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RESEARCH ARTICLE

Genetic and phyto-morphological diversity analysis in the
advanced breeding lines of chickpea (Cicer arietinum L.) for pod
borer resistance

Dharmendra Singh Lagoriya, Niharika Saharia’, Bidyut K. Sharmah* and Ramendra Nath Sarmat

Abstract

The pod borer Helicoverpa armigera is a major constraint to chickpea (Cicer arietinum L.) production worldwide, affecting the crop most
severely during the pod formation stage, leading to reduced crop yield by approximately upto 90 to 95%. The present study was conducted
to find characteristics associated with resistance to pod borer infestation by analyzing several morphological and phytochemical attributes
in 200 advanced breeding lines of chickpeas and four checks. ANOVA elucidated the presence of significant differences among genotypes
for all quantitative as well as qualitative traits. The number of pods per plant, plant height, total antioxidant activity and presence of
trichomes were identified as key contributors to resistance against pod borer. Cluster analysis based on Euclidean Distance revealed the
categorization of genotypes into distinct groups based on their traits, recommending the specific groups for targeted breeding efforts.
The study also emphasized the significance of phytochemical features in improving resistance to pod borer, such as trichome density,
flavonoid concentration and tannin content. The present findings advocate exploring the wild progenitors and advanced progeny that

may help in increasing the diversity among cultivated chickpeas and help in developing resistant varieties in the future.
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Introduction

The chickpea (Cicer arietinum L.) is an important legume that
has been cultivated and consumed in various regions of the
world since ancient times. It is a self-pollinating diploid (2n =
16) crop belonging to the Fabaceae family. Due to its superior
nutrition and health advantages, it is currently being grown
in 57 countries across the continents (Merga and Haji 2019).
India produced 13.75 mt of chickpeas in 2021-2022 (fourth
estimate), using 10.91 million ha of land and 12.6 g/ha of
productivity (Indian Institute of Pulses Research, n.d.). Even
though it is the world's largest producer of chickpeas, India
has had to rely on other countries to meet demand. This
dependence can be linked to the long-term, continuous
farming of the same chickpea cultivars in the same
geographic area. As a result, this technique has increased
the vulnerability of chickpea crops to several abiotic stresses,
diseases, and pests (Whitehead et al. 2017). One particularly
destructive pest, the pod borer (Helicoverpa armigera), has
caused severe yield losses for farmers worldwide, ranging
up to 80 to 95% or complete losses if the infection occurred
during the blooming or pod formation stage (Rahman
1989). This polyphagous pest significantly affects the field
and horticultural crops of more than 82 families (Sarwar
et al. 2013). A typical adult female moth lays around 500
to 1000 eggs (Mironidis and Savopoulou-Soultani 2014),

contributing to an estimated economical loss exceeding
$2 billion USD throughout the world annually. According to
Dhaliwal et al. (2010) crop devastation in India is caused by
pod borer ranging from 40 to 95% and yield losses of up to
400 kg/ha, respectively. This causes an annual loss of more
than Rs. 35,000 million. Currently, there is a lack of chickpea
cultivar(s) that are resistant to pod borers. Several studies
have demonstrated the capacity of wild Cicer progenitors
to cope well with a range of biotic and abiotic stresses
(Warschefsky et al. 2014). Exploring wild relatives might
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reveal important phyto-morphological characteristics that
may be helpful in breeding for pod borer resistance (Von
Wettberg et al. 2018) to be incorporated in suitable chickpea
genetic background.

Phyto-morphological characteristics, including
plant height, leaf dimensions and morphology, flower
pigmentation, pod shape, pod size, thickness, and foliage
color, as well as trichome size and density on the pod wall,
collectively contribute to the resistance or susceptibility of
plant variety from the pod borer damage (Vanambathina et
al. 2021; Awol et al. 2018; Sreelatha et al. 2018; Sharma et al.
2009). Furthermore, glandular trichomes offer a combination
of structural and chemical defensive mechanisms by
releasing secondary metabolites such as flavonoids,
terpenoids, and alkaloids. These compounds have the ability
to intoxicate, deter, or capture insects and other organisms.
(Golla et al. 2020; War et al. 2012).

The development of new chickpea varieties with
enhanced resistance to pod borer damage will require
a detailed understanding of the variability with regards
to above mentioned traits conferring resistance among
chickpea germplasm but studies on genetic variability
among chickpeas lines derived from wild sources are limited.
Therefore, the present study was undertaken to identify
the nature of genetic diversity in advanced breeding lines
having useful traits from wild relatives of chickpeas for
diverse phyto-morphological features conferring resistance
against pod borer.

Materials and methods

Experimental material

A total of 200 F_and F_ breeding lines (genotypes) and four
checks were used in the present study. These genotypes
were developed by crossing of cultivated parents (ICCV
96029, Counsul, Habru, and Minjar) with their wild relatives
(Sirna 60, Karab 81 and Karab 92) at the University of
California, Davis, USA, and obtained by the help of NBPGR
New Delhi (Supplementary Table S1). To understand the
morphology and phytochemical aspects, these genotypes
were categorized based on their pedigree information,
viz. Group A (ICCV 96029 X Karab_81), group B (ICCV 96029
X Sirna_60), group C (Habru X Sirna_60), group D (ICCV
96029 X Karab_92), group E (Minjar X Sirna_60), and group
F (Consul X Sirna_60). The evaluation of genotypes was
done in the net house of DBT-NECAB, Assam Agricultural
University, Jorhat by sowing seeds in polythene bags
filled with uniform potting material viz. soil, cow dung
and vermicompost in the ratio of 2:1:1 during 2021-22. The
experiment was conducted in two replications with two
pots for each genotype. Data on quantitative traits viz.,
days to first flowering (DAF), plant Height (PH), number of
primary branches (NPB), number of pods per plant (NPP),
seed test weight (STW), grain weight (GrW) were collected

along with some biochemical parameters as well viz,, total
phenolic content (TPC), flavonoid (FLAV), tannin (TANN), total
antioxidant capacity (TAA), protein content (PC), a-amylase
inhibition percent (Al%) and trypsin inhibition percent (T1%).
The 30 days plants were used for conducting whole plant-
insect bioassay as well as detached leaf bioassay inside the
laboratory conditions and data on glandular trichome (GT),
non-glandular trichome (NGT), whole Plant Assay larval
weight (WLW), whole plant assay plant damage (WPD),
detached leaf larval weight (DLW) and detached leaf plant
damage (DLW) were obtained.

Whole plant insect bioassay

The whole-plantinsect bioassay was done in two replications
inside the net house with plants by releasing three firstinstar
larvae to 30 days plant as described by Sharma et al. (2005).
The plant was monitored and kept in the net house until the
insect completely damaged the susceptible genotypes. The
larvae were weighed and the leaf damage percentage was
calculated visually.

Detached leaf insect bioassay

A detached leaf insect bioassay was conducted under
laboratory conditions using rearing trays and the trays
were kept in a completely randomized manner with two
replications of leaf samples (Sharma et al., 2005). Visible
damage system of each sample was recorded by counting
the number of damaged and undamaged leaflets, and the
percent damage was recorded according to the scale 1to 9
(1=<10% and 9 = >90% leaf area/ pod damaged) from the
three replications (Sharma, 2005).

Determination of trichome density

With a few minor adjustments, the technique of Talebi et al.
(2018) was used to measure the density of leaf trichomes.
The cut leaves were dipped into FAA (formalin 7.5%, acetic
acid 7.5%, and ethanol 85%) solution for 48 hrs followed
by bleaching with 5% NaOCI|, washing and dehydrating.
The samples were then stained with the carmine dye and
number of trichomes on the leaf surface was counted under
the microscope from three leaf sections (base, middle and
apex).

Phytochemical analysis of genotypes against pod
borer

The collected leaf sample were homogenized using a
MagNAlyser (Roche) and then extracted with 95% methanol
(Ainsworth and Gillespie 2007) for estimation of phenol,
flavonoid, tannin and total antioxidant activity (TAA). A
separate extract from the collected leaf sample of 50 mg
and protein extraction buffer (10 mM tris HCl, 500 mM
NadCl, Triton-X 100, and 1% -mercapto ethanol) was used to
estimate protein, a-amylase, and trypsin inhibition (Gupta
et al. 2014).

The total phenolic content in the extract was assessed using
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the method described by Ainsworth and Gillespie (2007)
with slight modifications. The 100ul extract was put to
Eppendorf tubes with 200 pL Folin-Ciocalteu reagent with
an addition of 800 uL of Na2COs. A Varioskan LUX microplate
reader was used to record absorbance at 765 nm after 1-hour
of incubation at room temperature. Gallic acid (1-mg/mL)
was used to calculate the total phenolic compound using
methanol as a blank. The total flavonoid content of the
extract was determined by spectrophotometry following
the method essentially described by Chang et al. (2002). The
total tannin content was estimated following the method
of Attarde et al. (2010) and the total antioxidant content
was estimated based on the phospho-molybdenum assay
as described by Prieto et al. (1999). The protein content
was estimated by using the Bradford method (1976). The
a-amylase inhibitory assay was carried out by following the
standard method and the trypsin inhibition percentage was
measured according to Kakade et al. (1969).

Statistical analysis

Out of 204 genotypes, replicated mean data of 202
genotypes for nineteen quantitative traits were used for
analysis of variance (ANOVA) using Fisher’s method (Panse
and Sukhatme 1985). R-package “variability” in R version 3.6.3
was used for analysing the genetic variability parameters
(Popat et al. 2020). The genetic diversity analysis based
on D? statistics was done according to the methodology
given by Mahalanobis (1936) with the R packages Metan
(Olivoto and Lucio 2020) and Biotools (da Silva et al. 2017).
The unweighted pair group method of the average linkage
(UPGMA) was used to classify the 202 accessions into groups
(clusters). A circular dendrogram was created using the
Circlize package visualization of hierarchical clustering trees
(Galili 2015; Gu et al. 2014).

Results and discussion

Analysis of variance and genetic variability

Out of 204 genotypes, two genotypes failed to establish
themselves in pot and were rejected. A significant difference
was observed for all the morpho-phytochemical traits,
indicating sufficient genetic variation among 202 genotypes
of chickpea (Table 1) and the potential of these lines to
exploit in breeding for pod borer resistance. Box plots
(Figs 1a to 1p) illustrate how traits vary within and between
groups. The genotypes of group A were early in flowering
with an average of 72.15 days, but genotype G91 from group
B was earliest for first flowering with 40 days. The lowest
average height of 123.41 cm was observed in the B group
and the genotypes of group E had the highest average
height of 162.54 cm. The mean number of branches per
plant was comparable across the groups. The genotypes of
group B had the highest number of pods per plant, with an
average of 57.56. The genotypes of group A had the highest

average seed test weight of 17.54 g, and the highest average
seed yield per plant of 17.91 g was noticed in group C. The
genotypes of group D showed the highest total phenol
content of an average of 0.16 mg GAE/100 mg fresh weight.
The maximum average of 0.165 mg of flavonoid content
in terms of quercetin/100 mg fresh weight was observed
in group A. Amongst groups, genotypes of group D had
a maximum average of 0.608 mg tannin content. Group
D genotypes exhibited a higher average of 14.85 mg total
antioxidant activity. Though there is not many differences
in protein content among the groups, genotypes of group
C showed a maximum average protein content of 0.555
mg/100 mg fresh weight. The genotypes of groups A
and E recorded higher average percent of alpha-amylase
inhibition of 4.44 and 4.43%, respectively. The maximum
trypsin inhibitor was observed from group A, with a mean
of 6.20%. The highest mean of 17.37 glandular trichomes
was recorded in group D, while the genotypes of group
C had a greater mean of 26 non-glandular trichomes. In
detected leaf insect assay (DLA) the genotypes of group E
had the highest average per cent damage of 69.44%, while
that of group F had the lowest average percent damage of
49.15%. In whole plant insect bioassay WPA) out of the six
groups, group C had the highest average percent damage
of 74.47% and group A had the lowest average percent
damage of 47.70.

The phenotypic co-efficient of Variation (PCV) was
greater than the genotypic co-efficient of Variation (GCV)
for all traits under study, indicating the influence of
environment warranting a more replicated evaluation of
these traits (Table 2). The GCV and PCV values ranged from
1.21 to 39.73 and 1.62 to 96.50, respectively. In support of
variability parameters for the selection of important traits,
similar reports are also reported (Chandana et al. 2023).
The breeding programme might face inconsistency in the
selection of certain traits, as evidenced by the low estimates
of GCV and PCV observed for a few traits (Nikita and Lal 2022;
Yaqoob et al. 2010).

In the present study, higher heritability was recorded for
the number of primary branches (h?=97.32%) followed by
glandular trichome (h?=96.57%), days to first flowering (h?
=95.82%), a-amylase inhibition% (h’=95.57) and the tannin
content (h?=95.51). Because of their higher heritability,
these traits could be used to develop chickpeas that may
show resistant to pod borer (Khumukcham et al. 2022). The
breeder can employ these traits to develop resistant varieties
of chickpeas against pod borer. The percentage of trypsin
inhibitors and the number of glandular trichomes have been
used against pod borer as reported earlier (Handley et al.
2005; Brar and Singh 2017; Golla et al. 2018b).

Correlation and path analyses
The genotypic correlation coefficient was found to be higher
than the phenotypic correlation coefficient (Table 3). Traits
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showing positive associations with grain yield were number
of pods per plant, plant height, and total antioxidant activity.
Meena et al. (2021) estimated the genotypic coefficient of
correlation over the phenotypic correlation coefficient,
indicated an inherent association among the traits. The
prominent number of pods and plant height greatly
influence grain production in plants. The present analysis
reflected that the correlations among traits were complex,
warranting path coefficient analysis.

The results of path coefficient analysis based on
genotypic correlation are presented in Table 4. The highest
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positive direct effect was observed for the number of pods
per plant on grain yield. Plant height and total antioxidant
capacity showed maximum positive indirect effect on yield
via the number of pods per plant. The indirect effects of
flavonoid content, glandular trichome and non-glandular
trichome via other traits were low, but the positive
association could account the positive indirect effect of
these traits on yield. Aarif et al. (2014) also reported a
significant positive interrelation between pods per plantand
seed yield per plant. The low residual effect (0.057) implies
that the causative traits of pod borer resistance explained
about 99% of the variability for yield per plant.
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Genetic diversity analysis
The results of MANOVA based on Wilk’s (1946) criteria
revealed a significant difference among the genotypes,
providing room for the diversity analysis. Nineteen
quantitative characters of 202 genotypes were used to
determine diversity using Mahalanobis distance (pairwise)
among all the genotypes. A maximum distance of 12.88
between genotypes G139 and G26 indicated maximum
diversity between two genotypes for many traits; whereas
the minimum distance of 3.42 between G55 and G2
indicated a close proximity between these two genotypes.
Overall, the average Mahalanobis distance between the
genotypes was recorded to be 6.04. Using quantitative trait
analysis, the relationship between all genotypes and their
clustering pattern was graphically depicted in Fig 2. The
202 chickpea genotypes were grouped into four clusters.
Different researchers have reported that the different set
of materials, which was used in their analysis, was grouped
into different clusters. Temesgen et al. (2015) evaluated
the genetic diversity of 49 Kabuli chickpea genotypes
categorized into eight genetic divergence classes, whereas
the study carried out by Aarif et al. (2017) using D? divergence
analysis of 22 genotypes grouped into three clusters and
Thakur et al. (2018) categorized 100 genotypes into 12
clusters. These studies indicated that wild progenitors
of chickpea possesses a tremendous amount of genetic
diversity for utilization in the improvement of chickpeas.
The cluster composition has been provided below in
Table 5. These clusters were further analyzed based on the
mean performance of all the quantitative traits and results
presented in Table 6. Cluster 1 is the largest, comprising of
108 genotypes, followed by cluster 3 with 13 genotypes
and cluster 2 with 8 genotypes. Cluster 4 is a solitary cluster
comprising only one genotype, which had late flowering
genotypes (139 days) whereas cluster 1 had genotypes with
early flowering (78.86 days) ability. The tallest (129.11 cm)
height genotypes were grouped in cluster 1 compared to
genotypes of cluster 4 (57.50 cm) with a higher number of
primary branches (3 per plant). Cluster 2 had an average of

insect bioassay insect

2.50 primary branches per plant. The maximum number of
pods per plant (58.63) was recorded from cluster 2 and the
minimum number of pods/plants (24) was recorded in cluster
4. The minimum seed test weight (15.49 g) was recorded
from cluster 2, whereas the maximum seed test weight
(17.55 g) was from cluster 3. A higher grain yield of 17.67g
was recorded from cluster 2 and a lower grain yield of 7.62
g was recorded from cluster 4. Total antioxidant activity was
recorded to be higher (14.71 mg/100 mg of fresh weight) in
cluster 3 and the lower antioxidant activity of 10 mg/100 mg
fresh weight from cluster 4. The maximum protein content of
0.56 mg/100 mg of fresh weight was recorded from cluster 2
and the minimum content of 0.52 mg/100 mg of fresh weight
from cluster 3. There was a diminutive difference in the
content of total phenolic content, the flavonoid content, the
tannin content, the a-amylase inhibition% and the trypsin
inhibition% in different clusters. However, a noteworthy
difference was noted in the number of trichomes based
on the cluster analysis. The highest glandular trichomes
were noticed from cluster 2; the maximum non-glandular
trichomes was recorded from cluster 4 . Cluster analysis
of whole plant insect bioassay revealed that cluster 4 has

Cluster 2

Cluster 3

luster 4

Cluster 1

Fig. 2. Circular dendrogram depicting genetic diversity of 202
chickpea genotypes based on the quantitative traits
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Table 1. Analysis of variance (ANOVA) for nineteen quantitative yield and pod borer related traits in 202 genotypes of chickpea
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Trypsin inhibition%, GT= Glandular trichome, NGT= Non glandular trichome, WLW= Whole plant assay larval

Detached leaf plant damage and GrW= Grain weight

Alpha-amylase inhibition%, TI%

Protein content, Al%=
Detached leaf larval weight, DPD

Total antioxidant capacity, PC

TAA=
weight, WPD

Whole plant assay plant damage, DLW=

less percent damage 53.95% with
a higher larval weight of 95.85 mg
while cluster 2 had a maximum
percent damage (71.91%) with
70.06 mg of larval weight. The data
of detached leaf bioassay showed
cluster 4 has less percent damage
(45.15% with 31.82 mg of larval
weight) and higher, i.e.,, 54.69%
damage was recorded from cluster
2 along with higher 44.52 mg of
larval weight.

Relative contribution of
different quantitative traits
towards divergence

The highest contribution towards
divergence in terms of Singh'’s
(1981) criteria was noticed from the
number of pods per plant (21.05%),
which also showed high variability
and heritability, followed by protein
content (12.75%) with low variability
and with high heritability. Likewise,
a-amylase inhibition contributed
10.50% with a low variability and
high heritability (Fig. 3). Though
contribution from phytochemical
was recorded to be lesser than
morphological traits, they showed
a high heritability offering scope
of their use in breeding for plant
resistance against pod borer. Saeed
et al. (2011) reported weight of
100 seeds contributed to genetic
divergence, followed by pods per
plant, protein content and primary
branching. It was observed that
three traits such as 100 seed weight,
number of pods per plant, and days
to 50% flowering, contributed the
most to genetic divergence across
51 genotypes of chickpeas.

The current experiment
demonstrated that the population
of chickpeas developed by
combining several genotypes was
successful in creating adequate
genetic diversity for breeders to
utilize in selecting insect-resistant
lines with suitable agronomic traits.
The findings shed light into the
intricate, multifaceted interplay
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Table 5. Clusters for quantitative trait performance for 202
genotypes of chickpea

Parental groups Cluster1  Cluster2  Cluster3  Cluster 4
A 16 - 1 -
B 76 3 4 -
C 10 3 1 -
D 42 2 7 1
E 5 - - -
F 27 - -
Checks 4 - - -

manipulation, marker-assisted selection, and breeding in
chickpeas. The study also highlighted the importance of
phytochemical features like trichome density and flavonoid
concentration in improving resistance. This research aims to
increase chickpea diversity and develop resistant varieties.

Supplimentary material
Supplimentary Table S1 can be accessed at www.isgpb.org.
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the experiments (DKL, RNS); Contribution of experimental

Table 6. Cluster wise means data of quantitative traits for the 202 genotypes of chickpea

Cluster DAF  PH NPB NPP STW TPC FLAV TANN TAA PC Al T GI NGT WLW WPD DLW DPD GrwW
(%) (%)
Cluster 1 78.86 129.11 270 50.32 1590 0.16 0.16 0.60 1425 0.55 4.43 3.78 1504 23.06 7578 6643 4452 5469 1589
Cluster2 98.75 79.75 250 5863 1549 0.16 1.60 060 13.70 0.56 4.43 3.91 18.00 2631 70.06 7191 39.05 5091 17.67
Cluster3 104.85 7781 231 5265 17.55 0.16 0.16 0.61 1471 0.52 443 3.99 17.38 25.85 68.73 62.11 4261 51.12 17.23
Cluster4 139.00 57.50 3.00 2400 1679 0.16 0.17 0.61 1041 0.53 4.43 2.86 16.50 29.00 9585 53.95 31.82 4551 7.62
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Traits

Fig. 3. Percentage contributing traits to the genetic divergence in the 202 genotypes of chickpeas

between genetic attributes, morphological characteristics
and biochemical composition. The heritability analysis
revealed key traits with substantial heritable potential, such
as the number of primary branches, glandular trichomes,
days to first flowering, a-amylase inhibition, and tannin
content. These characteristics hold great potential for
creating chickpea varieties that are naturally resistant to
the pod borer, providing an effective means to increase
crop resilience. This population might be the best one
for mapping insect resistance genes using an association
mapping approach to identify novel resistance genes. This
could open the door for their exploitation in transgenic

materials (BKS, DKL); Execution of field/lab experiments and
data collection (DKL); Analysis of data and interpretation
(RNS, DKL); Preparation of the manuscript (NS, DKL).
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Supplementary Table S1. List of the genotypes with their parents used for evaluating pod borer

S.No Genotype Name  Code used Domestic Parents ~ Wild Parent Wild Species Genotype Group
1 2010 G1 ICCV 96029 Karab_81 Cicer echinospermum A
2 2018 G2 ICCV 96029 Karab_81 Cicer echinospermum A
3 2019 G3 ICCV 96029 Karab_81 Cicer echinospermum A
4 2020 G4 ICCV 96029 Karab_81 Cicer echinospermum A
5 2021 G5 ICCV 96029 Karab_81 Cicer echinospermum A
6 2026 G6 ICCV 96029 Karab_81 Cicer echinospermum A
7 2027 G7 ICCV 96029 Karab_81 Cicer echinospermum A
8 2043 G8 ICCV 96029 Karab_81 Cicer echinospermum A
9 2045 G9 ICCV 96029 Karab_81 Cicer echinospermum A
10 2048 G10 ICCV 96029 Karab_81 Cicer echinospermum A
11 2049 G11 ICCV 96029 Karab_81 Cicer echinospermum A
12 2050 G12 ICCV 96029 Karab_81 Cicer echinospermum A
13 2056 G13 ICCV 96029 Karab_81 Cicer echinospermum A
14 2057 G14 ICCV 96029 Karab_81 Cicer echinospermum A
15 9626 G15 ICCV 96029 Karab_81 Cicer echinospermum A
16 9628 G16 ICCV 96029 Karab_81 Cicer echinospermum A
17 10360 G17 ICCV 96029 Karab_81 Cicer echinospermum A
18 8349 G18 ICCV 96029 Karab_92 Cicer echinospermum D
19 8380 G19 ICCV 96029 Karab_92 Cicer echinospermum D
20 8382 G20 ICCV 96029 Karab_92 Cicer echinospermum D
21 8348 G21 ICCV 96029 Karab_92 Cicer echinospermum D
22 8351 G22 ICCV 96029 Karab_92 Cicer echinospermum D
23 8352 G23 ICCV 96029 Karab_92 Cicer echinospermum D
24 8355 G24 ICCV 96029 Karab_92 Cicer echinospermum D
25 8356 G25 ICCV 96029 Karab_92 Cicer echinospermum D
26 8357 G26 ICCV 96029 Karab_92 Cicer echinospermum D
27 8367 G27 ICCV 96029 Karab_92 Cicer echinospermum D
28 8370 G28 ICCV 96029 Karab_92 Cicer echinospermum D
29 8372 G29 ICCV 96029 Karab_92 Cicer echinospermum D
30 8373 G30 ICCV 96029 Karab_92 Cicer echinospermum D
31 8383 G31 ICCV 96029 Karab_92 Cicer echinospermum D
32 8387 G32 ICCV 96029 Karab_92 Cicer echinospermum D
33 8397 G33 ICCV 96029 Karab_92 Cicer echinospermum D
34 8404 G34 ICCV 96029 Karab_92 Cicer echinospermum D
35 8405 G35 ICCV 96029 Karab_92 Cicer echinospermum D
36 8413 G36 ICCV 96029 Karab_92 Cicer echinospermum D
37 8414 G37 ICCV 96029 Karab_92 Cicer echinospermum D
38 8415 G38 ICCV 96029 Karab_92 Cicer echinospermum D
39 8416 G39 ICCV 96029 Karab_92 Cicer echinospermum D
40 8418 G40 ICCV 96029 Karab_92 Cicer echinospermum D
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41 8419 G41 ICCV 96029 Karab_92 Cicer echinospermum D
42 8422 G42 ICCV 96029 Karab_92 Cicer echinospermum D
43 8423 G43 ICCV 96029 Karab_92 Cicer echinospermum D
44 8424 G44 ICCV 96029 Karab_92 Cicer echinospermum D
45 8426 G45 ICCV 96029 Karab_92 Cicer echinospermum D
46 8427 G46 ICCV 96029 Karab_92 Cicer echinospermum D
47 8428 G47 ICCV 96029 Karab_92 Cicer echinospermum D
48 2743 G48 ICCV 96029 Sirna_60 Cicer reticulatum B
49 2768 G49 ICCV 96029 Sirna_60 Cicer reticulatum B
50 2771 G50 ICCV 96029 Sirna_60 Cicer reticulatum B
51 2784 G51 ICCV 96029 Sirna_60 Cicer reticulatum B
52 2726 G52 ICCV 96029 Sirna_60 Cicer reticulatum B
53 2727 G53 ICCV 96029 Sirna_60 Cicer reticulatum B
54 2730 G54 ICCV 96029 Sirna_60 Cicer reticulatum B
55 2731 G55 ICCV 96029 Sirna_60 Cicer reticulatum B
56 2732 G56 ICCV 96029 Sirna_60 Cicer reticulatum B
57 2733 G57 ICCV 96029 Sirna_60 Cicer reticulatum B
58 2736 G58 ICCV 96029 Sirna_60 Cicer reticulatum B
59 2737 G59 ICCV 96029 Sirna_60 Cicer reticulatum B
60 2739 G60 ICCV 96029 Sirna_60 Cicer reticulatum B
61 2740 G61 ICCV 96029 Sirna_60 Cicer reticulatum B
62 2741 G62 ICCV 96029 Sirna_60 Cicer reticulatum B
63 2744 G63 ICCV 96029 Sirna_60 Cicer reticulatum B
64 2746 G64 ICCV 96029 Sirna_60 Cicer reticulatum B
65 2747 G65 ICCV 96029 Sirna_60 Cicer reticulatum B
66 2750 G66 ICCV 96029 Sirna_60 Cicer reticulatum B
67 2751 G67 ICCV 96029 Sirna_60 Cicer reticulatum B
68 2753 G68 ICCV 96029 Sirna_60 Cicer reticulatum B
69 2755 G69 ICCV 96029 Sirna_60 Cicer reticulatum B
70 2756 G70 ICCV 96029 Sirna_60 Cicer reticulatum B
71 2758 G71 ICCV 96029 Sirna_60 Cicer reticulatum B
72 2759 G72 ICCV 96029 Sirna_60 Cicer reticulatum B
73 2760 G73 ICCV 96029 Sirna_60 Cicer reticulatum B
74 2761 G74 ICCV 96029 Sirna_60 Cicer reticulatum B
75 2764 G75 ICCV 96029 Sirna_60 Cicer reticulatum B
76 2765 G76 ICCV 96029 Sirna_60 Cicer reticulatum B
77 2766 G77 ICCV 96029 Sirna_60 Cicer reticulatum B
78 2769 G78 ICCV 96029 Sirna_60 Cicer reticulatum B
79 2770 G79 ICCV 96029 Sirna_60 Cicer reticulatum B
80 2772 G80 ICCV 96029 Sirna_60 Cicer reticulatum B
81 2773 G81 ICCV 96029 Sirna_60 Cicer reticulatum B
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82 2774 G82 ICCV 96029 Sirna_60 Cicer reticulatum B
83 2775 G83 ICCV 96029 Sirna_60 Cicer reticulatum B
84 2776 G84 ICCV 96029 Sirna_60 Cicer reticulatum B
85 2777 G85 ICCV 96029 Sirna_60 Cicer reticulatum B
86 2778 G86 ICCV 96029 Sirna_60 Cicer reticulatum B
87 2780 G87 ICCV 96029 Sirna_60 Cicer reticulatum B
88 2781 G88 ICCV 96029 Sirna_60 Cicer reticulatum B
89 2782 G89 ICCV 96029 Sirna_60 Cicer reticulatum B
90 2783 G90 ICCV 96029 Sirna_60 Cicer reticulatum B
91 2785 GI1 ICCV 96029 Sirna_60 Cicer reticulatum B
92 2789 G92 ICCV 96029 Sirna_60 Cicer reticulatum B
93 2798 G93 ICCV 96029 Sirna_60 Cicer reticulatum B
94 2807 G9%4 ICCV 96029 Sirna_60 Cicer reticulatum B
95 2807 G95 ICCV 96029 Sirna_60 Cicer reticulatum B
96 2811 G9%6 ICCV 96029 Sirna_60 Cicer reticulatum B
97 2814 G97 ICCV 96029 Sirna_60 Cicer reticulatum B
98 2815 G98 ICCV 96029 Sirna_60 Cicer reticulatum B
99 2818 G99 ICCV 96029 Sirna_60 Cicer reticulatum B
100 2822 G100 ICCV 96029 Sirna_60 Cicer reticulatum B
101 2830 G101 ICCV 96029 Sirna_60 Cicer reticulatum B
102 2831 G102 ICCV 96029 Sirna_60 Cicer reticulatum B
103 2832 G103 ICCV 96029 Sirna_60 Cicer reticulatum B
104 2833 G104 ICCV 96029 Sirna_60 Cicer reticulatum B
105 2834 G105 ICCV 96029 Sirna_60 Cicer reticulatum B
106 2835 G106 ICCV 96029 Sirna_60 Cicer reticulatum B
107 2854 G107 ICCV 96029 Sirna_60 Cicer reticulatum B
108 9788 G108 Consul Sirna_60 Cicer reticulatum F
109 9799 G109 Consul Sirna_60 Cicer reticulatum F
110 9800 G110 Consul Sirna_60 Cicer reticulatum F
11 9803 G111 Consul Sirna_60 Cicer reticulatum F
112 9805 G112 Consul Sirna_60 Cicer reticulatum F
113 9806 G113 Consul Sirna_60 Cicer reticulatum F
114 9807 G114 Consul Sirna_60 Cicer reticulatum F
115 9809 G115 Consul Sirna_60 Cicer reticulatum F
116 9811 G116 Consul Sirna_60 Cicer reticulatum F
117 9812 G117 Consul Sirna_60 Cicer reticulatum F
118 9814 G118 Consul Sirna_60 Cicer reticulatum F
119 9816 G119 Consul Sirna_60 Cicer reticulatum F
120 9821 G120 Consul Sirna_60 Cicer reticulatum F
121 9825 G121 Consul Sirna_60 Cicer reticulatum F
122 9826 G122 Consul Sirna_60 Cicer reticulatum F
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123 9830 G123 Consul Sirna_60 Cicer reticulatum F
124 9831 G124 Consul Sirna_60 Cicer reticulatum F
125 9832 G125 Consul Sirna_60 Cicer reticulatum F
126 9833 G126 Consul Sirna_60 Cicer reticulatum F
127 9837 G127 Consul Sirna_60 Cicer reticulatum F
128 9838 G128 Consul Sirna_60 Cicer reticulatum F
129 9839 G129 Consul Sirna_60 Cicer reticulatum F
130 7669 G130 Habru Sirna_60 Cicer reticulatum C
131 7670 G131 Habru Sirna_60 Cicer reticulatum C
132 7672 G132 Habru Sirna_60 Cicer reticulatum C
133 7675 G133 Habru Sirna_60 Cicer reticulatum C
134 7680 G134 Habru Sirna_60 Cicer reticulatum C
135 7684 G135 Habru Sirna_60 Cicer reticulatum C
136 7686 G136 Habru Sirna_60 Cicer reticulatum C
137 7688 G137 Habru Sirna_60 Cicer reticulatum C
138 7692 G138 Habru Sirna_60 Cicer reticulatum C
139 7698 G139 Habru Sirna_60 Cicer reticulatum C
140 7698 G140 Habru Sirna_60 Cicer reticulatum C
141 7703 G141 Habru Sirna_60 Cicer reticulatum C
142 8335 G142 ICCV 96029 Karab_92 Cicer echinospermum D
143 8340 G143 ICCV 96029 Karab_92 Cicer echinospermum D
144 8342 G144 ICCV 96029 Karab_92 Cicer echinospermum D
145 8362 G145 ICCV 96029 Karab_92 Cicer echinospermum D
146 8364 G146 ICCV 96029 Karab_92 Cicer echinospermum D
147 8366 G147 ICCV 96029 Karab_92 Cicer echinospermum D
148 8369 G148 ICCV 96029 Karab_92 Cicer echinospermum D
149 8401 G149 ICCV 96029 Karab_92 Cicer echinospermum D
150 8403 G150 ICCV 96029 Karab_92 Cicer echinospermum D
151 8407 G151 ICCV 96029 Karab_92 Cicer echinospermum D
152 8409 G152 ICCV 96029 Karab_92 Cicer echinospermum D
153 8417 G153 ICCV 96029 Karab_92 Cicer echinospermum D
154 8430 G154 ICCV 96029 Karab_92 Cicer echinospermum D
155 8431 G155 ICCV 96029 Karab_92 Cicer echinospermum D
156 9609 G156 ICCV 96029 Karab_92 Cicer echinospermum D
157 2728 G157 ICCV 96029 Sirna_60 Cicer reticulatum B
158 2729 G158 ICCV 96029 Sirna_60 Cicer reticulatum B
159 2734 G159 ICCV 96029 Sirna_60 Cicer reticulatum B
160 2735 G160 ICCV 96029 Sirna_60 Cicer reticulatum B
161 2738 G161 ICCV 96029 Sirna_60 Cicer reticulatum B
162 2742 G162 ICCV 96029 Sirna_60 Cicer reticulatum B
163 2745 G163 ICCV 96029 Sirna_60 Cicer reticulatum B
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164 2749 G164 ICCV 96029 Sirna_60 Cicer reticulatum B
165 2754 G165 ICCV 96029 Sirna_60 Cicer reticulatum B
166 2762 G166 ICCV 96029 Sirna_60 Cicer reticulatum B
167 2763 G167 ICCV 96029 Sirna_60 Cicer reticulatum B
168 2767 G168 ICCV 96029 Sirna_60 Cicer reticulatum B
169 2779 G169 ICCV 96029 Sirna_60 Cicer reticulatum B
170 2795 G170 ICCV 96029 Sirna_60 Cicer reticulatum B
171 2805 G171 ICCV 96029 Sirna_60 Cicer reticulatum B
172 2823 G172 ICCV 96029 Sirna_60 Cicer reticulatum B
173 9639 G173 ICCV 96029 Sirna_60 Cicer reticulatum B
174 9520 G174 Minjar Sirna_60 Cicer reticulatum E
175 9530 G175 Minjar Sirna_60 Cicer reticulatum E
176 9534 G176 Minjar Sirna_60 Cicer reticulatum E
177 9798 G177 Consul Sirna_60 Cicer reticulatum F
178 9815 G178 Consul Sirna_60 Cicer reticulatum F
179 9816 G179 Consul Sirna_60 Cicer reticulatum F
180 9820 G180 Consul Sirna_60 Cicer reticulatum F
181 9835 G181 Consul Sirna_60 Cicer reticulatum F
182 7676 G182 Habru Sirna_60 Cicer reticulatum C
183 7688 G183 Habru Sirna_60 Cicer reticulatum C
184 7700 G184 Habru Sirna_60 Cicer reticulatum C
185 7707 G185 Habru Sirna_60 Cicer reticulatum C
186 8337 G186 ICCV 96029 Karab_92 Cicer echinospermum D
187 8348 G187 ICCV 96029 Karab_92 Cicer echinospermum D
188 8352 G188 ICCV 96029 Karab_92 Cicer echinospermum D
189 8353 G189 ICCV 96029 Karab_92 Cicer echinospermum D
190 8408 G190 ICCV 96029 Karab_92 Cicer echinospermum D
191 8415 G191 ICCV 96029 Karab_92 Cicer echinospermum D
192 8423 G192 ICCV 96029 Karab_92 Cicer echinospermum D
193 2814 G193 ICCV 96029 Sirna_60 Cicer reticulatum B
194 2834 G194 ICCV 96029 Sirna_60 Cicer reticulatum B
195 9333 G195 ICCV 96029 Sirna_60 Cicer reticulatum B
196 9334 G196 ICCV 96029 Sirna_60 Cicer reticulatum B
197 9336 G197 ICCV 96029 Sirna_60 Cicer reticulatum B
198 9339 G198 ICCV 96029 Sirna_60 Cicer reticulatum B
199 9523 G199 Minjar Sirna_60 Cicer reticulatum E
200 9531 G200 Minjar Sirna_60 Cicer reticulatum E
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Supplementary Table S2: List of checks (Ck) used for evaluating the test genotypes for pod borer resistance

Genotype Code Character Reference

ICC 506 EB G201 Moderately resistant Sharma et al. 2005; Narayanamma et al. 2007
ICCL86111 G202 Tolerant Golla et al. 2020; Reddy et al. 2018

ICC 3137 G203 Susceptible Kaur et al. 2017; Golla et al. 2020

Vishal G204 Commercial cultivar




