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MORPHO-BIOLOGICAL PROFILING
AND YIELD COMPONENTS OF CHICKPEA
(CICER ARIETINUM L.) GERMPLASM UNDER THE
ARID CONDITIONS OF KARAKALPAKSTAN

Under the escalating pressure of global climate change, expanding worldwide
water deficits, and rapid population growth, guaranteeing food security and
supplying populations with high-quality plant-based protein stand among the most
critical challenges facing contemporary agricultural biology. Chickpea (Cicer
arietinum L.), ranked as the third most vital food legume globally following
common bean and field pea, is cultivated across vast expanses in over 50 countries
due to its high protein content (20-30%), rich amino acid profile, and profound
capacity to enhance soil fertility by biological nitrogen fixation via symbiotic root
nodule bacteria (FAOSTAT, 2025). Developing targeted breeding programs,
assessing biochemical adaptability to abiotic stressors, and identifying high-yielding
genotypes are of strategic importance, particularly within moisture-limited and
hyper-arid production environments [Varshney et al., 2021; Jha et al., 2022; Jha et
al., 2026].

In the current era of intensifying global climate transformation, the Aral Sea
region—specifically the lower reaches of the Amudarya River basin—represents a
highly vulnerable geo-ecological territory characterized by critical water scarcity,
severe thermal and atmospheric drought, soil degradation, and secondary
salinization [Arabova et al., 2026]. The progression of hydrological deficits and the
regular occurrence of terminal heat stress during critical vegetative phases
drastically reduce the yields of traditional, moisture-dependent crops. Consequently,
these fragile agroecosystems demand the selection and breeding of crop genotypes
possessing genetic resilience to drought and salinity, capable of preserving
photosynthetic activity and maintaining cellular membrane stability under extreme
environmental stress [Kushwah et al., 2024; GGGI, 2025; Guiga et al., 2026; Ghosh
et al., 2025].

Study Site and Environmental Conditions. Field experiments were carried
out during the 2025-2026 growing seasons in the Amudarya district of the Republic
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of Karakalpakstan (latitude: 42°07' N; longitude: 60°03' E; altitude: 83—85 m above
sea level). The regional climate is sharply continental and hyper-arid. The soil of the
experimental site is classified as alluvial-meadow, with electrical conductivity in the
arable horizon (0-30 cm) ranging from EC = 2.5 to 3.5 dS/m, characterizing it as
weakly to moderately saline. The 2025 vegetative period was marked by
exceptionally low precipitation and a distinct thermal anomaly during the flowering
and pod-setting stages, where ambient temperatures exceeded the long-term norm
by 1.5-2.0°C (+32...+38°C). The spring months of 2026 were relatively mild and
humid; however, abrupt terminal heat stress in June accelerated grain desiccation
and maturity.

Plant Material. A total of 30 collection accessions, reflecting a wide spectrum
of cultivated chickpea diversity, were deployed as the research object. The
germplasm set comprised 10 CIENS genotypes obtained from the international
nursery of ICARDA, 10 foreign Fuza breeding lines, and 10 local varieties and
advanced breeding lines (Table 1).

Experimental Design and Agronomy. Field trials were arranged in a
randomized complete block design (RCBD) with three replications following
standard regional agrotechnical guidelines. Winter wheat was used as the preceding
crop. Sowing of the collection accessions was done manually during the first decade
of April, and harvesting was completed in late July. The plot size was 1 m?, with a
standard planting density layout of 60x10 cm and a seeding depth of 45 cm. The
local Kabuli cultivar "Lalmikor" was utilized as the standard check and
systematically positioned after every fifth accession block.

Phenotyping and Methodology. Phenotypic characterization was performed
on 10 randomly selected competitive plants per replication across 12 quantitative
traits. Field measurements and phenological observations were executed in strict
accordance with standard descriptor frameworks for chickpea (Descriptors for
chickpea..., 1993), VIR international guidelines (Semenova et al., 2010), and
ICRISAT descriptor systems (Pundir et al., 1988).

Statistical Analysis. All cumulative field dataset parameters were subjected to
statistical processing to calculate mean values (X) and standard errors (SE). A two-
way analysis of variance (ANOVA) was implemented to determine the primary and
interaction effects of years and genotypes on the quantitative traits under study.
Significance of differences among factors was evaluated using Fisher’s criterion (F-
test) at the P < 0.05 threshold level. To quantify the structural linear dependencies
among morpho-physiological traits, a Pearson linear correlation analysis (r) was
executed. All statistical computing operations and graphic chart plotting were
performed utilizing Origin Pro 2024 software.
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Pods per plant and single-plant grain weight represent vital polygenic
components with high sensitivity to adverse hydro-thermal conditions. Our results
showed that the Desi-type lines Fuza-17156 and Fuza-17159 achieved statistically
superior performance compared to the control checks, recording 230.6-319.4 pods
per plant and a single-plant grain weight of 113.0-121.2 g. Current physiological-
genetic studies fully substantiate these phenotypic trends, proving that Desi
genotypes hold a distinct advantage in partitioning assimilates toward reproductive
structures during terminal drought, showing high efficiency in remobilizing
photosynthates from vegetative organs to developing seeds [Yildiz et al., 2026].
Parallel investigations in crop physiology fully support our interpretation, validating
the reproductive homeostasis of Desi germplasm under terminal heat and drought
[Ganie et al., 2025]. This process is driven by the plant's capacity to preserve high
quantum efficiency in Photosystem II (PS-II) and maintain stable total chlorophyll
content under stress [Kushwah et al., 2024; Guiga et al., 2026].

Analysis of variance (ANOVA) parameters (LSDos = 54.79 and 23.50)
established a mathematically significant yield superiority for the advanced lines
Fuza-17159 (1181 g/m?) and Fuza-17156 (1035 g/m?), alongside the standard check
Iftikhor (2245 g/m?). This mathematical assessment confirms the stability models
documented by foreign researchers evaluating terminal drought tolerance indices
[Hassan et al., 2026]. These superior genotypes possess a valuable combination of
adaptive genes tailored to the severe atmospheric and soil drought of the lower
Amudarya basin. Based on these configurations, these lines are strongly
recommended as elite donor material for marker-assisted selection (MAS) and for
generating transgressive hybrids resilient to drought stress [Alsamman et al., 2026;
Sharma & Varshney, 2026].

Table 1
Pearson Correlation Coefficients (r) Expressing the Interrelationships Between Yield
Components and Grain Productivity in Chickpea Accessions

Association Strength and

No. Trait Interrelationshi Trait Correlation Description
) P Code Coefficient (r) (International Academic
Standard)

Grain weight per plant - SWP — .

1 +0.89 \Y% t t
Grain yield YLD eIy SHOE postiive
Plant d ight — Grai DM ..

2 inlr:i Ty welght = Lrain YLD_) +0.85 Strong positive
Pod lant — Grai NPP

3 0dS pet plant = Litain ~40.79 Strong positive

yield YLD
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Continuation of table 1

Association Strength and

No. Trait Interrelationshi Trait Correlation Description
) P Code Coefficient (r) (International Academic
Standard)
. L PH — .
4 Plant height — Grain yield YLD +0.74 Strong positive
First pod cl height FBH .
5 _irsta (i)n }c}izléance *18 YLD 7 40.68 Moderate to strong positive
1000-grai ight — Grain HSW .
6 yield grain weight — Litain YLD 1048 Moderate positive

*Note: SWP, single plant grain weight;, DM, dry matter (plant dry weight); NPP, number of pods
per plant; PH, plant height; FBH, first bean (pod) clearance height; HSW, hundred (extrapolated
to thousand) seed weight, YLD, grain yield.

CONCLUSIONS

1. A profound degree of genotypic diversity regarding morpho-biometric and
yield traits was established across the 30 chickpea (Cicer arietinum L.) collection
accessions evaluated under the hyper-arid and saline soil-climatic conditions of the
Amudarya district, Karakalpakstan. The statistical significance of the least
significant difference (LSDos) models confirms that structural resilience under
extreme abiotic stress is directly governed by the genetic architecture of the studied
germplasm.

2. Comprehensive phenotypic profiling identified the local cultivars Iftikhor
and Jakhongir, alongside the foreign advanced breeding line Fuza-17159, as
superior ideotypes displaying an optimal structural balance between vegetative
biomass accumulation and reproductive yield components under severe arid stress.
These genotypes are recommended as prime parental germplasm for target-oriented
breeding programs aimed at climate-resilient crop development in the Aral Sea
basin.

3. Pearson linear correlation analysis revealed that final grain productivity is
tied directly to single-plant grain weight (r = 0.89) and plant dry weight (r = 0.85).
The strong positive correlation between total plant height and first pod clearance
height (r = 0.86) establishes a reliable morphological tool for the early-stage
selection of combine-harvestable ideotypes (first pod clearance height > 18--20 cm),
such as Lazzat, Jakhongir, and Fuza-17159. Conversely, the moderate correlation of
1000-grain weight with yield (r = 0.48) proves that under hyper-arid conditions,
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final yield is driven primarily by total pod count and single-plant mass rather than
individual seed seed size.
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