Songklanakarin J. Sci. Technol.
38(1),91-97, Jan. - Feb. 2016

SIST

http://www.sjst.psu.ac.th

Original Article

Genetic control of bread wheat (7riticum aestivum L.) traits

Zine El Abidine Fellahi "**, Abderrahmane Hannachi ">, Hamenna Bouzerzour?,
and Abdelkader Benbelkacem®*

! Department of Agronomy,

? Department of Ecology and Plant Biology, Faculty of Life and Natural Sciences,
VRBN Lab, Ferhat Abbas University, Setif 1, Algeria.

3 National Agronomic Research Institute of Algeria (INRAA), Unit of Setif, Algeria.

* Division of Plant Breeding and Biotechnologies Research,
National Agronomic Research Institute of Algeria (INRAA), Constantine, Algeria.

Received: 20 February 2015; Accepted: 3 September 2015

Abstract

Nine bread wheat genotypes were crossed under a partial diallel scheme, in which group 1 counted five lines and
group 2 four lines. The 20 F,’s and their parents were evaluated in randomized complete block design with three replications at
the Field Crop Institute-Agricultural Experimental Station of Setif (Algeria) during the 2011/2012 cropping season. The results
showed that the components associated with additive effects were more relevant than those associated with the dominance
effects for these traits. Based on the K /K, ratio, the dominant alleles are present in greater frequency in the first group of
parents, while the opposite is true for the second group. Values of the gene proportion with positive and negative effects in
the parents revealed an unequal distribution of dominant genes in the parents for almost all the traits except for number of
grain per spike in the second group which showed an equal distribution.
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1. Introduction

Bread wheat (Triticum aestivum L.) is an important
cereal crop in Algeria, whose production is well below the
domestic demand. To keep pace with a growing population;
it is essential to raise the productivity level. Since there is no
possibility to increase the area under cultivation, the projected
demand will have to be met by either using increased amount
of inputs or by improving the genetic architecture of wheat
plant. Actually the inputs are expensive and scarce, so more
emphasis is to be made on genetic improvement (Fellahi
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et al., 2013). The main objective of the wheat program is,
therefore, to boost average national wheat grain yield. In this
context, knowledge of the nature of gene action involved in
the control of quantitative traits is important to identify the
best parents and crosses and to make decisions about the
appropriate selection strategies to manage progenies (Nazeer
et al., 2010; Aghamiri et al., 2012). Yield and yield related
attributes are complex quantitative traits controlled by
multiple genes and are highly influenced by environmental
conditions (Benmahammed et al., 2010; Bendjama et al.,
2014); even though some yield related traits are less environ-
mentally sensitive and have higher heritabilities than grain
yield (Cuthbert et al., 2008); inheritance studies of these traits
are scarce and in some cases contradictory. Controversial
results considering the same traits are reported in the litera-
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ture. Chowdhry et al. (2002) found that over dominance
effects were more important for plant height, number of
fertile tillers per plant, 1000-grain weight and grain yield per
plant; while Ali et al. (1999) reported prevalence of additive
genetic components. Basically, such information is important
during planning and execution of a breeding program (Viana
etal., 1999).

One of the most accurate genetic designs to obtain
information on the genetic control of characters is the diallel
mating system, which has been used to study various traits
in many crops such as wheat (7riticum aestivum L.), rice
(Oryza sativa L.), maize (Zea mays L.), cotton (Gossypium
hirsutum L.), chickpea (Cicer arietinum L.) and soybean
(Glycine max L.) (Babu et al., 2003; Topal et al., 2004; Wu
et al., 2004). Several methods have been proposed for diallel
analysis (Jinks and Hayman, 1953; Hayman, 1954; Griffing,
1956). Plant breeders have often used Hayman’s (1954)
approach to investigate the genetic control of complex char-
acters. This method allows genetic analysis of the F and/or
F, generations obtained from crosses involving homozygote
parents (Khan et al., 2009; Metwali et al., 2014). The analysis
is based on the knowledge of the nature of environmental
and genetic statistics, such as means, variance and co-
variance, obtained from the diallel cross data (Silva ef al.,
2010). Apart from additive and dominance gene effects, this
method is efficient in detecting epistasis (Cruz, 2001).
However, this procedure is not valid for a partial diallel. The
adaptation of Hayman’s method for partial diallel crosses,
which represents, by definition, a set of crosses made
between two distinct parents groups and where crosses
between parents belonging to the same group are not of
interest to the breeder, was worked out by Viana et al. (1999).
The objective of the present research was to investigate the
nature of gene actions involved in the genetic control of
bread wheat agronomic traits by means of partial diallel
analysis as outlined by Viana et al. (1999).

2. Materials and Methods

The experimental material consisted of nine bread

wheat (Triticum aestivum L.) genotypes viz. Acsad,,

Acsad,,, Acsad, ., Acsad  and Ain Abid used as female
parents (group 1), and Mahon-Demias, El-Wifak, Hidhab and
Rmada, which were used as male parents (group 2) (Table 1).

Compared to parents belonging to group 2, those of
group 1 exhibited shorter plant height (-5.1 cm), lighter 1000-
kernel weight (-2.6 g), and higher number of grains per spike
(+6.3 grains); but didn’t differed significantly for earliness
and grain yield (Fellahi ef al., 2013). The nine parents were
crossed in a partial diallel cross fashion, establishing all
possible hybrids between the two groups of parents, without
reciprocals to produce 20 F hybrids. Hybrids along with
their parents were sown in a randomized complete block
design with three replications at the Field Crop Institute, Setif
Agricultural Research Station (36°12°N, 05°24’E), during the
2011/2012 crop season. Experimental plot was a single row,
2.5 m long; with an inter-row distance of 30 cm. Plant to plant
distance was maintained at approximately 15 cm. The locally
recommended agronomic and plant protection practices were
followed from sowing till harvest.

At maturity, observations were made on five random
plants from each row for above ground biomass per plant
(BIO, g plant™), number of spikes per plant (SN), number of
grains per spike (GN), and grain yield per plant (GY, g plant™).
Data obtained were submitted to an analysis of variance to
test genotype effect according to Steel and Torrie (1984).
The means of the parents and their hybrids were analyzed
following the method of Hayman (1954) modified by Viana
et al. (1999) to determine average degree of dominance, ratio
of dominant to recessive alleles, number of effective factors,
and the broad and narrow-sense heritability. Before carrying
out the genetic analysis, however, it was considered advis-
able to test the adequacy of the data set to the additive-
dominance model. To do so, examination of the regression
Wr on Vr was carried out. According to Singh and Chaudhary
(1985), the regression coefficient of Wr on Vr is expected to
be significantly different from zero but not from unity for
a fulfillment of the required assumptions. The statistical
procedures adopted for the analysis of variance involved
the partitioning of the genotype source of variation into the
parents, crosses and the parent vs. crosses. The comparison
of means was made through the means grouping method of

Table 1. Name, cross origin and pedigree of the parental material used in the diallel crosses.

Genotype Code Group Origin/Pedigree

Acsad, P, 1 Acsad529/4/C182.24/Cl68.3/3/Cn0*2/7C//CC/Tob-1s

Acsad,,, P, 1 Acsad,,/4/C ., /C, 68.3/3/Cn0*2/7C//CC/Tob-OS

Acsad, ., P, 1 Prl/Vee //Myna/Vul/3/Prew

Acsad P, 1 Zahrail-14//HD, ., /Bow’s’

Ain Abid P, 1 Cultivar introduced from Spain (syn AS, . ..)
Mahon-Demias P, 2 Algerian selection from a land race introduced from Baleares
El-Wifak P, 2 K, ,,/4/Tob//Bman/Bb/3/Cal/5/Bucc. CM. X ; ITGC selection
Hidhab P, 2 HD,,,/3*/ Kal/Nac. CM. X; ITGC selection

Rmada P, 2 Vee’s/Bow’s//Alondra’s/Pavon’s CM. X; ITGC selection
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Table2. Analysis of variance of the traits measured on the two
bread wheat parents groups and their hybrids.

Mean squares

Source of variation df

BIO QN SN GY
Blocks 2 212.8 152.2 13 62
Treatments 2 238.7* 152.8% 234* 397*
Parents 8 317.1*  279.1*  29.9*%  42.7*
G, 4 400.5* 135.0* 28.1*  65.5*
G, 3 300%  475.0%* 37.2*% 25.8*
GsG, 1 344"  267.6* 15.1* 22"
Hybrids 19 179.3* 107.6* 19.6* 33.8*
Parents vs Hybrids 1 743.3*% 23" 445%  129.0%
Error 56 90.6 314 34 6.5

df: degrees of freedom, BIO: Biomass per plant (g), GN: Number of
grains per spike, SN: Number of spikes per plant, GY: Grain yield per
plant (g). ns, *, **: non-significant and significant at 5% and 1% of

probability, respectively.

Scott and Knott (1974) at a 5% probability. All statistical
analyses were performed using the GENES software (Cruz,
2013).

3. Results and Discussion
3.1 Mean performances

The analysis of variance indicated significant treat-
ment effect for the measured traits, (Table 2). Partitioning the
treatment effect indicated significant differences between the
parents as a whole for the measured traits. The partitioning
of the parent effect indicated also significant differences
between genotypes within each group of parents. The best
performing parents in group 1 were no significantly different
from those belonging to group 2 for BIO (Acsad,,,, and
Mahon-Demias), GN (Acsad,, and Ain Abid) and SN
(Acsad, ,, and Mahon-Demias) (Table 3).

Similarly, the least performing parents, in group 1,
were no significantly different from those belonging to group
2 for BIO and SN (Acsad,,, and Rmada). Mahon-Demias,
from the group 2, exhibited the lowest GN. The Scott-Knott
means grouping test suggested the presence of significant
differences between genotypes within group 1 and within
group 2, for grain yield per plant (GY). Acsad,, and Ain Abid
from group 1 and Rmada from group 2 showed the lowest
GY; while Acsad |, and EI-Wifak presented the highest GY,
with mean values of 21.7 and 20.5 g/plant, respectively (Table
3). The contrast G1 vs G2 indicated that significant differ-
ences existed between groups of parents for number of gains
per spike (GN) and number of spikes per plant (SN) but not
for above ground biomass and grain yield (GY) per plant

Table 3. Summary of the Scott-Knott cluster analysis (P<5%)
of the partial diallel cross parents.

Genotypes BIO GN SN GY
Acsad, 28.67° 5517 7.87° 10.52°
Acsad,,, 524T 4497 13.67° 20.05
Acsad, ., 58.13" 44.47° 15.00° 21.74*
Acsad 44.4T 49.96° 11.80° 18.82°
Ain Abid 38.67° 60.09" 8.80° 13.78
Mahon-Demias 56.27" 26.33° 16.80° 17.38"
El-Wifak 49.60° 47.68° 14.13° 20.45
Hidhab 4847 55.05° 12.40° 18.80°
Rmada 3267 49.32° 8.40° 13.58
G, mean 45.49 48.11 12.10 17.24
G, mean 44.48 50.93 1143 16.98
Parents mean 46.75 44.59 12.93 17.55
Hybrids mean 51.80 48.53 13.64 1991

BIO: Biomass per plant (g), GN: Number of grain per spike,
SN: Number of spikes per plant, GY: Grain yield per plant (g).
Means followed by the same letter are not significantly
different at 5% probability level by the Scott-Knott test.

(Table 2). Group 1 had significantly more grains per spike
while group 2 had more spikes per plant (Table 3). The hybrids
effect indicate significant differences between hybrids for all
the measured traits while the contrast hybrids vs parents
did not indicated significant difference between parents and
hybrids for the number of grains per spike (Table 2). Hybrids
had greater above ground biomass, spike number, and grain
yield (Table 3).



94

3.2 Genetic parameters

The presence of genetic variability, among the parents
and their hybrids, as suggested by the analysis of variance of
BIO, GN, SN, and GY, which showed significant genotype
effect, allows the estimation of genetic parameters for the
crossed parents, as suggested by Singh and Chaudhary
(1985). The results of scaling test based on regression co-
efficient of Wr on Vr, indicated that the hypotheses of the
genetic analysis were largely satisfied for grain number and
spike number of group 1 and for grain number, spike number
and grain yield of group 2 (Table 4).

These results suggested that additive-dominance
model was adequate to determine genetic components of
variation for these traits. Since the regression slope deviated
significantly from zero but not from unity suggesting that
epistasis was absent and genes were distributed indepen-
dently among the parents for these characters. Above ground
biomass of both groups and grain yield of group 1 did not
meet the required assumptions, because the coefficient of
regression was not significantly different from zero (Table 4).
The determination of the genetic parameters of these charac-
ters was made, knowing that the results are less reliable. D,
and D, measure the genetic variation due to additive genetic
effects of group 1 and group 2, respectively; these genetic
parameters were significant at 5% probability, for above
ground biomass, grain number, spike number and grain yield
indicating the importance of the additive component of
genetic variance in the determination of these traits (Table 5).

The estimate [D -D,] was negative for GN and SN and
positive for BIO and GY, suggesting that more variability was
present in group 2 for the former two traits cited and in group
1 for the two last cited traits. Genetic components H, and H,
are measures of variation due to dominance deviations, H,
component was non-significant for the four traits understudy,
suggesting the absence of dominance effect in the group 1,
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while H, component was significant for spike number and
grain yield and non-significant for above ground biomass and
grain number. Dominance effects were present in the control
of these two characters (Table 5). F is a measure of the mean
covariance between additive and dominant genetic effects.
The absence of dominance effect was confirmed for above
ground biomass and spike number in the group 1 for which
F 1, Was not significant but not for grain number and grain
yield which exhibited significant F @ (Table 5). The presence
of dominance effect was not confirmed for spike number and
grain yield in group 2 since F , was not significant for these
traits (Table 5). Significant estimates of F within group 1
suggested predominance of dominant alleles controlling
above ground biomass in P2, P3 and P5; controlling grain
number in P4 and P5, controlling spike number in P1, P2, P3
and P4 and controlling grain yield in P2 and P3. Within group
2, significant estimates of F indicated predominance of domi-
nant alleles for above ground biomass in P6 (F’1) and P7
(F’2); for grain yield in P6 (F’1) and for grain number in P8
(F’3). Significant estimates of F revealed predominance of
recessive alleles controlling above ground biomass in P9
(F’4), controlling grain number in P6 (F’1), in P8 (F’3) for
spike number and in P9 (F’4) for grain yield (Table 5).
Positive F-values suggested that dominant alleles were more
abundant than the recessive ones in group 1 while group 2
showed more recessive than dominant alleles (Table 5).
Positive and significant value of the statistic h* was
found for grain yield indicating that the direction of domi-
nance was unidirectional from crosses towards parents and
dominance of genes have increasing effect at most of the
loci. The lack of significance for the other yield components
showed that dominance was not unidirectional, suggesting
that pedigree selection could be rewarding for these traits
(Ali et al., 2008). The environmental variation (E) was signifi-
cant for SN, only, indicating important environmental effect
on this trait. \/h/d represents a measure of the mean degree

Table4. Regression of Wr on Vr test of the validity of the assump-
tions required for the additive-dominance model for above
ground biomass (BIO), number of grains per spike (NGS),
number of spikes per plant (NS) and grain yield (GY).

Groups  Traits b + se, b=0vsb#0 b=1vsb=1
1 BIO 0.94+0.52 1.81" 0.12™
1 GN 1.43+0.24 5.96* 1.79™
1 SN 1.1140.42 2.64* 0.26™
1 GY 0.2140.84 0.25™ 0.94™
2 BIO 0.99+0.39 2.53™ 0.03™
2 GN 0.77+0.14 5.50* 1.64™
2 SN 0.64+0.20 3.20* 1.80™
2 GY 1.08+0.36 3.00* 0.22™

t: t-test levels of probability, ns, *: not significant and significant at

5% level of probability.
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Table 5. Estimates of the component of genetic and environmental variation, their standard deviations (Est + sd) and t-test
values (t) for above ground biomass (BIO), number of grains per spike (GN), number of spikes per plant (SN) and grain

yield per plant (GY).
BIO GN SN GY

Param Est + sd t Est + sd t Est + sd t Est + sd t

D, 133.1134 3.81* 44.6+11.8 3.78* 9.0+2.8 3.18* 21.544.7 4.54*
D, 99.6+34 2.85% 158.0+11.8 13.38* 12.0+2.8 4.25% 8.2+4.7 1.74*
D, 90.2+58 1.53 96.6+19.8 4.86* 9.0+4.7 1.89* 11.4+7.9 143
F1 -140.6+103 -135 39.9+35.0 1.14 20.5+8.4 2.44* 6.1+14.0 044
F2 272.6+103 2.63* -30.8£35.0 -0.88 31.3£84 3.72*% 24.9+14.0 1.78*
F3 269.9+103 2.60* 24.0+£35.0 0.68 19.6+84 2.33% 24.5+14.0 1.74*
F4 50.2+103 048 129.4435.0 3.69* 232484 2.75% 17.3+14.0 1.23
F5 205.5+103 1.98* 264.4435.0 7.55% 7.2+8.5 0.84 29.1+14.0 2.07*
F1 252.4+104 241* -97.2+354 -2.74* 6.7£8.5 0.78 41.0+14.2 2.89%*
F2 219.5+104 2.09* 54.2+354 1.53 3.7+8.5 044 19.2+14.2 1.35
F3 44.7+104 042 67.0+354 1.89* -32.9+8.5 -3.86* 2.6 £14.2 -0.19
F4 -233.7+104 -2.23% 6.0+£354 0.17 13.9+11.7 1.19 -39.9 +14.2 -2.81*
HI(1) 190.6+143 1.32 42.44+48.6 0.87 16.6t114 145 30.2 £19.5 1.54
HIQ) 213.9+140 1.52 64.9+47.5 1.36 20.6£11.1 1.84* 435 £19.0 2.28*
H21 210.7+137 1.53 39.9+46.5 0.85 5.6x11.1 0.50 29.8 +£18.6 1.60
H22 106.2+137 0.77 49.0+46.5 1.05 7.5+11.1 0.67 20.3 +18.6 1.09
H23 161.7+137 1.17 41.1446.5 0.88 6.7+11.1 0.6 34.1 £18.6 1.83*
H24 140.6+137 1.02 37.5+46.5 0.80 79+11.1 0.70 234 +18.6 1.25
H25 135.1£137 0.98 44.5446.5 0.95 6.8£11.0 0.61 23.6 +£18.6 1.27
H2'1 123.7+136 0.90 53.0+46.1 1.14 7.5£11.0 0.68 28.2 +18.5 1.52
H2'2 99.2+136 0.72 32.1+46.1 0.69 10.9£11.0 0.98 17.6 £18.5 0.95
H2'3 173.5+136 1.27 33.2446.1 0.72 11.0£11.0 0.99 26.4 +18.5 143
H2'4 169.3+136 1.24 40.8+46.1 0.88 8.3+8.1 1.02 26.2 +18.5 142
' 152.9+100 1.52 1.74£33.8 0.05 0.3£2.0 0.16 26.8+13.5 1.97*
E 0.3+£24.6 0.01 0.3+8.3 0.03 16.1+6.7 2.40%* 0.343.3 0.10
F(G) 131.5+82 1.59 85.4427.9 3.05% -3.8+6.9 -0.54 20.4+11.2 1.82*
F(G) 70.7+85 0.82 7.5£28.9 0.26 9.4+7.3 1.29 45+11.6 0.38
H, medium 146.7+89 1.63 41.2430.3 1.35 9.04+2.8 3.18* 25.5+12.1 2.09*

*: Estimate of the components significant at 5% probability when t value equals or exceeds 1.67.

Table 6. Estimates of average degree of dominance (/h/d), average value of the allelic frequency products (H,/4H,), propor-
tion between dominant and recessive genes (K /K, ), direction of dominance [(K'-K)*/K], and heritability in broad
(hzbs) and narrow (hzns) senses in both groups of parents for biomass (BIO), number of grains per spike (GN), number

of spikes (SN) and grain yield (GY).

Trait Genetic Parameters
raits

NWAd(G) \Jhd(G,) H2/4HI(G) H2/4HI(G,) KJK,(G) KJ/K,(G,) (K -K)/K hzbs hzns
BIO 1.20 1.47 0.17 0.19 2.63 1.57 1.70 0.9 0.80
GN 0.97 0.64 0.16 0.24 246 1.19 0.03 0.9 1.01
SN 1.24 0.98 0.14 0.18 3.64 0.71 1.18 0.95 0.67
GY 1.18 2.29 0.14 0.21 3.34 1.19 1.43 0.97 0.54

of dominance at all loci. This ratio revealed that alleles
controlling above ground biomass and grain yield in both
groups and spike number in group 1 were over dominant

(Table 6). Complete dominance was evidenced in the expres-
sion of grain number in group 1 and spike number in group 2
while partial dominance was present for grain number in
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group 2 (Table 6). Average value of the allelic frequency
products (H,/4H,) was lower than 0.25 for all traits in both
groups parents, suggesting unequal distribution of dominant
and recessive alleles (Table 6). Similar findings have earlier
been reported by Kashifet al. (2003) in wheat and Bouzerzour
and Djakoune (1998), and Metwali (2014) in barley.

The ratio K /K, estimating the proportion between
dominant and recessive genes indicated that more dominant
alleles were present in parents belonging to group 1 than
those of group 2. Dominance acted in the direction of increas-
ing value for above ground biomass, spike number and grain
yield but was bi-directional for grain number as the genetic
parameter (K'-K)”/K that estimates the direction of domi-
nance had a value close to zero for this trait (Table 6). Broad
sense heritability was high for all the traits under study, while,
the narrow sense heritability was high for above ground
biomass, number of grain per spike and number of spikes per
plant, and just moderate for grain yield per plant, indicating
that selection for improvement of these traits would be
effective (Table 6). Nazir et al. (2014) also reported moderate
to high narrow sense heritability estimates for yield related
traits.

4. Conclusions

The results of the present study indicated sufficient
variability in both parental groups to sustain genetic improve-
ment for BIO, GN, SN and GY. More variability was present
in G, for GN and SN and in G, for BIO and GY. The additive
genetic component was important in the determination of
the four traits, with absence of dominance effect in G, and
presence of dominance effect in G, for SN and GY. The
presence of dominance effect was partially confirmed by Fan
and F @ values. F values indicated that dominant alleles were
more abundant in G,, while G, had more recessive than domi-
nant alleles. This was confirmed by the H/4H, ratio which
suggested unequal distribution of dominant and recessive
alleles for all traits in both groups and the K /K, ratio which
indicated that more dominant alleles were present in G, than
in G,. Degree of dominance revealed over dominant
inheritance for BIO and GY in both groups and for SNin G,
dominant inheritance for GN in G, and SN in G, and partial
dominant inheritance for GN in G,. Dominance acted in the
direction of increasing value for BIO, SN and GY but was
bi-directional for GN as indicated by (K™-K")*/K ratio. The
narrow sense heritability was high to moderate for most the
studied traits indicating better chance for improvement
following selection.

References

Aghamiri, S.M., Mostafavi, K. and Mohammadi, A. 2012.
Genetic Study Of Agronomic Traits In Barley Based
Diallel Cross Analysis. Advances in Environmental
Biology. 6(1), 62-68.

Ali, Z., Khan, A.S. and Khan, T.M. 1999. Gene action for
plant height, grain yield and its components in spring
wheat. Pakistan Journal of Biological Sciences. 2(4),
1561-1563.

Ali, M.A., Khan, I.A., Awan, S.I., Ali, S. and Niaz, S. 2008.
Genetics of fibre quality traits in cotton (Gossypium
hirsutum L.). Australian Journal of Crop Science. 2(1),
10-17.

Arunga, E.E., Van, R.H.A. and Owuoche, J.O. 2010. Diallel
analysis of snap bean (Phaseolus vulgaris L.)
varieties for important traits. African Journal of Agri-
cultural Research. 5(15), 1951-1957.

Babu, S., Anbumalarmathi, J., Yogameenakshi, P., Sheeba, A.
and Rangasamy, P. 2003. Genetic divergence studies
in rice (Oryza sativa L.). Crop Research. 25(2), 280-
286.

Bendjama, A., Bouzerzour, H. and Benbelkacem, A. 2014.
Adaptability of Durum Wheat Genotypes (7riticum
turgidum L. Var durum) to Contrasted Locations.
Australian Journal of Basic and Applied Science. 8(6),
390-396.

Benmahammed, A., Nouar, H., Haddad, L., Laala, Z., Oulmi,
A. et Bouzerzour, H. 2010. Analyse de la stabilité des
performances de rendement du blé dur (7riticum
durum Desf.) sous conditions semi-arides. BASE. 14,
177-186.

Bouzerzour, H., Djakoune, A., 1998. Inheritance of grain yield
components in barley. Rachis. 16, 9-16.

Chowdhry, M.A., Ambreen, A. and Khaliq, I. 2002. Genetic
control of some polygenic traits in Aestivum spp.
Pakistan Journal of Biological Sciences. 1(3), 235-237.

Cruz, C.D. 2001. Programa genes: aplicativo computacionale
genética e estatistica. Vigosa: UFV, pp. 394.

Cruz, C.D. 2013. Genes: a software package for analysis in
experimental statistics. Acta Scientiarum Agronomy.
35,271-276.

Cruz, C.D., Regazzi, A.J. 1994. Modelos Biométricos Aplica-
dosao Melhoramento Genético. Imprensa Universi-
taria, Vigosa., pp. 390.

Cuthbert, J.L., Somers, D.J., Brule-Babel, A.L., Brown, P.D.
and Crow, G.H. 2008. Molecular mapping of quantita-
tive trait loci for yield and yield components in spring
wheat (Triticum aestivum L.). Theoretical and Applied
Genetics. 117, 595-608.

Dickinson, A.G. and Jinks, J.L. 1956. A generalized analysis
of diallel crosses. Genetics. 41, 65-78.

Fellahi, Z., Hannachi, A., Bouzerzour, H. and Boutekrabt, A.
2013. Line x Tester Mating Design Analysis for Grain
Yield and Yield Related Traits in Bread Wheat (7riti-
cum aestivum L.). International Journal of Agronomy.
2013, Article ID 201851, 9 p.

Gardner, C.O. and Eberhart, S.A. 1966. Analysis and inter-
pretation of the variety cross diallel and related popu-
lations. Biometrics. 22, 439-452.



Z.E. A. Fellahi et al. / Songklanakarin J. Sci. Technol. 38 (1), 91-97, 2016 97

Griffing, B. 1956. Concept of general and specific combining
ability in relation to diallel crossing systems. Austra-
lian Journal of Biological Sciences. 9, 463-493.

Hannachi, A. Fellahi, Z., Bouzerzour, H. and Boutekrabt, A.
2013. Diallel-cross analysis of grain yield and stress
tolerance-related traits under semi-arid conditions
in Durum wheat (7riticum durum Desf.). Electronic
Journal of Plant Breeding. 4(1), 1027-1033.

Hayman, B.I. 1954. The theory and analysis of diallel crosses.
Genetics. 39, 789-809.

Jinks, J.I. and Hayman, B.I. 1953. The analysis of diallel
crosses. Maize Genetics Cooperation Newsletter. 27,
48-54.

Kashif, M., Ahmad, J., Chowdhry, M.A. and Perveen, K.
2003. Study of Genetic Architecture of Some Important
Agronomic Traits in Durum Wheat (7riticum durum
Desf.). Asian Journal of Plant Sciences. 2, 708-712.

Khan, N.U., Hassan, G., Marwat, K.B., Farhatullah, Kumbhar,
M.B., Khan, N., Parveen, A., Aiman, U., Khan, M.Z.
and Soomro, Z.A. 2009. Diallel analysis of some
quantitative traits in Gossypium hirsutum L. Pakistan
Journal of Botany. 41(6), 3009-3022.

Metwali, E.M.R., Abd El-Haleem, S.H.M., EL-Saeid, R.A.R.
and Naif, M.S. and Kadasa. 2014. An Investigation of
Gene Action on Different Traits of Barley (Hordeum
vulgare L.) Using Partial Diallel Crosses System. Life
Science Journal. 11(1), 64-71.

Nazeer, W., Ali, Z., Ali, A. and Hussain, T. 2010. Genetic
behaviour for some polygenic yield contributing traits
in wheat (Triticum aestivum L.). Journal of Agri-
cultural Research. 48(3), 267-277.

Nazir, A., Khaliq, I., Farooq, J., Mahmood, K., Mahmood, A.,
Hussain, M. and Shahid, M. 2014. Pattern of inherit-
ance in some yield related parameters in spring wheat
(Triticum aestivum L.). American Journal of Biology
and Life Sciences. 2(6), 180-186.

Scott, A.J. and Knott, M.A. 1974. Cluster analysis method for
grouping means in the analysis of variance. Biometric.
30,507-512.

Silva, V.Q.R. Amaral Junior, A.T., Scapim, C.A., Freitas Junior,
S.P. and Gongalves, L.S.A. 2010. Inheritance for
economically important traits in popcorn from distinct
heterotic groups by Hayman’s diallel. Cereal Research
Communications. 38(2), 272-284.

Singh, R.K. and Chaudhary, B.D. 1985. Biometrical Methods
in Quantitative Genetic Analysis. Kalyani Publishers,
New Delhi, India, pp. 318.

Steel, R.G.D. and Torrie, J.H., 1984. Principles and Procedures
of Statistics, A biometric approach. McGraw Hill Book
Co., Inc., New York, U.S.A., pp. 633.

Topal, A.C., Aydin, N., Akgun, M. and Babaoglu, M. 2004.
Diallel cross analysis in durum wheat (7riticum durum
Desf.): Identification of best parents for some kernel
physical features. Field Crops Research. 87, 1-12.

Viana, J.M.S., Cruz, C.D. and Cardoso, A.A., 1999. Theory
and analysis of partial diallel crosses. Genetics and
Molecular Biology. 22, 591-599.

Wu, Y.T., Yin, J.M., Guo, W.Z., Zhu, X.F. and Zhang, T.Z.
2004. Heterosis performance of yield and fibre quality
in F1 and F2 hybrids in upland cotton. Plant Breed-
ing. 123, 285-289.



