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Abstract

The introductions from the Mediterranean region to VIR collection of grain legumes
genetic resources amounts 12 % of its content. One-fifth of this sample accessions (1272) had been
collected by N.I. Vavilov in 1926-1927, in his expedition around this richest floristic region. In the
collection there are also large amounts of the accessions collected by P.M. Zhukovskyi, V.F. Do-
rofeev, K.Z. Boudin and other collectors from VIR. Many other accessions are obtained by the
requests or as a result of exchange with breeding institutions of the countries situated around
Mediterranean Sea and genebanks worldwide. The Mediterranean, a <«hot spot» of the world’s
biodiversity, is one of the centers of origin of cultivated plants, including some economically
important species of grain legumes. This is a region with many endemic species, both cultivated and
wild relatives of legumes. In the countries of Mediterranean many species of legumes, including dry
beans, cowpeas, vetch, white, yellow and blue lupines, chickpea, vetchling, lentil and grass pea had
been domesticated. Common bean and soybean had been introduced and became an integral part of
agricultural production in the region. All this makes the germplasm of the region very valuable. The
article for the first time analyses the botanical and genetic diversity over 5500 samples of
Mediterranean origin, introduced and stored in VIR collection and brief history of the process. In
accordance with the N.I. Vavilov’s rule of regularity in the geographical distribution of the traits,
Mediterranean gene pool is phenotypically differentiated depending on the place of origin. The
genotypes cultivated in the countries of western and northern Mediterranean for centuries been
subjected to careful breeding, have been planted on fertile soils, in a mild climate and most of them
are characterized by strong habit, large fruits and seeds. In the arid conditions of the southern and
eastern parts of the Mediterranean basin early-maturated plants grow adapted to drought and heat
(N.I. Vavilov, 1962). This Vavilov’s discovery is the basis of the addressed assignment of the material
from VIR collection for the regional breeding programs in accordance with ecological conditions and
geographical position of the region. The paper for the first time provides the information about the
features of the Mediterranean gene pool stored in the collection of grain legumes. The differentiation
of the breeding status of the material is clear depending on the significance of the genus (species) or
the crop in agricultural production in Mediterranean region. The collections of peas, soybeans,
common beans from this gene pool are represented mostly by commercial varieties. The collections
of lupine, cowpea, chickpea, beans, chicklings and vetch are comprised mostly of local varieties.
Some genera ( Vicia, Lathyrus, Lupin) are represented by numerous species of wild relatives. For all
crops the examples of elite germplasm (sources of alleles of genes determining the valuable traits) for
breeding identified in the collection of VIR as a result of its assessment are given. The examples of
using of Mediterranean gene pool in breeding domestic and foreign varieties are also given.

Keywords: Mediterranean, plant genetic resources, grain legumes, endemic species, elite
germplasm, valuable traits, breeding.

The Mediterranean Basin is a historical region, located on the shores of
the Mediterranean Sea and uniting countries of Europe, Asia and Africa, as well
as numerous islands and archipelagos. Severely rugged terrain and the variety of
edaphoclimatic conditions led to a significant variability of the landscape and
biological forms on this vast territory (4 million km?2 or, with the Southwest



Asian highlands, more than 5 million km2) [1]. The region belongs to one of
34 biodiversity «hotspots» [2], thanks to the presence of 13,000 endemic species
of vascular plants, or 4.3 % of the global number of endemic species. In this the
Mediterranean region is second only to Sundaland (South East Asia) and tropi-
cal Andes [3]. Endemic species make up 40 % of the Mediterranean flora [4].

The Mediterranean basin is a region with the highest density of ancient
civilizations in the Old World (Egyptians, Greeks, Romans, Phoenicians, Byzan-
tines, Arabs, Franks, Ottomans), which enriched farming methods. The conven-
ient location of the territory on the junction of the continents contributed to the
rapid penetration and spread of cultivated plants [5]. It is not surprising that the
Mediterranean region, with its «extraordinary concentration of species diversity»
[6] and agronomy tradition, was one of the key research targets for N.I. Vavilov,
P.M. Zhukovskii and, later, for other collectors from the All-Russian Research
Institute of Plant Industry (VIR). The favourable climate, fertile soil and high
culture of agriculture have made this region one of the main producers of crop
products in the world.

The value of the Mediterranean gene pool is determined by a wide vari-
ety of traits, a long history of cultivation of many plants, the active breeding of
traditional and introduced forms, which became widespread in the Mediterra-
nean countries, and the presence of wild relatives of various species.

From ancient times, legumes are part of the Mediterranean ecosystem.
In this region, the following species had been brought under cultivation and cul-
tured for millennia: Pisum sativum L., Vicia faba L., V. sativa L., V. monantha
Retz., V. narbonensis L., V. ervilia (L.) Willd., Lens culinaris Medik., Lathyrus
sativus L., L. cicera L. [7]. According to J.R. Harlan [8], one third of the plant
species that mankind has brought under cultivation for life sustenance grows
here. Currently, legumes are widely used in the Mediterranean region for feed
and food purposes. They are an integral part of the Mediterranean diet, contrib-
uting to high life expectancy in the countries of the region. Genetic erosion of
the Mediterranean phytodiversity (in particular, the Mediterranean gene pool of
cultivated leguminous plants and their wild relatives), which takes place here, as
well as throughout the world, as a result of climatic, environmental, urban and
other factors, makes its conservation an impelling need [9] and the concern of
all the world’s genebanks. The value of the seed material from the Mediterra-
nean region is evidenced, for example, by the fact that among the Laureates of
the «Man and the Biosphere» UNESCO Programme, as part of the International
Year of Biodiversity (2010), was Salama El Fatehi (Morocco), the developer of
the project «Evaluation of genetic resources of the endangered bean species (Vi-
cia ervilia) on the territory of the Mediterranean Intercontinental Biosphere Re-
serve (Morocco-Andalusia, Spain)». Analysis of modern germplasm collections
of Lathyrus L., Pisum L., Vicia L. and Lens Mill. revealed a representability of
genetic resources from the countries having access to the Mediterranean Sea, as
well as from the maximum concentration area, i.e. the Fertile Crescent in Tur-
key, Syria and Lebanon [10]. The paper clearly demonstrates the wealth of the
region’s species composition stored ex situ, and suggests the ways of its further
conservation in situ.

This article is aimed at reviewing the diversity of cultivated plants and
wild relatives of legumes from the Mediterranean region (regardless of the center
of their origin) stored in the VIR’s collection, and their use for domestic breeding.

History, composition and value of the Mediterranean
gene pool of legumes from the VIR’s collection. The Mediterra-
nean center of plant diversity and domestication, with its four centers (Pyrenean,
Apennine, Balkan and Syrian-Egyptian), is considered one of the largest in the
world (Fig.). It is this region along with located in close proximity South-West



Asian center covering three oases (Caucasian, Western Asian and North-Western
Indian), which is associated with the origin of the major legumes (peas, lentils,
vetch, vetchling, beans, lupine), and a number of forage legumes [11].

The mass accessions of legume
specimens from the Mediterranean re-
gion have been established by the longest
expedition of N.I. Vavilov (1926-1927),
the route of which covered the territory
of all the coastal countries and the larg-
e | cst islands, including Portugal, Abyssinia
and Eritrea that have no direct access to
the Mediterranean Sea. The number of le-
_____________ guminous specimens collected by N.I. Va-
vilov and his assistants M. Gaysinskii
on Sardinia and R. Gudsoni in Egypt
amounted to 1,262 [13]. Later, the col-
lection was replenished due to expedi-
tions of P.M. Zhukovskii to Syria, Turkey, Mesopotamia and other countries
and island territories (1925, 1926, 1927, 1954), V.F. Dorofeev to Turkey (1967)
and Syria (1974), K.Z. Boudin and V.L. Witkowskii to Algeria (1969), A.V. Puk-
halskii and E.V. Mazhorov to Tunisia and Morocco (1970), etc. [14]. Over past
two decades the accessions are mainly based on exchange with foreign research-
ers and genebanks.

Currently, the number of specimens from Mediterranean countries in the
VIR’s legume collection amounts to 5,563 (Table). Most legumes are known to
have come from the South-West Asian center [11]. As floristic studies showed,
there are 1,974 species of legumes [15] in the natural and cultural Mediterranean
plants, which indicates the significant resource potential for the mobilization
into the collection.
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The Mediterranean center of origin and cen-
ters of diversity of cultivated plants [12].

Specimens of leguminous crops and their wild relatives stored in the VIR’s
collection (N.I. Vavilov All-Russian Institute of Plant Genetic Resources; as of
January 1, 2014)

Genus, species Quantity, pes From the Mediterranean region
’ ’ quantity, pcs | fraction, % | countries represented
Cicer arietinum L. 3,310 779 23.5 15
Glycine max (L.) Merr. 7,267 286 4.0 8
Lathyrus sp. 2,066 367 17.8 11
Lens culinaris Medik. 3,040 606 19.9 13
Lupinus sp. 2,833 300 10.6 15
Phaseolus sp. 7,678 638 8.3 14
Pisum sativum L. 8,057 685 8.5 16
Vicia faba L. 1,964 231 11.8 12
Vicia sp. 5,509 1,499 27.2 17
Vigna sp.:
total 4,068 92 22 11
incl. V. unguiculata (L.) Walp. 1,847 80 4.3 11
Total in the collection 45,792 5,483 12.0

The natural features of the Mediterranean region, including flora, were
found long time ago [16], but only the differential botanical and geographical
approach, developed by N.I. Vavilov, revealed intraspecific variation of traits in
the forms that grew in different parts of this vast territory, and their specific geo-
graphical location. For centuries, plants, handled in the countries of western and
northern parts of the Mediterranean basin, have been subjected to careful selec-
tion, cultivated on fertile soils under conditions of mild climate, and most of
them are characterized by a strong habitus, large fruits and seeds. Early ripening
crops adapted to drought and heat are grown in the arid conditions of the south



and eastern parts of the Mediterranean basin [11].

Geographically defined features, or «correctness of the intermutation
process, which, upon closer examination, appeared to be a general process» [11],
was demonstrated by N.I. Vavilov on a number of crops, including peas, beans,
chickpeas and lentils. This discovery by N.I. Vavilov is the basis for addressed
assignment of the source material from the VIR’s collection for the regional
breeding programmes in accordance with ecological and geographical conditions.

Very important gene pool is provided by wild relatives of cultivated
plants, preserved in the region and carrying many valuable traits, the introgres-
sion of which into the cultigens may contribute to their agronomic improvement.
For example, Spanish lupine (Lupinus hispanicus Boiss. et Reut.) growing in
Spain and Portugal can serve as a donor of cold and drought hardiness, as well
as disease resistance [17, 18]. Wild and local specimens of Turkish (Anatolian)
vetches belonging to Vicia sativa possess many economically important traits
needed for cultivation in northern conditions of our country [19].

Peas Pisum L. Two species, P. sativum and P. fulvum Sibth. et Sm.,
are represented in the collection. Among 685 specimens of the Mediterranean
origin, commercial and local varieties account for 46.0 % and 38.0 %, respec-
tively, and the wild forms and samples with unknown status make up 1.5 % and
13.0 %, respectively. The primary centers of origin and diversity of peas, accord-
ing to N.I. Vavilov [11], are mountain regions of the Western and Central Asia
and Ethiopia, with the Mediterranean region being a secondary center. Recently,
some of these views has been corrected, e.g. the primary center was allocated to
the Western Asia (Iran, Afghanistan, Pakistan and Turkmenistan) and the entire
Mediterranean region (Greece, Italy, Spain and Morocco), while Ethiopia was
given the status of the secondary center [20]. In South-East Asia, due to low
human influences, peas preserved many primitive features, while in Europe there
was an intensive process of domestication [21] resulted in productive grain and
vegetable forms. Here, they began to use recessive traits, which ultimately de-
termined the breeding success. New morphotypes have appeared regulated by
combinations or individual recessive alleles, such as leafless (af), semi-dwarf with
shortened internodes (le, la, Im), with fasciated stem (fas, fa), etc. These plants
are resistant to lodging, suitable for mechanized cultivation and harvesting. The
combination of A and v alleles determines sweet peas. The nn genotype results in
minimum thickness of the bean pod halves. Good cooking characteristics in
epep homozygote are due to maximum reduction of bean seed hypodermis [22].

Introgression of these and a number of other recessive alleles to cultivars
has determined the phenotype and quality features of modern pea varieties. No
wonder that the Mediterranean specimens include primarily commercial varie-
ties. The major part of them (i.e., 268 varieties in the collection) came from
France, one of the world leaders in the production of peas. Worldwide known
French varieties often served as the initial material for the creation of our local
varieties. Thus, the Baccara cultivar (k-8974), which dominated in commercial
pea production in France for many years and was involved in pea breeding pro-
grammes in many countries, has been used at the All-Russian Research Institute
for Legumes and Groat Crops (VNIIZBK, Orel Province); the early-maturing,
productive and high-protein cultivar Supraduction Tezier (k-6025) is being in-
volved in pea breeding at the Cheshminskaya Experimental Station. Quite active
pea breeding has been undertaken in Spain, Italy, the former Yugoslavia, from
where the VIR collection received 66, 39 and 44 samples, respectively. A large
set of 125 samples from Turkey consists mainly of local varieties collected in ex-
peditions by P.M. Zhukovskii (1926) and V.F. Dorofeef (1967).

The sources for valuable gene alleles, identified due to multi-year pea



plant evaluations are k-2495 (Turkey), k-6018 (France), k-3108 (Italy), k-7262
(Algeria) (early ripening); k-2975 (Italy), k-3118, k-7573 (Spain), k-2593 (Cy-
prus), k-4421, (Yugoslavia), k-2415 (Algeria) (large-fruited); k-8577 (Spain) k-
8720, k-9263 (France) (leafless); k-5568, k-6017 (France), k-6151 (Morocco)
(high seed productivity); k-2629 (Italy), k-6668 (France) (Fusarium-resistant); k-
6667 (France), k-2249 (Turkey) (Phomopsis-resistant); k-9342 (Greece) (resis-
tance to black spot); k-7243, k-6936 (France), k-7644 (Algeria) (polycarpous,
three and more beans per node) [23-25].

Broad beans Vicia faba L. The primary center of its origin is the
South-West Asia, while the Mediterranean region, where the large-seed forms
are concentrated, is considered a secondary center. From here, beans penetrated
into Europe and formed the locus of third significance, and there, following the
impact of other environmental conditions, races with roughly podded fruit and
straight and sturdy stems were isolated [26]. Modern research has showed that
the domestication of beans and chickpeas could occur in north-western Syria, in
close proximity to the Mediterranean coast in the X millennium BC [27].

All the variety of beans belongs to V. faba species. Among 231 samples
of the Mediterranean origin, the local varieties account for 94 %, and those ob-
tained as a result of scientific breeding make up only 6 %. In Europe, the diver-
sity of local varieties of beans appears to be explained by long history of cultiva-
tion, as from ancient until relatively recent times they had mainly been the
source of vegetable protein in food and feed. The import of soybeans, which be-
gan in the mid-twentieth century, has affected the production of beans and their
breeding in Europe. However, in the Mediterranean countries they are still
widely used in food and for animal feeding [28]. The bean breeding is developed
in Spain and France, but as a food crop, they are more popular in North Afri-
can countries [29].

The forms widely-spread in the Mediterranean countries are not of great
variety, since large-seeded, light-coloured, medium- and late-maturing varieties
dominate, with occasional medium-seeded forms. Small-seeded legumes are not
grown everywhere, and they are even more uniform. A distinctive feature of
Mediterranean beans is their thin pod valves and tendency to lodging. There are
both early-maturing and late-maturing forms with a vegetation period of 94 to
132 days. Seed size, light coloration, pod shattering resistance, drought and cold
hardiness, rust resistance, and high protein content are valuable features of the
Mediterranean forms, however, a weak, subject to lodging stem is a disadvantage
of these beans when mechanically harvested.

Long-term investigations of Mediterranean gene pool samples in the VIR
experimental stations’ network allowed to isolate valuable bean forms such as k-
1569, k-1571 (Egypt) (early ripening); k-1579, k-1581 (Sudan), k-1717, k-1832
(Italy), k-1577 (France) (high protein content in seeds); k-1575 (Syria), k-1582,
k-1584 (Egypt), k-1416 (Yugoslavia), k-1470, k-1688 (France) (high seed pro-
ductivity) [30].

Chickpea Cicer (Tourn.) L. The chickpea collection is represented
by seven annual species, such as a cultivated species C. arietinum L. and wild
C. bjugum KH. Rech., C. cuneatum Hochst. ex Rich., C. echinospermum
P.H. Davis, C. judaicum Boissier, C. pinnatifidum Jaubert et Spach, C. reticula-
tum Ladisinsky species, originated from the Mediterranean basin. Of these 779
samples, 90 % are local varieties, 5 % are cultivars resulted from scientific
breeding, and 5 % are wild species. The samples came from 15 countries, from
the East (Iran, Syria, Turkey, Lebanon, Israel) to the West (Spain, France, Mo-
rocco) Mediterranean. According to M.G. Popov [31], the center of origin and
distribution of species from the genus Cicer was located in the Ancient Mediter-



ranean area, which started from the Atlantic Ocean shores and Morocco and,
bordering both shores of the Mediterranean sea, stretched into Asia, including
Asia Minor, Syria, Palestine, Mesopotamia, Persia, Transcaucasus, Turkmeni-
stan, Uzbekistan and Afghanistan. E.N. Sinskaya [32] considers that the cultiv-
ted chickpea species C. arietinum is native to the Eastern Mediterranean (Asia
Minor). In the coastal countries of the Mediterranean basin (Spain, Morocco,
Algeria, Tunisia, Turkey, Syria, etc.), large-seeded varieties, most valuable for
breeding, are distributed. The large-seed character in the significant part of them
is combined with drought hardiness and relative resistance to Fusarium. Samples
of chickpeas from Spain have good taste.

The sources of gene alleles regulating valuable traits of chickpeas from
Mediterranean countries are k-277 (France), k-361 (Turkey), k-452 (Algeria), k-
626 (Palestine) (early ripening); k-278 (France), k-1886 (Spain) (high attach-
ment of the lower bean); k-277 (France), k-340, k-343, k-608 (Turkey), k-125
(Palestine), k-453 (Algeria), k-798 (Italy) (large-seeded); k-355 (Turkey), k-
1943, k-1959, k-1972, k-1991 (Spain), k-2291 (Syria) (high seed productivity);
k-278 (France), k-352 (Turkey), k-2648 (Syria) (compact habitus); k-1941, k-
1980, k-1981 (Spain) (high protein content in seeds) [33, 34].

Lentils Lens Mill. Based on hybridological and molecular genetic
data, only two species are currently distinguished in the genus Lens, such as
L. culinaris (cultivated) and L. nigricans (Bieb.) Webb et Berth. (wild) [35].
E.I. Barulina, the main monographist of the crop in the Soviet Union [36], di-
vided the cultivated lentils L. sulinaris into two subspecies, macrosperma (Baumg.)
Bar. (large-seeded, with large flowers and seeds of 7-9 mm diameter), and mi-
crosperma (Baumg.) Bar. (small-seeded, with small or medium-sized flowers and
seeds of 3-6 mm diameter). The large-seeded plants are mainly used for breeding.

Among 606 Mediterranean samples, 5 % are the varieties resulted from
scientific breeding, the local varieties account for 70 %, and 25 % possess un-
known status. The origin of lentils is still debated. E.I. Barulina [37] believed
that the cultivated species originated from the area between Afghanistan, India
and Turkestan (between the Hindu Kush and the Himalayas), but now this arca
is considered a secondary center of lentils origin [38], as archaeological and mo-
lecular evidence indicate the border areas between Turkey and Syria, and be-
tween Syria and Jordan, as the center of domestication and the diversity of spe-
cies [39, 40]. The accessions from the center of maximum diversity are of par-
ticular interest. This is where most of the Mediterranean lentil specimens for the
VIR collection were obtained from, namely 113 from Syria and 96 from Turkey,
which are on top 10 of the crop producers. A total of 82 specimens came from
Israel, and 65 and 61 from Morocco and Spain, respectively (western Mediter-
ranean). Having spread along the shores of the Mediterranean Sea in the Neo-
lithic Age, lentils became popular in many countries of the region.

The sources of valuable gene alleles are k-2722, k-2728 (Syria) (early
ripening); k-538 (Turkey), k-1103 (Spain) (tall-growing); k-1084, k-1098 (Italy)
(large-seeded); k-1045, k-585 (Turkey) (high protein content); k-1045 (Sicily),
k-2727 (Syria) (high seed productivity); k-1829 (Yugoslavia), k-2222 (Italy) (re-
sistance to Botritis cinerea Fr.). Using a k-538 specimen as the parent form,
Rauza and Svetlaya cultivars have been developed in the VNIIZBK by cross-
ings. These cultivars have high yield (2.84 to 3.05 t/ha), a relatively large seeds
with high (28.0 to 29.6 %) protein content, excellent product quality and cook-
ing characteristics. During the observation period (2003-2010), they were not in-
fected with diseases [41]. These cultivars suitable for all climatic zones of lentil
cultivation in Russia contribute significantly to its increased production, though
crop expansion is still limited due to unstable yields and poor suitability for



mechanized harvesting. Involvement of the Mediterranean lentils with large
seeds, high and slightly branching stem in the breeding programmes could help
to obtain advanced cultivars.

Vetch Vicia L. Many species of the genus are endemics of the Ancient
Mediterranean [42]. There are 58 representatives of species of the genus Vicia in
the VIR collection, with more than a quarter of the specimens and more than
half of the species diversity (1,499 samples of 39 species) being accessions from
17 countries of the Mediterranean region. The majority, being mostly wild forms
and local varieties, are derived from Turkey, Syria, France, Morocco and Israel
(343, 211, 167, 108 and 104 specimens, respectively). From Spain, which is rec-
ognized as the leader of vetch production in Europe [43], 209 samples were ob-
tained. There are significant accessions of vetch from Italy, Algeria, Yugoslavia,
Greece, Cyprus, Tunisia (91, 56, 55, 42, 44, 45 specimens, respectively), and
other countries.

Common vetch (V. sativa subsp. sativa) is an important forage crop in
Russia. The species diversity center is located in the North-Eastern Mediterra-
nean with the greatest concentration in the countries of the Fertile Crescent,
i.e. Turkey, Lebanon, Syria, Iran, Iraq and the former Asian republics of the
ex-USSR [44]. The collection contains 532 specimens of common vetch, in-
cluding accessions from Spain, Israel, France, Turkey, Morocco, Syria, Italy,
Greece, Algeria (145, 57, 60, 53, 40, 37, 27, 29, 16 specimens, respectivelt),
Albania, Libya, Tunisia, Egypt, as well as about 300 specimens of closely re-
lated taxa, mainly V. sativa subsp. nigra (L.) Ehrh. and V. sativa subsp. cordata
(Wulfen ex Hoppe) Arcang.

Geographical differentiation of the common vetch Mediterranean gene
pool in accordance with the origin was clearly demonstrated via AFLP-profiling
samples from two genebanks, the VIR and the Institute of Genetics of Plants
(Leibniz-Institut fiir Pflanzengenetik und Kulturpflanzenforschung — IPK, Gat-
ersleben, Germany) [45].

The sources of valuable gene alleles are k-920, k-923, k-33583
(Syria), k-965, k-1058, k-1062 (Turkey), k-102 (Italy) (early ripening); k-
1370 (Italy), k-34587 (Yugoslavia) (herbage productivity); k-1019 (Italy), k-
35043, k-36035 (Turkey), k-1141, k-35696, k-35915 (Spain) (seed productiv-
ity); k-1370, k-35167 (Italy), k-35761 (Spain) (high protein content in the
herbage); k-34805 (Greece), k-35262 (France) (high protein content in
seeds); k-1152 (Algeria) (drought hardiness) [46].

The samples of Mediterranean origin have been involved in breeding
domestic vetch cultivars, e.g. k-33747 (France) for Orlovskaya 4 (VNIIZBK) and
LOS-5 (Lgovskaya Experimental Breeding Station) cultivars, k-34456 (France)
for Lugovskaya 85 cultivar (V.R. Williams All-Russian Fodder Research Insti-
tute, Moscow Breeding Station). The cultivars are listed in the State Register of
Breeding Achievements admitted for use (2014) [47]. A Syrian specimen k-
33583 was involved in breeding Nemchinovskaya 84 cultivar (the Moscow Re-
search Institute of Agriculture «Nemchinovka»), released in 1989.

The collection of bitter vetch V. ervilia (French lentils), the endemic spe-
cies from the Mediterranean region, includes 334 specimens from the region, with
177 from Turkey, 57 from Spain, 31 from Israel, 27 from Cyprus island, and 15
from Syria. The initial bitter vetch domestication is believed to occur in the east-
ern Mediterranean region, i.e. Cyprus island, Syria, Palestine, Greece and, in part,
Asia Minor, where the greatest diversity is shown. V. ervilia is characterized by
drought hardiness and early maturity, it can mature even in the far north, with
large herbage grown. This plant is mostly from mountainous countries [36].

Some sources of gene alleles in V. ervilia are k-161 (Turkey), k-339 (Cy-



prus), k-384 (Spain), k-388 (Italy), k-439 (Greece), k-602 (Morocco) (drought
hardiness); k-107, k-141 (Turkey), k-340, k-392 (Cyprus), k-281, k-295 (Israel),
k-240, k-535 (Syria) (early maturity); k-253 (Syria), k-18 (France), k-112, k-
204, k-213 (Turkey), k-333, k-537 (Greece), k-390 (Spain), k-588 (Algeria)
(seed productivity); k-213, k-259 (Turkey), k-356 (Italy), k-537 (Greece), k-588
(Algeria), k-230 (Tunisia) (productivity of herbage) [48].

Vetchling Lathyrus L. The Mediterranean region is the center of ori-
gin [11, 49] and diversity [50] of many vetchling species. The VIR collection
possesses 56 species of Lathyrus, and 33 of them are of Mediterranean origin.
The specimens are mostly wild species, and such as L. cicera, L. ochrus (L.)
DC, L. tingitanus L., are cultivated ones. L. clymenum L., L. articulatus L.,
L. aphaca L., L. hirsutus L. are important only as forage and green manures,
while L. odoratus L. (sweet pea) and L. sativus (grass pea) are mostly known and
widespread in the horticulture and agriculture in different countries.

Among 367 specimens of vetchling of Mediterranean origin, 90 % are
local varieties, and 10 % are wild forms. Specimens of grass pea first collected in
1926-1927 by N.I. Vavilov and P.M. Zhukovskii dominate in the collection.
Currently, there are specimens from 11 Mediterranean countries, mostly from
Greece, Italy, Algeria, Syria, Cyprus, France and Turkey. As to the number of
species characteristic of these countries, the VIR collection is superior to other
15 world largest germplasm collections, and by the total number of specimens it
is second only to the collection of the University of Pays and Adour (Université
de Pau et des Pays de I'Adour, France) [51].

Grass pea was cultivated in Egypt and Asia Minor in 9500-7600 BC [52]
and on the Balkan Peninsula in the early Neolithic Age at the beginning of the
VI century BC [53]. Many local varieties have beneficial properties. Distinctive
features of plants from the Mediterranean coast, including the Apennine and
Iberian Peninsulas, the islands of Sardinia and Sicily, are high branching, fast
growth, drought and cold hardiness, strong demand to heat during ripening,
large seeds, white seed colour, productivity, high protein content in seed and
hay, resistance to fungal diseases. Specimens from these territories were the
source material for all large-seeded varieties obtained from scientific breeding in
our country. Many forms and varieties from the Cyprus, Turkey, Egypt, the
mountain regions of Algeria and Spain stand out for their early ripening (the
vegetative season is 70 days) [54].

The sources of valuable gene alleles are k-775 (Spain), k-1114 (France),
k-801, k-865, k-870 (Turkey) (early ripening); k-30, k-742, k-1112 (France), k-
791, k-879, k-880 (Italy), k-410 (Cyprus), k-884 (Spain) (high productivity); k-
390 (Cyprus), k-420 (Italy), k-1110 (France) (high productivity of seeds and
herbage); k-774, k-775, k-778, k-781 (Spain), k-791, k-795 (Italy), k-1112
(France) (large-seeded); k-417 (Algeria), k-706, k-983 (Italy), k-1095, k-1363
(Turkey) (high protein content in seeds); k-773 (Spain) (high protein content in
herbage); k-1221 (Yugoslavia), k-703, k-765, k-770, k-879, k-881 (Italy), k-774
(Spain), k-395, k-398, k-409, k-411 (Cyprus), k-30 (France) (Ascochyta resis-
tance); k-406 (Cyprus), k-781 (Spain) (resistance to Erysiphe communis Grev r.
lathyri Rabh.); k-836 (Yugoslavia), k-888 (island of Sardinia), resistant to rust
pathogen Uromyces pisi (Pers.) Schrot [55-57].

Among other species of vetchling from the Mediterranean region, there
have also been identified specimens with various valuable features, such as high
protein content in seeds, k-200 (L. tingitanus) and k-135 (L. ochrus) (France);
high protein content in herbage, k-387 (Cyprus), k-769 (L. cicera) (Italy); resis-
tance to Ascochyta and rust, k-200 (L. tingitanus) and k-135 (L. ochrus)



(France), k-443 (L. ochrus) (Turkey); resistance to Uromyces pisi (Pers.) Schrot.,
k-1391 (L. tingitanus) (France) [56, 57].

Lupine Lupinus L. The number of lupine species from the Mediter-
ranean region as the center of origin is small compared to those from the New
World, and among them, the great economic significance is attributed to blue lupine
(L. angustifolius L.), yellow lupine (L. luteus L.), and white lupine (L. albus L.).
The first two are cultivated from the middle of the XIX century, while white lu-
pine is an ancient plant [49]. The VIR collection includes 50 species of lupine.
The Mediterranean region is the origin and formation center of nine of them,
such as L. angustifolius, L. Iuteus, L. albus, L. cosentinii Guss., L. hispanicus,
L. pilosus Murr., L. atlanticus Glads., L. digitatus Forsk. and L. micrantus
Guss. (841, 800, 494, 25, 18, 15, 9, 6 and 5 samples, respectively). Most of the
accessions are scientifically-bred cultivars from Australia, Belarus, Poland and
Russia, and approximately 300 of them were obtained directly from Spain,
Egypt, Greece, Morocco, Italy, Israel (87, 53, 28, 36, 22, 15 samples, respec-
tively). None of these Mediterranean countries are considered major producers
of the crop, but all of them are located in the centers of its diversity. Therefore,
most of the specimens (70 %) are represented with local varieties, and the re-
maining 30 % are wild forms.

Carriers of valuable alleles among L. albus are k-3154 (Egypt), k-
3293, k-3294 (Israel) (early ripening); k-3109 (Egypt), k-3115 (Greece), k-
3118 (Yugoslavia) (early ripening and productivity); k-507 (Egypt), k-682
(Yugoslavia), k-2864, k-2865 (Greece) (resistance to Fusarium); k-294, k-
295, k-298, k-302, k-306 (Palestine), k-1435 (Greece), k-502 (Egypt), k-
2299, k-2298 (Spain), k-313, k-1600, k-1601 (Italy) (high protein content);
k-290, k-294, k-295, k-298, k-302 (Palestine), k-1649 (Yugoslavia), k-2297
(Spain) (high oil content) [58]. Among L. angustifolius the valuable traits are
found in k-3093 (Morocco) (resistance to grey mould); k-91, k-371, k-372,
k-373 (Algeria), k-169 (Italy), k-2868 (island of Corsica) (high productivity);
k-288 (Palestine) (early ripening); k-3347 (Turkey), k-2666 (island of Crete),
k-3345 (Greece) (drought hardiness); k-288 (Palestine), k-169 (Italy) (high
oil content). Of L. luteus, the k-2072, k-2076, k-2081, k-3343 (Turkey) (high
productivity and drought hardiness); k-3341 (Italy) (early ripening, produc-
tivity, resistance to virus diseases) were shown to be worthy [46].

The gene pool of the Mediterranean lupine, stored in the VIR collec-
tion, is widely used in different countries. With the involvement of Palestinian
samples, the Kievskii Mutant cultivar of white lupine was created in the Ukrain-
ian Institute of Agriculture (Kiev Province), which stands out by early ripeness
and high productivity, and is grown almost all over the world. In Russia, for the
blue lupine breeding, the Apendrilon specimen from Greece is used as a source
of high productivity, drought hardiness and resistance to Fusarium. Resistance to
Fusarium from Italian wild forms of yellow lupine was transferred to the Borluta
cultivar, developed in Germany [46].

Beans Phaseolus L. Bean seeds were brought to Europe (primarily to
the Mediterranean region, to Spain and Portugal) from Central and South
America (center of origin and species formation) around 1500 [59], and, due to
the variety of flower and seed morphology of the introduced plants, the been
seed delivery occurred several times and from different parts of America [60].

The VIR collection comprises five species of the genus. A total of 635 speci-
mens of P. vulgaris L. samples (kidney bean) and 3 specimens of P. [unatus L.
(lima beans) were obtained from the Mediterranean countries. The latter one is a
typical subtropical species, which is common and popular in the Mediterranean
countries, but almost never used in Russia. According to the breeding status, the



scientifically-bred varieties, local varieties and breeding material amount to 36.4 %,
7.2 % and 8.3 %, respectively, and 48.1 % have no defined status. The acces-
sions were mostly obtained from France (331 specimens), where its scientific se-
lection has been performed from the middle of the XIX century. A significant
part of specimens (87, of which 52 are breeding lines) was from the former Yugo-
slavia, particularly Serbia where bean breeding is being conducted. Large acces-
sions were obtained from Italy, Spain, and Turkey where the crop is popular.

Sources of valuable alleles of P. vulgaris are k-12031, k-12063, k-12150,
k-13412, k-14673 (France), k-15279 (Greece) (early ripeness); k-11963, k-12037
(France), k-15121 (Italy), k-15347 (Turkey) (productivity); k-11977, k-11993, k-
12018, k-12052 (France), k-10312 (Italy), k-12321 (Morocco), k-12952 (Greece),
k-15169, k-15171 (Turkey) (protein content more than 27 %); k-12027, k-13403,
k-14672, k-14690, k-14694 (France) (low trypsin inhibitor activity) [61]; k-2279
(Italy), k-76, k-14910 (France), k-12682 (Turkey) (weak photoperiodic sensitivity)
[62]; k-12034, k-12049, k-12138, k-13967 (France), k-14160 (Spain) (drought
hardiness); k-11992, k-13534, k-14664 (France), k-13328 (Tunisia) (cold hardi-
ness); k-11771, k-11959 (France) (resistance to common mosaic virus); k-13063,
k-14665 (France) (resistance to a number of disease).

Cowpea Vigna unguiculata (L.) Walp. The primary center of origin
of this ancient food and fodder plant is allocated by some researchers to East Af-
rica [6, 49, 63], and by others, it is the central and southern parts of the African
continent [64], from where cowpea reached the Mediterranean region. The long
history of Vigna cultivation in the vast territory of the Mediterranean region,
along with hybridization and mutations have led to many local varieties, and as a
result, modern genetic diversity in the Mediterranean gene pool is broader than
that of African and North American [64]. Among the Mediterranean specimens,
there are plants with bushy and procumbent form, with small and large seeds
(weight of 1,000 seeds amount to 50 to 280 g). The majority of specimens are
early ripening (68 to 90 days), with good productivity and high protein content
in seeds, and resistance to viral diseases [65, 66]. The varieties are mainly for
food purposes. Many specimens are superior to other forms in the herbage, and
are used for fodder and as a green manure. In the Mediterranean region, cowpea
is grown almost in all countries, but primarily as a garden plant. Production ar-
eas are in Croatia and Cyprus [43].

The VIR collection of V. unguiculata contains only 80 specimens of
Mediterranean origin from 11 countries (Algeria, Egypt, Tunisia, Cyprus,
Greece, Turkey, Spain, Italy, Syria, France, Isracl). Many specimens are char-
acterized by high parameters, such as k-247 (Turkey), k-481 (Italy), k-1226
(Egypt), k-304, k-1221 (Syria) (seed productivity); k-292 (Algeria) (herbage pro-
ductivity); k-492, k-495, k-896, k-1226 (Egypt), k-309 (Cyprus) (early ripening);
k-309 (Cyprus) (early ripeness and seed productivity); k-247 (Turkey), k-304
(Syria), k-307 (Tunisia), k-309 (Cyprus), k-478, k-481 (Italy), k-518, k-901
(Egypt) (large-seeded); k-292 (Algeria), k-190 (Italy), k-247 (Turkey) (high pro-
tein content in the seed) [65, 66].

Soybean Glycine max (L.) Merr. Soybean is native to East Asian
center of origin, located on the territory of China, Korea and Japan [67]. With
the development of contacts with the Southeast Asian countries, a multiple de-
livery of soybean seeds to Europe occurred, there were repeated attempts to cul-
tivate the plant, and already in 1740, soybeans were grown in the Botanical
Gardens in Paris (Jardin des plantes de Paris) [68, 69]. Since 1880, the seed
breeding firm Vilmorin-Andrieux (France) has offered soybean seeds in its cata-
logue for gardeners and farmers [69]. However, low import prices retarded soy-
beans production in Europe for a long time. At present, soy is cultivated only on



364.9 thous. ha in 28 countries of the European Union, the largest portion of
which (153.0 thous. ha) are the areas in Italy. In North Africa, soy is not widely
produced [43].

A total of 286 soybean specimens in the VIR collection are of Mediter-
ranean origin. The bulk of the material was donated to the VIR from various re-
search and breeding organizations, and includes varieties resulted from scientific
breeding as well as breeding material. Not all the varieties in the VIR collec-
tion received from the Mediterranean region (especially in the first half of
the XX century) were developed there (for example, a sample obtained by
N.I. Vavilov from an Italian seed company Ingegnoli in 1926 was from Japan).
Most Mediterranean accessions of those years contained no information about
the primary origin. Only since 1949, the large-scale accessions from Mediterra-
nean countries have begun, evidencing the development of breeding and produc-
tion of soybeans in the region. Specimens were mostly received from France,
Yugoslavia and Algeria (137, 85 and 47, respectively), and small sets came from
Italy, Israel, Morocco and Syria.

Under the conditions of the Krasnodar Krai and the south of Ukraine
the important traits were found in k-5935, k-8216 (Algeria), k-5529 (Israel), k-
10089, K-10091 (Italy), k-5895, k-5798 (France), k-9655, k-9931 (Yugoslavia)
(high seed productivity); k-5724, k-5749, k-9470 (France), k-5317, k-8268 (Yugo-
slavia) (early ripening); k-5543, k-8268 (Yugoslavia), k-5865, k-6226 (France)
(high protein content in seeds); k-10086 (Italy), k-9233, k-10148 (France),
k-9653, k-9936 (Yugoslavia) (high oil content in the seed) [70-72].

Therefore, the recognition of the Mediterranean basin as one of the
«hotspots» of global biodiversity, and the territory of the Fertile Crescent as the
«hotspot» of species diversity of the major genera of legumes in the Old World
(Lathyrus, Pisum, Vicia and Lens) indicates unconditional importance of the
region to collect and save this plant genetic resources both in situ and ex situ (in
germplasm collections). An example of the VIR collection, where the Mediter-
ranean gene pool of legumes, depending on the crop, amounts from 3.1 % to
23.8 %, demonstrates its diversity and value for breeding. The investigation of
this gene pool is equally important for botany, ecology, geography, for phyloge-
netic analysis and understanding the cultivated plant evolution.
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