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Abstract: The F, data from a 4 parent half diallel cross was used for combining ability analysis. Significant genetic
variability existed for days to heading, days to maturity, plant height, number of spikes per plant, number of grains per
spike, grain yield per plant and 1000 grain vweight. The major portion of the total genetic variability for these traits was
due to additive type of gene action. Small, but significant SCA estimates for most of the traits with the exception of
days to heading and maturity suggests that some of the total genetic variability vwas due to non-additive type of gene
action. The cross Faisalabad-85 x Rawal-87 had the best specific combining ability for grain yield per plant, while the
best specific combining ability for number of spikes per plant, number of grains per spike and 1000 grain weight was
found in case of the cross Faisalabad-83 x Rawal-87. Faisalabad-83 proved to be the best general combiner for grain
yield per plant, number of grains per spike and 1000 grain vveight. This cultivar offers the best possibility of exploitation

in breeding programs to develop high yielding varieties.
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Introduction

In the hybridization program, plant breeder is often confronted
with the difficulty of choosing those parental lines which when
crossed will yield the highest proportion of desired segregates.
The evaluation of a number of promising lines for combining
ability is quite helpful in selecting parents. Diallel analyses in
F, generation have been used extensively to determine the
combining ability for yield and related traits in vwheat (Khan,
1991; Asad ef al., 1992; Khan et al., 1992; Chaudhry et
al., 1994; Rajara and Maheshwari, 1996). All these
researchers reported variable estimates of general and specific
combining ability and magnitude of additive and non-additive
genetic effects for various biometric traits.

In autogamous crops like wheat, raising of sufficient quantity
of F, seeds is always a difficult task particularly, vwhen a large
number of parents are to be included in a crossing program.
This eventually imposes restrictions upon the screening of a
large number of genotypes for their combining ability.
Therefore, investigation on the use of data from F, instead of
F, generation to gather information on the combining ability of
the parents is obviously of paramount importance.
Combining ability analysis in F,, F. and F; generations were
reported by Bhullar ef al. (1979a) and Masood and Kronstad
{2000). The GCA estimates wvvere quite consistent over the
generations for all the traits evaluated. Estimates of SCA
showed little consistency and lacked repeatability owver
generations. A greater degree of consistency was observed in
GCA when compared to SCA estimates in F, and F,generation
of wheat in another study conducted by Bhullar et al. {1985).
Similar findings vvere also reported by Mihalgiv (1980), Khan
and Bajwa {1989] and Mahmood et al. (1990} from F, and F,
of a diallel cross of wheat.

The literature suggests that F. and latter generations could
effectively be used for assessing GCA for quantitatively
inherited traits. Estimates of genetic effects over generations
can provide additional information about the predominant type
of gene action invelved. Because of inbreeding the
contribution to the population mean due to non-additive
genetic effects is expected to be reduced by one half with
each successive generation. Moreover, later generation
evaluation could also offer an opportunity to test the
experimental material under different environmental
conditions, as the limitation of seed supply encountered in F,
generation could be avoided. The present study was

undertaken to provide more information on the use of F, data
for general and specific combining ability estimates in wheat.

Materials and Methods

The experimental material consisted of four wheat varieties
namely Faisalabad-83, Faisalabad-85, Rawval-87, Rohtas-90
and their F;s. A half diallel set was generated by the
Department of Plant Breeding and Genetics, University of Arid
Agriculture, Rawalpindi {UAAR]. Seeds of F, along with the
four parental varieties were raised during 1998-99 at UAAR in
a randomized complete block design with three replications.
The plot size was kept 5 x 1.8 m? with plant to plant and row
to rovv distance of 20 and 30 cm, respectively. At maturity,
160 plants from each F, population of a cross (60 from each
replication} and 30 plants from each parent {10 from each
replication) were randomly chosen to record the observations.
The data were taken from individual plants and arranged for
each plot for days to heading, days to maturity, plant height,
number of spikes per plant, number of grains per spike, grain
yield per plant and 1000 grain vveight. Statistical analysis was
done as outlined by Steel and Torrie {1980] to determine the
significance of differences between the means. Combining
ability analysis was performed following the procedure of
Griffing (1956} using Method 1l Model | as elaborated by Singh
and Chaudhry (1985). The variance resulting from the cross
vvas partitioned into the variance due to general combining
ability effects and specific combining ability effects.

Results and Discussion

The mean squares for seven traits involving the parents and
F,s are presented in Table 1. Results of this study suggested
that substantial genetic variability existed among the parental
lines and F; population for seven measured traits. This justified
an analysis of the type of gene action controlling the
expression of these characters. The mean squares for general
combining ability vwere highly significant for all the characters.
The data also revealed significant wvalues for specific
combining ability for most of the characters with the exception
of days to heading (7.0390} and days to maturity (2.143). The
magnitude of general combining ability wwas higher when
compared with specific combining ability. This indicates the
preponderance of additive gene effects (Table 2). These
research findings are in agreement with the results of
Khan {1991}, Khan ef al. {1992}, Chaudhry ef al. {1994] and
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Table 1: Mean squares for various plant characters in a 4x4 F, diallel cross of wheat sowwn at UAAR during 1998-932

5.0V O F. Days to Days to Plant height Spikes Grains Yield 1000 grain
heading maturity per plant per spike per plant weight
Genotypes 9 119.590%* 58.4568** 214.326** 2.142*= 223.649** 17.371**  31.429**
Replications 2 2.031 2.5600 17.594 2,034 4,203 2.254 1.865
Error 13 3.699 13.649 12.039 0107 9,986 3.447 5.602

** Significant at 1% level

Table 2: Mean squares dus to general combining ability and specific combining ability for various plant characters in a 4x4 F, diallsl cross
of wheat sowwn at UAAR during 1998-93.
S 00 W D F Days to Davys to Plant height Spikes Grains Yield 1000 grain
heading maturity per plant per spike per plant wweight

GCA 3 105507 ** 54 346%* 192 468%* 091g%* 188 410%* 8.332** 16.496%*

SCA 3] 7.039 2.143 10.931* 0.574** 32.622** 4.518* 7.987*

Error 12 2.900 4.580 4.013 0,038 3.329 1.149 2.208

GCAMSCA 14.99 2536 17.61 1.60 4.85 1.84 1.94

** Significant at 1% level *  Significant at 5% lewvel

Table 3: Estimates of general combining ability effects for various plant characters in a 4x4 F, diallel cross of wheat sown at UAAR during

1998-99.
Variety Days to Days to Flant height Spikes Grains Yield 1000 grain
heading rmaturity per plant Per spike per plant weight

Faisslabad-83 -4.6894 1.722 2.143 Q.2756 5.228 1.573 1.3283

Faisslabad -85 -2.083 -4.166 -5.189 -0.084 -5.332 -1.220 Q.902

Rawval-87 4.694 2811 7.004 -0.519 -0 368 -0 442 -0.044

Fohtas-90 2.083 -0.166 -3.958 0.323 0.470 Q.039 —-2.300

Table 4:  Estimates of specific combining ability effects for wvarious plant characters in a 4x4 F, diallel cross of wheat sowwn at UAAR during

1998-99

ariety Days to Days to Plant height Spikes Grains Yield 1000 grain
heading rmaturity per plant per spike per plant wisight

Faisslabad-83 x Faisslabad-25 -1.625 2.244 5.049 3.3456 3.3456 -1.997 1.834

Faisslabad-83 x Rawal-37 -0.967 Q.467 2.142 4.742 4.742 1.237 3.094

Faisalabad-83 x Rohtas-20 3.089 -0.645 -0.815 -0.395 -1.679 -3.000 -0.350

Faisslabad -85 x Rawal-37 -3.889 -0.090 -2.489 -1.093 -6.9563 1.878 2.941

Faisslabad -85 x Rohtas-30 5.700 -1.201 -0.379 Q510 2.396 -0.325 1.648

Rawval-87 x Rohtas-90 -1.077 1.829 -0.425 -0.634 -7.363 0.475 -0.326

Table b: Components of variance due to general and specific combining ability, specific combining ability and error for warious plant
characters in a 4x4 F, diallel cross of wheat

Variance Days to Days to Plant height Spikes Grains Yield 1000

components heading maturity height per plant per spike per plant grainwweight

Wr.g 1710 8.293 31.409 Q147 26.014 1.197 2.2156
(70.841) (50.923) {71.183) (20.388) (44 .365) [20.945) {21.709)

Vs 4133 3.448 5.918 0.5b38 29.233 3.369 5.780
(17.1486) {21.1567) (16.339) (74.818) (49 957) {(58.9560) (66.650)

Ve 2.900 4. 550 4.013 0.036 3.32% 1.149 2.208
(12.013) [27.919) [9.478) (4.993) (5.877) [20.105) [21.841)

Figures wwithout parenthesis ars estimates of components of variance and figures within parenthesis are percentages of components of

wvariance

Siddique {1999). The ratio of GCA and SCA mean squares is
higher than cne in all the traits. The lowy ratic of GCA/SCA for
spikes per plant (1.60}, 1000 grain weight (1.94]), and vyield
per plant ({1.84) suggested that there vwas more non-additive
than additive gene action controlling these traits (Table 2). In
contrast the high ratio of GCA/SCA for days to maturity, plant
height, days to heading, and grains per spike would indicate
that these vvere mainly controlled by genes which wwere largely
additive in their mode of action.

General combining ability effects: To identify good combining
parents it is necessary that the contribution of each parental
line GCA and SCA be determined for the traits of interest.
General combining ability effects for all the characters are
presented in Table 3. In this study Rawal-87 showed the
highest GCA for days to heading (4.694]) and days to maturity
{2.611). it seems to be a good parent to develop short
duration varieties. Faisalabad-85 and Rohtas-90 showed
negative values for plant height. Both these varieties could be

the better source for shorter plant type. Much of the positive
GCA estimates for grains per spike (6.228), yield per plant
{1.673) and 1000 grain weight (1.383] were contributed by
the cultivar Faisalabad-83. The same variety proved to be the
best general combiner for number of spikes per plant, 1000
grain vweight and grain yield per plant as revealed by Siddique
{1999). This cultivar would be a good parent to improve these
traits in wheat. Rohtas-90 had the highest value of 0.328 as
regard to number of spikes per plant followed by Faisalabad
83 having value of 0.275.

Specific combining ability effects: Specific combining ability
wwould not contribute in the improvement of self pollinated
crops except for the exploitation of hybrid wheat where non-
additive genetic variability could be utilized. The results of
specific combining ability analysis are presented in Table 4.
The greatest SCA effect for days to heading vwas detected in
the cross Faisalabad-85 with Rohtas-90 (6.700]) followed by
Faisalabad-83 wvith Rohtas-90 (3.089). Other crosses had
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negative values for specific combining ability. Similarly
considering dwarfness, Faisalabad-83 x Faisalabad-85 had the
highest value {6.049] for plant height followed by Faisalabad
83 x Rawval-87 with a value of 2.142. All other crosses had
negative values of specific combining ability effects for plant
height with lowest value shown by Faisalabad-85 x Rawval-87.
In case of number of spikes per plant highest specific
combining ability effects vvere found in the cross Faisalabad-
83 x Rawal-87 (0.760) while Faisalabad-85 x Rohtas-90 had
a value of 0.510. All other crosses showed negative value of
specific combining ability. Faisalabad-83 x Rawal-87 had the
highest specific combining ability effects for yield per plant
with a value of 4.742. It is folloved by Faisalabad-83 x
Faisalabad-85 {3.345) and Faisalabad-85 x  Rchtas-90
({2.396). Other crosses had negative values for specific
combining ability. For grain yield per plant, Faisalabad 85 x
Rawal-87 {1.878) is the best specific combiner follovwed by
Faisalabad-83 x Rawal-87 {1.237] and Rawal-8 7 x Rohtas-90
{0.475). Regarding 1000 grain vveight, Faisalabad-83 x Rawval
-87 (3.094) had the highest value for specific combining
ability effects followed by Faisalabad-85 x Rawal-87 (2.941],
Faisalabad-83 x Faisalabad-85 {1.834) and Faisalabad-8b6 x
Rohtas-90 (1.548). Faisalabad-83 alsc performed better in
different combination with other varieties as reported by
Siddique (1999).

Estimates of variance components: Keeping in view the
expectations of the mean squares for Model |, the estimates
of components of variance due to GCA and SCA wvere
obtained and presented in Table 5. The proportions of these
components vvere also calculated in terms of percentage n
order to obtain an estimate of the relative importance of
additive and non-additive effects of genes. The wvariance
components due to general combining ability vwere greater in
case of days to heading (70.841), days to maturity (60.923]
and plant height {71.183), indicating that these traits vvere
controlled by additive type of gene action. Barakat and EI-Din
{1993}, Chaudhry ef al. (1994) and Tandon ef al. (1989] also
reported similar results for days to heading, days to maturity,
and plant height, respectively. The variance components due
to specific combining ability were higher for spikes per plant,
grains per spike, 1000 grain wveight, and yield per plant
indicating that non-additive type of gene action played a major
role in their expression. It is also known that all these
characters are influenced to a great extent by environmental
factors. This is in agreement with the results reported by
Tandon et al. (1989), Rajara and Maheshwvari {1996}, Malik
et al. (1988).

The breeders of self pollinating crops are mainly concerned
with GCA effects for quantitatively inherited traits. Overall our
results indicated that F, generation can effectively be used for
assessing GCA in wheat. Both Faisalabad-83 and Rohtas-90
are the good parents to be used in breeding program aimed at
varietal improvement of this important crop of Pakistan.
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