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Abstract
In the developing world, plant breeding and seed improvement systems must be promoted to reduce the crops
vulnerability. Development of improved genotypes of different crop plants through enlightened plant breeding are earnestly
needed to deliver climate change adaptation and help in food security. Five durum wheat cultivars (Syrian–4, Dumes–1,
Sham–7, Yousef–1 and Haurani) were crossed during 2016–17 in a half diallel fashion to create 10 F1 hybrids at Duhok
University, Iraq. During 2017–18, the seeds of all the genotypes (five parental genotypes + 10 F 1 hybrids) were grown with
early (November 20, 2017) and late (December 20, 2017) sowing in a randomized complete block design (RCBD) with
three replications at two different locations i.e., Sumel – Duhok University and Amedi – Duhok city, Iraq. The combined
analysis of variance showed significant (p≤0.01) differences for hybrids, environments, and hybrid x environment
interactions. Analysis of variance for combining ability showed that mean squares due to GCA and SCA were significant
(p≤0.01) indicating the role of both additive and non-additive gene effects in inheritance of studied traits. In general,
parental lines i.e., Sham–7 and Haurani were found as good general combiners for most of characters. The SCA effects were
significant for three hybrids i.e., Syrian–4 × Sham–7, Sham–7 × Haurani and Duma–1 × Haurani for majority of the
characters. In order to determine the stability of genotypes in four different environments, the stability parameters were used
to identify the stable genotypes through regression coefficient (Bi) and variance of deviation from regression (S 2d ). Results
further revealed that genotypes differed in their response across various environments for all the variables. Some genotypes
reflected stability for one character and unstable for other trait, showing a wide range of variation. According to stability
parameters parental lines (Sham–7 and Haurani) and F1 hybrids i.e., Duma–1 × Haurani, Sham–7 × Haurani and Duma–1 ×
Sham–7, had the best stability for grain yield and its components, thus indicating a wide range of adaptation across
environments. These investigations will play an important role in managing some strategies for improvement in durum
wheat through diallel cross in future breeding program.
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Introduction
Durum wheat (Triticum durum Desf.) is the most
important cereal crop and worldwide widely used in the
food industry due to its good quality (Karimizadeh et al.,
2011). Durum wheat is a tetraploid (AABB, 2n = 4x = 28)
wheat with high protein and gluten strength than bread
wheat (Von-Buren, 2001). More than 80% of the durum
cultivars released in the developing world, covering more
than 50% of the area planted to this crop (Al-Doss et al.,
2011). Durum wheat is an economically very important
crop because of its unique characteristics and products.
Grains of durum wheat are bigger, heavier, and harder
than those of bread wheat. Its high protein content and
strength make durum wheat feasible for different uses. In
middle east, the durum wheat is second to bread wheat (T.
aestivum L.) as the endosperm of durum wheat has the
hardest texture and that make it suitable to produce
variety of food products i.e., semolina for macaroni,
spaghetti and other pasta products (Dexter et al., 1990;
Korkut et al., 2007). However, durum wheat dough is less
elastic than bread wheat and is low-grade for producing
leavened loaves (El-Shazly et al., 2000). Durum wheat is
best adapted to regions having a relatively dry climate,
with hot days and cool nights during the growing season,
typical of Mediterranean and temperate climates
(Srivastava et al., 1988).
Diallel analyses used for genetic analysis of vital traits
are helpful to the plant breeder in picking improved
genotypes for different existing environments and

production systems. Diallel analyses are the well-known
mechanisms of conventional breeding to understand
allelic and non-allelic gene action, nature and amount of
genetic variance utilized by genotypes in specific
combinations (Griffing, 1956; Mather & Jinks, 1982).
To develop high yielding wheat cultivars, it is important
to study the genetic make-up of diverse wheat lines,
inheritance pattern of yield contributing traits and
association of various traits with yield under existing
environmental conditions (Afridi, 2016; Afridi et al., 2017;
Tabassum and Prasad., 2017). Breeders are looking for
desirable genes and gene complexes, and identification of
promising individuals are very important in any breeding
program. Diallel mating design is one of the tools which
help the breeder to identify the potential genotypes
(parents) and the promising recombinants produced by
combining the parental individuals through general
combining ability (GCA) and specific combining ability
(SCA) (Akram et al., 2009; Araus and Cairns, 2016;
Afridi et al., 2018). In diallel mating, the parental
genotypes are crossed in all possible combinations to
identify genotypes (as best / poor general combiners)
through GCA and the specific cross combinations through
SCA (Parveen et al., 2019).
In crop plants, the offspring performance is predicted
from their parental genotypes by using half and full diallel
crosses. Combining ability was found important for
studying the crossing in wheat breeding programs to
distinguish high yielding hybrids and recognize the best
general and specific combiners (Fehr, 1993; Aslam et al.,
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2014; Abro et al., 2016). Significant effects due to GCA
and SCA were reported for spikes per plant, grains per
spike and grain yield in half diallel crosses of wheat
(Joshi et al., 2004; Mandal and Madhuri, 2016).
The genotypes may have adaptability across different
environmental conditions that a stable and high yielding
genotype in a particular environment could be selected
(Karimizadeh & Mohammadi, 2010; Sharma et al., 2012).
The yield performance of genotype is a result of
interaction between genotype and environment. The new
wheat genotype must possess ability for grain yield and
other traits related to quantity and quality of grain yield
that could resist the influence of weather conditions on
such characters (Johansson & Svensson, 1998). Stable
genotype is defined by Becher and Leon (1988) as one
having an unchanged performance regardless of any
variation in environmental conditions. There are a number
of statistical methods have been developed for stability
analysis along with information explanation about each
method (Mohammadi & Amri, 2008; Hamam & AbdelSabour, 2009;Ali et al, 2019).
Among these methods, the regression coefficient (Bi)
(Finlay & Wilkinson, 1965) and S2d deviation from
regression (Eberhart & Russel, 1966) are most widely
used. Linear regression coefficient used by Ulker et al.,
(2006), showed significant influence of genotypes and
environments with varied values of Bi in durum wheat.
Josephides (1992) found high adaptability in durum wheat
genotypes across various environments with various
stability parameters. In the past studies, for stability the
different parameters were used and obtained high stable
genotypes of durum wheat across diverse environments
(Bahlouli et al., 2005). High yielding and stable
genotypes were identified in the study of durum wheat
genotypes in varied environmental conditions (Oku-Yama
et al., 2005).
In light of above elucidation, the current research was
planned with the objectives to study, a) the genetic
potential of durum wheat parental genotypes and their F 1
half diallel hybrids, b) the GCA and SCA effects and gene
action in parents and their half diallel crosses,
respectively, and b) to identify and select the stable
genotypes in durum wheat for yield and yield components
under different environmental conditions.

Iraq (Table 1). During 2017–18, the seeds of all the
genotypes (five parental genotypes + 10 F1 hybrids) were
grown with early (November 20, 2017) and late (December
20, 2017) sowing in a randomized complete block design
(RCBD) with three replications at two different locations
i.e., Sumel – Duhok University, and Amedi – Duhok city,
Iraq. Rows and plants spacing were kept 30 and 20 cm,
respectively with two meters length.
Data recorded and statistical analyses: Data were
recorded on days to 50% flowering, plant height (cm),
biological yield plant-1, spikes plant-1, seed index, and
harvest index. For comparison of genotype means for
various traits, the data were subjected to analysis of
variance (Al-Zubaidy & Al-Falahy, 2016). General and
specific combining ability were estimated by using
Griffingʼs Method-2 (Griffing, 1956). General (GCA)
specific combining ability (SCA) linear model was used
for analysis with following equations.
Yijk= M+gi+gj+sij+rk+
Yijk = Observed value of experimental unit
M = Population mean.
gi = General combining ability (GCA) effect of i parents.
gj = General combining ability (GCA) effect of j parents.
Sij= specific combining ability (SCA) for the cross
involving parents i and j.
Estimation of GCA and SCA effects:

g^i=

S^ij=

= [zi……

+

-

where:
g^i = Effects due to GCA.
S^ij = Effects due to SCA.
Yij = F1 Overall mean as a result of crossing parents i
with parent j
Y…= Sum of overall mean of all parent and F1 hybrid.
Estimation of components of variance for GCA and SCA.

62g^i=(g^i)2 Table 1. Breeding material of T. Durum used in the study.
F1 half diallel
S.No.
Parental genotypes
S.No.
populations
1. Syrian–4
8. Syrian–4 × Yousef–1
2. Duma–1
9. Syrian–4 × Haurani
3. Sham–7
10. Duma–1 × Sham–7
4. Yousef–1
11. Duma–1 × Yousef–1
5. Haurani
12. Duma–1 × Haurani
13. Sham–7 × Yousef–1
F1 half diallel populations
6. Syrian–4 × Duma–1
14. Sham–7 × Haurani
7. Syrian–4 × Sham–7
15. Yousef–1 × Haurani

Material and Methods
Experimental sites and procedure: Five durum wheat
cultivars (Syrian–4, Dumes–1, Sham–7, Yousef–1, and
Haurani) were crossed during 2016–17 in a half diallel
mating design to create 10 F1 hybrids at Duhok University,

S^ij=

62sij=

62e

+ (n2-2n+2)62e

-

[sij2 -

The analysis of variance was done for each
environment and pooled analysis over environments to
determine regression coefficient (Bi) and deviation from
regression (S2d) which were used as stability parameters
to determine the stability of the genotypes over
environments (Table 2) (Eberhart & Russel, 1966).
Genotypes with high mean for each character with
nonsignificant value of Bi and S2d were determined as
stable genotypes.
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Table 2. Mean squares partitioning according to Eberhart and Russel (1966) analysis of
variance in T. Durum at four environments.
Source of variation
d.f.
SS
MS
Genotypes

G-1

Environment

E-1

G×E

(g – 1) ( e – 1)

E×G×E

G(e – 1)

SS(E) + ss (G + E )

E linear

1

rSxx

G × E linear

g-1

Pooled deviation

g(e – 2)

Pooled error

Eg(r – 1)

Ʃyij2 -

+

F- Test was used to testing of hypothesis as:

Ho: E linear F =

Ho: (G x E) linear = F =

Ho: Ms pooled deviation = 0 F =

Ho: S2d = 0

F=

Ho: Bi = 1 1=

, SBi =

Result and Discussion
According to analysis of variance, environments and F1
hybrids revealed significant (p≤0.01) differences for almost
all the traits while significant (p≤0.05) for harvest index
(Table 3). The interactions between F1 hybrids and
environments were also significant (p≤0.01) for all the traits
except grain yield and harvest index which were merely
significant (p≤0.05). The same table indicates that mean
squares due to GCA and SCA were also significant (p≤0.01)
for all studied characters except harvest index (p≤0.05),
indicating the imperative role of both additive and nonadditive gene effects for inheritance of the studied variables.
In plant breeding programs, the magnitude of genetic
variation among populations is very useful which play an
important role in selecting the desirable genotypes for
agronomic traits. Past studies revealed that significant
differences were observed among genotypes, environments,
genotype-environment interactions and in mean squares due
to GCA and SCA with greater genetic variability for
earliness and yield traits in durum and bread wheat

+

SSr + SSe
(Josephides, 1992; Bahlouli et al., 2005; Akinci, 2009; Jains
& Sastry, 2012; Yousif & Al-Hayali, 2018). Combining
ability studies confirmed significant variability among the
parent cultivars and their F1 genotypes for various
agronomic parameters in wheat ( Akram et al.,2011 Afridi,
2016; Aslam et al., 2014; Abro et al., 2016). For GCA and
SCA effects in parental genotypes and F1 hybrids,
respectively, the positive and increased effects are
considered important and desirable for those variables where
maximum mean values are of the breeder 's interest.
However, for traits like earliness and plant height where
minimum mean values are desired, then negative and
minimum effects of GCA and SCA are more desirable.
Genetic variability among wheat populations:
Genotypes and environments observed with highly
significant differences for all the studied traits and
revealed greater genetic variability (Table 4). Past studies
revealed relatively high variance among the wheat
genotypes for studied characters grown under various
environmental conditions which reflects variable response
of the genotypes in different environments (Ali &
Sadallah, 2008; Ali & Hussain, 2014). The environment linear was highly significant for all studied characters
which revealed the genetic effect of genotypes response to
environments, while the G × E interactions linear type vs.
pooled deviation were highly significant for all traits
except spikes plant-1 , grains spike-1, grain yield plant-1
and harvest index, reflecting high genetic variation among
genotypes and their response to different environments.
(Ahmed & Al-Naaimi (2011;Sajjad et al.,2020), Among
parental genotypes, cultivar Duma–1 showed significant
(p≤0.01) variation for days to 50% flowering, biological
yield plant-1, and seed index followed by two other
parental genotypes Sham–7 and Haurani. However, the
cross Syrian–4 × Duma–1 revealed significant (p≤0.01)
variation for four traits followed by F1 population Sham–7
× Yousef–1 for days to 50% flowering, spikes plant -1 and
harvest index. The results were in line with Mohammadi
and Amri (2008) and Ali & Hussain (2014).
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Table 3. Analysis of variance in half diallel crosses of durum wheat for various traits.
Plant
Seed
Harvest
Source of
Days 50%
Biological
Spikes
Grains Grain yield
d.f.
variation
flowering
spike-1
plant-1
height yield plant-1 plant -1
index
index
Environment
3
125.112**
287**
353.412** 13.374** 114.471** 254.222** 12.251**
72137.223*
Rep (Env.)
8
1.254*
3.128*
2.451*
4.844*
3.2111*
38.513*
4.124*
55325.421*
Hybrids
14
247.221**
551.231** 821.824** 24.421** 521.142** 232.234** 271.447** 74342.778*
Env. × Hybrid 42
47.241**
38.812**
87.727**
1.214**
41.345**
47.172*
24.485**
72141.238*
GCA
4
357.347** 1131.751** 128.441** 23.424** 141.424** 443.845** 22.717**
54143.744*
SCA
14
147.742**
312.444** 774.388** 24.273** 422.152** 148.144** 354.883** 82444.448*
GCA × Env.
4
2.254*
1.847**
11.341**
4.214*
22.535**
41.827
2.211*
13218.573*
SCA × Env.
14
3.288*
1.574**
24.241**
1.521**
1.285**
21.842
11.318** 121242.431**
*, ** Significant at p0.05 and p0.01, respectively
Table 4. Combine analysis of variance in diallel crosses of durum wheat across environments.
Spikes
Grains Grain yield
Days to 50%
Plant
Biological
Source of variation d.f.
Seed index
flowering
height
yield plant-1
plant-1
spike-1
plant-1
Genotypes (G)
14
21.24**
183.78**
272.24**
8.44** 187.31**
77.54**
90.46**
E + (G × E)
45
18.41**
18.42**
35.15**
4.7**
19.65**
20.32**
9.66**
E (Linear)
1
125.11**
287.44**
353.41**
13.37** 194.07** 254.26**
92.25**
G × E (Linear)
14
11.28**
25.72**
22.52**
4.33
13.18
5.31
17.89
Pooled dev.
34
12.12**
2.48*
11.78**
4.44
16.85
19.53
3.07**
Syrian–4
2
11.42**
4.34
128.37**
4.45
140.17
34.81
15.64**
Duma–1
2
15.47**
1.52
4.52
4.22
51.90**
0.57
11.52*
Sham–7
2
1.41**
4.28*
2.21
4.14
2.47
3.46
5.22
Yousef–1
2
51.25**
2.82
51.44**
4.12
0.87
11.89
0.21
Haurani
2
4.24
2.43**
4.12
4.14
4.72**
3.26
6.40
Syrian–4 × Duma–1
2
14.51**
24.72**
14.22**
4.41
1.46
3.44
21.58**
Syrian–4 × Sham–7
2
31.34**
4.78
4.11
4.15
0.36
1.45
2.64
Syrian–4 × Yousef–1
2
4.21
17.28**
25.73**
4.14
2.99
0.16
2.45
Syrian–4 × Haurani
2
7.72**
4.55
158.85**
4.85*
2.7
5.26
2.58
Duma–1 × Sham–7
2
13.15**
24.14**
4.22
4.184
2.83
1.73
7.59
Duma–1 × Yousef–1
2
5.74**
1.85
4.14
4.113
1.12
0.30
1.39
Duma–1 × Haurani
2
0.29
0.04
1.27
0.33
22.55**
9.95
6.07
Sham–7 × Yousef–1
2
2.31**
9.11**
2.69
1.42**
8.53**
11.81
0.70
Sham–7 × Haurani
2
7.51**
0.30
3.55**
0.08
0.64
204.40**
1.87
Yousef–1 × Haurani
2
6.17**
0.61
10.24**
0.05
9.36**
0.50
6.68
Pooled error
124
0.30
0.92
0.88
0.20
0.95
9.76
2.42

For days to 50% flowering, the parental genotypes,
environments and F1 populations ranged from 101.50 to
117.25, 109.35 to 113.11, and 98.66 to 119.66 days,
respectively (Table 5). In genotypes, the minimum days to
flowering were observed in Sham–7 (101.50 days),
followed by F1 population Syrian–4 × Sham–7 (108.75
days) and cultivar Yousef–1 (109.58 days). However,
highest number of days to 50% flowering were exhibited
by F1 populations Sham–7 × Yousef–1, Duma–1 ×
Yousef–1 and Duma–1 ranged from 116.00 to 117.25
days. In environment means over genotypes, the late
sowing at both locations i.e., E–2 (109.35 days), followed
by E–4 (111.91 days) took less days while two other
environments with early sowing i.e., E–1 and E–3 showed
maximum days 50% flowering i.e., 113.11 and 113.00
days, respectively. In genotype by environments, the
minimum days to 50% flowering were noted in parental
genotypes Sham–7 with E–2 (98.66 days), E–4 (101.50
days), and E–1 (101.66 days), and Yousef–1 with E–2
(101.33 days). However, in G × E interactions, the
maximum days to 50% flowering were achieved with
early sowing at both locations by F1 populations i.e.,

Harvest
index
143.23**
33.63**
660.81**
13.72
22.02
0.57
5.40
14.10**
21.02**
17.69**
3.79
7.61
3.86
2.5
7.74
3.09
56.5**
68.67**
5.86
5.77
3.15

Sham–7 × Yousef–1 with E–1 (119.66 days) and Syrian–4
× Duma–1 with E–3 (119.33 days).
In parental cultivars, the mean values for spikes per
plant ranged from 4.00 to 8.08, environments ranged from
5.48 to 6.75, while in interaction between genotypes and
environment the mean values ranged from 2.33 to 8.66
(Table 5). On average, maximum number of spikes per
plant was observed for genotype Haurani (8.08), followed
by F1 hybrids Sham–7 × Haurani, Syrian–4 × Sham–7, and
Sham–7 × Yousef–1 ranged from 7.00 to 7.83. However,
minimum spikes per plant were recorded for genotype
Syrian–4 × Haurani (3.33), followed by Duma–1 (4.00). In
environment means over genotypes, the E–3, E–4 and E–1
showed maximum spikes per plant ranged from 6.06 to
6.75 while minimum spikes were observed in E–2 (5.48).
In G x E interaction effects, maximum and at par spikes per
plant were observed for genotype Haurani with E–4 (8.66)
and E–3 (8.33), Sham–7 × Haurani with E–4 (8.33) and E–
3 (8.00), and Sham–7 × Yousef–1 with E–3 (8.00).
Minimum number of spikes per plant was recorded for F1
hybrid Syrian–4 × Haurani with E–2 (2.33), followed by
Syrian–4 (3.33) and Duma–1 (3.33) with E–2.
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Table 5. Mean performance of durum wheat genotypes for days to 50% flowering and
spikes per plant across environments.
Days to 50% flowering (days)
Spikes plant-1
Genotypes
Sumel
Amedi
Sumel
Amedi
Means
Means
E1
E2
E3
E4
E1
E2
E3
E4
Syrian–4
141.22
147.66
112.22
113.33
111.83
4.33
3.33
2.33
5.22
4.91
Duma–1
115.33
114.33
121.22
124.33
116.91
4.33
3.33
4.22
3.22
4.00
Sham–7
141.22
18.22
144.22
141.44
101.50
2.22
5.22
7.44
7.33
6.66
Yousef–1
145.44
141.33
112.33
115.22
109.58
2.33
5.22
7.22
7.22
6.83
Haurani
111.22
142.22
111.22
114.33
110.08
7.22
7.22
8.33
8.22
8.08
Syrian–4 × Duma–1
113.22
141.22
111.33
117.22
115.08
5.22
4.22
7.33
2.22
6.08
Syrian–4 × Sham–7
114.22
114.22
147.44
142.22
108.75
7.33
5.22
8.33
8.33
7.41
Syrian–4 × Yousef–1
115.22
112.22
115.22
113.33
114.33
2.22
7.22
2.33
2.44
6.66
Syrian–4 × Haurani
111.33
145.33
114.22
114.33
111.41
4.33
2.33
3.22
3.44
3.33
Duma–1 × Sham–7
124.44
112.33
145.22
143.44
111.25
4.33
4.22
5.33
5.33
4.91
Duma–1 × Yousef–1
117.22
114.44
112.44
124.33
116.00
7.44
5.22
7.44
2.22
6.58
Duma–1 × Haurani
112.33
147.22
112.33
111.33
110.91
7.22
7.33
7.22
2.22
7.33
Sham–7 × Yousef–1
111.22
115.22
117.33
112.33
117.25
5.22
7.44
8.44
7.33
7.00
Sham–7 × Haurani
113.22
114.44
141.33
141.33
111.58
7.22
7.33
8.44
8.33
7.83
Yousef–1 × Haurani
114.22
141.22
114.22
141.22
111.16
5.33
4.33
5.22
5.33
5.16
Means
113.11
141.35
113.44
111.11
2.42
5.48
2.75
2.44
E1 = Early sowing at Sumel - Duhok University, E2 = Late sowing at Sumel - Duhok University, E3 = Early sowing at Amedi
Duhok city, E4 = Late sowing at Amedi - Duhok city
Table 6. Mean performance of durum wheat genotypes for grains per spike and
grain yield per plant across environments.
Grains spike-1
Grain yield plant-1
Genotypes
Sumel
Amedi
Sumel
Amedi
Means
E1
E2
E3
E4
E1
E2
E3
E4
Syrian–4
31.22
33.33
51.33
55.22
47.00
2.21
4.24
24.24
13.44
Duma–1
47.44
42.22
37.44
33.22
40.08
1.54
2.48
11.27
7.34
Sham–7
53.33
51.33
51.44
54.33
51.50
15.58
12.21
17.41
17.53
Yousef–1
43.44
42.33
47.44
42.22
43.75
14.13
14.13
24.22
12.82
Haurani
53.33
41.33
54.33
41.33
50.58
11.42
17.23
11.83
21.52
Syrian–4 × Duma–1
32.44
21.22
37.22
32.44
32.83
1.41
2.81
14.42
14.88
Syrian–4 × Sham–7
54.44
42.22
52.44
48.22
49.33
12.58
11.52
11.74
12.14
Syrian–4 × Yousef–1
54.33
41.44
54.22
41.33
51.83
12.24
13.58
17.12
14.82
Syrian–4 × Haurani
52.33
54.22
52.22
53.22
54.33
13.84
2.48
11.72
8.42
Duma–1 × Sham–7
32.44
32.22
31.33
34.33
36.58
8.51
1.54
11.33
1.43
Duma–1 × Yousef–1
41.33
54.22
51.22
54.44
50.41
15.72
12.17
17.21
15.73
Duma–1 × Haurani
52.44
52.22
24.22
48.22
55.50
18.12
12.33
18.41
12.11
Sham–7 × Yousef–1
48.44
54.22
51.33
45.22
48.91
14.43
17.72
21.12
12.74
Sham–7 × Haurani
53.33
53.33
54.33
54.22
53.91
23.54
18.41
11.34
24.55
Yousef–1 × Haurani
54.33
48.44
51.33
55.22
54.33
15.84
11.42
11.73
15.48
Means
48.44
42.42
54.82
42.15
15.54
11.74
17.34
14.24
E1 = Early sowing at Sumel - Duhok University, E2 = Late sowing at Sumel - Duhok University, E3 = Early sowing
Duhok city, E4 = Late sowing at Amedi - Duhok city

Grains per spike ranged from 32.83 to 55.50, 46.06 to
50.84, and 29.66 to 60.66 among the parental cultivars,
environments and genotype by environment interaction,
respectively (Table 6). In cultivar means, the highest
number of seeds per spike was observed for F1 hybrid
Duma–1 × Haurani (55.50), followed by same number of
grains (54.33) obtained by F1 populations Syrian–4 ×
Haurani and Yousef–1 × Haurani. Minimum number of
grains per spike was recorded for F1 hybrid Syrian–4 ×
Duma–1 (32.83). In environment means over genotypes,

Means
11.22
8.64
15.68
13.55
19.52
10.19
16.20
15.75
10.13
9.59
15.42
16.28
17.40
20.45
15.43
at Amedi

maximum grains per spike were recorded with early
sowing in E–3 (50.82), followed by E–1 (48.40). In
genotype × environment interaction means, maximum
grains per spike were recorded for F1 hybrid Duma–1 ×
Haurani with E–3 (60.66), E–2 (56.66) and E–1 (50.66)
and Syrian–4 × Haurani with E–3 (56.66). However,
minimum grains per spike were recorded for F1 hybrid
Syrian–4 × Duma–1 with E–2 (29.66), followed by same
genotype in E–1 and E–2 with equal number of grains per
spike (32.00).
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For grain yield, on an average the genotypes ranged
from 8.64 to 20.45 g, environments varied from 11.70 to
17.34 g, whereas genotype by environment interaction
effects ranged from 4.60 to 23.54 g (Table 6). The F1 hybrid
Sham–7 × Haurani showed maximum grain yield (20.45 g),
followed by cultivar Haurani (19.52 g). However, least grain
yield was noted for parental genotype Duma–1 (8.64 g) and
F1 hybrid Duma–1 × Sham–7 (9.59 g). In environment
means over genotypes, highest seed yield was recorded with
early sowing at both locations i.e., E–3 (17.34 g) and E–1
(15.54 g). In genotype by environment interactions, highest
grain yield was observed for F1 hybrid Sham–7 × Haurani
with E–1 (23.54 g), followed by cultivar Haurani (21.56 g)
and hybrid Sham–7 × Yousef–1 with E–3 (21.16 g).
However, in G x E interactions the minimum grain yield was
observed for parental genotype Syrian–4 with E–2 (4.60 g)
and E–1 (6.29 g). Earlier studies revealed that F1 hybrids
with increased spike length and spikelets were found more
productive and also have greater grain yield than their
parental genotypes in wheat (Afridi, 2016; Afridi et al.,
2017; Ali et al.,2018). Seed index is an important yield
component which has direct positive impact on grain yield
and genotypes with maximum 1000-grain weight
significantly enhanced the grain yield (Mandal and Madhuri,
2016; Murugan and Kannan, 2017). Earlier studies about
combining ability revealed similar pattern of significance and
inheritance for yield variables in wheat (Tabassum and
Prasad., 2017; Parveen et al., 2019).
General combining ability effects: For days to flowering,
the GCA effects among parental genotypes ranged from 2.89 to 2.50 (Table 7). Two genotypes i.e., Sham–7 and
Haurani showed negative and desirable GCA effects while
three genotypes Syrian–4, Duma–1 and Yousef–1 revealed
positive GCA effects. Significant (p≤0.01) negative GCA
effects were observed in parental genotype Sham–7 (-2.89),
followed by Haurani (-0.97). However, significant (p≤0.01)
positive GCA effects were observed in parental genotype
Duma–1 (2.50), followed by Yousef–1 (1.19) while
significant (p≤0.05) by Syrian–4 (0.69). Overall in parental
genotypes, the highest negative and desirable GCA effects
were recorded in parental cultivars Sham–7 and Yousef–1,
and were identified as best general combiners for earliness.
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For plant height, the GCA values among parental
cultivars varied from -4.42 to 3.75 (Table 7). Two cultivars
i.e., Syrian–4 and Haurani revealed negative and desirable
GCA values while the remaining three genotypes i.e., Duma–
1, Sham–7, and Yousef–1 enunciated positive GCA values.
The utmost and significant (p≤0.01) negative GCA estimates
were attained in genotype Syrian–4 (-4.42), followed by
Haurani (-1.92). However, the highest and significant
(p≤0.01) positive GCA values were exhibited by cultivars i.e.,
Duma–1 (3.75), Sham–7 (2.39), and Yousef–1 (1.20).
Overall, the highest negative GCA values were recorded in
parental genotypes Syrian–4 and Duma–1 and were believed
to be the best general combiners for the said variable.
For biological yield, the genotypes GCA values
varied from -5.16 to 3.15 (Table 7). Three lines i.e.,
Sham–7, Haurani, and Yousef–1 were recorded with
positive GCA effects while the other two parental
cultivars i.e., Syrian–4 and Duma–1 manifested negative
GCA values. The significant (p≤0.01) and maximum
positive GCA values were owned by genotypes Sham–7
(3.15), Haurani (2.38), and Yousef–1 (1.20). However, the
utmost and significant (p≤0.01) negative GCA estimates
were attained by parental genotypes Syrian–4 (-5.16) and
Duma–1 (-1.57). Overall, significant positive GCA
estimations were achieved by parental cultivars Sham–7,
and Haurani, and believed to be prominent general
genotypes and to use in future breeding for improving the
biological yield.
For spikes per plant, among cultivars the GCA effects
ranged in between -0.60 and 0.48 (Table 7). Three
genotypes viz., Sham–7, Yousef–1, and Haurani showed
positive GCA effects while the other two parental
cultivars i.e., Syrian–4 and Duma–1 showed negative
GCA effects for spikes per plant. Significant (p≤0.01)
positive GCA effects were observed in cultivars Sham–7
(0.48), Haurani (0.39), and Yousef–1 (0.28). However,
maximum and significant (p≤0.01) negative GCA effects
were recorded in two genotypes Duma–1 (-0.60) and
Syrian–4 (-0.54). Overall, among parental genotypes, the
highest and desirable GCA effects were recorded in
genotypes Sham–7 and Haurani, followed by Yousef–1
and were identified as best general combiners for spikes
per plant and spike traits.

Table 7. Estimation of GCA and SCA effects among parental genotypes and F 1 hybrids for various traits.
Parental genotypes & Days 50%
Plant
Biological
Spikes
Grains
Grain yield
Seed index
F1 populations
flowering
height
yield plant-1
plant -1
spike-1
plant-1
GCA effects in parental genotypes
Syrian–4
4.214*
- 4.411**
- 5.124**
- 4.542** - 4.821**
- 1.124**
- 1.134**
Duma–1
2.542**
3.745**
- 1.521**
- 4.242** - 4.215**
- 2.775**
- 0.427
Sham–7
-2.814**
2.314**
3.151**
4.484**
4.483**
1.288**
0.426
Yousef–1
1.112**
1.243**
1.242**
4.278**
4.221**
4.415**
- 4.427**
Haurani
-4.173**
- 1.124**
2.375**
4.385**
4.411**
2.592
1.151*
SCA effects F1 populations
Syrian–4 × Duma–1
4.444*
- 1.182**
- 1.574**
1.431**
- 1.274**
0.190
1.218**
Syrian–4 × Sham–7
-4.531 *
1.741**
11.121**
1.281**
1.254**
1.728
- 2.214**
Syrian–4 × Yousef–1
4.124 **
4.211**
4.818**
4.742**
3.172**
2.557*
4.398
Syrian–4 × Haurani
- 4.345
- 5.411**
- 2.481**
- 2.884**
3.384**
- 4.824**
1.188*
Duma–1 × Sham–7
- 4.373
11.243**
2.515**
- 1.154** - 7.225**
- 4.411**
5.794**
Duma–1 × Yousef–1
2.713 **
- 2.584**
2.747**
4.718**
2.381**
3.484*
- 0.213
Duma–1 × Haurani
- 2.722 ** - 3.555**
3.378**
4.372*
1.134**
1.259
- 7.213**
Sham–7 × Yousef–1
2.132 **
4.153
4.423
4.451
- 0.289
0.602
3.587**
Sham–7 × Haurani
- 1.213** - 2.442**
- 8.575**
4.213
3.432**
4.484**
- 4.712**
Yousef–1 × Haurani
- 5.872 ** - 2.317**
- 2.855 **
- 1.511*
-4.432**
- 4.252**
- 0.900
*, ** Significant at p0.05 and p0.01, respectively

Harvest
index
- 17.136
- 21.414
-16.887
26.684
28.753
23.489
11.103
- 27.065
- 20.868
2.919
- 28.043
- 14.494
- 25.811
- 6.800
154.51*
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For grains per spike, the GCA effects among parental
genotypes ranged from -4.70 to 4.41 (Table 7). Three
genotypes i.e., Sham–7, Yousef–1, and Haurani showed
positive GCA effects while the other two cultivars
(Syrian–4 and Duma–1) revealed negative GCA effects.
Significant (p≤0.01) positive GCA effects were observed
in genotypes Haurani (4.41), Sham–7 (0.48), and Yousef–
1 (0.66). However, the highest and significant (p≤0.01)
negative GCA effects were noted in parental cultivars i.e.,
Duma–1 (-4.70) and Syrian–4 (-0.86). Overall, in parental
genotypes the desirable GCA effects were observed in
parental cultivars Haurani and Sham–7, followed by
Yousef–1, and were considered as best general combiners
for grains per spike.
For seed index, among parental cultivars the GCA
values varied from -1.13 to 1.16 (Table 7). Two genotypes
i.e., Sham–7 and Haurani showed positive GCA estimates
while the remaining three parental cultivars (Syrian–4,
Duma–1, and Yousef–1) exhibited negative GCA values.
The highest and significant (p≤0.05) positive GCA values
were recorded in cultivar (1.16) and nonsignificant
positive GCA effects were noted genotype Sham–7 (0.43)
for seed index. However, the lowest and significant
(p≤0.01) negative GCA values were attained by cultivars
Syrian–4 (-1.13) and Yousef–1 (-0.03), and nonsignificant
negative by genotype Duma–1 (-0.43). Overall, the
parental genotypes Haurani and Sham–7 showed the
highest positive GCA values, and were deemed as best
general combiners for seed index.
For grain yield per plant, the genotypes GCA effects
varied from -2.78 to 2.59 (Table 7). Three genotypes i.e.,
Sham–7, Yousef–1, and Haurani exhibited positive GCA
effects while remaining two cultivars (Syrian–4 and
Duma–1) showed negative GCA effects. Significant
(p≤0.01) positive GCA effects were observed in
genotypes Sham–7 (1.69) and Yousef–1 (0.42) and
nonsignificant positive in Haurani (2.59). However,
maximum negative GCA effects were observed in two
cultivars Duma–1 (-2.78) and Syrian–4 (-1.9). Overall, in
parental genotypes, the maximum positive and desirable
GCA effects were recorded in genotypes Sham–7, and
Yousef–1, followed by Haurani, and were identified as
best general combiners for grain yield per plant.
In case of harvest index, the genotypes GCA values
varied from -21.41 to 28.75 (Table 7). Two parental
genotypes i.e., Yousef–1 and Haurani exhibited positive
GCA values whereas the three other cultivars i.e., Syrian–
4, Duma–1, and Sham–7 revealed the negative GCA
values. The highest positive GCA values were attained by
cultivars Haurani (28.75) and Yousef–1 (26.68) while the
utmost negative GCA values were recorded in three
genotypes i.e., Duma–1 (-21.41), Syrian–4 (-17.14), and
Sham–7 (-16.89). Overall, the highest positive and
desirable GCA estimates were owned by parental
genotype Haurani, followed by Yousef–1, and were
regarded as best general combiners for harvest index.
Based on GCA effects, the results indicated that
parental lines i.e., Sham–7 and Yousef–1 proved to be the
best general combiners for biological yield plant-1, spikes
plant-1, grains spike-1 and grain yield plant-1. However, the
former genotype Sham–7 also revealed negative and
desirable GCA effects for days to 50% flowering indicating
decreased number of days. Parental genotype Haurani
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recorded with highly significant but negative GCA value
for biological yield, spikes plant-1, grains spike-1 and nonsignificant for grain yield plant-1, harvest index and seed
index). Parental genotypes Syrian–4 and Duma–1 exhibited
significant negative GCA values for all the traits except
days to 50% flowering and plant height for which owned
positive values. Results concluded that parental genotypes
Sham–7 and Haurani were found as the best general
combiners for the studied characters. The crosses involving
these general combiners produced promising hybrids with
best performance for majority of the traits. Wheat
genotypes with minimum days to flowering and maturity
were more preferable from farmer and end user point of
view (Akram et al., 2009; Akram et al.,2011;Afridi et al.,
2018). The F1 populations with desirable GCA and SCA
effects were suggested as best general and specific
combiners for yield related traits in wheat (Araus and
Cairns, 2016). Past studies identified the genotypes with
significant negative GCA effects for earliness traits and
significant positive GCA values for yield related traits, and
recognized the best general combiners for various traits in
durum and bread wheat over varied environments
(Kruvadi, 1991; Ismail, 2015; Jains and Sastry, 2012;
Rizkalla et al., 2012; Tiwari et al., 2017).
Specific combining ability effects: For days to 50%
flowering, the specific combining ability values among
the F1 hybrids ranged from -5.88 to 6.94 (Table 7). More
than half of the F1 populations revealed negative and
desirable SCA values ranging from -0.30 to -5.88 while
the other half revealed positive SCA values (0.40 to 6.94).
Highly significant (p≤0.01) and negative SCA values
were owned by F1 hybrids Yousef–1 × Haurani (-5.88),
Duma–1 × Haurani (-2.72), Sham–7 × Haurani (-1.29),
and Syrian–4 × Sham–7 (-0.54). However, the hybrids
Sham–7 × 4, Duma–1 × Yousef–1, and Syrian–4 ×
Yousef–1 revealed significant (p≤0.01) and maximum
positive SCA values ranging from 0.96 to 6.94 for days to
50% flowering. Genotypes with significant negative SCA
values are preferred to be utilized in the development of
early maturing genotypes which can escape from the lateseason biotic and abiotic stresses. Therefore, the F1
populations i.e., Yousef–1 × Haurani, Duma–1 × Haurani,
Sham–7 × Haurani, and Syrian–4 × Sham–7 were
identified as dependable specific combinations for future
breeding. Results further depicted that high × low, low ×
high and high × high GCA parents were engaged in the
presentation of these promising F1 populations.
For plant height, the SCA estimates among F1
populations varied from -6.05 to 11.20 (Table 7). Six F1
populations were found with negative SCA values ranging
from -1.18 to -6.05 while the other four F1 hybrids
showed positive SCA values (0.15 to 11.20). The F1
populations i.e., Sham–7 × Haurani (-6.05), Syrian–4 ×
Haurani (-5.09), and Duma–1 × Haurani (-3.56) possessed
utmost and significant (p≤0.01) negative SCA values,
followed by three other F1 hybrids. However, the F1
populations i.e., Duma–1 × Sham–7 (11.20) and Syrian–4
× Yousef–1 (4.69), and Syrian–4 × Sham–7 (1.71)
revealed maximum and significant (p≤0.01) positive SCA
values. In wheat, the negative specific combining ability
is favored for plant height because the short stature
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genotypes have fewer chances of lodging and more
responsive to fertilizers. Therefore, the F1 populations
Sham–7 × Haurani, Syrian–4 × Haurani, and Duma–1 ×
Haurani were considered as best specific combiners for
plant height which can be utilized in breeding as dwarfing
gene sources. Present investigations highlighted that low
× high and high × high general combiners were more
important in these F1 populations with desirable SCA and
paramount mean performance.
For biological yield per plant, the SCA effects in F1
populations ranged from -9.57 to 11.13 (Table 7). Six F1
hybrids showed positive and desirable SCA effects (0.06
to 11.13) while the four other hybrids showed negative
SCA effects (-6.60 to -9.57). The F1 populations Syrian–4
× Sham–7 (11.13), Duma–1 × Yousef–1 (6.71), Duma–1
× Sham–7 (6.60), and Syrian–4 × Yousef–1 (4.90) showed
significant (p≤0.01) positive SCA effects, and were
identified as best specific combiners for biological yield.
However, F1 hybrids Syrian–4 × Duma–1, Sham–7 ×
Haurani, Yousef–1 × Haurani, and Syrian–4 × Haurani
revealed significant negative SCA effects ranging from 6.49 to -9.57. Results further revealed that low × high,
and high × high general combiners were occupied in the
F1 populations with promising SCA.
For spikes per plant, the SCA effects among F1
populations ranged from -2.88 to 1.29 (Table 7). Seven F1
hybrids revealed positive and desirable SCA effects ranging
from 0.05 to 1.29, while three other populations showed
negative SCA effects (-1.15 to -2.88). Significant (p≤0.01)
positive SCA effects were observed in F1 populations
Syrian–4 × Sham–7 (1.29), Syrian–4 × Yousef–1 (0.74),
Duma–1 × Yousef–1 (0.72), followed by Duma–1 ×
Haurani (0.38), and were considered as best specific cross
combinations for spikes per plant. However, the maximum
and significant (p≤0.01) negative SCA effects were found
in F1 populations Syrian–4 × Haurani, Yousef–1 × Haurani,
and Duma–1 × Sham–7 ranging from -1.15 to -2.88.
Results further revealed that low × low and low × high
general combiners were engaged in the F1 populations with
promising SCA for spikes per plant.
For grains per spike, in F1 populations the SCA effects
ranged from -9.67 to 9.13 (Table 7). Six out of ten F1
populations revealed positive and desirable SCA effects
ranging from 1.65 to 9.13 while the other four hybrids
exhibited negative SCA effects (-0.29 to -9.67) for grains per
spike. Significant (p≤0.01) positive SCA effects were
observed in F1 populations Duma–1 × Haurani (9.13),
Duma–1 × Yousef–1 (6.39), Syrian–4 × Yousef–1 (3.97),
Sham–7 × Haurani (3.43), and Syrian–4 × Haurani (3.38).
However, maximum and significant (p≤0.01) negative SCA
effects were observed in F1 populations Syrian–4 × Duma–1,
Duma–1 × Sham–7, and Yousef–1 × Haurani ranged from 4.44 to -9.67. Grains per spike are significantly positively
correlated with grain yield, and therefore, genotypes with
positive combining ability effects are preferred for further
selection. Therefore, the F1 populations Duma–1 × Haurani,
Duma–1 × Yousef–1, Syrian–4 × Yousef–1, and Sham–7 ×
Haurani were considered as best specific combiners for
grains per spike. Results further revealed that low × high and
high × high general combiners were involved in the
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management of best F1 populations with promising SCA for
the said trait.
For seed index, among F1 populations the SCA
effects ranged from -7.69 to 5.79 (Table 7). Half of the F1
populations showed positive SCA effects ranging from
1.18 to 5.79, while the other half showed negative SCA
effects (-0.90 to -7.69). Significant (p≤0.01) positive SCA
effects were recorded in F1 populations i.e., Duma–1 ×
Sham–7 (5.79), Duma–1 × Haurani (3.59), and Syrian–4
× Duma–1 (1.22). However, maximum and significant
(p≤0.01) negative SCA effects were found in F1
populations i.e., Duma–1 × Haurani (-7.69), Sham–7 ×
Haurani (-4.79), and Syrian–4 × Sham–7 (-2.21). The
positive combining ability is more important for seed
index because of its significant positive association with
grain yield and it can be used as selection criteria in wheat
breeding program. Present results revealed that hybrids
i.e., Duma–1 × Sham–7, Duma–1 × Haurani, and Syrian–
4 × Duma–1 could be used as best specific combiners for
improvement in seed index in future wheat breeding
program. Results further revealed that low × high and
high × low general combiners were involved in the F1
populations with promising SCA for the said trait.
For grain yield per plant, among F1 populations the
SCA effects ranged from -4.86 to 4.08 (Table 7). Seven F1
populations were found with positive and desirable SCA
effects ranging from 0.19 to 4.08 while the three hybrid
populations exhibited negative SCA effects (-4.02 to 4.86). Significant (p≤0.01) positive SCA effects were
found in F1 population Sham–7 × Haurani (4.08),
followed by two other F1 hybrids Duma–1 × Yousef–1
(3.08), and Syrian–4 × Yousef–1 (2.56). However,
maximum negative SCA effects were observed in F1
populations Syrian–4 × Haurani, Duma–1 × Sham–7, and
Yousef–1 × Haurani ranging from -4.02 to -4.86. These
promising genotypes could be further studied and utilized
as best specific combiners for improving the grain yield in
wheat. Results further revealed that low × high and high ×
high general combiners were implied in the F1 populations
with promising SCA.
In F1 populations, the SCA values varied from -28.04
to 154.59 for harvest index (Table 7). Four F1 populations
recorded with positive SCA values ranging from 2.92 to
154.59, while the six hybrids showed negative SCA
estimates (-6.80 to -28.04) for harvest index. The highest
positive and significant (p≤0.01) SCA values revealed by
F1 population Yousef–1 × Haurani (154.59), persuaded by
three other F1 populations with positive SCA effects i.e.,
Syrian–4 × Duma–1, Syrian–4 × Sham–7, and Duma–1 ×
Sham–7 ranging from 2.92 to 23.49 for harvest index. The
highest negative SCA values were noted in F1 populations
i.e., Duma–1 × Yousef–1, Syrian–4 × Yousef–1, Sham–7
× Yousef–1, and Syrian–4 × Haurani ranging from -20.86
to -28.04. Results further indicated that F1 populations
i.e., Yousef–1 × Haurani, Syrian–4 × Duma–1, Syrian–4 ×
Sham–7, and Duma–1 × Sham–7 were recognized as most
promising genotypes which can be employed in future
breeding for improvement in harvest index and eventually
the grain yield. Present findings also confirmed that high
× high and low × low GCA parents were occupied in
presentation of capable F1 populations with promising
SCA and best mean performance.
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In conclusion, the hybrid Syrian–4 × Sham–7 revealed
desirable SCA effects for days to flowering, biological
yields, spikes plant-1 and grains spike-1, followed by hybrid
Sham–7 × Haurani for days to flowering, plant height,
grains spike-1 and grain yield plant-1. The hybrid Yousef–1
× Haurani has promising SCA for flowering, plant height,
seed index and harvest index. The cross Duma–1 × Haurani
had a good SCA for flowering, plant height, biological
yield, grain spike-1. Past studies revealed that significant
mean squares were reported due to GCA and SCA with
greater genetic variability for earliness and yield traits in
wheat (Akinci, 2009; Jains & Sastry, 2012). In the past
combining ability studies of wheat the best specific
combinations were identified based on significant and
desirable SCA effects for various earliness and yield related
traits in T. aestivum L. and T. durum Desf. (Joshi et al.,
2004; Rizkalla et al., 2012; Ismail, 2015; Afridi, 2016;
Yousif & Al-Hayali, 2018).
Stability analysis
The stability analysis regarding regression coefficient
(Bi) and variance deviation from regression (S2d) are
provided in Tables 8 and 9. For days to 50% flowering,
the parental cultivars (except Haurani) showed the
significant values for Bi and S2d, and the Bi value was
more than unity indicated as unstable parental genotypes
across different environments, while parental genotype
Haurani responded well to good environment (Table 8).
Among F1 hybrids for days 50% flowering, the hybrids
Syrian–4 × Yousef–1 and Duma-1 × Haurani had greatest
stability due to non-significant value of Bi, S2d with high
mean values (114.3, and 110.9), respectively, However, F 1
hybrids Syrian–4 × Sham–7, Duma-1 × Sham–7, and
Sham–7 × Haurani were found as unstable and sensitive
across environment for days to 50% flowering.
According to plant height, the parental cultivars
Syrian–4 and Duma–1 revealed significant values for Bi
and less than unity with non-significant value of S2d,
revealed that these parental cultivars responded only to
good environments (Table 8). Both stability parameters
(Bi and S2d) were non-significant for parental cultivar
Yousef–1 indicating the high stability value with
maximum mean (91.32 cm) and showed better response
to various environments. However, parental genotype
Haurani was found unstable across various environments
because of the significant S2d and non-significant value of
Bi for plant height. Among F1 hybrids, hybrid Duma-1 ×
Haurani exhibited high stability and best response to
various environmental conditions due to non-significant
values of stability parameters (Bi, S2d) with high mean
value (91.05 cm) for plant height. Hybrids Syrian–4 ×
Sham–7, Syrian–4 × Haurani, Duma-1 × Yousef–1, and
Yousef–1 × Haurani were found with unstable response to
the best environments.
Parental cultivars Syrian–4 and Yousef–1 exhibited
significant values for Bi and S2d, and the Bi value was
more than unity referring as unstable cultivars to various
environments for biological yield plant -1 (Table 8).
Cultivars Duma–1 and Sham–7 observed with significant
value of regression coefficient Bi and also less than unity
while S2d was non-significant revealing their response to
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good environments. Parental genotype Haurani had
greater stability due to non-significant value of Bi and S2d
with mean value (45.23 g) for biological yield plant -1.
For spikes per plant, all the five parental genotypes
responded well to good environment due to non-significant
values of S2d with significant value of Bi (Table 8). Among
F1 hybrids concerning spikes plant-1, the hybrids Duma–1 ×
Sham–7 and Sham–7 × Haurani showed high stability with
highest mean values (4.91, 7.83), respectively indicating
their better response to various environmental conditions.
However, hybrids Syrian–4 × Yousef–1 and Duma–1 ×
Haurani revealed unstable response to unsuitable
environmental conditions due to negative value of Bi with
non-significant value of S2d.
Parental cultivars Sham–7 and Yousef–1 exhibited
high stability for grains spike-1 due to non-significant
values of Bi and S2d with high mean values (51.50,
43.73), respectively indicating that these genotypes had
good response to different environments (Table 9). The F 1
hybrids i.e., Syrian–4 × Sham–7, Duma–1 × Sham–7,
Duma–1 × Yousef–1, and Sham–7 × Haurani showed high
stability by having nonsignificant values of Bi, S2d with
high mean value (49.33, 36.58, 50.41, and 53.91),
respectively and exhibited best response to various
environments for grains per spike. However, hybrids
Syrian–4 × Duma–1 and Syrian–4 × Yousef–1 responded
to good environments only and found unstable across
various environments for grains per spike.
According to grain yield plant-1, parental cultivars
Sham–7 and Haurani demonstrated high stability due to
non-significant values of Bi, S2d with highest mean values
(15.68 and 19.52 g), respectively referring their best
response to various environments (Table 9). The F1 hybrids
Syrian–4 × Yousef–1, Duma–1 × Sham–7, Duma–1 ×
Yousef–1 and Duma–1 × Haurani had high stability and
better response to different environments due to
nonsignificant values of Bi and S2d with high mean values
(15.25, 9.59, 15.42, and 16.28 g), respectively for grain
yield. However, F1 hybrids Sham–7 × Yousef–1, Sham–7 ×
Haurani and Yousef–1 × Haurani were identified with
unstable response to good environments for grain yield.
For seed index, the parental cultivar Yousef–1
revealed high stability and good response to various
environmental conditions due to non-significant values of
Bi and S2d (Table 9). Among F1 hybrids, the F1
populations i.e., Syrian–4 × Yousef–1, Duma–1 ×
Haurani, and Sham–7 × Yousef–1 had high stability with
high mean values (49.90, 38.8, and 50.65 g), respectively
referring to their best response to different environmental
conditions for seed index. However, F1 hybrids viz.,
Duma–1 × Sham–7 and Sham–7 × Haurani were
recognized as unstable hybrids for seed index due to nonsignificant value of S2d with negative value of Bi which
had adaptability to unsuitable environments.
In case of harvest index, parental cultivars Syrian–4
and Duma–1 responded well to best environments as
compared to parental genotype Yousef–1 by having
significant values of Bi and S2d that certified as unstable
parent across various environment (Table 9). The F1
hybrids i.e., Duma–1 × Sham–7 and Duma–1 × Yousef–1
were found stable due to non-significant values of Bi and
S2d indicating best response across environments.

Syrian–4
Duma–1
Sham–7
Yousef–1
Haurani
Syrian–4 × Duma–1
Syrian–4 × Sham–7
Syrian–4 × Yousef–1
Syrian–4 × Haurani
Duma–1 × Sham–7
Duma–1 × Yousef–1
Duma–1 × Haurani
Sham–7 × Yousef–1
Sham–7 × Haurani
Yousef–1 × Haurani
S.E. (B)
Overall means

Genotypes

Syrian–4
Duma–1
Sham–7
Yousef–1
Haurani
Syrian–4 × Duma–1
Syrian–4 × Sham–7
Syrian–4 × Yousef–1
Syrian–4 × Haurani
Duma–1 × Sham–7
Duma–1 × Yousef–1
Duma–1 × Haurani
Sham–7 × Yousef–1
Sham–7 × Haurani
Yousef–1 × Haurani
S.E. (B)
Overall means

Genotypes

Harvest index (%)
Bi
S2d
Means
2.157825*
1.157972
33.64
1.133254*
10.80733
27.87
0.785844* 28.21586**
39.38
1.27812* 42.04489**
34.27
0.295588 35.38425**
43.06
1.639059*
7.592439
39.51
1.341337*
15.23117
31.65
1.356432*
7.723108
37.05
1.658331*
5.138466
31.98
0.239975
15.48507
19.19
0.625906
6.192057
31.8
-0.06133 113.0644** 31.29
0.202953 137.3596**
38.56
-0.16355
11.72874
41.05
2.510116*
11.54352
35.95
0.707
34.42

Table 9. Stability parameters for the studied traits in durum wheat across environments.
Grains spike -1
Grain yield plant-1 (g)
Seed index (g)
2
Bi
Sd
Means
Bi
S2d
Means
Bi
S2d
Means
3.805987*
280.3546
47
2.337876*
69.62769
11.24 2.344299*
31.28813
39.81
-0.32675
103.813**
40.08
0.87559
1.157304
8.63
2.595386*
23.05177
46.7
0.066699
4.942438
51.5
0.825386
6.930524
15.68 1.357465*
10.45526
45.14
0.984848
1.756027
43.75 1.542105*
23.79049
13.55
0.233054
0.420616
39.73
0.318171 9.440186**
50.58
0.299985
6.524475
19.52 1.430976*
12.81209
48.61
1.568944*
2.928222
32.83 1.122952*
6.897688
10.19
-1.13204 43.17577**
46.32
1.054547
0.722456
49.33 1.363353*
2.902653
16.19 0.947811*
5.292548
43.74
1.320479*
5.994914
51.83
0.796361
0.331223
15.75
0.525799
4.905913
49.9
1.172488*
5.546224
54.33
1.13245*
10.52061
10.12 3.612773*
5.161151
52.47
0.750998
5.674845
36.58
0.250371
3.460946
9.59
-0.69624
15.19073
52.45
0.235442
2.254995
50.41 *0.719904
0.605258
15.42 1.289986*
2.792773
45.99
1.519711* 45.11792**
55.5
0.546993
19.91353
16.28
0.09743
12.14463
38.8
0.499651 17.07541**
48.91
0.382517 23.63851**
17.4
0.440369
1.401246
50.65
0.099469
1.288649
53.91 1.329844*
408.8122
25.45
-0.55351
3.742477
45.83
1.929329* 18.72724**
54.33 1.474262*
1.006571
15.43 2.505907*
13.37378
53.76
1.141
1.074
0.707
48.05
14.70
46.66

Means
4.91
4.00
6.66
6.83
8.08
6.08
7.41
6.66
3.33
4.91
6.58
7.33
7.00
7.83
5.16
6.18

Spikes plant -1
Bi
S2d
2.439087*
0.113847
0.806073*
0.531947
1.188411*
0.296671
1.753504*
0.259273
0.710601*
0.299905
2.131579*
0.033333
2.231314*
0.312139
-1.1883
0.296909
0.764564* 1.701172*
0.660677
0.360927
0.951582*
0.387313
-0.02491
0.666114
0.91815* 2.137475**
0.664828
0.161578
0.997242*
0.113551
0.707
-

Table 8. Stability parameters for the studied traits in durum wheat across environments.
Days to 50% flowering
Plant height (cm)
Biological yield plant-1 (g)
2
2
Bi
Sd
Means
Bi
Sd
Means
Bi
S2d
Means
1.501248* 22.84654** 111.83 2.432522*
0.680155
77.94 4.130163* 256.7435**
31.47
2.112353* 30.94368** 116.91 1.870966*
3.134359
92.51 0.821321*
1.058129
31.51
1.18044
2.987609**
101.5 1.489185* 8.571468*
86.67 0.752903*
4.58537
38.85
2.491002* 103.3032** 109.58 0.492986
5.65832
91.36 2.464516* 118.8906**
39.35
1.21776*
0.418615
110.08 0.139906 12.07241** 88.07 0.033063
0.324799
45.23
1.780013* 21.18973** 115.08 2.768015* 41.53729** 86.05 1.313919* 20.52469**
25.45
-0.07909 78.68111** 108.75 0.686903*
1.572466
87.59 0.652142
1.983932
50.87
0.744585
1.227733
114.33
-0.08167 34.57108** 89.38
-0.20572 51.46286**
42.7
1.920667* 15.45738** 111.41 2.307436*
1.107666
76.6
0.566025 317.7152**
32.44
-1.11624 187.9169** 111.25 -1.2089
49.89122** 106.25 1.035448*
1.330526
49.93
1.511327* 11.40103**
118.5 0.824722*
3.709155
91.27 0.604775
0.202555
48.1
1.134312
0.58017
110.91 0.087409
0.088124
91.05 1.396174*
2.55197
53.05
0.643976 4.627369** 117.25 2.061021* 18.22969** 92.65 1.346982*
5.3997
46.17
-0.69246 15.02482** 111.58
-0.28033
0.615155
90.35 0.619758 7.115926**
47.92
0.649696 12.35142** 111.16 1.409917*
1.236862
85.81
-0.53135 20.49048**
43.29
1.241
0.564
0.707
112.01
88.90
41.76
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Results further revealed that parental genotype
Sham–7 was found stable for grains spike -1 and grain
yield plant-1, parental cultivars Yousef–1 for plant height,
grains spike-1 and seed index, and Haurani for biological
yield and grain yield plant-1. The two parental cultivars
Sham–7 and Haurani had the best stability for grain yield
and its components based on stability parameters. Due to
high mean values, these promising genotypes were
recommended to test and improve through future breeding
program, and then to cultivate in a wide range of
environments.
Present results authenticated that F1 hybrid Duma–1
× Haurani was found as stable for days to 50% flowering,
plant height, grain yield plant-1, and seed index, Sham–7 ×
Haurani for spikes plant-1 and grains spike, Duma–1 ×
Sham–7 was stable for spikes plant-1 , grains spike plant-1,
grain yield plant-1 and harvest index, and F1 hybrid Duma1 × Yousef–1 was found promising and stable for
biological yield plant-1, grains spike-1, grain yield plant-1,
and harvest index.
Past findings demonstrated that stability parameters
were found suitable in selecting superior cultivars with
good performance, and the stable durum wheat genotypes
should be recommended for cultivation in varying
environments (Mohammadi and Amri, 2008; Hamam &
Abdel-Sabour, 2009). In the past studies, high adaptability
was reported in durum wheat genotypes across various
environments with various stability parameters
(Josephides, 1992). For stability the different parameters
were used and obtained high stable genotypes of durum
wheat across diverse environments (Bahlouli et al., 2005).
High yielding and stable genotypes were identified in the
study of durum wheat genotypes in varied environmental
conditions (Oku-Yama et al., 2005). Linear regression
coefficient showed significant influence of genotypes and
environments with varied values of Bi in durum wheat
(Ulker et al., 2006; Sharma et al., 2012).
Conclusion
Parental genotypes Sham–7 and Haurani were found
as the best general combiners for the studied characters.
The F1 hybrids i.e., Syrian–4 × Sham–7, Sham–7 ×
Haurani and Duma–1 × Haurani, involving these general
combiners produced promising hybrids with best
performance for majority of the traits. According to
stability parameters, the parental genotypes Sham–7, and
Haurani, and F1 hybrids Duma–1 × Sham–7, Duma–1 ×
Yousef–1, Duma–1 × Haurani, and Sham–7 × Haurani
were found as the most stable genotypes indicating wide
adaptability across varied environmental conditions.
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