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ABSTRACT 

 
Genetic components of wheat were estimated using line × tester mating design 

in the Department of Plant Breeding and Genetics, University of Agriculture, 

Faisalabad during the year 2010-11. The study involved six parents i.e. three 

lines (9021, 9244 and 9247) and three testers (Seher 2006, Miraj-2008 and 

Lasani-2008). Nine cross-combinations alongwith their six parents were grown 

under RCBD with three replications in rabi season of 2011-2012. The traits 

studied were spikelets per spike, grains per spike, grain weight per spike, 

1000-grain weight and grain yield per plant. Data were subjected to analyse of 

variance for these traits. Among genotypes, highly significant differences were 

recorded for all traits. The line × tester analysis displayed highly significant 

differences among parents, crosses, parents × crosses interaction, lines, 

testers and line × tester interactions for almost all the characters studied. 

Among parents 9021 showed higher mean values for spikelets per spike, 

grains weight per spike and 1000-grain weight. In case of cross-combinations 

9247 × Lasani-2008 had maximum mean values for number of grains per spike 

and grain weight per spike.  Genotype 9247 proved as a good general combiner 

for spikelets per spike, grains per spike and grain weight per spike while 

genotype Seher-2006 showed superiority for 1000-grain weight and grain yield 

per plant. The cross-combination 9021 × Lasani-2008 proved as a good specific 

combiner for spikelets per spike. These results can be used for future breeding 

programmes to develop new wheat varieties along with mentioned new traits. 

 

KEYWORDS: Triticum aestivum L.; combining ability; genotype; Pakistan.  

 

INTRODUCTION 
 

Common wheat (Triticum aestivum L.) belongs to region of Levant of 
Ethiopian Highlands and the Near East, but in the contemporary period, it is 
cultivated throughout the world (3). Wheat is importance for production 
because it is the best staple food for human being in the world, it is third 
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cereal after maize and rice. In the entire group of cereals, leading source of 
vegetable protein is wheat and it has more percentage of protein than maize 
and rice (9). 
 
Line × tester analysis is a useful tool to detect best general and specific 
combiners of crops. To produce high yielding genotypes, superior general 
combiner are required by hybridization. Combining ability analysis method is 
most helpful in finding the superior combiner parents for any special trait. 
General combing ability (GCA) is the mean performance of parents in hybrid 
combination while specific combining ability (SCA) is the performance of a 
particular cross-combination in relation to average performance (8). Malik et 
al. (14) evaluated GCA and SCA of many morpho-physiological traits in 
wheat and reported that all examined traits were governed by additive genetic 
effects. Additive genetic effects are mainly more prominent than non-additive 
genetic effects (16, 21). These effects are also predominated for parameters 
like number of seeds per spike and number of spikelets per spike (20). 
Generally, GCA and SCA effects are significant for all traits of wheat (4, 6). 
 
According to Pakistan Economic Survey, wheat contributes 2.1% to (GDP) 
and shares 10.0% to agricultural value addition in Pakistan (1). Showing a 
reduction of 1.9% in yield, its production has reduced from 25.79 million tons 
in 2013-14 to 25.48 million tons in 2014-15. Wheat yield has declined from 
2824 kg per hectare in 2013-14 to 2775 kg/ha in 2014-15 with a reduction of 
4.2% (1). So, the situation is much crucial and Pakistani breeders are trying 
to improve wheat genotypes with elevated productivity as well as resistance 
to diseases. The basic objectives of this study were: 
 

 To determine superior general and specific combiners based upon GCA 
and SCA estimates using line x tester mating design for future breeding 
programmes. 

 To enlarge genetic base of germ plasm of bread wheat. 

 To examine genetic control of yield and its linked characters. 

 
MATERIALS AND METHODS 

 
This study was conducted in the Department of Plant Breeding and Genetics, 
University of Agriculture, Faisalabad, Pakistan during the year 2010-11 and 
2011-12. The experimental material consisted of six wheat genotypes as 
parents i.e. three elite lines (9021, 9244 and 9247 as female parent) and 
three testers (Seher-2006, Miraj-2008 and Lasani-2008 as male parent). 
These wheat genotypes were crossed in line × tester fashion during the year 



Genetic components in bread wheat mating design      

J. Agric. Res., 2016, 54(4) 

607 

2010-11. To accomplish crossing, female spikes were hand emasculated and 
were bagged to avoid contamination from foreign pollens. At the time when 
ovaries became receptive, the emasculated spikes were hand pollinated by 
applying fresh pollen requisite male plant. Sufficient number of spikes for 
each of nine crosses were emasculated and pollinated to obtain enough seed 
settings to start the experiment. At harvesting the seeds of each cross were 
saved separately. The crosses made for this study were 9021 × Seher-2006, 
9244 × Seher-2006, 9247 × Seher-2006, 9021 × Miraj-2008, 9244 × Miraj-
2008, 9247 × Miraj-2008, 9021 × Lasani-2008, 9244 × Lasani-2008 and 9247 
× Lasani-2008. 
 

In 2
nd

 year of study, F1 seeds alongwith six parents were planted in the field in  

Randomized Complete Block Design (RCBD) with three replications during 

3
rd
 week of November 2011. The varieties/lines were randomoly assigned to 

experimental units in each block. Each replication consisted of 6 varieties and 

9 F1 crosses with three meter long single row for each treatment. Plant to 

plant and row to row distances were kept as 10 and 25 cm, respectively. Two 

seeds per hole were sown and later thinned to one seedling per hole after 

germination. The experimental populations were kept under normal condition 

from sowing to maturity with proper production technology. At maturity, five 

well-guarded plants from each line were selected to record the data on the 

traits i.e. spikelets per spike, grains per spike, grain weight per spike, 1000-

grain weight and grain yield per plant. The data were subjected to analysis of 

variance technique (23). Plant traits showing significant differences among 

genotypes were further analyzed using line × tester technique developed by 

Kempthorne (10). 

 

RESULTS AND DISCUSSION 

 
1. Mean values for parents 

 
The lines and testers provided widespread range of expression of various 

plant parameters (Table 1). Maximum number of spikelets per spike (21.00) 

were recorded in two genotypes i.e., 9021 and Seher-2006 while these were 

found minimum in genotype Miraj-2008 (17.67). However, Miraj-2008 

excelled in grains per spike (60.00) followed by genotypes 9244 (55.67), 

Lasani-2008 (54.67), Seher-2006 (52.00), and 9247 (51.33) against the 

lowest mean value in line 9021 (50.00). The genotype 9021 also performed 

better for grains weight per spike (2.67g) followed by Miraj-2008 (2.50g) while 

line 9247 gave minimum grains weight per spike (1.83). 
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Table 1. Mean values for parents for some morphological traits in bread wheat. 

Lines/testers Spikelets/ 

spike 

Grains/ 

spike 

Grain                                                                             

weight/spike 

1000-grain 

weight 

Grain 

yield/plant 

Lines      

9021 21.00 50.00 2.67 45.07 14.23 

9244 19.67 55.67 2.17 36.77 13.93 

9247 20.33 51.33 1.83 35.30 15.23 

Testers      

Seher-2006 21.00 52.00 2.13 41.17 14.83 

Miraj-2008 17.67 60.00 2.50 40.33 16.23 

Lasani-2008 19.67 54.67 2.13 38.87 18.23 

 
Maximum mean value of 1000-grain weight was noted in line 9021 (45.07 g) 
against minimum in line 9247 (35.30 g). Variety Lasani-2008 produced higher 
grain yield per plant (18.23 g) while line 9244 produced the lowest (13.93 g). 

 

2. Mean Values for Crosses 

 
The data (Table 2) show an important degree of hybrid vigour in most of the 
hybrids for various parameters. Some crosses showed more value than their 
better parents. Anyhow, some crosses showed their hybrid vigour lower from 
parents for some characters. 
 
Table 2. Mean values for crosses for some morphological traits in bread wheat. 

 

Crosses Spikelets/ 

spike 

Grains/ 

spike 

Grain 

weight/ 

spike 

1000-grain 

weight 

Grain  

yield/ 

 plant 

9021 × Seher-2006 18.33 52.00 2.23 43.17 17.30 

9244 × Seher-2006 21.00 57.00 2.60 45.57 16.90 

9247 × Seher-2006 22.33 47.67 2.47 52.10 19.17 

9021 × Miraj-2008 17.67 37.00 1.60 42.90 16.67 

9244 × Miraj-2008 19.67 63.67 2.30 35.50 14.27 

9247 × Miraj-2008 23.00 62.67 2.67 43.03 13.93 

9021 × Lasani-2008 21.00 52.00 2.03 39.23 16.83 

9244 × Lasani-2008 18.33 52.67 2.23 41.53 17.23 

9247 × Lasani-2008 21.67 75.00 2.67 36.03 15.53 

 
Maximum spikelets per spike were found in cross 9247 × Miraj-2008 (23.00) 
cross 9021 × Miraj-2008 stood last (17.67). Number of grains per spike had 
its largest and smallest mean values in crosses 9247 × Lasani-2008 (75.00) 
and 9021 × Miraj-2008 (37.00), respectively. A breeder knows that more 
spikelets per spike and grains per spike results in more productivity in wheat. 
With regards to grain weight per spike, cross-combinations 9247 × Miraj-
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2008 (2.67 g) and 9247 × Lasani-2008 (2.67 g), topped the list while cross 
9021 × Miraj-2008 (1.60 g) gave minimum value. Cross 9247 × Seher-2006 
also excelled in 1000-grain weight (52.10 g) and 9244 × Miraj-2008 lagged 
behind (35.5 g). Finally, for grain yield per plant, maximum mean value was 
noted in cross 9247 × Seher-2006 (19.17 g) and its minimum in cross 9247 × 
Miraj-2008 (13.93 g). 
 

3. Line × tester analysis 
 
The data (Table 3) indicate that lines (female parents) exhibited highly 
significant results for all the traits studied. Testers (male parents) also 
showed highly significant differences for all characters except number of 
spikelets per spike. With regards to interaction of line × tester, it high 
significant differences were noted for all the components. Parents as well as 
crosses also denoted highly significant differences for all the characteristics. 
Interaction of parents vs crosses, showed highly significant differences in 
traits such as number of grains per spike, grain weight per spike, 1000-grain 
weight and grain yield per plant. 
 

Table 3. Mean squares  for  some  morphological  traits  in  bread  wheat  derived  from 

line × tester analysis. 
 

**Highly significant, *Significant, NS = Non-significant 

 

4. Combining ability studies 

 

(a) General combining ability (GCA) 

 
Estimates of variation owing to GCA were classified for both female and male 
parents for different morphological characters to find out the potential 
parents. 

Source of variance df Spikelets/ 

spike 

Grains/ 

spike 

Grain 

weight/ 

spike 

1000-grain 

weight 

Grain 

yield/ 

plant 

 Replications 2 1.156
NS

 1.622
NS

  0.008
NS

 0.410
NS

 0.044
NS

 

 Genotypes 14 8.089
**
 246.841

**
 0.304

**
 62.069

**
 7.938

**
 

 Parents 5 4.622
**
 39.789

**
 0.266

**
 36.654

**
 7.541

**
 

 Parents vs Crosses 1 2.133
NS

 26.759
**
 0.056

**     
 74.997

**
 10.286

**
 

 Crosses 8 11.000
**
 351.259

**
 0.358

**
 76.338

**
 7.893

**
 

 Lines 2 28.000
**
 525.815

**
 0.964

**
 19.183

**
 1.752

**
 

 Testers 2 0.444
NS

 140.037
**
 0.134

**
 162.571

**
 18.14

**
 

 Lines × Testers 4 7.778
**
 369.593

**
 0.167

**
 61.798

**
 5.840

**
 

 Error 28 0.870 1.479 0.003 0.198 0.026 
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Number of spikelets per spike imparts positively to grain yield which direct 
link with grain yield per plant. Maximum positive GCA effects were noted in 
line 9247 (2.00) followed by genotypes Seher-2006 (0.22). These results 
agree to those of Tosun et al. (24) and Malik et al. (14). 
 
Number of grains per spike has vital value in yield imparting components as it 
has also positive association with grain yield. Positive GCA effects were 
expressed by lines; 9244 (2.26) and 9247 (6.26) and tester, Miraj-2008 (4.37) 
whereas, negative GCA were shown effects by line; 9021 (-8.52) and  testers; 
Seher-2006 (- 3.30) and Lasani-2008 (- 1.07). These results coincide with 
those of earlier workers (17, 18, 20). 
 
Table. 4. Estimation of general combining ability for some morphological traits in 

bread wheat. 

 

Lines/Testers Spikelets/ 

spike 

Grains/ 

spike 

Grain 

weight/spike 

1000-grain 

weight 

Grain yield/ 

plant 

Lines      

9021 -1.33 -8.52 -0.36 -0.35 0.51 

9244 -0.67 2.26 0.07 -1.25 -0.29 

9247 2.00 6.26 0.29 1.60 -0.21 

Testers      

Seher-2006 0.22 -3.30 0.12 4.83 1.36 

Miraj-2008 0.00 4.37 0.00 -3.18 0.12 

Lasani-2008 -0.22 -1.07 -0.12 -1.64 -1.47 

 
Grain weight per spike has its importance in plant yield attributes which has 
positive correlation with grain yield. The, researcher also emphasizes on this 
trait due to its core role in grain yield of wheat. The parents 9247, Seher-2006 
and 9244 had positive GCA effects in descent order of 0.29, 0.12 and 0.07, 
respectively while, parents 9021 and Lasani-2008 expressed negative GCA 
effects (-0.36 and - 0.12). Majeed et al. (12) also found similar results. 
Positive GCA effects are prepared in case of 1000-grain weight which has 
direct association with yield. The highest positive GCA effects were exhibited 
by male parent Seher-2006 (4.83) followed by genotype 9247 (1.60). Similar 
findings have also been reported by previous scientists (7, 11, 20, 25). 
 
The most important trait is grain yield per plant and all breeding efforts 
revolve around the improvement of this trait. Among lines 9021 had positive 
GCA effects (0.51) whereas, two testers i.e., Seher-2006 and Miraj-2008 had 
also positive GCA (1.36 and 0.12), respectively. Negative GCA effects were 
given by two lines 9244 (- 0.29) and 9247 (- 0.21) and one tester Lasani-2008 
(- 1.47). Similar findings have been reported earlier (5, 6, 11, 15, 16, 20). 
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(b) Specific combining ability (SCA) 
 
Positive SCA effects of spikelets per spike contribute directly to yield. In this 
analysis, highest positive SCA effects were shown by the cross 9021 × 
Lasani-2008 (2.000) followed by 9244 × Seher-2006 (1.167), 9247 × Miraj-
2008 (0.833) and 9244 × Miraj-2008 (0.167) whereas, negative SCA effects 
were expressed by the cross-combination 9021 × Seher-2006 (- 0.833), 9247 
× Lasani-2008 (- 0.667), 9247 × Seher-2006 (- 0.167), 9021 × Miraj-2008 (- 
0.167) and 9244 × Lasani-2008 (- 1.333). Similarly, number of grains per 
spike has also its impact on plant yield so desirable SCA effects for this trait 
are positive which have direct and positive correlation with grain yield. In this 
study, cross-combination 9247 × Lasani-2008 (9.944) had maximum value for 
this trait followed by , cross-combinations 9021 × Seher-2006 (7.47), 9244 × 
Miraj-2008 (6.69), 9021 × Lasani-2008 (1.72), 9244 × Seher-2006 (1.69) and 
9247 × Miraj-2008 (1.69). Rest of cross combinations showed negative SCA 
effects. Sarkar et al. (20), Balalicet al. (2), Rasal et al. (19), Chandrakar et al. 
(4) and Chowdhry et al. (5) found have reported similar findings. 
 
Table 5. Estimation of specific combining ability for some morphological traits in bread 

wheat. 

 

Crosses Spikelets/ 

spike 

Grains/ 

spike 

Grain 

weight/ 

spike 

1000-grain 

weight 

Grain 

yield/ 

plant 

9021 × Seher-2006 -0.833 7.472 0.186 -2.220 -0.656 

9244 × Seher-2006 1.167 1.694 0.131 1.081 -0.256 

9247 × Seher-2006 -0.167 -11.639 -0.225 4.758 1.933 

9021 × Miraj-2008 -1.167 -9.194 -0.264 2.364 0.836 

9244 × Miraj-2008 0.167 6.694 0.014 -4.136 -0.764 

9247 × Miraj-2008 0.833 1.694 0.158 0.542 -1.175 

9021 × Lasani-2008 2.000 1.722 0.078 -0.144 -0.181 

9244 × Lasani-2008 -1.333 -8.389 -0.144 3.055 1.019 

9247 × Lasani-2008 -0.667 9.944 0.067 -5.300 -0.758 

 
In the context of grain weight per spike, highest positive SCA effects were 
recorded in cross 9021 × Seher-2006 (0.186) followed by cross 9244 × 
Seher-2006 (0.131) against the lowest value in cross-combination 9244 × 
Miraj-2008 (0.014). Maximum and minimum values of negative SCA effects 
were noted in crosses 9021 × Miraj-2008 (- 0.264) and 9244 × Lasani-2008 (- 
0.144). Considering this trait, it is necessary to also mention the character 
1000-grain weight which is the fundamental characteristic of grain yield. So 
breeders need to keep in mind that it requires positive SCA effects. While, 
negative SCA effects are undesirable. For 1000-grain weight, maximum value 
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of positive SCA effects were shown by cross 9247 × Seher-2006 (4.758) 
followed by crosses 9244 × Lasani-2008 (3.055), 9021 × Miraj-2008 ( 2.364), 
9244 × Seher-2006 (1.081) and 9247 × Miraj-2008 (0.542). Negative SCA 
effects were noted in four cross-combinations i.e. 9247 × Lasani-2008 (- 
5.300), 9244 × Miraj-2008 (- 4.136), 9021 × Seher-2006 (- 2.220) and 9021 × 
Lasani-2008 (- 0.144). Similar results have also been reported by Sarkar et 
al. (20) and Majumdar and Bhowal (13). 
 

Which regards to grain yield per plant all other traits contribute to it. So, in 
case of SCA effects, it also show direct association to positive combining 
ability. In this study the superior specific combiner was the cross-combination 
9247 × Seher-2006 which showed maximum value of positive SCA effects 
(1.933) followed by 9244 × Lasani-2008 (1.019) and 9021 × Miraj-2008 
(0.836). Negative SCA effects were noted in six cross-combinations. The 
cross 9021 x Lasani-2008 being the lowest (-0.181) and cross 9247 x Miraj-
2008 being the maximum (-1.175). Some earlier scientists have reported 
similar results (5, 11, 13). 
 

CONCLUSION 
 
The study concludes that genotype 9247 was good general combiner for 
spikelets per spike, grains per spike and grain weight per spike whereas 
genotype Seher-2006 was superior parent for 1000-grain weight and grain 
yield per plant. Cross-combination 9021 × Lasani-2008 proved as a good 
specific combiner for spikelets per spike. So line 9247 and tester Seher-2006 
could be used for development of new varieties with high yielding traits. 
Similarly, cross-combination 9022 × Lasani-2008 can be used in breeding 
programmes for releasing higher potential varieties. 
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