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Capturing genetic variability in chickpea (Cicer arietinum L.)
germplasm, released varieties, and advanced breeding lines under
heat stress environment in North Indian climatic condition

Uday C. Jha*, Yogesh Kumar and Pradip K. Katiyar

Abstract

Temperatures beyond optimal level are detrimental to growth and production in chickpeas. Aiming at capturing genetic variability
and identifying potential heat-tolerant chickpea genotype, a panel of 110 chickpea lines were evaluated in field under normal sown
(non-stress) and late sown (heat-stress) environments for various phenological, yield and yield-related traits over two consecutive years
under field conditions. Significant genetic variability for the phenological and yield related) was recorded under both non-stress and
heat-stress conditions for both years. Seed yield/plant had strong positive correlations with number of pods/plant and harvest index
under heat stress, indicating selection of plants with high pods/plant and seed yield/plant could help develop a heat-tolerant chickpea
line. Based on the yield and yield-related traits, JG74, JAKI9218, Pusa 547, GNG1958, RVG202, RSG11,RSG931, RSG10, GG2, and Pusa240
genotypes were classified as promising lines under heat stress environment. The identified diverse heat-tolerant genotypes may be
used as a potential source in chickpea breeding programme for enhancing heat tolerance and useful genetic variability.
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Elevated environmental temperature is becoming a serious
impediment to crop growth and yield, including chickpeas
globally, risking global food security (Hasanuzzaman et al.
2013). Environment temperature beyond normal ambient
temperature is detrimental to all the crop growth stages,
including vegetative and reproductive stages, resulting in
significant yield loss in chickpeas worldwide (Bhandari et
al. 2020; Chaudhary et al. 2020; Rani et al. 2020). Chickpea,
being a cool season legume crop, frequently encounters
episodic heat stress events during reproductive stages,
especially pod development and grain filling stages, leading
to significant yield losses (Devasirvatham et al. 2012, 2013;
Rani et al. 2020; Devi et al. 2022). In recent years, evidence
of an increase in environmental temperature during pod
filling and maturity stages render significant yield limitation
in chickpea (Krishnamurthy et al. 2011). Usually, the sudden
rise in temperature beyond normal causes hastening of crop
phenology, including days to flowering, days to pod filling
and maturity, thus resulting in poor biomass development
and ultimately low filled pods and plant yield (Bhandari et
al. 2020). Developing terminal heat stress resilient chickpea
genotypes is urgently needed to sustain the yield under hot
environments. The current study was, therefore, aimed at
the assessment of the existing genetic variability for heat

tolerance and to identify potential heat tolerant donors in
a set of diverse chickpea genotypes by growing them under
normal (non-stress) and late sown conditions (heat stress)
in field conditions for two years.

One hundred and ten chickpea genotypes, comprising
of released varieties, landraces and advanced breeding lines
were evaluated in field under normal (non-stress) and late
sown (heat stress) for over two consecutive years during
2017-18 and 2018-19 (Supplementary Table S1). The materials
were grown in alpha lattice design with two replications
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along with three heat tolerant checks, ICCV92944, ICC1205
and 1CC4958. The meteorological data, daily maximum and
minimum temperature (Fig. 1), the highest average day
temp recorded to be above 30°C during pod formation and
above 35°C during pod filling stage (Fig. 1). Data on various
phenological traits, namely, days to first flowering, days to
50% flowering, days to pod initiation, days to pod filling, and
days to maturity, and yield and yield related traits viz., a total
number of pods/plant, seed yield per plant, 100 seed weight,
plant biomass and harvest index were recorded during non-
stress and heat stress condition for both years. The analysis of
variance (ANOVA) was performed using GenStat 17" Edition
(VSN International, Hemel, Hempstead, UK) for individual
environments using mixed model analysis. For each trait
and environment, the analysis was performed considering
entry, and block nested with replication as random effects
and replication as a fixed effect. Broad-sense heritability was
calculated as H2 = Vg/(Vg +V /n), as suggested by Falconer
and Mackay (1996) where H? is broad-sense heritability, Vg
is genotypic variance, V_ is residual variance, n,is number
of replications.

Analysis of variance indicated significant genetic
variability for the studied traits under both non-stress and
heat-stress environments for both years (Supplementary
Table S2). A wide range of genetic variability for various
phenological traits was noted, including days to first
flowering ranging from 44 to 74 and 48 to 69 days under
non-stress and 43 to 56 and 44 to 59 days under heat stress.
Considering yield and yield-related traits, wide range of
genetic variability for various yield and yield related traits,
including pods/plant (50-77 during 2018 and 53-78 during
2019 under non-stress and 17-29 during 2018 and 14-29
during 2019 under heat stress), biomass (18.24-40 during
2018 and 18.1-35.6 g during 2019 under non-stress condition
and 11.7-16.5 during 2018 and 12.77-16.9 g during 2019
under heat stress), seed yield/plant (8.24-19.32 during 2018
and 7.61-17.9 g during 2019 under non-stress condition
and 3.9-6.5 during 2018 and 4.4-6.6 g during 2019 under
heat stress) were noted. Similarly, wide range of genetic
variability for various phenological traits and yield and yield
related was recorded in chickpeas (Krishnamurthy et al. 2011;
Upadhyay et al. 2011; Gaur et al. 2015), lentils (Sita et al. 2017;
El Haddad et al. 2020), cowpea (Hall 2004) and urdbean (Devi
et al. 2022) under heat stress environment.

High heritability for days to first flowering (81.7 and
84.9%) (see supplementary Table S2), days to pod initiation
(96 and 97%), days to maturity (90.7 and 84.9%), yield plant™
(76 and 66.6%), pod number plant”(91.1 and 70.4%), and 100
seed weight plant™(95.6 and 96.5%), as noted in the present
study, was also been observed in chickpea (Devi et al. 2022),
in lentil (El Haddad et al. 2020), and in urdbean (Chaudhary
et al. 2022) under high-temperature environments. As the
studied traits showed high heritability, these traits could
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Fig. 1. Weekly mean minimum and mean maximum day temperature
during 2017-2018 and 2018-2019
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Fig. 2. Cluster analysis of 110 chickpea genotypes evaluated under
heat stress during 2017-18

be potentially used to improve chickpeas’ heat tolerance. A
positive and significant association of days to first flowering
was recorded with the days to 50% flowering time, days
to pod initiation and days to maturity under heat stress
conditions during 2017-18. Similarly, high and positive
association of a total number of pods/plant with plant
biomass indicated selection of plants with high biomass
and number of pods/plant could improve seed yield/plant
under heat stress. Similarly, during 2018-2019 under heat
stress conditions, days to flower initiation showed a positive
and high correlation with days to 50% flowering and days to
pod initiation. Positive association of seed yield/plant with
number of pods/plant, and harvest index was recorded,
while total number of pods/plant also showed a positive and
significant correlation with harvest index. Similar findings
have been reported in chickpeas under heat stress both
under field and controlled environments (Devi et al. 2022).
Thus, selecting genotypes based on high pods/plant, seed
yield/plant and high plant biomass could lead to developing
promising heat-tolerant varieties in chickpea.

Cluster analysis was also performed to determine the
genetic diversity for yield and yield related traits. All the
genotypes were clustered into ten groups for both years
under heat stress environment. Fig. 2 indicated that the
genotypes, Rajas, Phule G96006, Pusa 267, ICC16919, JG74,
Pusa 547, RSG11, GNG1958, IPC12-184 assessed during
2017-18 were well distributed across the clusters and
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Fig. 3. Cluster analysis of 110 chickpea genotypes evaluated under
heat stress during 2018-2019

similarly, Fig. 3 showed that the genotypes, namely, JG74,
JAKI9218, P924, IPC06-68, RVG202, RSG931, RSG10, Pusa 240
and GG2 followed the similar pattern of distribution during
2018-19 when evaluated under heat stress environment.
The variation recorded in genotypes falling under different
clusters as per the evaluation in different year reflected
the environmental and genotype interaction., Similarly,
type of clustering of genotypes based on yield and yield
related traits was noticed by Devi et al. (2022) in chickpeas,
in urdbean (Chaudhary et al. 2022) and in lentils (ElHaddad
et al. 2020) under heat stress environment. The identified
heat tolerant and diverse genotypes could be promisingly
used as a donor for transferring heat tolerance in to high-
yielding and suitable agronomic background but heat-
sensitive cultivars for sustaining future chickpea yield under
increasing heat stress.

Supplementary material

Supplementary Tables S1 and S2 are provided, www.isgpb.
org
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Supplementary Table S1. A list of genotypes studied

S.no. Entry Name Status Origin/Source

1 PDG 4 Released variety PAU, Ludhiana, India

2 VISHWAS Released variety MPKVV, Rahuri, India
3 BG 256 Released variety IARI, New Delhi, India
4 GL 769 Released variety PAU, Ludhiana, India

5 Avrodhi Released variety CSAUR&T, Kanpur, India
6 PUSA 391 Released variety IARI, New Delhi, India
7 KWR 108 Released variety CSAU&T, Kanpur, India
8 RSG 974 Released variety RAU, Durgapura, India
9 Rajas Released variety MPKVV, Rahuri, India
10 GPF 2 Released variety PAU, Faridkot, India

1 PUSA 547 Released variety IARI, New Delhi, India
12 NBeG 3 Released variety Nandiyalindia

13 ICCV 10 Released variety ICRISAT, Patancheru, India
14 JAKI 9218 Released variety ICRISAT, Patancheru, India
15 PBG 1 Released variety PAU, Ludhiana, India
16 HC1 Released variety CCSHAU, Hisar, India
17 Tyson Released variety Australia

18 GNG 1488 Released variety Sriganganagar, India
19 CSG 8962 Released variety Karnal, India

20 C235 Released variety India

21 Digvijay Released variety MPKVV, Rahuri, India
22 JG74 Released variety JNKVV, Jabalpur, India
23 PUSA 209 Released variety IARI, New Delhi, India
24 RAU 52 Released variety RAU, Dholi, India

25 PUSA 408 Released variety IARI, New Delhi, India
26 1CC 92944(Ch)  Released variety ICRISAT, Patancheru, India
27 GCP 101 Released variety GAU, Junagarh, India
28 AKGS 1 Released variety Akola, India

29 PUSA 240 Released variety IARI, New Delhi, India
30 RVG 203 Released variety Sehore, India

31 JG130 Released variety JNKVV, Jabalpur, India
32 Vaibhav Released variety IGKVV, Raipur, India
33 RSG 11 Released variety RAU, Durgapura, India
34 RVG 202 Released variety Sehore, India

35 BGM 413 Released variety IARI, New Delhi, India
36 ICCV 96030 Released variety ICRISAT, Patancheru, India
37 JG11 Released variety JNKVV, Jabalpur, India
38 RSG 931 Released variety RAU, Durgapura, India
39 JG16 Released variety JNKVV, Jabalpur, India
40 Chaffa Released variety GAU, Junagadh, India
41 PUSA 261 Released variety IARI, New Delhi, India
42 PDG 3 Released variety PAU, Ludhiana, India
43 RSG 888 Released variety RAU, Durgapura, India
44 GNG 1958 Released variety Sriganganagar, India
45 Phule G 96006 Released variety MPKVV, India

S.no. Entry Name Status Origin/Source

46 BGM 408 Released variety IARI, New Delhi, India

47 GG?2 Released variety GAU, Junagadh, India

48 RSG 10 Released variety RAU, Durgapura, India

49 PUSA 267 Released variety IARI, New Delhi, India

50 PDG 5 Released variety PAU, ludhiana, India

51 KPG 59 Released variety CSAUR&T, Kanpur, India

52 PBG 5 Released variety PAU, Ludhiana, India

53 ICCV 37 Released variety ICRISAT, Patancheru, India
54 RSG 945 Released variety RAU, Durgapura, India

55 IPC 95-1 ABL IIPR, Kanpur, India

56 IPC11-72 ABL IIPR, Kanpur, India

57 IPC98-12 ABL IIPR, Kanpur, India

58 IPC 05-59 ABL IIPR, Kanpur, India

59 IPC 09-50 ABL IIPR, Kanpur, India

60 IPC 11-55 ABL IIPR, Kanpur, India

61 IPC 06-68 ABL IIPR, Kanpur, India

62 IPC 10-48 ABL IIPR, Kanpur, India

63 IPC09-153 ABL IIPR, Kanpur, India

64 IPC 08-100 ABL IIPR, Kanpur, India

65 IPC 10-181 ABL IIPR, Kanpur, India

66 IPC 09-58 ABL IIPR, Kanpur, India

67 IPC02-120 ABL IIPR, Kanpur, India

68 IPC 09-59 ABL IIPR, Kanpur, India

69 IPC 98-51 ABL IIPR, Kanpur, India

70 IPC 12-284 ABL IIPR, Kanpur, India

71 IPC05-74 ABL IIPR, Kanpur, India

72 IPC 09-35 ABL IIPR, Kanpur, India

73 IPC10-78 ABL IIPR, Kanpur, India

74 IPC 09-102 ABL IIPR, Kanpur, India

75 IPC 10-73 ABL IIPR, Kanpur, India

76 IPC 07-56 ABL IIPR, Kanpur, India

77 IPC 09-186 ABL IIPR, Kanpur, India

78 IPC 2014-88 ABL IIPR, Kanpur, India

79 IPC 12-184 ABL IIPR, Kanpur, India

80 IPC 09-152 ABL IIPR, Kanpur, India

81 JG99-115 ABL IIPR, Kanpur, India

82 IPC 2000-20 ABL IIPR, Kanpur, India

83 JG2001-14 ABL JNKVV, Jabalpur, India

84 IPC 09-20 ABL IIPR, Kanpur, India

85 IPC 10-28 ABL IIPR, Kanpur, India

86 1CC 4958 (Ch) Landrace ICRISAT, Patancheru, India
87 PDG 84-10 landrace India

88 ICC07110 Landrace ICRISAT, Patancheru, India
89 ICC 12907 landrace ICRISAT, Patancheru, India
90 1CC 1205(Ch) Landrace ICRISAT, Patancheru, India
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92
93
94
95
96
97
98
929
100
101
102
103
104
105
106
107
108
109
110

H 82-2
Katila
PDG 85-1
P 924

P 363
ICC07118
ICC 10150
1CC 1882
Dillagee
BARWAN
BPM

1CC 12928
ICC 12921
ICC 11452
ICC 4431
ICC 16919
ICC 15925
ICC 1304
ICC 15663
1CC 10489

Landrace
Landrace
Landrace
Landrace
landrace
Landrace
Landrace
Landrace
Landrace
Landrace
Landrace
Landrace
Landrace
Landrace
Landrace
Landrace
Landrace
Landrace
Landrace

Landrace

India
India
India
India
India
ICRISAT, Patancheru, India
ICRISAT, Patancheru, India
ICRISAT, Patancheru, India
India
India
India
ICRISAT, Patancheru, India
ICRISAT, Patancheru, India
ICRISAT, Patancheru, India
ICRISAT, Patancheru, India
ICRISAT, Patancheru, India
ICRISAT, Patancheru, India
ICRISAT, Patancheru, India
ICRISAT, Patancheru, India
ICRISAT, Patancheru, India

ABL= Advanced breeding line



Capturing genetic variability in chickpea

May, 2022]

91 32 JURDYIUBIS

9€'89 g'se ¥'Sv-6'9¢ [43 #8771 [444:] 879 8'79-S'vy LLY *x6'LT (%) xaput 1sanieH
596 66l S'6C-S'CL 14 #1791 69'S6 L'0€ L'oe-€'LL L'c =YL (B)1ybram pass paipuny
£999 €s €99  S00 %xC0 9/  89€El 6'L1-19/L S00 *x8€°0 (6) 3ued/piaIA paas
€65 6L 891-LTlL [40} #%G0"L Lz89  +0'st S9'ge-1'8lL €0 *#EEL (b) ssewoig
56'96 6'LE €'Sh-6'6¢ L'c #EVL [4NdS LS 0L-Tey 8Y *l€ (wd) 3yBIay yueld
€678 0oL £901-T'68 L *xC'9 6106 €Tl S'8TL-¥'8lLlL L #x6'9 Aynjew o0y skeq
St'0L 44 8'8¢-81l (44 «xG8°01 LLI'L6 [4° ¥'8L-1'€S €l «xC'8 1ue|d/spod jo JsquunN
69'L8 (A} Sle-vel S0 %«x6'C ¢6'9L 6'CC ve-1¢e 610 xxl Buijly pod 03 skeg
80°L6 L'0L ¥'84-£09 8'¢C #xE61 6196 18 8'16-0L gl #1701 uoneniul pod oy skeq
€7'86 6'09 L'0Z-1'LS LT #x1'61 [4NYA Lz §'C8-9'SS €l #xC'L Buriamoly 9505 01 sheq
678 9'Cs 9€'6S-€'7v 6'L 1L €L°18 L9 8'89-8'LY gl #x9'8 Bunamoy isiy 03 sheq
(%)AM|1geaH ues|y abuey EIS 9dUBLIBA D1}BUID (%)AN|IgeIIdH  ueay abuey JS  9dUelBADIIBUID
UOIIPUOD $S343S 183Y 6107 UOIIPUOD SS313S 183Y 8107
S0'L8 6'9¢ 9'87-6'1C R *x1'0C LTE8 6'CS 8'99-G'EY °A4 «=xEL'LC (%) xapul 1sanIeH
80'86 8/l 7oC-TlLL 9¢C «x6'L1 89'66 L'61 6'LZ-170L e #G'GL (B)1ybram pass paipuny
8L 4 §9-16'€  L60 #xC'S 5906 L'yl E6L-vT8 L #xE'9 (6) yued/piaIA paas
LL a4t SoL-LLL 8¢ 671 8’76 VLT or-vC'8l L'E 8T (b) ssewolg
6v'L6 L'S€ 9'[¥-88'LT 6'S *x8'0Y L1°L6 L'LS £'899-C°9¢ 9 *xC LY (wd) 3ybray yueyd
£08 €76 ¥'66-/8 80 =9 18's6  tlcl 6'9CL-t0l gl €01 Ayinjew o3 skeg
€T9L €C ¥'6T-591 6'S #xl'LE SOvL L'19 £/-0S L'L *%L'6E jue|d/spod jo JaquinN
VLS Tyl £91-9ClL [40 #x60 S 8'CC §'sz-0T 0 *x1'C Bully pod 03 skeq
S1°06 99 S'TL-T'8S 6T *%E8L €/'86 ces £'86-9'C9 g'S *%8'8€ uonenul pod o3 skeq
LE'L6 €9S SCo-L'Ls Sy *x6'8C 7’86 €L L'¢8-1'LS s «x€'9€ Bulamoy 905 03 ske@
£5°06 609 €96-¢ 743 #x1'CT 6186 (472" 6'vL-Svy 1’9 PRN4Y4 Bunamoy 151y 03 sheq
(%)AM[IgeIaH uesy abuey 3s 9dUeLIeA DI}DUID) (9%)AMIgeIIBH  ueapy abuey 3JS  9dUeLIBA J1}DUSK)

UOoIlIpUOd (SS24)S-U0U) [eWIOU 8107

UOoIIPUOD (SSa4)S-UoU) [eWIoU /1 0Z

syes|

6102-810T pue g1-/£ L0z Bunnp juswuodiaug

SSD41S 1ESY PUR SSD11S UOU JI9pUN Palen|eAd sel) SNOLIBA 104 (3S) 10449 piepuels 11y} pue (,0) sadAjouab 03 anp syusuodwod aduelep *zs *aqel A1eyuawajddng



