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Abstract 

Water stress is one of the main environmental constraints for the wheat crop. Drought 

stress from anthesis to maturity, especially if accompanied by heat stress, affects every 

morphological and physiological aspect of wheat plant and significantly reduces final yield. 

Genetic improvement for drought tolerance in wheat could be possible through conventional 

and mutation breeding tools. There is a dire need to identify stress tolerant genotypes which can 

grow and flourish well under harsh environments (low water requirements). Twelve newly 

evolved bread wheat genotypes alongwith 3 drought-tolerant commercial check varieties, viz., 

Sarsabz, Khirman and Chakwal-86 were screened under three water stresses (zero, single and 

two irrigations). Different yield associated traits were studied. At severe water stress (zero 

irrigation), six genotypes (BWM-3, NIA-8/7, NIA-9/5, NIA-28/4, NIA-25/5, MSH-36) 

produced significantly higher grain yield (ranged from 1522 to 2022 kg/ha) than check 

varieties. These genotypes had higher seed index and less spike sterility at severe stress, which 

indicated that these genotypes were less responsive to water stress and possessed more 

tolerance to drought stress.  
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Introduction 

Bread wheat is a major cereal crop and is 

being grown over 9.0 million hectares with an 

annual production of 24.12 million tonnes in 

Pakistan. Wheat grain yields of the country are 

highly affected by biotic and abiotic or 

environmental stresses (Shamsi et al., 2010; 

(Khavarinejad and Karimov, 2012). Major biotic 

stresses include rust (leaf, yellow and stem rusts) 

and smut diseases whereas environmental 

constraints which limit crop productivity include 

water stress, high temperature and salinity stress 

(Johari et al., 2011; Edward and Wright, 2008; 

Savin and Nicolas, 1999; Richards et al., 2001; 

Kimurto et al., 2003). The problems of climate 

change affecting several crops including wheat 

(increase in temperature and drought) are being 

addressed at a global level (Plaut et al., 2004; 

Passioura, 2007; Reynolds et al., 2001; Najafian, 

2003; Rajki, 1982). It has been reported that 

about 20% of irrigated land has been affected by 

drought and soil salinisation and crop yield has 

been reduced by 20-30% throughout the world. 

The main adverse impacts of climate change on 

agriculture will most probably include 

temperature variability, different rain fall patterns 

and increasing rate of evaporation. It has been 

estimated that the developing countries will bear 

70-80% of the costs of climate change damage, 

with agriculture being the most affected sector. 

The environmental changes at global level 

address significant challenges to agriculture 

sector but also provide opportunities to boost crop 

yields in water-stressed environments (Reynolds 

et al., 2001; Sial et al., 2009). The development of 

improved germplasm adapted to the water stress 

environments will result in improved resource use 

efficiency, contributing to sustainable food 

security.  

Water stress not only modifies the 

morphology of plant but also severely affects its 

metabolism (Khakwani et al., 2012). Drought 

stress tolerance has been seen in almost all plants 

but its extent varies from species to species and 
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even within species. Water deficit and salt 

stresses are global issues to ensure survival of 

agricultural crops and sustainable food production 

(Jatoi et al., 2011; Sial et al., 2010; Abdoli and 

Saeidi, 2012). The ability to effectively 

translocate assimilates from stems and leaves to 

the developing grain are desirable for maximising 

grain yield production in water-limited 

environments. If the selected source material 

possesses a high proportion of favourable alleles, 

the chances of success are greatly enhanced for 

the improvement of desired trait by incorporating 

the genes through hybridisation. Therefore, it is 

important to determine the stability and 

performance of newly evolved breeding material 

under water stress environments. The breeding 

efforts were, therefore, undertaken to evolve 

wheat genotypes which possess some tolerance to 

water stress conditions and produce higher yields. 

The objectives of our studies were to screen the 

newly evolved wheat genotypes to various water 

stresses and to identify genotypes with tolerance 

to water stress conditions.  

Materials and Methods 

Twelve semi-dwarf bread wheat genotypes of 

different origin developed through conventional 

and mutation breeding techniques were evaluated 

at various water stress conditions alongwith 3 

drought-tolerant check varieties, viz., Sarsabz, 

Khirman and Chakwal-86. Of these 12 genotypes, 

seven, viz., NIA-8/7 (NIA-Saarang), NIA-9/5, 

NIA-10/8, NIA-28/4, NIA-25/5, BWS-78 and 

ESW-9525 (salt-tolerant advance line) were 

developed through conventional breeding, whilst 

five genotypes (BWM-3, MSH-17, MSH-36, 

MSH-22 and BWQ-4) were mutant lines 

developed through radiation-induced (gamma 

rays) mutagenesis. The experiment was 

conducted at Experimental Farm of Nuclear 

Institute of Agriculture (NIA), Tando jam. The 

experiment had 3 different irrigation treatments, 

viz., T1: no irrigation (zero irrigation; stress 

induced throughout the crop season); T2: single 

irrigation applied after one month at tillering 

stage (stress induced at booting, anthesis, pre-

anthesis, post-anthesis and dough stage) and; T3: 

two irrigations applied at tillering and booting 

stage and the stress induced at anthesis, post-

anthesis and dough stages. Experiment was 

conducted in randomised complete block design 

(RCBD) with 3 replicates. Each experiment was 

surrounded with 2.5m buffer zone. Each genotype 

was sown with 4 rows 3m long in 3.6m
2 

plots. 

The experimental type soil was of clay loam. The 

experiment was conducted for two cropping 

seasons in the second week of November (normal 

sowing). The effects of water stress on various 

phenological days to heading (days counted from 

date of sowing to date of ear emergence when 

75% of spikes extruded from the flag leaf sheath), 

days to maturity (days counted from date of 

sowing to ripening of the crop); and 

morphological traits, viz., plant height (cm), 

1000-grain weight (g), biological yield (kg/plot), 

grain yield (kg/plot), spike length (cm), 

spikelets/spike, number of grains/spike, number 

of grains/spikelet and main spike yield (g) were 

studied. Data were statistically analysed, using 

analysis of variance (ANOVA) and the means 

were compared by Duncan’s Multiple Range Test 

(D’MRT).  

Results and Discussion 

The results indicated the significant effects of 

water stress on yield and yield associated traits of 

wheat genotypes. Most of the morphological 

traits studied showed reduction due to severe 

water stress at various critical growth stages. 

However, genotypes showed differential response 

to various irrigation levels. Some genotypes 

showed generally better performance whilst 

others showed specific response to various 

stresses. The plant height was significantly 

reduced (77.2 cm) at severe water stress (zero 

irrigation in T1) as compared to T2 and T3; 

whereas a non-significant difference for plant 

height (88.0 and 89.1 cm) was recorded among 

T2 and T3 (Table 1). Gupta et al. (2001) 

evaluated two spring wheat cultivars, Kalyansona 

and C-306, for yield and yield attributes and 

noted that water stress caused significant 

reduction in plant height, leaf area, grain number, 

test weight and yield.  

Biological weight (dry matter weight) also 

showed significant reduction (1.72 kg) at T1 

(severe water stress) as compared to T2 and T3 

(3.6 and 3.5 kg, respectively). Conventionally 

bred genotypes NIA-8/7 (NIA-Saarang), BWS-78 

and mutant lines BWM-3 and MSH-22 showed 

less reduction in biological weight than other 

genotypes at various water stress conditions 

(Table 1). Edward and Wright (2008) in their 
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studies also reported that the yield components 

like grain number and grain size were decreased 

under pre-anthesis drought stress treatment in 

wheat.  
 

Table 1. Effect of various water stresses on plant height and biological weight of wheat genotypes 

Genotypes Plant height  

(cm) 

Biological yield 

 (kg/plot) 

T1 T2 T3 Mean T1 T2 T3 Mean 

 BWM-3 84 b 104 a 101 a 96.3 2.00 ab 4.27 a 3.83 a 3.37 

NIA-8/7 86 ab 100 b 86 ef 90.7 2.08 a 3.70 ab 4.00 a 3.26 

NIA-9/5 80 c 97 c 85 fg 87.3 1.83 ab 3.67 ab 3.66 ab 3.05 

NIA-10/8 77 cd 105 a 98 b 93.3 1.83 ab 3.50 ab 3.50 ab 2.94 

NIA-28/4 89 a 85 e 80 h 84.7 1.75 ab 3.60 ab 3.66 ab 3.00 

NIA-25/5 80 c 81 f 94 cd 85.0 1.67 ab 3.16 b 3.50 ab 2.78 

ESW-9525 68 f 79 f 98 ab 81.7 1.75 ab 3.33 ab 3.25 ab 2.78 

MSH-17 62 g 79 f 83 g 74.7 1.25 b 3.26 ab 2.83 b 2.45 

MSH-36 68 f 70 g 78 h 72.0 1.91 ab 3.50 ab 3.25 ab 2.89 

MSH-22 73 e 90 d 88 e 83.7 1.50 ab 3.83 ab 3.75 a 3.03 

BWQ-4 76 d 92 d 92 d 86.7 1.50 ab 3.86 ab 3.66 ab 3.01 

BWS-78 68 f 84 e 86 ef 79.3 1.67 ab 4.00 ab 3.50 ab 3.06 

Sarsabz 80 c 80 f 87 ef 82.3 1.67 ab 3.66 ab 3.66 ab 3.00 

Khirman 89 a 91 d 97 bc 92.3 1.67 ab 4.00 ab 3.66 ab 3.11 

Chakwal 78 cd 84 e 84 fg 82.0 1.75 ab 3.66 ab 3.33 ab 2.91 

Mean 77.2 88.0 89.1 --- 1.72 3.67 3.54 --- 

Reduction (%) 

over control T3 
15.4 1.25 -- -- 205.8 -- -- -- 

*T1= no irrigation; T2= single irrigation; T3= Two irrigations 

 

Similarly, grain yield was also significantly 

reduced at severe water stress (T1) as compared 

to other treatments (Table 2). Genotypes NIA-

28/4, BWM-3, MSH-36, NIA-8/7, NIA-9/5 and 

NIA-25/5 produced significantly high grain yield 

at severe water stress (T1) as compared to other 

genotypes. However, grain yield of wheat 

genotypes showed an increase with the increase 

in irrigations. Five genotypes, viz. BWM-3, NIA-

8/7, NIA-28/4, MSH-36 and Khirman, produced 

higher mean grain yield (1135, 1015, 1045, 1058, 

1013 kg/plot) when averaged with overall three 

irrigation treatments. Five genotypes, viz. NIA-

8/7, NIA-9/5, NIA-28/4, BWQ-4 and BWS-78, 

showed less reduction in seed index (1000-grain 

weight) at various water stresses. Water stress 

reduced photosynthesis and ultimately resulted in 

reduced 1000-grain weight, grain yield, number 

of grains per spike and other yield contributing 

components (Brisson and Casals, 2005).NIA-9/5, 

NIA-8/7, followed by Khirman, showed 

significant increase in 1000-grain weight (39.2, 

38.5 and 37.7g, respectively) with single 

irrigation applied at tillering stage (Table 2). The 

promising line NIA-8/7 (NIA-Saarang) also 

produced significantly higher 1000-grain weight 

(42.7 and 43.3g, respectively) at T2 and T3; 

which indicated the tolerance of genotype to 

various water stresses. Amongst local check 

varieties, Khirman had bold grains as compared 

to other genotypes (Table 2). Johari et al. (2011) 

reported that seed yield, ear number, grain 

number per ear, 1000 kernel weight and plant 

height was affected significantly by water stress 

in wheat. 

Grain yield of main spike of wheat genotypes 

is significantly affected due to severe water stress. 

The drought-tolerant check variety Khirman had 

more number of grains per spike (44.1), followed 

by BWS-78, BWM-3, NIA-8/7, NIA-9/5, ESW-

9525 and MSH-36 (43.5, 42.8, 41.9, 41.8, 41.3, 

41.3) at` severe stress (Table 3). At various water 

stresses, ESW-9525, BWQ-4, BWS-78 and 

Khirman produced higher number of grains per 

spike than all other contesting genotypes. Blum 

and Pnuel (1990) reported that the final grain 

yield and its associated traits of bread wheat were 

significantly decreased due to water stress.   

Reduction in grain weight of wheat was also 

reported by various other researchers (Anjum et 

al., 2011; Nasri et al., 2005). 

Main spike yield is an important yield 

contributing traits. Genotypes NIA-8/7, BWS-78, 

BWM-3 and NIA-9/5, had higher main spike 

yield than other genotypes at different water 

stresses and showed tolerance to water stress 
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conditions as compared to other genotypes  

(Table 3). The effects of water stresses during 

various growth stages on various morphological 

traits such as tillers, number of spike per m
2
, grain 

per spike number, 1000-grain weight, spike 

weight and grain weight per spike, have also been 

reported in wheat by several researchers (Noorka 

et al., 2009; Blum, 1996; Richards et al., 2001; 

Plaut, 2004; Fisher and Maurer, 1978). Water 

stress at anthesis caused significant effect on 

yield traits and cultivars also showed significant 

variability for plant height, grains/spike, seed 

index, grain yield per plant and harvest index. 

 

Table 2. Effect of various water stresses on grain yield and 1000-grain weight of wheat genotypes of wheat 
genotypes. 

Genotypes 
Grain yield (g/plot) 1000-grain weight (g) 

T1 T2 T3 Mean T1 T2 T3 Mean 

BWM-3 671 ab 1476 a 1259 ab 1135 35.2 cd 35.8 abc 38.1 c 36.4 

NIA-8/7 567 bc 1157 bcd 1321 a 1015 38.5 b 42.7 a 43.3 a 41.5 

NIA-9/5 568 bc 1103 cd 1164 ab 945 39.2 a 39.7 abc 37.3 c 38.7 

NIA-10/8 450 cd 1048 de 1013 ab 837 32.1 f 36.0 abc 35.2 e 34.4 

NIA-28/4 738 a 1122 cd 1275 ab 1045 35.9 c 37.7 abc 35.1 e 36.2 

NIA-25/5 548 bcd 1046 de 1290 ab 961 28.8 g 31.8 bc 33.2 g 31.3 

ESW-9525 489 cd 1087 cd 1148 ab 908 26.6 h 30.9 c 27.3 h 28.3 

MSH-17 418 cd 1049 de 1028 ab 832 31.8 f 34.4 abc 35.4 de 33.9 

MSH-36 659 ab 1183 bcd 1332 a 1058 34.9 d 36.9 abc 40.0 b 37.3 

MSH-22 473 cd 1206 bcd 1258 ab 979 34.9 d 32.8 bc 34.9 ef 34.2 

BWQ-4 409 d 1186 bcd 1173 ab 923 35.2 cd 36.9 abc 35.6 de 35.9 

BWS-78 410 d 1185 bcd 1280 ab 958 34.8 d 40.7 ab 43.2 a 39.6 

Sarsabz 507 cd 1021 de 1233 ab 920 33.4 e 36.4 abc 36.2 d 35.3 

Khirman 495 cd 1265 bc 1279 ab 1013 37.7 b 37.5 abc 37.7 c 37.6 

Chakwal 456 cd 875 e 957 b 763 33.0 e 31.7 d 34.2 f 32.9 

Mean 523.9 1134 1200.7 953 34.1 36.4 36.4 --- 

Reduction (%) 

over control T3 
129.1 5.8 -- -- 6.7 -- -- -- 

*T1= no irrigation; T2= single irrigation; T3= Two irrigations 
 

Table 3.  Effect of various water stresses on grains per spike and main spikeyield of wheat genotypes. 

Genotypes 
Grains/spike Main spike yield (g) 

T1 T2 T3 Mean T1 T2 T3 Mean 

BWM-3 42.8 ab 47.7 ab 48.5 cd 46.3 1.69  ab 1.81 a 2.23 abc 1.91 

NIA-8/7 41.9 ab 44.5 ab 49.1 cd 45.2 1.85 a 1.99  a 2.30 abc 2.05 

NIA-9/5 41.8 ab 42.9 ab 53.1 bcd 45.9 1.70 ab 1.77 a 1.95 bcd 1.81 

NIA-10/8 37.0 abc 45.1 ab 48.9 cd 43.7 1.39 bc 1.58 ab 1.78 def 1.58 

NIA-28/4 39.5 abc 46.6 ab 49.5 cd 45.2 1.32 bc 1.58 ab 2.07 abc 1.66 

NIA-25/5 34.7 bc 38.6b 44.3 d 39.2 0.85 d 1.14 b 1.64 ef 1.21 

ESW-9525 41.3 abc 52.6 a 56.6 bc 50.2 1.24 c 1.60 ab 1.89 cde 1.58 

MSH-17 40.8 abc 46.6 ab 60.0 ab 49.1 1.49 abc 1.62 ab 2.31 abc 1.81 

MSH-36 41.3 abc 46.7 ab 52.7 bcd 46.9 1.50 abc 1.63 ab 2.34 abc 1.82 

MSH-22 37.7 abc 48.2 ab 54.9 bc 46.9 1.26 bc 1.58 ab 1.94 bcd 1.59 

BWQ-4 37.4 abc 49.0 ab 66.0 a 50.8 1.43 abc 1.66 ab 2.49 a 1.86 

BWS-78 43.5 ab 51.4 a 57.4 bc 50.8 1.52 abc 2.05 a 2.45 ab 2.01 

Sarsabz 37.1 abc 47.2 ab 52.2 bcd 45.5 1.35 bc 1.59 ab 2.12 abc 1.69 

Khirman 44.1 a 47.2 ab 61.0 ab 50.8 1.41 bc 1.81 a 2.24 abc 1.82 

Chakwal 32.7 c 39.3 b 48.8 cd 40.3 0.86 d 1.18 b 1.58 f 1.21 

Mean 39.6 46.2 53.5 --- 1.39 1.64 2.09 --- 

Reduction (%) 
over control T3 

35.1 15.8 -- -- 50.3 27.4 -- -- 

*T1= no irrigation; T2= single irrigation; T3= Two irrigations 
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Conclusion 

The newly evolved genotypes indicated some 

genetic improvement as they possess tolerance to 

water stress conditions and could produce high 

grain yield with less availability of water. Some 

genotypes have potential to produce better yield 

with less irrigation. This information will be 

helpful for wheat breeders in improving drought 

tolerance. The selected material will be utilised in 

hybridization programme to create new genetic 

variability.  
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