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Abstract | Sustained drought, uneven rain falls, progressively depleting soil moisture and predominant
cultivation of chickpea under residual soil moisture condition are major causes of drastic decline in chickpea
productivity in Pakistan. Systematic breeding efforts are required for evaluation of available genetic material
to evolve drought tolerant chickpea cultivars for drought prone regions of the country. For this purpose, a
research experiment was conducted in moisture stress (drought) and non-stress conditions (irrigated) at
Gram Breeding Research Station, Kallurkot, Pakistan during 2019-20. Mean performance of various traits
revealed significant differences among all the included chickpea advance lines. Drought indices i.e. drought
tolerance efficiency (DTE), drought susceptibility (DSI) and yield reduction percentage were calculated to
identify the drought tolerant chickpea lines. Correlation analysis showed that the strains possessing higher
number of pods plant™, more root length and maximum grain weight were comparatively least susceptible
to moisture stress along with higher yield potential. Results regarding drought indices also indicated that
relatively higher DTE, less DSI and minimum yield reduction percentage were revealed by KK-10001, KK-
10015, KK-10019 and Bhakkar-2011. Therefore, these advance lines possess best genetic constitution for

moisture stress tolerance and may be utilized further for chickpea genetic improvement program.
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Introduction which more than 80% of the national cropped area is

shared solely by Thal Doab, Punjab, Pakistan (Rafiq e

hickpea (Cicer arientinum L.) is the most

important pulse legume crop mainly grown
on residual soil moisture under rain-fed conditions
across the world (Shah ez 4/, 2020). Under arid
environments, chickpea crop faces terminal drought
resulting in drastic decline in productivity (Sharma
et al., 2020). The cultivated area in Pakistan under
chickpea crop is about 2.2 million hectares out, of

al., 2020). Chickpea occupies a very important place
in farming system of Thal region and is the only crop
which can grow in less fertile sand dunes and inter-
dunal valleys (Khan ¢ a/.,2017).In Pakistan, chickpea
is leading pulse legume crop in terms of area under
crop but in production it is far below than the average
world production (Shaheen ez o/, 2017; Nadeem er
al.,2019).'This production gap is attributed to various
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biotic and abiotic stresses. Drought is considered as
major constraint limiting the chickpea productivity
per unit area (Devasirvatham and Tan, 2018).

Breeding approaches for development of drought
resilient chickpea cultivars have been emphasized
by several researchers. In this instance, (Sabaghpour
et al., 2006) assessed drought tolerance in chickpea
genotypes and concluded that drought tolerance
scores of morpho-yield traits may be used as
selection criteria. Salimath ez 4/ (2007) studied
the drought tolerant germplasm introduced from
different countries of the world. They explored
genetic variation, drought tolerance and higher
yield potential to identify the superior chickpea
genotypes in collaboration with International Centre
for Agriculture Research in Dry Areas (ICARDA).
They concluded that diverse or contrasting parents
are mated to create genetic variability for desired
characteristics into the off springs and such variations
can be exploited for genetic improvement to create
moisture stress tolerance. Imtiaz and Malhotra, 2009
identified 50 chickpea genotypes at ICARDA and
the genotypes selected were sent to different regions
of world for inclusion in chickpea drought tolerance
improvement program.

Droughtstressseverelyaffectsthechickpeaproductivity
and is generally unpredictable in occurrence, severity
and duration due to uneven rainfalls during the crop
period (Pandey ez a/., 2017). Likewise, Magbool ez
al. (2017), studied drought tolerance mechanism in
chickpea genotypes and narrated that moisture stress
exerts severe effects on yield and yield components.
Systematic breeding efforts are required to explore the
available germplasm and to develop drought tolerant
chickpea cultivars. Drought is major limiting factor
for chickpea productivity and cultivation of chickpea
crop under drought stress environment causes up to

50% yield losses (Shah ¢z a/., 2020).

Sustained drought, dry spells, less and uneven rainfalls
are major factors for low chickpea productivity in
drought-prone regions of country (Jan ¢z a/., 2020).
Chickpea crop in Thal area suffers extreme moisture
stress and drought is considered as most adverse
environmentresponsible for drasticdecline in chickpea
productivity (Rafiq ez a/., 2020). Therefore, it is direly
needed to explore the genetic material for moisture
stress tolerance and drought efficient genotypes.
For screening of drought tolerant germplasm, field

evaluation have been found most efficient tool and
extensively utilized by several researchers (Gupta e7
al., 1995; Deshmukh ez al., 2004; Sabaghpour ez al.,
2006; Bakhsh ez al., 2007; Talebi ez al., 2013; Hussain
et al.,2015; Rafiq ez al., 2020). The present study was
planned to explore drought tolerance and to identify
the most efficient strains for inclusion in chickpea
drought tolerance improvement program.

Materials and Methods

'The present research involving seventeen promising
chickpea advance lines along with two commercial
cultivars was conducted at Gram Breeding Research
Station, Kallurkot, Pakistan (latitude 32.923° and
longitude 71.153°). Included advance lines were laid
down in tri-replicate RCBD design under moisture
stress environment (I)) and irrigated conditions (I).
A single irrigation was done to drought stress set to
produce the essential soil moisture for germination
while two extra irrigations were applied to irrigated
set. 78 mm rainfall was received in 3 spells during the
crop period. Sowing of entries was done by dibbler
in 4 rows, 30 cm apart from each other measuring 4
meter length maintaining 10 cm plant-plant distance.
Hoeing and all other recommended cultural practices
were done during the crop period.

Data for root length (cm), plant height (cm), pods
plant™, 100 grain weight (g) was recorded from ten
consecutive plants of each entry and averaged while
days taken to physical maturity of plants were counted
and yield (kg ha) was recorded from each entry of
both sets.

Data were subjected to analysis of variance as outlined
by Steel ez al. (1997). Correlation coefficient analysis
was performed by the method outlined and practiced
by Singh and Chaudhry (1979). While, drought
indices were calculated by using the method of Fischer
and Maurer (1978) and Fischer and Wood (1981).

DSI= (1-Yd /Yp)/D ..(a)

Mean Yield of all genotypes in moisture stress
Drought index (D) = - : ... (b)
Mean Yield of all genotypes in non stress

Yield in non stress (Yp) — Yield in stress (Yd)
Yield Reduction % = — ® 100 ..(c)
Yield in non stress(Yp)

) Yield in moisture stress
DTE (in percentage) = Yield in non stress X 100 ...(d)

DTE: Drought tolerance efficiency; DSI: Drought
susceptibility index; D: drought index; Yp: yield in
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non-stress, Yd: yield in stress.
Results and Discussion

Results regarding mean performance of chickpea
strains revealed significant differences in performance
of different included traits. Results (Table 1) revealed
thatundermoisturestressconditionsrootlengthranged
from 52-88 cm while under non-stress environment
ranged from 41 to 66 cm indicating maximum root
lengths under stress environment. Parameshwarappa
et al. (2012) also reported similar findings regarding
root length. Plant height was recorded between 20
cm to 63 cm under stress condition while in irrigated
condition chickpea strains ranged between 42-80 cm.
Similarly, least number of pods (22-68) were counted
under stress environment and higher range was
recorded in irrigated environment (33-82). Under
stress conditions maximum 100 grain weight (26.2
g) was recorded in KK-10001 while minimum was
weighed in KK-10020 (22.2 g) while, in non-stress
conditions maximum 100 grain weight was found in
KK-10001 (26.4 gram) while minimum was recorded
in KK-10005 (22.4 g). Under non-stress conditions,
chickpea strains taken comparatively more days for
physical maturity and ranged between152-172 days
while,less days were recorded under stress environment
(148-162 days). Our results agree to previous reports
of (Ganjeali ez al., 2005; Parameshwarappa ez al.,
2008).

Maximum yield under stress conditions was
recorded in KK-10001 (720 kg ha™) followed by
KK-100015 (680 kg ha'), KK-10019 (650 kg ha
1) and Bittle-2016 (570 kg ha™) while under non-
stress environment highest yield of 770 kg ha'was
recorded in KK-10001 followed by KK-10015 (740
kg ha™), Bittle-2016 (735 kg ha?) and KK-10019
(720 kg ha). Yield performance of chickpea advance
lines revealed that comparatively higher yields were
recorded in irrigated environment and ranged from
410-770 kg ha™* the yield performances under stress
environment (130-720 kg ha™). (Deshmukh ez a/,
2004; Sabaghpour ez al., 2006; Hussain ez al., 2015)
also found higher values for plant height, number of
pods, 100 grain weight and final grain yield under

non-stress environments.

Drought susceptibility index (DSI) of chickpea lines
were calculated following the findings of Fischer

and Maurer (1978) who reported that the genotypes

Table 1: Mean performance of different traits of chickpea

genaz‘ypes under stress and non stress environment.

Root Plant Pods 100 GW Maturity
length  height plant® days

D I DI DI DI DI
KK-10001 83 64 54 74 68 82 26.2 26.4 154 166
KK-10002 68 56 42 64 32 54 252 252 153 162
KK-10003 56 50 52 69 26 44 24.5 243 158 169
KK-10005 59 51 58 72 22 42 24.4 244 156 170
KK-10009 54 48 55 76 18 33 23.8 23.7 148 159
KK-10011 52 44 32 58 15 34 22.4 224 152 164
KK-10012 72 62 38 56 36 55 26.126.2 164 176
KK-10013 66 60 46 61 29 48 25.2 25.4 153 165
KK-10014 64 54 62 80 27 47 229 229 155 168
KK-10015 8 65 50 69 56 70 25.825.9 151 164
KK-10016 63 60 36 54 19 38 23.223.4 160 170
KK-10017 69 52 46 65 38 56 24.524.6 162 172
KK-10018 64 60 20 42 30 52 23.223.2 148 152
KK-10019 82 66 38 54 44 65 25.9 259 152 166
KK-10020 60 41 48 63 26 45 22.222.8 158 170
KK-10021 56 38 52 69 24 44 23.4 23.6 158 169
KK-10022 55 40 35 58 22 36 23.623.6 154 166

Bhakkar- 78 52 54 64 50 63 24.2 24.3 155 167
2011

Bittle-2016 67 59 44 66 45 68 25.4 25.4 154 168
Cv 5.27 6.02 7.25 8.15 9.05 8.82 2.16 1.75 6.50 8.70

Entries

D: Moisture stress conditions; I: Non-stress conditions; 100 GW- 100
grain weight.

Table 2: Drought indices of chickpea genotypes.

Entries YA Yp DSI DTE% YRd%
KK-10001 720 770 0.11 935 6.5
KK-10002 140 590 124 237 90.0
KK-10003 270 500 0.69 54.0 46.0
KK-10005 296 535 072 553 44.7
KK-10009 190 510 1.05 373 62.7
KK-10011 130 410 111 317 68.3
KK-10012 280 616 0.88 45.5 54.5
KK-10013 280 530 0.76 528 47.2
KK-10014 270 514 0.77 525 47.5
KK-10015 680 740 0.13 919 8.1
KK-10016 242 468 0.78 51.7 48.3
KK-10017 356 630 0.70 56.5 43.5
KK-10018 290 525 0.73 552 44.8
KK-10019 650 720 0.16 90.3 9.7
KK-10020 270 515 0.77 524 47.6
KK-10021 360 502 046 71.7 28.3
KK-10022 250 480 0.78 521 47.9
Bhakkar-2011 460 540 0.24 852 14.8
Bittle-2016 570 735 036 77.6 22.4

Yd: Yield in stress conditions; Yp: Yield Non-stress conditions; MP:
Mean productivity; DSI: Drought susceptibility index; DTE %:
Drought tolerance efficiency; Y Rd.: Yield reduction percentage.

December 2021 | Volume 34 | Issue 4 | Page 674



Drought tolerance in chickpea

exhibiting reduced DSI values are less drought
susceptible and more tolerant to moisture stress
environment. Results revealed that least DSI (0.11)
was recorded in KK-10001 followed by KK-10015
(0.13), KK-10019 (0.15) and Bhakkar-2011 (0.24)
demonstrating that these strains are least susceptible
to drought while highest DSI values were recorded in
KK-10002 (1.24), KK-10011 (1.11) and KK-10009
(1.05) indicating that these genotypes are highly
susceptible to drought (Table 2). Similarly, drought
tolerance efficiency (DTE) of chickpea strains
presented highest values for KK-10001 (93.5%)
followed by KK-10015 (91.9), KK-10019 (90.3%)
and Bhakkar-2011 (85.2%). Likewise, least yield
reduction percentage was also recorded in KK-10001
(6.5%) followed by KK-10015 (8.1%), KK-10019
(9.7%) and Bhakkar-2011 (14.8%) demonstrating
that these genotypes were most drought tolerant.
Graphical presentation of DTE, DSI and yield
reduction percentage of chickpea was also done
to illustrate their inter-relationship (Figure 1). It
was noted that the lines with relatively high values
of DTE presented least DSI and minimum yield
reduction. Our results were in line with the former
studies of (Yadav ez al., 2005; Bakhsh ez a/., 2007; Jan
et al., 2020).

100
90
80
70
60
50
40
30
20 +
10 +

mDTE %

HYRd%

Figure 1: DTE, Yield reduction and DSI of chickpea genotypes.

Association of different traits of chickpea stains

under moisture stress conditions was quantified
through correlation coefficient analysis. Results
(Table 3) revealed that DTE exhibited highest
positive association to grain yield (0.94) followed by
pod plant™ (0.87), root length (0.83) and 100 GW
(0.62) demonstrating that genotypes exhibiting
higher values for DTE, pods plant-1, root length
and 100 GW posses higher yield potential while
negative association was presented by DSI and days
to maturity. Similarly, the DTE showed significantly
positive correlation with pods plant? (0.70), root
length (0.64) and 100 GW (0.45) while negatively
correlated to DSI (0.99) and days to maturity (0.10).
On the other hand, drought susceptibility index was
negatively associated to pods plant™, root length and
100 GW indicating that the genotypes possessing
more pods plant™ with longer roots and more grain
weight are relatively less susceptible to drought stress.
Similar performances of drought indices were already
reported and are in line with the previous results of
(Parameshwarappa ez al., 2012; Hussain e# al., 2015;
Rafiq ez al., 2020).

Conclusions and Recommendations

Drought tolerance eficiency, drought susceptibility
and yield reduction percentage of chickpea advance
lines were measured to evaluate the relative
performance of promising chickpea strains under
moisture stress conditions. Based on finding it
was concluded that comparatively higher drought
tolerance efficiency, minimum drought susceptibility
and least yield reduction was found in KK-10001,
KK-10015, KK-10019 and Bhakkar-2011. Therefore,
these strains possess best genetic constitution for
droughttolerance and may be incorporated in chickpea
genetic advancement program for development of
drought resilient chickpea cultivars.

Table 3: Correlation mcﬁ?cien[s under stress environments.

RL PH PP 100GW
RL 1 0.453* 0.9450** 0.7798*
PH 1 0.1368 0.1235
PP 1 0.7571*
100 GW 1
DM
DSI
DTE %
YLD

DM DSI DTE YLD

-0.0481 -0.6400** 0.6449** 0.8350**

0.1465 -0.2246 0.2147 0.1771

-0.0572 -0.7063"* 0.7096* 0.8739**

0.0415* -0.4628* 0.4590* 0.6274*

1 0.0928 -0.1050 -0.1159

1 -0.9992** -0.9471**
1 0.9497**
1
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Novelty Statement

Screening of advanced breeding lines rather than va-
rieties for moisture stress tolerance to evolve drought
tolerant chickpea cultivars for drought prone regions
of the country is a novel research study and will be
highly valuable for chickpea breeders and scientists.
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