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Análisis genético de caracteres morfo-fisiológicos y componentes de 
rendimiento en cruzamientos dialélicos parciales en F2 de trigo pan 

(Triticum aestivum L.)
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Wheat breeding in the semi-arid region of Algeria aims to develop new cultivars combining high 
productivity and good abiotic stress tolerance. Therefore, it is essential to understand the genetic 
control of these characteristics. Nine parents of bread wheat and 20 derived F2 hybrid populations 
developed in a partial diallel scheme (group 1 composed 5 parents and group 2 contained 4 parents) 
were evaluated with three replications at the Experimental Station of the National Agronomic Research 
Institute of Algeria (INRAA), Setif Unit, during the 2012-2013 crop season. Results of the diallel 
analysis, indicated that the components associated with additive effects were more relevant than those 
associated with the dominance effects for most of the studied traits. Based on the proportion between 
dominant and recessive genes in all parents, the dominant alleles were present in greater frequency 
in group 1. 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 chlorophyll 
content and grain number per spike which showed a symmetric distribution. The average degree of 
dominance indicated over-dominance for most of traits, suggesting that selection for these traits, in 
early generations, will be less efficient.

El mejoramiento genético del trigo en la región semiárida de Argelia tiene como objetivo desarrollar 
nuevos cultivares que combinen alta productividad y buena tolerancia al estrés abiótico. Por lo tanto, 
es esencial la comprensión del control genético de estos caracteres. Nueve padres de trigo panadero 
y 20 poblaciones híbridas F2 derivadas, desarrolladas en un esquema de dialelo parcial (grupos 1 y 2 
compuestos por 5 y 4 padres, respectivamente), se evaluaron usando tres repeticiones en la Estación 
Experimental del Instituto Nacional de Investigaciones Agronómicas de Argelia (INRAA), Unidad Sétif, 
durante la temporada de cultivo 2012-2013. Los resultados del análisis dialélico indicaron que los 
componentes asociados a los efectos aditivos fueron más relevantes que aquellos asociados con los 
efectos de dominancia para la mayoría de las características estudiadas. Basados en la proporción 
entre genes dominantes y recesivos de todos los padres, los alelos dominantes estuvieron presentes 
con mayor frecuencia en el grupo 1. Los valores de la proporción de genes con efectos positivos y 
negativos en los padres revelaron una distribución desigual de genes dominantes para casi todas las 
características, excepto el contenido de clorofila y el número de granos por espiga, que mostraron 
una distribución simétrica. El grado promedio de dominancia indicó sobredominancia para la mayoría 
de los caracteres estudiados, lo que sugeriría una menor eficiencia de selección en las primeras 
generaciones. 

Genetic analysis of morpho-physiological traits 
and yield components in F2 partial diallel crosses 

of bread wheat (Triticum aestivum L.)

1  Faculty of Life and Natural Sciences. University of Ferhat Abbas, Setif-1. Campus El Bez Sétif 19000, Algeria.
2  Faculty of Life and Natural Sciences and Earth Sciences and the Universe. University of Mohamed El Bachir El Ibrahimi, Bordj Bou Arreridj, Algeria.
3  National Agronomic Research Institute of Algeria (INRAA), Unit of Setif, Algeria.
4  International Maize and Wheat Improvement Center (CIMMYT) km. 45 Carretera Mexico-Veracruz CP 56130. Texcoco, Estado de Mexico. 
* Corresponding author: <zinou.agro@gmail.com>

Zine El Abidine Fellahi1,2*, Abderrahmane Hannachi1,3, Hamenna Bouzerzour1, Susanne Dreisigacker4, 
Amor Yahyaoui4 and Deepmala Sehgal4



8238

Rev.Fac.Nac.Agron. 70(3): 8237-8250. 2017

Fellahi Z, Hannachi A, Bouzerzour H, Dreisigacker S, Yahyaoui A, Sehgal D

Bread wheat (Triticum aestivum L.) is one of 
the major food grain crops in the world, as it 
provides 20% of the total energy and protein in the 
human diet (FAO, 2016). It occupies an important 

position among the field crops cultivated in Algeria. Genetic 
improvement of wheat yield is the most targeted trait by 
breeders to enhance wheat production and meet the 
demand of a continuous population growth. This goal can 
be achieved either directly by selecting for high yield or 
indirectly by improving yield components and morphological 
traits, such as plant height, thousand-kernel weight, number 
of spikes and number of grains per spike (Hannachi et al., 
2013). In this context, knowledge of the genetic control 
of these traits related to wheat grain yield is essential 
in a breeding program to draw a selection strategy and 
manage the offspring. Several authors have tried to assess 
the genetic basis of traits involved in yield determination. 
The results are often inconsistent and scarce; however, a 
predominance of additive gene action has been observed 
with dominance effects for most traits studied (Saad et 
al., 2010; Rashid et al., 2012; Zare-kohan and Heidari, 
2012; Nazir et al., 2014). Several breeding strategies 
have been proposed and could be planned towards the 
genetic understanding of important traits of the concerned 
population (Mumtaz et al., 2015). The best known are 
the Griffing (1956), Gardner and Eberhart (1966) and 
Hayman (1954) diallel approaches. These models are the 
most common designs used in wheat breeding programs, 
however, the use of diallel crosses is often limited due to 
the large number of crosses required to evaluate a certain 
group of parents. Also, there is not always interest to 
evaluate all possible combinations through a full diallel, 
mainly due to the difficulty of obtaining sufficient number 
of hybrid seeds and interest in combining the desirable 
traits to generate superior inbred lines. The partial diallel 
approach developed by Hayman (1954) and modified by 
Viana et al. (1999) is a promising alternative to study the 
gene effects and inheritance of plant architecture using 
F1 and/or F2 generations obtained from crosses involving 
homozygous parents (Cruz et al., 2004). This information 
helps breeders to define the appropriate breeding strategy 
and (to) choose the most suitable parents to optimize 
the selection gain (Falconer and MacKay, 1996). In this 
method, the genetic analysis allows inferences about the 
basic mechanism of traits inheritance and assesses the 
potential of parents used to obtain promising segregating 
populations. The objective of this study was to estimate 

the genetic effects involved in the control of chlorophyll 
content, heading time, plant height and yield related traits 
in F2 populations of bread wheat (Triticum aestivum L.) 
by mean of partial diallel scheme outlined by Viana et al. 
(1999, 2000, 2001).

MATERIALS AND METHODS
Plant Material
The experiment was conducted at the Algerian National 
Institute of Agronomic Research (INRAA), Setif Unit, 
Algeria (36°12’N, 05°24’E, 981 m asl). The climate is of 
a semi-arid type, with a total rainfall from September to 
June of 427.4 mm for the 2012-2013 cropping season. 
The soil is a calcisol of fine-grained texture (38.4% 
clay, 42.7% silt, 18.7% sand) and carbonate bearing 
(26.6% CaCO3), with a pH of 8.2 and 1.35% organic 
matter (Kribaa et al., 2001). Plant material utilized 
was generated from crosses among nine bread wheat 
varieties (Table 1), chosen on the basis of differences 
in adaptation and morpho-physiological characteristics 
(Fellahi et al., 2013). These varieties were divided into 
two contrasting groups and crossed in 2011 in a partial 
diallel scheme. Group 1 was composed of five lines: 
Acsad901, Acsad899, Acsad1135, Acsad1069 and Ain Abid, 
and group 2 consisted of four lines, Mahon-Demias, 
Rmada, Hidhab and El-Wifak. The F0 resulting seeds 
were grown in 2011-2012 crop season to develop the 
F1 generation. The 20 F2 hybrids, were planted along 
with their parents in 2012-2013 season in a randomized 
complete block design with three replications. The plots 
consisted of two rows of 10 meters with a spacing of 0.2 
m between rows and 0.2 m between plants in the row. 
Thirty competitive plants were tagged before heading and 
data were recorded in each plant. The following traits were 
evaluated: number of calendar days from emergence to 
50% heading (DHE, days); flag leaf chlorophyll content 
(Chl, CCI), estimated with a CCM-200 chlorophyll meter 
(Opti-Sciences, Tyngsboro, MA, USA); plant height (PHT, 
cm), measured from the ground level to the tip of spike 
excluding awns; number of spikes per plant (SN, No.), 
counted at physiological maturity; spike weight (SW, g), 
obtained by weighting each individual selected plant; 
number of grains per spike (GN) present in the plant; 
thousand-kernel weight (TKW, g), recorded by counting 
four 250 grain subsamples from each plant; above-ground 
biomass (BIO, g) and grain yield (GY, g), by individually 
threshing of each plant.
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Table 1. Name, pedigree and source of the parental wheat genotypes used in the partial diallel crosses.

Genotypes      Pedigree Source of material

Group 1

Acsad901 Acsad529/4/C182.24/C168.3/3/Cno*2/7C//CC/Tob-0s ACSAD (Syria)

Acsad899 Acsad529/4/C182.24/C168.3/3/Cno*2/7C//CC/Tob-1s ACSAD (Syria)

Acsad1135 Prl/Vee6//Myna/Vul/3/Prew ACSAD (Syria)

Acsad1069 Zahrai I-14//HD21699/Bow’s’ ACSAD (Syria)

Ain Abid AS8189 ‘A’ Spain

Group 2

Mahon-Demias Landrace Balearic Islands (Spain)

Rmada Vee’s/Bow’s//Alondra’s/Pavon’s ACSAD (Syria)

Hidhab HD1220/3*Kal/Nac CM40454 CIMMYT (Mexico)

El-Wifak K134/4/Tob//Bman/Bb/3/Cal/5/Bucc CIMMYT (Mexico)

ACSAD: Arab Center for the Studies of Arid zones and Dry lands, CIMMYT: International Maize and Wheat Improvement Center.

Statistical Analyses 
The data collected for each trait were tested for the 
normal distribution of frequency using Kolmogorov-
Smirnov test. The statistical procedures adopted for the 
analysis of variance involved the partitioning of the 
genotype source of variation into the parents, crosses 
and the contrast parents vs. crosses according to Viana 
et al. (2000). The means were grouped by the Scott and 
Knott (1974) test at a 5% probability level. The traits 
showing significant differences were further subjected 
to diallel cross analysis. Analysis of the partial diallel 
was performed according to the model proposed by 
Viana et al. (1999, 2000, 2001), adapted from the method 
of Hayman (1954) using parents and the F2 generation. 
The following non-genetic and genetic parameters were 
estimated and their statistical significance was tested 
via t test. 

D1 = Genetic variation due to additive genetic effects of 
group 1

D2 = Genetic variation due to additive genetic effects of 
group 2

D3 = Genetic variation due to additive genetic effects in 
both groups of parents

H1 = Genetic variation due to dominant genetic effects of 
group 1

H2 = Genetic variation due to dominant genetic effects 
of group 2

h2 = Dominance effects over all loci
F = Mean of covariance between additive and dominant 

genetic effects
E = Expected environmental component of variation

From the genetic components estimates, the following 
genetic parameters were determined, and their 
interpretations are related exclusively to the parental 
genotypes used in this study.

(H1/D)1/2 =  Average degree of dominance over all loci
H2/4H1 = Proportion of positive and negative alleles
KD/KR =  Proportion between dominant and recessive 

genes in all parents
(K+ - K-)2/K = Direction of dominance 
h2/H2 =  Number of effective factors
h2

ns =  Narrow sense heritability 

The additive-dominant model validity was performed based 
on testing the values of the coefficient of regression of 
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offspring parent covariance (Wr) on parental array variance 
(Vr), against zero and against one for each trait. All 
statistical analyses were performed using the program 
Genes, version 2014.6.1 (Cruz, 2013).

RESULTS AND DISCUSSION 
Analysis of Variance and Mean Performance
The results of the analysis of variance indicated significant 
differences between genotypes for nearly all traits, except 

for GY, which was not significant (Table 2). Partitioning 
the genotype effect indicated significant differences 
between all parents, between genotypes within each 
group of parents, and among groups of genotypes (Table 
2). The contrast Parents vs. F2, was highly significant 
for HD, PHT and SN, while the F2 populations exhibited 
significant differences for almost all evaluated traits, 
except for SW, BIO and GY, which were not significant 
at the 5% probability level. 

Table 2. Mean squares of plant traits studied in the partial diallel mating system.

Source of 
variation df Chl HD PHT SN TKW SW GN BIO GY

Block 2  169.34 16.38   210.41   9.59   3.06 91.31   62.47 111.58 37.83

Genotype 28   39.07** 23.96**   316.53**   5.02** 19.09** 23.84* 157.85**   70.29*   9.79ns

Parents (P) 8   50.25** 36.24**   537.88**   4.62* 30.26** 26.94ns 194.88** 117.75** 12.04ns

Group 1 (G1) 4   55.56** 12.34**   132.64**   2.06ns 22.75** 42.62* 160.02*   60.53ns 20.67*

Group 2 (G2) 3   59.87** 79.44** 1143.78**   6.14* 50.25** 15.01ns 207.99** 206.53**   4.44ns

G1 vs. G2 1     0.11ns   2.26 ns   341.10** 10.28*   0.29ns 0.00ns 295.04*   80.27ns   0.33ns

F2 19   36.40** 17.82**   227.82**   4.96** 15.04** 21.48ns 150.47**   49.96ns   7.70ns

P vs. F2 1     0.22ns 42.48**   231.23**   9.21*   6.78ns 44.01ns    1.78ns   76.64ns 31.42ns

Error 56   12.34   3.10     12.60   1.68   5.19 13.46  49.37   34.07   8.03

df: degrees of freedom, Chl: Chlorophyll content, HD: Heading date, PHT: Plant height, SN: Number of spikes, TKW: Thousand-kernel weight, SW: Spikes 
weight, GN: Number of grains per spike, BIO: Biomass, GY: Grain yield. ns, *, **: non-significant and significant at 5% and 1% of probability, respectively.

The Scott-Knott means grouping test revealed significant 
differences between and within the two parental groups 
(Table 3). Within group 1, Acsad899 had the highest 
average for Chl (40.38 unit) and for TKW (39.47 g), 
while Acsad1135 was the tallest parent (73.10 cm) with 
6.93 spikes per plant. The parent Ain Abid showed the 
highest means for HD, PHT, SW, GN, BIO and GY, with 
mean values of 138.67 days, 76.60 cm, 22.79 g, 63.57 
g, 30.79 g and 15.09 g, respectively (Table 3). In group 
2, Mahon-Demias had the longest vegetative cycle 
(142.00 days) and was the tallest (104.81 cm) parent, 
expressing higher tillering ability (9.23 spikes), heavier 
grain weight (40.78 g). This parental line also showed 
the highest SW (19.48 g), BIO (38.93 g) and GY (12.46 
g). Hidhab had the highest mean for Chl (38.98 unit) 
with more grains (52.22 grains) (Table 3). In general, 
group 2 parents were taller with higher SN and TKW, 
fewer GN and more BIO. The two groups of parents 
were similar in Chl, HD, SW and GY. Compared to their 
parents means, the F2 hybrids varied depending on the 

cross and the trait; being shorter, late, expressing lower 
tillering capacity and more grains.

Adequacy of Additive-Dominance Model 
The data collected on the traits were subjected to two 
adequacy tests to check the validity of the additive-
dominance model. The first test was carried out by joint 
regression analysis of Vr and Wr. According to Mather 
and Jinks (2013), the data will be only valid for genetic 
interpretation if the value of regression coefficient b 
must deviate from zero but not from unity. The second 
test was the t² test which is an F after rotation by 
45°. The results of two scaling tests indicated that 
the hypotheses of the genetic analysis were partially 
satisfied for all traits under study considering both 
parental groups (Table 4). ANOVA of grain yield did not 
show significant difference among genotypes (Table 2), 
this result does not justify the further genetic analysis of 
the considered trait. Partial failure of the assumptions 
described by Hayman (1954) indicates a more complex 
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genetic system implicated in the inheritance of the said 
traits. However, it is possible to make estimates of the 
population parameters and genetic components of these 
traits, even though such estimates will be less reliable 
than they would have been if all the assumptions were 

Table 3. Summary of the Scott-Knott cluster analysis of the partial diallel cross parents at 5% probability.

Genotypes   Chl HD PHT SN TKW SW GN BIO  GY

Acsad901 32.01c 136.33b 59.58f 5.07b 33.52b 12.42b 48.72a 19.69b   8.14a

Acsad899 40.38a 138.00a 65.28d 5.87b 39.47a 16.44a 48.82a 24.00b 11.36a

Acsad1135 34.93b 134.67b 73.10c 6.93b 38.39a 17.76a 44.27b 21.23b 11.83a

Acsad1069 39.52a 134.00b 68.10d 5.50b 34.59b 15.80b 50.65a 20.69b   9.58a

Ain Abid 30.84c 138.67a 76.60b 6.87b 33.89b 22.79a 63.57a 30.79a 15.09a

Mahon-Demias 29.42c 142.00a 104.81a 9.23a 40.78a 19.48a 32.96b 38.93a 12.46a

Rmada 35.45b 133.00b 68.30d 7.40b 34.69b 18.35a 48.40a 24.17b 12.40a

Hidhab 38.98a 140.67a 63.41e 6.63b 31.30b 15.19b 52.22a 23.60b 10.85a

El-Wifak 38.81a 132.00b 66.20d 5.90b 37.93a 15.06b 44.65b 20.30b   9.98a

Group 1 mean 35.54 136.33 68.53 6.05 35.97 17.04 51.21 23.28 11.20

Group 2 mean 35.67 136.50 75.68 7.29 36.18 17.02 44.56 26.75 11.42

Parents mean 35.71 135.08 75.24 7.30 36.67 18.57 47.94 26.85 12.60

F2 mean 35.54 136.33 68.53 6.05 35.97 17.04 51.21 23.28 11.20

Chl: Chlorophyll content, HD: Heading date, PHT: Plant height, SN: Number of spikes, TKW: Thousand-kernel weight, SW: Spikes weight, GN: Number of 
grains per spike, BIO: Biomass, GY: Grain yield. Means followed by the same letter are not significantly different at 5% probability level by the Scott-Knott test.

satisfied. Results of genetic analysis studies showing 
partially adequate model were reported in wheat (Farooq 
et al., 2011), rice (Mahmood et al., 2004), sorghum 
(Wilson et al., 1978), cotton (Ali and Awan, 2009) and 
Soybean (Fronza et al., 2004). 

Table 4. Scaling test for adequacy of additive-dominance model based on regression analysis for the different plant traits studied in the partial 
diallel mating system. 

Source of 
variation df

Chl HD PHT SN TKW SW GN BIO

Group 1

Regression 1 76.86 152.74 7478.58   1.11 11.24 38.59 210.08 540.43
Deviation 3   5.51     3.88     28.34   0.01   3.48  0.34   19.62   36.62

b±SEb 0.83±0.22 0.95±0.12 0.94±0.35 1.08±0.06 0.78±0.09 0.90±050 0.86±0.08 0.31±0.09

t (H0: b=1) -0.726ns    -0.306ns      1.315ns -2.393ns  -0.193ns  -1.691ns   -7.100*    2.129ns

F (= t²) (H0: b=0)  0.331ns     0.071ns    -1.474ns 1.999ns  -0.568ns   1.453ns    4.525*  -4.330*

Group 2

Regression 1 15.07    0.38 491.83 0.03  0.37 10.06  61.80 103.78

Deviation 2 17.31    1.82   63.38 0.01  2.97   5.84 202.63   38.81

b±SEb 0.38±0.41 0.04±0.28 0.71±0.32 1.70±0.61 0.15±0.08 0.19±0.55 0.52±040 -0.13±0.24

t (H0: b=1) -1.500ns -3.366*     1.151ns -9.849*  -1.463ns  -1.166ns  -4.568*    0.710ns

F (= t²) (H0: b=0)  0.629ns  1.467ns  -2.169ns  5.613*   0.322ns   0.488ns    1.720ns   -2.066ns

Chl: Chlorophyll content, HD: Heading date, PHT: Plant height, SN: Number of spikes, TKW: Thousand-kernel weight, SW: Spikes weight, GN: Number of 
grains per spike, BIO: Biomass. ns and *: non-significant and significant at 5% of probability.
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Genetic Parameters Estimation
The estimates of the genetic and non-genetic parameters 
for the traits under study are shown in Tables 5 and 6. Chl 
genetic components of variation (D1, D2 and D3) showed 
positive and significant values at 5% probability, indicating 
the presence of additive effects in the inheritance of this 
trait (Table 5). The estimate (D1 - D2) was less than zero 
(-1.4), suggesting greater variability in group 2. Genetic 

components due to the dominance effects (H1 and H2) 
were positives but only H1 parameter was significant, 
suggesting the presence of dominance effect in the group 
1. These results were confirmed by the significance of F 
estimates for the parents Acsad901 and Acsad1135 (Table 
5). However, the positive and significant estimate of 
F value in group 2 for Mahon-Demias suggested the 
predominance of dominant alleles for this parent. The 

Table 5. Estimates of the component of genetic and environmental variation, their standard deviations for the different plant traits studied in 
the partial diallel mating system. 

Parameter Chl HD PHT SN TKW SW GN BIO

D1 18.2±3.6* 3.8±2.2 43.9±7.0* 0.4±0.4 7.3±1.8* 13.9±1.8* 53.0±28.5* 19.8±7.3*

D2 19.6±3.6* 26.1±2.2* 380.9±7.7* 1.7±0.4* 16.4±1.8* 4.7±1.8* 69.0±28.5* 68.5±7.3*

D3 14.0±6.1* 11.0±3.8* 182.6±11.8* 1.5±0.6* 8.6±3.0* 7.0±3.0* 70.1±47.9 39.0±12.3*

F 1 47.7±21.6* 72.0±13.5* -157.4±41.6* -2.8±2.2* 22.7±10.7* 1.7±10.4 -222.6±169.0 73.6±43.3

F 2 -33.7±21.6 -47.0±13.5* -279.9±41.6* -3.6±2.2 39.5±10.7* 26.3±10.4* -1.3±169.0 92.1±43.3*

F 3 62.8±21.6* 34.4±13.5* 278.5±41.6* -11±2.2* 42.1±10.7* -36±10.4* 82.7±169.0 6.5±43.3

F 4 -1.3±21.6 49.9±13.5* 23.1±41.6* 0.3±2.2 4.1±10.7 -11.2±10.4 -8.4±169.0 41.6±43.3

F 5 1.2±21.6 81.7±13.5* 542.0±41.6* 1.1±2.2 20.1±10.7 28.2±10.4* 65.8±169.0 193.1±43.3*

F' 1 51.9±21.9* 12.7±13.6 175.9±42.1* -3.9±2.2 33.6±10.8* 37.1±10.5* 103.7±170.9 84.2±43.8

F' 2 0.7±21.9 -16.4±13.6 -18.4±42.1 -4.7±2.2* 15.8±10.8 -17.4±10.5 -118.8±170.9 43.0±43.8

F' 3 -23.2±21.9 -1.6±13.6 15.8±42.1 1.7±2.2 26.6±10.8* 4.6±10.5 144.2±170.9 6.5±43.8

F' 4 41.6±21.9 -7.6±13.6 78.4±42.1 -1±2.2 39.8±10.8* 1.8±10.5 -40.7±170.9 -10.7±43.8

H1(1) 133.2±60.2* 39.2±37.5 107±115.8 8.2±6.2 88.2±29.8* 56.7±29.0* 487.3±469.9 146.8±120.4

H1(2) 54.4±58.7 48.7±36.6 92.4±113.0 1.3±6.0 27.0±29.1 60.7±28.3* 243.6±458.7 132.4±117.5

H2 1 52.4±57.5 18.4±35.8 87.9±110.6 0.8±5.9 16.1±28.5 32.1±27.7 350.9±448.9 70.0±115.1

H2 2 46.0±57.5 51.0±35.8 105.7±110.6 1.7±5.9 6.0±28.5 53.1±27.7 192.8±448.9 100.6±115.1

H2 3 45.9±57.5 23.8±35.8 66.1±110.6 2.6±5.9 4.7±28.5 60.6±27.7* 202.7±448.9 119.6±115.1

H2 4 45.7±57.5 27.7±35.8 75.7±110.6 4.2±5.9 11.6±28.5 32.2±27.7 242.4±448.9 92.0±115.1

H2 5 34.7±57.5 19.6±35.8 107±110.6 2.3±5.9 10.2±28.5 38.0±27.7 221.6±448.9 61.1±115.1

H2' 1 32.6±57.0 27.2±35.5 79.6±109.6 1.0±5.9 5.7±28.2 31.2±27.5 217.1±445.0 56.9±114.0

H2' 2 30.5±57.0 17.6±35.5 94.1±109.6 1.2±5.9 2.5±28.2 30.3±27.5 121.6±445.0 53.5±114.0

H2' 3 58.9±57.0 40.3±35.5 91.6±109.6 6.0±5.9 16.6±28.2 44.7±27.5 266.3±445.0 95.8±114.0

H2' 4 46.4±57.0 20.3±35.5 66.4±109.6 0.5±5.9 11.6±28.2 55.8±27.5* 302.8±445.0 126.4±114.0

h2 -0.7±41.8 37.2±26.0 155.5±80.5 5.6±4.3 4.7±20.7 37.0±20.2 -0.8±326.6 53.1±83.7

E 0.3±2.6 0.3±1.6 0.3±5.0 0.3±0.3 0.3±1.3 0.3±1.2 0.3±20.1 0.3±5.2

F mean 15.3±17.3 21.8±10.4* 81.3±33.2* -3.2±1.8 25.7±8.6* 1.8±8.3 -16.8±134.8 81.4±34.6*

F' mean 17.7±17.9 -3.2±10.7 62.9±34.4 -2±1.8 28.9±8.9* 6.5±8.6 22.1±139.6 30.8±35.8

H2 mean 43.7±37.5 27.3±22.5 86.0±72.2 2.3±3.9 9.5±18.6 42.0±18.1* 235.3±293.1 86.2±75.1

Chl: Chlorophyll content, HD: Heading date, PHT: Plant height, SN: Number of spikes, TKW: Thousand-kernel weight, SW: Spikes weight, GN: Number of 
grains per spike, BIO: Biomass. *: Estimate of the components significant at 5% probability when t value equals or exceeds 1.67. 
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average degree of dominance (H1/D)1/2, was greater 
than unity, suggesting over-dominance in both parent 
groups (Table 6). The proportion of dominant genes with 
positive or negative effects in the parents H2/4H1 was 
lower than 0.25 in both groups of parents, assuming 
unequal distribution of dominant genes with positive or 
negative effects (Table 6). This result was confirmed by 
the dominance-recessive ratio KD/KR which estimated 

the proportion between dominant and recessive genes, 
indicating the prevalence of dominant alleles in both 
parental groups. The direction of dominance (K+ - K-)2/K 
had a value close to zero, revealing the occurrence of 
bidirectional dominance (Table 6). According to Viana 
et al. (1999), (K+ - K-)2/K value would it be close to zero 
when the frequencies of the dominant genes with positive 
and negative effects were similar. 

Table 6. Estimates of genetic parameters in both groups of parents for the different plant traits studied in the partial diallel mating system. 

Genetic parameter Chl HD PHT SN TKW SW GN BIO

H2/4H1 (G1) 0.20 0.14 0.23 0.44 0.09 0.17 0.24 0.16

H2/4H1 (G2) 0.08 0.17 0.20 0.07 0.03 0.19 0.12 0.15

(H1/D1)
1/2 (G1) 2.71 3.22 1.56 4.82 3.49 2.02 3.03 2.72

(H1/D2)
1/2 (G2) 1.67 1.36 0.49 0.87 1.28 3.61 1.88 1.39

KD/KR (G1) 1.61 3.30 1.55 -0.04 4.13 1.11 0.88 2.49

KD/KR (G2) 1.44 0.77 2.70 0.26 3.68 1.26 1.15 1.80

(K+ - K-)2/K -0.03 1.11 0.91 0.63 0.80 1.17 0.00 0.55

h2/H2 0.02 1.36 1.81 2.43 0.49 0.88 0.01 0.61

h2
ns 0.25 0.52 0.97 0.13 0.31 0.21 0.20 0.52

Chl: Chlorophyll content, HD: Heading date, PHT: Plant height, SN: Number of spike, TKW: Thousand-kernel weight, SW: Spikes weight, GN: 
Number of grains per spike, BIO: Biomass.

Figure 1. Regression of Wr on Vr graphs for Chl in G1 (A) and G2  (B) parental groups.
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Figure 2. Regression of Wr on Vr graphs for HD in G1 (A) and G2 (B) parental groups.

2

The graphical analysis based on the regression of Wr 
on Vr (Figures 1, 2, 3, 4, 5, 6, 7 and 8) revealed that the 
parents Acsad899 and Hidhab, with the highest number of 
recessive alleles, had also the highest values for chlorophyll 
content in group 1 and group 2, respectively (Table 3). For 
HD, the results show that the components associated with 
additive ef fects (D2 and D3) were more relevant than those 
associated with dominance effects (H1, H2 and h2) at 5% 
probability (Table 5). Even though D1 was not significant for 
group 1, the joint assessment (D3) proved the occurrence 
of additive gene effects for this trait. Considering the two 
parental groups, the covariance of additive and dominance 
effect F was important in the first group, suggesting the 
prevalence of dominant alleles in this group.

The parents Acsad901, Acsad1135, Acsad1069 and Ain Abid had 
the highest number of dominant alleles, while Acsad899 had 
the highest frequency of recessive alleles (Table 5). There 
was asymmetric distribution of favourable and unfavourable 
alleles in the par ents under study. This result was confirmed 
by the KD/KR ratio (Table 6). (H1/D)1/2 estimates were 3.22 
and 1.36, respectively for group 1 and group 2. This result 
shows the existence of over dominance among the alleles 
in the control of this trait (Table 6). The (K+ - K-)2/K values 
showed evidence of unidirectional dominance (Table 6).

For PHT, the components associated with the additive 
effects were predominant in relation to those associated 

with the dominance effects (Table 5). The estimate of 
(D1 - D2) was lower than zero, proving greater variabil ity in 
group 2. Over-dominance was evidenced in the expression 
of plant height in group 1, while partial dominance was 
present in group 2 (Table 6). Average value of the allelic 
frequency products H2/4H1 was lower than 0.25 in both 
groups of parents, suggesting unequal distribution of 
dominant and recessive alleles (Table 6). The ratio KD/KR 
indicated that both groups of parents carry more dominant 
alleles. Dominance acted in the direction of increasing 
value plant height. Additionally, the individual estimates 
(Table 3) in rela tion to the graphical analysis (Figure 3), 
suggested that the parents Acsad1135, Acsad1069, Ain Abid 
and Mahon-Demias had the highest number of dominant 
alleles.

The components (D2 and D3) for SN were significant at 5% 
probability, indicating a greater importance of additive gene 
effects in the determination of this trait. Over-dominance was 
involved in the genetic control of this trait in the first group, 
whereas partial dominance controlled this trait in group 2. 
The ratio KD/KR, estimating the proportion between dominant 
and recessive genes, indicated that more recessive alleles 
were present in both parental groups (Table 6). Group 1 
showed symmetric distribution of the alleles with favourable 
and unfavourable effects in the parents (Table 6), but the 
H2/4H1 estimate was probably biased, since the maximum 
parametric value expected was 0.25. However, group 2 
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illustrated the occurrence of asymmetry distribution, its 
estimate was 0.07. Mean values analysis indicated that 
Acsad1135 had the highest average among the parents of 
group 1, while Mahon-Demias, in group 2, recorded the 
highest value. These two parents carried also the highest 
number of recessive alleles (Table 5). This result indicates 

that high SN values are determined by recessive genetic 
factors.

TKW additive genetic components (D1, D2 and D3) were 
positive and significant at 5% probability, D2 was greater 
than D1 (D1 < D2), indicating more genetic variability 
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in group 2 (Table 5). Nevertheless, only H1, from the 
parameters related to dominance effects, was significant, 
suggesting the presence of both additive and dominance 

8

7.2

6.4

 5.6

4.8

4

3.2

2,4

1.6

.0

0

2

1.5

1

 .5

0

-.5

-1

-1.5

-2

-2.5

-30       .7       1.4     2       2.8     3.5     4.1     4.8     5.6    6.3     7 0       .7       1.4     2.1     2.8    3.5     4.2    4.9      5.6    6.3     7

Wr² = 16.75 Vr
Wr = 2.36 + 0.90 VrWr Wr

1

VrVr

Wr² = 7.58 Vr
Wr = - 0.77 + 0.19 Vr

5

4

2

3

3

2

4

1

A B

Figure 5. Regression of Wr on Vr graphs for TKW in G1 (A) and G2 (B) parental groups.

7

6

5

 4

3

2

1

0

-1

-2

-3

8

7.3

6.6

 5.9

5.2

4.5

3.8

3.1

2.4

1.7

1

Wr Wr

Vr Vr
0        1.1     2.2      3.3    4.4     5.5    6.6     7.7      8.8    9.9     11 0      1.2      2.4    3.6     4.8     6        7.2     8.4     9.6    10.8   12

2

5

1

4

3

1

3

4

2

A B
Wr² = 5.00 Vr
Wr = - 2.26 + 0.86 Vr

Wr² = 14.20 Vr
Wr = 2.66 + 0.52 Vr

Figure 6. Regression of Wr on Vr graphs for SW in G1 (A) and G2 (B) parental groups.

effects in the determination of this trait in group 1. These 
results were supported by the positive and significant 
values of F component (Table 5). The average degree 
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of dominance took a value greater than one, suggesting 
over-dominance in both parental groups (Table 6). Mean 
value of the allelic frequency products H2/4H1 was close to 
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zero in both groups, suggesting unbalanced distribution 
of dominant genes with positive or negative effects in 
the parents under study (Table 6). This was confirmed 
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by the KD/KR ratio, which showed the preponderance of 
dominant alleles in both parental groups. Dominance 
was unidirectional for this trait and acted in the direction 
of increased value (Table 6).

The diallel analysis revealed significant role of additive and 
dominant genetic effect in the inheritance of SW (Table 
5). Relative magnitude of dominant components (H1 and 
H2) were higher than additive component (D1, D2 and D3), 
suggesting the preponderance of dominant gene effects 
controlling the inheritance of this trait. In addition, unequal 
H1 and H2 genetic component (H1 < H2), indicated that 
positive alleles are not proportional to negative alleles at 
all loci, among parents (Table 5). Positive and significance 
H2 component estimates were determined for Acsad1135 
and Hidhab, showing evidence of dominance for spikes 
weight in these parents. F parameter exhibited positive and 
significant estimates for Acsad899, Ain Abid and Mahon-
Demias revealing the predominance of dominant alleles. 
These three parents recorded the highest values for SW. 
Therefore, selection of dominant alleles will improve this 
trait. The genetic factors that determine SW trait exhibited 
over-dominance for both groups of parents, as indicated by 
(H1/D)1/2 estimates (Table 6). The gene frequency seemed 
to be unequal as the range of the H2/4H1 component were 
less than 0.25 in both groups of parents. The estimates of 
the consistency of expression of the degree of dominance 
across all segregating loci KD/KR indicated over-dominance 
level over all loci.

The components of additive effects (D1 and D2) 
predominated the dominance effects for the GN trait, 
suggesting that genes controlling this trait acted 
additively. The difference (D1 - D2) was negative, attesting 
greater variabil ity in group 2 (Table 5). Absence of 
dominance in the genetic control of GN is also suggested 
by the non-significant estimates of the component F, at 
5% probability (Table 5). Value of H2/4H1 ratio was close 
to 0.25 in group 1, denoting equality of distribution of 
increasing and decreasing alleles. However, unequal 
gene frequency was observed in group 2 (Table 6). The 
KD/KR ratio indicated predominance of recessive genes 
in group 1 and dominant alleles in group 2 (Table 6). 
Over-dominance effect was apparent in the control of 
GN, the dominance was bidirectional and acted toward 
increased values of this trait, as shown by the (K+ - K-)2/K 
estimate (Table 6). 

Estimation of genetic components of variation for BIO 
trait revealed significant additive gene effects (Table 
5). Distribution of array points (Figure 8) depicted that 
the genotypes Ain Abid (group 1) and Mahon-Demias 
(group2) contained maximum dominant alleles while 
Acsad1135 and El-Wifak being farthest from the origin 
hold the least dominant genes. Average degree of 
dominance in both parental groups (2.72 and 1.39, 
respectively) depicted over-dominance for this trait 
(Table 6). As the H2/4H1 deviated from its expected 
value of 0.25, therefore, the gene distribution was 
asymmetrical. The KD/KR ratio estimates suggested that 
more dominant alleles were present in the parents and 
dominance acted in the direction of increasing value of 
this trait (Table 6).

The environmental component E was not significant 
for all the traits under study (Table 5), indicating that 
these characters were not affected by environmental 
variations. The lack of significance of the statistic h2 was 
found for all the traits (Table 5), suggesting that pedigree 
selection could be rewarding for these traits (Ali et al., 
2008). The h2/H2 measuring the number of groups of 
genes which control the traits suggested that there were 
one, two or more pairs of genes affecting the inheritance 
of these (Table 6). These results indicated that there 
has been at least one genetic group involved in the 
genetic control of the traits under study. Heritability is an 
important genetic parameter in crop breeding. It provides 
information about traits transmissibility from parents to 
their progeny, and how this is affected by genetic and 
environmental factors. 

High narrow sense heritability h2
ns was observed for PHT 

and intermediate values were recorded for HD, TKW 
and BIO, indicating that selection to improve these traits 
would be effective. Narrow sense heritability for Chl, SN, 
SW and GN was low due to the dominance gene effects 
involved in the genetic control of these traits. These 
results suggested that delaying selection to improve 
these traits would be more effective.

Genetic components of variations for HD, PHT, SN, GN 
and BIO revealed that only additive gene effects were 
significant in both groups of parents. Thus, improvement of 
these traits by selection could be done in early generations. 
Genetic components of variation for Chl, TKW and SW 
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showed that both additive and dominance variations 
were significant. However, dominant components were 
preponderant to additive components for these traits. 
Similar findings were reported by Farooq et al. (2011). 
H2/4H1 ratio values, for all traits under study in both 
groups except for SN and GN in group 1, indicated 
unequal distribution of positive and negative alleles 
among the parents. These results were in accordance 
with those previously reported by Yao et al. (2014) and 
Afridi et al. (2017). Except for PHT and SN in group 2, 
average degree of dominance (H1/D)1/2 for all the traits 
suggested the presence of over-dominance. Shehzad 
et al. (2015) reported over dominance gene action for 
most of the investigated traits a 5 x 5 complete diallel. 
Additive type of gene action with partial dominance for 
plant height was reported by Ojaghi et al. (2010) and for 
the number of spikes per plant by Kaukab et al. (2014). 
Significant and positive KD/KR ratio values signified the 
important role of dominant genes for most of the traits. 

The findings of Akram et al. (2008) are in accordance with 
the results of the present study. Non-significant and positive 
value of h2 indicated un-important role of net dominant effect 
due to heterozygous loci in the expression of these traits. 
High to moderate narrow sense heritability estimates were 
recorded, in this study, for PHT, HD, TKW and BIO indicating 
large additive proportion in the total genetic variation. High to 
moderate heritability values were also reported for number 
of days to 50% flowering, plant height and 1000-kernel 
weight by Fikre et al. (2015). Low narrow sense heritability 
estimates were found, in this study, for Chl, SN, SW and 
GN. Ketata et al. (1976) and Hassan et al. (2013) also 
reported low heritability due to the presence of dominance 
effects for yield related traits in wheat. Increased values 
of HD, PHT, SW and BIO were determined by dominant 
genetic factors, whereas, Chl and SN traits were governed 
by recessive genetic factors. Besides, the placement of 
array points indicated that parental genotypes Ain Abid 
and Mahon-Demias had the maximum dominant genes, 
while Acsad899, Acsad1135 and Rmada extreme recessive 
genes for most of the traits by considering both groups of 
parents. The h2/H2 ratio showed that PHT and SN might 
be controlled by two and four groups of dominant genes, 
respectively; while Chl, HD, TKW, GN and BIO might be 
controlled by one group of genes. In their study, Yao et al. 
(2011) reported that wheat traits were controlled by one to 
four groups of dominant factors. 

CONCLUSIONS
Based on these results, it can be stated that enough 
genetic variation existed among the studied genotypes 
for most of the studied traits in both parental groups, 
with greater variability in group 2. Additive and non-
additive gene effects were involved in the expression of 
all traits. Average value of the allelic frequency products 
suggested unequal distribution of dominant and recessive 
alleles for most of traits. This result was confirmed by the 
significant values of F component. Moreover, the KD/KR 
ratio indicated that more dominant alleles were present 
in parents belonging to group 1 than those of group 2. 
Dominance acted in the direction of increasing value for 
HD, PHT, SN, TKW, SW and BIO but was bi-directional 
for Chl and GN as the genetic parameter (K+ - K-)2/K 
that estimates the direction of dominance had a value 
close to zero for these traits. Additive gene effects with 
high heritability estimate suggested that PHT could be 
improved effectively through early generation selection, 
while the dominance gene effects along with low heritability 
estimates for the remaining traits favour delayed stage 
plant selection. Breeders in Algeria are concentrating their 
efforts to improve the yield potential of wheat to meet the 
future goals by developing new varieties with desirable 
genetic background. They are making a lot of attention to 
generate information of how gene action is important in a 
wheat breeding program, because knowledge in this field 
is helpful in deciding breeding procedures to be adopted 
for the improvement of those characters including yield.
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