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Expanding the genetic diversity of chickpeas from the 
Ukrainian genebank to new agricultural systems

Abstract: Enhancing crop resilience to abiotic factors in an increasingly unstable climate is a critical challenge, one that can be 
met by actively using the existing gene pool of the crops. A total of 26 new chickpea lines with diverse ancestry were selected 
from the Ukrainian genebank with the objective of widening the genetic base and creating varieties that are more adaptable to 
the prevailing climatic conditions in Ukraine. The research was conducted between 2019 and 2021 at four distinct locations: 
dry forest-steppe, Kharkiv region (Elitne); wet forest-steppe, Poltava region (Ustymivka) and hyper-humid Polissya, Vinnytsia 
region (Bokhonyky); and the extremely arid conditions of the Odesa region (Khlibodarske, 2020). A GGE-biplot analysis 
was utilized to assess the adaptability of the chickpea lines to diverse environmental conditions. New breeding lines with 
an elevated degree of adaptability to the Ukrainian forest-steppe zone were identified. Furthermore, three new sources with 
potential resistance to hyper-humidity were identified (genotypes 2072, 2067 and 2065). Genotypes 2068 and 2088 have been 
registered in the NCPGRU as sources of complex valuable traits, and genotype 2087 has been registered as a source of high 
adaptability. New and existing chickpea accessions from the genebank of Ukraine can serve as the basis for the development 
of new breeding materials, thus helping solve modern challenges facing breeders.
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Introduction

Climate change is a key factor driving the emergence of 
biotic and abiotic stresses that adversely affect agricultural 
development. Mitigating the consequences of this impact 
is important for the further development of agricultural 
production (Raza et al, 2019; Pixley et al, 2023). These 
measures include the introduction of new crop varieties 
resilient to changing climatic conditions, adjustments to the 

geographical distribution of crop cultivation, improvements to 
crop rotation schemes, and the development of diversification 
strategies (Hristov, 2020). Although the relocation of 
agricultural production to areas with more favourable climatic 
conditions is considered a potential adaptation strategy 
(Sloat et al, 2020), its successful implementation requires 
the availability of well-adapted crop varieties. Therefore, the 
exploration and utilization of genetic resources represent a 
critical component of climate-resilient agriculture, with crop 
adaptability and diversification identified as major priorities 
(Mohammadi et al, 2023). The inclusion of legumes in crop 
rotations reduces dependence on mineral nitrogen fertilizers 
due to their symbiotic relationship with nitrogen-fixing 
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bacteria, which can increase the productivity of subsequent 
crops (Lampkin et al, 2015). European agriculture allocates 
only 1.5% of arable land to legume cultivation, compared 
with the global average of 14.5%. At the same time, the 
European livestock feed market exhibits a high demand 
for protein-rich ingredients, most of which are supplied by 
imports of soybeans and soybean meal, accounting for 87% of 
total supply (Watson et al, 2017). This situation underscores 
the urgent need to explore alternative legume grains – both 
domestically produced and imported – to reduce dependence 
on soybean-based feed. To achieve this, an important strategy 
is to diversify legume crops beyond those currently widely 
cultivated and to explore species that are still considered 
niche crops (Watson et al, 2017; Khan et al, 2024). 

Chickpea (Cicer arietinum L.) represents such a crop for 
Europe. It is a valuable source of protein-rich plant products 
and is characterized by strong drought tolerance and 
high seed quality (Berrada et al, 2007). Therefore, it has 
potential to be incorporated into more diverse legume-based 
crop rotation systems. Chickpea is one of the world’s most 
important legumes, ranking third in production area after 
beans and cowpeas, with 14.8 million ha (17.2%) (FAOSTAT, 
2023). 

The main world chickpea breeding goals include 
increasing yield potential, as well as expanding adaptation to 
various environmental conditions and increasing resistance 
to biotic and abiotic stresses (Gaur et al, 2007). Genotype-
by-environment (G × E) interaction poses a major challenge: 
varieties bred for high yield in their region of origin often 
perform poorly elsewhere. This limits their expansion into 
new regions and undermines stability as local climates shift.  
This problem is also present in Ukraine. Here, the main 
chickpea breeding centre, the Plant Breeding and Genetics 
Institute (PBGI) in Odesa, a region characterized by drought 
and heat, has developed more than 15 chickpea varieties (The 
Plant Breeding and Genetics Institute, 2024). Developing new 
lines from adapted germplasm and evaluating them across 
novel geographic regions is a key strategy for advancing 
crop diversification (von Wettberg et al, 2018; Varshney et 
al, 2021). The assessment of G × E interactions and the 
evaluation of the adaptability of source material constitute 
key stages in the breeding process. The region where the 
genebank is located (Elitne, Kharkiv region) represents a 
high-risk area for chickpea cultivation. However, long-term 
research has shown that certain genetic resource accessions 
are sufficiently adapted to local conditions. In contrast, 
the Ustymivka location is atypical for chickpea cultivation, 
while the Bokhonyky location is excessively waterlogged and 
therefore potentially unsuitable for this crop.

Newly developed chickpea accessions, selected from 
those that survived in extreme environmental conditions 
in previous years, drawn from both existing accessions and 
hybrid combinations, were evaluated under non-standard 
conditions. The objective of this study was to evaluate newly 
developed chickpea accessions under contrasting and atypical 
environmental conditions in order to identify genotypes 
suitable for the development of new varieties and for 
expanding chickpea cultivation into non-traditional growing 
regions (Rebollo et al, 2023; Fritsche-Neto et al, 2025).

This study evaluates the adaptive potential of chickpea 
genetic resources developed in the Ukrainian genebank under 
contrasting environmental conditions and provides reference 
data to support future germplasm research and utilization.

Materials and methods 
Plant material 

The study examined 26 chickpea (Cicer arietinum L.) 
breeding lines developed at the Yuriev Plant Production 
Institute of the National Academy of Agrarian Sciences of 
Ukraine (Kharkiv, Ukraine; YPPI NAAS) within two research 
programmes: resistance to Ascochyta rabiei and high-
yield selection. The breeding material originated from two 
sources: (1) elite lines selected over multiple years from the 
base chickpea collection of the National Center for Plant 
Genetic Resources of Ukraine (NCPGRU) that survived 
under Ascochyta epiphytotic pressure; (2) lines derived from 
targeted hybridization; a third group consists of standard 
accessions that are well adapted to the local environmental 
conditions.

All genotypes underwent a multi-stage selection process 
aimed at identifying lines with resistance to Ascochyta under 
field conditions. Parental combinations were chosen based 
on preliminary evaluations of chickpea adaptability to the 
environmental conditions of the Eastern Forest-Steppe zone 
of Ukraine (Table 1). Detailed passport data for all genotypes 
are available via their catalogue numbers at NCPGRU or 
through the international plant genetic resources for food 
and agriculture (PGRFA) information platform, Genesys-PGR 
(Genesys-PGR, 2025).

Field trials 
The field experiments were carried out at four locations 

in Ukraine. Three-year trials (2019–2021) were conducted 
at Elitne, Ustymivka, and Bokhonyky. An additional site, 
Khlibodarske, was included in 2020 to evaluate genotype 
performance under extremely arid climatic conditions 
(Figure 1).

A summary of the climatic and weather characteristics of 
each location is presented in Supplemental Table 1.

A 4-year crop rotation was applied, with winter wheat 
systematically used as the preceding crop for chickpea. 
The experiments were conducted in accordance with the 
Methodical Recommendations for Studying the Genetic 
Resources of Grain Legumes (Kobyzeva et al, 2016). Each 
experimental plot covered an area of 1m², and the sowing 
scheme was 30cm × 10cm, comprising three rows of 10 plants 
(30 plants per plot). Seeds were sown manually. Phenological 
observations, analysis of the crop structure of accessions were 
carried out according to methodological recommendations 
for the study of genetic resources of leguminous crops 
(Kobyzeva et al, 2016) and taking into account the chickpea 
traits ontology (Rani Das et al, 2024).

Following the methodology for genetic resource evaluation, 
and considering the absence of replications, one plot of 
the specific reference accession selected for the respective 
location was included every 20 plots to ensure accurate field 
assessment of all tested entries with normalization of the yield 
of all tested accessions relative to the average for the block 
of standard-accessions. To correct for field inhomogeneity, 
a standard shift correction was used, using a correction 
through the average of the standard block (Rozanna and 
Krasnokutskyy 123). Hand harvesting was performed. 
Before threshing, plant height (M1) and the height of the 
lowest pod attachment (M2) were measured using a ruler 
under laboratory conditions. Plants were then threshed 
individually using a laboratory thresher. Plot yield (P3) was 
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Table 1. Chickpea genotypes included in the study and their origin. NCPGRU, National Center for Plant Genetic Resources of Ukraine. *, 
Accession that does not have a catalogue number but only a collection working number.

Catalogue number of NCPGRU Genotype name Pedigree

1) Individual selection

UD0502239 2065 UD0500093 – Local variety, India

UD0502240 2066 UD0500134 – Local variety, Spain

UD0502241 2067 UD0500733 – LR 17 1, Syria

UD0502245 2068 UD0500864 – Flip 99-55c, Syria

UD0502246 2069 UD0502065 – LUH 106-07, Ukraine

UD0502247 2070 UD0502093 – Local variety, Ukraine

UD0502248 2071 UD0500196 – Local variety, Azerbaijan

UD0502249 2072 UD0500240 – ILC 3279, Syria

UD0502242 2073 UD0500444 – Dniprovskyi vysokoroslyi, Ukraine

UD0502250 2074 UD0502112 – Local variety, Ukraine

UD0502251 2075 UD0502111 – Local variety, Russia

UD0502252 2076 UD0501504 – Local variety, Ukraine

UD0502253 2077 UD0500671 – K 4-select, India

2) Breeding lines

UD0502254 2078 Rozanna (UD0500424) X Krasnokutskyi 123 (UD0500101)

UD0502255 2079 Rozanna (UD0500424) X Krasnokutskyi 123 (UD0500101)

UD0502256 2080 Antei (UD0500735) X Krasnokutskyi 123 (UD0500101)

UD0502257 2081 Antei(UD0500735) X Krasnokutskyi 123 (UD0500101)

UKR001:02082* 2082 Krasnokutskyi 123(UD0500101) X Antei (UD0500735)

UD0502258 2083 Krasnokutskyi 123(UD0500101) X Antei (UD0500735)

UD0502259 2084 Krasnokutskyi 123(UD0500101) X Antei (UD0500735)

UD0502260 2085 Krasnokutskyi 123(UD0500101) X Antei (UD0500735)

UD0502243 2086 Luhanets (UD0500102) X Antei (UD0500735)

UD0502261 2087 Luhanets (UD0500102) X Antei (UD0500735)

UD0502262 2088 Luhanets (UD0500102) X Antei (UD0500735)

UD0502263 2089 Luhanets (UD0500102) X Antei (UD0500735)

UD0502264 2090 Luhanets (UD0500102) X Antei (UD0500735)

3) Standard accessions (adapted to local conditions)

UD0500424 Rozanna For Elitne and Bokhonyky

UD0500101 Krasnokutskyi 123 For Elitne and Bokhonyky

UD0502025 Odisei For Ustymivka

UD0500736 Pamiat For Khlibodarske
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calculated based on the seed weight recorded immediately 
after threshing. Seed yield per plant (P1) was calculated by 
dividing the yield (P3) by the number of plants harvested.  
The weight of 100 seeds (P2) was determined by manual 
counting and weighing in laboratories in five replicates.

Meteorological conditions were recorded directly at the 
experimental stations during the study period. The duration 
of phenological phases is noted for each accession: F2, days 
from germination to 50% flowering (vegetative period); 
F8, days from 50% flowering to full maturity (generative 
period); F5, days from germination to full maturity (complete 
vegetation period). For these periods meteorological variables 
were assessed for each genotype. The assessment included 
the cumulative effective temperatures more than 10°C (TF5) 
and total precipitation (PF5) for the entire growing period 
(from germination to full maturity). These parameters were 
also calculated separately for the vegetative phase (from 
germination to 50% flowering) and the generative phase 
(from 50% flowering to full maturity) for each accession 
(TF2 – PF2 and TF8 – PF8, respectively).

Statistical analysis and data visualization

All statistical analyses and data visualization were 
performed using R software version 4.2.2 (R Core Team, 
2023). Data preprocessing and basic statistical calculations 
were conducted using the ‘openxlsx’ (Schauberger & Walker, 
2022), ‘tidyverse’, and ‘rlang’ packages (Henry & Wickham, 
2023). Graphical visualization was carried out using ‘ggplot2’ 
(Wickham, 2016), with figure composition supported by 
‘patchwork’ (Pedersen, 2024) and label optimization by 
‘ggrepel’ (Slowikowski, 2024). Spatial visualization and 

mapping of experimental sites were performed using the 
‘terra’ package (Hijmans, 2025).

Multiple factor analysis (MFA) was applied to explore 
relationships among groups of quantitative and qualitative 
variables using the ‘FactoMineR’ package (version 2.7) 
implemented through the ‘Factoshiny’ graphical interface 
(Vaissie et al, 2023). A multivariate analysis was performed 
to provide a comprehensive assessment of the accessions 
and environmental conditions. All quantitative traits were 
grouped into four categories:

1.	Yield traits: P1, seed yield per plant; P2, 100-seed weight; 
P3, seed yield per area

2.	Morphological traits: M1, plant height; M2, height of the 
lowest pod

3.	Phenological traits: F2, days from germination to 50% 
flowering; F5, days from germination to full maturity; F8, 
days from 50% flowering to full maturity

4.	Meteorological variables: TF2, sum of temperatures 
>10°C during the vegetative period; PF2, sum of 
precipitation during the vegetative period; TF8, sum of 
temperatures >10°C during the generative period; PF8, 
sum of precipitation during the generative period; TF5, 
sum of temperatures >10°C from germination to full 
maturity; PF5, sum of precipitation from germination to 
full maturity.

Three qualitative variables were included as supplementary: 
genotype, year, and location (place). 

Quantitative variable groups were standardized (mean = 
0, standard deviation = 1), and the analysis was based on 
the correlation matrix. Qualitative variables were included 

Figure 1. Locations of the study sites in Ukraine. The dashed line indicates the Dnipro River.
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as supplementary variables and projected onto the factor 
space to facilitate the interpretation of relationships among 
genotypes, years and environments. 

Ecological evaluation of genotypes was performed using 
the ‘metan’ package (Olivoto & Lúcio, 2020). Replicated 
trials could not be conducted due to the limited amount of 
seeds. However, the package allows the analysis of multi-
environment trials even when replications are not available. 
Genotype adaptability and stability across environments were 
assessed using GGE biplot analysis with the following settings: 
Scaling = 0 (no scaling of eigenvalues) and Centering = 2 
(environment-centred). Singular value partitioning (SVP) was 
set to 1 for genotype performance and stability assessment 
based on environmental variation, and SVP = 3 was applied 
for the ‘which-won-where’ pattern analysis (Olivoto, 2023). 
Genotype ranking was conducted using the GGE biplot ranking 
view (type 8), where genotypes were compared with a virtual 
‘ideal genotype’ defined by maximum mean performance and 
absolute stability. Ranking was based on Euclidean distance to 
this reference point (Yan et al, 2007).

Additionally, regression coefficients (bi) and residual 
standard deviations were estimated using the Finlay–
Wilkinson regression model (Finlay & Wilkinson, 1963). 
Linear models were fitted using the lm() function from the 
stats package implemented in the R environment.

Results

Meteorological conditions during the study period showed 
considerable variability, allowing for a comprehensive 
evaluation of the chickpea lines (Figure 2).

Bokhonyky, representing an extra-wet environment, 
exhibited high precipitation (≥ 240mm) and low 

Figure 2. Meteorological conditions during the chickpea growing 
season.

temperatures at the beginning of the growing season in all 
three study years. Khlibodarske, identified as an extra-dry 
location in 2020, experienced extreme drought throughout 
the growing season, although temperatures were not 
excessively high. In Elitne and Ustymivka, environmental 
conditions varied widely: from extremely dry (Elitne in 2019 
and 2021; Ustymivka in 2020) to overly wet, approaching 
those of Bokhonyky (Elitne in 2020; Ustymivka in 2019).

To compare the response of chickpea yield to annual 
variation, the yield of standard accessions was evaluated 
at each observation point. In Elitne and Bokhonyky, 
the standards were Rozanna and Krasnokutskyi 123; in 
Ustymivka, the standard was Odisei; and in Khlibodarske 
it was Pamiat, all selected for optimal adaptation to local 
conditions. The mean yield of standard-accessions in Elitne 
indicated that all study years were favourable for chickpea, 
with high productivity (395g/m² in 2019; 295.8g/m² in 
2020; 367.9g/m² in 2021). In contrast, weather conditions 
in Ustymivka were atypical, resulting in consistently lower 
yields for the standard Odisei (220.1g/m² in 2019; 223.8g/
m² in 2020; 222.2g/m² in 2021). Lower yields were also 
recorded in Bokhonyky (194.1g/m² in 2019; 134g/m² in 
2020; 195.5g/m² in 2021). In Khlibodarske, the standard 
Pamiat produced only 71.3g/m², highlighting the severity of 
environmental stress for chickpea. Across the three primary 
test sites, under waterlogged conditions in Bokhonyky, the 
mean yield of chickpea accessions was significantly lower 
than in Ustymivka and Elitne (Figure 3).

Analysis of variance (ANOVA) confirmed significant 
differences for all observed traits between the three main 
test sites and across study years. Detailed agronomic and 
phenological data are presented in Table 2.

Figure 3. Yield fluctuations of chickpea accessions at three test 
sites (2019–2021). Points represent standard-accession means.
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Multiple factor analysis (MFA) explained 67.71% of the 
total variation by the first two dimensions (44.51% and 
23.2%, respectively) (Figure 4).

The individuals’ plot (Figure 4A) was constructed by 
projecting individuals onto the first two factorial axes of the 
MFA, where the coordinates of each individual are defined 
as a weighted linear combination of the normalized values 
of the variables on the corresponding axes. The closer the 
genotypes are, the more similar they are across all groups of 
variables. The position of an individual relative to the axes 
reflects its profile on the variables that are most correlated 
with the corresponding factors. Additional categorical 
variables, location and year, are also superimposed on 

the individual plot (for illustrative purposes). Thus, the 
accessions in the left part of the graph have higher than 
average yield and its components, which better realized 
their potential in the conditions of Ustymivka and Elitne. 
The samples in Bokhonyky are characterized by an extension 
of the growing season due to waterlogging, but low yield. 
The MFA revealed a marked distinction between Bokhonyky 
and the other two sites (Figure 4A). The first axis was driven 
primarily by weather variables and associated phenophases 
durations, which differed strongly across locations. The 
second axis reflected variability in morphological traits. Yield 
traits showed strong negative correlations with phenophases 
duration and meteorological conditions (Table 3). 

Figure 4. Multiple factor analysis (MFA). In the individual factor map (A. Diagram of individuals), red labels indicate test locations, green 
labels indicate years, and unlabelled numbers represent genotypes. Colours in other diagrams correspond to trait groups. P1, seed yield 
per plant; P2, 100-seed weight; P3, seed yield per area, M1, plant height; M2, height of the lowest pod; F2, days from germination to 
50% flowering; F5, days from germination to full maturity; F8, days from 50% flowering to full maturity, TF2, sum of temperatures > 
10°C during the vegetative period; PF2, sum of precipitation during the vegetative period; TF8, sum of temperatures > 10°C during the 
generative period; PF8, sum of precipitation during the generative period; TF5, sum of temperatures > 10°C from germination to full 
maturity; PF5, sum of precipitation from germination to full maturity.
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Table 3. Correlation coefficients for quantitative variables.

Groups of traits Traits
Correlation coefficient

Dimension 1 Dimension 2

Yield Seed yield per plant, g (P1) -0.46 0.39

Weight of 100 seeds, g (P2) -0.47 0.64

Seed yield per area, g/m2 (P3) -0.82 0.16

Morphology Plant height, cm (M1) 0.15 0.93

Height of the lowest pod, cm (M2) 0.10 0.90

Phenology Days from germination to 50% flowering (F2) 0.84 0.16

Days from germination to full maturity (F5) 0.97 0.13

Days from 50% flowering to full maturity (F8) 0.91 0.11

Meteo Sum of temperatures > 10°C, during the vegetative period, °C (TF2) 0.21 0.05

Sum of precipitation during the vegetative period, mm (PF2) 0.80 -0.01

Sum of temperatures > 10°C, during the period from germination to full 
maturity, °C (TF5) 0.82 0.18

Sum of precipitation during the period from germination to full maturity, 
mm PF5 0.87 -0.08

Sum of temperatures > 10°C during the generative period, °C (TF8) 0.79 0.18

Sum of precipitation during the generative period, mm (PF8) 0.66 -0.13

GGE-biplot analysis
Yield remained the most informative trait reflecting 

genotype adaptability. Given the importance of yield as 
the primary economic trait, this variable was selected for 
genotype evaluation using the GGE-biplot method. The 
method followed the framework of Rakshit et al (2012), 
comparing genotypes relative to the ‘ideal genotype’, defined 
as maximum yield across environments. Multi-location data 
were analyzed without scaling (‘Scaling = 0’), centred by 
environment (‘Centering = 2’), and square-root transformed 
before analysis. Genotype evaluation employed genotype-
centred singular value partitioning (SVP = 1) in the ‘Mean 
vs. Stability’ view.

According to the GGE-biplot framework, G × E interaction 
was represented by the first two principal components (PC1 
and PC2). PC1 reflected the average yield of a genotype 
across all environments, whereas PC2 described its stability 
(variability across environments). In the present study, PC1 
and PC2 together explained from 82.73% (PC1, 58.2%; PC2, 
24.5%, Elitne) to 94% (PC1, 84.3%; PC2, 9.7%, Bokhonyky) 
of the total variation, validating the effectiveness of the model 
for genotype comparison (Figure 5).

In Elitne, the genotypes closest to the ideal genotype 
were 2083, 2085, 2087, and 2090. The standard-accessions 
Krasnokutskyi 123 and Rozanna were positioned at the 
periphery. Among the years, 2019 was closest to optimal 
conditions, whereas 2020 and 2021 deviated substantially. In 
Ustymivka, the most favourable year was 2020, while 2019 
was the least favourable. The best-performing genotypes were 
2085, 2087, 2076, and 2074. The standard Odisei showed 
low productivity across all years. Environmental conditions 
in Bokhonyky were unfavourable in all years, as indicated by 
the consistently negative PC1 direction. Years 2020 and 2021 
were similar, whereas 2019 differed but remained suboptimal. 
The best genotypes were 2072, 2067, 2068, 2069, and 2065. 
Standards Rozanna and Krasnokutskyi 123 also performed 
well; Pamiat showed average performance.

The overall graph for three locations over three years 
(Figure 6) illustrates how large the difference between 

test points is and how difficult it is to find a universal ideal 
genotype: the vast majority of genotypes are located outside 
the circles. The genotype 2068 is highlighted as the closest 
to the ideal.

Adding the fourth extremely arid location Khlibodarske 
to the calculations slightly changed the overall axis loading 
indicators (PC1, 63.02%; PC2, 20.53%) (Figure 7). The 
Khlibodarske point, due to its low average yield and variability, 
has a low impact on the overall assessment and is located 
almost at the centre of the coordinates, but complements the 
overall assessment.

The SVP = 3 estimation method (singular value is 
symmetrically partitioned into the genotype and the 
environment eigenvectors) was applied to the same 
conditions, which allows us to assess ‘which-won-where’ 
(Figure 7B). The genotypes are located at the vertices of the 
polygon depending on their sensitivity to the environment. 
Thus, genotype 2068 reacts positively to the environment, 
and Odisei negatively. Genotype 2078 – closest to the centre 
of coordinates – is the most stable in all locations. This 
method also allows us to visualize accessions adapted to each 
location. For example, 2072 for Bokhonyky, 2085 and 2087 
for Ustymivka and Elitne. As confirmed by the results of the 
analysis of each location separately (Figure 5). Genotype 
2090 and Odisei have high yield potential, but are sensitive 
to growing conditions (Yan et al, 2007; Olivoto, 2023). 

Due to the significant variability of weather conditions 
within each location, it was decided to analyze each location 
in each year as a single test site (Figure 8).

The conditions in Ustymivka in 2020 were optimal for the 
studied chickpea accessions. Genotypes 2068, 2083, 2087, 
and 2085 showed wide adaptability. 

For additional validation of the stability of chickpea 
accessions, a Finley-Wilkinson regression analysis was 
performed (Figure 9).

Genotypes above the dashed line are sensitive to 
environmental conditions and have high yield potential, 
which is realized under favourable conditions. All standard-
accessions are stable and are located below the dashed line. 
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Figure 5. Ranking of genotypes (blue points) relative to the ‘ideal 
genotype’ (small circle at the average environment coordinate, 
AEC) for chickpea yield in three locations over three years (2019–
2021; green diamonds): A, Elitne; B, Ustymivka; C, Bokhonyky.

Figure 6. Ranking of genotypes (blue points) relative to the ideal 
genotype (small circle at the average environment coordinate, 
AEC) for chickpea yield in three locations (green diamonds), total 
for three years (2019–2021).

Figure 7. Ranking of genotypes (blue points) for chickpea yield 
in four locations (green diamonds), total for three years (2019–
2021). A, relative to the ideal genotype (small circle at the average 
environment coordinate, AEC), B, ‘which-won-where’, i.e. the best 
adaptive genotypes for each location.
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Broadly adapted genotypes were defined as those showing 
regression coefficients close to unity (bi ≈ 1) combined with 
low deviations from regression (SD residuals), indicating 
average environmental responsiveness and high yield 
stability. Environments were defined as year × location 
combinations. Finlay-Wilkinson regression was performed 
using environmental indices calculated as the mean yield of all 
genotypes within each environment. Regression coefficients 
were used to estimate environmental responsiveness, while 
the standard deviation of residuals represented yield stability 
across environments.

For each of the analysis options, the genotypes were 
ranked: for GGE-biplot, Euclidean distance from this ideal 
genotype (Yan et al, 2007), for Finlay-Wilkinson (1963), 
accessions with a regression coefficient close to unity, low 
deviation from regression and high average yield (more than 
mean yield of all accessions on this research, 286.2g/m2). 
The final ranking of genotypes was carried out according 
to the average rank of all options and allowed a better 
characterization of the studied genotypes according to their 
response to environmental conditions.

A detailed characterization of the most promising 
genotypes – adapted regionally or broadly – is presented in 
Table 4.Figure 8. Ranking of genotypes (blue points) relative to an ideal 

genotype (the small circle on average environment coordinate 
for chickpea yield at each location by one year as an individual 
environment. Green diamonds indicate location × year 
combinations: El_19, El_20, El_21, Elitne; U_19, U_20, U_21, 
Ustymivka; B_19, B_20, B_21, Bokhonyky in 2019, 2020, 2021, 
respectively; Khl_20, Khlibodarske in 2020.

Figure 9. Finlay-Wilkinson (1963) regression plot: mean yield 
and environmental responsiveness (bi) of genotypes across all 
environments. Dashed lines, average stability (bi = 1) and mean 
yield of all accessions in this study (286.2g/m2)

Discussion

The cultivation of chickpea in Ukraine is traditionally 
concentrated in the southern steppe regions and remains 
limited in the central and northern parts of the country. 
Introducing chickpea into crop rotations in non-traditional 
areas, such as the Western Forest-Steppe, represents a 
promising strategy for mitigating the impacts of climate 
change (Chernik & Tryhuba, 2023). The primary breeding 
centre for chickpea in Ukraine, PBGI in Odesa, has developed 
several drought-tolerant varieties, though these remain 
susceptible to diseases uncommon in their region of origin 
(Bushulian et al, 2018). The Forest-Steppe – a promising 
expansion zone for chickpea production – experiences both 
drought episodes and periods of excessive rainfall, combined 
with wide temperature fluctuations. These factors promote 
the development of fungal diseases, particularly Ascochyta 
blight, resulting in considerable yield losses. Therefore, 
new chickpea varieties must combine resistance to complex 
stress: drought, hyper-humidity and disease. Initial trials in 
the Right-Bank Forest-Steppe demonstrated that chickpea 
cultivation can be successful in favourable years, with yields 
comparable to those in the traditional southern cultivation 
zone (Bushulian et al, 2018; Makarchuk, 2021). 

A 3-year programme of ecological testing across contrasting 
climatic zones enabled a comprehensive assessment of yield 
adaptability in selected chickpea breeding lines. Despite 
being located along similar latitudes, the three main testing 
sites – Elitne, Ustymivka and Bokhonyky – differed sharply 
in weather patterns. Waterlogging emerged as a critical 
stress factor, capable of inducing disease and prolonging 
the growing season through repeated vegetative growth. 
Because chickpea is an indeterminate species, excessive 
moisture may cause the abortion of pods and seeds, leading 
to partial or complete crop failure (Worku, 2016). According 
to Worku (2016), Kabuli-type chickpeas – represented among 
the genotypes in our study – are particularly sensitive to 
waterlogging. 
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Table 4. Characteristics of the most perspective genotypes of chickpea.

Genotype Traits

Yield, g/m2

Yield 
(Mean)

Plasticity
(Regression 
coefficient)

Stability 
(SD 

residuals)
Optimal Extremum

Elitne Ustymivka Bokhonyky
(humidity)

Khlibodarske
(drought)

2068 Adaptability, drought 
resistance 387.7 650.0 32.6 73.8 362.8 1.22 132.15

2080 Adaptability, drought 
resistance 477.8 533.3 56.3 87.8 329.0 1.27 48.25

2085 Adaptability, drought 
resistance 476.9 590.0 2.8 77.5 364.6 1.42 75.84

2072 Hyper-humidity, 
stability 401.9 - 228.9 97.5 284.3 0.65 7.63

2087 Adaptability, drought 
resistance 472.4 590.0 0.0 68.3 406.9 1.35 86.60

2088 Adaptability, drought 
resistance 455.7 498.3 0.0 92.1 369.3 1.14 87.50

2076 Adaptability, plasticity 457.1 526.7 5.1 76.9 337.6 1.28 92.57

2083 Adaptability, drought 
resistance 494.7 535.3 17.8 74.7 321.8 1.46 52.31

2084 Stress tolerance, 
plasticity 447.9 454.0 68.6 77.6 298.9 1.12 73.17

2078 Adaptability, hyper-
humidity 382.8 436.7 100.7 54.9 281.6 1.01 93.27

2067 Hyper-humidity 406.9 385.7 169.4 86.7 297.3 0.76 84.42

2065 Hyper-humidity 375.5 216.7 205.1 84.8 247.7 0.40 98.48

2069 Drought resistance 364.4 288.3 129.3 121.0 246.7 0.63 60.80

2075 High yield 440.7 448.3 0.0 93.7 345.1 1.22 117.51

Given the substantial yield losses associated with 
waterlogging, Dron et al (2022) emphasize developing new 
adapted varieties as the most effective mitigation strategy. 
Our multivariate analysis confirmed a consistent, negative 
response to adverse weather conditions across all yield-
related traits. Since seed yield per unit area is of primary 
importance in production, this parameter was used to select 
the most adapted genotypes through GGE-biplot analysis.

The results showed that although the mean yield 
parameters in Elitne and Ustymivka were similar, yield 
variability in Ustymivka was considerably greater. This 
suggests a uniform yield response in the region of origin, but 
distinct mechanisms of environmental adaptation.

Across the different designs of assessing the adaptability 
of chickpea genotypes, GGE-biplot analysis showed that the 
first two principal components explained 64.92%–94% of 
the total variation, with PC1, which reflected the average 
yield of the genotype in all environments, accounting for 
40.59%–84.3% and PC2, which described its variability in 
these environments, accounting for 9.7%–33.22%. These 
results align with previous findings (Farshadfar et al, 2013). 
This makes it possible to deeply and comprehensively 
characterize the studied genetic material on the adaptability 
of chickpea accessions to different growing conditions. 
Although chickpea is recognized as a drought-tolerant crop, 
terminal drought remins a major abiotic factor reducing 

yield. Climate change has shifted periods of extreme heat 
and drought beyond the southern regions into the Forest-
Steppe (Elitne and Ustymivka). To broaden the assessment of 
adaptability, an extremely arid site – Khlibodarske (2020) – 
was added. A combined model using ten environments (three 
years across three sites, plus the ultra-arid site) highlighted 
the importance of both PC1 (40,59%) and PC2 (24,32%), 
supporting the use of such models for pattern extraction and 
noise reduction (Farshadfar et al, 2013).

To differentiate genotypes based on adaptability, we 
employed an ideal genotype comparison model like other 
authors (Yan & Rajcan, 2002; Yan & Tinker, 2006; Segherloo 
et al, 2010). The ideal genotype is conceptualized as having 
both high mean yield and high stability. Although no real 
genotype fully meets this criterion, it serves as a reference 
point. Each variant of the analysis provided information on 
the adaptability of the genotypes to environmental conditions, 
and the average rank allowed the characterization of the 
accessions according to the range of adaptability and stability. 
The first ten genotypes were characterized as highly adaptive 
(Table 4). Also, accessions with specific characteristics were 
distinguished, such as resistance to waterlogging (2065) or 
drought (2069). Analysis using the regression coefficient 
according to Finley-Wilkinson (1963) demonstrated the ability 
of the genotypes to respond to environmental challenges 
and added information on stability and plasticity. Three-
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year testing across three locations revealed notable shifts 
in weather conditions and demonstrated the urgent need 
for new chickpea varieties. This was evident from the poor 
performance of established standard accessions, which were 
located far from the ideal genotype in Elitne and Ustymivka. 
However, under waterlogged conditions in Bokhonyky, both 
standards (Rozanna and Krasnokutskyi 123) performed near 
the ideal genotype.

Genotypes 2080 and 2085, among the five top-performing 
genotypes, have Krasnokutskyi 123 in their crossing 
combination, a variety that shows stable but moderate yields 
in the south; however, in the Forest-Steppe it performs with 
both higher stability and productivity (Bushulian et al, 2018). 
Genotypes 2087 and 2090, which were evaluated as highly 
adaptive to Ustymivka and Elitne conditions, originate from 
the hybrid combination Luhanets/Antey; both parents are 
productive but unstable and susceptible to Ascochyta. Antey 
is known for low yield stability and susceptibility to stress in 
its region of origin, Odesa (Bushulian et al, 2018). 

Studies conducted by local scientists have emphasized the 
need to develop new, adapted varieties, which prompted the 
choice of this region for ecological testing of our chickpea lines 
(Gan et al, 2009; Zaparniuk & Sherepitko, 2011; Zaparniuk 
& Sherepitko, 2012). Genotypes selected as adaptive for 
Bokhonyky are really important for the region and represent 
potential sources of waterlogging tolerance. Accessions 
2085, 2083, and 2087 were developed using donor material 
previously recommended for combining valuable traits (Vus 
et al, 2020). 

Genotype 2068, which had the highest average adaptability 
rank, was registered with catalogue number UD0502245 
at NCPGRU as a source of complex valuable traits under 
Certificates No. 2519 issued on 28 March 2024 (Sylenko et al, 
2024a). Genotype 2087 was officially registered at NCPGRU 
as an adaptability source (Certificate N2612, accession 
name CIR 289-18, UD0502261; Vus, 2024). Genotypes 
2075 (UD0502251) and 2088 (UD0502262) were registered 
at NCPGRU as sources of complex valuable traits under 
Certificates No. 2520 and 2521, issued on 28 March 2024 
(Sylenko et al, 2024b and 2024c).

Conclusions

The present study provides an ecological evaluation of 
chickpea genetic resources under novel and contrasting 
environmental conditions relevant to ongoing climate change. 
Adaptability and stability of accessions were assessed in the 
Ukrainian Forest-Steppe, as well as under extreme moisture 
regimes, including extra-arid and hyper-humid environments. 
The evaluation revealed substantial variation in adaptive 
responses among genotypes and enabled the identification 
of accessions with stable performance across environments, 
including newly determined genetic resources with potential 
tolerance to waterlogging.

Overall, the results expand the characterization of chickpea 
germplasm by documenting adaptive traits expressed under 
non-standard and climatically challenging conditions. The 
generated data contribute to a better understanding of the 
adaptive capacity of chickpea genetic resources and provide 
a valuable reference for their informed use in future research 
and breeding activities aimed at developing climate-resilient 
cropping systems.
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