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ABSTRACT 
 
Nineteen wheat genotypes received from CIMMYT, Mexico and one local 
variety Faisalabad-2008 were planted in two separate field experiments i.e. 
under water stress and irrigated conditions in RCBD with three replications 
during crop season 2009-10 at Wheat Research Institute, Faisalabad. Highly 
significant differences were noted for days to heading, plant height, tillers/m2, 
1000-grain weight and grain yield under drought stress and irrigated 
conditions. Maximum reduction of 29.9 percent was noted for tillers/m2 
followed by grain yield (15.69%) and plant height (9.40%) on overall basis 
under drought stress conditions. High heritability in broad sense was 
observed for all traits under both conditions. Plant height and 1000-grain 
weight were positively correlated with grain yield. Negative correlation of grain 
yield was observed with days to heading and tillers/m2 in irrigated conditions. 
Under drought stress conditions, tillers/m2 and 1000-grain weight expressed 
positive correlation with grain yield. Path analysis indicated that 1000-grain 
weight had the highest direct effect on grain yield followed by tillers/m2 under 
both conditions. Based on positive direct effect alongwith positive genotypic 
correlation with grain yield, 1000-grain weight may be considered to be a 
suitable selection trait under irrigated and rainfed conditions.  
 
KEYWORDS: Triticum aestivum; genotypes; drought resistance; agronomic 

characters; Pakistan. 
 

INTRODUCTION 
 
Wheat is an important cereal crop in Pakistan and is being grown under 
different agro-climatic conditions from sea level to the Himalayan bed. It 
faces different kinds of abiotic and biotic stresses at critical growth stages. 
Among abiotic stresses: heat, drought and nutrient deficiency are the most 
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important stresses that limit crop productivity (8, 16, 19, 22). During 2009-10, 
wheat was cultivated on an area of 9.132 million hectares which produced 
23.311 million tons of grains with average yield of 2553 kg per hectare in 
Pakistan (2). Ten percent of this area was planted under rainfed conditions 
and more than 50 percent after the harvest of basmati rice, cotton and 
sugarcane so terminal heat stress affected the production.  
 
Modern cultivars of bread wheat have covered about 100 percent of the 
wheat area in Pakistan (1). Selection has prime importance in crop 
improvement programme which could play a significant role in achieving 
breeding goals. Correlation and path coefficient analyses assist in the choice 
of characters whose selection results in the improvement of a complex 
character i.e. grain yield. Correlation estimates are the degree of association 
between variables while path analysis is useful to know the direct and 
indirect effects of different traits on grain yield. Path coefficient analysis has 
been useful in determining selection criteria in different crops such as wheat 
(3), maize (10, 21), rice (12, 18) and sugarcane (6).  Other researchers also 
reported the range of broad sense heritability, different magnitude of 
association between days to heading, plant height, yield and yield 
components in wheat and their direct and indirect effects on grain yield of 
wheat (4, 5, 9, 13, 15, 17, 20).  
 
The objective of this study was to estimate genetic parameters and 
heritability, association between different traits and also to observe the direct 
and indirect effects on grain yield through path coefficient analysis for 
identifying the desirable traits to improve yield under moisture stress and 
irrigated conditions. 
 

MATERIALS AND METHODS 

Nineteen exotic spring wheat cultivars received from CIMMYT, Mexico and 
one local variety Faisalabad-2008 (Table 1) were grown in two field 
experiments i.e. under moisture stress and irrigated conditions on December 
11, 2009 at Wheat Research Institute, AARI, Faisalabad, Pakistan. In case 
of moisture stress experiment, only soaking irrigation was applied for seed 
bed preparation and later on no irrigation was applied upto maturity. For 
second experiment four irrigations were applied at critical growth stages. 
Both experiments were exposed to high temperature during the March, 2010 
(Fig. 1). During this month mean maximum temperature remained 31.7oC 
and maximum temperature ranged from 21.3 to 37.2oC with only 6.9 mm 
rainfall during 1st week of March. During the wheat growing season 
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(November       to  April)  only  16.3 mm  rainfall  was  received  (Fig. 2).  
Genotypes  in  each  
Table 1. Wheat germplasm with their origin. 
 
Genotype 

No. 
Parentage 

1 Local check (Faisalabad-2008) 
2 SHARP/3/PRL/SARA//TSI/VEE#5/5/VEE/LIRA//BOW/3/BCN/4/KAUZ 
3 NS-732/HER/3/PRL/SARA//TSI/VEE#5/4/ FRET2 
4 CROC_1/AE.SQUARROSA (213)//PGO/10/ ATTILA*2/9/KT/BAGE// FN/U 

/3/BZA/4/TRM /5/ALDAN/6/SERI/7/VEE#10/8/OPATA 
5 CROC_1/AE.SQUARROSA (224)//OPATA/3/ RAC655 
6 TC870344/GUI//TEMPORALERA M 87/AGR /3/2*WBLL1 
7 TC870344/GUI//TEMPORALERA M 87/AGR /3/2*WBLL1 
8 SERI/BAV92//WBLL1 
9 SOKOLL/3/PASTOR//HXL7573/2*BAU 
10 PASTOR//HXL7573/2*BAU/3/SOKOLL/ WBLL1 
11 W15.92/4/PASTOR//HXL7573/2*BAU/3/ WBLL1 
12 WBLL4//OAX93.24.35/WBLL1 
13 MEX94.27.1.20/3/SOKOLL//ATTILA/3*BCN 
14 MILAN//PRL/2*PASTOR/4/CROC_1/AE. SQUARROSA (213)// PGO /3/ BAV92 
15 QT9155//JUN/BOMB/3/FILIN/2*PASTOR 
16 QT9155//JUN/BOMB/3/FILIN/2*PASTOR 
17 CHRZ//BOW/CROW/3/WBLL1/4/CROC_1/AE.SQUARROSA (213)// PGO 
18 CHRZ//BOW/CROW/3/WBLL1/4/CROC_1/AE.SQUARROSA (213)// PGO 
19 BOW//BUC/BUL/3/KAUZ/4/CHOIX/5/HEILO 
20 SUNCO/2*PASTOR//EXCALIBUR 

 
experiment were planted in RCBD with three replications. Plots consisted of 
six rows, 6 meters long and 27 cm apart, seeded at an average rate of 100 
kg per hectare with self propelled mechanical planter and maintained 5 
meters length of plot after germination. Full dose of nutrients i.e. NP @ 100-
85 kg per hectare was applied in the form of di-ammonium phosphate (DAP) 
and urea at the time of seedbed preparation in irrigated as well as in 
moisture stress experiments. Under water stress conditions weeds were 
controlled manually (hoeing) but under irrigated experiment weeds were 
controlled by weedicides. Days to heading, plant height, tillers/m2, 1000-
grain weight and grain yield were recorded in each experiment. 
 
Analysis of variance was made for each trait according to Steel and Torrie 
(21) through computer program MSTAT-C and graph by Microsoft Excel 
software. Genotypic correlations were determined by the method of Johnson 
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et al. (11) and path coefficient analysis was done according to Dewey and 
Lu (7) for assessing direct and indirect effects of each trait on grain yield. 

 
RESULTS AND DISCUSSION 

 
Analysis of variance showed highly significant differences among genotypes 
for days to heading, plant height, tillers/m2, 1000-grain weight and grain yield 
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under irrigated and drought stress conditions, which indicated the variation 
among genotypes (Table 2).  Pooled analysis also showed the significant 
differences for all traits and both environments (9). Interaction of 
environments and genotypes was also significant for all traits, which showed 
the effect of environments on genotypes (Table 2).  
 
Table 2. Means squares of yield and its components in wheat genotypes.     
 

Source of variation df Days to 
heading 

Plant height  Tillers/m2  1000-grain 
weight 

Grain yield  

Irrigated conditions       
Replications   2 0.467 13.650   2864.517 10.331 188031.911 
Genotypes 19 3.491** 41.688** 19033.315** 29.340** 281033.897** 
Error  38 0.502 6.422   1395.500 4.945   38964.669 
Drought conditions       
Replications   2 1.267 8.550    325.217 4.739   35013.622 
Genotypes 19 7.944** 58.196**  7666.284** 44.601** 202525.289** 
Error  38 0.618 2.673    813.866 2.624   20506.004 
Pooled analysis       
Replications   2 1.433 18.30       780.03 1.464     104603.695 
Environment   1 326.7** 2707.50** 746551.88** 664.064** 10368833.4** 
Genotypes 19 10.03** 74.16**   19417.72** 63.476**     308623.09** 
Env x Geno.  19 1.40** 25.73**     7281.88** 10.465**     174936.09** 
Error 78 0.533 4.531   1138.144 4.037       32009.89 

**Significant at 0.01 probability level. 
 
On overall basis in drought stress maximum reduction (29.9%) was noted for 
tillers/m2 followed by grain yield (15.69%) and plant height (9.40%) (Table 3). 
However, Subhani et al. (22) observed maximum reduction in grain yield 
followed by tillers per plant and plant height under drought stress conditions.  
Genotype No. 11 and 2 headed earlier (5.16%) under drought conditions 
than irrigated conditions while genotypes 15 and 16 were less affected by 
drought (1.46%).  Genotype No. 19 had maximum reduction in plant height 
(17.12%) and least effect was recorded in genotype No. 20 (2.70%).  In case 
of tillers/m2, genotype No. 15 reduced their tillers upto 47.53 percent under 
drought than irrigated conditions against minimum reduction for genotype 
No. 13 (2.50%). All genotypes showed higher 1000-grain weight under 
drought except genotype No. 15 (-2.27%), which also showed maximum 
reduction in tillers. However, Mian et al. (16) reported a significant effect of 
terminal heat on 1000-grain weight in various wheat genotypes and with 
maximum reduction in 3C001. Genotype No. 8 showed maximum gain in 
1000-grain weight (39.07%) in drought as compared to irrigated conditions. 
Genotype No. 5 performed better in drought than irrigated conditions with 
5.4 percent higher grain yield in drought. Maximum grain yield reduction was 
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recorded for genotype No. 17 (30.48%) followed by genotype No. 14 
(24.90%) and 11 (24.69%). 
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The phenotypic coefficient of variability (PCV%) was higher than genotypic 
coefficient of variability (GCV%) for all traits indicating significant role of 
environment in the expression of these traits under both conditions (Table 
4). High heritability in broad sense was observed for tillers/m2 (80.81) 
followed by grain yield (67.44) under irrigated conditions. Maximum genetic 
advance as percentage of mean (GA%) was also observed for tillers/m2 
(22.93) followed by 1000-grain weight (14.09). Under drought stress 
conditions, higher value of broad sense heritability was noted for plant height 
(87.38) followed by 1000-grain weight (84.20) and days to heading (79.80). 
Maximum GA was observed for tillers/m2 (19.48%) followed by 1000-grain 
weight (18.41%) under drought stress conditions. Asif et al. (4) and Kashif 
and Khaliq (14) reported high heritability for plant height and low for fertile 
tillers per plant while Mohsin et al. (17) reported minimum values of 
heritability for 1000-grain weight. Characters possessing high heritability and 
genetic advance as percentage of mean indicated that selection could be 
practiced in early generation for the improvement of these traits. 
 
Table 4. Means, minimum, maximum, GCV%, PCV%, h2 and genetic advance as 

percentage of mean (GA%) of grain yield and its components in wheat 
genotypes.     

 
Particulars Days to 

heading 
Plant 
height 
(cm) 

Tillers/m2 1000-grain 
weight (g) 

Grain yield 
(kg/ha) 

Irrigated conditions      
Mean 90.17 101.10 527.52 28.01 3745.84 
Minimum 88.00 90.00 320.00 20.47 3049.38 
Maximum 93.00 110.00 699.00 36.78 4548.15 
GCV% 1.11 0.34 14.54 10.18 7.58 
 PCV% 1.36 0.42 16.17 12.91 9.23 
 h2 (%) 66.50 64.67 80.81 62.18 67.44 
GA (%) 1.58 0.48 22.93 14.09 10.93 
Drought conditions 
Mean 86.87 91.60 369.77 32.72 3157.94 
Minimum 83.00 80.00 250.00 22.67 2506.17 
Maximum 90.00 102.00 484.00 39.45 3913.58 
GCV% 1.80 4.70 12.92 11.43 7.80 
 PCV% 2.01 5.02 15.05 12.46 9.02 
 h2 (%) 79.80 87.38 73.73 84.20 74.74 
GA (%) 2.82 7.70 19.48 18.41 11.83 

 
Genotypic (rg), phenotypic (rp) and environmental (re) correlation 
coefficients of yield and its components were also estimated under drought 
and irrigated conditions (Table 5). Genotypic correlation coefficients were 
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higher than respective phenotypic and environmental correlation coefficients 
suggesting that there was inherent relationship between the traits studied. 
Earlier research workers (12, 13, 15) also reported similar findings. Days to 
heading was positively correlated with plant height and tillers/m2 while 
negatively correlated with 1000-grain weight and grain yield at genotypic, 
phenotypic and environmental level under irrigated conditions. Similar 
findings have also been reported by Aycicek and Yildirim (5) and Joshi et al. 
(13). The genotypic/phenotypic association of plant height was positive with 
1000-grain weight and grain yield whereas it expressed negative correlation 
with tillers/m2 under both conditions. Tillers/m2 had a negative 
interrelationship with 1000-grain weight and grain yield at genotypic and 
phenotypic levels under irrigated conditions. These results are in close 
conformity with the findings of earlier workers (14, 15, 17). Thousand grain 
weight was positively correlated with grain yield at genotypic (0.651) and 
environmental levels (0.264) but significantly associated at phenotypic level 
(0.515) under irrigated conditions. Under drought stress conditions, days to 
heading was also positively correlated with plant height and tillers/m2 at 
genotypic (0.091, 0.035) and phenotypic (0.080, 0.005) levels (Table 5). 
 
Table 5. Correlation coefficients between grain yield and its components under 

irrigated (upper half of table) and drought conditions (lower half of table).     
 

Parameters  Days to 
heading 

Plant 
height 

Tillers/m2 1000-grain 
weight 

Grain yield 

Days to heading rg 
rp 
re 

 0.347 
0.257 
0.086 

0.118 
0.114 
0.108 

-0.144 
-0.181 
-0.250 

-0.072 
-0.096 
-0.144 

Plant height  rg 
rp 
re 

0.091 
0.080 
0.027 

 -0.378 
-0.217 
0.214 

 0.209 
 0.158 
 0.070 

0.054 
0.161 
0.370 

Tillers/m2 rg 
rp 
re 

0.035 
0.005 
-0.095 

-0.417 
-0.338 
-0.022 

 -0.667 
   -0.536** 

-0.237 

-0.240 
-0.123 
0.218 

1000-grain 
weight 

rg 
rp 
re 

-0.314 
-0.261 
-0.016 

 0.555 
   0.473** 

-0.022 

-0.421 
  -0.411** 

-0.384 

 0.651 
  0.515** 

0.264 
Grain yield  rg 

rp 
re 

-0.097 
0.009 
0.369 

-0.173 
-0.173 
-0.184 

0.405 
 0.345* 
0.172 

0.153 
0.113 
-0.044 

 

*, ** Significant at 0.05 and 0.01 probability levels, respectively. 
 rg=Genotypic correlation, rp=Phenotypic correlation, re=Environmental correlation coefficient 
 
Plant height was negatively associated with tillers/m2 and grain yield at all 
levels but positively and significantly with 1000-grain weight at phenotypic 
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level. Tillers/m2 showed positive and significant association with grain yield 
only at phenotypic level, while it was negatively correlated with 1000-grain 
weight at both genotypic and phenotypic levels. It indicated that more tillers 
could reduce the grain weight. Thousand grain weight had positive genotypic 
and phenotypic association with grain yield. Similar results have also been 
reported by Saleem et al. (20). 
 
Genotypic correlation study showed the importance of tillers and 1000-grain 
weight in drought stress conditions and only 1000-grain weight in irrigated 
conditions during selection. Ganbalani et al. (9) reported that under normal 
irrigation no significant correlation was observed between grain yield and 
other morphological characters, but under the drought stress conditions 
there were positive and highly significant correlations between the grain yield 
and 1000 grain weight and number of tillers per plant. The direction and 
magnitude of correlation values are very useful during selection of 
genotypes. In this study two traits namely tillers/m2 and 1000-grain weight 
were very important for grain yield improvement. There are high positive 
phenotypic and genotypic correlation coefficients between 1000-grain weight 
and grain yield (under irrigated conditions), tillers/m2 and grain yield, 1000-
grain weight and grain yield (drought stress conditions) showing that these 
characters are less influenced by the environment and these could be 
improved in diverse environments (20). Environment favour the tillering 
capacity, which was helpful for increasing grain yield. Environmental 
correlation coefficient between 1000-grain weight and grain yield was 
negative.  
 
Partitioning the genotypic correlation coefficients into direct and indirect 
effects could help further understand the relative importance of yield 
components and other traits with each other (Table 6). The direct positive 
effect of 1000-grain weight on grain yield was higher followed by tillers/m2 
under both irrigated and drought stress conditions, while plant height exerted 
negative direct influence on grain yield. Khan and Dar (15) reported positive 
direct effect on grain yield through 100-seed weight and negative direct 
effect via tillers/m2. However, Kashif and Khaliq (14) observed negative 
direct effect of fertile tillers/plant and 1000-grain weight on grain yield, while 
some others (4, 5) reported positive direct effect of plant height on grain 
yield. 
 
The results (Table 6) further showed that heading days exerted positive 
indirect effect on grain yield via tillers/m2 but negative indirect effect on yield 
via plant height and 1000-grain weight. Plant height showed negative 
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indirect effect on grain yield via tillers/m2 and positive through days to 
heading and 1000-grain weight. Indirect negative effects of 1000-grain 
weight via days to heading, plant height and tillers/m2 were observed under 
both conditions. Similar results were reported earlier (4, 5, 14, 15). 
 
Table 6. Direct (bold) and indirect effects of different traits on grain yield in wheat 

genotypes. 
 

Parameters  Days to 
heading 

Plant 
height 

Tillers/m2 1000-grain 
weight 

Genotypic 
correlation 

(rg) 
Days to heading 
 

Irrigated 
Drought 

0.016 
0.081 

-0.002 
-0.024 

0.041 
0.018 

-0.128 
-0.172 

-0.072 
-0.097 

Plant height 
 

Irrigated 
Drought 

0.006 
0.007 

-0.006 
-0.266 

-0.131 
-0.218 

0.185 
0.303 

 0.054 
-0.173 

Tillers/m2 

 
Irrigated 
Drought 

0.002 
0.003 

0.002 
0.111 

0.347 
0.522 

-0.591 
-0.231 

-0.240 
 0.405 

1000-grain  
weight 

Irrigated 
Drought 

-0.002 
-0.025 

-0.001 
-0.148 

-0.231 
-0.220 

0.886 
0.547 

 0.651 
 0.153 

 
The study concludes that tillers/m2 and 1000-grain weight have relatively 
higher coefficients of variability (genotypic and phenotypic) under both 
drought and irrigated conditions. High broad sense heritability and genetic 
advance as percentage of mean indicated that selection could be practiced 
in early generation to improve these traits. Correlation study suggested that 
1000-grain weight was the most important trait for selecting high yield under 
irrigated conditions, while tillers/m2 and 1000-grain weight were the most 
important traits for selecting high yield under drought stress conditions. Path 
coefficient study revealed that 1000-grain weight, tillers/m2 and days to 
heading were the most important traits that can be considered during 
selection process under irrigated and drought stress conditions. The 1000-
grain weight has high direct effect but its indirect effects with other traits 
suppressed the importance of this direct effect.  
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