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SUMMARY 

 
Drought is the most devastating abiotic stress which has significantly threatened global wheat 
production. The recent study was designed to evaluate the performance of eight exotic wheat lines 
through the Drought Spring Bread Wheat Yield Trial (DSBWYT), along with a local drought-tolerant 
check cultivar, Khirman, under water-stressed conditions based on agronomic and yield-related traits. 
The experiment was conducted during cropping season 2019–2020 in a randomized complete block 

design with three replications at the Nuclear Institute of Agriculture (NIA), Tando Jam, Pakistan. The 
analysis of variance revealed that there was a significant difference among the genotypes for all 
studied traits. The genotype DSBWYT-8 possessed better agronomic traits and growth features like 
early growth vigor and early ground cover. On the other hand, the genotype DSBWYT-4 performed 

better in yield and yield-related traits like main spike yield, grains per spike, and 1000-grains weight. 
Both genotype revealed excellent plot grain yield and harvest index and were not significantly different 

from each other. The cluster analysis grouped all the genotypes into three clades. The drought-
tolerant local check cultivar Khirman clustered with genotypes DSBWYT-2, DSBWYT-4, and DSBWYT-8 
thus, this clade can be regarded as drought tolerant. The second cluster comprised of two genotypes, 
i.e., DSBWYT-1 and DSBWYT-5, which performed relatively low as compared to genotypes present in 
the drought-tolerant cluster, whereas the genotypes DSBWYT-3, DSBWYT-6, and DSBWYT-7 clustered 
together to represent low yielding genotypes under drought condition as compared with the check 
cultivar Khirman. Based on these results, the genotypes DSBWYT-2, DSBWYT-4, and DSBWYT-8 can 

be recommended as the drought-tolerant genotypes. 
 
Keywords: Spring wheat, drought, yield components, agronomic traits 
 
Key findings: Wheat genotypes DSBWYT-2, DSBWYT-4, DSBWYT-8, and local check cultivar Khirman 
performed well for different yield and yield associated traits and were grouped in the same category 
during cluster analysis, indicating that these genotypes possess good genotypic resource. 
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INTRODUCTION 

 
Drought is known as one of the most 
devastating abiotic stresses which limits the 

overall crop yield of almost all agricultural 
crops. It is estimated that by the end of 2025, 
1.8 billion people around the globe will face an 
acute shortage of water supply, while about 
65% of the total world’s population will be 
living under water-stressed conditions 
(Nezhadahmadi et al., 2013). In Pakistan, one-

fifth of the available arable land, i.e., 4.9 
million ha is prone to water deficiency (Munir 
et al., 2007). This shortage of water supply will 
threaten agricultural productivity and hence, 
will create food security issues. 

 Wheat (Triticum aestivum L.) is the 

most important cereal grain crop and widely 
cultivated in various climatic conditions in the 
world. It is the main source of food and 
provides the major portion of calories to more 
than 1.5 billion people (Mursalova et al., 
2015). Drought, being the polygenic stress in 
nature, has also affected wheat production 

worldwide especially in arid and semiarid areas 
(Darzi-Ramandi et al., 2016; Kilic and 
Yagbasanlar, 2010). Insufficient rainfall in 
these areas results in less water supply to 
wheat plants which affects all the growth 
development stages and physiological 
processes significantly reducing the yield 

(Reynolds et al., 2005; Zulkiffal et al., 2022).  
 In Pakistan, a vast area has arid to 
semiarid climatic conditions where wheat is 
cultivated and hence. its production is always 
threatened by water scarcity. Additionally, 
insufficient rainfall and lack of irrigation are the 

main constraints for higher yield. On the other 
hand, climate change has worsened the 
scenario as the summers are getting hotter 
and drier due to which very little surface water, 
as well as. soil moisture, is available to 
cultivate wheat (Munir et al., 2007; Dwivedi et 
al., 2018). 

 To cope with the drought stress, 
breeding of drought-tolerant cultivar is deemed 
the best solution to get a higher yield from 

water-deficient areas. Wheat breeders use a 
multilayer approach to breed drought-tolerant 
genotypes by characterizing the available 
genetic diversity and phenotyping the traits 

related to yield under water stressed conditions 
to develop a better understanding of the 
physiological and genetic basis of drought 
tolerance (Mwadzingeni et al., 2016a). Among 
these approaches, phenotyping of morpho-
physiological traits, including yield and yield 

components, always remains the key 
benchmark to screen breeding material against 

drought (Mwadzingeni et al., 2016b; Shaukat 

et al., 2021).  
 Selection based on such traits as plant 
height, reduced days to anthesis and maturity, 

root architecture, and high root density, has 
significantly improved the wheat productivity in 
optimal and water-deficient conditions (Blum, 
2011; Ehdaie et al., 2012). Short plant height 
results in a high harvest index whereas, a 
reduced number of days to anthesis and 
maturity is important to avoid terminal drought 

(Slafer et al., 2005; Lopes et al., 2012). 
Similarly, the yield components, which are 
usually considered as the most important for 
drought screening, are spikelets per spike, 
productive tillers per plant, grains per spike, 

and 1000-grain weight (Passioura, 2012; 

Mwadzingeni et al., 2016b). 
 In general, such genotypes are 
selected which yield comparatively well in both 
the optimum and stressed conditions. 
Moreover, during screening and phenotyping, 
breeders tend to select these genotypes which 
have good agronomic traits, coupled with high 

yield, to get better yield under drought 
conditions. This selection technique has 
resulted in a significant improvement in wheat 
productivity, not only in optimal water 
conditions, but also under water-stressed 
conditions (Tardieu, 2012). Based on these 
facts, the recent study was designed to 

evaluate the performance of eight candidate 
lines under water-stressed conditions based on 
agronomic and yield-related traits. 
 
 
MATERIALS AND METHODS 

 
Plant material and experimental design 
 
The experimental plant material comprised of 
eight exotic wheat lines which were received 
from ICARDA (International Center for 
Agricultural Research in the Dry Areas), along 

with one drought-tolerant cultivar cv. Khirman, 
to be evaluated under drought conditions 
(Table 1). The experiment was conducted 

under water stressed condition at the wheat 
breeding field of the Nuclear Institute of 
Agriculture (NIA), Tando Jam, Pakistan. The 
experiment was laid out in randomized 

complete block design with three replications 
during cropping season 2019–2020. Each 
wheat genotype was sown with four rows, 3 m 
long and 30 cm apart between rows. To impose 
severe moisture stress, the experiment was 
applied with only a single irrigation during 

seedling stage after 21 days of sowing; no 
further irrigation was applied to the crop during 
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Table 1. Pedigree of the wheat genotypes used in the study. 

No. Line code Pedigree Selection history Origin 

1 DSBWYT-1 P1.861/RDWG/4/SERI.1B//KAUZ/HEVO/3/A
MAD 

AISBW05-0041-3AP-0AP-0AP-
2AP-0SD-0TR 

Lebanon 

2 DSBWYT-2 SERI.1B//KAUZ/HEVO/3/AMAD/4/ESDA/SH
WA//BCN 

AISBW05-0153-11AP-0AP-0AP-
2AP0SD-0TR 

Lebanon 

3 DSBWYT-3 SERI.18//KAUZ/HEVO/3/AMAD/4/KAUZ/PAS
TOR 

AISBW05-0347-14AP-0AP-0AP-
2AP-0SD-0TR 

Lebanon 

4 DSBWYT-4 WEAVER/WL3928//SW89/3064/3/KAUZ//MO
N/CROW’S’ 

ICW05-0513-10AP-0AP-0AP-2AP-
0SD-0TR 

Lebanon 

5 DSBWYT-5 KAUZ//MON/CROW?S?/4?SERI.1B.KAUZ/HE
VO/3/AMAD 

ICW05-0534-22AP-0AP-0AP-2AP-
0SD-0TR 

Lebanon 

6 DSBWYT-6 SERI.1B//KAUZ/HEVO/3/AMAD/4/PFAU/MIL
AN 

ICW06-00151-9AP-0AP-04 SD-
0TR 

Lebanon 

7 DSBWYT-7 ATTILA50Y//ATTILA/BCN/3/PFAU/MILAN ICW05-0632-12AP-0AP-0AP-2AP-
0AP-0TR 

Lebanon 

8 DSBWYT-8 CHILERO1/4/VEE’S’/3/HORK/4MH//KAL-
BB/S/PFAU/MILAN 

ICW05-0634-11AP-0AP-0AP-2AP-
0AP-0TR 

Lebanon 

9 Khirman 
(Check) 

Local drought resistant cultivar - NIA, Tando 
Jam - Pak. 

NIA: Nuclear Institute of Agriculture, Tando Jam - Pakistan 

 

the entire crop season. The experimental site 

had highly fertile clay loam soil with 7.5 pH. 
The recommended chemical fertilizers applied 
to the trial were 100N:50 P2O5 kg/ha. 
 
Data collection and analysis 
 
To determine the effect of severe water stress 

on genotypic potential, the data on various 
yield associated traits were recorded viz., early 

growth vigor (cm), early ground cover, days to 
booting, days to heading, days to 75% 
maturity, days to grain filling, tiller plant-1, 
plant height (cm), nodes plant-1, peduncle 
length (cm), spike length (cm), spikelets spike-

1, grains spike-1, grains spikelets-1, main spike 
yield (g), 1000-grain weight, biological yield 
plot-1, grain yield plot-1 (g), and harvest index 
(%). The data were subjected to analysis of 
variance and the means were compared 
through Duncan's multiple range test as 

suggested by Duncan (1955) using statistical 
software Statistix 8.1. The means data of all 
the parameters were utilized for cluster 
analysis using Euclidean distance matrix with 

the un-weighted pair group method based on 
arithmetic averages (UPGMA) to construct the 
dendrogram keeping default setting of 

computer software Multivariate Statistical 
Package V. 3.13p (Kovach, 2005). 
 
 
RESULTS 
 
All the data recorded against different 

parameters were subjected to analysis of 
variance (ANOVA) to determine the significant 

differences among the genotypes based on 

observed parameters. The results of ANOVA 
and the least significance difference (LSD) 
among means for agronomic traits viz., early 
ground cover (EGC), early ground vigor (EGV), 
days to booting (DB), days to grain filling 
(DGF), days to heading (DH), days to 
physiological maturity (DM), nodes per plant 

(NOP), plant height (PH), and tillers per plant 
(TP) are represented in Tables 2 and 4, while 

the results of ANOVA and LSD related to yield 
and yield components viz., spike length (SL), 
peduncle length (PL), main spike yield (MSY), 
spikelets per spike (SPS), grains per spike 
(GPS), grains per spikelets (GPSLT), 1000-

grain weight (TGW), biological yield per plot 
(BYPP), grain yield per plot (GYP), and harvest 
index (HI) are represented in Tables 3 and 5, 
respectively. 
 The results showed that there was a 
significant difference among the genotypes for 

all the agronomic traits (Table 2). The 
genotype DSWBYT-1 and DSWBYT-8 quickly 
cover the ground as compared to the rest of 
the genotypes whereas, the highest EGC was 

achieved by DSWBYT-8, followed by DSWBYT-
3, and DSWBYT-4 which were statistically at 
par with the drought-tolerant check cultivar 

Khirman (Table 4). The results indicated that 
DSWBYT-3, DSWBYT-7, and cv. Khirman took 
minimum DB as compared with other 
genotypes which took more days to boot. 
Similarly, DSWBYT-7 and DSWBYT-3 took 
minimum DH as compared with the rest of the 
genotypes and statistically at par with the cv. 

Khirman. However, the genotype DSWBYT-8 
took maximum DH as compared with the check 
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Table 2. Analysis of variance for agronomic traits in wheat genotypes. 

Source d.f. 
Mean squares  

EGC EGV DB DH DM DGF PH NOP TP SL 

Replications 2 0.78 0.62 38.11 12.44 7.26 41.93 4.74 0.02 0.04 0.07 
Genotypes 8 13.25** 4.19** 33.25** 36.25** 39.37** 56.34** 34.10** 0.27** 1.29** 1.44** 
Error 16 0.28 0.64 6.90 4.61 6.30 4.84 5.95 0.01 0.28 0.05 
C.V. - 10.54 4.90 4.30 2.80 2.23 4.22 2.81 2.07 8.57 2.27 

d.f. = Degree of freedom; C.V. = coefficient of variance; EGC = early ground cover; EGV = early ground vigor; DB = days to booting;  
DH = days to heading; DM = days to physiological maturity; DGF = days to grain filling; PH = plant height; NOP = nodes per plant;  
TP = tillers per plant; SL = spike length 

 
 
Table 3. Analysis of variance for grain yield and its related traits in wheat genotypes. 

Source d.f. 
Mean squares 

PL MSY SPS GPS GPSLT TGW BYPP GYP HI 

Replications 2 1.91 0.00 0.78 6.56 0.06 5.21 725.90 337.00 1.06 
Genotypes 8 46.26** 0.18** 3.24** 78.42** 0.25** 86.18** 98571.80** 13303.00** 43.73** 
Error 16 5.69 0.02 0.32 9.93 0.03 7.95 2545.70 626.60 1.40 

C.V. - 6.85 8.11 2.86 5.74 6.65 7.86 2.42 4.96 4.85 

d.f. = degree of freedom; C.V. = coefficient of variance; PL = peduncle length; MSY = main spike yield; SPS = spikelets per spike; GPS = grains per spike; 
GPSLT = grains per spikelets; TGW = 1000-grain weight; BYPP = biological yield per plot; GYP = grain yield per plot; HI = harvest index 

 
 
Table 4. Mean performance of the wheat genotypes for various agronomic traits. 

Genotypes EGC EGV DB DH DM DGF PH NOP TP 

DSBWYT-1 7.67a 16.90abc 60.33bcd 76.00bc 110.00d 52.67bcd 82.81e 4.38a 6.72a 
DSBWYT-2 6.33b 15.52c 64.67ab 81.67a 119.00a 54.33abc 84.33cde 3.57d 5.52cd 
DSBWYT-3 1.67f 17.10ab 58.67d 74.00cd 116.67ab 58.00a 87.43bcd 4.00c 5.45d 

DSBWYT-4 2.67e 16.76abc 64.00abc 79.67ab 112.67bcd 51.67cd 89.67ab 4.43a 6.48ab 
DSBWYT-5 3.67d 16.95ab 60.67bcd 76.67bc 110.67cd 52.67bcd 83.00e 4.00c 6.86a 

DSBWYT-6 5.67bc 16.00bc 60.00cd 75.67c 115.00abc 49.33d 88.52abc 4.43a 5.68bcd 
DSBWYT-7 4.33d 13.57d 56.33d 71.33d 109.00d 52.67bcd 84.19de 4.48a 6.38abc 
DSBWYT-8 7.67a 17.48a 66.67a 81.33a 108.33d 42.67e 90.19ab 4.00c 5.38d 
Khirman 5.33e 16.28abc 58.67d 74.67cd 112.33bcd 55.67ab 91.76a 4.19b 7.03a 

LSD0.05 0.91 1.38 4.55 3.72 4.34 3.80 4.22 0.15 0.92 

LSD = least significance difference; EGC = early ground cover; EGV = early ground vigor; DB = days to booting; DH = days to heading; DM = days to 
physiological maturity; DGF = days to grain filling; PH = plant height; NOP = nodes per plant; TP = tillers per plant  
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Table 5. Mean performance of the wheat genotypes for yield and its related traits. 

Genotypes SL PL MSY SPS GPS GPSLT TGW BYPP GYP HI 

DSBWYT-1 10.95ab 36.52bc 1.82bc 20.86ab 53.75b 2.58cd 36.89bc 2361.70a 510.00b 21.60c 
DSBWYT-2 9.38d 41.57a 1.82bc 18.81de 54.54b 2.90ab 31.68d 2000.00c 480.00bc 23.99b 
DSBWYT-3 9.66cd 32.67cd 2.22a 20.67ab 52.81bc 2.56cd 35.07bcd 2183.30b 401.67e 18.39d 
DSBWYT-4 10.62b 36.38bc 2.10a 20.09bc 60.48a 3.02ab 48.56a 2096.70b 585.00a 27.92a 
DSBWYT-5 9.76cd 34.90bcd 2.04ab 19.19cd 61.43a 3.20a 33.14cd 2300.00a 553.33a 24.07b 
DSBWYT-6 9.81c 31.57de 1.66c 19.29cd 47.91c 2.48d 34.89bcd 2128.30b 426.67de 20.05cd 

DSBWYT-7 9.52cd 27.86e 1.59c 20.29ab 48.05c 2.37d 33.30cd 1785.00d 460.00 cd 25.80b 
DSBWYT-8 9.81c 34.00bcd 1.69c 18.10e 54.85b 3.03ab 30.72d 1935.00c 570.00 a 29.45a 
Khirman 11.33a 37.67ab 2.21a 21.19a 60.70a 2.87bc 38.71b 1991.70c 560.00a 28.10a 

LSD0.05 0.40 4.13 0.27 0.98 5.45 0.32 4.88 87.33 43.33 2.05 

LSD = least significance difference; SL = spike length; PL = peduncle length; MSY = main spike yield; SPS = spikelets per spike; GPS = grains per spike; 
GPSLT = grains per spikelets; TGW = 1000-grain weight; BYPP = biological yield per plot; GYP = grain yield per plot; HI = harvest index 

 
 

 
 
Figure 1. Dendrogram based on the agronomic and yield-related traits in wheat genotypes. 

 
 



Sial et al. (2022) 

302 

 

cv. Khirman and other genotypes. The results 

regarding DM depicted that DSWBYT-8 mature 
more rapidly as compared with the rest of 
genotypes, while DSWBYT-1 and DSWBYT-7, 

which had minimum times span of booting, 
matured relatively late. 
 In wheat the days to grains filling is 
very crucial in determining the grain yield, as 
well as, act as the main indicator for drought 
escape. The result regarding this parameter 
showed that genotype DSWBYT-8 had the 

shortest period for DGF as compared with the 
rest of the genotypes and check cv. Khirman 
whereas, genotype DSWBYT-3 took maximum 
DGF (Table 4). The data regarding PH showed 
that the genotypes DSWBYT-1 and DSWBYT-5 

were significantly shorter as compared with the 

check cultivar and other genotypes. It is 
noteworthy that all the genotypes, except 
DSWBYT-8, were smaller in stature than cv. 
Khirman. 
 The results presented that the highest 
reproductive tillers per plant under drought 
conditions was recorded in cv. Khirman and 

statistically at par for genotypes DSWBYT-1 
and DSWBYT-5, while the rest of the 
genotypes produced less TP (Table 4). 
Maximum SL was observed in cv. Khirman, 
followed by genotype DSWBYT-1 and DSWBYT-
4 which had relatively longer spikes as 
compared with the rest of the genotypes. The 

highest PL was recorded for DSWBYT-2 which 
had the lowest spike length as compared with 
the other genotypes. On the other hand, 
minimum PD was observed in genotype 
DSWBYT-7. The result regarding MSY showed 
that drought-tolerant check cv. Khirman had 

the highest MSY, which is statistically similar to 
genotypes DSWBYT-3, DSWBYT-4, and 
DSWBYT-5, while the DSWBYT-8 had the 
minimum MSY. No genotype could beat the cv. 
Khirman in terms of NOSPS which was 
recorded to be the maximum. However, 
genotypes DSWBYT-1, DSWBYT-4, and 

DSWBYT-7 had relatively high NOSPS than 
other genotypes and were comparable with cv. 
Khirman.  

 A maximum grains per spike was 
observed in genotypes, DSWBYT-4 and 
DSWBYT-5 which was statistically at par with 
cv. Khirman. Though not much variation was 

observed for grains per spikelets among the 
genotypes, yet it was maximum in genotype 
DSWBYT-5 (Table 5). TGW, which is considered 
as the key trait in screening the drought-
tolerant genotypes, a significant variation was 
observed among the studied genotypes for this 

trait. The results showed that the genotype 
DSWBYT-4 had maximum TGW, followed by cv. 

Khirman. All the rest of the genotypes had 

significantly less TGW as compared with the 
drought-tolerant check. The results of 
biological yield per plot indicate that the 

genotypes, DSWBYT-1, DSWBYT-5, DSWBYT-
3, DSWBYT-4. and DSWBYT-6 performed 
better than the drought-tolerant check cv. 
Khirman. Maximum BYPP was recorded in 
genotype DSWBYT-1, followed by DSWBYT-5. 
Two genotypes, DSWBYT-4 and DSWBYT-8 
outclass the cv. Khirman for GYP whereas. the 

genotype DSWBYT-5 has statistically similar 
GYP as compared with the check.  
 Significantly, the genotype DSWBYT-1, 
which had the highest BYPP, produced the low 
grain yield as compared with the high yielding 

genotypes (DSWBYT-4, DSWBYT-5, and 

DSWBYT-8) (Table 5). The harvest index is a 
good indicator to depict the translocation of 
bio-synthates to the grains during water 
stress, as well as, under optimal conditions. 
The result showed that the genotype DSWBYT-
8 had the highest HI as compared with the rest 
of all the genotypes and cv. Khirman. 

Interestingly, the genotype DSWBYT-8 has 
significantly very less BYPP as compared with 
other high BYPP genotypes. Moreover, the HI 
of genotype DSWBYT-4 was also statistically 
the same as compared with cv. Khirman and 
genotype DSWBYT-8.  
 The result of multivariate cluster 

analysis of genotypes based on recorded 
agronomic and yield-related parameters is 
shown in Figure 1. It is evident that the 
studied genotypes can be separated into three 
groups. The drought-tolerant cv. Khirman 
clustered with genotypes DSWBYT-2, DSWBYT-

4, and DSWBYT-8 can be regarded as drought 
tolerant cluster having genotypes which 
overall, performed quite well under water-
stressed conditions. The second cluster 
comprised of two genotypes, i.e., DSWBYT-1 
and DSWBYT-5 which can be regarded as 
moderately tolerant for the overall 

performance of these genotypes were 
relatively low as compared with the genotypes 
present in the drought-tolerant cluster. The 

third cluster comprised of three genotypes, 
i.e., DSWBYT-3, DSWBYT-6, and DSWBYT-7, 
which yielded quite low under drought 
condition as compared with cv. Khirman and 

the other genotypes.  
 
 
DISCUSSION 
 
Climatic change and continuous reduction in 

water availability to the agriculture sector have 
significantly threatened global wheat 
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production (Li et al., 2009). Wheat breeders 

are investing great efforts to safeguard the 
wheat from the adverse effect of drought by 
deploying new strategies of screening for 

drought tolerance, not only through 
conventional phenotyping, but also through 
robust newly evolved high-throughput 
technologies (Xu and Crouch, 2008; Araus and 
Cairns, 2014). In this study, different growth 
and yield-related traits were investigated in 
eight candidate lines of spring wheat in 

comparison with the widely grown drought-
tolerant cv. Khirman under drought conditions.  
 The results showed that some 
genotypes exhibited excellent early growth 
vigor and cover the ground more quickly as 

compared with the check cultivar. EGC and 

EGV are desirable traits for drought tolerance 
breeding as these traits are the indicators that 
genotypes can compete well with weeds in 
utilizing land, water and nutrient resources 
which is essential for a good crop stand. 
Similarly, some genotypes like DSWBYT-7 took 
minimum days for heading and maturity. Early 

heading and maturity in wheat is very 
beneficial to escape the drought and heat 
stress and enables the wheat genotypes to 
invest more water and nutrients at a critical 
stage (Blum, 2011). Interestingly, the 
genotype DSWBYT-8 rapidly filled the grains as 
compared with the rest of the genotypes 

without compromising the yield. This shows 
that the genotype has much potential to 
tolerate the drought by abruptly translocating 
the biosynthates to the grains, which is a 
highly desirable and heritable trait.  
 Plant height is the key factor to 

determine the harvest index of cereal crops. 
The findings of this study revealed that the 
genotypes like DSWBYT-4, DSWBYT-8 and the 
local check, having high plant height, produce 
more grains as compared with short stature 
genotypes. For drought tolerance, tall wheat 
cultivars are usually selected as these 

genotypes have more capacity to assimilate 
photosynthates to the grains (Mwadzingeni et 
al., 2016a). However, some studies argued 

that the short stature wheat genotypes also 
have a good harvest index especially under 
water-stressed conditions (Slafer et al., 2005; 
Blum, 2011). 

 The data regarding yield and yield 
components suggest that the genotypes 
DSWBYT-4, DSWBYT-5, and DSWBYT-8 
produced higher grain yield under drought 
conditions as compared with the local check. It 
has been observed that the genotypes which 

have more reproductive tillers, grains per 
spike, and 1000-grain weight performed very 

well under the drought conditions. These 

findings are in accord with the previous 
studies, which reported that the drought 
affects the fertile tillers per plant, 1000-grain 

weight, grain number per spike, spike weight, 
peduncle length, and grain weight per spike 
(Plaut et al., 2004; Kilic and Yagbasanlar, 
2010).  
 Moreover, convincing evidence showed 
that the highest number of productive and 
fertile tiller per plant, and grains per spike 

participate more toward the grain yield as 
compared with the rest of the yield 
components when assessed under drought 
conditions. This is because the reduction in the 
seed weight due to stress is compensated by 

more grains per plant or per spike (Slafer et 

al., 2014). Therefore, the genotypes which 
tend to maintain these traits under water 
deficit conditions can be selected as drought-
tolerant genotypes. The cluster analysis used 
in this study also helped to identify the 
drought-tolerant genotypes.  
 The results of cluster analysis revealed 

that the genotypes DSWBYT-2, DSWBYT-4, 
and DSWBYT-8 clustered in the same clade 
where the drought-tolerant cv. Khirman was 
present. This shows that these genotypes have 
good performance under drought condition as 
confirmed by the agronomic and yield-related 
data. Critically, the genotype DSWBYT-8 

possessed better agronomic and growth 
features like early growth vigor and ground 
cover, and also has excellent grain yield and 
harvest index. On the other hand, the 
genotype DSWBYT-4 outclassed all the other 
genotypes for yield and yield-related traits like 

main spike yield, grains per spike, 1000-grains 
weight, plot grain yield. and harvest index.  
 
 
CONCLUSIONS 
 
Keeping the objectives of the study in view, it 

can be concluded that the genotypes DSWBYT-
2, DSWBYT-4 and DSWBYT-8 can be 
recommended as the drought-tolerant 

genotypes. The other genotypes, which are 
good in one trait or another, can be crossed 
with each other to develop better genotypes 
for drought-prone regions. 
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