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ABSTRACT 
 
A study was carried out in field area of the Department of Plant Breeding and 
Genetics, PMAS Arid Agriculture University, Rawalpindi, Pakistan during 2007-
09 to investigate the inheritance of gene action in wheat genotypes viz. 
Chakwal-97 (CH-97), Inqalab-91, GA-2002, 6C001 and 6C002 in a 5 x 5 diallel 
cross. Data were recorded for yield traits like spike length, number of spikelets 
per spike, number of grains per spike, 1000-grain weight and grain yield per 
plant. The crosses were sown in randomized complete block design in three 
replications. The results revealed highly significant specific combining ability 
effects for 1000-grain weight (210.01) and grain yield per plant (93.70), 
significant for spike length (10.67) and number of spikelets per spike (10.31). It 
reflected non-additive type of gene action for these characters suggesting that 
selection would be effective in later generations. Higher general combining 
ability estimates for number of grains per spike (403.29) indicated that this trait 
is being controlled by additive type of gene action and one can practice 
selection in early generations for number of grains per spike. The results 
conclude that CH-97 might be used in breeding programmes to develop high 
yielding wheat cultivars. Cross combinations like CH-97 x 6C002 and CH-97 x 
Inqalab-91 may be used as advanced lines for comprehensive testing at 
different locations and may ultimately be released as varieties after thorough 
evaluation. 
 
KEYWORDS: Triticum aestivum; genotypes; cross breeding; agronomic 
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INTRODUCTION 
 

Wheat (Triticum aestivum L.) is one of the most demanded cereals worldwide 
with the largest cropped area devoted to its cultivation. It is cultivated in 
irrigated as well as rainfed areas of Pakistan and occupies 70 percent of rabi 
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(winter season) and 37 percent of total cropped area in Pakistan (6). To meet 
ever increasing demand of food grains for rapidly growing population, it is 
imperative to develop genotypes having better yield potential per unit area. 
This could be achieved only by exploring maximum genetic potential from 
available germplasm. Among wheat traits, yield is one of the most complex 
and economically important character. An efficient wheat improvement 
programme requires an understanding of genetic mechanism involved in the 
expression of yield and yield components of plant material to be used in 
hybridization (1). Knowledge of inheritance nature and manner in which 
parent can transmit favourable alleles for desired trait to their progeny, 
enhances breeder’s ability to select genetically superior parents and 
desirable genotypes within segregating population. Good combining ability 
implies the capacity of a parent to produce superior progenies when 
combined with another parent. General combining ability (GCA) provides an 
assessment of degree of mainly additive gene action, while specific 
combining ability (SCA) refers to the performance of two particular lines in a 
specific cross and thus it reflects non-additive type of gene interaction. Diallel 
cross designs are frequently used in plant breeding research to obtain 
information on genetic effects for a fixed set of parental lines or estimates of 
GCA and SCA variance of gene actions involved in expression of quantitative 
characters. 
 
The combining ability analysis developed by Griffing (5) provides useful 
information regarding the genetic effects of various parameters in any crop 
plant. Evidence of over-dominance for spike length was reported by Iqbal et 
al. (9) and for spike length, 1000 grain weight and yield per plant by Rabbani 
et al. (15). Meena and Sastry (13) and Nawaz et al. (14) found additive type 
of gene action for spike length in wheat. 
 
The present study was planned to determine the nature and magnitude of 
various types of gene action involved in the expression of yield related traits 
in wheat under rainfed condition. Such information will be of great importance 
for heritability while manipulating genes for improvement from the selected 
parents through hybridization. 
 

MATERIALS AND METHODS 
 
This study was carried out in the Department of Plant Breeding and Genetics, 
PMAS Arid Agriculture University, Rawalpindi, Pakistan during 2007-09. Five 
wheat varieties/lines [Chakwal-97 (CH-97), Inqalab-91, GA-2002, 6C001 and 
6C002] were sown in the field during rabi 2007-08 and crossed in all possible 



Genetic behaviour in wheat genotypes  

J. Agric. Res., 2011, 49(1) 

3

combinations. Crosses were performed during first fortnight of March, 2008. 
After emasculation, the respective spikes were bagged, pollinated within 4 to 
5 days during the early hours of morning when the ovary was fully receptive. 
After pollination, the hybridized spikes were bagged again to avoid unwanted 
natural pollination. The parents alongwith F1s  were sown following RCBD in 
three replications during rabi 2008-09 under rainfed condition. Uniform 
cultural practices were performed for all the treatments. Data were recorded 
from ten randomly selected plants for spike length, number of spikelets per 
spike, number of grains per spike, 1000-grain weight and grain yield per 
plant. The analysis of variance was carried out for yield traits and combining 
ability estimates were worked out following Griffing (5) Method-1, Model-II. 
 

RESULTS AND DISCUSSION 
 
The data (Table 1) showed highly significant differences among the 
genotypes for all traits and exhibited sufficient variability in the genotypes 
used in the study. The total variation for various traits partitioned into GCA 
and SCA and is discussed here. 
 

Table 1. Analysis of variance for mean squares of yield 
components in a 5x5 diallel cross of wheat. 

 

S. No. Trait Mean squares 
genotypes (df=24) 

1 Spike length (cm) 14.33** 
2 Number of spikelets/spike 12.35** 
3 Number of grains/spike 217.65** 
4 1000-grain weight (g) 118.87** 
5 Grain yield/plant (g) 69.10** 

**Highly significant (P < 0.01) 
 
Spike length (cm) 
 
Genotypes with long spikes produced more spikelets with more seed set, 
increasing the overall yield. Maximum mean value of spike length (15.41 cm) 
was shown by the parent Inqalab-91 against the lowest (11.43 cm) by the 
parent 6C002 (Table 2). Among cross combinations, the highest mean value 
(15.35 cm) in cross combination of Inqalab-91 x 6C001 and the lowest value 
(3.44 cm) in cross of Chakwal-97 x Inqalab-91 was recorded. In combining 
ability analysis, expression of spike length showed that SCA mean square 
was significant and reciprocal mean squares were highly significant (Table 
3). The highest positive GCA effects for spike length (0.46) were recorded in 
Chakwal-97 whereas negative effect (-0.24) was exhibited by GA-2002 for 
this character (Table 4). It suggested that Chakwal-97 can be used in 



G. Shabbir et al.  

J. Agric. Res., 2011, 49(1) 

4

breeding programme for longer spike length. For SCA, cross GA-2002 x 
6C001 showed the highest positive SCA (1.52) for spike length (Table 5). 
The highest positive reciprocal value  (1.62)  was  observed  in  reciprocal 
cross 6C002 x GA-2002 and the highest negative value (-2.50) for cross 
Inqalab-91 x Chakwal-97 was observed (Table 6). Specific  combining  ability  
 
Table 2. Mean values of yield components of parents and cross combinations 

following a complete 5x5 diallel cross of wheat. 
 
Parents and cross 
combinations 

Spike 
length 
(cm) 

Number of 
spikelets/ 
spike 

Number of 
grains/ 
spike 

1000 
grain 
weight 
(g) 

Grain 
yield/ 
plant 
(g) 

Chakwal-97 12.24 20.43 47.15 41.19 21.66 
Inqalab-91 15.41 22.67 48.19 43.30 22.82 
GA-2002 14.71 24.73 40.60 41.48 15.52 
6C001 15.26 22.40 45.61 42.18 17.97 
6C002 11.43 25.71 42.56 38.26 13.39 
Chakwal-97 x Inqalab-91 3.44 20.63 70.42 40.22 19.39 
Chakwal-97 x GA-2002 10.35 18.55 66.27 29.52 16.40 
Chakwal-97 x 6C001 13.60 16.67 62.21 37.25 17.48 
Chakwal-97 x 6C002 10.33 19.73 70.47 36.92 17.74 
Inqalab-91 x Chakwal-97 14.23 22.52 47.76 46.31 14.23 
Inqalab-91 x GA-2002 10.53 21.33 46.43 50.20 11.67 
Inqalab-91 x 6C001 15.35 23.33 39.58 37.34 15.52 
Inqalab-91 x 6C002 14.56 23.33 46.64 32.08 13.26 
GA-2002 x Chakwal-97 12.37 23.15 47.71 33.28 12.35 
GA-2002 x Inqalab-91 13.49 22.56 45.50 35.44 15.65 
GA-2002 x 6C001 13.62 20.82 50.11 39.50 15.87 
GA-2002 x 6C002 14.56 20.58 45.26 40.78 12.26 
6C001 x Chakwal-97 9.59 18.16 46.12 30.25 14.90 
6C001 x Inqalab-91 10.48 20.59 55.91 46.17 16.46 
6C001 x GA-2002 14.50 23.46 50.81 41.21 14.53 
6C001 x 6C002 14.53 22.72 51.60 45.29 17.71 
6C002 x Chakwal-97 14.60 20.42 54.84 38.33 14.49 
6C002 x Inqalab-91 12.28 22.26 44.48 31.50 13.93 
6C002 x GA-2002 12.41 20.66 46.39 44.22 17.21 
6C002 x 6C001 10.35 21.31 52.56 46.23 17.50 
 
Table 3. Combining ability analysis for mean squares of yield component traits in a 5x5 

diallel cross of wheat. 
 
Source of variation d.f. Spike 

length 
(cm) 

Number 
of 

spikelets/ 
spike 

Number 
of 

grains/ 
spike 

1000 
grain 
weight 
(g) 

Grain 
yield/ 
plant 
(g) 

General combining ability 4 2.12 NS 19.20 NS  403.29* 26.62 NS 47.76NS 
Specific combining ability 5 10.67* 10.31* 73.17** 210.01** 93.70** 
Reciprocal combining effects 10 17.32** 6.99NS 245.47** 105.96** 61.35** 

NS=Non-significant, *Significant (P < 0.05), **Highly significant (P < 0.01) 
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variance was larger than general combining ability variance indicating that 
non- additive gene action was more important for expression of this trait. 
Earlier workers (10, 15, 18) also reported similar findings. 
 
Table 4. Estimates of general combining ability effects for yield component traits in a 

5x5 diallel cross of wheat. 
 

Genotypes Spike length 
(cm) 

Number of 
spikelets/spike 

Number of 
grains/spike 

1000-grain 
weight (g) 

Grain 
yield/plant 

(g) 
Chakwal-97 0.46 -1.55 8.24 -1.51 1.66 
Inqalab-91 0.18 1.24 -3.27 -0.45 -2.65 
GA-2002 -0.24 0.33 -2.98 1.84 -0.18 
6C001 0.13 -0.34 -1.27 -0.12 0.83 
6C002 0.39 0.32 -0.72 0.23 0.35 

 

Table 5. Estimates of specific combining ability effects for yield component traits in a 
5x5 diallel cross of wheat. 

  
Genotypes Spike 

length 
(cm) 

Number of 
spikelets/ 
spike 

Number of 
grains/ 
spike 

1000-grain 
weight (g) 

Grain 
yield/plant 

(g) 
CH-97 x Inqalab-91  1.46  0.74 2.08 6.98 4.93 
CH-97 x GA-2002 -0.60 0.92 -0.32 -2.76 -1.98 
CH-97 x 6C001 -0.73 -1.83 -4.85 -3.87 -4.17 
CH-97 x 6C002 -0.13 0.17 3.09 -0.35 1.23 
Inqalab-91 x GA-2002 -1.59 -0.76 0.17 2.18 -1.39 
Inqalab-91 x 6C001 -0.05 -0.08 0.24 -1.92 0.94 
Inqalab-91 x 6C002 0.19 0.10 -2.49 -7.24 -4.48 
GA-2002 x 6C001 1.52 1.01 2.67 -0.61 1.68 
GA-2002 x 6C002 0.68 -1.17 -2.52 1.18 1.69 
6C001 x 6C002 -0.73 0.90 1.93 6.40 1.56 
 
Table 6. Estimates of reciprocal effects for yield component traits in a 5x5 diallel cross 

of wheat. 
 
 

Genotypes Spike 
length 
(cm) 

Number of 
spikelets/ 
spike 

Number of 
grains/ 
spike 

1000-grain 
weight 
(g) 

Grain yield/ 
plant 
(g) 

6C002 x CH-97 -0.56 -1.35 11.89 4.07 1.62  
6C002 x Inqalab-91 -2.09 -2.08 7.33 -7.88 -0.33 
6C002 x GA-2002 1.62 -2.32 4.82 -4.49 -2.48 
6C002 x 6C001 -2.12 -0.42 12.60 -1.93 0.11 
6C001 x CH-97 -0.14 -0.47 -1.52 2.55 1.29 
6C001 x Inqalab-91 -0.94 0.34 0.02 2.99 -0.47 
6C001 x GA-2002 1.49 0.09 -4.06 2.03 0.67 
GA-2002 x CH-97 1.51 0.98 -5.20 -5.36 2.025 
GA-2002 x Inqalab-91 0.67 -0.72 2.82 4 -1.99 
Inqalab-91 x CH-97 -2.50 -1.13 -4.36 -4.04 2.58 
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Number of spikelets per spike 
 

Maximum mean value for spikelets per spike (25.71) was noted in parent 
6C002 against the lowest (20.43) in Chakwal-97 (Table 2). Among cross 
combinations, the highest mean value (23.46) was shown by 6C001 x GA-
2002 against minimum (16.67) by Chakwal-97 x 6C001. The combining 
ability analysis showed that SCA was significant (10.3) for this trait (Table 3). 
Estimates of GCA effects for spikelets per spike were positive (1.24) for 
parent Inqalab-91 (Table 4) inferring that this parent has a great potential for 
this trait in wheat breeding programme. Estimates of SCA effects showed the 
highest positive value (1.01) for cross GA-2002 x 6C001 and the highest 
negative value (-1.83) for Chakwal-97 x 6C001 (Table 5). Reciprocal 
combining ability effects showed the highest positive value (0.99) for GA-
2002 x Chakwal-97 while cross combination 6C002 x GA-2002 had the 
highest negative value (-2.32) (Table 6). Specific combing ability variance 
was greater than general combining variance, which indicated that non-
additive type of gene action was more important. These results are in close 
conformity with the findings of Chowdhry et al. (3) and Shahid et al. (17) who 
reported high SCA variance and non-additive type of gene action for number 
of spikelets per spike.  
 
Number of grains per spike 
 
Number of grains per spike had the highest correlation with grain yield and 
contributed the most to its genetic gain. Higher number of grains per spike 
(48.19) was noted in parent Inqalab-91 followed by Chakwal-97 (47.15). 
Parent GA-2002 had minimum mean value (40.60) (Table 2). Among hybrids, 
highest value (70.47) was shown by the cross Chakwal-97 x 6C002 against 
minimum by Inqalab-91 x 6C001 (39.58). A perusal of data (Table 3) 
revealed that mean squares for general combining were significant while 
mean squares for specific and reciprocal combining ability were highly 
significant. The estimates of GCA effects of parents indicated the highest and 
positive value for Chakwal-97 (8.24) while higher and negative value (-3.27) 
was observed for Inqalab-91 (Table 4). It showed that Chakwal-97 is the 
potential parent for this trait. The highest positive value for estimates of SCA 
effects (3.09) was shown by Chakwal-97 x 6C002 (Table 5). Reciprocal 
effects were higher and positive in cross 6C002 x 6C001 (12.60) while the 
highest and negative effects (-5.20) were recorded for GA-2002 x Chakwal-
97 for this trait (Table 6). The results conclude that additive type of gene 
action was dominant over non-additive effect because general combining 
ability variance was greater than specific combining ability. Similar findings 
have also been observed by Inamullah et al. (7) and Singh et al. (19). 
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1000-grain weight (g) 
 

In parents mean values for 1000-grain weight ranged from 38.26  (6C002) to 
43.30 g (Inqalab-91). Among crosses, the highest mean value was shown by 
the cross Inqalab-91 x GA-2002 (50.20 g) (Table 2). Analysis of combining 
ability for 1000-grain weight showed that mean squares for specific 
combining ability and mean squares for reciprocal effects were highly 
significant which indicated the involvement of non-additive type of gene 
action (Table 3). The highest positive GCA effects (1.84) were shown by the 
genotype GA-2002 (Table 4) suggesting GA-2002 to be good parent for this 
trait. Among hybrids, Chakwal-97 x Inqalab-91 showed maximum SCA 
effects (6.98) (Table 5). Estimates of reciprocal combining ability effects were 
higher and positive for 6C002 x Chakwal-97 (4.07) whereas cross 
combination 6C002 x Inqalab-91 had the highest negative value (-7.88) 
(Table 6). The results conclude that non-additive type of gene action was 
dominant over additive effect because SCA variance is greater than that of 
GCA. These results support the findings of Faisal et al. (4) and Aslam et al. 
(2). 
 
Grain yield per plant (g) 
 
Mean grain yield per plant ranged from 13.39 to 22.82 g of all genotypes. The 
parent Inqalab-91 had maximum mean (22.82 g) closely followed by 
Chakwal-97 (21.66 g) while minimum value (13.39 g) was recorded for 
6C002 (Table 2). Among cross combinations, higher value (19.39 g) was 
shown by Chakwal-97 x Inqalab-91 (Table 2). 
 
Combining ability analysis revealed that mean squares due to SCA effects 
and reciprocal effects were highly significant (Table 3). The estimates of 
GCA effects of parents indicated that it was the highest and positive for 
Chakwal-97 (1.66) (Table 4) showing that Chakwal-97 is a good parent for 
grain yield per plant. The highest positive value for estimates of SCA effects 
was shown by Chakwal-97 x Inqalab-91 (4.93) (Table 5). Reciprocal effects 
were higher and positive (2.58) in cross Inqalab-91 x Chakwal-97 and the 
highest negative (-2.48) for 6C002 x GA-2002 for this trait (Table 6). The 
results showed that SCA variance was larger than GCA variance for grain 
yield per plant, which suggests the importance of non-additive genetic effects 
for manifestation of grain yield per plant. Greater SCA variance for grain yield 
per plant in wheat has also been reported earlier (7, 8, 12, 16). 
 
The analysis of variance revealed that differences among the genotypes 
were highly significant for all characters. It suggested that the parents differ 
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significantly and could be used efficiently for improvement of these traits. 
SCA effects were highly significant for all traits under study except spike 
length and number of spikelets per spike that were found significant only. 
Most of the characters reflected non-additive type of gene action suggesting 
that selection will be effective in later generations. Number of grains per 
spike was found to be controlled by additive type of gene action implying that 
selection will be effective in early generations for the improvement of this 
trait. Chakwal-97 proved to be the best general combiner for all characters 
studied except number of spikelets per spike and 1000-grain weight. Among 
hybrids, Chakwal-97 x 6C002 proved better with maximum SCA for number 
of grains per spike while hybrid Chakwal-97 x Inqalab-91 had higher SCA for 
1000 grain weight and grain yield per plant. Hence it could be concluded that 
Chakwal-97 may be used in breeding programme to develop high yielding 
wheat cultivars whereas Chakwal-97 x 6C002 and Chakwal-97 x Inqalab-91 
may be used as advanced lines for future testing at different locations and 
may ultimately be released as varieties after thorough evaluation. 
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