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ABSTRACT 
Drought tolerance has been the criterion under water stress conditions. The present study was therefore 

evaluated in six wheat genotypes viz. (IBWSN-1010, IBWSN-1025, TD-1, ESW-9525,Khirman and Chakwal-86). 

Experiment first occupied with different polyethylene glycol (PEG 6000) concentration 0.0, -0.5, -0.75, -1.0 MPa, 

where is another experiment was laid out complete randomized design (CRD) along with two treatments (T1 

control normal four irrigations) and (T2 terminal drought T. drought) conditions with replication thrice, has been 

used to induce drought tolerance. Different seedling parameters as agronomical traits, named, Plant height (cm), 

Spike length (cm), Number of Tiller Plant-1, Straw weight/plant (g), 100 Grain weight (g), Seed index (g), Days to 

75% heading; Days to 75% maturity. The results depicted that ESW-9525 and IBWSN-1010 wheat cultivars 

performed better as compared to both check varieties (Khirman and Chakwal-86). The mean squares of variance 

showed that different osmotic potential had meaningful impact on most of the characters excluding root dry weight. 

Moreover, using all seedling growth parameters, under consideration can be utilized as selective characters to 

evaluate among resistant and susceptible cultivars in water stress under laboratory experiment and breeding 

programs seems to be additional desired for evaluation in water stress.  
 

Keywords: In-Vitro & In-Vivo screening, wheat cultivars, early seedling stage, ionic content, agronomical traits, 

PEG (6000), osmotic stress. 

INTRODUCTION 
Wheat (Triticumaestivum L.) is a major 

cereal above than 35% percent of all around the 

world residents and wheat is also the first grain 

crop in most emerging countries.(Metwaliet al., 

2011). Bread wheat is the major food cereal for 

many people’s living in different countries and 

about 80 % of protein and 70 % of calories of 

human is supplied from its consumption (Tareghet 

al., 2011).Environmental stress, particularly water 

stress, is considered a major problem and severely 

restricts global plant production (Pan et al., 2002). 

It is one of the main reasons for yield loss 

worldwide, which translates into more than 50% 

lower average yields for most crops (Wang et al., 

2003; Bayoumi et al., 2008). Maximum plant 

yield under normal irrigation conditions is not 

necessarily associated with high yield under 

drought stress (Vahidi et al., 2009). Experience 

has shown that a plant reacts differently to stress 

under water stress at each stage of growth (Galies 

et al., 1983).Drought can affect at any time of the 

plant life, but there are some specific stages that 

are more serious such as germination and seedling 

growth (Pessarakliet al., 1999).Some of the most 

important factors in determining yield are seed 

germination and seedling growth (Raufet al., 

2007; Dhandas et al., 2004 and Heikalet al., 1981) 

showed vigour index of grains and length of shoot 

are considered as the greatest complex for drought 

stress, similarly by length of root and length of 

coleoptiles as well. Several researches like 

choosing plant of genus or else treatment of seeds 

which are supportive for improving the harmful 

effect of water stress on plant (Iqbalet 

al.,2007).Estimation of drought resistance during 

the initial stage of a seedling is often 

accomplished by imitation efficiency tempted by 

substances like PEG-6000. PEGs are mainly used 

to modify the osmotic potential of cultures in a 

nutrient solution, that is, the water shortage of 

artificial plants, in a relatively controlled way 

(Carpita et al., 1979; Money et al., 1989; Zhu et 

al., 1997; Luand Neuman 1998; Kulkarni and 

Deshpande, 2007) found that PEG molecules are 

immobile, non-ionic, almost resistant to water for 

cell membranes and can stimulate uniform 

drought stress that does not cause deterioration 
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direct physical. Poly ethylene glycol PEG as an 

aspect water stress caused by tumbling water 

potential outcome in decreasing of development in 

seed germinate. (Khaheh et al., 2000; Zhu et al., 

2006; Dodd and Donovan 1999). It examine that 

Poly ethylene glycol stops water assimilation by 

seeds, penetrable ions by falling potential inside 

cell results in water assimilation and initial to 

germinated. Therefore the experiments were 

conducted to isolate 5 genotypes of wheat that 

possess drought tolerance at germination, seedling 

period. This study is about to see the use of Poly 

ethylene glycol and osmoticum, to induce water 

stress conditions.  
 

MATERIALS AND METHODS  

The research trail was conducted at 

Nuclear institute of Agriculture Tandojam. Both 

experiments were performed to evaluate the effect 

of drought stress conditions with PEG6000 on the 

growth of seedling parameters in wheat. The 

experiment was configured in factorial and 

completely randomized CRD design with three 

replications. Six varieties of wheat were used 

(IBWSN1010, IBWSN1025, TD1, ESW9525, 

Khirman and Chakwal86). The grains of the six 

varieties were obtained from the Department of 

Genetics and Plant Improvement of the Tandojam 

Nuclear Institute of Agriculture. The PEG6000 

was adjusted by dissolving the desired amount of 

PEG6000 in distilled water at 30 ° C. 

Subsequently, the grains of six wheat genotypes 

were sterilized with a 10% sodium hypochlorite 

solution for approximately 30 seconds. The beans 

were washed twice separately after treatment with 

distilled water. 20 seeds of each variety were 

sown in glass dishes (intensive 15 and 10 cm) 

treated with PEG6000. The glass plates are placed 

in an incubator under a photoperiod (4.9 ¼ mol 

m2 s1) for 20 days. Grains were measured as 

sprouts if they had an additional root space of> 3 

mm. After soaking every 24 hours, the germinated 

grains were produced daily during the experiment 

to determine the following parameters of the 

seedling, seed germination, radicle length, 

coleoptile length, shoot length cm, root length cm, 

seedling weight. fresh shoot g, fresh root weight 

g, dry shoot weight g, dry root weight g and the 

content of ions (Ca and K) as the total content of 

chlorophyll (mg g1 Fresh weight), shoot 

potassium K + ( %), Root potassium content (%), 

draft calcium (%), root calcium (%) were also 

observed in the shoots and roots of wheat varieties 

using the flame photometer method. While the 

other experiment was carried out in the pot house, 

the seeds were sown in cemented tanks under 

control (size 3x3x1 cubic meters), filled with 

sandy loam soil, with three repetitions in the CRD 

Complete Random Design, agronomic 

characteristics were observed, named, plant height 

(cm), ear length (cm), number of plow plants1, 

straw/plant weight (g), 100-grain weight (g), days 

up to 75% of the ear, days to 75% maturity. The 

objective of this study was the screening of wheat 

varieties (Triticum aestivum L.) under conditions 

of water stress in the seedling stage using PEG 

6000. 

Statistical analysis: The data recorded were 

subjected to analysis of variance to discriminate 

the superiority of treatment means and LSD tests 

were applied by the following method of (Gomez 

and Gomez 1984) to compare the means. 
 

RESULTS AND DISCUSSIONS 

Seed germination (%) under PEG water stress: 

In the present study, the capacity of the six 

genotypes was evaluated with two control 

varieties Khirman & Chakwal86 of wheat under 

chemical drying induced by PEG (6000) during 

the early seedling stage under in vitro conditions. 

The relevant data for the effect of PEG-induced 

osmotic stress on seed germination are shown in 

Figure 1.  

 

 
Figure-1: Effects of polyethylene glycol PEG (6000) 

on seed germination of different wheat cultivars 
 

Seeds of six wheat genotypes were germinated 

after 120 hours at various PEG values (0, 0.5, 

0.75, 1.0 MPa ). In all wheat genotypes, seed 

germination decreased with increasing water 

stress. It was found that the reduction was greater 

than 1.0 MPa, followed by 0.75, 0.5 MPa and the 

control, since the corresponding mean values for 

seed germination were 67.77, 88.33, 92.22 and 

99.44%, respectively. Under control conditions, 

varieties IBWS1010, IBWS1025, TD1, ESW9525 

and Chakwal86 showed maximum seed 
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germination (100%), while in Khirman under 

control conditions germination of 96.66% was 

observed. (Chachar et al., 2016) reported that the 

germination percentage of various wheat 

genotypes decreased with increasing water stress. 

When the maximum PEG concentration (6000) 

(1.0 MPa) was used, the Chakwal86 and Khirman 

genotypes also exceeded the maximum seed 

germination percentage (98.33 and 95%, 

respectively). On the other hand, in ESW9525 

(40%), minimal germination was recorded under 

high water stress (1.0 MPa). The results found in 

our study regarding the germination of wheat 

genotypes with the conditions induced by PEG 

with a reduction of germination of wheat 

genotypes fully agree with the result of Mirbahar 

et al., 2013; Chachar et al., 2016; Surbhaiyya et 

al., 2018).  

Coleoptile length (cm): The coleoptile length 

results of various wheat genotypes that are 

influenced by PEG stress (6000) are shown in Fig. 

2.  

Figure-2: Effects of polyethylene glycol PEG (6000) 

on coleoptiles length of different wheat cultivars 

A minimum coleoptile length was observed 

compared to the control condition in all treatments 

at a concentration of 1.0 Mega Pascal (MPa). 

Seedling development under laboratory conditions 

has been accepted and it could be speculated that 

an appropriate growth stage to test drought 

tolerance in wheat is that the presence of high 

levels of PEG during seedling growth inhibits 

traits of development and survival of wheat 

seedlings. In our study, the length of the coleoptile 

decreased with increasing PEG concentration. 

While working under the controlled conditions 

induced by PEG (Surbhaiyya et al., 2018), it was 

observed that with the increase in the 

concentration of PEG 6000, the length of the 

coleoptile of various wheat genotypes decreased 

significantly. The coleoptile length of different 

cultivars differed due to the different osmotic 

potentials of PEG. Under normal conditions 

(control) the maximum length value of coleoptile 

was recorded for IBWSN1010 (10.68 cm), while 

the TD1 variety recorded the lowest value (10.88 

cm), followed by IBWSN1025 (9.93cm), 

ESW9525 (15.86 cm) compared to local controls 

Khirman & Chakwa l86 (11.9, 12.22 cm). Under 

treatment with high PEG (1.0 MPa), the 

maximum coleoptile length was recorded in 

ESW9525 (4.09 cm), followed by the genotypes 

IBWSN1010 (5.29 cm) and IBWSN1025 (5.06 

cm), while the minimum coleoptile length in TD1 

( 9.68 cm) was recorded. Chachar et al., (2014a, 

2014b) and (Mirbahar et al., 2013) reported the 

tendency to decrease the length of coleoptiles 

under increasing osmotic stress was reported by 

Chachar et al.,(2014a, 2014b) & (Mirbahar et al., 

2013). 

Radicle length (cm): In our experiment, the 

radicle length parameter fig3, the wheat variety 

ESW9525 showed the maximum root length 

(10.04 cm), while the wheat variety IBWSN1010 

(8.62 cm), IBWSN1025, (6.98 cm) and TD1 (5.34 

cm) maximum observed radical length compared 

to local test truths Khirman and chakwal86 (8.92, 

9.92) under control treatment. While the wheat 

variety IBWSN1010 (4.83 cm) exhibited the 

minimum radicle length associated with 1.0 MPa 

PEG6000, the wheat variety TD1 (5.67 cm) 

observed the maximum root length treatment, as 

shown in FIG. Many other scientists (Chachar et 

al., 2016; Chachar et al., 2014a, 2014b) have also 

reported the decreasing trend in radical length, 

and found that water stress had a significant 

impact on radical length. 

Figure-3: Effects of polyethylene glycol PEG (6000) 

on radicle length of different wheat cultivars. 
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Shoot length cm: Under the selection technique, 

the survival capability of six wheat genotypes for 

resistant chemical dehydration by PEG-6000 

during the seedling stage showed fig-4.  

Figure 4:  Effects of polyethylene glycol PEG (6000) 

on shoot Length of different wheat cultivars 
 

Among most the treatments, -1.0 MPa concentra-

tions revealed minimum shoot length as compared 

to other concentrations. At the -0.5 MPa PEG6000 

concentration, the IBWSN-1025 produced a 

minimum shoot length 12.56 cm, whereas IBWS-

1010 revealed a maximum length 16.43cm as 

compared to the check varieties Khirman 17.60cm 

Chakwal-86 15.69cm. The relative decrease over 

control exhibited more in IBWS-1025 -7.13. 

Moreover, the osmotic stress at -0.75MPa PEG, 

TD-1 showed a minimum shoot length 12.33cm 

and IBWSN-1010 showed a maximum shoot of 

15.72 cm. At the highest PEG stress -1.0MPa the 

cultivars ESW-9525 produced a minimum shoot 

length 4.09cm and TD-1 revealed a maximum 

length 9.68cm. This value of PEG stress was more 

decreased over the control recorded as 24.85cm as 

compared with checks. Accordingly, TD-1 

exposed an overall relative decrease for 0.75 MPa 

4.25 cm and 1.0MPa 24.85 cm as compared to the 

checks. It is also reported by (Almaghrabiet al., 

2012) that PEG effect on shoot length of different 

wheat cultivars. 

Root length (cm): Effects of poly ethylene glycol 

PEG (6000) stress on root length the results of root 

length of different wheat cultivars, the results for 

the effect of PEG stress on root length are shown 

in fig-5. 

Figure-5:  Effects of polyethylene glycol PEG (6000) 

on root Length of different wheat cultivars 
 

Among all the treatments -1.0MPa concentration 

revealed minimum root length as compared to 

other concentrations. At the -0.5 MPa PEG6000 

concentration, the IBWSN-1025 produced a 

maximum root length 14.11cm, whereasTD-1 

revealed a minimum length 10.30cm  as compared 

to the check varieties Khirman 12.92cm Chakwal-

86 11.81cm. Moreover, the osmotic stress at -

0.75MPa PEG, IBWSN-1025 showed a minimum 

root length 8.17cm and IBWSN-1025 showed 

maximum root as 12.07cm. At the highest PEG 

stress -1.0MPa the cultivarsTD-1 produced 

maximum root length 8.67cm and IBSWN-1010 

and ESW9-525 revealed minimum root length 

4.83, 4.82cm (Chachar et al., 2014) stated that 

restriction for the length of roots in drought stress 

because of an obstruction of cell division and 

elongation leading to kind tuberization.  

Shoot fresh weight (g/10 shoots):  The results for 

the effect of PEG6000 stress on Plant biomass are 

presented in fig-6.  

Figure-6:  Effects of polyethylene glycol PEG (6000) 

on shoot fresh weight of different wheat cultivars. 
 

Among all the treatments -1.0MPa concentration 

revealed minimum shoot fresh weight SFW as 

compared to other concentrations. At the -0.5 

MPa PEG (6000) concentration, the ESW-9525 

produced a minimum shoot fresh weight 49.48g, 

whereas IBWSN-1010 revealed maximum 

SFW86.64g  as compared to the check varieties 

Khirman 85.77g Chakwal-86 91.86g.  Moreover, 

the osmotic stress at -0.75MPa PEG, IBWSN-

1025 showed minimum SFW 31.75g and IBWSN-

1010 showed maximum SFW as 79.35g. At the 

highest PEG stress -1.0MPa the cultivarsTD1 

produced a maximum SFW 54.63g and ESW-

9525 revealed a minimum SFW 10.82g. Reduced 

in fresh weight of shoot was recognized to 

minimum number and growth of slighter leaves 
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with augmented PEG-6000 meditation of the 

growth. It is significant that drought tolerance is 

considered by little reduction of growth of shoot 

in water-stressed condition (Mingn et al., 2012; 

Moucheshi et al., 2012; Saghafikhadem 2012). 

Root fresh weight (g/10 roots): The impact of 

PEG poly ethylene glycol on plant biomass were 

recorded in terms of root fresh weight (R.F. Wt) 

results for the root fresh weight of different wheat 

cultivars are presented in fig-7.  

Figure-7:  Effects of polyethylene glycol PEG (6000) 

on root fresh weight of different wheat cultivars 

Among all the treatments -1.0MPa concentration 

revealed minimum Root fresh weight RFW as 

compared to other concentrations at the -0.5 MPa 

PEG-6000 concentration, the ESW-9525 produ-

ced a minimum root fresh weight16.18g, whereas 

IBWSN-1010 revealed maximum RFW 82.36g  as 

compared to the check varieties Khirman 44.69g 

Chakwal-86 41.01g.  Moreover, the osmotic stress 

at -0.75MPa PEG, IBWSN-1025 showed mini-

mum SFW19.76g and IBWSN-1010 showed 

maximum RFW as 45.43g. At the highest PEG 

stress -1.0MPa the cultivarsIBWSN-1010 produ-

ced maximum RFW 27.22g and ESW-9525 

revealed minimum RFW 8.07g. The results 

showed that with the increase in water stress and 

high water stress (1.0 MPa) there was a significant 

decrease in plant biomass with the increase in 

water stress in the growing media, which led to a 

comparatively greater reduction. 

Shoot dry weight (g/10 shoots): The PEG (6000) 

effects on dry matter yield were noted in terms of 

shoot dry weight (SDW) and the data is presented 

in fig-8.  
 

 

 

 

 

Figure-8:  Effects of polyethylene glycol PEG (6000) 

on shoot dry weight of different wheat cultivars 

Among all the treatments -1.0MPa concentration 

revealed minimum shoot fresh weight SDW as 

compared to other concentrations. At the -0.5 

MPa PEG-6000 concentration, the TD-1 produced 

a minimum shoot dry weight 8.52g, whereas 

IBWSN-1010 revealed a maximum SDW13.36g  

as compared to the check varieties 

(Khirman10.95g Chakwal-86 12.98g.  Moreover, 

the osmotic stress at -0.75MPa PEG, IBWSN-

1025 showed minimum SDW5.62g and IBWSN-

1010 showed maximum SDW as 12.37g. At the 

highest PEG stress -1.0MPa the cultivars ESW-

9525 produced a minimum SDW 1.75g and TD-1 

revealed a maximum SDW 10.32 g. The 

decreasing trend in root and shoot dry weight was 

also reported by other researchers (Kamran et 

al.,2009) who found that water stress had a 

significant effect on root and shoot dry matter 

production. 

Root dry weight (g/10 roots): The PEG (6000) 

effect on root dry matter yield was recorded in 

terms of root dry weight (RDW) and the data is 

presented in fig-9. 

Figure-9: Effects of polyethylene glycol PEG (6000) 

on root dry weight of different wheat cultivars 
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Among all the treatments -1.0MPa concentration 

revealed minimum root dry weight RDW as 

compared to other concentrations. At the -0.5 

MPa PEG6000 concentration, the TD-1 produced 

a minimum shoot dry weight 5.95g, whereas 

IBWSN-1010 revealed a maximum SDW12.42g 

as compared to the check varieties Khirman 6.61g 

Chakwal-86 9.52g.  Moreover, the osmotic stress 

at -0.75MPa PEG, IBWSN-1025 showed 

minimum SDW4.29g and IBWSN-1010 showed 

maximum SDW as 8.76g. At the highest PEG 

stress -1.0MPa the cultivars ESW9-525 produced 

minimum SDW 2.87g and IBWSN-1010revealed 

maximum SDW 5.82g. It was reported by 

(Jiguang et al.,2013) in his research that 

decreasing trend in shoot and root dry weight was 

also reported by many other scientists they 

mentioned that it was significantly increased shoot 

and root masses in both cultivars under well-

watered conditions. PEG6000 alone obviously 

decreased shoot and root dry masses in both 

cultivars. 

Total Chlorophyll content (mg g-1 fresh 

weight): The data regarding total chlorophyll 

content mg g-1 fresh weight is presented in fig-10. 

Figure10:  Effects of polyethylene glycol PEG (6000) 

on total chlorophyll content of different wheat cultivars 
 

Decrease in total chlorophyll content was found 

with the increase of PEG stresses. Under -0.5 MPa 

PEG-6000 stresses, the cultivarsIBWSN-1025 

produced minimum total chlorophyll content 

0.19mg g-1 fresh weight, whereas IBWSN-1010 

revealed maximum total chlorophyll 

content0.40mg g-1 fresh weight as compared to the 

check varieties Khirman 0.72 and chakwall-86 

0.54mg g-1 fresh weight. Moreover, at -0.75MPa 

PEG stress, IBWSN-1025 produced minimum 

total chlorophyll content 0.19mg g-1 fresh weight. 

However, the cultivars ESW-9525 produced more 

chlorophyll content as 0.37mg g-1 fresh weight at 

the highest PEG stress -1.0MPa, the cultivars 

IBWSN-1010 revealed the lowest chlorophyll 

among the cultivars 0.12mg g-1 fresh weight and 

TD-1 showed to have more chlorophyll content 

0.26mg g-1 fresh weight. It was also reported by 

(Paknejad et al., 2007 that the improvement of 

cultivar yield under drought stress has resulted 

from a more extended grain filling duration, a 

higher chlorophyll content, a more sustained 

turgor, or a combination of them. On the other 

hand, (Rong-hua et al., 2006) reported that the 

values of chlorophyll content in drought tolerance 

genotypes of barley were significantly higher than 

those in drought-sensitive genotypes under 

drought stress. 

Shoot potassium K+: The data of shoot potassium 

K+ is presented in fig-11.  

Figure-11:  Effects of polyethylene glycol PEG (6000) 

on shoot potassium content (%) of different wheat 

cultivar 

The potassium content increased in almost all the 

wheat cultivars with different PEG stresses. Under 

-0.5 MPa PEG-6000 concentration the IBWSN-

1010 produced minimum shoot potassium content 

1.41%, whereas ESW-9525 revealed the highest 

shoot potassium content 1.82% as compared to the 

check varieties Khirman 1.63 and Chakwal-86 

11.27%. Moreover, the osmotic stress at -0.75 

MPa PEG, the cultivarsIBWSN-1025 produced 

minimum shoot potassium content 0.73%. Where-

as, the cultivars ESW-9525 revealed more potass-

ium content 1.86% content at this stress. At the 

highest PEG stress -1.0MPa the cultivarsIBWSN-

1010 and IBWSN-1025 possessed more potas-

sium content 0.21% and 0.61%, respectively. It 

was mentioned by Jiguang et al., (2013) in his 

study, adequate external K meaningfully increased 

K+ substances in both shoot and root of PEG6000 

stressed plants. This might be explained that 

higher K+ concentration in plant growing medium 

offered more opportunities for roots absorbing K+ 
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cellular membrane recovery enhanced K+ conser-

vation in plant tissues. 

Root potassium content (%): The data regard-

ing root potassium content (%) is presented in fig-

12. 

Figure-12: Effects of polyethylene glycol PEG (6000) 

on root potassium content (%) of different wheat 

cultivars. 
 

For this trait, almost all the PEG treatments affect- 

ted the wheat cultivars as compared to the control. 

The PEG treatment -0.75 was observed to have 

more root potassium compared to other treatme-

nts. Under -0.5MPa PEG6000 concentrations, the 

cultivarsIBWSN-1010 produced mini-mum root 

potassium content0.41% and TD-1 revealed maxi-

mum root potassium content 0.70% as compared 

to the check varieties Khirman 0.48 and Chakwal-

86 0.53%. Moreover, the osmotic stress at -0.75 

MPa PEG, IBWSN-1010 produced reduced root 

potassium content 0.40%. However, the cultivars 

TD-1 produced maximum potassium content 0.90 

% in roots. At the highest PEG stress -1.0MPa, the 

cultivarsIBWSN-1010 produced minimum potass-

ium in roots 0.44% and TD-1 was observed to 

contain maximum potassium content 0.54%. In 

the year 2013 a scientist (Jiguang) mentioned hi 

study that adequate external K significantly incr-

eased K+ contents in together shoot and root of 

PEG6000-stressed plants.   

Shoot root calcium Ca (%): The data regarding 

shoot calcium (%) is presented in fig-13.  

Figure-13: Effects of polyethylene glycol PEG (6000) 

on shoot calcium (%) of different wheat cultivars 

Among overall treatments, -1.0MPa PEG osmotic 

stress produced reduced calcium (%) in shoots as 

compared to other concentrations. Under -0.5 

MPa PEG6000 concentrations, the cultivars I 

BWSN-1025 produced maximum shoot calcium 

1.53%, whereas ESW-9525 revealed minimum 

shoot calcium 0.72% as compared to the check 

varieties Khirman 0.89 and chakwal-86 0.78%.  

Moreover, the osmotic stress at -0.75MPa PEG, 

IBWSN-1025 produced more calcium 1.31% in 

shoots and the cultivars ESW-9525produced 

minimum shoot calcium 0.91%. At the highest 

PEG stress -1.0MPa, the cultivarsTD-1produced 

maximum Shoot calcium 1.13% and ESW-9525 

produced reduced shoot calcium 0.33%.The data 

regarding root calcium (%) is presented in fig-14.  

Figure-14:  Effects of polyethylene glycol PEG (6000) 

on root calcium (%) of different wheat cultivars 
 

Among all the treatments, root calcium (%) was 

found to be more in -0.75 MPa and -1.0MPa 

PEG6000 concentrations. Accordingly, with the 

PEG concentration -0.5 MPa, the cultivarsTD-1 

produced maximum root calcium 0.65%, whereas 

IBWSN-1010 revealed minimum root calcium 

0.52% as compared to the check varieties Khir-

man 0.52% and Chakwal-86 0.55%.  Moreover, 

the osmotic stress at -0.75MPa PEG, ESW-9525 

produced more calcium 0.74%in roots and the 

cultivars IBWSN-1010 produced a minimum cal-

cium 0.50%. At the highest PEG stress -1.0MPa, 

the cultivars I BWSN-1025 produced maximum 

root calcium 0.62% and ESW-9525 revealed 

minimum root calcium 0.40%. Mujtaba observed 

the same result in his 2016 study. He mentioned 

that the PEG 6000 ratio in Root K + / Ca2 + was 

not significantly affected by osmotic stress. 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

Root potassium K
content (%)
(T1)control

Root potassium K
content (%) (T2)-
0.5MPa

Root potassium K
content (%) (T3)-
0.75MPa

Root potassium K
content (%) (T4)-
1.0Mpa

0

0.2
0.4

0.6
0.8

1

1.2
1.4

1.6
1.8

Shoot calcium (%)
(T1)control
Shoot calcium (%)
(T2)-0.5MPa
Shoot calcium (%)
(T3)-0.75MPa
Shoot calcium (%)
(T4)-1.0Mpa

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Root calcium (%)
(T1)control

Root calcium (%)
(T2)-0.5MPa

Root calcium (%)
(T3)-0.75MPa

Root calcium (%)
(T4)-1.0Mpa



         .A. A. Abro et al.,                                                                                                                              Pak. J. Biotechnol. 76 

Plant height (cm): For the trait plant height (cm) 

fig 15, most of the wheat cultivars reduced their 

height at terminal drought as compared to control 

treatment.  

Figure-15: Plant height affected by water stress in 

different wheat cultivars. 
 

The cultivar TD-1 produced a shorter height and 

was recorded as 52.7cm at control condition, 

whereas the cultivar ESW-9525 revealed a taller 

plant having a height of 79.7cm, respectively as 

compared with the check varieties, Chakwal-86 

and Khirman with height recorded as 81.0 and 

91.3cm, under control condition. The cultivar TD-

1 produced minimum plant height at the highest 

water stress terminal drought and was recorded as 

46.00 cm. Moreover, the cultivar ESW-9525 pro-

duced a taller plant height and was observed as 

66.3cm, respectively. Comparison with the check 

varieties Chakwal-86 and Khirman produced plant 

height of 63.0 and 69.7 cm, respectively under 

water stress condition terminal drought. Plants 

were found to have the capability to adjust to 

environmental conditions, which is usually unsta-

ble due to the various environmental factors. In all 

wheat varieties used in the experiment, water 

stress has a drastic effect on plant height (Mirba-

har et al., 2009). The height of the plant plays an 

important role in photosynthesis (Malik and 

Hassan 2002; khanzada et al., 2001). The shoot 

length of guar genotypes has also been previously 

reported to be similarly significantly reduced 

under water stress (Inamullah et al., 1999). 

Spike length (cm): Spike length was reduced at 

water stress level fig-16.  
 

 
 
 
 
 
 
 

Figure-16: Spike length affected by water stress in 

different wheat cultivars. 
 

The cultivar TD-1 produced the shortest spike 

length and was recorded as 10.8 cm at the control 

condition, whereas the cultivar ESW-9525 produ-

ced longest spike length as 14.7 cm. In compari-

son with the check varieties, Chakwal-86 and 

Khirman produced spike lengths of 13.8 and 14.7 

cm, respectively under the controlled condition. 

Moreover, the cultivar TD-1produced a minimum 

spike length at the highest water stress terminal 

drought and recorded as7.6 cm, whereas the cul-

tivar ESW-9525 produced a maximum spike len-

gth 13.2cmas compared with the check varieties 

Chakwal-86 and Khirman having spike lengths of 

11.3 and 12.1, respectively under water stress 

condition terminal drought. It was reported that 

the significant suppressive effect of water stress 

on a number of spike lengths. It has previously 

been reported that water stress during vegetative 

and reproductive development caused a signify-

cant reduction in the length of the wheat spike 

(Tompkins et al., 1991; Qadir et al., 1999). 

Number of tillers plant-1: The number of tillers 

plant-1 also reduced at water stress level terminal 

drought as compared to control treatment fig-17.  

Figure-17: Number of tillers affected by water 

stress in different wheat cultivars. 
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The cultivars IBWSN-1010 produced a minimum 

number of tillers plant-1 and recorded as 8.0 tillers 

plant-1 under control conditions, whereas the culti-

var ESW-9525 produced a maximum number of 

tillers plant-1(12.0), respectively. In comparison 

with the check varieties, Chakwal-86 and Khir-

man produced a number of tillers as 12.0 and 12.0 

respectively under control conditions. However, 

the cultivar IBWSN-1010 produced a minimum 

number of tillers plant-1 at the highest water stress 

(5.0). The cultivar ESW-9525 produced a maxi-

mum number of tillers plant-1and recorded as 10.0, 

compared with the check varieties Chakwal-86 

and Khirman having a number of tillers 10.0 and 

10.0, respectively under water stress condition 

terminal drought. It was also observed that tillers 

plant-1 in wheat cultivars reduced significantly 

under water stress when it was compared with 

irrigated (Mirbahar et al., 2009). In 1999 it was 

also reported that water stress compact the tillers 

plant-1 in wheat cultivars (Qadir et al., 1999). 

Straw weight (g): Straw weight was also reduced 

during water stress level fig-18. The reduction 

was more at the terminal drought stress as 

compared to control treatments.  

Figure-18: Straw weight affected by water stress in 

different wheat cultivars 

The cultivars IBWSN-1010 produced minimum 

straw weight gas 20.1 g under control condition, 

whereas the cultivar ESW-9525 produced 

maximum straw weight g as 39.1 g, respectively, 

compared to the check varieties, Chakwal-86 and 

Khirman influenced moderate straw weight as 

30.3and 36.2 g, respectively under the controlled 

condition, respectively. The cultivar IBWSN-1010 

produced minimum straw weight under water 

stress condition terminal drought and recorded as 

8.4 g. However, the cultivar ESW-9525 revealed a 

maximum straw weight 14.3 gcomparison with 

the check varieties, Chakwal-86 and Khirman 

produced straw weight as11.2 and 13.7 g, 

respectively under the highest water stress 

condition terminal drought. it was also reported by 

(Katerji et al.,2009) that  imposition of  water 

stress during ear formation and flowering stages 

had caused 37%  and 18%  decline in grain and 

straw yields in wheat crops. 

100 Grain weight (g): Overall wheat cultivars 

showed that the grain weight also reduced at water 

stress level terminal drought as compared to 

control treatment fig-19.  

 

Figure-19: Grain weight affected by water stress in 

different wheat cultivars. 
 
 

TD-1 produced reduced grain weight and recorded 

as 19.7 g under control conditions, whereas the 

cultivar ESW-9525 produced more grain weight 

as 23.3 gm, respectively. In comparison with the 

check varieties, Chakwal-86 and Khirman produ-

ced grain weight of 21.3 and 23.4 gm, respect-

tively under the controlled condition. Whereas the 

cultivar IBWSN-1010 produced minimum grain 

weight under the highest water stress condition 

terminal drought and recorded as 14.8gm. How-

ever, the cultivar ESW-9525 produced a maxi-

mum grain weight 19.7 gmas compared to the 

check varieties Chakwal-86, and Khirman, having 

grain weight 17.2 and 19.2 gm, respectively under 

the highest water stress condition terminal drou-

ght. Drought escape is highly heritable but it is 

associated with lower 100 grain weight (Wortm-

ann, 1998) as shown by these results.  

Days to 75% heading: For the trait days to head-

ing, most of the cultivars heading reduced at ter-

minal drought as compared to control treatment 

fig-20.  
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Figure-20: Days to heading affected by water 

stress in different Cultivars. 
 

The cultivars ESW-952 head earlier 78.2 under 

control condition, whereas the cultivar IBWS-

1010 mature lately 92.7, as compared with the 

check varieties, Chakwal-86 and Khirman. The 

cultivar ESW-9525 also produced earlier 84.83 

under highest water stress condition terminal 

drought. Compare to the check varieties Chakwal-

86 and Khirman also produced earlier heading as 

73.5 and 78.5under highest water stress condition 

terminal drought. It was reported that drought 

stress reduced the number of days to heading 

(Hasan Kiliç and Tacettin Yağbasanlar, 2010).  

Days to 75% maturity: Most of the cultivars red-

uced maturity at terminal drought as compared to 

control treatment fig-21.  

 Figure-21: Days to maturity affected by water stress 

in different Cultivars. 
 

The cultivars IBWS-1010 matured earlier 118.7 

under the control condition, whereas cultivar 

ESW-952 matured late 122.1, as compared with 

the check varieties, Chakwal-86 and Khirman. 

The cultivar ESW-952 matured earlier 113.7 

under the highest water stress condition terminal 

drought as compared with both the check varieties 

Chakwal-86 and Khirman (113.8 and 115.8). It 

was also observed by (Hasan Kiliç and Tacettin 

Yağbasanlar, 2010) that drought stress reduced 

the number of days to maturity.  

Conclusion: Plants have developed biochemical 

and physiological approaches to tolerate in dehyd-

rated environments. From the present study, it is 

concluded that osmotic stress under laboratory 

conditions significantly reduced the length of the 

sprout/incubation root of the seed and the dry 

weight of the six varieties of wheat. The maxi-

mum reduction was found to be significant with 

higher PEG6000 osmotic stress (T4, 1.0 MPa). 

The effect of osmotic stress was found to be stron-

ger at a PEG level of 1.0 MPa compared to other 

treatments at the seedling stage. The growth in 

this stage of the treatment was in seed germina-

tion, coleoptile length, radicle length, shoot length 

cm, root length cm, the weight of fresh shoots g, 

weight of fresh root g, weight of dry shoots g, the 

weight of dry roots g, total chlorophyll content 

(mg g1 fresh weight), Ca and ion content. In this 

case, K reduces osmotic stress. IBWS1010 varie-

ties performed better for various growth traits and 

can be considered tolerant varieties. ESW9525 

also had the maximum content of total chloro-

phyll, potassium k + calcium Ca in the roots, 

which were considered drought-tolerant, also 

because the accumulation of ionic contents was 

more.  
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