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A b s t r a c t  
 

Chickpea (Cicer arietinum L.), a grain legume crop, is considered innovative for the Rus-
sian Federation. Over the past fifteen years, its area in our country have increased 20 times and 
reached 420,300 hectares in 2015. The growing demand of chickpea determines the necessity of 
breeding new varieties. One of the ways to improve the crop could be the introgression of genes from 
old landraces, especially those from the regions of species genetic diversity, the centers of its origin 
(i.e. the primary in Turkey and the secondary in Ethiopia). In this paper the question is raised about 
the diversity and phenotypic differences of the chickpea gene pool growing in the centers of origin 
about a century ago and preserved in VIR collection. Here, we first showed the differences in the 
phenotypic characteristics of the oldest chickpeas from two centers of origin. Fifteen morphological, 
phenological and agronomic features were studied in 75 local varieties from Turkey and 24 ones from 
Ethiopia. Both in Turkish and in Ethiopian samples, the most variable signs were the number of 
seeds per plant (Cv 62.6 and 70.4 %, respectively) and the number of beans per plant (Cv 62.2 and 
63.0 %). Principal component analysis showed that the first five factors determined 78.9 % of the 
total variability of traits. Factor 2 (22.0 % of the variance) can be called a factor of potential seed 
production. Correlation analysis revealed a much stronger relationships between all the traits studied 
in the Ethiopian samples. The correlation between seed production and vegetation period were the 
strongest (r  0.9). We have revealed association of certain traits of chickpea plants with the geograph-
ical zones of the sample origins. Landraces from Ethiopia are fairly homogeneous and have small, dark 
and angular seeds, low attachment of the first bean and low seed productivity, are more early maturated 
compared with the Turkish ones. Turkish landraces are characterized by a great variety of all the traits 
studied, revealing all their grades described in the chickpea descriptors. In this region, the landraces 
typical of the western Mediterranean, as well as for territories bordering Turkey in the east had been 
grown. The structure of the variability and the strength of the relations of the traits differed in the land-
races from the primary and secondary centers. It is obvious that in plants growing in different ecological 
and geographical environment, there is a specific communications between the traits, reflecting the 
presence of different blocks of co-adapted genes or another integrated gene complexes that determine 
adaptation to a particular environment. Useful characters for breeding are found in landraces from both 
centers of origin and chickpea diversity. 

 

Keywords: chickpeas (Cicer arietinum L.), centers of origin, phenotypes, variability, factor 
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Chickpea (Cicer arietinum L.) is a grain legume crop that is considered 
innovative for the Russian Federation. It is very popular in Asian countries (In-
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dia, Pakistan, Syria, Turkey, etc.) and North Africa, and is the second in the 
world in sowing areas and the third in production among grain legumes (exclud-
ing soybeans) [1]. The nutritional value of chickpea is determined by the high 
content of protein in its seeds (17-30 %) and various macro- and micronutrients 
[2], which determine a healthy diet. The undoubted agronomic merit of this 
crop is its high drought resistance. However, in our country, chickpeas, which 
are also known as mutton or turkey peas, are not well known to consumers. For 
many years in the Russian Federation, the planted areas of chickpea did not ex-
ceed 20-25 thousand hectares. However, nowadays its production has sharply 
increased, and in 2015 the sowing areas reached 420,300 hectares [3]. This is 
explained by the fact that chickpea is a highly demanded export crop, although, 
according to experts, it should take a worthy place in the domestic market. 

Given the growing demand for this crop, new highly adaptive varieties 
are required, in particular, those with improved drought resistance and resistance 
to diseases, especially resistant to Ascochyta pisi L. Also, precocity is a trait that 
is relevant for many regions of chickpea production. 

Selection significantly narrowed the historical diversity of cultivated 
chickpeas [4]. To expand the genetic basis of modern varieties, it is necessary to 
employ diversified donor parents. The VIR collection preserves populations and 
old local varieties from the centers of chickpea origin with maximum genetic 
diversity concentrat. Local varieties are a rich gene pool for the search for highly 
adaptive genotypes [5, 6]. To date, such varieties in the places of their historical 
origin are mostly hopelessly lost, as having been almost completely extincted 
because of replacement by modern commercial varieties, and because of natural 
disasters, urban, technogenic and other factors that are rapidly changing the 
modern world. 

Introgression of genetic material from local varieties into modern com-
mercial varieties using marker-assisted selection (MAS) can be a radical way to 
improve them. Therefore, the study of the diversity of local varieties from the 
centers of origin for a number of selectively significant traits, the identification 
of the limits of their variability and the search for candidate genes determining 
variability are relevant for understanding the selection dynamics in the historical 
perspective and elucidation of its mechanisms. 

The center of origin, as well as the place where chickpea was first do-
mesticated, is southeastern Turkey and the adjacent areas of Syria and Iran [7, 
8]. N.I. Vavilov [9] considered South-West Asia and the Mediterranean to be 
the primary center of origin of chickpeas, and Ethiopia was the secondary cen-
ter. He distinguished four centers of chickpea variety: in the Mediterranean, 
Central Asia, the Middle East and India [10]. The primary centers of cultivated 
plant origin, according to N.I. Vavilov, were the ancient centers of civilization, 
where the primary cultivation of plants took place, and the secondary centers 
were the territories associated with subsequent periods of the farming culture [9]. 

We do not know special studies devoted to the differences between the 
chickpea plants from the primary and secondary centers of origin. In part, these 
differences are shown by us when studying the phenotypic diversity of local 
chickpea cultivars from the centers of origin of this crop [11]. In the present ar-
ticle, we first detailed the phenotypic diversity of old local chickpeas from the 
primary center of origin in Turkey and the secondary one in Ethiopia (Abyssin-
ia) preserved in the collection of N.I. Vavilov All-Russian Institute of Plant Ge-
netic Resources (VIR), for a number of morphological, phonological and agro-
nomical traits and their relationship in both centers.  

The aim of the work was to compare manifestations of economically sig-
nificant traits of chickpea accessions from different centers of origin in the eco-
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logical conditions of Syria close to those in the primary and secondary centers of 
origin of the crop. 

 Techniques. Old local chickpeas from the VIR collection, including 75 
samples from Turkey and 24 samples from Ethiopia (Abyssinia), were studied for 
15 morphological, phenological and agronomic traits in the field in 2002-2005 at 
the International Center for Agricultural Research in the Dry Areas (ICARDA) 
in Syria. The Turkish samples are expeditionary collections of P.M. Zhukovsky 
in 1927. The Ethiopian samples were collected by N.I. Vavilov in 1927, as well 
as by subsequent VIR expeditions in 1962 and 1970. The sowing in Syria was 
carried out in February, harvesting in August. The samples were sown randomly 
in 2-fold replication. The row spacing was 60-70 cm; the distance between the 
plants was 10 cm. Six plants were analyzed in each replication. 

Field assessment was conducted in accordance with the international 
Descriptors for Chickpea (Cicer arietinum L.) [12] and the ICRISAT descriptor 
(International Crops Research Institute for the Semi-Arid Tropics) [13]. 

Calculations were performed using Statistica 7.0 software (StatSoft, 
Inc., USA) [14]. Pearson’s correlation coefficients were calculated as per com-
mon methods [15, 16]. Correlations were considered low at r < 0.5, average at 
0.7 > r > 0.5, high at 0.9 > r > 0.7, and very strong at r > 0.9. Correlation plei-
ades were clustered as described [17]. The variability in the structure of the rela-
tionships between traits was assessed using factor analysis. The factor loads 
were determined by the principal component method. Additionally, the frac-
tion of variance explained by a factor in the total variance and the cumulative 
fraction of the recoverable factors were calculated. The identification of traits 
that differentiate the samples by origin was carried out using discriminant anal-
ysis [14].  

Results. The region in 
which samples were studied for a 
number of traits (Table 1) is lo-
cated in comparative proximity 
to the centers of chickpea origin. 
One of the main differentiation 
traits of the chickpea gene pool 
is the type of seeds (desi and 
kabuli). Desi seeds are small, 
angular and have a colored seed 
coat (color from cream to 
black). Kabuli seeds are large, 
roundish, and light-colored. The 
analysis of mean values and vari-
ation of traits (Cv) in the Ethio-
pian samples showed narrower 
variability limits for most of the 

traits studied as compared to the Turkish forms (Table 2). The most varying 
traits in both groups were the number of seeds per plant (Cv was 62.6 % for the 
Turkish samples and 70.4 % for the Abyssinian samples) and the number of pods 
per plant (Cv was 62.2 % for the Turkish samples and 63.0 % for the Ethiopian 
samples). However, traits such as seed color and type, the duration of the 
sprouting-flowering and seedling-maturing periods, were less variable in the 
Ethiopian native varieties. 

The Ethiopian samples, except of one, had seeds of desi red, brown and 
black type, whereas in most of the Turkish samples (57 %) the type of seeds was 

1. Designations of traits studied in chickpeas 
(Cicer arietinum L.) from the collection of 
the All-Russian Institute of Plant Genetic 
Resources (VIR) (Syria, 2002-2005) 

Trait 
Designa-
tions 

Biomass yield (plant dry weight with seeds and roots), g byld 
Canopy area width per plant, cm caw 
Duration of sprouting-flowering period, days dflr 
Duration of seedling-maturation period, days dmat 
Flowering duration, days fdu 
Flower color, points fgc 
Growth habit (prostrate, spreading, erect), points grh 
Harvest index, % hi 
Height of the lower (first) pod attachment, cm hlp 
Pods per plant, pcs. ppp 
Plant height, cm  ptht 
Seed per plant, pcs. spp 
Straw yield (plant dry weight without seeds), g styld 
Seed type, scores styp 
Seed yield per plant, g syld 
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classified as kabuli. In the Turkish gene pool, light seeds were found to be char-
acteristic of about half of the samples, fractions with pink and brown seed hulls 
made up 15 % of the total number; the rest showed all the other seed colors as 
per the chickpea descriptors except black. 

Factor analysis revealed the structure of the relationship between the 
traits studied in the Turkish and Ethiopian samples (Table 3). The first five fac-
tors determined 78.9 % of the total trait variability. Factor 1 (F1 — 30.0 % dis-
persion) revealed a positive relationship between the dry biomass of plants (with 
seeds and roots) and straw yield, plant height and lower attachment of the lower 
pod, color of the flower and type of seed, and a negative relationship with the 
harvest index. This factor can be interpreted as a characteristic of a plant’s abil-
ity to gain and accumulate biomass. 

2. Descriptive statistics of the studied samples of chickpeas (Cicer arietinum L.) of 
different origin from the VIR collection (N.I. Vavilov All-Russian Institute of 
Plant Genetic Resources) (Syria, 2002-2005) 

Trait 
Mean Min Max 

Standard 
Deviation  

Cv, % 

Turkey Ethiopia Turkey Ethiopia Turkey Ethiopia Turkey Ethiopia Turkey Ethiopia 
byld 53.8 39.4 19.8 18.1 114.6 70.0 15.6 10.4 29.0 21.9 
caw 63.5 55.0 43.5 39.0 91.0 72.0 8.7 7.7 15.6 11.0 
dflr 106.4 107.9 96.5 100.0 140.0 119.0 9.7 6.1 13.6 13.7 
dmat 164.1 157.3 129.0 149.0 183.0 171.0 8.6 5.2 5.3 2.6 
fdu 25.9 27.8 9.0 18.0 34.0 31.0 4.0 3.1 9.1 5.9 
fgc 5.3 4.1 1.0 4.0 6.5 6.0 1.1 0.4 20.1 11.3 
grh 2.7 2.5 1.0 2.0 4.0 3.0 0.5 0.5 19.3 20.5 
hi 40.9 45.9 26.0 24.3 72.1 59.6 6.8 8.7 16.6 19.4 
hlp 28.8 21.0 20.0 13.0 41.0 30.0 3.8 4.9 13.1 23.1 
ppp 33.3 61.1 12.7 18.3 142.0 147.0 20.7 40.6 62.2 63.0 
ptht 54.2 46.6 38.0 39.0 70.0 53.0 6.9 5.0 12.7 10.3 
spp 34.1 76.6 13.0 18.0 145.0 196.0 21.3 57.1 62.6 70.4 
styld 33.5 19.8 5.5 6.2 65.2 32.3 10.7 6.4 31.9 27.1 
styp 1.6 1.0 1.0 1.0 2.0 2.0 0.5 0.2 31.6 20.4 
syld 20.9 16.8 11.4 5.1 52.1 25.8 7.0 5.4 33.5 28.6 
N o t e. For trait abbreviation, see Table 1. 
 

3. Factor loads of 15 traits for 99 Turkish and Ethiopian chickpeas from the VIR 
collection (N.I. Vavilov All-Russian Institute of Plant Genetic Resources) (Syria, 
2002-2005) 

Trait 
Factor 

1 2 3 4 5 
Duration of flowering, days 0.20 0.24 0.18 0.77 0.30 
Time to 50 % flowering, days 0.05 0.73 0.29 0.42 0.02 
Canopy width, cm 0.52 0.03 0.11 0.37 0.21 
Height of the lower (first) pod attachment, cm 0.76 0.01 -0.29 0.40 0.17 
Plant height, cm 0.67 0.31 0.27 0.20 0.37 
Growth habit, point 0.11 0.26 0.02 0.22 0.77 
Color of flowers, points 0.66 0.20 0.57 0.13 0.06 
Type of seeds, points 0.64 0.18 0.66 0.17 0.06 
Time before flowering, days 0.47 0.36 0.55 0.06 0.21 
Pods per plant, pcs. 0.45 0.78 0.16 0.12 0.17 
Plant dry weight with seeds and roots, g 0.69 0.55 0.24 0.08 0.20 
Seeds per plant, g 0.32 0.77 0.21 0.03 0.20 
Straw yield, kg/ha 0.81 0.32 0.19 0.19 0.11 
Harvest index, % 0.56 0.40 0.07 0.19 0.18 
Seeds per plant, pcs. -0.53 0.72 0.21 0.13 0.18 
Fraction of total dispersion, % 30.00 22.00 10.40 8.80 7.50 
Cumulative dispersion, % 30.00 52.00 62.40 71.40 78.90 

 

Factor 2 (F2 — 22.0 % of the variance) can be called a factor of poten-
tial seed production. It shows a consistent change in pods per plant, the dry 
weight of a plant with seeds, the seed number and weight per plant, and the du-
ration of the shooting-flowering period. Factor 3 (F3 — 10.4 % dispersion) 
grouped flower color, sprouting-ripening period, and seed type. It can be condi-
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tionally called a factor that reveals the differentiation of samples according to the 
type of seeds (desi, kabuli). Factor 4 (F4 — 8.8 % of dispersion) combined the 
flowering period with the shooting-flowering period and the height of attachment 
of the lower pod with a negative relationship of these traits. In factor 5 (F5 — 
7.5 % dispersion), the growth habit (erect or compact plants) and the height 
(length) of the plant were negatively associated (that is, for compact plant habi-
tus the length of the main shoot is less than that for spreading or prostrate ones). 

Figure 1 shows the location of the samples in the space of the first two 
factors. The samples from Turkey were distributed for the most part of the dia-
gram area, since they are characterized by various combinations of traits. The 
samples from Ethiopia, except one, were concentrated in the left upper part and 
in the middle zones. Obviously, the Ethiopian local varieties are much less diverse. 
 

 

Fig. 1. Distribution of Turkish () and 
Ethiopic () chickpea samples from the 
VIR collection (N.I. Vavilov All-Russian 
Institute of Plant Genetic Resources) in 
the space of the first two factors: desi 
and kabuli are the types of seeds (Syria, 
2002- 2005). 
 

A step-by-step discrimi-
nant analysis was performed to 
identify characteristics that divide 
local varieties into groups of 
origin. As a result, four most sig-
nificant traits were identified: spp 
(seeds per plant), hlp (the height 
of the lower pod attachment), syld 

(seed yield per pant) and grh (growth habit). The distribution of the samples in 
the space of the canonical axes is shown in the graph (Fig. 2). The arrangement 
of the samples turned out to be similar to their distribution in the factor space. 
In the left part of the graph there are early maturing unproductive samples with 
dark seeds, a larger seed number per plant and a low attachment height of the 
first pod (predominantly Ethiopian forms), in the right part there are late matur-
ing, productive plants with light seeds, a comparatively low number of seeds per 
plant and high attachment of the lower pod (mostly Turkish forms). 

 

 

Fig. 2. The distribution of Turkish () 
and Ethiopic () chickpea samples from 
the VIR collection (N.I. Vavilov All-
Russian Institute of Plant Genetic Re-
sources) in the space of the first two 
factors: in the space of the canonical axes 
Root1 and Root2 (Syria, 2002-2005). 
 

To expand our under-
standing of the variability of the 
relationship between the chick-
pea traits, correlative pleiades 
were constructed separately for 
each of the groups (24 Ethiopi-
an and 75 Turkish samples). In 
addition, for a more accurate and 

reliable comparison of the correlation structure in different samples from 75 
Turkish samples, a set of 24 samples was randomly selected. Analysis of correla-
tion pleiades revealed a much stronger conjugation between all the investigated 
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traits in the Ethiopian samples (Fig. 3, A). 
 

 
Fig. 3. Correlation structure between the traits of the studied chickpea samples from the VIR collection 
(N.I. Vavilov All-Russian Institute of Plant Genetic Resources): A — Ethiopian (24 samples), B — 
Turkish (75 samples), C — Turkish (24 samples) (Syria, 2002-2005). 
 

The strongest correlations were found for seed productivity and vegeta-
tion period (spp, ppp, dflr, dmat); hi, fdu and syld (harvest index, duration of 
flowering and seed productivity) were close to these traits. The traits of plant 
growth character (hlp, ptht, styld) formed the second pleiade, and the separation 
of these two groups is relatively arbitrary, since they are related by a strong nega-
tive correlation through the pod number per plant (ppp). Thus, tall samples with 
a high pod attachment from Ethiopia differed from the rest because of a small 
number of pods and seeds and short sprouting-flowering and sprouting-maturing 
periods. A separate pleiade was formed by the characteristics of the seeds type 
and the color of flowers (styp, fgc). This pleiade through the width of plant pro-
jection (prostration) (caw) was associated with a pleiade of plant growth traits. 
For example, plants with dark-colored seeds and blue flowers are characterized 
by a protruding bush shape. An independent trait for the Ethiopian samples was 
the plant shape type (grh). It should be noted that the harvest index (hi), the 
duration of the vegetation period (dmat) and a number of other traits were inter-

related with different pleiades. 
In the samples from Turkey, due to their greater diversi-

ty, the strength of the correlation between the traits was signifi-
cantly lower (see Fig. 3, B, C). As can be seen from the figures, a decrease in 
the number of samples in sets affected the strength of the relationship between 
the traits and had little effect on the correlation structure of pleiades. For most 
links with correlation coefficients from 0.4 to 0.5, the r values decreased, which 
confirmed the well-known rule of decreasing the correlation degree between the 
traits when the sample size reduced [18]. However, the correlations between 
some traits have intensified (fgc and dmat, dflr and fdu, hlp and ptht, hlp and 
grh). 

The three correlation pleiades found in all sample sets seem to be more 

the  

B C 
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characteristic of the species as a whole and are more stable in the cultivated 
chickpea in general. These are the pleiades of the pod number and seed num-
ber per plant (ppp, spp), the color of generative organs (styp, fgc), the plant 
weight and seed weight per plant (byld, syld). The correlations structure in the 
Turkish samples, regardless of their size, turned out to be little similar to that 
of the samples from Ethiopia. It is obvious that in plants growing in different 
ecological and geographic conditions, specific interrelation systems are formed 
between the traits, reflecting the presence of different blocks of co-adapted 
genes and other integrated gene complexes that determine adaptation to a par-
ticular environment.  

As we noted earlier [11], both the primary and secondary origin centers 
have a sufficient degree of geographic traits proximity, which fully corresponds 
to the N.I. Vavilov’s theory [19] about the geographical patterns in the distribu-
tion of plant genes. In particular, this refers to the fineness and relatively smaller 
organ size of plants in the eastern (Indian and adjacent) areas and their larger 
sizes in the Mediterranean. 

Chickpea plants from Ethiopia are low; they have small dark seeds of 
desi type, that is, posses the traits determined by dominant genes. The same reg-
ularities were noted by N.I. Vavilov for other crops from this center of origin, 
including legumes, Lens esculentum Moench, Pisum sativum L. and Lathyrus sa-
tivus L. Meanwhile, west of Ethiopia in the Mediterranean region, plants and 
their seeds become much larger, flowers and seeds are lighter, that N.I. Vavilov 
explained by “the loss of dominant genes and the accumulation of recessive 
forms” [19, p. 415]. 

 The relatively narrow limits of the phenotypic traits variation found in 
the Ethiopian samples, revealed by us, are also confirmed by modern molecular 
genetic data [20]. 

Given that 96 % of the Ethiopian samples had the desi seed type, then 
the Turkish samples had a ratio of the desi and kabul seed type of 43 %:57 % 
and were predominantly light. The maturation period in the Turkish samples was 
about 7 days longer than in the Ethiopian samples (see Table 2). At the same 
time, the limits of this trait variability in the Turkish varieties were much wider 
than those of the Ethiopian samples. 

In our previous paper [11], we discussed the reasons for the uniformity 
of Ethiopian samples and explained this by the country’s apparent isolation for a 
long time, its distance from trade routes and the limited international contacts. 
Moreover, in Ethiopia, even at the beginning of the twentieth century, agricul-
ture had a primitive character [21]. All Ethiopian samples preserved in the VIR 
collection (except one) are classified as an Abyssinian ecogeographic group, 
poorly differentiated and absolutely unique and endemic for Ethiopia [22]. 

The Turkish group of old local varieties exhibits almost the entire range 
of traits indicated in the chickpea descriptors, and is characterized by medium-
sized vegetative organs, large seeds, and high plant productivity. Modern studies 
with AFLP-markers (amplified fragment length polymorphism) also show a rela-
tively high variety of Turkish chickpeas [23]. Among the samples collected by 
P.M. Zhukovsky in Turkey, there were representatives of three ecogeographical 
groups of varieties: actually Turkish, Spanish and Afghan [24]. That is, by the 
beginning of the 20th century Turkey had varieties inherent in both the western 
and eastern Mediterranean, including varieties from areas close to Central and 
Central Asia, namely, from Iran and Afghanistan. In addition, it was noted that 
already in those days the crops cultivated in Turkey showed visible traits of an-
cient breeding [25]. The results of our factorial and discriminant analysis showed 
an obvious tendency to improve agronomic traits in Turkish local varieties com-
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pared to the more primitive Ethiopian varieties, which raises the question of the 
possibility to deem the Ethiopian center as more ancient. This issue has already 
been discussed by VIR botanists [24, 26] and requires a separate review. 

So, old local varieties of chickpeas from their origin centers preserved in 
the VIR collection have traits that reveal their ecological and geographical differ-
entiation, which is in full accordance with the theory of N.I. Vavilov about the 
geographical patterns in the distribution of plant genes. Morphological, phenologi-
cal and agronomic traits of chickpea from the primary (Turkey) and secondary 
(Ethiopia) origin centers reveal a small variety and primitiveness of Ethiopian 
samples, while the phenotypes from Turkey are characterized by great diversity 
and possess traces of agronomic improvement. The structure of the trait relation-
ships in the samples from two origin centers is not very similar. It is obvious that 
in plants growing in different ecological and geographical conditions, specific 
likage systems between the traits are formed, reflecting the presence of different 
blocks of co-adapted genes and other integrated gene complexes that determine 
adaptation to a particular environment. Currently, local varieties of chickpeas 
from both centers of origin and diversity may be valuable in breeding for early 
ripeness (Ethiopian samples), high productivity, large seed size, and high plants 
(Turkish samples). 
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