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ABSTRACT 
 

A study was conducted in the Department of Plant Breeding and Genetics, 
University of Agriculture Faisalabad, Pakistan during 2005-06.  In this study five 
wheat genotypes viz. Chenab-2000, Rohtas-90, SH-2002, Uqab-2000 and 243-1 
were crossed in complete diallel fashion to study gene action for plant height, 
peduncle length, flag leaf area, number of tillers per plant, 100-grain weight and 
grain yield per plant. Analysis of variance proved to be significant for all 
characters. The significant deviation of joint regression value “b” from zero and 
non-significance of “t” square value, suggested the absence of epistasis for all 
traits which in turn attested fitness of the data for simple additive dominance 
model. Additive genetic component “D” proved to be significant for all traits, 
but dominant components H1 and H2 were higher in magnitude for plant height, 
flag leaf area, number of tillers per plant and grain yield   per plant. It illustrated 
the preponderance of dominance genetic effects for inheritance while additive 
genetic component was more imperative for manipulation of peduncle length 
and 100-grain weight. Dominant genes at most of the loci were more than 
recessive genes for all traits except peduncle length and 100-grain weight. The 
dominant alleles were in excess for peduncle length, flag leaf area, number of 
tillers per plant and grain yield per plant. The component that swayed strongly 
by environment was 100-grain weight. High magnitude of narrow sense 
heritability (h2

n.s) was noticed for peduncle length (0.77) and 100-grain weight 
(0.71) and illustrated fixable and additive heritable variation for these traits. The 
operation of over-dominance was observed for plant height, flag leaf area, 
number of tillers per plant and grain yield per plant whereas peduncle length 
and 100-grain weight was under additive type of gene action with partial 
dominance. It implied that peduncle length and 100-grain weight can 
significantly be improved by pursuing pedigree method while heterosis can be 
exploited for plant height, flag leaf area, number of tillers and grain yield per 
plant.  
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INTRODUCTION 
 
Pakistan is the 6th most populous country of the world where wheat is used as 
a primer food item (4). However, yield per unit area in Pakistan is remarkably 
low as compared to other major wheat producing countries. Worse still, it is 
persistently decreasing over time (Table 1) due to which it is becoming harder 
to feed the country’s ever increasing population. That is why, Pakistan had to 
import 815 thousand tons of wheat in 2005-06 (4). This situation  calls  for  
immediate  increase  in  wheat  production  per  unit area. 
 
Table 1.    Variation in wheat area and production over time. 
 

Area Production Yield 
Year 

000 hectare % change 000 ton % change kg/ha % change 
2003-04 8216 2.3 19500 1.6 2375 -0.5 
2004-05 8358 1.7 21612 10.8 2568 8.1 
2005-06 8448 1.1 21277 -1.6 2519 -1.9 

 

Source: Ministry of Food, Agriculture & Livestock, Federal Bureau of Statistics, Pakistan. 
 
This goal can significantly be achieved by developing and exploiting cultivars 
that possess wide genetic base and potential of high yield under assorted 
agro-climatic conditions. In this regard, genetic architecture of yield and yield 
components and nature of gene action for selection of better parents are 
important for having crosses of more desirable segregates and screening 
their combinations in early segregating generations. For these objectives, 
several scientists have applied various methods and techniques (12). Besides 
these, many others studied gene action in relation to crop yield increases. For 
instance, additive type of gene action for 1000-grain weight and over-
dominance was observed for grain yield per plant (11, 19, 26,). 
Preponderance of epistasis for 100-grain weight and grain yield per plant was 
reported by some scientists (23) while some others identified existence of 
epistasis for plant height (22). Ali and Khan (1) assessed additive type of 
gene action for flag leaf area, number of tillers per plant, 1000-grain weight 
and grain yield per plant in contrary to Chowdhry et al. (7) who examined 
overdominance for these traits and additive dominance for plant height. 
Chowdhry et al. (8) identified over dominance for traits like plant height, 
number of tillers per plant, 1000-grain weight and grain yield per plant while 
Ali et al. (2) reported prevalence of additive genetic components for these 
traits. Khan and Habib (18) observed additive genetic effects for regulating 
the plant height and peduncle length but non-additive genetic components for 
number of tillers per plant. 
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The present study was undertaken to generate information about nature of 
gene action and magnitude of its contribution to various characters in a 5 x 5 
diallel cross for evolving better quality and higher yielding wheat varieties. 

 
MATERIALS AND METHODS 

 
The study was conducted in the Department of Plant Breeding and Genetics, 
University of Agriculture, Faisalabad, Pakistan. Four wheat varieties (Chenab-
2000, Rohtas-90, SH-2002 and Uqab-2000), and one line (243-1) were 
crossed in a complete diallel fashion. During next crop season, seeds of F1s 
alongwith their parents were sown with three replications. The entries were 
assigned randomly to experimental units in each block having row to row and 
plant to plant distance of 30 and 15 cm, respectively. Two seeds per hole 
were sown with the help of a dibbler and later thinned to one seedling per 
hole after germination. All cultural practices like hoeing, manuring irrigation, 
etc. were kept uniform. Ten guarded plants from each parent and F1 were 
selected randomly and data were recorded at appropriate time at maturity for 
plant height, flag leaf area, number of tillers per plant and grain yield per  
plant, peduncle length and 100-grain weight. The data were subjected to 
analysis of variance as proposed by Steel and Torrie (25). In case where 
significant differences were found, the data were subjected to regression 
covariance/variance (Wr/Vr) analysis and analysis of variance of Wr +Vr and 
Wr-Vr arrays. The diallel crossing system as suggested by Hayman (13, 14) 
and Jinks (15, 16), modified by Mather and Jinks (21) and adopted by Singh 
and Chaudhary (24), was used for analysis of genetic parameters. 
 
The genetic parameters studied included D (variation due to additive genetic 
effects), H1 (variation due to dominant genetic effects), H2 (variation attributed 
to dominant effects corrected for gene distribution), F (relative frequencies of 
dominant to recessive alleles in parental populations, which is positive when 
dominant alleles are more than recessive alleles), h2 (variation due to 
dominance effects of heterozygous loci). The dominance additive ratio 
(H1/D)1/2 indicates the degree of dominance, which is equal to one, when 
dominance is complete while greater than one refers to over- dominance and 
less than one in case of partial dominance gene effects (10); and E (variation 
attributed to environmental effects). 

RESULTS AND DISCUSSION 
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Genotypic differences among parents 
 

Analyses of variance for all characters proved to be significant (Table 2) 
which revealed that adequate genetic variability existed among genotypes.  
 
Table 2. Mean squares of some metric traits in 5 x 5 diallel cross. 
 

SOV DF Plant 
height 

Peduncle 
length 

Flag leaf 
area 

Tillers/ 
plant 

100-grain 
weight 

Grain yield/ 
plant 

Replications   2 0.29 NS 1.67 NS 0.85 NS 1.23 NS 0.094 NS 1.80 NS. 
Genotypes 24 59.64** 14.47** 49.08** 3.94** 0.35** 26.59** 
Error 48 0.97 0.41 0.76 0.69 0.06 3.28 
C.V. %age  1.11 1.65 2.46 6.46 5.56 8.24 

P* < 0.01; NS = Non significant 
 
Table 3. Array means for various morphological traits in 5 x 5 diallel  in wheat. 
 

Parents Plant 
height 
(cm) 

Flag leaf 
area 
(cm2) 

Tillers/
plant 

Peduncle 
length 
(cm) 

100-grain 
weight (g) 

Grain yield/ 
plant (g) 

Chenab 2000 87.45 35.78 12.75 36.73 5.00 22.27 
Rohtas-90 87.69 36.06 12.99 40.30 4.65 21.87 
SH-2002 87.98 34.79 13.11 39.50 4.65 22.60 
Uqab-2000 87.67 33.94 13.05 39.27 4.60 21.16 
243-1 91.78 37.72 12.59 39.33 4.46 21.93 

 
Hence, improvement can be made successfully through selection. Genetic 
parameters were, therefore, estimated for each of these characters. The 
mean squares for the traits represented in array means (Table 3) indicate that 
all genotypes varied significantly regarding yield and yield components. The 
genotype Chenab-2000 had the highest value for 100-grain weight (5.00 g); 
Rohtas-90 for peduncle length (40.30 cm), SH-2002 for number of tillers per 
plant (13.11) and grain yield per plant (22.60 g); and line 243-1 for plant 
height (91.78 cm) and flag leaf area (37.72 cm2). The data also revealed that 
same kind of order for higher values did not follow in each genotype (Table 
3). 
 
Additive dominance model 
 
For complete adequacy of additive dominance model, the data should qualify 
these criteria: (a) the Wr/Vr regression slope should deviate significantly from 
zero but not from unity, which shows the non-allelic interaction, and; (b) the 
non-significant values of Wr+Vr and Wr-Vr arrays showed the presence of 
dominant genetic effects and absence of non-allelic interaction, respectively 
(20, 21). However, for partial adequacy at least one of them is considered 
adequate (6, 17). In case of partial adequacy, the most divergent Wr +Vr and 
parental values were removed from the analysis to obtain complete 
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adequacy. The joint regression value “b” deviated significantly from zero 
(Table 4) for all traits under study, suggesting the absence of non-allelic 
interaction and adequacy of the data fit for additive dominance model. The 
non-significance of “t” square value also attested the absence of epistasis. 
 
Table 4. Analysis of variance-covariance arrays for traits qualifying the additive-

dominance model adequacy test. 
 

Parameters Plant 
height 

Flag leaf 
area 

Tillers/ per 
plant 

Peduncle 
length 

100-grain 
weight 

Grain 
yield/ plant 

Joint regression (b) 0.75+ 0.16 0.80+ 0.24 1.04+ 0.31 0.85+ 0.25 0.79+ 0.18 0.68+ 0.14 
Test for b=o  4.8 * 3.31* 3.36* 3.35* 4.27* 4.41* 
Test for b=1  1.55NS 0.84NS -0.124NS 0.577NS 1.126NS 2.25NS 
Test for t2   1.27NS 0.157NS 0.348NS 0.023NS 0.53NS 2.82NS 
Mean squares of array 
difference   Wr-Vr 220.78NS 279.89NS 8.86NS 33.89NS 0.04NS 303.65NS 

 Mean squares of array 
difference   Wr+Vr 5052.13* 4092.07NS 112.87NS 531.81* 0.39NS 7.76* 

*P < 0.01; NS = Non significant 
 
The fitness of the data for additive dominance model was also verified by 
mean squares of Wr+Vr and Wr-Vr. In this test, mean squares of Wr+Vr 
should significantly differ between the arrays while the mean squares Wr-Vr 
should be non-significant (21, 24). The lack of significance for Wr-Vr 
determined the lack of epistasis and suggested that allelic interaction was not 
involved in the inheritance of all traits. The mean squares of Wr+Vr for flag 
leaf area, number of tillers per plant and 100-grain weight proved no 
significant deviation for these attributes but joint of regression ‘b’ varied 
significantly from zero, thus implied the incomplete adequacy of these traits 
for further genetic analysis  (Table 4). 
 
Illustration of genetic components 
 
The estimates of genetic analysis revealed that both additive “D” and 
dominance component were significant for all characters (Table 5). However, 
higher magnitude of dominance genetic components “H1 and H2” over “D” for 
plant height, flag leaf area, number of tillers per plant and grain yield per plant 
advocated that predominance of dominant genes at most of the loci and 
preponderance of non-additive genetic component were important for 
governing these traits. For 100-grain weight, dominance components “H1 and 
H2” proved to be non-significant and pervasiveness of only additive genetic 
component while for peduncle length. Although, both additive and dominance 
genetic components were significant but greater value of “D” than dominance 
components “H1 and H2” suggested the greater influence of additive genes for 
genetic control of this character. It depicted that additive type of gene action 
with partial dominance was observed for phenotypic expression of peduncle 
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length while for inheritance of 100-grain weight only additive genetic effects 
was more lucid for genetic manipulation. 
 
These results supported the earlier findings (1, 18, 19, 26). However, these 
results are contrary to Chowdhry et al. (8) who reported dominant genetic 
component for 100-grain weight. Since, additive genes are directly inherited 
from parents to offspring, and resemblance among parents and progenies is 
the result of additive genes (10). Moreover, additive genes determine the 
breeding value of plant material, therefore, 100-grain weight and peduncle 
length could significantly be improved by pursuing pedigree method right from 
F2.  (3), while for manipulation of the parents for plant height, flag leaf area, 
number of tillers per plant and grain yield per plant, heterosis breeding could 
be exploited for improving the attributes. 
 
The magnitude of dominance values H1 and H2 was approximately equal to 
each other for characters like peduncle length, flag leaf area, number of tillers 
per plant and 100-grain weight (Table 5). It confirmed the existence of 
approximately equal proportion of positive and negative alleles in the parents 
while plant height and grain yield per plant had unequal positive and negative 
alleles in the parents to influence these two traits. 
 
The value of “F” which is the measure of relative frequency of dominant to 
recessive alleles in the parents was significant and positive (Table 5) for 
number of tillers per plant which implies that excess of dominant alleles were 
present in the parents. The claim was further strengthened by value of (4DH1) 
0.5 +F/ (4DH1) 0.5 - F which was greater than unity. The value of h2 
component was also positive and significant for flag leaf area, number of 
tillers per plant and grain yield per plant indicating the direction of dominance 
toward greater side and substantial contribution. This may be due to 
heterogeneity of loci, hence utilization of heterosis breeding scheme for 
rewarding these traits. The significant environment component (E) for 100-
grain weight indicates that this character was possibly influenced by the 
environment while all other characters had not received such effect. 
 
Narrow sense heritability measures the magnitude of genotypic variation in 
breeding material, which is mainly responsible for changing the genetic 
composition of population via selection (9, 10). In this experiment, low 
heritability value for flag leaf area (0.34), number of tillers per plant (0.06) and 
grain yield per plant (0.49) provided the limited scope for selection and 
genetic improvement (Table 5), while for plant height moderately high 
heritability value (0.55) was observed. However, high magnitude of narrow 
sense heritability was noticed for peduncle length (0.78) and 100-grain weight 
(0.70) and illustrated fixable and additive heritable variation for these traits. 
From these results   it  was  concluded  that  peduncle  length  and  100-grain  
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weight should be significantly exploited through selection in early generations 
(3). These inferences were also reflected and pronounced by values of 
additive genetic effects (D) which were greater than dominance components 
(H 1 and H2) and supported the conclusion. 
 
The degree of dominance greater than 1, for plant height, flag leaf area, 
number of tillers per plant and grain yield per plant (Table 5) indicated that 
these traits were governed by over-dominance type of gene action while 
peduncle length and 100-grain weight were under partial dominance type of 
gene action. Complete dominance was found to be absent for all characters. 
 
Graphical presentation 
 
The graphical presentation of Vr/Wr graph (Fig. A-F)) illustrated the absence 
of epistasis for all traits under consideration as estimated regression line did 
not deviate significantly from unit slope. Genes regulating the inheritance of 
plant height, flag leaf area, number of tillers per plant and grain yield per plant 
were governed by over-dominance type of gene action as regression line 
intercepted the Y-axis below the point of origin.  The same kind of results, as 
reflected in Table 5, were also supported by greater value of “H1 and H2 ” than 
“D” (8, 11, 26). The inheritance of peduncle length and 100-grain weight 
confirmed the contribution of additive genetic effects as regression line cut 
the vertical axis well above the point of origin (5, 18). 
 

The varietal distribution along the regression line (Fig. A-F) showed that 
maximum dominant genes for 100-grain weight were present in Chenab-2000 
while Rohtas-90 had maximum dominant genes for plant height and peduncle 
length being closer to the point of origin. Genotype Uqab-2000 was located 
near to the origin and carried most dominant genes for flag leaf area and 
grain yield per plant while most recessive genes were found for plant height, 
number of tillers per plant and peduncle length. In contrast, genotype 243-1 
had most recessive genes for flag leaf area, grain yield per plant and 100-
grain weight and maximum dominant genes for number of tillers per plant. 
 

 
                                                                                                                                   Fig.contd… 
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CONCLUSION 
 
The study concludes that all genotypes had substantial genotypic distinction 
among themselves. Additively controlled character provides a more reliable 
selection mechanism in early segregating generation. So, peduncle length 
and 100-grain weight coupled with high heritability value suggested that 
significant improvement can be made through selection by pursuing pedigree 
method. Over-dominance as depicted in graphs for plant height, flag leaf 
area, number of tillers per plant and grain yield per plant called for prudent 
and more cautious selection exercise to exploit these attributes and 
suggested that manipulation of the parents might be useful through heterosis. 
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