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ABSTRACT 
 

Drought stress is now become the most important abiotic stress for wheat in 

Bangladesh. Rabi season often compromised wheat production by imposing drought 

stress. Therefore, it has been a priority to develop drought tolerant wheat variety for 

Bangladesh. However, the lack of genetic variability for drought tolerance in wheat 

has been a major bottleneck for developing drought tolerance wheat variety. The 

present investigation was carried out in an aim to evaluate several exotic and locally 

cultivated wheat genotypes for drought tolerance based on morpho-physiological and 

biochemical traits. Experiment was carried out at the net house of Field Laboratory of 

Department of Genetics and Plant Breeding, Bangladesh Agricultural University, 

Mymensingh with seven replications in a RCBD design. Ten locally cultivated and 

exotic wheat genotypes were grown under control (100% field capacity) and drought 

(30% field capacity) conditions. Genotypes used in the study were identified with 

different types of drought tolerance mechanisms, viz., Berkut for earliness, Shatabdi 

for grain weight, BARI Gom 26 for spike and grain number, along with Vorobey, 

Berkut for enhanced biosynthesis of proline, Sokoll for undamaged leaf Chlorophyll 

content and relative water content, Sakha8, Gaurav, Sonalika and Shatabdi for 

membrane thermostability; Sakha8 and Sourav for improved stress tolerance index. 

The genotypes screened out with different traits related to drought tolerance can be 

utilized as gene source for future breeding programs. 
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INTRODUCTION 
Drought is a major stress that compromise crop yield around the world (Reddy et al., 

2004). In Bangladesh, Rabi crops are usually affected by the drought stress as winter is 

almost dry (Rahman et al., 2009).  Developing drought tolerant crop variety (e.g. wheat) 

for Rabi season has been, therefore, a major objective for the breeder for last few 

decades in Bangladesh (Siddiqui et al., 1999; 2000). Plants adapt to drought stress by 

different mechanisms, including changes in morphological and developmental patterns 

as well as physiological and biochemical processes (Bohnert et al., 1995). However, 

majority of the attempts of improving drought tolerant wheat cultivars were based on the 

emphasized evaluation of yield contributing morphological characters (Hossain and 

Teixeira Da Silva, 2012; Siddiqui et al., 1999; 2000; Rahman et al., 2009; Hakim et al., 

2012), with less emphasis for biochemical and physiological traits. Country’s cultivated 

high yielding wheat varieties have to eventually compromise their yield due to drought 

susceptibility, whereas, several exotic landraces and wild wheat are found to have 

profound drought tolerance but lower grain yield. Thus, selection for drought tolerant 
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sources in landraces and wild wheat based on the yield contributing traits could be 

misleading (Dodd et al., 2011). Furthermore, certain biochemicals are found synthesized 

in stressed condition to confer drought tolerance by providing osmo-regulation, like, 

proline (Pospíšilová and Batková, 2004), abscisic acid (ABA) (Quarrie et al., 1999) as 

well as some drought induced physiological traits (Reynolds et al., 2007). Among the 

physiological traits, traits to maintain uninterrupted photosynthesis viz., leaf chlorophyll 

content (Pask et al., 2012), keeping cell structure integrity  viz., membrane 

thermostability (Cave, 1981; Buchanan et al., 2000),  keeping turgid leaf viz. relative 

water content (RWC, Almeselmani, 2011) or resultant stress tolerance index (STI) have 

been the prime traits to consider. The yield related traits along with biochemical and 

physiological diagnosis can be of better aids to distinguish between drought stress 

susceptible and poor yielded drought tolerant wheat lines towards utilizing the genetic 

sources. The genotypes screened with above mentioned morphological, physiological 

and biochemical traits can be used as parents for synthesizing drought tolerant wheat 

genetic stocks towards developing drought tolerant wheat variety. The present 

investigation was, therefore, aimed to evaluate several locally cultivated and exotic 

wheat genotypes for drought tolerance based on morphological, physiological and 

biochemical traits that are known to confer drought tolerance in wheat. 

 

MATERIALS AND METHODS 

Plant materials 
Ten wheat genotypes including five exotic genotypes were used as experimental 

materials in this study are presented in Table 1.  

 

Table 1. Wheat genotypes used as experimental materials in this study with sources 

 

Sl. Genotype Source Sl. Genotype Source 

i. Vorobey CIMMYT* vi. BARI Gom 26 RWRC, BARI** 

ii. Shorawaki CIMMYT vii. Sourav RWRC, BARI 

iii. Sakha 8 CIMMYT viii. Gaurav RWRC, BARI 

iv. Berkut CIMMYT ix. Sonalika RWRC, BARI 

v. Sokoll CIMMYT x. Shatabdi RWRC, BARI 
*International Wheat and Maize Improvement Centre, Mexico; ** Regional Wheat Research 

Centre, Bangladesh Agricultural Research Institute, Gazipur, Bangladesh 
 

Experimentation 
Pot preparation:  

      The experiment was conducted in pot. About 8.2 kg of soil was taken in a pot. The soil 

was silty loam in texture having pH 6.7, organic C 0.65%, total N 0.09% and available P 

9.3 μgg
-1

. The pot soil was saturated with water and kept for overnight. After that, pot 

was weighed again, the difference between 2
nd

 weight and 1
st
 weight was the weight of 

water which contributed to 100% field capacity. 

 

Plant culture: 

Seeds were germinated in petridishes, and then transplanted while five days old. Two 

plants of different genotypes were planted in each pot. Experiment was conducted in a 

RCBD design with seven replications. Therefore, 70 pots were maintained considering 

two treatments, 10 genotypes, seven replications and two plants per pot. Intercultural 
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operations viz. weeding, fertilization etc. were done as recommended, whenever 

necessary.  

Experiment was conducted during November/2014 to April/2015 at the net house of 

Dept. of Genetics and Plant Breeding, Bangladesh Agricultural University, 

Mymensingh. 

 

Drought induction: 

Drought condition was induced by maintaining 30% field capacity of moisture, based on 

the amount of required for 100% field capacity (FC) according to the procedure followed 

in Khakwani et al. (2011). Control treatment had 95-100% of field capacity of moisture 

in pot soil. Drought treatment was induced when plant were two weeks of old after 

transplanting and continued until maturity. 

 

Data collection:  

Data were collected in different levels of growth, maturity and post harvest stages 

according to the standard procedure practiced in previous attempts (Bates et al., 1973; 

Farshadfar et al., 2008; Saeedipour and Moradi, 2011, Punia et al. 2011, Fernandez, 

1992) on following parameters (Table2). 

 

Table 2. Traits considered for the study 

 

Traits Type of trait Traits Type of trait 

Flag Leaf Proline 

content 

Biochemical Days to 

anthesis 

Yield contributing 

and morphological 

Flag Leaf Chlorophyll 

(SPAD) content 

Physiological Days to 

maturity 

Yield contributing 

and morphological 

Relative Water Content Physiological No. of spike 

per plant 

Yield contributing 

and morphological 

Cell membrane leakage Physiological No. of grain 

per spike 

Yield contributing 

and morphological 

Stress Tolerance index Physiological 1000 Kernel 

weight. 

Yield contributing 

and morphological 

Plant height (cm) Yield contributing 

and morphological 

Grain yield per 

plant (g/plant) 

Yield contributing 

and morphological 

 

Data analysis: 

Data recorded on the traits mentioned in Table 2 were managed in MS Excel
®
 and 

analyzed by MINITAB
®
 14, a computer based statistical package. 

 

RESULTS AND DISCUSSION 

 

ANOVA of the traits were presented in Table 3. Mean performances of the genotypes for 

the traits considered were presented in Table 4. Percent changes in performance due to 

drought stress for the traits considered in genotypes due to drought stress were presented 

in graphs (Fig 1A-D). All the genotypes studied showed significant differences for all 

the traits and treatments were found significantly different from each other, as well. 
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Table 3. ANOVA for the traits conferring drought tolerance and grain yield in 10 

wheat genotypes 

 

Characters Genotypes 

(df 9) 

Drought treatment 

(df 1) 

Error  

(df 138) 

Plant height (cm) 374.955** 1631.565** 9.965 

Days to anthesis 113.148** 735.00** 0.80 

Days to maturity 147.41** 904.82** 4.08 

No. of spike per plant 1.108** 53.998** 0.07 

No. of grain per spike 44.71** 1153.69** 3.70 

1000 kernel weight. 106.981** 781.99** 15.26 

Grain yield per plant 2.22** 140.67** 0.21 

Flag leaf Proline 3.470** 288.380** 0.680 

Flag leaf Chlorophyll  365.31** 878.83** 28.06 

Relative Water Content 106.57** 3753.93** 2.56 

Cell membrane leakage 48.37** 3082.81** 8.25 

** indicates significant at 1% level of significance 

 

Among the genotypes, BARI Gom 26 along with Vorobey, Sakha8, Berkut and Sokoll 

maintained highest plant height even at drought stress. Again BARI Gom 26 along with 

Sourav and Sonalika took least possible time for anthesis and maturity. Earliness in 

terms of heading, anthesis, grain filling or maturity are common mechanisms of drought 

tolerance in wheat, as these helps the plant to escape or avoid the intense effect of stress 

before maturity (Pask et al., 2012). Number of spikes per plant was found higher in 

BARI Gom 26, followed by Vorobey, Sokoll and Shatabdi. Increased spike number even 

at stressed condition indicates plant’s inherent ability to continue its growth i.e. drought 

tolerance (Punia et al., 2011). Grain number was again found highest in BARI Gom 26 

along with Vorobey and followed by Sakha8. Number of grain has a positive correlation 

with yield, therefore, genotypes with higher grain number per spike even at drought 

stress believed to have potentials of drought tolerance (Pask et al., 2012). 1000 Kernel 

weight was found more in Shatabdi, whose grain number per spike was least. Other 

genotypes followed Shatabdi were Shorawaki, BARI Gom 26, Sourav, Gaurav and 

Sonalika. This is a common phenomenon in cereals, as grain number and individual 

grain weight are inversely correlated (Adhikary et al., 2009). Grain yield per plant was 

found highest in BARI Gom 26, followed by Sonalika, Shatabdi and Vorobey. This trend 

proved again that the selection of genotypes based on theyield for drought tolerance is 

not always dependable (Dodd et al., 2011). Among the geneotypes, Sakha 8 and Sourav 

has found to be least affected by drought stress (Fig 1A). 

 

Genotypes demonstrated significantly different proline content in flag leaf, where, 

Berkut accumulated highest amount of proline in flag leaf in drought stressed condition, 

followed by Sokoll and BARI Gom 26 (Table 4; Fig 1B). The accumulation of proline in 

plant tissues is a clear indication of plants inherent ability of tolerance against 

environmental stress, particularly in plants under drought stress (Routley, 1966). Proline 

accumulation may also be part of the stress signal influencing adaptive responses 

(Maggio et al. 2002). Therefore, the more the proline, better the ability of plants to 

withstand drought, which is one of the most common compatible osmolytes in drought 

stressed plants.  
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Table 4. Mean performances of the 10 wheat genotypes for traits conferring drought tolerance 

 
Genotype PH DTA DTM NSPP GRSP 1000 

KW. (g) 

GYP (g) FL Pro  

( mol g
-1 

fw) 

Fl. Chl.  RWC CML STI 

Vorobey 79.44 82.50 111.7 4.16 33.95 34.27 3.46 2.59 43.78 88.47 23.35 0.389 

Shorawaki 74.78 78.50 108.3 3.50 30.08 38.65 2.93 2.47 48.88 83.04 23.10 0.367 

Sakha 8 76.88 78.67 109.2 3.70 32.30 35.27 2.90  2.70 54.38 86.11 17.01 0.513 

Berkut 79.92 73.33 103.5 3.29 29.53 39.67 2.70 4.43 40.51 84.90 23.81 0.410 

Sokoll 79.27 87.50 118.3 4.20 31.25 35.89 3.39 3.29 55.49 93.14 23.27 0.353 

BARI Gom 26 80.09 75.00 106.3 4.80 34.77 39.30 4.70 3.46 48.08 93.32 20.40 0.384 

Sourav 59.34 76.33 150.2 3.78 29.18 42.19 3.24 2.17 36.68 83.50 22.64 0.449 

Gaurav 59.86 73.50 100.7 3.90 26.05 38.40 2.85 2.71 34.68 81.02 17.42 0.290 

Sonalika 70.72 76.00 107.5 4.50 28.17 41.31 3.59 1.73 36.15 86.91 17.77 0.312 

Shatabdi 71.77 77.00 103.8 4.07 28.20 48.95 3.97 2.38 36.52 83.09 18.12 0.353 

Minimum 59.34 73.33 100.7 3.29 26.05 34.27 2.70 1.73 34.68 81.02 17.01 0.290 

Maximum 80.09 87.50 118.3 4.80 34.77 48.95 4.70 4.43 55.49 93.32 23.82 0.513 

LSD (0.05) 3.69 1.05 2.36 0.31 2.25 4.57 0.54 1.02 6.19 1.87 3.36 0.094 

 
PH= Plant height; DTA= Days to anthesis; DTM= Days to maturity, NSPKP= No. of spike per plant, GRSPK= Grain per spike, 1000KW= 1000 kernel weight, 

GYP= Grain yield per plant, FL Pro= Flag leaf Proline, Fl. Chl. = Flag leaf Chlorophyll, RWC= Relative water content, CML= Cell membrane leakage 
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Among the physiological traits considered, flag leaf chlorophyll content under drought 

stress is a better indicative of plant’s ability to withstand drought stress by keeping it’s 

photosynthetic machinery active (Farquhar et al., 1989) because  water stress condition 

caused reduction in chlorophyll content (Iturbe et al., 1998).  Among the genotypes, 

Sokoll and Sakha8 demonstrated highest amount of flag leaf chlorophyll followed by 

Shorawaki. However, drought stress caused least damage of leaf chlorophyll in Vorobey 

but highest in Sourav (Fig 1C). Flag leaf chlorophyll of all the locally cultivated 

genotypes might go through damage due to drought stress. Therefore, Sokoll and Sakha8 

should be considered for improving the trait of concern. 

  

 
    

 
 

 
 

 

 

 

Fig. 1: Bar graphs showing the percent 

changes of grain yield per plant (A), Flag 

leaf Proline (B), Flag leaf Chlorophyll 

(C), Relative water content (D) and Cell 

Membrane Leakage (E) in 10 wheat 

genotypes under drought stress. 

 

 

Another physiological trait, relative water content (RWC) was found highest in Sokoll 

and BARI Gom 26, followed by Vorobey and Sonalika. Leaf RWC is proposed as a 

more important indicator of water status than other water potential parameters under 

drought stress conditions. During plant development drought stress significantly reduced 
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RWC values (Siddique et al., 2000). Among the genotypes, lowest reduction of RWC 

was found in BARI Gom 26, followed by Sokoll and Vorobey (Fig 1D). The deviation in 

RWC may be attributed to differences in the ability of the genotypes to absorb more 

water from the soil and, or the ability to control water loss through the stomata's. It may 

also be due to differences in the ability of the tested genotypes to accumulate and adjust 

osmotically to maintain tissue turgor and hence physiological activities (Almeselmani, 

2010). 

 

Moreover, cell membrane leakage was found lowest in Sakha8, Gourab. The leakage 

was due to damage to cell membranes which become more permeable (Senaratna and 

Kersie, 1983). Cell membrane is one of the first targets of plant stresses (Levitt, 1972) 

and the ability of plants to maintain membrane integrity under drought is what 

determines tolerance towards drought (Vieira da Silva et al., 1974). Water stress caused 

water loss from plant tissues which seriously impair both membrane structure and 

function (Cave, 1981; Buchanan et al., 2000). 

 

CONCLUSION 

Genotypes used in the study  were identified with different types of drought tolerance 

mechanisms, viz., Berkut for earliness, Shatabdi for grain weight, BARI Gom 26 for 

spike and grain number, along with Vorobey, Berkut for enhanced biosynthesis of 

proline, Sokoll for undamaged leaf Chlorophyll content and relative water content, 

Sakha8, Gaurav, Sonalika and Shatabdi for membrane thermostability; Sakha8 and 

Sourav for improved stress tolerance index, can be used as breeding materials in future, 

to develop drought tolerant wheat variety.  
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