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Abstract

Combining ability effects and variances for yield and quality related traits were carried out in
an 8x8 diallel cross of spring wheat. The general combining ability effects were significant for all
the characters except days to maturity, whereas specific combining ability effects were significant
for most of the characters except grain yield, flag leaf area, number of spikelets spike™!, protein
contents and lysine contents. The part of variance due to SCA was greater than GCA for most of
the characters indicating the importance of non-additive gene action. The parental varieties,
Chakwal 97 and Kohistan 97, proved as the best general combiners for grain yield plant™. Shahkar
95 proved to be better combiner for plant height, number of tillers m*> and number of grains spike™.
MH 97 was shown to be the best general combiner for protein contents. The cross Pothowar 93 x
Kohistan 97 gave the highest SCA values for 1000 grain weight and protein contents. For grain
yield plant™ the cross Pak 81 x Kohistan 97 showed maximum SCA values.

Introduction

The main target of a plant breeder in a self-pollinated crop like wheat is to develop
true breeding (homozygous) population with superior quantitative traits. This objective
will be achieved only when proper choice of parents to get desirable recombinations
through hybridization is considered. Most of the important characters are now known to
be controlled by polygenes i.e., a number of genes with small individual additive effects.
Environment also contributes appreciably to the expression of the total variation. It is
hardly possible to measure the individual effect of genes. Therefore, average effects of
genes involved in the expression of individual characters are considered. Among the
various diallel techniques, combining ability analysis outlined by Griffing (1956) is being
considered to be more useful to the wheat breeders. Earlier workers revealed that both
general and specific combining abilities were involved for yield and yield components
(Bhatt, 1971; Bitzer & Fu, 1972; Malik, 1978; Chen & Chen, 1987; Chaudhry et al.,
1992; Hasnain et al., 2006; Chowdhary et al., 2007). They reported that additive genetic
variance was responsible for a large part of total genetic variability for yield and yield
components. Since there is sufficient work reported on different cultivars of wheat,
however there is sporadic information on selected local cultivars. Therefore, present
study was launched to carry out the mechanism of gene action controlling the yield and
quality traits of selected wheat genotypes.

Materials and Methods

For studying the inheritance pattern of yield and quality related parameters, an 8x8
parent diallel was conducted. Eight genotypes (Pak-81, Pothowar 93, Parwaz 94, Shahkar
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95, Suleiman 96, Chakwal 97, Kohistan 97, MH 97) selected on the basis of phenotypic
diversity, were sown with two sowing dates in order to facilitate hybridization during
November, 2003. The genotypes were crossed in all possible combinations. The seeds of
8x8 parent diallel (28 direct crosses and 28 indirect crosses) along with their parents were
sown in the field during first week of November, 2004. Randomized Complete Block
Design was followed in the experiment having three replications. Each treatment
comprised a single row of 5-meter length in each replication. Inter row and interplant
distances were kept at 30 cm and20 cm, respectively. All the necessary agronomic
practices were followed as recommended for wheat crop. Basal fertilizer dose of NPK
was applied @ 100-40-0 kg ha'! to meet the nutritional requirements of the crop plants.

The data for days to heading, days to maturity, plant height (cm), grain filling period,
number of tillers m, flag leaf area (cm?), spike length (cm), number of spikelets spike™,
number of grains spike™!, 1000-grain weight (g) and grain yield plant™' (g) were recorded
on 10 guarded plants selected randomly and averaged on plant’ basis. While quality
related traits i.e., protein contents, lysine contents, flour yield and gluten contents were
determined by following the methods of Anon., (1983). The data were then subjected to
simple analysis of variance technique (Steel & Torrie, 1980). Combining ability analysis
Method 1, Model 1 as proposed by Griffing (1956) was used to study the nature of gene
action controlling the particular parameters.

Results and Discussion

The analysis of variance for 8 parent diallel revealed highly significant differences
among parents and hybrids for all the characters under study (Table 1). Results of
analysis of variance (mean squares) from the combining ability analysis (Table 2) showed
that all the characters revealed significant differences for gca. For sca most of the
characters showed significant differences except flag leaf area, spikelets spike™, protein
contents and lysine contents. Reciprocal effects were also significant for most of the
characters except flag leaf area, spikelets spike”! and lysine contents. Estimates of
variances due to gca, indicated the predominance of additive gene action for flag leaf
area, grain filling period, days to heading, grain yield plant™, protein contents and lysine
contents. High sca variances for plant height, spike length, number of spikelets spike™!,
days to maturity, 1000 grain weight and gluten contents revealed the importance of non-
additive gene action for these characters and hence delayed selection for the improvement
of these characters is suggested in later generations where the genes are fixed and
expressed fully. High reciprocal variances for number of grains spike™!, number of tillers
m? and flour yield suggested the importance of material contributing the parents in
hybridization. Moreover,high contribution of reciprocal effect also restricts the bulking of
hybrids sharing same parentage but reciprocally mated and hence, these should be
handled separately for detection in later segregating generation.

Estimates of gca effects of the parents are shown in Table 3. It is quiet evident from
the results that wheat varieties Chakwal 97 and Kohistan 97 proved as better general
combiners for grain yield with GCA values 32.458 and 29.479, respectively. Chakwal 97
also proved as best combiner for traits like days to maturity, 1000 grain weight, number
of spikelets spike™! and gluten contents. Shahkar 95 proved to be better combiner for
plant height, number of tillers m? and number of grains spike!. MH 97 was shown to be
best general combiner for protein contents with maximum value of 0.311. The wheat
variety Pak 81 was good general combiner for grain filling period and spike length while
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Suleiman 96 was shown to be best general combiner for flag leaf area and flour yield
with maximum values of 2.021 and 1.566, respectively. Kohistan 97 was shown to be
best general combiner for lysine contents and days to heading with maximum values of
0.290 and 2.266. The comparison of values revealed that wheat varieties Pothowar 93 and
Perwaz 94 were the poorest general combiners for most of the characters studied. These
results suggest that six parental varieties Pak 81, Shahkar 95, Suleiman 96, Kohistan 97,
Chakwal 97 and MH 97 can be further used as the source material in the development of
segregating generation.

The estimates of specific combining ability effects of the crosses given in Table 4
revealed that the cross Pak 81 x Kohistan 97 showed the highest sca value for plant
height (3.482). The cross Pothowar 93 x Kohistan 97 gave the highest values for 1000
grain weight (3.282) and protein contents (0.678). It is evident from the analysis that best
sca effects for grain filling period, spike length and flour yield with values of 6.958,
2.379 and 3.522 respectively, were exhibited by the cross Pothowar 93 x Suleiman 96.
These cross involved one poor general combiner while the other a better general
combiner. It is obvious that a parent with low gca effects may have the potential to be
exploited through hybridization with better general combiner. The cross Perwaz 94 x
Shahkar 95 gave maximum sca value (3.227) for number of grains spike™!. Similarly for
days to maturity, the cross Pothowar 93 x Suleiman 96 showed highest sca value (5.677).
The cross Pak 81 x Pothowar 93 revealed highest sca value (3.214) for days to heading
followed by the cross Pak 81 x Suleiman 96 with sca value of 3.193. Highest sca value
(20.422) for tillers™? was shown by the cross Parwaz 94 x Shahkar 95. For grain yield
plant! the cross Pak 81 x Kohistan 97 gave maximum sca value (40.604). For flag leaf
area, number of spikelets spike™!, gluten contents and lysine contents the crosses Pak 81 x
Perwaz 94, Perwaz 94 x MH 97, Suleiman 96 x Chakwal 97 and Shahkar 95 x Kohistan
97 gave the high sca values of 2.586, 1.627, 2.510 and 0.820 respectively.

Table 1. Analysis of variance of different quantitative traits in Fi
generation of 8x8 diallel cross of wheat.

Genotypic Replication Error

Parameters
mean squares mean squares mean squares

Days to heading 71.57** 30.15 20.81
Days to maturity 255.06%* 196.29 33.57
Plant height (cm) 106.81** 96.26 16.04
Number of tillers m™ 3727.10%* 1723.60 420.10
Flag leaf area (cm?) 87.77%* 34.60 15.99
Grain filling period (days) 288.44%* 105.77 57.25
Spike length 2.18* 2.24 1.44
Number of spikelets spike™! 15.59** 8.89 3.55
Number of grains spike™! 50.73%%* 92.45 8.26
1000 grain weight (g) 25.62%* 33.40 16.91
Grain yield plant™ (g) 3506.10%* 3173.80 448.10
Protein contents (%) 2.44%* 11.46 1.13
Lysine contents (%) 1.24** 0.26 0.03
Flour yield (%) 18.49** 0.49 5.65
Gluten contents (% ) 23.53** 72.15 11.70

** % = Significant at 1% and 5% probability level, respectively
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Regarding the estimates of reciprocal effects in the Fj, the cross Chakwal 97 x
Perwaz 94 had the largest reciprocal effects (34.167) for grain yield. The cross Shahkar
95 x Pak 81 showed highest values for number of grains spike™ (6.450). In case of days to
heading the cross MH 97 x Kohistan 97 expressed highest value (5.000) of reciprocal
effects. For days to maturity MH 97 x Perwaz 94 gave high value (3.500). The cross
combination Chakwal 97 x Shahkar 95 produced largest reciprocal values for number of
tillers m? and number of spikelets spike™!. The hybrid Shahkar 95 x Perwaz 94 gave
maximum reciprocal effects for spike length and 1000 grain weight. For grain filling
period highest value was observed in Chakwal 97 x Pak 81. As regards flag leaf area the
cross Suleiman 96 x Pak 81 exhibited highest value. The cross Suleiman 96 x Pothowar
93 gave largest value of reciprocal effects for protein contents. For lysine contents largest
value of reciprocal effects were observed in Kohistan 97 x Perwaz 94. Whereas for flour
yield and gluten contents the highest values of reciprocal effects were observed in the
crosses MH 97 x Pak 81 and MH 97 x Shahkar 95.

The findings of the present study for these traits in which both additive and non-
additive gene action played important role is in conformity with several of the earlier
findings of Sattar (1992), Hassan et al., (1996), Sabour et al., (1996), Shahzad et al.,
(1998), Subhani & Chaudhry, (2000), Hasnain et al., (2006) and Chowdhary et al.,
(2007). It is concluded from the present study that the varieties Chakwal 97, MH 97,
Kohistan 97, Pak 81, Pothowar 93 and Perwaz 94 have the potential to breed for high
yield with equally good quality genotypes.

References

Anonymous. 1983. American Association of Cereal Chemists. Approved methods of AACC. 8™ Ed.
The Assoc. St. Paul. Minnesota, USA.

Bhatt, G.M. 1971. Heterotic performance and combining ability in a diallel cross among spring
wheat (Triticum aestivum L.). Aust. J. Agric. Res., 22: 359-368.

Bitzer, M.J. and S.H. Fu. 1972. Heterosis and combining ability in southern Soft Red Winter
Wheat. Crop Sci., 12: 35-37.

Chaudhry, M.A., M.S. Akhtar and M.T. Ahmad. 1992. Combining ability analysis for flag leaf
area, yield and its components in spring wheat. J. Agric. Res., 30: 17-22.

Chen, C.S. and C. Chen. 1987. A rapid generation advance in single seed descent method in wheat.
II. The performance of SSD population and the effects of environmental pressure. J. Agric.
Assoc. China, 139: 17-29.

Chowdhary, M.A., M. Sajad and M.I. Ashraf. 2007. Analysis on combining ability of metric traits
in bread wheat (Triticum aestivum). J. Agric. Res., 45(1):11-18.

Griffing, B. 1956. Concept of general and specific combining ability in relation to diallel crossing
systems. Aust. J. Biol. Sci., 9: 463-493.

Hasnain, Z., G. Abbas, A. Saeed, A. Shakeel, A. Muhammad and M. A. Rahim. 2006. Combining
ability for plant hight and yield related traits in wheat, Triticum aestivum L. J. Agric. Res.,
44(3):167-173.

Hassan, A., S. Abdul, A. Shafi, S. Sherif and A.Hamada. 1996. Genetic analysis of diallel cross in
bread wheat under different environmental conditions in Egypt. Ind. J. Genet. Pl. Breed.,
56(1): 34-48.



COMBINING ABILITY ESTIMATES IN SPRING WHEAT 231

Malik, A.J. 1978. Diallel analysis of yield and yield components in wheat under low and high
fertilization. Ph.D. Thesis. Univ. Agri. Faisalabad.

Sabour, M., A. Hassan, A. Shafi, H. Sherif and A. Hamada.1996. Genetic analysis of diallel crosses
in bread wheat under different environment condition in Eygpt. Ind. J. Genet. Pl. Br., 56(1):
49-61.

Sattar, A., M.A. Chaudhry, K. Shah and S. Khan. 1992. Combining ability estimates in five wheat
varieties. Pak. J. Agri. Res., 13(4): 301-305.

Shahzad, K., M. A. Chowdhry, D. Hussain, Z. Mohyuddin, S. Haidar, K. Alam and S. Khan. 1998.
Combining ability studies of grain yield relating characters in spring wheat (Triticum aestivum
L.). Pak. J. Biol. Sci., 1(2): 134-136.

Steel, R.G.D. and J.H. Torrie. 1980. Principles and Procedures of Statistics. McGraw-Hill Inc.,
New York. pp. 56-78.

Subhani, G.M. and M.A. Chaudhry. 2000. Genetic studies in bread wheat under irrigated and
drought stress condition. Pak. J. Biol. Sci., 3(11): 1793-1798.

(Received for publication 3 October 2009)



