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Field Evaluation and Diversity of 238 Global Chickpea (Cicer arietinum L.)
Genotypes Grown in South-East Kazakhstan

A three-year field evaluation was conducted to assess the agronomic performance, trait associations, and di-
versity of 238 chickpea (Cicer arietinum L.) genotypes from a global collection cultivated under the semi-
arid conditions of South-East Kazakhstan. The trials, carried out across three growing seasons, recorded sig-
nificant variation for plant height (PH), height to lowest pod (HLP), number of lateral branches (NLB), num-
ber of seeds per plant (NSP), yield per plant (YP), and thousand-seed weight (TSW). Analysis of variance re-
vealed significant effects of genotype origin, seed type, and year for several traits, with strong genotype x en-
vironment interactions. Correlation analysis showed that YP was strongly and positively associated with
TSW (r = 0.605) and moderately with NSP (r = 0.530), while NSP and TSW were negatively correlated, indi-
cating a trade-off between seed size and seed number. Principal component analysis (PCA) revealed that the
genotypes originating from the Middle East and Africa were primarily grouped with higher values for yield
per plant (YP) and thousand-seed weight (TSW), whereas South Asian germplasm showed wide phenotypic
dispersion, reflecting their broad variability. Kabulitype of chickpea seeds showed a strong association with
yield-related traits, while Desi types revealed greater variability and a weaker association with seed size. A
total of 24 perspective genotypes, such as ICC456, ICC637, ICC1392, ICC2065, ICC3362, and 1CC3410,
were identified as valuable candidates for breeding aimed at improving productivity and adaptability of
chickpea in South-East Kazakhstan. Overall, these results enhance understanding of the diversity and interre-
lationships of agronomic traits in global chickpea germplasm and emphasize the breeding potential of select-
ed genotypes for semi-arid regions.
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Introduction

Chickpea (Cicer arietinum L.) is one of the important legume crop, widely grown in arid and semi-arid
regions due to its adaptability, nutritional value, and contribution to sustainable agriculture. Globally, chick-
pea occupies approximately 14.8 million hectares, with an annual production exceeding 15 million tons and
an average yield of 1.01 t ha™ in 2020 — considerably below the potential yield of up to 6 t ha™ under opti-
mal conditions [1]. As a member of the founder crops of the Fertile Crescent, chickpea was domesticated
together with lentil (Lens culinaris) and pea (Pisum sativum) and has since spread across South Asia, the
Middle East, Africa, and the Mediterranean basin, where it remains a crucial dietary protein source [2, 3].

Kazakhstan encompasses diverse agroecological zones, many of which are characterized by arid or
semi-arid climates, low and variable precipitation, and temperature extremes. Agricultural production in the-
se environments is constrained by drought stress, short growing seasons in the north, and high summer tem-
peratures in the south [4]. Chickpea, with its deep root system, moderate water requirement, and ability to fix
atmospheric nitrogen through symbiosis with Rhizobium spp., is well suited to these conditions and has the
potential to enhance the resilience of cropping systems [5].

From an agronomic perspective, chickpea serves as a valuable rotational crop in cereal-based systems,
improving soil fertility, disrupting pest and disease cycles, and enhancing sustainability [6, 7]. Economically,
the rising global demand for both desi and kabuli types, particularly in South Asia, the Middle East, and ex-
panding European markets, presents opportunities for Kazakhstan to strengthen its domestic production and
explore export potential [1]. Nutritionally, chickpeas provide 18-24 % protein, complex carbohydrates, es-
sential amino acids, minerals such as iron and zinc, and vitamins, making them a key crop for addressing
food and nutrition security challenges [8, 9].

Although chickpea is a relatively recent introduction into Kazakhstan’s cropping systems, research ef-
forts over the past decade have advanced understanding of its adaptability and genetic potential under local
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conditions. For example, Khasanova et al. (2021) [10] identified high-performing genotypes such as ICC-
456, ICC-15697, and ICC-7272 under northern Kazakhstan environments, while Khasanova et al.
(2022) [11] highlighted drought-tolerant accessions with favorable yield components. Molecular studies have
also begun to support breeding programs: Mazkirat et al. (2023) [12] applied SSR (simple sequence repeat)
markers to identify marker—trait associations for yield-related traits, while Ansabayeva and
Akhmetbekova (2023) [13] demonstrated that biological inoculants (e.g., Baikal EM-1) enhanced yield sta-
bility under continental climatic conditions. Recent multi-location trials have identified elite cultivars with
yields up to 5.94 t ha™ under favorable management, underscoring the untapped potential of chickpea for
Kazakhstan [14].

Despite these advances, comprehensive multi-year evaluations of large, diverse chickpea germplasm
sets under Kazakhstan’s heterogeneous agroclimatic conditions remain limited. Most existing studies have
focused on northern environments, whereas the south-east region, characterized by warmer temperatures and
distinct rainfall patterns, has received less attention. Identifying genotypes with superior yield performance,
stable expression of key traits, and adaptability to such conditions is essential to broaden the genetic base of
breeding materials and accelerate cultivar development.

The present study was undertaken to address this gap. Specifically, we aimed to evaluate the agronomic
performance of 238 global chickpea genotypes across three consecutive growing seasons (2022—-2024) in
South-East Kazakhstan, assess correlations among yield and yield-related traits, and identify superior geno-
types with potential utility in breeding programs targeting resilience and productivity under Kazakhstan’s
semi-arid agroecological conditions.

Experimental

A total of 238 chickpea (Cicer arietinum L.) genotypes were evaluated, representing diverse geographic
origins including Africa (n = 26), Europe (n = 5), Latin America (n = 5), the Middle East (n = 94), and South
Asia (n = 108). The collection comprised accessions of different seed types, including kabuli, desi, and pea-
shaped forms, consistent with earlier global chickpea diversity assessments [15-17].Whole collection acces-
sions were evaluated over three growing seasons (2022, 2023, and 2024)at the experimental site of LLP
“Kazakh Research Institute of Agriculture and Plant Growing” (KRIAPG). Each trial was conducted in a
randomized complete block design with three replications. Standard agronomic practices were followed for
chickpea cultivation in each season. Traits measured: PH — Plant height (cm); HLP — Height to lowest
pod (cm); NLB — Number of lateral branches (count); NSP — Number of seeds per plant (count); YP —
Yield per plant (g); TSW — Thousand-seed weight (g).

Descriptive statistics (mean, maximum, minimum, standard deviation, and coefficient of variation) were
calculated to assess the extent of phenotypic variation within and across geographic groups. Trait correla-
tions were estimated using Pearson’s correlation coefficient, and significance levels were determined at p <
0.05, p<0.01, and p <0.001 [18].

Analysis of variance (ANOVA) was performed using a mixed linear model to partition the effects of
origin, seed type, and year, as well as their interactions, on each trait. Significance was assessed using F-
tests, and post hoc comparisons were conducted where appropriate.

Multivariate analysis of trait variation was carried out using principal component analysis (PCA) to re-
duce dimensionality and detect patterns among traits and accessions [19]. PCA biplots were generated to
visualize relationships among traits and the distribution of accessions by geographic origin and seed type,
following approaches previously applied in chickpea germplasm studies.

All statistical analyses were conducted in R softwarep [20], using packages stats, ggplot2, and
factoextra for data analysis and visualization.

Results and Discussion

Trait Variability Across Growing Seasons

The evaluation of 238 global chickpea genotypes revealed substantial variation in agronomic traits
across different regions of origin (Table 1). Mean PH ranged from 29.05 cm in European accessions to
32.91 cm in those from the Middle East, with the tallest individual plant recorded in the Middle East group
(46.02 cm). The HLP varied between 16.68 cm (Europe) and 18.41 cm (Middle East), with coefficients of
variation (CV) generally exceeding 15 %, indicating moderate variability. The NLB per plant was highest in
Middle Eastern accessions (mean 2.25) and lowest in Europe (mean 2.01), while the NSP ranged from 17.08
in European lines to 21.05 in Latin American lines, with the maximum value (32.48) also observed in Middle
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Eastern germplasm. YP showed a similar trend, with the highest mean recorded in Latin America (4.43 g)
and the highest individual yield in Middle Eastern lines (7.75 g).

Table 1
Descriptive statistics for agronomic traits of 238 global chickpea genotypes from five geographic origins
Traits | Max Min Mean SD CV (%)
Africa
Plant height (cm) 36.167 25.090 30.790 3.069 9.969
Height to lowest pod (cm) 23.623 12.300 17.020 2.929 17.211
NLB — Number of lateral branches (count) 2.533 1.523 2.078 0.275 13.228
Number of seeds per plant (count) 28.667 13.450 19.043 3.377 17.734
YP — Yield per plant (g) 6.412 2.225 3.720 1.129 30.338
TSW — Thousand-seed weight (g)
Europe
Plant height (cm) 39.943 23.067 29.053 6.479 22.299
Height to lowest pod (cm) 21.023 14.133 16.677 2.599 15.585
NLB — Number of lateral branches (count) 2.577 1.523 2.007 0.477 23.789
Number of seeds per plant (count) 20.710 13.610 17.075 2.778 16.268
YP — Yield per plant (g) 4.661 2.161 3.202 1.077 33.640
TSW — Thousand-seed weight (g) 268.033 110.667 155.500 65.086 41.856
Latin America
Plant height (cm) 39.477 25.333 30.189 6.344 21.014
Height to lowest pod (cm) 23.210 13.100 17.024 4,537 26.650
NLB — Number of lateral branches (count) 2.777 2.123 2431 0.260 10.692
Number of seeds per plant (count) 24.800 17.683 21.045 2.555 12.142
YP — Yield per plant (g) 5.727 3.587 4.425 0.974 22.007
TSW — Thousand-seed weight (g) 272.050 119.983 166.637 60.715 36.436
Middle East
Plant height (cm) 46.022 20.300 32.906 4577 13.910
Height to lowest pod (cm) 26.743 11.567 18.410 3.269 17.758
NLB — Number of lateral branches (count) 3.357 1.410 2.250 0.346 15.382
Number of seeds per plant (count) 32.477 11.543 19.025 4.384 23.044
YP — Yield per plant (g) 7.753 1.892 4.074 1.086 26.646
TSW — Thousand-seed weight (g) 329.433 98.017 168.612 56.273 33.374
SouthAsia
Plant height (cm) 42.007 20.500 30.574 4.438 14.515
Height to lowest pod (cm) 27.067 11.800 17.503 3.077 17.580
NLB — Number of lateral branches (count) 3.057 1.333 2.174 0.316 14.534
Number of seeds per plant (count) 31.823 11.065 19.438 4,760 24.487
YP — Yield per plant (g) 7.550 1.713 3.963 1.014 25.591
TSW — Thousand-seed weight (g) 309.350 98.767 161.850 45,121 27.878
Total

Plant height (cm) 46.022 20.300 31.479 4.570 14,518
Height to lowest pod (cm) 27.067 11.567 17.781 3.183 17.898
NLB — Number of lateral branches (count) 3.357 1.333 2.196 0.331 15.097
Number of seeds per plant (count) 32.477 11.065 19.216 4.407 22.934
YP — Yield per plant (g) 7.753 1.713 3.974 1.061 26.686
TSW — Thousand-seed weight (g) 329.433 98.017 163.895 51.071 31.161

Note. Max — maximum observed value; Min — minimum observed value; Mean — arithmetic average; SD — standard deviation;
CV — coefficient of variation

TSW exhibited the largest variability among traits, with values ranging from 98.02 g to 329.43 g. The
heaviest seeds were found in Middle Eastern genotypes (mean 168.61 g), followed by Latin American lines
(166.64 g), whereas European accessions had the lowest mean TSW (155.50 g). Overall, the combined da-
taset across all origins showed a mean plant height of 31.48 cm, height to the lowest pod of 17.78 cm, two
lateral branches per plant on average, and a yield per plant of 3.97 g. These results highlight that Middle
Eastern and Latin American germplasm tend to possess superior yield-related traits, whereas European and
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African lines may contribute to diversity in plant architecture. The observed variability suggests ample op-
portunities for selecting promising genotypes for breeding programs targeting high yield and desirable mor-
phological attributes under South-East Kazakhstan’s agro-climatic conditions.

Pearson correlation analysis explored relationships among traits, averaged across years (Fig. 3). A
strong, highly significant positive correlation was observed between PH and HLP (r = 0.866; p<0.001), indi-
cating a very close association where an increase in one trait is strongly linked to an increase in the other.
Another strong positive correlation was observed between TSW and YP (r = 0.605; p<0.001), indicating that
plants with larger seeds tend to produce higher yields.
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Figure 1. Correlation analysis of agronomic traits.
PH — plant height; HLP — height to lowest pod; NLB — number of lateral branches;
NSP — number of seeds per plant; YP — yield per plant; TSW — thousand seed weight

Moderate positive correlations were identified between NSP and YP (r = 0.530; p<0.001) and between
PH and YP (r = 0.390; p<0.001). These suggest that while the number of seeds per pod and plant height are
significantly associated with yield, their influence is less pronounced than that of thousand seed weight.

A weak but statistically significant positive correlation was noted for HLP and NLB (r = 0.263;
p<0.001) and HLP and YP (r = 0.298; p<0.001). The weak negative correlation between NSP and TSW (r = -
0.183; p<0.01) is also statistically significant, suggesting that there is a slight, inverse relationship between
the number of seeds and their weight.

Multivariate Analysis of Accession Diversity

The analysis of variance revealed distinct effects of origin, type, and year, as well as their interactions,
on several agronomic traits of the 238 chickpea genotypes evaluated (Table 2). For plant height (PH), signif-
icant main effects were detected for origin (F = 4.291, p = 0.00195), type (F = 5.203, p = 0.00572), and year
(F = 16.538, p < 0.001), along with a significant origin x type interaction (F = 3.363, p = 0.00522). Other
interaction terms were not significant. Similarly, height to lowest pod (HLP) was significantly influenced by
origin (F = 2.575, p = 0.03657), type (F = 5.720, p = 0.00344), and origin x type interaction (F = 2.449,
p = 0.03262), whereas year and higher-order interactions were not significant.
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Table 2
ANOVA for agronomic traits of 238 global chickpea genotypes evaluated in South-East Kazakhstan

Traits | Df | Ss | MS | F | P value

PH
Origin 4 990 2475 4,291 0,00195**
Type 2 600 300,1 5,203 0,00572**
Year 1 954 953,8 16,538 5,32E-05***
Origin: Type 5 970 193,9 3,363 0,00522**
Origin: Year 4 39 9,9 0,171 0,95317
Type: Year 2 30 14,8 0,257 0,77374
Origin: Type: Year 5 137 27,4 0,474 0,79556
Residuals 690 39794 57,7

HLP
Origin 4 209 52,13 2,575 0,03657*
Type 2 232 115,78 5,72 0,00344**
Year 1 5 5,34 0,264 0,60779
Origin: Type 5 248 49,56 2,449 0,03262*
Origin: Year 4 21 5,17 0,255 0,90638
Type: Year 2 12 5,81 0,287 0,75045
Origin: Type: Year 5 19 3,77 0,186 0,96775
Residuals 690 13966 20,24

NLB
Origin 4 3,34 0,83 2,064 0,0839
Type 2 0,57 0,28 0,7 0,4969
Year 1 173,97 173,97 430,116 <2e-16***
Origin: Type 5 2,75 0,55 1,362 0,2367
Origin: Year 4 1,01 0,25 0,625 0,6445
Type: Year 2 0,34 0,17 0,421 0,6565
Origin: Type: Year 5 2,59 0,52 1,281 0,2701
Residuals 686 277,47 0,4

NSP
Origin 4 154 38,6 0,474 0,755
Type 2 111 55,5 0,681 0,507
Year 1 2401 2401,1 29,465 7,92E-08***
Origin: Type 5 187 37,5 0,46 0,806
Origin: Year 4 206 51,4 0,631 0,641
Type: Year 2 319 159,4 1,956 0,142
Origin: Type: Year 5 148 29,5 0,362 0,874
Residuals 683 55659 81,5

YP
Origin 4 18,5 4,634 1,214 0,30367
Type 2 41,1 20,54 5,379 0,00481**
Year 1 0 0,022 0,006 0,93982
Origin: Type 5 18,2 3,641 0,953 0,4457
Origin: Year 4 12 2,99 0,783 0,53635
Type: Year 2 14,9 7,436 1,947 0,14344
Origin: Type: Year 5 10,1 2,012 0,527 0,75607
Residuals 683 2607,9 3,818

TSW
Origin 4 12956 3239 1,197 0,3109
Type 2 223030 111515 41,201 2,00E-16***
Year 1 102627 102627 37,918 1,26E-09***
Origin: Type 5 30225 6045 2,233 0,0494*
Origin: Year 4 1121 280 0,104 0,9813
Type: Year 2 12157 6079 2,246 0,1066
Origin: Type: Year 5 1919 384 0,142 0,9824
Residuals 686 1856715 2707

Note. PH — plant height; HLP — height to lowest pod; NLB — number of lateral branches; NSP — number of seeds per plant;
YP — vyield per plant; TSW — thousand seed weight. Df — degrees of freedom; SS — sum of squares; MS — mean square;
F — F-statistic; P value — significance level. * — P< 0.05, ** — P< 0.01, *** — P < 0.001
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For the number of lateral branches (NLB), year exerted a highly significant effect (F = 430.116,
p < 0.001), but origin and type had no significant main or interaction effects. A similar pattern was observed
for the number of seeds per plant (NSP), with year showing a strong effect (F = 29.465, p < 0.001), while
origin, type, and their interactions were non-significant.

In terms of grain yield per plant (YP), type was the only factor with a significant main effect (F = 5.379,
p = 0.00481), whereas origin, year, and all interaction terms were non-significant. In contrast, thousand seed
weight (TSW) showed highly significant effects of type (F = 41.201, p < 0.001) and year (F = 37.918,
p < 0.001), as well as a weaker but significant origin x type interaction (F = 2.233, p = 0.0494). No other
interactions were significant for TSW.

Differences by Origin and Type

Principal component analysis (PCA) with origin groups revealed that the first two principal components
(PC1 and PC2) collectively explained 72.1 % of the total phenotypic variation among chickpea genotypes
(Fig. 2). PC1 accounted for 45.7 % of the variance and was positively associated with YP, TSW, and PH,
whereas PC2, explaining 26.4 % of the variance, was positively correlated with NSP and NLB.

PCA - Biplot
4 e« NSP
. @ A
Groups
;@ Africa
; 9{% Europe
% B Latin_America
O A Viddle_East
@ South_Asia

25 0.0 25
PC1 (45.7%)

Figure 2. PCA showing the distribution of accessions from different origin groups based on six agronomic traits.
PH — plant height; HLP — height to lowest pod; NLB — number of lateral branches;
NSP — number of seeds per plant; YP — yield per plant; TSW — thousand seed weight

The PCA showed that chickpea accessions were partly separated by their origin. Genotypes from Africa
and the Middle East were mainly grouped on the positive side of PC1, reflecting their higher YPand TSW.
European genotypes clustered on the negative side of PC1, corresponding to lower performance for these
traits. Latin American accessions occupied an intermediate position, representing average trait values, while
South Asian accessions were widely scattered across both components, highlighting their high genetic and
phenotypic diversity. Analysis of trait relationships further indicated that YP, TSW, and PH were positively
associated, whereas HLP was negatively correlated with these yield components.

Principal component analysis (PCA) indicated that the first two principal components (PC1 and PC2)
together explained 72.1 % of the total phenotypic variation among chickpea accessions (Fig. 3). PC1, which
accounted for 45.7 % of the variance, was positively associated with yield potential (YP), thousand-seed
weight (TSW), and plant height (PH).
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Figure 2. PCA showing the distribution of accessions from different seed types based on six agronomic traits.
PH — plant height; HLP — height to lowest pod; NLB — number of lateral branches;
NSP — number of seeds per plant; YP — yield per plant; TSW — thousand seed weight

PC2, explaining 26.4 % of the variance, was positively correlated with the number of pods per plant
(NSP) and number of lateral branches (NLB). The PCA biplot revealed a distinct separation among the three
seed types. Kabuli accessions (blue triangles) were predominantly located on the positive side of PC1, re-
flecting higher YP and TSW values. Desi accessions (green circles) were more widely dispersed, occupying
mainly the negative and central regions of PC1, suggesting lower association with yield-related traits and
greater genetic variability. Pea-shaped accessions (purple diamonds) were sparsely distributed without a
clear clustering pattern, likely due to the limited number of samples.

Discussion

The present multi-year evaluation of 238 chickpea genotypes from diverse global origins under South-
East Kazakhstan’s semi-arid conditions revealed substantial variability in agronomic traits, emphasizing the
richness of genetic diversity within the tested collection. Such diversity is critical for broadening the genetic
base of local chickpea breeding programs, which remain relatively narrow compared to major chickpea-
growing regions [21, 22]. The significant main effects of genotype origin and seed type on PH, HLP and
TSW demonstrate that both genetic background and seed morphology strongly influence performance under
local environments. Conversely, strong year effects for NLB and NSP highlight the impact of annual climatic
variation on yield-related traits, a finding consistent with other multi-environment studies in chickpea [23, 24].

The strong positive association between YP and TSW (r = 0.605) indicates that larger-seeded geno-
types, particularly kabuli types, represent promising candidates for yield improvement in South-East Ka-
zakhstan. This is in line with earlier findings that seed size is one of the primary determinants of market-
preferred yield gains [25, 26]. The moderate correlation between YP and NSP (r = 0.530) suggests that in-
creasing seed number can also contribute to yield gains, although the negative correlation between NSP and
TSW reflects a well-known trade-off between seed size and seed number in grain legumes [27]. Thus, breed-
ing strategies should seek to optimize both traits, potentially through ideotype-based selection or marker-
assisted introgression of favorable alleles.

PCAprovided further insights into the structuring of diversity. Accessions from the Middle East and Af-
rica clustered toward higher yield-related traits, supporting their utility as donor parents for productivity im-
provement. This agrees with the historical role of the Fertile Crescent and surrounding regions as hotspots of
chickpea diversity [17]. In contrast, European accessions generally exhibited lower yield potential but may
serve as sources of unique alleles for plant architecture or phenology. Latin American genotypes showed in-
termediate performance, whereas South Asian lines displayed wide dispersion, reflecting both the high ge-
netic variability and broad adaptation of germplasm from this major chickpea-growing region [28]. The dif-
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ferentiation of kabuli and desi types in the PCA biplot underscores their distinct breeding potential, with
kabuli types aligning more strongly with yield-related traits.

Importantly, the identification of 24 superior genotypes across years, including ICC456, 1CC637,
ICC1392, ICC2065, ICC3362, and ICC3410, provides valuable immediate resources for chickpea improve-
ment in Kazakhstan. Their consistent performance under variable seasonal conditions suggests they possess
both yield potential and adaptability. Integrating these genotypes into local breeding programs can enhance
productivity and stability under semi-arid environments, where water limitation and temperature stress are
key challenges [29].

Conclusion

This study demonstrated that substantial genetic variation exists among 238 chickpea genotypes when
cultivated under South-East Kazakhstan conditions. Yield potential was strongly linked to seed size and
moderately to seed number, indicating that these traits should be key targets in future breeding programs.
PCA and ANOVA analyses confirmed that geographic origin and seed type play an important role in im-
proving agronomic traits, while strong year-to-year variation underlines the need for multi-season testing of
genotypes.

Identified high-yielding and stable genotypes from the Middle East and Africa, offering valuable
sources to expand the genetic base of local breeding programs. Kabuli types stood out for their close associa-
tion with yield components, making them especially promising for yield improvement. The 24 perpective
lines identified in this study represent an important resource for developing chickpea cultivars with improved
productivity and resilience in the semi-arid regions of Kazakhstan.
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Field Evaluation and Diversity...

A K. 3ateibekoB, A.H. Emenramuesa, I1I.H. Onyap6ek, M.C. Kynaii6epreHos,
E.K. Typycnekos, C.11. AGyranuesa

Ka3zakcTaHHBIH OHTYCTIK-IIBIFBICHIHAA OCipliireH 238 dj1eMIik HOKAT
(Cicer arietinum L.) reHoTHNTEPiH AaNAJNBIK 6aFajiay ’KoHe dPTYPJILIiri

KaszaxkcTaHHBIH OHTYCTIK-IIBIFBICHIHBIH KapPThUIAl MIOIEHTTI XKaFAalbIHAA 6CIPUIETIH JJIEMIIK KOJICKIUAIaH
238 wnokar reHorumiHiH (Cicer arietinum L.) arpoHOMHSUIBIK KOPCETKIiIUTEpiHEe, CHIIaTTaMaaapbIHBIH
OaiiIaHBICBIHA JKOHE SPTYPIILIIriH Oaramay YIIiH YII XKBUIIBIK Jajla 3epTTeyi KYpri3iiai. YII BereTamusuibK
MayChIM/Ia )KYPTi3UIreH ChIHAaKTap ociMIiKTiH OuikTiri (OB), Temenri OypmrakTeig Gekitiny ouikriri (TBBB),
oy#ipinix O6yrakrapasH canbl (BBC), ecimmixreri 6ypmax cansl (©BC), eciMaik eHiMainiri (©0) xene 1000
TyYKbIMHBIH canMarbl (MTC) OoiiblHIIa afTapibIKTail ©3TeprilTiKTi aHBIKTaAbl. JlMCHEpCHSsUIBIK Tangay
OipHemie Oenrinep OOWBIHIIA T'€HOTUNTIH IUBIFY TETiHIH, IOH TYPiHIH JXOHE JXBUIABIH MAaHbBI3IbUIBIFBIH
KOpCeTTi, COHIali-aK TeHOTHUI X KOpIIaraH OpTa BIKHAJAAPbIHBIH KYLITI 9CEPiH aHBIKTaAbl. Koppemsmusisik
tangay ©0 men MTC apaceinaa Kymri xoHe oH Koppemiuus (r = 0,605) sxone OBC men MTC apaceiHna
oprama oH koppemauus (r = 0,530) Oap exeHin kepcerti, an OBbC-me Tepic KOppesuns aHBIKTAIABL, Oy
JIOHHIH KeJIeMi MeH CaHBI apachlH/a epeKuIenikTep 6ap ekeHiH kepcereai. Herisri kommoHeHTTep i Tanayaa
QJIFAIIKBl €Ki KOMIIOHEHTTIH Kalnbl BapHalusHbIH 72,1%-b1H TyciHgiperiHiH kepcerrti: Tasy IlIbFpic meH
Adpuka enmepiHeH ajblHFaH yiriaep jxorapsl ©O jxoHe MTC MoHzAepiHE TONTACTBIPBUIIBI, al OHTYCTIK
A3usiiaH KeNreH TeHOTHNTep KeH (EHOTHNTIK TUCHepCHsMeH cumarTaiasl. KaOymu TwIl skaimel eHIMIUTIK
OenrinepiMeH OalmaHBICTBI OOJIBI, Al JAE3U-TUII TYKBIM OJIIEMiHiH YJIKEH ©3TepriTiriMeH ojci3
OalmaHBICTBI KepceTTi. Ka3aKkCTaHHBIH OHTYCTIK-IUBIFBICH JKaFJaiiblHAA HOKATTBHIH OHIMIUIIrT MeH
OeitiMaenyiH apTThIpy YIIIH HEePCHEKTHBANBI CeNeKIMsUIbIK MaTtepuanasl ycbiHatein |CC456, 1CC637,
ICC1392, ICC2065, ICC3362 xone ICC3410 cusxTel 24 >KOFapbl ©HIMII el aHBIKTANAbl. AJBIHFAH
HOTW)KEJICP HOKATTBHIH OJEMIIK TIepMOIUIa3Machl OCNTiIepiHiH T'eHETHKAJBIK OpPTYPJIUIri MeH e3apa
GaiiIaHBICHl TypaJbl KYHABI aKapaT Oepei jKoHe skapThlUlai meeiiT ailMakrapra OaFbITTalFaH CeIeKIHSIIbIK
OarmapiaManap/a naianany yiliH TaHJIaFaH TCHOTHIITEPIiH dJICYCTiH KOPCETe .

Kinm coe30ep. HOKAT, QNEMIIIK YATiIep, arpOHOMUSIIBIK Oenrisiep, kapThutail mesneittti Kazakcran.

A.K. 3areibekoB, A.H. Emenranuesa, lII.H. ©Onyapoex, M.C. Kynaiibeprenos,
E.K. Typycnekos, C.11. AGyranuesa

IHoneBasi oneHka U pasnoodpasue 238 MUPOBBIX T€HOTUIIOB HYT
(Cicerarietinum L.), Boipamennbix B FOro-Bocrounom Kazaxcrane

ITpoBeneHa TPEXJIETHAS MoJeBas OLEHKA arpOHOMHYECKUX MPU3HAKOB, MX B3aMMOCBS3el M pa3HOOOpasus
238 renorumnos Hyta (Cicerarietinum L.) u3 MUPOBO#l KOJUIEKIMH, BO3ICIBIBAEMbIX B MMOIY3aCyILUIHBBIX yC-
JOBHAX [0ro-Boctoka Kasaxcrana. VcnbiTanus, MpoBeAEHHBIE B TEUCHHE TPEX BETeTAI[MOHHBIX CE30HOB, BBI-
SIBHJIM 3HAYUTEIBHYIO BapuaOelbHOCTh MO BhIcoTe pacteHus (BP), BricoTe mpukperuieHus HipkHero 6o0a
(BITHB), unciy 6okoBeix Betseit (UBB), uncimy 60608 ¢ pacrenus (UBP), ypoxaitHoctu ¢ pactenus (YP) u
macce 1000 cemsn (MTC). JlucniepcHOHHBII aHAIN3 MOKA3al JOCTOBEPHOE BIHSHUE TIPOUCXOKACHHS 00pas-
11, TUIAa CEMSH U TOJIa Ha Pl NPU3HAKOB, a TAKXKE BBISIBHJ BEIPA)KEHHBIE B3aMMOACIHCTBHS TEHOTHUIT X Cpefa.
KoppemnsiunoHHBIN aHaIN3 NPOJEMOHCTPUPOBA CUIIBHYIO HOJOXKUTENbHYIO cBsi3b YP ¢ MTC (r = 0,605) u
ymepenHyto — ¢ UBP (r = 0,530), Troraa kak mexxny UbP u MTC BbIsiBIeHa oTpULiaTeNnbHast KOPPEIALHs, OT-
pakaroImasi U3BECTHBIN KOMIPOMICC MEX/Iy pa3MepoM CeMsH M MX KOJIMYECTBOM. AHAJIN3 TJIABHBIX KOMIIO-
HEHT TI0Ka3a], 4TO IIePBbIC JBE KOMIOHEHTHI OOBsICHSIOT 72,1 % oOmel Bapmamum: oOpasmbl M3 CTpaH
Bmmxaero Boctoka n AQpHKH IpyNITHPOBAIIICE B CTOPOHY BbIcOkHX 3HaueHni YP u MTC, Torna xak reHo-
Turnsl 13 FOKHOM A3 XapaKTepru30BaliCh MIMPOKOH (eHoTHnuIeckoi nucnepcueid. Kabymm-tumn B memom
OBbUT aCCOLIMMPOBAH C YPOXKaMHBIMU MPU3HAKaMH, TOTa KaK AE€3U-THII JeMOHCTPUPOBA OOJBIIYI0 H3MEHYHU-
BOCTb M CJa0yI0 CBSI3b C pa3MepoM ceMsiH. Boinenensl 24 BBICOKONPOAYKTHBHBIE JTHKH, BKodas [CC456,
ICC637, ICC1392, ICC2065, ICC3362 u ICC3410, npencrapiisitonue NepcreKTUBHBIN CEIEKIIMOHHBIH MaTe-
pHaI 1l TOBBILIEHHST YPOXKAHHOCTH U aJjanTalMu HyTa B yCIOBHUSX I0oro-Boctoka Kazaxcrana. IlomyueHnsie
Pe3yabTaTH MPEAOCTABILIIOT IIEHHYI0 HH(POPMANUIO O TEHETHYECKOM Pa3HOOOpa3uy M B3aHMOCBS3H IIPU3Ha-
KOB MHPOBOH T'epMOIUIa3Mbl HyTa, a TaKKe IMOJIEPKUBAIOT IIOTEHINAT OTOOPAaHHBIX TEHOTHIIOB JUISl HCTIONb-
30BaHUS B CEJICKIMOHHBIX MPOrpaMMax, OPHCHTHPOBAHHBIX Ha MOTy3aCyILINBBIE PETHOHBI.

Kniouesvie cnosa: HYT, MUpOBasi KOJUICKIIUA, CEIbCKOXO03SICTBEHHBIE IIpU3HAKHU, HOJIy3aCyHIJIHBBIﬁ Kazax-
CTaH.
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