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ABSTRACT

Eight parents of durum wheat were crossed using partial diallel cross method in the 2008/2009
growing season. The eight parents and their 12 F; progenies were grown in the 2009/2010 at the Farm of
the College of Agriculture, Duhok University, Iraq using a Randomized Complete Block Design with
three replications to estimate the general combining ability of the parents, gene action, heritability and
heterosis for yield and its components. The results showed highly significant differences among
genotypes for all the studied characters. The parent LD 357 E had a positive general combining ability
effect in most characters including grain yield. The dominance was greater than additive genetic variance
in most the characters. Heritability in narrow sense was high for days to 75% flowering, 1000-kernel
weight and grain yield/plant besides expected genetic advance was high for all characters. Maximum
number of hybrids showed significant positive heterosis for 1000-kernel weight and grain yield/plant and
the hybrid [Dour 29x LD 357 E] had the highest positive heterosis for most studied characters including
grain yield.

Key words: combining ability, durum wheat, gene action, heterosis, partial diallel cross.

1. INTRODUCTION Based on the combining ability analysis of
Selection of superior parents for hybridization different characters, higher GCA effects indicate a
is very important for yield improvement programs  greater role of the additive gene effects controlling
(Hasnain et al., 2006). Success in crossing  these characters in the plants. The importance of
programs depends upon the choice of suitable ~ GCA in grain yield and yield components has
parental material which will combine well to  been evaluated by many researchers. They found
generate superior progeny. Knowledge of general that GCA played a more important role in
combining ability (GCA) influencing yield and its  determining yield components. The gene effects
components has become increasingly important to and combining ability of yield components were
plant breeders in the choice of suitable parents for  already studied by a number of scientists using
developing potential hybrids in many crop plants  diallel analysis (Gorjanovici and Kraljevic-
(Kruvadi, 1991). For this purpose, several Balalic, 2005; Joshi et al., 2004; Soylu and
biometrical techniques have been developed Akgun, 2007). Ali and Sadalla (2008) suggested
which provide information on the genetic worth of  that selection of parents for improvement of wheat
parents. Among these techniques, partial diallel grain yield should be based on parental
method developed by Kempthorn and Curnow  performance and on general combining ability
(1961) was used to overcome the difficulties at  effects.
the process of all possible single crosses by diallel On the other hand, Habib and Khan (2003),
cross method especially when the program Mahmood et al. (2003) and Riaz and Chowdhry
involves high numbers of inbred lines which cause (2003) reported that additive type of gene action
high sampling error at estimating GCA. This  with partial dominance was controlling grain
method provides detailed estimations of GCA  yield. But, Inamullah and Hassan (2005) and
information regarding the selection of parents Hassan et al. (2008), showed that over dominance
possessing high GCA effects, nature of genetic  type of gene action controls this trait. Additive
variance and magnitude of each its component, type of gene action with partial dominance was
heritability and heterosis. observed for plant height, number of tillers per
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plant, spike length, number of spikelets per spike
and grain yield per plant (Sami-ullah et al., 2010),
while over-dominance was observed for spike
length and non allelic interaction was absent for
all the traits studied. However, Kashif et al.,
(2003) found a dominance gene effect governs
spikes/plant and 1000-grain weight. The results
obtained by Soylu and Akgun (2007) indicated
that narrow sense heritabilities ranged from 0.06
(fertile tiller number) to 0.30 (spike length).

Studies of heterosis also provide useful
information about combining ability of the parents
and their usefulness in breeding programs
(Sharma et al., 1986); so breeders always try to
improve yield potential and quality characteristics
of wheat. Maximum yield potential can be
exploited through hybrid vigor. It has been
reported that 72% percent heterosis was expressed
by wheat hybrid for grain yield (Singh et al.,
2004). Prasad et al. (1998) reported that grain
yield showed maximum heterosis than any other
character they studied. Khan and Khan (1996)
reported that maximum heterosis was obtained for
tillers/plant  (31.91%) followed by grain
yield/plant ~ (19.41%), 1000-kernel  weight
(17.32%), and plant height (5.23%). Chowdhry et
al. (2001) observed heterosis for plant height,
tillers/plant, 1000-grain  weight and grain
yield/plant.

The objective of present investigation was to
study the general combining abilities, mode of
inheritance, heritability and heterosis for yield and
its components in F; hybrids derived by partial
diallel crosses of eight durum wheat cultivars
under rainfall conditions.

2. MATERIALS AND METHODS

This study was carried out in the field of the
College of Agriculture, University of Duhok. Iraqg.
Eight varieties of durum wheat (Triticum durum
Desf.) (Senator-capelli [1], Acsad 65 [2], Dour 29
[3], Om-rabi-5 [4], Simeto [5], Crezo [6], Cornella
[7] and LD 357 E [8]), were sown during
2008/2009 in a partial diallel crosses program
according to Kempthorn and Curnow (1961). The

total number of crosses is nszy so n= no. of

parents = 8 and S = sample size, which means
each variety is to be involved in 3 crosses. The

total crosses would be thenSX% =12. As per
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formula the constant k = (8+1-3) 5 = 3. So the
crosses to be attempted are:

1x4 1x5 1x6

2x5 2%6 2x7

3x6 3x7 3x8

4x7 4x8

5x8

Grains of 8 parents and 12 F; crosses were
planted under rainfall conditions in a Randomized
Complete Block Design with three replications
during 2009-2010. The experimental plot
comprised one row of three meters length, with 30
cm width and 20 cm plant to plant distance in each
replication. At maturity ten guarded plants from
each row were tagged randomly and means of the
ten plants for each character viz., days to 75%
flowering, plant height (cm), spike length (cm),
number of spikes/plant, percentage of spikes/total
tillers, 1000-kernel weight (g), biomass yield/plant
(g) and grain yield/plant (g) were subjected to
analysis of variance according to Al-Rawi and
Khalaf-allah (1980) to estimate significant
differences among the genotypes. After obtaining
the significant differences, data were subjected to
the partial diallel analysis according to Kempthorn
and Curnow (1961) to estimate general combining
ability, wvariance components (additive and
dominance genetic variance and environmental
variance), heritability in narrow sense, average
degree of dominance, genetic advance and
heterosis.

3. RESULTS AND DISCUSSION

Analysis of variance for all the characters
indicated highly significant differences among
genotypes; general and specific combining ability
(GCA, SCA). Variances were also significantly
different among the F; progenies for all the
characters, indicating that there was enough
variation to be successful in selecting the desirable
cross combinations in this study (Table 1). The
mean performance of the parents and the hybrids
for different characters are presented in Table (2),
earliest days to 50 % flowering observed from
parent [2] (128.33 day) among parents and from [2
x 7] and [3 % 6] (131.67 day) among hybrids. The
tallest parents were observed in parent [4] (91.67
cm) while maximum plant height (109.33) was
recorded in [3 x 8] hybrid.
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Table (1): Analysis of variance (mean square values) for different characters of the genotypes and hybrids.

Mean squares
SOV Df Days to Plant Spike No. of | Percentage 1000- Biomass Grain
75% height length | spikes/ | of spikes/ kernel yield / yield /
flowering (cm) (cm) plant total tillers | weight(qg) plant(g) plant(g)
Genotypes (parents+ hybrids)
Blocks 2 2.52 12.02 0.20 0.42 0.004 0.09 16.26 7.28
Genotypes 19 | 70.827 | 722.86" | 1.84" | 52.68" 0.67" 3.44™ 894.17 | 194.12™
Error 38 1.18 2.81 0.23 0.66 0.002 0.03 12.27 0.42
Total 59
Hybrids
Blocks 2 1.03 4.86 0.17 0.19 0.003 0.01 27.26 5.42
Hybrids 11 79.48™ 784877 | 1.72” | 56517 0.043™ 3.89" 837.80™ | 237.66™
GCA 7 123.73" | 608.23™ | 1.017 | 46.38 0.047™ 5.26" 1097.82" | 24447
SCA 4 3.047 1093.98" | 2.977 | 74.247 0.036™ 1.507 70.8237 | 225.75"
Error 22 157 2.29 0.23 0.74 0.002 0.003 11.74 0.58
Total 35
Table (2): Mean performance and statistical significance for the studied characters in parents and hybrids.
Days to Plant Spike No. of Percentage 1000-kernel Biomass Grain
Genotype 75% height length spikes / of spikes / weight(g) yield / yield /
flowering (cm) (cm) plant | total tillers ghta plant(g) plant(g)
1 141.00c 55.00 ) 8.83cde 8.67 ghi 0.68 gh 35.40 jk 62.29 ij 12.89i
2 128.33j 90.67 ¢ 8.83cde 14.33d 0.80 cde 41.37 gh 86.31c 5.56 |
3 130.33 i 66.00 h 750 f 10.33 ef 0.90 b 42.07fg 65.91 hi 14.30 h
4 141.00c 91.67c 750 f 17.00c 0.81 cde 47.23 e 101.98 a 16.83 f
5 132.33gh 56.00 j 8.00 ef 15.67cd 1.00a 33.17k 73.49defg 11.03j
6 135.33ef 86.33 d 9.67abc 9.33fghi 0.90b 5473 ¢ 73.26defg 15.88 fg
7 136.33 e 76.00 f 8.83cde 9.00fghi 1.00a 51.00d 75.40 def 1554 ¢
8 136.00 e 74.67f 9.67abc 6.00 j 0.50 j 42.00 fg 36.67 k 5.981
1x4 139.00d 76.67f 8.17def 8.33 hi 0.48] 62.27 a 76.61 de 2471 c
1x5 145.67 a 91.00c 8.17def 8.00i 0.63 hi 37.00ij 61.87 ij 5.18 1
1x6 144.00ab 61.67 i 8.67 de 18.67 b 0.79 def 60.87 ab 107.90 a 29.25 b
2x5 135.00ef 70.33¢g 9.00bcd 15.33d 0.80 cde 39.00 hi 77.61d 11.06j
2x6 133.00gh 85.33d 8.17def 11.67 e 0.70 fgh 44.60 ef 58.36 j 10.95]j
2x7 131.67hi 85.33 d 8.17def 14.67d 0.87 bed 58.17 b 71.83defgh 20.60 e
3x6 131.67hi 80.00 e 9.00bcd 14.33d 0.63 hi 61.93 a 70.28efgh 28.29b
3x7 132.67gh 81.00e 8.83cde 9.67 fgh 0.88 bc 58.43 b 57.20j 21.96 d
3x8 134.00fg 109.33a 9.83 ab 20.67 a 0.72 efg 62.67 a 98.98 b 25.10c
4x7 132.00hi 81.67¢e 1050 a 10.33 ef 0.78 ef 454 ¢ 69.22 fgh 8.20 k
4x8 136.00 e 101.67b 8.00 ef 18.67 b 0.66 ghi 62.67 a 98.21b 30.37a
5x8 143.00 b 49.33 k 8.67 de 10.00 fg 0.59i 3337k 67.60 ghi 13.151

Means followed by same letter do not differ significantly at 0.05 level of probability by Duncan’s Multiple Range Test.
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A comparison of parent means indicated that
the parents [6] and [8] had the highest value (9.67
cm) for spike length, while [4 x 7] hybrid had the
highest value (10.5 cm) among hybrids in this
character. The maximum spikes/plant showed in
parent [4] (17.00) among parents and (20.67) from
[3x8] among hybrids. Greater percentage of
spikes/total tillers is directly related with higher
grain yield especially under rainfall conditions, so
the performance of this character is greatly
affected due to reduced availability of soil
moisture. The plant strives to complete its life
cycle in a short time by reducing its vegetative
tillers to enter into reproductive stage (a process
called rapid phenological development (Riaz and
Chowdhry, 2003); A study of mean values of
genotypes revealed that percentage of spikes/total
tillers ranged from (0.48) to (1.00) among
genotypes, the parental genotype [5] and [7]
produced the maximum percentage of spikes/total
tillers (1.00) followed by [3] and [6] which
produced statistically similar percentage(0.90).

Performance of hybrids indicated that the
maximum percentage of spikes/total tillers (0.88)
produced by [3x7] followed by [2x7] (0.87). one
thousand-kernel weight is more stable character
under rainfall conditions, the results for this
character indicated that the parent [6] had the
highest value (54.73 g) among parents and (62.67)
from [3x8] and [4x8] among hybrids. In biomass
yield/plant, parent [4] gave the highest value
(101.98 g) among parents and [1x6] from hybrids
showed the maximum mean value (107.90 g) for
this character. It is further revealed that the
parental genotype [4] produced the highest grain
yield/plant (16.83 g) while [2] and [8] produced
the lowest plant yield 556 and 5.98 g,
respectively. In the case of hybrids, the maximum
grain yield/plant (30.37 g) was obtained in the
hybrid [4 x 8] (30.37 g) followed by [1x 6] (29.25
g) and [3 x 6] (28.29 g). It was noted that hybrids
producing high grain yield/plant involved parent
[4] as one of the parents like [1x4] and [4x8]. This
fact indicated the usefulness of this genotype

Table (3): Estimates of GCA effects of parents for the studied characters.

Days to Plant Spike No. of Percentage 1000-kernel Biomass Grain
Parent 75% height length spikes / of spikes / weight(g) yield / yield /
flowering (cm) (cm) plant | total tillers ghtig plant(@) | plant(g)
1 6.53 6.14 -0.75 0.81 -0.02 0.98 14.74 5.61
2 -4.65 15.86 -0.65 2.99 0.04 0.54 3.19 1.112
3 -5.18 17.60 0.38 0.35 -0.03 1.02 -4.77 5.06
4 -4.19 5.90 0.35 -2.31 -0.12 0.11 -4.41 -0.88
5 3.03 -19.70 0.42 -5.36 -0.05 -2.22 -20.56 -13.37
6 0.85 -18.64 0.19 0.15 -0.01 -0.49 -1.84 -0.16
7 0.32 -11.57 0.38 -2.15 0.17 -0.38 -8.24 -3.92
8 331 4.40 -0.31 5.53 0.01 0.43 21.89 7.04
SE(gi-gj) 0.99 22.82 1.19 5.95 0.13 0.85 22.86 10.37
Table (4): Estimates of genetic parameters for the studied characters.
Days to Plant Spike No. of Percentage 1000-kernel Biomass Grain
Parameter 75% height length spikes / of spikes / weight(g) yield / yield /
flowering (cm) (cm) plant total tillers ghta plant(g) plant(g)
2 p 31.67 157.1 0.20 11.83 0.01 1.36 175.64 63.23
° +0.97 +4.80 +0.01 +0.36 +0.001 +0.04 +5.38 +1.93
2 0.16 363.90 0.91 24.50 0.02 0.50 362.03 75.06
° +0.15 +70.03 +0.18 +4.72 +0.002 +0.10 + 69.68 +14.44
2E 157 2.29 0.23 0.74 0.002 0.003 11.74 0.58
° +0.45 + 0.66 +0.07 +0.21 +0.001 +0.001 +3.39 +0.17
a 0.1 2.15 3.01 2.03 1.40 0.86 2.03 1.54
N 0.95 0.30 0.15 0.32 0.46 0.73 0.32 0.46
GA 9.64 12.09 0.31 3.42 0.13 1.76 13.19 9.44
GA (% of 7.08 1471 3.51 25.36 18.00 33.26 17.23 49.12
mean)
Mean 136.31 82.14 8.76 13.49 0.72 52.77 76.52 19.22

o’ A=Additive genetic variance; ¢ D= Dominance genetic variance; > E= Environment variance; i = Average degree of dominance

h.ns = heritability in narrow sense; GA = Genetic advance.
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under rainfall conditions. Similarly, significant
differences among genotypes for grain yield and
related characters in different sets of material of
wheat were also reported (Budak, 2001, Kashif et
al., 2003, Riaz and Chowdhry, 2003, Singh et al.,
2004, Bhutta et al., 2005, Hasnain et al., 2006,
Akbar et al., 2007, Dagustu, 2008 and Ullah et al.,
2010).

Effects of general combining abilities
estimated for the parents were presented in (Table
3). For days to 75% flowering, plant height, spike
length, number of spikes/plant, percentage of
spikes/total tillers, 1000-kernel weight, biomass
yield/plant, and grain vyield/plant, parental
genotypes [1], [3], [5], [8], [7], [3], [8] and [8]
were the best combiners while [3], [5], [1], [5],
[5], [5], [5] and [5] were the poorest combiners,
respectively. In other words, the parents having
higher GCA values contributed more to the
characters considered than the others. For
example, the parent [8] that has the highest GCA
effect for the number of spikes/plant, biomass
yield/plant and grain vyield/plant had more
contribution to these characters than the others in
their hybrids. Similar results have been reported
by other researchers (Budak 2001, Joshi et al.,
2004 and Dagustu 2008).

Table (4) presents estimates of additive genetic
variance, dominance genetic variance,
environmental variance, average degree of
dominance, heritability in the narrow sense and
genetic advance for the studied characters. The
dominance genetic variance was more than the
additive genetic variance for all characters except
days to 75% flowering and 1000-kernel weight.
This indicates the preponderance of over
dominance gene effect in the genetic control of
these characters. This result is supported by the
values of the average degree of dominance which
is greater than one for these characters. The role
of the over dominance gene effect was also
reported for grain yield and its components in
wheat by Sharma and Singh (1983) and Khan and
Habib, 2003). High heritability to medium in the
narrow sense was reported for days to 75%
flowering, percentage of spikes/total tillers, 1000-
kernel weight and grain yield/plant and medium to
low for plant height, number of spikes/plant and
biomass yield/plant, whereas low heritability in
the narrow sense was observed for spike length
only. The genetic advance in absolute and relative
was high for all characters except for spike length.
High heritability values and high percentage of
genetic advance indicate scope for improvement
of these characters by direct selection. The present
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finding supported the results of Dixit et al. (1970),
who also reported that to make an effective
selection, high heritability should be associated
with high genetic advance.

The range of heterosis and the number of
hybrids showing significant desirable heterosis
over mid-parent for all the eight characters are
presented in Table (5). Results of hybrids showing
heterosis revealed that maximum number of
hybrids showed heterosis for 1000-kernel weight,
grain yield/plant, plant height, number of
spikes/plant, biomass yield/plant, spike length and
days to 75% flowering. The heterosis values
estimated for all characters of hybrids are given in
Table (6). Hybrid [1 x 5] had the highest positive
heterosis for days to 75% flowering and [4 x 7]
had the lowest days to 75% flowering. Low
heterosis for this character especially under
rainfall conditions is desirable because the high
temperatures and moisture deficit occurred during
the grain filling period. Six out of twelve hybrids
showed positive heterosis in plant height, the [3 x
8] hybrid gave the highest value of heterosis
(39.00) while [1 x 6] hybrid gave the lowest value
of heterosis (-9.00). The negative estimates of
heterosis for plant height are preferred in wheat
breeding because dwarfness is a desirable
character (Budak and Yilidrim, 1996). Positive
heterosis was observed in two hybrids in spike
length, the hybrids [4 x 7] showed the highest
value for heterosis (2.33). For number of
spikes/plant, [3 x 8] (12.50), [1 x 6] (9.67), [4 x 8]
(7.17), [3 x 6] (4.50) and [2 x 7] (3.00) hybrids
had the highest values of heterosis. But in
percentage of spikes/total tillers, hybrids exhibited
non-significant heterosis. Heterosis values of the
hybrids for 1000-kernel weight varied from -4.21—
20.95. Ten out of twelve hybrids showed positive
heterosis. [1 x 4] (20.95), [3 x 8] (20.53) and [4 x
8] (18.05) showed high values for heterosis
followed by [1 x 6] (15.80). Hybrids [3 x 8], [1 x
6], [4 x 8] and [5 x 8] exhibited highly significant
heterosis for biomass yield/plant (47.00, 40.12,
28.89 and 1252, respectively). It could be
concluded that three of these hybrids involving
one common parent [8] exhibited significant
heterosis for this character. For grain yield/plant
the results indicated that 75% of hybrids showed
positive heterosis; these hybrids are [1x4], [3%8],
[1x6], [4%8], [3%6], [3%7], [2% 7], [1x5] and [2x5]
which showed highest heterosis of grain
yields/plant among the hybrids; 2.10, 2.05, 1.81,
1.85, 1.20, 1.19, 0.27 and 0.17, respectively.
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Table (5): Range of heterosis and number of desirable hybrids for studied characters.

Days to 75% flowering 1 [9.00 - (-6.66) ]

Percentage of spikes / total tillers

01[-0.26 - 0.02]

Plant height (cm) 6 [-16.00 —39.00]

1000-kernel weight(g)

10 [-4.21- 20.95 ]

Biomass yield /

Spike length (cm) 2 [-1.08-2.33] plant(g) 4 [-21.42 -47.69 ]
No. of spikes / plant 5 [-4.50-12.50] Grain yield / plant(g) 9 [-0.42-2.10]
Table (6): Heterosis relative to the mid-parent for studied characters.
Genotype Days to Plant Spike No. of Percentage 1000-kernel Biomass Grain
75% height length spikes / of spikes / weight(g) yield / yield /
flowering (cm) (cm) plant total tillers ghtig plant(g) plant(g)
1x4 -2.00 3.33" 0.00 -450" -0.26™ 20.95™ -5.52 2.10"
1x5 9.00™ 35.50™ -0.25 417" -0.21" 272" -6.03 0.27"
1x6 5.83™ -9.00™ -0.58 9.67" 0.00 15.80" 40.12" 1.58™
2x5 467" -3.00 0.58 0.33 -0.10" 173" -2.29 0.17"
2x6 1.17 -3.17 -1.08 -0.17 -0.15™ -3.45™ -21.42" -0.35™
2x7 -0.67 2.00 -0.67 3.00” -0.03 11.98™ -9.02" 1.19™
3x6 -1.17 3.83" 0.42 450" -0.28" 1350 0.70 1.35™
3x7 -0.67 10.00™ 0.67 0.00 -0.08 11.90" -13.45™ 1.20™
3x8 0.83 39.00” 1.25" 12.50" 0.02 2053 47.69™ 2.05"
4x7 -6.66" -2.17 2.33" 267" -0.12™ 371" -19.47™ -0.37"
4x8 0-25 1850 -0.58 7177 0.01 18.05~ 28.89" 1.81"
5x8 8.83" -16.00™ -0.17 -0.83 -0.16™ 421" 12.52™ -0.42™

These results are agree to some earlier findings
(Budak 2001, Chowdhry et al., 2001, Singh et
al.,2004, Farooq et al., 2005 and Akbar et al.,
2007). However, high heterosis for grain yield has
been reported by several wheat workers in the past
and some reported grain yield to show maximum
heterosis than any other character they studied
(Singh et al., 2004). The results of the present
study exhibited that the hybrids showing heterosis
for grain/plant were not heterotic for other
characters. These causes confusion for the plant
breeder especially when he desires to select the
superior genotype for many characters. We found
that the two hybrids [3x8] and [4x8] had a
remarkable significant positive heterosis for most
characters (6 and 5 characters, respectively)
including grain yield, which indicate efficient
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selection in segregation generations, especially,
they include the parent [8] which showed positive
general combining ability effect in most
characters.
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