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Abstract. The aim of this study was to test the adaptability of seven (Triticum durum Desf.) genotypes grown under 
semi-arid conditions. The experiment was carried out at the Agricultural Experimental Station of Setif (Algeria), in a 
design of random blocks with three replications; the plant material used in this study consisted of seven genotypes 
(Triticum durum Desf.). At maturity, the following parameters were measured: grain yield; economic yield; above ground 
biomass; number of spikes per meter square; number of grain per spike; harvest index; thousand kernel weight and 
plant height. Number of days to heading was accounted from sown date. ANOVA showed that genotype and crop 
season effect were highly significant with all traits studied. MBB and Boussellem genotypes were the most suitable 
genotypes; they had good ranking under both crop seasons according to their results for all traits studied. 2016/2017 
was the best crop season; it recorded the best values of grain yield and the majority of the traits studied. The interaction 
genotype X crop season was highly significant for all traits studied.The correlations among traits under both crop 
season showed that grain yield was significantly correlated with economic yield and number of grains per spike. A high 
significant correlation was observed between economic yield and above ground biomass under both crop seasons. 
Number of days to heading was significantly correlated with plant height under both crop seasons.
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Introduction

Durum wheat (Triticum turgidum subsp. durum Desf.) 
is a minor cereal crop representing 5% of the total wheat 
crop cultivated worldwide (about 17 million ha), and in 
2019, the production was about 38 million tons (Xynias 
et al., 2020). The largest wheat producer is the European 
Union, with 9 million tonnes in 2018, followed by Canada, 
Turkey, United States, Algeria, Mexico, Kazakhstan, 
Syria and India (Tedone et al., 2018). However, the 
largest consumers are the Mediterranean countries, 
where most of the production process takes place. The 
main environmental constraints limiting the cultivation of 
durum wheat in the Mediterranean Basin are drought and 
extreme temperatures (Nachit et al., 2004). 

In Algeria, with its topographical and bioclimatic 
characteristics which show a diversity of landscapes and 
cropping systems, cereal growing is the predominant 
speculation of agriculture. It covers an annual area of 
approximately 3.6 million hectares of the useful agricultural 
areas (UAA) (MADR, 2012). Most of the plantings are 
located on the high plains, characterized by altitude, 
relatively cold winters, insufficient and irregular rainfall, 
frequent spring frosts and the appearance of sirocco at the 
end of the cycle. These stresses seriously affect yields, in 
particular the cultivation of cereals (Mekhlouf et al., 2006).
Unstable  climatic  conditions  affected  the  level  and  the  
regularity of cereal production, mainly irregular rainfall.

Wheat yield and end-use quality depend upon the 
environment, genotype, and their interaction (Peterson 
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et al., 1998). Many studies have also reported the high 
influence of environment and genotype-environment 
interaction in determining wheat grain yield and quality 
(Novaro et al.,1997). 

Among different factors, drought is a serious issue 
of low productivity for the last 5-6 years. Plant breeders 
are interested in the selection of varieties that have good 
performance in a range of environments, thus selection is 
complicated by the presence of genotype x environment 
interactions (Benkadja et al., 2022). Water deficit is the 
main  factor reducing the potentiality of wheat yield. Its 
effects depend on its advent period and the sensibility 
of growth stage (Stewart, 1998; Chennafi et al., 2006). 
According to Benmahammed et al. (2010), growers prefer 
to adopt genotypes that are distinguished by regularity 
and high yield potential. Yield stability is an important 
criterion for the development of cultivars intended for 
environments with variable rainfall, many methods of 

stability analysis are proposed in the literature (Rose 
et al., 2008; Benmahammed et al., 2010). It is in this 
context that we will present a summary of the study on the 
adaptability of the yield of seven of durum wheat (Triticum 
durum Desf.) tested over two crop seasons (2015-2017) 
in the semi-arid region of Sétif.

Material and methods

Study area 
This study was conducted during the 2015/2016-

2016/2017 cropping seasons at Setif Agricultural 
Experimental Station  (ITGC-AES, 36° 12’N and 05° 24’E 
and 1.081 m asl, Algeria).

Plant material 
The plant material used in this study consisted of 

seven genotypes (Triticum durum Desf.) (Table 1).

Table 1. Pedigrees and origin of the seven genotypes studied

Names Pedigrées Origins
Vitron Turkey77/3/Jori/Anhinga//Flamingo CIMMYT
Setifis Bousselam/Ofanto Algeria
GTA dur Crane/4/PolonicumPI185309//T.glutin en/2* Tc60/3/Gll CIMMYT-ICARDA
Wahbi KB86022-1KB0KB-2KB-2KB0KB Algeria
Boussallem Heider/Martes/Huevos de Oro. ICD-414 CIMMYT-ICARDA
 Oum rabie (Mrb5) Jori C69/Haurani ICARDA
Mohamed Ben Bachir (MBB) Local  selection INRA Algeria

Experimental device 
The genotypes tested were sowed late in mid-

January (January 12, 2016 and January 19, 2017), in a 
design of random blocks with three replications, each plot 
consisted of 2 rows 2.5 m long spaced 20 cm apart. No 
specific treatment was administered.

Studied traits 
• Number of days to heading (DH day) from the day 

of sowing to heading 
• Plant height (PH cm) at maturity 
• Grain yield (GY tons.ha-1) weight of the harvested 

grain per linear meter, we convert this weight into 
tons,

• economic yield (EY tons.ha-1) :  EY = GY + 0.3 
straw yield    (Annichiarico et al., 2005)

• above ground biomass  (BIO tons.ha-1)
• Number of spikes per meter square (NSm2)
• Number of grains per spike (NGS)

• Harvest index (HI %) : HI = (GY/BIO)*100  used by 
Fellahi et al. (2020)

• Thousand kernel weight (TKW g) 

Statistical analyses 
Analysis of variance (ANOVA)
ANOVA is a statistical tool used to detect differences 

between experimental group means. (Sawyer-Steven, 
2009).

Simple linear correlation (SLC)
SLC is used under the condition where there is only 

one predictor variable, the correlations between the grain 
yield and its components have been calculated according 
to the formula given by Snedecor and Cochran (1981).

 

r: correlation coefficient , x: first character , y: second character , n: 
total of number of observation
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All statistical analyses are performed by (Costat 
6.400, 1998) at risk of error α equal 5%. For analysis of 
variance, Fisher’s LSD multiple ranges test was employed 
for the mean comparisons.

Results and discussion 

Climatic conditions
Figure 1 shows the monthly distribution of temperature 

and precipitation during the two crop seasons. The 2015-

2016 season accounted a cumulative rainfall of 270 mm 
below the average of the last 30 years with the start of the 
season a low rainfall of 14.9 mm and a more or less high 
average temperature of 10.6°C in January, the remainder 
of the season recorded a cumulative 134.1 mm. The 2016-
2017 season saw a cumulative precipitation of 231.7 mm, 
the start of the season was marked by a strong rainfall 
of 41.5 mm and an average temperature of 6.06°C in 
January, the rest of the season scored an accumulation 
of 134.1 mm.

Figure 1. Climate conditions of both crop seasons (2015/2016 and 2016/2017)

Analysis of variance (ANOVA)
Genotype effect

Table 2 shows that genotype effect was highly significant 
(**, P<0.01; ***, P< 0.001) for the majority of the traits 
studied (excepted for thousand kernel weight) during 
both crop seasons 2015/2016 and 2016/2017, these 
results were similar with the work of Frih et al. (2021a). 
MBB, Setifis and Bousselem genotypes which were the 
best classified genotypes in 2015/2016 crop season 
with a score of 1.78, 3.00 and 3.44, respectively, (Table 
3) were characterized by high grain yield (GY =5.25 and 
4.91 and 4.16 tons.ha-1), highest economic yield (EY 
=8.71 , 6.73 and 6.57 tons.ha-1), highest above ground 
biomass (BIO =16.78, 11.38 and 12.21 tons.ha-1), high 
number of spikes per meter square (NSm2 =523.33, 
and 480 spikes.m-2), a high number of grains per spike 
(NGS=25.03;28.95 and 22.91 grains.spike-1).  Ashraf 
(1998) reported that the productive spikes per plant 
contribute to the increasing of the grain yield under water 
deficit conditions. MBB genotype was also characterized 
by the highest thousand kernel weight, number of days 
to heading and plant height (40.64 g, 138.33 days and 
97.33 cm). Mrb5 which was the worst ranked genotype 
scoring 5.78 (Table 3) was characterized by the lowest 
grain yield (2.08 tons.ha-1), economic yield (4.09 tons.
ha-1), above ground biomass (16.78 tons.ha-1), number 

of grains per spike (12.66 grains.spike-1), harvest index 
(23.74%) and thousand kernel weight (32.56 g). Wahbi, 
Bousselem and MBB genotypes were the best classified 
genotypes in 2016/2017 crop season with a score of 2.78, 
3.11 and 3.22, respectively (Table 3) were characterized 
by high grain yield (GY =7.52 and 7.44 and 7.32  
tons.ha-1), highest economic yield (EY =12.17, 13.83 and 
12.91 tons.ha-1), highest above ground biomass (BIO 
=23.01, 28.76 and 25.94 tons.ha-1), highest number 
of grains per spike for Wahbi and MBB (NGS=48.83 
and 54.16 grains.spike-1), MBB genotype also was 
characterized by the highest number of days to heading 
and plant height (134 days and 122.33 cm). Mrb5 which 
was the worst ranked genotype scoring 5.78, was 
characterized by the lowest grain yield (5.07 tons.ha-1) 
and harvest index (24.42%),  it was also characterized 
by low economic yield (9.62 tons.ha-1), above ground 
biomass (19.81 tons.ha-1) and number of grains per 
spike (28.92 grains.spike-1). These results indicate 
that MBB and Boussellem genotypes were the most 
suitable genotypes. The analysis of genotypic stability 
revealed that the genotype MBB exhibited static stability 
(Bendjama, 2018). Since 2004, new high-performance 
varieties have been approved and introduced into the 
seed multiplication program, Boussellem was one of 
these varieties (Boufanar and Zaghouane, 2006).
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Crop season effect 
Table 2 shows that season effect was highly 

significant (***, P< 0.001) with all traits studied. The  
2016-2017 season was the most favorable season, 
it recorded a strong increase in grain yield (43.25%), 
economic yield (47.41%), above ground biomass 
(51.20%), number of spikes per meter square (38.67%), 
number of grains per spike (44.95%) and plant height 
(13.16%). Harvest index, thousand kernel weight and 
number of days to heading have fallen during this season 
by 13.77%; 38.86% and 1.96%, respectively.

Interaction genotype X crop season
Table 2 shows that the interaction genotype X 

crop season was highly significant (***P<0.001) for all 
traits studied. This may be due to the different climatic 
conditions in the two seasons. The most favorable season 
2016-2017 saw a considerable increase in precipitation 
with a lower average temperature at the beginning of the 
season (January) (41.5 mm, 6.06°C) compared to the 
previous season 2015/2016 (14.9 mm, 10.6°C), which 
favored the establishment of plants in the most favorable 
season 2016/2017. The High Plains of  Sétif,  belonging  
to  the  semi-arid bioclimatic stage, are characterized 
by altitude, cold winters and dry summers. Rainfall and 
temperatures caused serious variations intra-and inter-
annually (Bouzerzour et al., 2002).

Simple linear correlation (SLC)

Table 4 shows that grain yield was highly significantly 
(*p<0.05;***p<0.001) correlated with economic yield and 
number of grains per spike under both crop seasons (r15/16= 
0.95***; 0.85*; r16/17=0.87**;0.94***), it was significantly 
correlated with above ground biomass only under 
2016/2017 crop season (r16/17=0.83*). Many researchers 
have found similar results such as Fellahi et al. (2019) 
and Mecha et al. (2017) who reported that grain yield 
was significantly correlated with number of grains per 
spike. A high significant correlation (**p<0.01;***p<0.001) 
was observed between economic yield and above 
ground biomass under both crop seasons (r15/16=0.96***; 
r16/17=0.92**). Mansouri et al. (2018) reported that economic 
yield was highly significantly correlated with above ground 
biomass. Number of days to heading was significantly 
(*p<0.05;**p<0.01) correlated with plant height under both 
crop seasons (r15/16= 0.82*; r16/17=0.88**). Similar result were 
found by Mohammad et al. (2005). Another correlation in 
only one crop season has been recorded such as number 
of grains per spike, which was significantly and positively 
correlated with economic yield and negatively with number 
of spikes per meter square under the favorable crop season 
(2016/2017) (r16/17=0.82*; - 0.84*; P<0.05). Thousand 
kernel weight was significantly and negatively correlated 
with economic yield and above ground biomass under 
the same crop season (r16/17= -0.74*; - 0.73*, P<0.05).  

Table 2. Analysis of variance of all genotypes and traits studied under both crop seasons (2015/2016 and 2016/2017)

Тable 3. Scores and ranking of different genotypes for all traits studied and under both crop seasons (2015/2016 and 2016/2017)

N° Genotypes 2015-2016 2016-2017 
Score Ranking Score Ranking

01 Vitron 5.33 6 4.67 5
02 Setifis 3.00 2 3.67 4
03 GTA dur 3.78 4 5.00 6
04 Wahbi 4.89 5 2.78 1
05 Boussallem 3.44 3 3.11 2
06 Mrb5 5.78 7 5.11 7
07 MBB 1.78 1 3.22 3
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Under unfavorable season 2015/2016, plant height was 
significantly correlated with economic yield and above 
ground biomass (r15/16=0.80*; 0.90**, P<0.05; 0.01), 

harvest index was highly significantly correlated with 
number of grains per spike (r15/16= 0.88**; p<0.01), similar 
results were recorded by Frih et al. (2021b).

Conclusion 

ANOVA showed that genotype and crop season effect 
were highly significant with all traits studied, MBB and 
Boussellem genotypes were the most suitable genotypes, 
and they had good ranking under both crop seasons. 
2016/2017 was the best crop season, it recorded the best 
values of grain yield and the majority of traits studied. The 
interaction genotype X crop season was highly significant 
for all traits studied, these results may be due to the different 
climatic conditions in the two seasons, the most favorable 
season 2016-2017 recorded a considerable increase 
in precipitation with a lower average temperature at the 
beginning of the season compared to the previous season 
2015/2016 which favored the establishment of plants in the 
most favorable season 2016/2017. The correlations among 
traits and under both crop seasons showed that grain yield 
was significantly correlated with economic yield and number 
of grains per spike, economic yield was insignificantly 
correlated with above ground biomass and number of days 
to heading was highly and significantly correlated with plant 
height, other correlations were recorded between traits, but 
only under one crop season. We propose to continue this 
work in other crop seasons to obtain clearer information 
about the adaptability of these genotypes.

Table 4. Simple linear correlation of the different variables measured.

GY15/16
GY16/17

EY15/16
EY16/17

BIO15/16
BIO16/17

NSm-2
15/16

NSm-2
16/17

NGS15/16
NGS16/17

HI15/16
HI16/17

TKW15/16
TKW16/17

DH15/16
DH16/17 

PH15/16
PH16/17

GY15/16
GY16/17

1
1

EY15/16
EY16/17

0.95**
0.87**

1
1

BIO15/16
BIO16/17

0.83*
-

0.96***
0.92**

1
1

 NSm-2
15/16

NSm-2
16/17

-
-

-
-

-
-

1
1

NGS15/16
NGS16/17

0.85*
0.94*** 0.82*

-
- -0.84*

1
1

HI15/16
HI16/17

-
-

-
-

-
-

-
-

0.88** 1
1

TKW15/16
TKW16/17

-
- -0.74* -0.73*

-
-

-
-

-
-

1
1

DH15/16
DH16/17

-
-

-
-

-
-

-
-

-
-

-
-

-
-

1
1

PH15/16
PH16/17

-
-

0.80* 0.90** -
-

-
-

-
-

-
-

0.82*
0.88**

1
1

         *P< 0.05, **P< 0.01, *** P< 0.001, only significant correlations are mentioned
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