
 

 

 

INTRODUCTION 

 

Wheat, a rich source of energy, is most important cereal crop 

in world which provides more than 50% calories of daily 

intake to the world population (FAO, 2015). Wheat is 

sensitive to abiotic stresses. Under water limited conditions 

plants cannot perform normal physiological activities thus 

resulting in loss of yield (Said, 2014). Availability of useable 

irrigation water is decreasing in inverse proportion to an ever-

increasing human population (Vorosmarty et al., 2000). To 

keep up with increasing population, wheat should be tailored 

against water scarce environments. 

Plant response to drought is a complex phenomenon (Reddy 

et al., 2004). Drought affects plant osmotic potential and ionic 

equilibrium resulting in complete or partial blockage of vital 

physiological processes such as photosynthesis. 

Photosynthetic rate is primary physiological process which 

indicates the amount of CO2 consumed and glucose produced 

by the plant. In the absence of glucose plant cannot produce 

energy resulting in death of plant cells (Reddy et al., 2004). 

Water stress also affects plant at different levels of structural 

organization. Limited water supply causes certain 

morphological changes in plants like wilting and shrinking of 

leaves, elongation of roots but reduction in root thickness, 

reduction in stomata counting, thickening of cell wall of 

leaves, deposition of epicuticular wax causing reflection of 

sunlight, development of conductive system, large vessels 

increased, early maturity, senescence and tube leaves 

formation in cereals. To maintain plant’s internal water 

supply, roots elongate in the soil causing increase in root to 

shoot ratio due to increase in the production of abscisic acid 

(ABA) in the roots (Chandrasekar et al., 2000). 

So, keeping in view the scarcity of water, it is need of time to 

develop plants which can perform better under water scarce 

conditions (Novoselovic et al., 2004). To develop drought 

tolerant cultivar, knowledge about genes which are 

controlling the principle parameters and are vital for 

production under drought conditions is important (Tonk et al., 

2011). 

Genetic analysis related to certain traits in wheat has already 

been reported for stomatal conductance (Rebetzke et al., 

2003b; Farshadfar et al., 2013a), photosynthetic rate (Simon, 

1994; Rebetzke et al., 2006b), excised leaf water loss 

(Farshadfar et al., 2001b), Relative water content (Farshadfar 

et al., 2001b; Golparvar et al., 2006b; Farshadfar et al., 

2013b) and grain yield per plant (Khan et al., 2000; Akhtar 

and Chowdhry, 2006; Ullah et al., 2010; Rashid et al., 2012). 

Selection efficiency in segregating populations can be 

estimated using heritability and genetic advance. Yield 

improvement can be done by improving selection efficiency. 

Simon (1994) showed high heritability estimates for number 

of grains per spike and grain yield per plant. Rebetzke et al. 

(2006b) revealed high genetic advance for relative water 

contents. Visscher et al. (2008) showed low heritability and 
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Drought is a major constraint in grain production of bread wheat. Drought tolerant Pakistani line Chakawal-50 and drought 

susceptible line 9436 was crossed to develop F1, F2 and backcross generations. Genetic analysis was conducted for different 

traits (Stomatal conductance, photosynthetic rate, excised leaf water loss, relative water content, plant height, number of grains 

per spike and grain yield per plant). Presence of additive, dominance and epistatic components were identified for all traits 

under study. Gene action was found complex in nature except for plant height. Selection should be done in later generations 

for improvement of traits with complex gene action. Where selection in early generations was suggested due to significant 

additive component for plant height. Number of grains per spike showed medium while remaining traits showed high broad 

sense heritability. Number of grains per spike and stomatal conductance showed low while remaining traits showed medium 

narrow sense heritability. Relative water contents and number of grains per spike showed high while remaining traits showed 

low genetic advance. It was also suggested that selection in F2 and succeeding populations for variety development would 

result in improvement of all traits except for excised leaf water loss and plant height. In these traits hybrid breeding was 

suggested due to high heritability and low genetic advance. 
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genetic advance for excised leaf water loss and plant height. 

While Magda and El-Rahman (2013) showed high heritability 

for relative water contents. Correlation studies revealed 

positive correlation for different traits with yield under water 

stress conditions (Condon et al., 1990; Khan et al., 2003; Rauf 

et al., 2007; Akram et al., 2008). 

Genetic studies can be carried out using certain biometrical 

techniques like Generation Means Analysis (GMA) (Mather 

and Jinks, 1982). In this study GMA experiment consisted of 

six populations (P1, P2, F1, F2, BC1 and BC2) from a cross to 

find the gene action under water scarce conditions. The 

objectives of this study were to explore genetic mechanism 

involved in water stress tolerance and estimate heritability 

and genetic advance for all traits under study.  

 

MATERIALS AND METHODS 

 

Field layout and plant material: Sixty genotypes were 

screened for relative water contents. Chakwal-50 (P1 and 

tolerant) and 9436 (P2 and susceptible) were selected and 

crossed to develop F1 in 2011-12 in the Dept. of Plant 

Breeding and Genetics, University of Agriculture, Faisalabad. 

In 2012-13 F2 and Backcross populations were developed. 

Line 9436 was developed by crossing Inqlab 91 × WLRG1 

(1-8) 1993-94. The parents and their respective F1, F2 and 

backcross populations of Chakwal-50 × 9436 were grown in 

the field using split plot under randomized complete block 

design (RCBD) with three replications using normal and 

water stress conditions during growing season 2013-14. 

Stress levels were allotted to main plots while treatment levels 

were allotted to subplots. There were two stress levels 

(Normal four irrigations and two irrigations for stress 

induction). Treatment levels were six populations of the cross 

under study. Seeds were sown using dibbler and two seeds 

were placed in each hole. After germination seedlings were 

thinned out to one seedling per hole. Plant to plant and row to 

row distance was maintained 15cm and 30cm, respectively. 

Same agronomic and cultural practices were undertaken for 

both main plots except irrigation. The trial under normal 

conditions received four supplementary irrigationswhile trial 

under drought conditions received two irrigations (one before 

sowing and second at tillering stage).After rain fall it was 

possible to drain out water from water stressed experimental 

plot because of its higher elevation compared to other 

experimental area. 

Data collection:When symptoms of water stress appeared on 

plants (at the onset of flowering), 10 guarded plants per 

replication for the parents, F1, BC1 and BC2, 50 plants per 

replication for F2 generation were selected to record the data 

on individual plant basis for following physiological and 

morphological traits. Stomatal conductance (μmol m⁻2 s⁻1) 

and photosynthetic rate (μmol m⁻2 s⁻1) were measured using 

CIRAS-3 Portable Photosystem II. Excised leaf water loss 

(g/g) was calculated using formula given by Clarke and 

McCaig, (1982). Relative water content was calculated using 

the formula given by Barrs and Weatherley (1962). Plant 

height (cm), Number of grains per spike and Grain yield per 

plant (g) were measured using meter rod, electronic counter 

and weighing balance, respectively. 

Statistical analysis:The data was subjected to analysis of 

variance following the method as outlined by (Steel et al., 

1997). Generation means analysis was performed following 

the method described by Mather and Jinks (1982). Genetic 

advance was calculated at 10% selection intensity using 

formula suggested by Nechif et al. (2011). Narrow sense and 

broad sense heritability was estimated using formula 

suggested by Golparvar (2012). 

 

RESULTS AND DISCUSSION 

 

Generation means were given in Table 1 and frequency 

distribution of F2 population was provided in Figure 1. 

Table 1. Generation means for Relative water content (RWC), Excised leaf water loss (ELWL), Photosynthetic rate (PR), 

stomatal conductance (SC), plant height (PH), number of grains per spike (NGS) and grain yield per plant (GYP) in a 

cross Chakawal-50 × 9436 under normal (N) and drought (D) conditions in the field. 

Traits Stress Generations Population 

effect P1 P2 F1 F2 BC1 BC2 

RWC N 89.6 61.1 85.6 89.2 66.5 78.6 ** 

D 62.9 49.3 63.9 65.2 44.0 56.6 ** 

ELWL N 3.8 6.1 4.1 4.3 5.2 4.6 ** 

D 1.7 3.7 1.9 2.1 3.1 2.4 ** 

PR N 30.7 25.4 29.4 30.2 26.2 27.7 ** 

D 29.2 23.0 27.8 29.8 25.3 27.4 * 

SC N 0.7 0.5 0.7 0.7 0.6 0.6 ** 

D 0.7 0.6 0.7 0.7 0.6 0.6 * 

PH N 99.4 65.6 77.5 97.4 75.1 83.1 ** 

D 86.3 78.7 81.5 88.3 62.0 74.0 ** 

NGS N 68.7 56.5 68.4 70.8 62.1 66.1 ** 

D 63.3 51.4 63.1 65.6 57.5 61.8 ** 

GYP N 25.2 16.6 26.8 25.5 19.9 22.2 ** 

D 19.1 10.3 20.6 19.2 13.6 15.9 ** 
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Generation means analysis was given in Table 2. Heritability 

and genetic advance were provided in Table 3. Analysis of 

variance showed that all the traits were revealing significant 

differences as shown by significant population effect 

(Table 1). 

 

Table 3. Narrow sense heritability (h2
ns), broad sense 

heritability (h2
bs) and genetic advance (GA) for 

RWC, ELWL, PR, SC, PH, NGS and GYP in 

cross of Chakawal-50 and 9436 under normal (N) 

and water stress (D) conditions. 

Traits Stress Chakawal-50 × 9436 

h2
ns h2

bs GA 

RWC N 0.52 0.92 19.05 

D 0.65 0.89 14.83 

ELWL N 0.57 0.90 2.86 

D 0.56 0.87 5.55 

PR N 0.56 0.96 4.82 

D 0.55 0.94 4.72 

SC N 0.67 0.91 1.49 

D 0.46 0.92 4.54 

PH N 0.76 0.96 16.67 

D 0.54 0.96 18.01 

NGS N 0.45 0.80 11.22 

D 0.45 0.85 11.92 

GYP N 0.56 0.89 4.62 

D 0.56 0.92 4.76 

 

 
Figure 1. Frequency distribution for RWC, ELWL, PR, 

SC, PH, NGS and GYP in a cross Chakawal-50 

× 9436 under drought conditions in the field. 

 

Table 2. Estimates of the best fit model for generation means parameters (±, standard error) by weighted least 

squares analysis in respect for RWC, ELWL, PR, SC, PH, NGS and GYP in a cross Chakawal-50 × 9436 

under normal (N) and drought (D) conditions in the field. 

Traits Stress Genetic Effects χ2 (df) 

m ± S.E [d] ± S.E [h] ± S.E [i] ± S.E [j] ± S.E [l] ± S.E 

RWC N 75.12±0.25 11.59±0.26 11.48±0.47 - - - 2.3866(3) 

D 54.97±0.25 5.41±0.25 6.91±0.46 - - - 1.3584(3) 

ELWL N 5.04±0.09 1.05±0.09 -0.79±0.16 - - - 1.7900(3) 

D 2.97±0.16 0.96±0.17 -0.72±0.29 - 2.21±1.03 - 0.8770(2) 

PR N 28.04±0.15 1.26±0.14 1.41±0.77 - - -0.08±0.78 1.2697(2) 

D 27.14±0.14 2.51±0.13 0.76±0.75 - - 0.56±0.77 0.1613(2) 

SC N 0.78±0.23 48.49±0.05 -14.11±0.28 52.61±0.24 - - 0.4498(2) 

D 1.04±0.38 59.49±0.08 -263.9±0.43 294.46±0.39 -252.69±0.65 - 0.0011(1) 

PH N 81.56±0.29 8.26±0.24 - 9.56±0.39 - - 0.4303(3) 

D 76.85±0.33 8.28±0.26 - 10.19±0.43 - - 3.5525(3) 

NGS N 61.74±0.34 4.88±0.36 6.60±0.62 - -18.36±2.00 - 1.9465(2) 

D 58.05±0.48 5.65±0.48 25.40±2.36 - -17.20±2.50 -19.97±2.43 0.0326(1) 

GYP N 39.59±0.81 4.41±0.09 -42.69±2.01 -18.72±0.80 - 29.97±1.24 0.1764(1) 

D 30.85±1.12 4.23±0.13 -37.59±2.54 -16.12±1.12 - 27.03±1.49 0.4593(1) 
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Relative water contents:Generation mean analysis showed 

that this trait was controlled by polygenes. Under both 

conditions it was controlled by [mdh] showed that there was 

no significance presence of epistasis for this trait. Additive 

component was nearly equal to dominance component under 

both conditions. So finally it can be determined that relative 

water content was governed by complex inheritance without 

epistasis was in action under water stress conditions. Delayed 

selection until 3 or 4 generations should be suggested to get 

maximum water contents in plants. Similar kind of results 

were presented in previous researches (Mather and Jinks, 

1982; Dhanda and Sethi, 1998; Farshadfar et al., 2001b; 

Rebetzke et al., 2003a; Farshadfar et al., 2013b; Ijaz et al., 

2013b) while contradictory results were also reported in 

literature (Golparvar et al., 2006a; Kumar and Sharma, 2007). 

Narrow sense heritability was found in the range of 0.52-0.67 

while broad sense heritability was in the range of 0.88-0.92. 

These results are in accordance with Chandra and Islam 

(2003), Lugojan and Ciulca (2011) and Jatoi et al. (2012). 

Genetic advance was found in the range of 14.83-19.05. 

Genetic advance for this trait was positive and higher showing 

that F2 population could be good source of improving wheat 

relative water contents. Similar kind of finding were given by 

Farshadfar et al. (2001b) while contradiction was reported by 

Said (2014). 

It could be concluded that genetic advance was high as well 

as heritability was also high for this trait. This advocated the 

presence of additive component in the inheritance of this trait. 

So it could be concluded that selection from this F2 population 

may result in improvement in this trait. 

Excised leaf water loss:Generation mean analysis revealed 

that this trait was controlled by [mdh] and [mdhj] under 

normal and water stress conditions, respectively. Additive 

component was higher than dominance component. While 

dominance component was negative under stress levels 

showing that genes which were reducing water loss were 

acting dominantly over genes which were increasing water 

loss. Activation of epistatic component under water stress 

conditions suggested that non-allelic interactions were 

externally inducible. Finally, it was suggested that ELWL was 

controlled by complex type of gene action under water stress 

conditions. Delayed selection until 3 or 4 generations should 

be suggested to accumulate genes reducing water loss in 

plants. Similar kind of results were presented by Dhanda and 

Sethi (1998) and contradictory results were shown by 

Farshadfar et al. (2001b) and Kumar and Sharma (2007). 

The results revealed that narrow sense heritability was 0.54-

0.58 while broad sense heritability was 0.86-0.90. Similar 

results were given by Lugojan and Ciulca (2011) while 

contradiction was presented by Chandra and Islam (2003). 

Genetic advance was estimated 1.95-5.55. Genetic advance 

for this trait was positive but non-significant showed that F2 

population could not be good source for selection of lines with 

reduced ELWL. Similar findings were also presented by 

Farshadfar et al. (2001b). 

Results revealed that genetic advance was low and heritability 

was higher. It revealed that non-additive component was 

involved in inheritance of this trait and hybrid vigor may 

result in improvement of this trait. Hybrid breeding was 

suggested for improvement in this trait. 

Photosynthetic rate:Generation mean analysis showed that 

under both conditions this trait was controlled by [mdhl] 

revealed the importance of epistasis due to presence of 

dominance x dominance component [l] of epistasis. Additive 

component was lower than dominance component under 

normal conditions while it was higher under stress conditions. 

It was also suggested that under normal conditions this trait 

was controlled by duplicate type of epistasis as signs of [h] 

and [l] were opposite. It was suggested that this trait was 

governed by complex genetic architecture. Delayed selection 

was suggested for improvement in this trait. Similar kind of 

results were presented by Simon (1994) and contradictory 

results were given by Rebetzke et al. (2006a). 

Broad sense heritability was found 0.86 to 0.96 while narrow 

sense heritability was estimated 0.55 to 0.58. Reduction in 

broad sense heritability under water stress showed that 

environmental components were influencing heritability 

(Simon, 1994; Rebetzke et al., 2006b). Genetic advance was 

found 4.3 to 4.8 for this trait. Genetic advance for this trait 

was positive and non-significant (Zhou et al., 2014). 

As shown by high heritability and low genetic advance it was 

suggested that hybrid vigor may result in improvement of this 

trait as non-additive gene action was controlling this trait. It 

was also suggested that non-allelic interactions would also 

important for this trait as dominance component coupled with 

epistatic components resulted in non-additive components. 

Stomatal conductance: Generation mean analysis showed 

that this trait was controlled by polygenes. Under normal and 

water stress conditions it was controlled by [mdhi] and 

[mdhij] respectively. Additive component was positive and 

significant while dominance component was negative under 

both conditions. Negative dominance component showed that 

genes which were responsible for lowering stomatal 

conductance were acting dominantly over genes which were 

increasing this trait. Epistatic component [i] was positive 

while [j] and [l] were negative and significant. So, it was 

suggested that this trait was controlled by complex 

inheritance. Delayed selection to increase stomatal 

conductance was suggested. Results are in accordance with 

Rebetzke et al. (2003a) and Farshadfar et al. (2013a) while 

contradicting results were showed by Clarke (1997) and 

Farshadfar et al. (2013b). 

Broad sense heritability was estimated 0.85-0.96 while 

narrow sense heritability was estimated 0.46 to 0.67. Narrow 

sense heritability was reduced and broad sense heritability 

was increased under water stress conditions explained the 

importance and involvement of environmental factor in the 
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inheritance of this trait (Jatoi et al., 2012). Genetic advance 

was estimated 1.5 to 4.5 and positive as well as significant 

showed that F2 population could be a good source of 

improving wheat stomatal conductance (Estehghari and 

Farshadfar, 2014). 

Results showed that genetic advance and heritability was high 

revealing that this trait was controlled by additive type of gene 

action. It could be suggested that selection in this current 

population may result in improvement of this trait. 

Plant height:Generation mean analysis showed that this trait 

was controlled by polygenes. Under both conditions it was 

controlled by [mdi]. As dominance component was absent for 

this trait and additive component was significant so this trait 

could be explained by additive variance and epistatic 

components. Only one epistatic component [i] was significant 

for this trait. This [i] was positive under both conditions 

meaning that this interaction would result in increase of this 

trait. This trait was controlled by additive component only so 

early selection may be suggested for improvement in this trait 

(Akhtar and Chowdhry, 2006; Rashid et al., 2012) while 

contradictory results were shown by Novoselovic et al. (2004) 

and Amin (2006). 

Narrow sense heritability was estimated 0.54 to 0.76 while 

broad sense heritability was estimated 0.89 to 0.96. Narrow 

sense heritability was decreased under stress conditions 

showing that environment had great impact on heritability of 

this trait. Genetic advance was found medium and in the range 

of 16.7 to 18.1. Genetic advance for this trait was positive and 

medium showing that F2 population could be good source of 

improving plant height.  

High heritability with low to medium genetic advance was 

found for this trait. It was suggested that this trait was 

predominantly controlled by non-additive components. So 

hybrid breeding could be good source for reducing plant 

height as hybrid vigor was negative and significant for this 

trait. 

Number of grains per spike:Generation mean analysis 

showed that this trait was controlled by polygenes. Under 

normal conditions it was controlled by [mdhj] and under 

water stress conditions it was controlled by [mdhjl]. Additive 

component was lower than dominance component under both 

conditions. Negative signs of [h] and [l] showed that there was 

presence of duplicate epistasis under stress conditions. 

Epistatic components were negative under both stress 

regimes. Finally, it could be concluded that this trait was 

controlled by complex type of gene action. Selection in later 

segregating generations would be fruitful for this trait. Similar 

kind of results were presented by Amin (2006) and Magda 

and El-Rahman (2013) and contradictory results were shown 

by Akhtar and Chowdhry (2006) and Gorjanovic and Balalic 

(2007). 

Narrow sense heritability was found 0.45-0.48 while broad 

sense heritability was estimated from 0.80 to 0.86. Genetic 

advance for this trait was estimated from 11.2 to 12.4, positive 

and significant. This may be good source population to select 

wheat lines with higher number of grains. Opposite results 

were revealed by Magda and El-Rahman (2013). 

Genetic advance were moderate to high for this trait. It could 

be concluded that additive type genes were more important 

for this trait. Selection in this population could result in 

increase of this trait.  

Grain yield per plant:Generation mean analysis showed that 

this trait was controlled by polygenes under both conditions 

and controlled by [mdhil]. Additive component was higher 

than dominance component. Dominance component was 

negative showed that genes which were decreasing grain yield 

per plant were in general dominance over genes with 

increasing effect over grain yield per plant. Opposite signs of 

[h] and [l] showed that this trait was controlled by duplicate 

epistasis. Selection may be fruitful in later generations for 

increment in grain yield per plant (Novoselovic et al., 2004; 

Amin, 2006; Farooq et al., 2011; Ciulca et al., 2012; Ijaz et 

al., 2013b).  

Broad sense heritability was estimated from 0.87 to 0.93 

while narrow sense heritability was estimated from 0.53 to 

0.58. Genetic advance for this trait was found from 4.5 to 4.8 

and non-significant. Similar results were shown by Ijaz et al. 

(2013a) while contradictory results were shown by Farshadfar 

et al. (2001b), Badran and Moustafa (2014) and Said (2014). 

High heritability estimates and low genetic advance shown by 

this trait under water stress conditions. It could be concluded 

that non-additive components were more important in 

inheritance of this trait. 

 

Conclusion:All traits were controlled by complex type of 

gene action. Heritability and genetic advance estimates were 

found medium to high. Selection in later generations was 

suggested to improve wheat cultivars against water stress 

conditions. Hybrid breeding was suggested for excised leaf 

water loss and plant height as genetic advance was low and 

heritability was found higher for these traits. Cultivar 

Chakawal-50 should be used in further breeding programs. F2 

population developed by this cross could be used as a good 

source population to select improved wheat lines against 

water stress conditions. 
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