora G. Don.) and other. species.—Cacao. (Valley of the Amazon river). 
5. Hevea brasiliensis ME11.—Rubber tree. (Valley of the Amazon river). 
6. Ilex paraguayensis A. St. Hit—Paraguayan tea. 

CULTIVATED FRUITS :— 
7. Eugenia uniflora L.—Surinam cherry. E. uvalha Cambess.; E. dombeyi Skeels-

Grumixameira tree; E. tomentosa Cambess.—(All of these are cultivated). 
8. Myrciaria jaboticaba Berg.; M. cauliflora Berg.—Jahoticaba. 
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). 
12. Feijoa serlowiana Berg. 
13. Passiflora edulis Sims—Purple granadilla. 

* 	* 	* 	* 	* 

Still later, although before the time of COLUMBUS, the Indians introduced 
and cultivated the Jerusalem artichoke and the sunflower in the northern region 
of the present United States, wbere 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.' 

1° See N. VAv-mov : World centers of animal and plant breeding. Proceedings of the 
second All-Union Conference on the evolution of domestic animals at the Academy of Sci-
ences SSSR (1934). 
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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 Bakvian 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 Y3 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 located 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 
recent times. Some of the members of its wild flora have been introduced into 
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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 East 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 DE CANDOLLE (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 DE CANDOLLE'S old opinion that the native home of 
wheat is Mesopotamia, and the statement of the famous Austrian geobotanist, 
SOLMS-LAUBACH, 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 East (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. 
f, 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. 't 

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 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. 

11  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. 
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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 (Avena 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 soft wheat, and of club wheat are re-
stricted to the region of Palmyra, growing in isolated regions of Badakhshan'; 
and Shugna.n 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.'i 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 f enugreek2", 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 
boreal 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:-4In 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.1'(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 Siberian 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 (MALTS and KIRK in Canada ; PIPER, HITCHCOCK and others 
in the United States) has rarely shown species which were able to compete with 
the European forage plants. Only one Canadian species, Agropyrurn 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 
'n 	possess a broad geographic outlook with the ability to utilize varied ecogeo- 
g 	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, sainf oin, vetch, Lathyrus, and forage grasses. The expeditions of the 
Institute of Plant Industry and of the Institute of Forage Plants have collected 

ly 

	

	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 

is 	being grown in special seed plots and studied to determine the most valuable 
11• 	species and ecological types. Usually there is found a great diversity of eco- 
le 	18  VAVILOV, N. I. "World Centers of Animal and Plant Breeding." Paper presented 
3111 	at the Second All-Union Conference on the Evolution of Domestic Animals at the Academy 

lad 	of Sciences, March 1934. 
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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. 
LISITZIN) . 

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 
best 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. '`c e  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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sinian 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 alfalf as of southern origin withstand the winters 
beyond the Arctic Circle and east of Finland. According to experiments of 
ZHEREDINA, the awnless varieties of brorne 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 
ALLARD 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. SINSKAYA). 

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. 

I 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. ZAITZEV, 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 variety to new 
conditions, it must be subjected to direct testing. ', 

10. Quarantines in Plant Introduction:4 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 intro uction. 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 f or investigation. 
Special quarantine greenhouses are essential. 

( For this reason the importation 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:1 

Nevertheless, it is possible to create entirely new plants out of old forms, 
as, for example, the alkaloid-free lupines developed in recent years2k, 

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 21% 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 many 
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 suitable 
eco-geographic forms. 

An almost untouched field for experimentation is found among medicinal 
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 EDISON. 

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 question 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. 
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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 he 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 from plants iordinarily unsuitable for a given region into high-
quality productive forms. r 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.1 

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 LYSENKO 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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