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ABSTRACT 
 

The F1 of spring wheat in a 5×5 complete diallel cross was evaluated for 
combining ability effects for grain yield and its components under irrigated 
conditions at Wheat Research Institute, Faisalabad, Pakistan during 2009-10. 
The mean squares due to genotypes, GCA, SCA and reciprocals were found 
highly significant except for reciprocal effects of spike length, spikelets per 
spike and 1000 grain weights which were non-significant. The GCA mean 
squares were much higher for all traits than SCA and reciprocal variations 
depicting all traits were under control of additive type of genes except that of 
number of tillers per plant which was found under control of non-additive 
genes. Maternal effects were also considerable for all traits except spike 
length, spikelets per spike and 1000-grain weight. The parents 
FRET2/KURUKU//FRET2 followed by WBLLII/FRET2//PASTOR and ZARDANA 
were the best general combiners for grain yield per plant alongwith some other 
attributes. The crosses ZARDANA x FRET2 / KURUKU // FRET2 followed by 
SALEEM - 2000 x SSERI / CHIBIA and SALEEM - 2000 x WBLLII / FRET2 // 
PASTOR proved good specific combiners for grain yield per plant and its some 
other attributes. The line FRET2 / KURUKU // FRET2 also gave the highest 
maternal contribution for grain yield per plant, tillers per plant but the cross 
FRET2 / KURUKU // FRET2 x ZARDANA gave negative maternal contribution for 
plant height.  
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INTRODUCTION 
 

Wheat (Triticum aestivum L.) being a major crop is widely grown in Pakistan. 
However, its average grain yield (2639 kg/ha) is far below than the many 
wheat producing countries of the world. To meet this challenge, development 
of high yielding varieties well adaptable to wide range of environment. So the 
most important option. Wheat yield fluctuates widely as a result of its 
interaction with environment. So, wheat production can be increased through 
development of productive genotypes/varieties for various agro-climatic 
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conditions. One of the important breeding strategies is crossing the good 
general combining lines for grain yield and selecting transgressive 
segregants from its resulting segregating generations. 
 
Information regarding general and specific combining ability of wheat 
genotypes is a prerequisite to launch a successful wheat-breeding 
programme. Diallel mating design has been extensively used to analyze the 
combining ability effects of wheat genotypes and also to provide information 
regarding genetic mechanisms controlling grain yield and other traits. 
Knowledge of general and specific combining abilities (GCA, SCA) 
influencing yield and its components has become increasingly important for 
plant breeders in the choice of suitable parents for developing potential 
possessing varieties in many crop plants (11,14,15, 17). 
 
Majority of genetic variances of grain yield as well as yield components have 
been reported under control of additive genes (5, 8), while number of tillers 
per plant has been reported in control of non-additive gene effects in earlier 
findings (1, 10, 16). Both estimates were significant for most of the analysed 
traits. The magnitude of SCA was reported lower than GCA but remained 
significant (5, 8). Higher GCA to SCA variance ratio indicated preponderance 
of additive gene action (3).  
 
The variances due to GCA and SCA and reciprocal effects were significant 
for all the characters except the reciprocal effects for 1000-grain weight (12). 
The magnitude of additive genetic variance was higher than non-additive 
variance for all the characters studied while preponderance of non-additive 
genetic variance for number of tillers per plant, plant height, number of grains 
per spike, 1000-grain weight and grain yield per plant (3, 17). Findings of 
earlier research studies vary due to difference in genetic mechanism 
operating in breeding material, environment and their interactions. However, 
the information about mode of gene action can be utilized by using the 
material studied in some earlier research for the evolution of potential 
varieties. 
 
The present study was conducted to acquire comprehensive knowledge 
about GCA, SCA and reciprocal effects and the genetic behaviour of the 
parents and their cross combinations. 
 

MATERIALS AND METHODS 
 

Five pure lines viz. SALEEM 2000, ZARDANA, SSERI / CHIBIA, WBLLII / 
FRET2 // PASTOR and FRET2 / KURUKU // FRET2, were crossed in a 
complete diallel fashion during 2008-09 under irrigated conditions at Wheat 
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Research Institute, AARI, Faisalabad, Pakistan. Seed of F0’s, reciprocals and 
parental lines were sown in RCBD with three replications during 2009-10. 
Two seeds per hill were planted with a dibbler, at 15 cm plant-to-plant and 30 
cm line-to-line spacings. After germination thinning was done to have a single 
healthy seedling per site. All other agronomic and cultural practices were kept 
uniform. Data regarding agronomic traits viz. plant height, tillers per plant, 
spike length, peduncle length, number of spikelets per spike, 1000-grain 
weight and grain yield per plant were recorded at maturity. Analysis of 
variance (18) was carried out to test the significant differences among the 
breeding material. Combining ability studies were conducted following 
Griffing’s approach method I, model I (4). 
 

RESULTS AND DISCUSSION 
 
Mean squares (Table 1) showed highly significant differences among the 
genotypes (parents, their crosses and reciprocals) for all traits studied. The 
mean squares due to GCA, SCA and reciprocals exhibited that all traits were 
mainly controlled with additive genes except tillers per plant for which non-
additive genes were predominant. 
 
Table 1. Mean squares attributed to genotypes, general combining ability, specific combining 

ability and reciprocal effects of inbred lines. 
 

Variation 
due to 

Plant 
height 

Tillers/ 
plant 

Peduncle 
length 

Spike 
length 

Spikelets/ 
spike 

1000 
grain 

weight 

Grain 
yield/ 
plant 

A:        
Genotypes 65.967** 3.102** 3.189** 0.124** 4.33** 29.797** 321** 
Error 1.565 0.492 0.566 0.029 0.611 1.703 8.74 
B:        
GCA 48.350** 0.812** 3.240* 0.125** 5.006** 25.987** 213.44** 
SCA 23.430** 1.556** 0.797** 0.031** 0.862** 12.03** 70.097** 
Reciprocal 9.910** 0.580** 0.460* 0.016 NS 0.589** 1.457* 101.631** 
Error 0.5217 0.164 0.223 0.010 0.204 0.568 2.913 

*P < 0.05, **P < 0.01, NS = Non-significant. 

 
Earlier findings concluded similar results for most of the traits studied (7, 9, 
10, 12). Plant height and spike length were under control of additive genes 
(6,13). Tillers per plant was predominantly controlled by non-additive genes 
(12) but contradictory inference was obtained in another research (13). 
 
The data (Table 2) depicted that WBLLII / FRET2 // PASTOR and FRET2 / 
KURUKU // FRET2 yielded better grain yield due to better tillers per plant. 
The cross FRET2 / KURUKU // FRET2 x ZARDANA followed by SSERI / 
CHIBIA x FRET2 / KURUKU // FRET2, SALEEM-2000 x WBLLII / FRET2 // 
PASTOR and  ZARDANA  x  FRET2  /  KURUKU  //  FRET2  also  performed  
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better for grain yield per plant due to higher number of tillers per plant 
alongwith optimum performance for other traits. The cross SALEEM- 
2000XWBLLII / FRET2 // PASTOR excelled in spikelets per spike and 1000-
grain weight but due to less number of tillers per plant its grain yield per plant 
was comparatively reduced. 
 
Higher values for GCA effect than standard error (gi) of an inbred line 
showed important additive genes effect for controlling a trait while the 
difference in GCA effects between two inbred lines greater than standard 
error (SEgi-gj) shows that these two inbred lines significantly differed in their 
combining ability effects. Estimates of GCA effects (Table 3) exhibited that 
inbred line FRET2 / KURUKU // FRET2 was good general combiner for grain 
yield per plant alongwith highest positive GCA effects for tillers per plant and 
spikelets per spike but poor combiner for peduncle length ZARDANA 
exhibited good positive GCA effects for grain yield per plant, plant height and 
peduncle length and 1000-grain weight. The inbred line WBLLII / FRET2 // 
PASTOR was better good general combiner for grain yield per plant 
alongwith all traits while inbred lines SALEEM-2000 and SSERI/CHIBIA had 
negative GCA effects for grain yield alongwith other yield components. The 
lines which showed negative GCA effects for plant height, spike length and 
peduncle length were expected to yield dwarfness in plant height in their 
cross combinations subjected that their yield performance would be better. 
 
Table 3. Estimates of general combining ability effects for various traits in wheat. 
 

Genotypes/ 
lines No. 

Plant 
height 

Tillers/ 
plant 

Peduncle 
length 

Spike 
length 

Spikelets/ 
spike 

1000 
grain 

weight 

Grain 
yield/ 
plant- 

1 -3.792 -0.238 -0.830 -0.058 0.868 -1.342 -7.232 
2 1.718 -0.278 0.500 -0.128 -1.032 1.738 3.038 
3 1.268 -0.078 0.380 -0.048 -0.252 -1.832 -1.982 
4 0.598 0.232 0.300 0.132 0.078 1.488 2.438 
5 0.208 0.382 -0.350 0.102 0.338 -0.052 3.738 
SE (gi-gj) 0.042 0.013 0.006 0.0004 0.016 0.045 0.233 

1 = SALEEM 2000, 2 = ZARDANA, 3 = SSERI/CHIBIA, 4 = WBLLII/FRET2// PASTOR and 
5 = FRET2/KURUKU//FRET2   
 
SCA effects (Table 4) revealed that cross combination ZARDANA x FRET2 / 
KURUKU // FRET2 proved excellent specific combiner for grain yield per 
plant, tillers per plant and spike length but poor combiner for plant height and 
peduncle length. Positive SCA effect for plant height that is not a desirable 
trait as taller plants may lodge with windstorm (1). The cross involved both 
good general combining parents. The transgressive segregants with higher 
grain yield per plant alongwith reduced plant height and peduncle length were 
expected in advanced segregation.   SALEEM-2000 x SSERI / CHIBIA 
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proved good specific combiner for grain yield per plant alongwith plant height 
but negative combiners for 1000-grain weight. Both parents in this cross 
combinations were poor combiners. Therefore, less probability to yield 
transgressive segregants in segregating generations was present in this 
cross. Higher SCA effects might be due to over-dominance or epistatic 
effects for grain yield per plant. The crosses SALEEM - 2000 x WBLLII / 
FRET2 // PASTOR and SSERI / CHIBIA x WBLLII / FRET2 // PASTOR 
showed positive SCA effects for all the traits and it involved one good general 
combiner for grain yield per plant alongwith some other traits. Therefore, 
these crosses would yield better genotypes in segregating generations. 
These results are supported by the earlier findings (3). All other crosses were 
not good specific combiners for grain yield per plant so these had least 
interest for wheat breeders.  
 
Table 4. Estimates of specific combining ability effects for various traits in wheat. 
 

Cross 
No. 

Plant 
height 

Tillers/ 
plant 

Preduncle 
length 

Spike 
length 

Spikelets/ 
spike 

1000 
kernel 
weight 

Grain 
yield/ 
plant 

1×2 1.442 0.25 -0.63 -0.022 -0.488 0.672 2.112 
1×3 2.642 -1.3 0.04 0.048 -0.118 -1.308 7.082 
1×4 3.162 0.05 0.47 0.118 1.452 3.422 4.462 
1×5 -0.998 0.45 0.42 -0.052 -0.258 0.462 -3.588 
2×3 -1.218 -0.4 -0.29 -0.082 -0.068 0.612 -2.438 
2×4 3.702 0.25 1.14 0.088 0.252 2.042 -2.408 
2×5 -1.058 0.65 -0.06 0.068 0.092 -0.518 8.242 
3×4 0.252 0.45 0.26 0.008 0.072 1.662 3.212 
3×5 1.692 0.3 0.41 -0.062 0.462 1.802 2.112 
4×5 2.112 0.05 -0.31 0.158 -0.168 -0.618 -7.158 
 SE(sij-sik) 0.417 0.131 0.060 0.004 0.160 0.454 2.330 
1×2 1.442 0.25 -0.63 -0.022 -0.488 0.672 2.112 

1 = SALEEM 2000, 2 = ZARDANA, 3 = SSERI/CHIBIA, 4 = WBLLII/FRET2//PASTOR and 
5 = FRET2/KURUKU//FRET2 
 

Reciprocal effects (Table 5) are due to maternal effects or cytoplasmic 
inheritance. Their contribution towards yield improvement was lesser than 
nuclear inheritance. Mean squares due to reciprocal effects (Table 1) for 
grain yield per plant, plant height, tillers per plant and peduncle length were 
important due to greater reciprocal effects values than S.E(recip) (12). 
However, the cross FRET2 / KURUKU // FRET2 x ZARDANA also showed 
maximum positive reciprocal effects for grain yield and tillers per plant but 
negative reciprocal effect for plant height. This cross also showed maximum 
yield alongwith tillers per plant. Therefore, it may be important alongwith 
nuclear inheritance and this cross alongwith its reciprocal would be 
considered important with significant positive SCA effects containing good 
general combining parents.  
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Table 5. Estimates of reciprocal effects for various traits in wheat, 2009-10 
 

Reciprocal 
cross No 

Plant 
height 

Tillers/   
plant 

Peduncle 
length 

Spike 
length 

Spikelets/  
spike 

1000 kernel 
weight 

Grain 
yield/ 
plant 

2×1 -1.50 0.25 -0.20 0.10 0.60 -0.30 -2.95 
3×1 1.45 -1.30 0.05 -0.05 -0.05 1.25 -16.0 
4×1 1.60 0.05 0.70 0.10 1.45 -1.80 0.10 
5×1 3.65 0.45 0.30 -0.10 0.10 1.00 3.95 
3×2 -3.10 -0.40 -0.95 -0.05 0.20 -0.85 0.55 
4×2 1.55 0.25 0.30 -0.10 0.15 0.30 -0.6 
5×2 -4.10 0.65 0.15 -0.15 -0.45 0.10 7.25 
4×3 -0.45 0.45 0.70 0.00 0.45 0.45 4.50 
5×3 0.30 0.30 0.40 0.00 0.00 0.55 -11.60 
5×4 0.45 0.05 0.10 -0.10 0.00 -0.25 4.45 

SE( rij-rik) 0.52 0.16 0.07 0.01 0.20 0.57 2.91 

1 = SALEEM 2000, 2 = ZARDANA, 3 = SSERI/CHIBIA , 4 = WBLLII/FRET2//PASTOR and 
 5 = FRET2/KURUKU//FRET2 

 
The crosses FRET2 / KURUKU // FRET2 x WBLLII / FRET2 // PASTOR, 
FRET2 / KURUKU // FRET2 x SSERI / CHIBIA and FRET2 / KURUKU // 
FRET2 x SALEEM-2000 showed significant maternal effects for grain yield 
and for some other traits. Among these three reciprocals, FRET2 / KURUKU 
// FRET2 x SSERI / CHIBIA contained positive SCA effects (nuclear 
inheritance) for grain yield and tillers per plant, spikelets per spike and 
peduncle length as well. Therefore, it might have importance in selection in 
segregating generations. These results are in conformity with previous 
research (16) in which non-additive effects for grain yield per plant has been 
reported. All other crosses showed poor reciprocal effects. 

 
CONCLUSION 

 
The inbreds FRET2 / KURUKU // FRET2, ZARDANA and WBLLII / FRET2 // 
PASTOR were better general combiner for grain yield per plant alongwith 
some other attributes. The crosses ZARDANA x FRET2 / KURUKU // FRET2 
followed by SALEEM-2000 ´ WBLLII / FRET2 // PASTOR proved excellent 
specific combiners for grain yield per plant and some of its other attributes. 
These crosses had at least one good general combining parent for grain yield 
and other yield attributes. The line FRET2 / KURUKU // FRET2 gave the 
highest maternal contribution for grain yield per plant, tillers per plant 
alongwith negative reciprocal effect for plants height (desirable for reducing 
plant height) in cross FRET2 / KURUKU // FRET2 x ZARDANA also. 
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