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Abstract. The present study was carried out to select adapted and stable durum wheat (Triticum durum Desf.) 
genotypes for grain yield and thousand kernel weight using various stability parameters. Based on the graphical 
distributions between the parametric indices (Wricke’s ecovalence stability index (Wi²), environmental coefficient of 
variance (CVi), mean variance component (θi)) and the mean grain yield of tested genotypes, the suitable genotype for 
the tested conditions was Mexicali 75. Further, the cultivars Oued Zenati and Bousselem were the most adapted with 
the highest TKW. With non-parametric index was classified genotype Mexicali 75 as the most stable with high grain 
yield. According to PCA analysis the genotype Altar 84 was classified in dynamic stability group with the highest grain 
yield in addition, cultivars Bousselem and Oued Zenati were classified in dynamic concept with the highest thousand 
kernel weight. The results of this study confirmed that the parametric and non-parametric methods are the suitable 
tools to identify the most stable durum wheat (Triticum durum Desf.) under semi-arid conditions.
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studies are especially important in countries with various 
agro-ecologies conditions. For breeders, stability is 
important from the points of changing genotypes ranks 
throughout environments and influencing the selection 
efficiency (Bendjama et al., 2019). There are many 
methods for measuring stability that helps plant breeders 
determine superior varieties in the presence of genotype-
environment interaction. There are two major statistical 
groups, the first group containing parametric indices such 
as the regression coefficient (bi) (Finlay and Wilkinson, 
1963), the variance of deviations from the regression 
(S²di) (Eberhart and Russell, 1966), Wricke’s ecovalence 
stability index (Wi²) Wricke (1962), Shukla’s stability 
variance (σi²) (Shukla, 1972), environmental coefficient 
of variance (CVi) Francis and Kannenberg (1978) and 
mean variance component (θi) (Plaisted and Peterson, 
1959). These parametric statistics are primarily used to 

Introduction

Cereals cultivation is very ancient in Algeria due to its 
utilization as human food and animal fodder (Ladoui et 
al., 2020). Among these cereals durum wheat (Triticum 
durum Desf.) is a minor cereal crop representing 5% 
of the total wheat crop cultivated worldwide (Xynias et 
al., 2020). Environmental stress including water stress 
are some of the factors in limiting wheat growth and 
crop productivity, it affects strongly the arid and semi-
arid zones, characterized by low and irregular rainfall 
and high temperatures (Bouchareb and Guendouz, 
2021). According to Mohammed Ibrahim (2020), plant 
breeders are interested in the selection of varieties that 
have good performance in a range of environments, this 
selection is complicated by the presence of genotype x 
environment interactions. Genotype-environment (G-E) 
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assess genotype stability by relating observed genotypic 
responses (e.g., yield, plant height, seed oil content) 
to a sample of environmental conditions (e.g., rainfall, 
temperature, osmotic stress, soil type). The second group 
contains non parametric indices such as Nassar and 
Huhn’s statistics S(1), S(2) Huhn’s equation S(3) and S(6) 
Huhn (1990), Thennarasu’s statistics NP(i) (Thennarasu, 
1995). The ideal situation would be characterized by a 
highly stable improved genotype with high yield potential 
(Tollenaar and Lee, 2002; Duvick et al., 2004; Chamekh 
et al., 2014) compared to landraces in contrasting 
environments. Further, the knowledge of behavior of the 
main yield components such as the number of grains per 
spike, thousand kernel weight and the spikes density per 
square meter helps to identify or setting the productivity 
elements allowing outside intervention in order to improve 
these characters (Racz et al., 2019).

This study was conducted to select adapted and stable 
wheat (Triticum durum Desf.) genotypes for grain yield and 
thousand kernel weight using various stability parameters.

Material and methods

Four durum wheat (Triticum durum Desf.) genotypes 
(Table 1) were evaluated in the environmental conditions 
from the National Institute of Agronomic Research 
of Algeria INRAA - station of Setif, Algeria (5°37’E, 
36°15’N, 981 m above mean sea level) during three 
cropping season (2010-2013), genotypes were sown 
in a randomized block design with three replications. 
The climatic characteristics of the growing seasons are 
presented in Table 2.

Table 1. Name and origin of cultivars evaluated in this study

Genotypes Origin

Bousselem ICARDA/CIMMYT

Oued Zenati Algeria

Altar 84 CIMMYT

Mexicali 75 CIMMYT

Statistical analysis
Parametric index

Regression coefficient (bi)

The slope regression (bi) is the response of the 
genotype to the environmental index that is derived 
from the average performance of all genotypes in each 
environment (Finlay and Wilkinson, 1963). If bi does not 
significantly differ from 1, then the genotype is adapted 
to all environments. A bi >1 indicates genotypes with 
higher sensitivity to environmental change and greater 
specificity of adaptability to high-yielding environments, 
while a bi<1 describes a measure of greater resistance to 
environmental change, thereby increasing the specificity 
of adaptability to low-yielding environments.

Wricke’s ecovalence (Wi2)

Wricke (1962) proposed the concept of ecovalence 
as the contribution of each genotype to the GE interaction 

sum of squares. The ecovalence (Wi) of the ith genotype 
is its interaction with the environments, squared and 
summed across environments. Thus, genotypes with low 
values have smaller deviations from the mean across 
environments and are more stable.

Coefficient of variance (CVi )

The coefficient of variation is suggested by Francis 
and Kannenberg (1978) as a stability statistic through the 
combination of the coefficient of variation, mean yield, 
and environmental variance. Genotypes with low CVi, low 
environmental variance (EV), and high mean yield are 
considered to be the most desirable.

Mean variance component (θi)

Plaisted and Peterson (1959) proposed the variance 
component of genotype environment interactions for 
interactions between each of the possible pairs of 
genotypes and considered the average of the estimate 

 Table 2. The climatic characteristics of the growing seasons

Dec Jan Feb Mar Apr May June
                                            2010/2011

Mean T°C 5.5 5.2 4.7 8.2 13.4 15.8 20.6
Rainfall (mm) 22.35 13.22 97.54 36.58 81.04 43.18 18.28

                                                2011/2012
Mean T°C 5.8 4.2 1.6 9.1 11.1 17.5 25.5
Rainfall (mm) 26.17 48.01 64.25 14.22 79.5 6.1 14.98

                                                  2012/2013
Mean T°C 5.6 4.9 3.5 9.1 12.4 14.6 20
Rainfall (mm) 5.84 77.21 51.83 29.22 38.09 58.42 2.03
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for all combinations with a common genotype to be a 
measure of stability. Accordingly, the genotypes which 
show lower value for the 𝜃𝑖 are considered more stable.

Non-Parametric index
Huhn’s and Nassar and Huhn’s non-parametric 

statistics

Huhn (1990) and Nassar and Huhn (1987) suggested 
four non-parametric statistics: (1) S(2), the mean of the 
absolute rank differences of a genotype over all tested 
environments, and (2) S(6), the sum of squares of rank for 
each genotype relative to the mean of ranks. To compute 
these statistics, the mean yield data have to be transformed 
into ranks for each genotype and environment, and the 
genotypes are considered stable if their ranks are similar 
across environments. The lowest value for each of these 
statistics reveals high stability for a certain genotype.

Khennarasu’s non-parametric statistics
Four NP (1-4) statistics are a set of alternative non-

parametric stability statistics defined by Thennarasu 

(1995). We use just two parameters (NP(3) and NP(4)). 
These parameters are based on the ranks of adjusted 
means of the genotypes in each environment. Low values 
of these statistics reflect high stability.

Stability software
The data were analyzed by using the online software 

(STABILITYSOFT) developed by Pour-Aboughadareh et 
al. (2019).  

Results and discussion

Parametric measures
The results of stability analysis for grain yield and 

thousand kernels weight are shown in Table 3, the 
genotypes with low values (bi<1) are very suitable to low 
yielding environment, but the contrary from the genotypes 
with high values (bi>1). Thus, for grain yield, the analysis 
proved that local genotype Bousselem is very suitable for 
growing under the poor environmental location. However, 
the genotypes Altar 84 and Oued Zenati were observed as 
well adapted for favorable environmental location (Table 3).

Table 3. Parametric and non-parametric measures for grain yield and thousand kernel weight of cultivars evaluated over four 
cropping seasons (2010-2013)

Grain yield
Parametric index Non-Parametric index

Genotypes Mean yield (q/ha) bi Wi² CVi θi S(2) S(6) NP(3) NP(4)

Altar 84 48.56 1.37 214.25 43.26 128.25 1 0.66 0.47 0.44
Mexicali 75 47.28 0.96 10.84 28.51 60.44 0.33 0.4 0.24 0.2
Bousselem 43.18 0.49 217 23.72 129.16 2.33 1.42 0.53 0.85
Oued Zenati 40.47 1.16 12.55 39.77 61.01 0.33 1 0.35 0.5
Mean 46.86 1 13.75 33.82 94.72 1 0.87 0.40 0.5
Max 48.56 1.37 217 43.26 129.16 2.33 1.42 0.53 0.85
Min 40.47 0.49 10.84 23.72 60.44 0.33 0.4 0.24 0.2

Thousand kernel weight
Parametric index Non-Parametric index

Genotypes Mean TKW (g) bi Wi² CVi θi S(2) S(6) NP(3) NP(4)

Altar 84 45.36 1.34 19.24 24.17 13.29 1.33 1.6 0.53 0.8
Mexicali 75 45.61 0.90 18.25 17.22 12.96 2.33 1.42 0.31 0.85
Bousselem 47.73 1.06 4.81 18.25 8.48 1 0.66 0.27 0.44
Oued Zenati 48.74 0.68 12.69 11.42 11.1 1 0.66 0.46 0.44
Mean 46.86 1 13.75 17.77 9.16 1.41 1.09 0.74 0.63
Max 48.74 1.34 19.24 24.17 13.29 2.33 1.42 0.27 0.85
Min 45.36 0.68 4.81 11.42 8.48 1 0.66 0.27 0.44

bi: Regression coefficient, Wi
2: Wricke’s ecovalence, Cvi: Coefficient of variance, θi: Mean variance component, S2 S6 Huhn’s and 

Nassar and Huhn’s non-parametric statistics, NP3 NP4 Thennarasu’s non-parametric statistics
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Further for thousand kernel weight the results 
demonstrated that the both genotypes Mexicali 75 and 
Oued Zenati are very suitable under unfavorable conditions 
(Table 3). In addition, based on the results illustrated in 
(Figure 1) local genotype Oued Zenati was medium stable 
with the highest thousand kernel weight. Results reported 
by Kumar et al. (2014) and Charan Singh et al. (2018) 
also identified some wheat genotypes which have shown 
stable performance for thousand kernel weight across the 
environment. Wricke (1962) suggested using the ecovalence 

(Wi) as a parametric stability parameter, genotypes with low 
ecovalence have smaller fluctuations across environments 
and are the most stable. Therefore, genotypes Mexicali 75 
and Oued Zenati had smaller deviations from the mean 
across cropping seasons and were the most stable in 
grain yield. The graphical distribution between the Wricke’s 
ecovalence stability index (Wi²) and mean grain yield  
(q/ha) of genotypes tested proved that adapted and stable 
genotype with the highest mean grain yield under these 
conditions was Mexicali 75 (Figure 2).

Figure 1. The relationships between the regression coefficients (bi) and Thousand kernel weight (g) for durum wheat genotypes 
tested

Figure 2. The relationships between the Wricke’s ecovalence stability index (Wi²) and mean Grain yield (q/ha) for Durum Wheat 
genotypes tested
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Figure 3. The relationships between the Wricke’s ecovalence stability index (Wi²) and mean Thousand kernel weight (g) for 
Durum Wheat genotypes tested

Figure 4. The relationships between Coefficient of variance and mean Grain yield (q/ha) for Durum Wheat genotypes tested

The results also show that local genotype Bousselem 
as the most stable with high thousand kernel weight 
and introduced genotype Altar 84 with the lowest mean 
thousand kernel weight displayed high ecovalence 
and were classified as unstable genotypes (Figure 3). 
Based on the environmental coefficient of variance 

(CVi) the genotypes Mexicali 75 and Bousselem were 
very stable in grain yield, in addition, the graphical 
distributions between the coefficient of variance (CVi) 
and grain yield of the genotypes tested (Figure 4) 
proved that genotype Mexicali 75 is the most desirable 
with high grain yield. 
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For thousand kernel weight, the genotype Oued Ze-
nati was very stable with the lowest CVi and the highest 
thousand kernel weight. The values of deviation from 
Mean variance component (θi) classified the genotypes 
Oued Zenati and Mexicali 75 as the most stable for 
grain yield, and genotype Bousselem as the most sta-
ble for thousand kernel weight (Table 3). According to 
the graphical distribution (Figure 5) between the mean 
variance component and mean grain yield (q/ha) of the 
genotypes tested, the genotype Mexicali 75 displayed 
low value of (θi) with high grain yield, conversely, the 
genotype Altar 84 displayed as unstable with high value 

of θi and the highest grain yield. The stability parameters 
suggested by Francis and Kannenberg (1978) allocated 
the local genotype Oued Zenati as the most stable with 
the highest thousand kernel weight and the introduced 
genotype Altar 84 as the most unstable for grain yield 
and thousand kernel weight (Table 3). Many studies 
confirmed that parametric index is the appropriate tools 
to identify the most stable and adapted durum wheat 
(Guendouz and Hafsi, 2017; Bendjama et al., 2019; Gu-
endouz et al., 2021), barley genotypes (Assefa et al., 
2021), spring wheat (Racz et al., 2019) and rice (Sharifi 
et al., 2021).

Figure 5. The relationships between Mean variance component and mean Grain yield (q/ha) for Durum Wheat genotypes tested

Non-Parametric index
Based on the Si(2) and Si(6) of the tested genotypes 

(Table 3), we noted that the cultivars Bousselem and Oued 
Zenati were the most stable genotypes with the lowest 
values over all genotypes in Thousand kernel weight, 
further in grain yield, the genotype Mexicali 75 exhibited 
stable performance with the lowest values of Si(2) and 
Si(6). According to the non-parametric stability statistics 
defined by Thennarasu (1995), genotype Mexicali 75 was 
the more stable with the lowest values for both indices 

tested (NP3 and NP4) and high mean yield (Table 3). 
Based on the relationships between the Thennarasu’s 
non-parametric index (NP3) and mean thousand kernel 
weight for genotypes tested (Figure 6), genotypes 
Bousselem and Oued Zenati were the most desirable with 
the highest thousand kernel weight. Many researchers 
have supported the use of the non-parametric index 
cited below in the selection of stable and adapted durum 
wheat (Guendouz and Hafsi, 2017; Hannachi et al., 2019; 
Bouchareb and Guendouz, 2021).
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positive correlation with NP(4) (Table 5). Similar results were 
obtained by Bouchareb and Guendouz (2021). According 
to Kilic (2012), this significant positive correlation between 
these stability parameters suggests that these parameters 
would play similar roles in stability ranking of genotypes as 
previously reported. In addition, no significant correlations 
were registered between the coefficient of variation and 
Wricke’s ecovalence (Table 5), many studies found similar 
results (Ramazani et al., 2016).

Associations among parametric and non-parametric 
stability index

To investigate the correlation between estimated 
stability parameters in the present study, the results of 
Spearman’s coefficient of rank correlations between mean 
yield and the different parametric and non-parametric 
stability measures are shown in Tables 4 and 5. There was 
no significant correlation between all stability parameters 
with grain yield. The Si(6) statistics showed a significant and 

Figure 6. The relationships between the Thennarasu’s non-parametric index (NP3) and mean thousand kernel weight (g) for 
Durum wheat genotypes tested

Table 4. Spearman‘s correlation coefficients among ranks of Grain yield, thousand kernel weight and stability parametric

Parametric index Non-parametric index

bi Wi² CVi θi S(²) S(6) NP(3) NP(4)

GY 0.341 0.299 0.126 0.298 -0.08 -0.684 -0.092 -0.504

TKW -0.679 -0.724 -0.793 -0.724 -0.696 -0.965* -0.927 -0.954*
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For thousand kernel weight, the association of 
stability parameters was different, based on the results of 
Spearman’s correlation analysis, positive and significant 
correlation was found between the S(6) statistic and thousand 
kernel weight (Table 4), in addition, the S(6)statistic positively 
and significantly correlated with each other (NP(3), NP(4)) 
and showed no significant correlations with (Wi² , CVi , θi ). 
Also, it is worthy to note that correlation between Wricke’s 
ecovalence and bi was found to be insignificant (Table 5), 
indicating independence of these two stability parameters.

Principal component analysis of the rank correlations
Principal component (PC) analysis based on the rank 

correlation matrix was performed and presented on Figure 

7. The PCA1 and PCA2 axes, justify 85.32% (60.19% and 
25.13%, respectively) of the total variation. Becker and 
Leon (1988) suggested grouping the measures of yield 
stability into static and dynamic approaches. According to 
the biplot (Figure 7), the genotype Altar 84 was classified 
in dynamic concept with the highest yield, in contrary 
the genotype Bousselem was classified in static stability 
group with low mean yield. The high yield performance of 
released genotypes is one of the most important targets 
of breeders; therefore, they prefer a dynamic concept of 
stability because this concept of stability means that a 
genotype would show a high response to different levels 
of inputs such as fertilizer, temperature and humidity 
(Becker and Leon, 1988).

Table 5. Relationships among different stability parameters

bi (GY)
bi(TKW

Wi²(GY)
Wi²(TKW

CVi(GY)
CVi(TKW)

θi(GY)
θi(TKW)

S2
(GY)

S2 
(TKW)

S6
(GY)

S6 
(TKW)

NP3
(GY)

NP3 (TKW
NP4

(GY)
NP4

(TKW)

bi (GY)
bi(TKW)

1
1

Wi²(GY)
Wi²(TKW)

-0.204
0.225

1
1

CVi(GY)
CVi(TKW)

0.943
0.985*

-0.046
0.339

1
1

θi(GY)
θi(TKW)

-0.204
0.225

1***
1***

-0.046
0.339

1
1

S2
(GY)

S2 
(TKW)

-0.712
-0.027

0.821
0.625

-0.533
0.142

0.821
0.625

1
1

S6
(GY)

S6 
(TKW)

-0.639
0.606

0.462
0.871

-0.349
0.718

0.462
0.871

0.773
0.663

1
1

NP3
(GY)

NP3 (TKW)
-0.297
0.777

0.920
0.783

-0.038
0.850

0.920
0.783

0.864
0.440

0.745
0.961*

1
1

NP4
(GY)

NP4
(TKW)

-0.622
0.447

0.648
0.860

-0.338
0.587

0.648
0.860

0.881
0.825

0.974*
0.969*

0.867
0.867

1
1

*P< 0.05 

Figure 7. Biplot of IPC1 and IPC2 of the rank correlation matrix of the stability parameters with Grain yield and Durum Wheat 
genotypes tested
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In addition, the parametric indices bi and CVi are 
associated with dynamic stability but other indices are 
associated with static stability.

For thousand kernel weight, based on the result in 
Figure 8, the first and second principal components of 
the rank correlation accounted for 73.77% and 19.98% 
of the variation, respectively, making a total of 93.75% 
of the original variance among the stability parameters. 

Based on the PC analysis, mean thousand kernel weight 
and genotypes Oued Zenati and Bousselem were placed 
in group I. Group II consisted of θi, Wi², CVi, S(2), S(6), 
NP(³) and NP(4) statistics. Both genotypes Bousselem and 
Oued Zenati were classified in dynamic concept with the 
highest thousand kernel weight. Contrarily, the introduced 
genotypes Altar 84 and Mexicali 75 were classified in 
statistic stability with the lowest Thousand kernel weight.

Figure 8. Biplot of IPC1 and IPC2 of the rank correlation matrix of the stability parameters with Thousand Kernel Weight and 
Durum Wheat genotypes tested

Conclusion

Based on the mean Grain yield of each genotype 
tested in comparison with the general Grain yield, 
genotypes Altar 84 and Mexicali 75 had the highest Grain 
yield, and for Thousand kernel weight local genotypes 
Bousselem and Oued Zenati were classified with the 
highest TKW. The selection of adapted and stable 
genotypes based on graphical distributions between the 
parametric indices (Wricke’s ecovalence stability index 
(Wi²), environmental coefficient of variance (CVi), mean 
variance component (θi)) and the mean grain yield of 
tested genotypes proved that Mexicali 75 was the most 
adapted and stable genotype with the highest mean grain 
yield under these conditions. In addition, the graphical 
distributions between the parametric indices (regression 
coefficient (bi), Wricke’s ecovalence stability index (Wi²)) 
and the mean thousand kernel weight of the tested 
genotypes showed that genotypes Oued Zenati and 

Bousselem were the most adapted with the highest TKW. 
The classification of the genotypes studied based on the 
Non-parametric index showed that genotype Mexicali 75 
was the most stable with high grain yield and for thousand 
kernel weight the genotypes Oued Zenati and Bousselem 
were the most stable and adapted with the highest TKW. 
Accordingly, the Principal component (PC) analysis 
classified the genotype Altar 84 in dynamic concept with 
the highest grain yield, in contrary, genotype Bousselem 
was classified in static stability group with low mean Grain 
yield, in addition, the local genotypes Bousselem and 
Oued Zenati were classified in dynamic concept with the 
highest thousand kernel weight. The results of our study 
confirmed the applicability of stability parameters to other 
quantitative traits apart from yield, such as thousand 
kernel weight. Genotypes Mexicali 75 and Bousselem 
are the most suitable for inclusion as donors in the future 
breeding programs of durum wheat under semi-arid 
conditions.
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