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ABSTRACT 
 

A study was conducted in the Department of Plant Breeding and Genetics, 
PMAS Arid Agriculture University, Rawalpindi, Pakistan during the year 2008-
10. The objective was to determine the genetic architecture of grain yield and 
yield components in wheat. Four female wheat genotypes (99FJ03, Chakwal-50, 
T2 and Borlaug M-95), six male genotypes (Croc1/Ae.sq.205//BCN/3/2*Kauz, 
T23, Pak-81, Uqab-2000, GA-2002 and Margalla-99) and 24 F1s (obtained 
through line x tester mating design) were included in this study. These 
genotypes were evaluated following RCBD with three replications for different 
traits like days to heading, flag leaf area, plant height, number of tillers/m2, 
spike length, number of grains per spike, 1000-grain weight and grain yield per 
plant. The analysis of variance depicted that differences among the genotypes 
were significant for all traits suggesting that the parent could be used for 
improvement of traits. Among the selected lines, 99FJ03 proved as the best 
general combiner for all traits except days to heading and grain yield per plant. 
Among testers, Uqab-2000 affirmed to be the best general combiner for all 
traits except days to heading, number of tillers/m2 and grain yield per plant. 
Among crosses, 99FJ03 x Margalla-99 performed better for all traits except 
spike length. Similarly, cross 99FJ03 x Uqab-2000 showed higher specific 
combining ability for 1000-grain weight and days to heading. GCA to SCA 
variances ratio revealed non-additive gene action for these traits. Effects were 
greater than GCA effects for all traits showing non-additive type of gene action 
and here selection will be more effective in later generations.  
 
KEYWORDS:   Triticum aestivum; genotypes; crossbreeding; general 

combining ability; specific combining ability; Pakistan. 

 
INTRODUCTION 

 
Wheat is the major consumable crop in most of the countries including 
Pakistan. It provides protein and caloric requirement to one third of world 
population (7). In Pakistan, wheat contributes 13.1 percent to agriculture and 
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2.7 percent to GDP. The crop was cultivated on an area of 8.901 million 
hectares with total production of 25.214 million tons during 2010-2011 with 
an average yield of 2833 kg per hectare (3). 
 
There has been considerable increase in grain yield per hectare in the 
country during last decade. Wheat production increased from 3.3 million tons 
in 1948 to over 25.214 million tons in 2010-2011 (4). This increase has 
resulted mainly due to development of improved wheat varieties with high 
yield potential and better input management during and post green revolution 
era. However, there is a dire need to improve wheat genotypes having more 
high yield potential to feed the ever-increasing population. This could be 
gained by exploring maximum genetic potential from available wheat 
germplasm (2). 
 
Information related to general and specific combining ability (GCA and SCA) 
and gene action in a breeding material is a pre-requisite to initiate an 
effective wheat breeding programme. Line × tester analysis (15) is one of the 
breeding strategies to estimate combining ability effects of genotypes and to 
provide information relating to genetic mechanisms of traits (15). Information 
of GCA and SCA affecting yield and its components has become more 
important to plant breeders to select desirable parents for developing 
potential hybrids in many crop plants. Researchers have studied the 
combining ability and genetic structure of bread wheat hybrid population by 
using line × tester and diallel analysis method regarding yield and its related 
components (2). Line x tester analysis provides a systematic approach for 
detection of appropriate parents and crosses in terms of investigated traits 
(5). Line x tester method provides the facility to test more parents with lesser 
number of crosses as compared to diallel mating design (15). Earlier studies 
(6, 8, 9, 11, 16, 17, 19, 25) revealed that nature of gene effects was 
predominantly non-additive for five quantitative traits i.e. days to heading, 
plant height, number of spikes per plant, 100-grain weight and grain yield per 
plant. Few other studies (10, 22) showed significant results using line x tester 
analysis in quantification of yield trait.  
 
The present study was conducted to ascertain gene action and identify the 
best combiner genotype, testers and their crosses on the basis of their GCA 
and SCA analysis for grain yield and its related components.  
 

 

MATERIALS AND METHODS 
 

This study was carried out in the Department of Plant Breeding and 
Genetics, PMAS Arid Agriculture University, Rawalpindi, Pakistan during 
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2008-2010. The material comprised four female wheat genotypes (99FJ03, 
Chakwal-50, T2 and Borlaug M-95), six male genotypes 
(Croc1/Ae.sq.205//BCN/3/2*Kauz, T23, Pak-81, Uqab-2000, GA-2002 and 
Margalla-99) and 24 F1s (obtained through line × tester mating design). Four 
lines and six testers were sown in the field during rabi 2008-2009. The 
emasculation and crossing was done in line x tester during the month of 
March, 2009. Seeds of F1S alongwith parents were sown following RCBD with 
three replications during second fortnight of October, 2009. An inter plant 
and inter row distance was 15 and 30 cm, respectively. Uniform cultural 
practices were carried out in all plots during crop growth stages. Data were 
recorded on days to heading, flag leaf area, plant height, number of 
tillers/m2, spike length, number of grains per spike, 1000-grain weight and 
grain yield per plant. Data were analyzed following analysis of variance (24) 
to determine the statistical differences among mean values of genotypes. 
Line × tester analysis was performed using the method described by Singh 
and Chaudhary (21). 
 

RESULTS AND DISCUSSION 
 
Days to heading 
 
The results (Table 1) revealed that mean square estimates of genotypes and 
parents were found to be highly significant. The data (Table 2) further 
indicated significant mean squares for lines, whereas testers mean squares 
were found to be non-significant. Lines versus tester mean squares were 
significant for days to heading. 
 

Table 1. Mean square values for grain yield and yield components of wheat lines, 
testers and crosses. 

 
Source of 
variation 

df Days to 
heading 

Flag 
leaf 
area 

Plant 
height 

Number 
of 

tillers/m2 

Spike 
length 

Number of 
grains/spike 

1000-
grain 

weight 

Grain 
yield/ 
plant 

Replications  2 0.63 2.85 26.29* 15.0 0.51 0.04 3.91 0.55 
Treatments  33 15.48** 17.38** 15.97* 3481.3** 7.99** 413.67** 62.86** 142.07 
Error 66 4.47 2.26 8.84 25.2 0.45 0.64 1.61 1.49 

*Significant at 5% level of probability, ** Significant at 1% level of probability. 

 
Among female parents, T2 was the best general combiner (1.00) for days to 
heading (Table 3). Among testers, Pak-81 was found as good general 
combiner (0.861) for days to heading. The results (Table 4) also revealed 
that five crosses i.e. T2 x T23 (2.583), 99FJ03 x Margalla-99 (2.194), 
Chakwal-50 x Uqab-2000 (1.722), 99FJ03 x Uqab-2000 (1.444) and 
Chakwal-50 x GA-2002 (1.305) proved as good specific combiners for days 
to heading. The proportional contribution of lines, testers and their interaction 
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to total variance for this trait (Table 5) showed that line x tester interaction 
had maximum  (60.152) contribution to total variance while tester contributed 
higher (21.210) than lines (18.636) for days to heading. The results showed 
(Table 2) that variance due to SCA were greater (1.627) than variance due to 
GCA (0.019) which indicated the non-additive genetic effects. It suggested 
that selection can be practiced effectively in later generations. These results 
agree to those of Hennawy (11).  
 

Table 2. Mean square values for grain yield and its components in line x tester 
analysis. 

 

Source of 
variation 

df Days to 
heading 

Flag 
leaf 
area 

Plant 
height 

Number 
of 

tillers/m2 

Spike 
length 

Number 
of 

grains/ 
spike 

1000-
grain 

weight 

Grain 
yield/ 
plant 

Replications  2 0.627 2.847 26.294* 15.0 0.505 0.04 3.912 0.548 

 

Treatments  33 15.477** 17.380** 15.970* 3481.3** 7.996** 413.67** 62.858** 142.074*

* 
 

Parents  9 30.848** 38.337** 7.884 646.2** 5.317** 348.95** 34.800** 218.117*

* 

Parents vs 
crosses  

1 0.010 2.900 15.751 54213.4** 60.071** 1617.31*

* 
157.249** 17.811** 

 

Crosses  23 10.135* 9.809** 19.144* 2384.9** 6.780** 386.66** 69.734** 117.721*

* 

Lines  
3 14.481* 6.343* 32.871* 3189.3** 2.753* 218.05** 65.792** 409.838*

* 

Testers 5 9.888 7.393* 44.462* 4436.0** 7.469** 780.83** 79.125** 85.980** 

Line x tester 15 9.348* 11.308** 7.959 1540.3** 7.356** 288.98** 67.392** 69.878** 

Error  66 4.465 2.263 8.844 25.2 0.447 0.64 1.609 1.485 
Variance due 
to GCA 

- 0.019 0.019 0.282 22.588 0.014 2.463 0.059 1.206 

Variance due 
to SCA 

- 1.627 0.461 0.295 37.778 2.230 96.114 21.927 22.797 

GCA/SCA 
variance 
ratio 

- 0.012 0.042 0.956 0.597 0.006 0.025 0.006 0.052 

*Significant at 5% level of probability, ** Significant at 1% level of probability. 

 
Table 3. General combining ability effects of four lines and six testers in wheat. 

 
Lines/tester Days to 

heading 
Flag 
leaf 
area 

Plant 
height 

Number 
of 

tillers/m2 

Spike 
length 

Number 
of 

grains/ 
spike 

1000- 
grain 

weight 

Grain 
yield/ 
plant 

99FJ03 -0.611 0.215 0.366 19.819 0.455 1.595 1.791 -5.950 
Chakwal-50 -0.888 0.735 1.544 -7.458 -0.01 2.262 1.458 -1.658 
T2 1.000 -0.568 -0.202 -4.347 0.054 -5.187 -1.208 4.578 
Borlaug M-95 0.500 -0.382 -1.708 -8.013 -0.498 1.329 -2.041 3.030 
Croc1/Ae.sq.205//BC
N / 3/2*Kauz 

0.777 0.156 1.216 20.680 0.852 2.654 1.625 -3.680 

T23 -1.638 0.216 -1.080 10.680 0.708 4.304 -0.375 0.535 
Pak-81 0.861 -1.487 0.944 14.430 -0.687 -6.220 2.625 -1.036 
Uqab-2000 -0.222 0.622 1.683 -15.736 0.147 8.579 2.125 -1.622 
GA-2002 0.194 -0.134 -3.423 -29.152 0.147 3.829 -3.625 3.750 
Margalla-99 0.027 0.625 0.658 -0.902 -1.169 -13.145 -2.375 2.053 
SE of GCA for Lines 0.498 0.354 0.701 1.18 0.157 0.189 0.299 0.287 
SE of GCA for testers  0.610 0.434 0.858 1.45 0.193 0.231 0.366 0.351 
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Flag leaf area (cm2) 
 
Analysis of variance for flag leaf area revealed highly significant difference 
among genotypes (Table 1). Genotypes and parents mean square estimates 
were found to be highly significant in line x tester analysis for this trait  (Table 
2). Mean squares for both lines and testers were significant whereas lines 
versus tester mean squares were highly significant for flag leaf area. 
 
The estimate of general combining effects of lines for this trait was the 
highest and positive in case of Chakwal-50 (0.735) (Table 3). Among testers, 
Margalla-99 was observed as good general combiner with the highest 
positive value (0.625) for this trait. SCA revealed the positive effects of 
crosses 99FJ03 x GA-2002 (3.733), Borlaug M-95 x Pak-81(2.173), Chakwal-
50 x T23 (1.948) and 99FJ03 x Croc1/Ae.sq.205//BCN / 3/2*Kauz (1.748) for 
flag leaf area (Table 4). With regards to proportional contribution of lines, 
testers and their interaction to total variance   maximum contribution (75.181) 
(Table 5) for flag leaf area was made by line x tester interaction, while testers 
contributed higher (16.383) than lines (8.434). The results (Table 2) indicated 
that variance due to SCA was greater (0.461) than variance due to GCA 
(0.019) which revealed the non-additive genetic effects. These results are in 
agreement with those of Senapati et al. (19) and suggest that breeding for 
flag leaf area will be useful if selection is delayed till later generations. 
 
Plant height (cm) 
 
Analysis of variance for plant height showed significant difference among 
genotypes (Table 1). Genotypes mean square estimate was found to be 
significant in line x tester analysis for plant height. Parents and parent versus 
crosses mean square was found to be non-significant. Lines and tester mean 
squares were significant whereas lines versus tester mean squares were 
non-significant for this trait (Table 2). 
 
The estimate of general combining effects of female parents was the highest 
and positive for Chakwal-50 (1.544) while the highest negative value was 
observed in Borlaug M-95 genotype (-1.708) for plant height. Among testers, 
Uqab-2000 was recorded as good general combiner having highest positive 
value (1.6837). The estimates of SCA (Table 4) revealed the positive effects 
of crosses Borlaug M-95 x Uqab-2000 (2.809), Chakwal-50 x GA-2002 
(2.096), 99FJ03 x Margalla-99 (1.906) and T2 x T23 (1.897) which proved as 
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good specific combiners for plant height whereas negative GCA effects are 
important for plant height. The  proportional contribution of  lines, testers  and  
Table 4. Specific combining ability effects of crosses developed from four lines and six 

testers in wheat. 
 

Crosses Days to 
heading 

Flag 
leaf 
area 

Plant 
height 

Number 
of 

tillers/m2 

Spike 
length 

Number 
of 

grains/ 
spike 

1000- 
grain 

weight 

Grain 
yield/ 
plant 

99FJO3 x Croc1/ 
Ae.sq.205 //BCN / 
3/2*/Kauz 

0.111 1.748 0.198 0.763 -1.139 -4.270 -7.291 -3.028 

99FJO3 x T23 -2.138 -1.031 -1.424 2.430 1.064 2.479 0.708 2.698 
99FJO3 x Pak-81 -0.305 -3.953 0.843 -10.319 0.389 -0.895 -2.291 1.458 
99FJO3 x Uqab-2000 1.444 -0.897 -1.885 -26.152 0.114 -8.595 0.208 -2.132 
99FJO3 x GA-2002 -1.305 3.733 0.361 -6.736 -0.195 8.354 0.958 -3.542 
99FJO3 x Margalla-99 2.194 0.400 1.906 40.013 -0.234 2.929 7.708 4.547 
Chakwal-50 x  Croc1 
/Ae.sq.205//BCN / 
3/2*Kauz 

0.055 -0.238 0.68972 -7.958 -0.723 -4.937 -2.958 -3.834 

Chakwal-50 x T23 -0.861 1.948 -0.512 42.041 -2.540 -14.787 -0.958 -2.893 
Chakwal-50 x Pak-81 0.638 0.876 -0.974 9.958 0.365 5.137 2.041 -1.740 
Chakwal-50 x Uqab-
2000 

1.722 0.202 -0.163 6.791 0.210 7.837 -1.458 7.988 

Chakwal-50 x GA-2002 1.305 -1.756 2.096 -13.458 1.260 10.787 2.291 4.075 
Chakwal-50 x 
Margalla-99 

-2.861 -1.033 -1.135 -37.375 1.427 -4.0375 1.041 -3.595 

T2 x Croc1/ Ae.sq.205 
//BCN / 3/2*Kauz 

0.500 -1.753 1.116 11.930 0.90847 -2.587 2.708 1.805 

T2 x T23 2.583 0.169 1.897 -21.736 2.84847 18.262 -3.291 -4.243 
T2 x Pak-81 -1.250 0.903 0.008 -6.486 -2.40903 -8.912 4.708 0.731 
T2 x Uqab-2000 -0.833 0.637 -0.760 7.013 0.55597 1.687 3.208 0.235 
T2 x GA-2002 -1.250 -0.468 -2.103 6.763 -0.78403 -9.362 -1.041 5.164 
T2 x Margalla-99 0.250 0.511 -0.158 2.513 -1.11986 0.912 -6.291 -3.222 
 Borlaug M-95x Croc1/ 
Ae.sq.205//BCN / 
3/2*Kauz 

-0.666 0.243 -2.004 -4.736 0.95458 11.795 7.541 5.057 

Borlaug M-95 x T23 0.416 -1.086 0.040 -22.736 -1.37208 -5.954 3.541 4.438 
Borlaug M-95 x Pak-81 0.916 2.173 0.121 6.847 1.65375 4.670 -4.458 -0.449 
Borlaug M-95  x Uqab-
2000 

-2.333 0.057 2.809 12.347 -0.88125 -0.9292 -1.958 -5.620 

Borlaug M-95 x GA-
2002 

1.250 -1.508 -0.354 13.430 -0.28125 -9.779 -2.208 -5.696 

Borlaug M-95 x 
Margalla-99 

0.416 0.121 -0.612 -5.152 -0.07375 0.195 -2.458 2.270 

SE (SCA effect) 1.220 0.868 1.717 2.90 0.3861 0.463 0.732 0.703 
SE (Gi-Gj) for lines 0.704 0.501 0.991 1.67 0.2229 0.267 0.422 0.406 
SE (Gi-Gj) for testers 0.862 0.614 1.214 2.05 0.2730 0.327 0.517 0.497 
SE (Sij-Skl) 1.725 1.228 2.428 10  0.654 1.035 0.994 

 
Table 5. Contribution of four lines and six testers and their interaction for various 

traits in wheat. 
 

 df Days to 
heading 

Flag 
leaf 
area 

Plant 
height 

Number 
of 

tillers/m2 

Spike 
length 

Number of 
grains/spike 

1000- 
grain 

weight 

Grain 
yield/ 
plant 

Lines 3 18.636 8.434 22.396 17.44 5.297 7.356 12.306 45.410 
Testers 5 21.210 16.383 50.488 40.44 23.947 43.901 24.666 15.877 
Line x testers 15 60.152 75.181 27.114 42.12 70.755 48.743 63.020 38.712 
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their interaction for plant height showed that contribution of line x tester 
interaction (27.114) to total variance for plant height was less than testers 
(50.488) but higher than lines (22.396) (Table 5). These results clearly 
indicated that variance due to SCA (0.295) was larger than variance due to 
GCA (0.282) showing non-additive genetic effects which suggested that 
selection should be delayed till later generations. These results agree to 
those of some earlier scientists i.e. Dere and Yildirim (8), Sudesh et al. (25) 
and Iqbal et al. (12) while disagree with the findings of Wajid et al. (26). 
 
Number of tillers/m2  
 
Analysis of variance for number of tillers indicated highly significant 
differences among genotypes (Table 1). The line x tester analysis for number 
of tillers (Table 2) depicted that mean square estimates due to genotypes 
and parents were  highly  significant.  Parent   versus   crosses  mean square  
was also found to be highly significant.  Mean squares for lines, testers and 
lines versus tester were highly significant for this trait. Among lines, 99FJ03 

was the best general combiner (19.819) while Borlaug M-95 was the poor 
general combiner (-8.013) (Table 3). Among testers, Croc1/Ae.sq.205//BCN / 
3/2*Kauz was recorded as good general combiner (20.680) for number of 
tillers suggesting that Croc1/Ae.sq.205//BCN/3/2*Kauz  can be used in 
breeding programme to improve this trait. The results also indicated that 
increased number of tillers/m2 contributed significantly towards the increased 
yield.  
 
The data (Table 4) further revealed that two crosses viz. Chakwal-50 x T23 
(42.041) and 99FJ03 x Margalla-99 (40.013) were observed as good specific 
combiners  for  number  of  tillers while cross Chakwal-50 x Margalla-99 (-
37.375) was recorded as poor specific combiner. The proportional 
contribution of lines, testers and their interaction to total variance for this  trait 
(Table 5) showed that maximum contribution was made by line x tester 
interaction (42.12) while tester contributed higher (40.44) than lines (17.44) 
for number of tillers. The results clearly indicated that variance due to SCA 
was greater than variance due to GCA indicating non-additive gene action. 
These results are according to those obtained by Aslam et al. (6).  
 

Spike length 
 

Analysis of variance for spike length revealed highly significant difference 
among genotypes (Table 1). Estimation of variance due to SCA, GCA and 
their ratio indicated that variance due to SCA was greater than variance due 
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to GCA for spike length (Table 2) which indicated a non-additive gene action 
for this trait. Genotypes mean square estimate was found to be highly 
significant in line x tester analysis for spike length. Mean square in parent, 
and parent versus crosses alongwith lines versus tester was found to be 
highly significant for this trait. 
 
The estimate of general combining effects of female parents was the highest 
and positive for 99FJ03 (0.455) while the highest negative value (-0.498) was 
observed for genotype Borlaug M-95 for spike length. Among testers, 
Croc1/Ae.sq.205//BCN/3/2*Kauz proved as good general combiner having 
the highest positive value (0.852) while the highest negative value (-1.169) 
was recorded for Margalla-99 (Table 3). The estimates of SCA revealed 
positive effects of crosses T2 x T23 (2.848),  Borlaug M-95 x Pak-81(1.653), 
Chakwal-50 x Margalla-99 (1.427) and Chakwal-50 x GA-2002 (1.260) which 
proved as good specific combiners for spike length. However, cross T2 x 
Pak-81 was recorded (Table 4) as poor specific combiner for this trait with 
maximum negative value (-2.409). The contribution of line x tester interaction 
to total variance for spike length (Table 5) was the highest whereas testers 
contributed more (70.755) than lines (5.297). These results clearly indicated 
that variance due to SCA was greater (2.230) than variance due to GCA 
(0.014) which showed non-additive genetic effect. Shahzad et al. (20) have 
also reported similar results but findings of Joshi et al. (14) contradict these 
results. 
 
Number of grains per spike 
 
Analysis of variance for number of grains per spike revealed significant 
differences among genotypes (Table 1). Estimation of variance due to SCA 
and GCA and their ratio indicated that variance due to SCA was greater than 
variance due to GCA revealing non-additive gene action for this trait (Table 
2). Mean square estimates due to genotypes, parents, parent versus 
crosses, lines, testers and lines versus tester were found to be highly 
significant for number of grains per spike (Table 2). 
 
Among female parents, Chakwal-50 was the best general combiner for 
number of grains per spike (2.262) while T2 was the poor (-5.187) general 
combiner (Table 3). Among testers, Uqab-2000 was observed as good 
general combiner (8.579), while Margalla-99 as poor general combiner (-
13.145). Analysis of data revealed that four crosses viz, T2 x T23 (18.262), 
Borlaug M-95 x Croc1/Ae.sq.205//BCN/3/2*Kauz (11.795), Chakwal-50 x GA-
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2002 (10.787) and 99FJ03 x GA-2002 (8.354) proved as good specific 
combiners for number of grains per spike (Table 4). The proportional 
contribution of lines, testers and their interaction to total variance for this trait 
indicated that maximum contribution (Table 5) was made by line x tester 
interaction (48.743) while tester contributed higher (43.901) than lines 
(7.356). These results indicated that variance due to SCA was larger than 
variance due to GCA which signified the non-additive gene action. These 
results are similar to those of Senapati et al. (19), and dissimilar to the 
findings of Inamullah et al. (13). 
 

 
1000-grain weight (g) 
 
 

Analysis of variance for 1000-grain weight revealed highly significant 
differences among genotypes (Table 1). Genotypes and parents mean 
square estimates were found to be highly significant in line x tester analysis 
(Table 2).  Mean square for parent versus crosses, lines and lines versus 
testers was found to be highly significant.  
 

The estimate of general combining effects of female parents was the highest 
and positive for 99FJ03 (1.791) (Table 3). Among testers, Pak-81 was 
recorded as best general combiner (2.625) for this trait. Crosses like 99FJ03x 
Margalla-99 (7.708), Borlaug M-95 x Croc1/Ae.sq.205//BCN/3/2*Kauz (7.541) 
and T2 x Pak-81(4.708) proved as good specific combiners (Table 4). The 
proportional contribution of lines, testers and their interaction to total variance 
revealed that maximum contribution (63.020) was made by line x tester 
interaction while tester contributed higher (24.666) than lines (12.306) for this 
trait. These results revealed that variance due to SCA was greater than 
variance due to GCA which showed non-additive gene action. Aslam et al. (6) 
have reported similar results but Singh et al. (23) do not agree to these 
findings. 
 

Grain yield per plant 
 

Analysis of variance for grains yield per plant revealed significant difference 
among genotypes (Table 1). Mean square estimates due to genotypes and 
parents, parent versus crosses, lines, tester and lines versus testers were 
found to be highly significant (Table 2). 
 
Among female parents, T2 (4.578) was the best general combiner for 
number of grains per spike while 99FJ03 (-5.950) was the poor general 
combiner (Table 3). Among testers, GA-2002 was recorded as good general 
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combiner (3.750) for this trait. The data (Table 4) revealed that four crosses 
viz. Chakwal-50 x Uqab-2000 (7.988), T2 x GA-2002 (5.164), Borlaug M-95 x 
Croc1/Ae.sq.205//BCN/3/2*Kauz (5.057), and 99FJ03 x Margalla-99 (4.547) 
proved as good specific combiners, while cross Borlaug M-95 x GA-2002 was 
recorded as poor specific combiner (- 5.696) for grain yield per plant. The 
proportional contribution of lines, testers and their interaction (Table 5) 
indicated that maximum contribution to total variance was made by lines 
(45.410) while line x tester interaction contributed higher (38.712) than 
testers (15.877) for grain yield per plant. The results further showed that 
variance due to SCA (22.797) was greater than variance due to GCA (1.206) 
which showed the non-additive gene action. These results are according to 
those obtained by Mann et al. (17) and Kumar et al. (16) but are in 
contradiction with the findings of Patil et al. (18). 
 

CONCLUSION 
 

The analysis of variance depicted that differences among genotypes were 
significant for all traits suggesting that parent could be used to improve traits. 
SCA effects were greater than GCA effects for all traits showing non-additive 
type of gene action and here selection will be more effective in later 
generations. The genotype 99FJ03 confirmed to be the best general 
combiner for all traits except days to heading and grain yield per plant. 
 
Among testers, Uqab-2000 proved as the best general combiner for all traits 
except days to heading, number of tillers/m2 and grain yield per plant. Among 
crosses, 99FJ03 x Margalla-99 appeared as better specific combiner for all 
traits except spike length. Similarly, 99FJ03 x Uqab-2000 had higher SCA for 
1000-grain weight and days to heading. The study concluded that 99FJ03 
has more potential for utilization in breeding programme to develop high 
yielding wheat varieties. Crosses 99FJ03 x Margalla-99 and 99FJ03 x Uqab-
2000 revealed their superiority for yield and can be used after achieving 
homozygosity for future testing at different locations and ultimately 
developing new varieties. These results suggested that selection should be 
practised in later generations to make it more effective to obtain desirable 
segregants in any breeding programme.  
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