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Introduction

Chickpea (Cicer arietinum
cultivated in regions where , chickpea is traditionally
grown in spring; however, etter utilization of winter

precipitation, earlier crop ?a i er dryland conditions. The
a

g systems and is widely

major limitation to the
occurrence of low ?i tutes durin i Therefore, the identification and utilization

lerant ge eveloping cultivars suitable for autumn

in cold dryland enviro he objective of&his study was to evaluate the phenotypic
variation fo Kabuli chickpea landraces, estimate genetic parameters for
important traits identi enotypes for use in chickpea breeding programs.

Materials and Meth

In this study, 79 KabWlistype chickpea landraces from six provinces of western and northwestern Iran,
including East Azerbaijan,\WVest Azerbaijan, Ardabil, Kurdistan, Kermanshah, and Lorestan, were evaluated
along with the cold-tolerant§gheck ‘Ana’ and cold-sensitive check ‘ILC533’, comprising 81 genotypes in
total. Cold tolerance was assg8sed under both controlled and field conditions. Ten seeds of each genotype
were grown in each pot untilithe three-leaf stage. Plants were initially maintained at 20 °C, and the
temperature was then graduallyTeduced by 2 °C every 3 h until reaching -16 °C. Plants were maintained at
-16 °C for 2 h, followed by exposure to 4 °C for 24 h and subsequent recovery under greenhouse conditions.
The number of surviving plants before and after cold stress (PC1 and PC2, respectively) was recorded, and
survival percentage (SU) was calculated as SU =(PC2/PC1) x 100. Cold tolerance (CT) was evaluated using
a 1-9 scoring scale, with lower scores indicating greater tolerance. Electrolyte leakage index (ELI) was
measured as an indicator of membrane damage. Field evaluation was conducted under dryland conditions
during the 2024-2025 growing season. Plant height, days to flowering, days to maturity, 100-seed weight,
and grain yield were recorded. Data were analyzed using analysis of variance, genotypic and phenotypic
coefficients of variation (GCV and PCV), broad-sense heritability, genetic advance, and genetic advance as
a percentage of the mean. Correlation, principal component analysis (PCA), and cluster analyses were also
performed. Cluster analysis was based on squared Euclidean distance and Ward’s method.
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Results and Discussion

The results demonstrated substantial phenotypic variation among the evaluated chickpea genotypes for cold-
tolerance-related and agronomic traits. The overall means for survival percentage, electrolyte leakage index,
cold tolerance score, plant height, days to flowering, days to maturity, 100-seed weight, and grain yield
were 89.76%, 81.43%, 3.97, 43.40 cm, 159 days, 199 days, 33.79 g, and 712.6 kg ha™', respectively. The
considerable variation observed among genotypes indicates the presence of useful phenotypic diversity that
can be exploited in breeding and selection programs. The highest GCV and PCV values were observed for
cold tolerance, with values of 76.83% and 74.91%, respectively, followed by electrolyte leakage index, with
GCV and PCV values of 26.70% and 27.18%, respectively. In contrast, days to flowering and days to
maturity showed relatively lower variation. Broad-sense heritability was relatively high for the evaluated
traits, ranging from 44.87% for days to flowering to QG.KN electrolyteNleakage index. The highest

genetic advance as a percentage of the mean was obtained for olerance (146%)\followed by electrolyte
leakage index (53.13%), suggesting considerable scope for effetive selecti n these traits. Under
controlled cold-stress conditions, 10 genotypes were classified as suscepti erately tolerant, and

62 as tolerant. Field evaluation als§,demonstrated con5|derable differe pes in their
response to cold conditions, with 6 ge ifi ﬂaand 36 as
tolerant. Correlation analy5|s showed stro i its. Cold-

both traits were
t genotypes showing greater
nce score and electrolyte
ntage showed a positive
n provide complementary

negatively correlated wit
membrane injury general
leakage were also negatively
association with yield. The

criteria for screening, whllgﬁa
Principal component anal agronomic traits indicated that the first two
principal compon acc imately 67% of the total phenotypic variation, with about 44%
explaiged by PC1 a % by PC2. ival percentage, cold-tolerance score, grain
yield, -seed Welg and plant hei i entiation of genotypes in the PCA space.

1d response. Cluster analysis based on Ward’s method further
ir overall phenotypic similarity. In particular, genotypes G78 and
G79 were position Id-tolerant check ‘Ana’, indicating that these materials may warrant
further evaluation as p i ces of cold-tolerance-related variation.

Conclusions

The findings demonstrated c@msiderable phenotypic variation for cold tolerance and agronomic performance
among Kabuli chickpea landraees from western and northwestern Iran. The high heritability estimates and
relatively high genetic advancg@bserved for several traits, particularly survival percentage and electrolyte
leakage, indicate that these traits can be useful for selection. The strong relationships among survival
percentage, electrolyte leakage, cold-tolerance score, and grain yield further support the use of multiple
complementary traits for identifying superior genotypes. The tolerant landraces identified in this study
represent valuable genetic resources for chickpea improvement and may contribute to the development of
cultivars adapted to autumn sowing in cold dryland environments.
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Table 1. Number and origin of the chickpea landraces evaluated in the study
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Table 2) Scoring of cold tolerance in chickpea plant under cold stress
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Table 3. Meteorological data for the 2024-2025 growing season at the Dryland Agricultural Research Station,

Maragheh
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Table 4. Analysis of variance for cold-tolerance traits among 81 chickpea genotypes under controlled conditions
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Mean of Squares

1. Broad-sense heritability
2. Genetic Advance: GA
3. Genetic Advance as Percentage of Mean: GAM
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Table 5. Mean comparison of physiological traits of chickpea genotypes under cold stress (controlled

conditions)
PELy
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3 G3 7 45 75.35a A\ 88 37.199-k
4 G4 4 85 41.92fgh 45 \ 90 36.10h-k
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10 3 3 88 37.19g-k
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19 G19 34.192ijk 60 G60 3 91 34.192ijk
20 G20 69.26b 61 G61 7 49 69.26b
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30 G30 4 85 40.97f-i 71 G71 4 85 41.92fgh
31 G31 4 85 41.33fgh 72 G72 3 93 33.27k
32 G32 3 90 38.560-k 73 G73 4 84 42.19fgh
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34 G34 3 88 37.789-k 75 G75 5 67 51.17d
35 G35 5 70 53.03d 76 G76 4 84 46.47ef
36 G36 4 84 46.47ef 77 G77 3 88 37.199-k
37 G37 3 88 37.199-k 78 G78 3 88 37.789-k
38 G38 3 90 36.10h-k 79 G79 5 69 54.32d
39 G39 3 89 36.49h-k 80 ILC533 7 48 61.65¢
40 G40 3 89 36.09h-k 81 ANA 4 85 40.24f-j
41 G41 4 85 40.97f-i
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Table 6. Analysis of variance‘agr i traits amo kpea genotypes under field
conditions
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Table 7. Descriptive statistics and genetic parameters of the traits evaluated in chickpea genotypes under cold stress
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14 Gl4 4 73 59 81 55 G55 4 70 55 79
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Figure 2. Correlation coefficients among the traits evaluated in chickpea genotypes under cold stress. ELI: electrolyte

leakage index; SW: 100-seed weight; CT: cold-tolerance score; PC2/PC1: survival percentage; YLD: grain yield; PH:
plant height.
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Figure 3. Principal component analysis (PCA) of chickpea genotypes under cold stress. (a) contribution of each component
to the total variation, (b) vector representation of traits based on the PCA biplot, and (c) distribution of chickpea landraces
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in the PCA biplot. ELI: electrolyte leakage index; SW: 100-seed weight; CT: cold-tolerance score; PC2/PC1: survival
percentage; YLD: grain yield; PH: plant height.
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