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Abstract
Aim: Production of new barley (Hordeum vulgare L.) genotypes with stable grain yield is an important challenge in variable and harsh
climatic conditions such semi-arid zones. Methodology: For this purpose, twenty-nine 6-row barley genotypes, 26 barley anther
culture-derived doubled haploid lines obtained from F2 plants of 2 biparental crosses, along with 3 parental cultivars were tested for grain
yield and stability level at five semi-arid environments in Algerian highlands barley grown areas. Several stability parameters such,
regression coefficient (bi), deviation from regression (S2di), Pinthusʼ coefficient (R2), environmental variance (S2i), coefficient of variation
(CV%), Wrickeʼs genotypic ecovalence (Wi), Shuklaʼs stability variance (Fi2), heterogeneity variance (%HV), incomplete correlation (%IC)
and Plaistedʼs stability Parameter (P), were used to assess the stability of each genotype. Results: Twenty eight genotypes showed a wide
adaptability (bi = 1) and only a single line (DH40) showed a specific adaptation (bi<1). About 10 genotypes showed yield stability over
the environments studied (S2di = 0, low values of Wi, %HV, %CV, %IC, Fi2 and high R2). Upon these 10 genotypes, eight gave high yields
(Express, DH11, DH14, DH15, DH21, DH30, DH39 and DH10). The DH26, DH65 and DH2 lines have given the best yields but are unstable.
The majority of doubled haploid lines derived from Tichedrett×Express hybrid, showed more stability than the local parent and a yield
equal to the general mean yield. Conclusion: Significant correlations were obtained within the two groups of parameters of static stability
concept and dynamic stability concept, indicating the possibility of using a single stability parameter per group.
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selection for yield stability is not usually feasible due to the
required number of test environments, which exceed the
common capacity of barley breeding programs. However, this
objective remains a central concern and many studies are
conducted to investigate stability of barley genotype under
different environments8-14. Several statistical methods were
developed to analyze GEI. These analyses provide the ability of
characterizing genotypes towards their adaptation and their
degrees of stability. Among these methods, the parametric
univariate stability statistics15 which were frequently used16
can be cited. The majority of reported work on this subject
concern the promising genotypes derived from the final
stages of the conventional plant breeding, few have
concerned doubled haploids lines which are however
considered as suitable materiel for GEI studies 17.
The present study was carried out to assess the
significance and magnitude of grain yield GEI, the stability
of performance and the correlations among the stability
parameters for 26 doubled haploid barley lines (DHs)
and their parents under five semi-arid environments of
Algeria.

INTRODUCTION
In Algeria, barley (Hordeum vulgare L.) is the second
rainfed conditions cultivated cereal after durum wheat
(Triticum durum Desf.) with 1 million ha harvested areas. Its
area production is mainly located in highland semi-arid agroclimatic zone (300-400 mm rainfall) characterized by variability
and severity of climate conditions (irregular quantity and
distribution of rainfall, spring frost, low winter temperatures
and high temperatures of end cycle). These harsh climatic
conditions have a negative impact on the level and stability
of grain yields witch varied between 11.0 q haG1 in dry years
and 27 q haG1 in rainy years1. For a long time, the national
improvement efforts focused on grain yield as criterion of
selection but because this strategy was conditioned by
favorable and stable conditions2, limited results have been
obtained. So, varieties were released but because their low
potential of adaptation and their instability, they have not
been adopted by the farmers and only the two varieties,
Tichedrett and Saida, selected within local population, remain
widely used and cover the major surfaces occupied by this
specie3. Since then, the objective of barley breeders is to
develop more and more varieties characterized by both
stability and good yield level. The comportment unstable of
varieties, which show yield fluctuations across the different
environments, is due to the presence of Genotype×
Environment Interactions (GEI)4. The importance of GEI in
the process of improvement has been reported for a long
time because that compromises the progress of the selection
by making difficult the classification and the identification
of superior varieties5. To mitigate this problem and exploit
positively the GEI, stratification of the environments and multi
environments trials are necessary to identify stable and
high yielding genotypes6. Muhleisen et al.7 considered that

MATERIALS AND METHODS
Crop material and field experiments: The crop material used
in the experiment consisted in twenty-nine 6-row barley
genotypes including 26 doubled haploid lines (DHs) and
three parental varieties (local drought resistant and low
yielding variety: The cv. Tichedrett and two commercial high
yielding French introductions: The cvs. Express and Plaisant)
(Table 1). This material was evaluated for grain yield at
five semi-arid environments (locations×years) in 3 Algerian
highlands barley growing areas during 3 years in 2011-2012
and 2013. The environments (locations×years) were

Table 1: Name and code of tested genotypes (parental varieties and doubled haploid lines)
Genotypes

Codes

Genotypes

Codes

Tichedrett
Express
Plaisant
DH1 F2 Tichedrett×Express
DH2 F2 Tichedrett×Express
DH5 F2 Tichedrett×Express
DH10 F2 Tichedrett×Express
DH11 F2 Tichedrett×Express
DH13 F2 Tichedrett×Express
DH14 F2 Tichedrett×Express
DH15 F2 Tichedrett×Express
DH16 F2 Tichedrett×Express
DH21 F2 Tichedrett×Express
DH24 F2 Tichedrett×Express
DH25 F2 Tichedrett×Express

T
E
P
DH1
DH2
DH5
DH10
DH11
DH13
DH14
DH15
DH16
DH21
DH24
DH25

DH26 F2 Tichedrett×Express
DH30 F2 Tichedrett×Express
DH31 F2 Tichedrett×Express
DH37 F2 Tichedrett×Express
DH39 F2 Tichedrett×Express
DH40 F2 Tichedrett×Express
DH43 F2 Tichedrett×Express
DH46 F2 Tichedrett×Express
DH54 F2 Tichedrett×Plaisant
DH55 F2 Tichedrett×Plaisant
DH59 F2 Tichedrett×Plaisant
DH60 F2 Tichedrett×Plaisant
DH63 F2 Tichedrett×Plaisant
DH65 F2 Tichedrett×Plaisant

DH26
DH30
DH31
DH37
DH39
DH40
DH43
DH46
DH54
DH55
DH59
DH60
DH63
DH65
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(S2di). A genotype with wide adaptation was defined as one
with (bi = 1) and stable as one with (S2di = 0). The significance
of regression slope (bi) from unity and deviation from
regression (S2di) for each genotype were tested by t-test and
F-test, respectively. The stability of genotypes was also
approached through 2 static stability parameters such
environmental variance25 (S2i) and coefficient of variation26
(%CV) in addition to six dynamic stability parameters consisted
of Plaistedʼs GE variance component27 (P), Wrickeʼs genotypic
ecovalence28 (Wi), Shuklaʼs stability variance29 (Fi2), Pinthuʼs
coefficient of determination30 (R2), heterogeneity variance
(%HV) and incomplete correlation31 (%IC). Higher values for
Pinthuʼs coefficient (R2) and Plaistedʼs stability parameter (P)
indicate better genotypic stability. Lower values of remained
parameters indicate higher stability. The relation magnitude
between the used stability statistics was estimated from
Pearsonʼs correlation coefficient.

principally differentiated by annual and seasonal rainfall
variations (Table 2). The DHs lines were obtained in 2009 in the
framework of INRAAʼs barley breeding program by plant
biotechnology tools. The DH lines were developed from
F2 hybrids of 2 biparental single crosses between the local
variety and the two introductions (F2 Tichedrett×Express,
F2 Tichedrett×Plaisant) using anther culture procedure as
described by Szarejko18,19, Cistue et al.20 and Jacquard et al.21.
The field experiments were conducted at each location in a
randomized complete block design with three replications.
The experimental plots consisted of 5 m in length and 1.20 m
in width (6 rows). Row to row distance was 20 cm. The seeding
rate was 275 seeds mG2. The crop was harvested at maturity
and the grain yield was obtained from 1 m section of 2 interior
rows in the middle of each plot.
Data analysis: The variance analysis of data grain yield was
realized by single environment to test the genotype effect and
analyze the comportment and classify the genotypes using a
Newman-Keulsʼs test. A combined variance analysis of data of
all environments was realized to test GE interaction effect and
obtain variance components. The joint regression was used to
analyze GE interaction for grain yield and approach the
stability of genotypes. For this purpose, variance analysis of
Finlay and Wilkinson22 was performed using "GEST" program,
based on the model of Eberhart and Russell23 and developed
by Ukai24. Each genotype was characterized by its regression
coefficient (bi) and its variance of deviations from regression
Table 2: Testing environments description
Experimental sites
Code location-cropping season
EL-Khroub experimental
E1-Khroub 2010-11
E2-Khroub 2011-12
station ITGCa
Sidi Bel Abbes

E3-SBB 2011-12

Setif experimental station ITGCa

E4-Setif 2011-12

Setif experimental station INRAAb

E5-Setif 2012-13

RESULTS AND DISCUSSION
Analysis of grain yield performance of genotypes by
environment: The variance analysis of the grain yield by
environment showed a significant genotype effect for
the environments E1-Khroub 2010-11, E2-Khroub 2011-12,
E3-SBB 2011-12, E5-Setif 2012-13 (p<0.001) and E4-Setif 201112 (p<0.05) (Table 3). This effect indicated the existence of
a usable genetic diversity for the selection. The average
grain yield by environment varied from 20-39 q haG1 (Table 4).

Geographic coordinates
High plains
36E26ʼ N
6E66ʼ E
Highlands
35E11' N
0E38' W
Highlands
36E09' N
5E26' E

Rainfall (mm)c
593
470

Altitude (masl)
640

Climate type
Mediterranean type,
semiarid

486

Mediterranean type,
semiarid

335

981

Mediterranean type,
continental, semiarid, with cold
and rainy winter, hot and dry
summer. Early risk of hot winds
(sirocco) and late frost in spring

303

Highlands
1081
36E15' N
5E7' E
a
Technical Institute of Field Crops, bNational Institute of Agronomic Research of Algeria and cFrom September to June

394

Table 3: One way analysis of variance for grain yield in each of 5 environments tested
Mean squares
----------------------------------------------------------------------------------------------------------------------------------------------------------------Source of variation
df
E1-Khroub 2010-11
E2-Khroub 2011-12
E3-SBB 2011-12
E4-Setif 2011-12
E5-Setif 2012-13
Genotype
28
55.19***
102.30***
203.80***
33.35*
152.88***
Error
58
17.35
19.60
17.00
17.31
23.97
Square root error
4.16
4.43
4.12
4.16
4.90
CVr (%)
13.3
11.30
10.70
20.80
15.40
*,***Significant at p<0.05 and p<0.001, respectively
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Table 4: Mean yield performancea (q haG1) of 29 barley genotypes (26 DHs and 3 parents) field tested across 5 environments

Genotype

Environments
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------E1-Khroub
E2-Khroub
E3-SBB
E4-Setif
E5-Setif
Mean yield (N = 5)

Tichedrett
Express
Plaisant
DH1
DH2
DH5
DH10
DH11
DH13
DH14
DH15
DH16
DH21
DH24
DH25
DH26
DH30
DH31
DH37
DH39
DH40
DH43
DH46
DH54
DH55
DH59
DH 60
DH 63
DH 65
Mean±SEb
Variance
CV%

28.0±0.7bc
33.1±2.1abc
31.9±1.1abc
29.7±2.1abc
38.3±1.2ab
28.7±2.0bcd
29.1±0.9bcd
31.0±1.9abc
31.9±2.5abc
32.5±1.3abc
33.4±0.3abc
30.5±4,0abc
32.2±0.8abc
35.5±2.5abc
35.2±1.6abc
31.7±0.8abc
27.8±3.3bc
31.2±2.4abc
28.2±4.5bcd
30.2±3.0abc
28.2±3.3bc
30.1±1.7abc
30.8±1.4abc
36.1±2.5abc
24.6±2.8cd
18.5±0.1d
33.0±3.8abc
42.2±0.6a
34.1±4.8abc
31.3±0.8b
18.4
13.7

50.7±1.5a
38.4±4.7abcde
41.9±3.7abcd
37.9±1.7abcde
47.0±0.1ab
33.7±1.6bcde
30.9±2.7de
35.9±2.4bcde
42.8±0.7abcd
44.7±4.4abc
34.0±2.1bcde
39.6±1.2abcde
34.0±2.5bcde
36.6±1.6bcde
39.6±2.0abcde
42.4±1.1abcd
43.1±1.1abcd
28.4±2.7e
40.6±2.1abcde
40.3±4.2abcde
33.3±1.9cde
47.1±0.8ab
43.0±1.6abcd
30.7±0.1de
37.7±3.3abcde
40.0±4.7abcde
30.8±4.3de
35.4±2.1bcde
50.2±0.6a
39.0±1.1a
34.1
14.9

37.8±2.8def
36.7±0.4def
30.8±0.2efg
37.5±2.6def
33.7±0.4defg
25.8±1.9fg
37.0±1.4def
41.3±1.5cde
39.7±1.3cde
34.0±3.5defg
32.6±0.6efg
34.5±1.5defg
35.9±1.8defg
45.0±1.7bcd
34.5±1.7defg
51.8±3.0ab
29.3±4.8efg
38.0±2.6def
33.7±2.2defg
40.5±2.6cde
24.8±0.8g
35.5±1.8defg
36.0±0.9defg
52.0±2.9ab
50.3±4.8ab
57.0±0.0a
51.3±3.3ab
29.2±3.0efg
48.7±3.0abc
38.4±1.5a
68.0
21.4

23.5±1.9ab
22.4±1.6ab
18.6±2.6ab
25.4±2.0ab
2.60±2.4ab
16.7±2.0ab
18.0±2.0ab
19.5±1.3ab
18.8±2.1ab
19.3±3.3ab
19.1±2.9ab
22.6±1.6ab
18.3±3.8ab
22.6±2.4ab
13.2±1.4ab
25.6±0.5a
19.3±2.7ab
21.5±2.4ab
22.4±0.8ab
16.3±0.6ab
21.2±1.4ab
17.9±1.1ab
20.0±1.9ab
12.3±2.6b
17.6±2.6ab
18.4±4.3ab
19.8±2.5ab
19.0±3.9ab
26.4±3.4a
20.0±0.6c
11.1
16.5

23.1±2.7defg
34.4±2.1abcdef
22.6±2.0efg
40.8±0.5ab
42.0±1.0ab
28.9±5.8bcdefg
29.0±0.9bcdefg
31.0±1.5bcdefg
39.1±0.3abc
37.4±2.7abcd
32.3±3.9abcdefg
40.2±2.9 abc
30.0±2.8bcdefg
19.7±2.3g
25.9±2.4cdefg
45.5±2.5a
34.6±3.8abcdef
37.4±1.2abcde
39.1±1.3abc
27.4±4.6bcdefg
26.0±1.5cdefg
36.2±2.8abcde
39.5±0.3abc
21.2±1.3fg
36.5±2.7abcde
24.3±2.0defg
28.8±7.0bcdefg
23.2±2.0defg
25.8±2.6cdefg
31.8±1.3b
51.0
25.5

32.6bcd
33.0bcd
29.2de
34.3bcd
36.9abc
26.8e
28.8de
31.7bcde
34.5bcd
33.6bcd
30.3de
33.5bcd
30.1de
31.9bcde
29.7de
39.4a
30.8de
31.3de
32.8bcd
31.0de
26.7e
33.4bcd
33.9bcd
30.5de
33.3bcd
31.6cde
32.7bcd
29.8de
37.0ab
32.1±0.53
8.0
8.8

a

Data are given Mean±SE, bMean grain yield per trial (q haG1), Values within the same column without the same letters indicate a significant difference according to
Newman Keulsʼs test at p<0.05

The highest grain yield was obtained at E2-Khroub 2011-12
(39.4 q haG1), followed by that obtained at E3-SBB 2011-12
(38.4 q haG1), these two sites were the most favorable and
occupied the first place (according to Newman-Keulʼs test).
The E5-Setif 2012-13 and E1-Khroub 2010-11 occupied the
second place with respective yields of 31.8 and 31.3 q haG1.
The E4-Setif constituted the least favourable environment,
registering the lowest average yield, 20.4 q haG1 (Table 4). The
average yields for genotypes (Table 4) varied from 12.3 q haG1
(DH54 at E4-Setif site) to 57 q haG1 (DH59 at E3-SBB 2011-12
site). Thus, at the E1-Khroub 2010-11 site, grain yield varied
from 18.5 q haG1, recorded by line DH59, to 42.2 q haG1 for
DH63 line. At E2-Khroub 2011-12, DH31recorded the lowest
yield (28.4 q haG1), while the parental cv. Tichedrett and
DH65 line recorded the highest values respectively, 50.7 and
50.2 q haG1. At E3-SBB 2011-12 site, DH40 line registered the
lowest value performance (24.8 q haG1) and DH59 line, the
highest value (57q haG1). At E4-Setif 2011-12, the DH65 line

distinguished itself again and registered the most important
value (26.4 q haG1), the first place was also occupied by
the DH26 line (25.6 q haG1), which distinguished itself by
second one better score (45.5 q haG1) at the experimental
site E5-Setif 2012-13. The lowest yields at the two latter sites
were respectively registered by DH54 line (12.3 q haG1) and
DH24 line (19.7 q haG1). The differential ranking of lines
through the environments indicated the presence of a GE
interaction32, which was confirmed by combined variance
analysis (Table 5). The most important proportion of the
variation (57.2%) had for source the environment, indicating
contrasting environments. The part of the variation, which
was due to genotype, represented only 9.4%, this weak
proportion is certainly explained by the origin of the
estimated lines. Indeed, all these lines have in common the
same local parent Tichedrett, furthermore twenty of these
lines were derived from a single cross (Tichedrett×Express)
and the remaining lines from Tichedrett×Plaisant cross. The
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proportion of the variation explained by the GE interaction
was high; it represented 33.4% of the total sum of square
deviations (G+E+GEI) (Table 5). These proportions, it means,
the largest part represented by the environment, followed by
that of GE interaction and the lowest represented by the
genotype, are in accordance with those reported by
Bantayehu33 and Kadi et al.8. Besides that, the confirmation of
the presence of the GE interaction required to conduct the
analysis of grain yield stability to identify the stable and
performing lines.

According to the adaptability definition of Finlay and
Wilkinson22, DH26, DH65 and DH2 lines, which had a slopes
equal to the unity and a grain yield significantly superior to
the general mean yield (µ) (Table 7), respectively equal to
39.4***, 37* and 36.9**, showed to be well adapted to the
five tested environments. The DH5 line also had a slope
equal to 1 but a grain yield significantly lower than (µ) 26.8**,
this line was classified poorly adapted to all environments
tested. Regarding the DH40 line whose slope was significantly
less than 1 and a yield significantly inferior to (µ) 26.7***,
was characterized by a specific adaptation to unfavorable
environments. The parents varieties and the rest of DHs lines,
had slopes equal to the unity and yield equal to (µ), they were
classified as genotypes at wide adaptation and average
stability. According to Eberhart and Russell23, who defined
the stability of genotypes on the basis of two parameters (bi)
and (S2di), the DH14, DH11, DH39, DH30, DH15, DH21, DH10
and DH5 lines and parental cv. Express, which had regression
slopes equal to 1 and deviations from the regression S2di = 0
were defined as stable lines. The remaining lines had S2di
significantly different from 0, were therefore based on this
parameter and characterized by instability. The Pinthusʼs (R2),
varied from 25.6-84.8%. The most unstable 10 genotypes,
with the lowest coefficients (25.6-51.1%) were, HD63, DH31,
DH40, DH60, HD5, HD24, HD1, HD30, HD37 and Tichedrett,
respectively. The first ten most stable lines, those with the
highest coefficients (84.8-64.4%) were, DH13, DH11, DH25,
DH43, DH39, DH10, DH46, DH21, Express and DH26,

Analysis of grain yield stability and average performance
of parental varieties and DHs lines: Variance analysis of
Finlay and Wilkinson22 (Table 6) revealed that the joint
regression was unsuitable to explain the GE interaction. In fact,
heterogeneity of regression represented only 14.3% of the
sum of squares of the GE interaction, while the deviation
of the regression was explained most of the interaction
(85.7%). More, heterogeneity of regression and pooled
deviation from regression were respectively not significant
and significant (p<0.001). Becker and Leon32 consider that only
a small part of the GE interaction could be generally explained
by the heterogeneity of regressions. It is because the majority
of bi slopes have a value close to 1. This was confirmed in the
present study, indeed 28 of the tested genotypes had a slopes
bi =1 (Table 7), these genotypes were classified at wide
adaptation. A single line, the DH 40, had a slope bi significantly
lower than unity; it was characterized by a specific adaptation.

Table 5: Combined analysis of variance for grain yield of 29 genotypes grown in five environments
Source of variation

Degrees of freedom

Sum of squares

28.00
4.00
112.00
2.00
56.00
8.00
224.00
434.00
32.10
4.41
13.70

3380.7
20468.2
11951.9
161.6
1024.7
185.9
4144.6
41317.3

Genotype
Environment
Genotype×environment
Block
Genotype×block
Environment×block
Error
Total
Overall mean
Square root error
Cvr (%)

Mean squares

Variation (Percentage of total SS)

120.7***
5117.1***
106.7***
80.8**
18.3NS
23.2 NS
18.5

9.4
57.2
33.4

**,***Significant at p<0.01 and p<0.001, respectively, NS: Not significant at 5% level
Table 6: Finlay-Wilkinson variance analysis for grain yield stability over five environments
Source of variation

df

Genotype (G)
Environment (E)
Genotype×Environment Interaction (GEI)
Heterogeneity of regressions
Pooled deviation from regression
Pooled pure error

28
4
112
28
84
224

Sum of squares (SS)

SSG+E+GEI (%)

1144.138
6769.794
4014.427

SS GEI (%)

9.6
56.8
33.7
14.3
85.7

3440.668
4144.4

Mean squares
40.862***
1692.449***
35.843***
20.491NS
40.96***
18.5

1

Fobs

2.27
94.03
1.99
1.14
2.29

Fobs

0.50

1
Calculated by comparing all mean squares to pooled pure error, 2Calculated by comparing pooled deviation from regression mean square to Pooled deviation from
regression, ***Significant at p<0.001, NS: No significant
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Table 7: Mean yield performance and stability parameters values of 29 barley genotypes (26 DHs and 3 parents) for grain yield
Genotypes

µia (q haG1)

DH26
DH65
DH2
DH13
DH1
DH46
DH14
DH16
DH43
DH55
Express
DH37
DH60
Tichedrett
DH24
DH11
DH59
DH31
DH39
DH30
DH54
DH15
DH21
DH63
DH25
Plaisant
DH10
DH5
DH40
µb
Total

39.4+***
37.0+*
36.9+**
34.5NS
34.3NS
33.9NS
33.6NS
33.5NS
33.4NS
33.3NS
33.0 NS
32.8NS
32.7NS
32.6NS
31.9NS
31.7NS
31.6NS
31.3NS
31.0NS
30.8NS
30.5NS
30.3NS
30.1NS
29.8NS
29.7NS
29.2NS
28.8NS
26.8G**
26.7-***
32.1

bic

S2di

R2 (%)

S2i

CV (%)

Wi

Fi2

P

1.15NS (bi = 1)
1.27NS (bi = 1)
0.88NS (bi = 1)
1.20NS (bi = 1)
0.66NS (bi = 1)
1.05NS (bi = 1)
1.07NS (bi = 1)
0.77NS (bi = 1)
1.27NS (bi = 1)
1.42NS (bi = 1)
0.80NS (bi = 1)
0.80 NS (bi = 1)
1.11NS (bi = 1)
1.17NS (bi = 1)
0.97NS (bi = 1)
1.02NS (bi = 1)
1.66NS (bi = 1)
0.59NS (bi = 1)
1.30NS (bi = 1)
0.92NS (bi = 1)
1.52NS (bi = 1)
0.73NS (bi = 1)
0.87NS (bi = 1)
0.67NS (bi = 1)
1.26NS (bi = 1)
0.96NS (bi = 1)
0.84NS (bi = 1)
0.69NS (bi = 1)
0.42* (bi = <1)

137.1***
177.1*
131.8***
34.2*
63.7*
65.6**
72.6NS (S2di = 0)
71.0*
74.2**
166.3*
6.0NS (S2di = 0)
80.6*
241.5*
227.0***
219.5***
18.3NS (S2di = 0)
465.9***
108.3**
13.2NS (S2di = 0)
110.5NS (S2di = 0)
372.5***
31.2 NS (S2di = 0)
14.1NS (S2di = 0)
240.0**
67.1 *
109.2**
24.0NS (S2di = 0)
47.8NS (S2di = 0)
38.3NS (S2di = 0)

64.4
57.7
55.3
84.8
46.7
75.3
60.6
51.4
78.0
63.0
67.1
51.1
39.7
50.8
45.7
83.1
53.9
34.6
76.1
47.1
56.4
58.9
69.3
25.6
78.4
57.3
75.3
43.6
35.2

112.1
139.2
78.8
92.8
41.4
80.4
85.6
52.6
112.3
159.8
38.3
57.4
132.9
137.1
110.4
65.4
278.6
46.4
101.6
77.6
228.2
39.3
48.2
86.4
109.6
81.3
47.2
39.8
20.0

26.9
31.9
24.0
27.9
18.8
26.5
27.5
21.7
31.8
37.9
18.8
23.1
35.2
35.9
33.0
25.5
52.8
21.8
32.6
28.6
49.6
20.7
23.1
31.2
35.3
30.9
23.8
23.6
16.8

140.7
194.5
136.3
43.8
90.3
66.3
75.4
83.8
93.1
206.7
15.2
91.4
240.9
236.6
218.4
17.2
568.4
140.6
34.1
114.1
432.0
47.7
45.0
266.5
83.0
111.5
28.8
71.1
120.9

36.5
50.9
35.3
10.4
22.9
16.5
18.9
21.2
23.7
54.2
2.7
23.2
63.4
62.2
57.3
3.3
151.3
36.4
7.8
29.3
114.7
11.5
10.7
70.2
21.0
28.6
6.4
17.8
31.1

106.6
105.1
105.1
109.4
108.0
108.7
108.5
108.3
108.0
104.7
110.2
108.0
103.7
103.9
104.4
110.1
94.4
106.5
109.7
107.4
98.2
109.3
110.2
103.0
108.3
107.5
109.8
108.6
107.3

HV (%)

IC (%)

2.1
3.2
1.8
1.8
3.6
1.8
1.7
2.7
2.2
4.5
3.9
2.4
3.0
3.2
2.1
2.1
14.9
3.2
1.9
1.8
9.8
3.9
3.4
1.7
2.1
1.7
3.1
3.8
7.1

3.8
4.4
3.9
2.4
2.7
2.8
2.9
2.8
3.1
4.3
1.4
3.0
5.2
5.1
5.1
1.9
7.2
3.6
2.2
3.5
6.4
1.9
2.0
5.9
2.9
3.5
1.8
2.3
2.2

21.0

79.0

a

Grain yield of each genotype across all environments, bµ = General means yield of the 29 barley genotypes across 5 environments, +*, +**, +***Significantly superior
to µ at p<0.05, p<0.01 and p<0.001, respectively, according to student test, NS: No significantly different to µ at p<0.05, according to student test, -*, -**, -***Significantly
inferior to µ at p<0.05, p<0.01, p<0.001, respectively, according student test, bi: Regression coefficient, cAll bi are significantly different from zero based on linear
regression analysis, bi was tested against "1" according to student test, at (0.05), S2di: Deviation of regression, S2di was tested against "0" according F-test (regression
analysis), R2 (%): Coefficient of determination, S2i: Phenotypic variance, CV (%): Coefficient of variation (%), Wi: Wrickeʼs ecovalance, Fi2: Shuklaʼs stability, P: Plaistedʼs
stability parameter, HV (%): Variance heterogeneity (%), IC (%): Incomplete correlation

(Wi = 34.1 and Fi2 = 7.8), the line DH13 (Wi = 43.8 and
Fi2 = 10.4), while the most unstable genotypes were the
local variety Tichedrett (Wi = 236.6 and Fi2 = 62.2), the line
DH60 (Wi = 240.9 and Fi2 = 63.4), the line DH63 (Wi = 266.5 and
Fi2 = 70.2), the line DH54 (Wi = 432 and Fi2 = 114.7) and the
line DH59 (Wi = 568.4 and Fi2 = 151.3). Plaisted parameter
stability (P) varied from 110.2-94.4, thus identifying different
levels of stability. The most stable level was characterized
by Express (P = 110.2), DH21 (P = 110.2), DH11 (P = 110.1),
followed by DH10 lines (P = 109.8), DH39 (P = 109.7), DH13
(P = 109.4) and DH15 (P = 109.3). The most unstable level
was characterized by Tichedrett (P = 103.9), followed by
DH60 lines (P = 103.7), DH63 (P = 103.0), DH54 (P = 98.2)
and DH59 (P = 94.4), the most unstable line. Heterogeneity of
variance (% HV) represented only 21.01% of the GE interaction
(Table 7), its use in the assessment of the stability was not very
effective, as reported by Grada and Ciulca34, contrary to the

respectively. The environmental variance specific at each
genotype (S2i) varied from 20.0-278.6. According to this
parameter, the 10 most stable genotypes, S2i from 20-57.4
were DH40, Express, DH15, DH5, DH31, DH10, DH21, DH16
and DH37, respectively and the ten more unstable, S2i from
109.6-278.6 were, DH25, DH24, HD26, DH43, HD60, Tichedrett,
HD65, DH55, DH54 and DH59, respectively. The coefficient
of variation (CV%) varied from 16.8-52.8, depending on
this parameter, the more stable genotypes were DH40, DH1,
Express, DH15, DH16 and the more unstable were DH59,
DH54, DH55, Tichedrett, DH25 and DH60. Genotypic
ecovalence (Wi) and stability of the variance of Shukla (Fi2)
parameters, varied from 15.2-568.4 and 2.7-151.3, respectively.
These two parameters showed, that the most stable
genotypes were respectively the introduced variety Express
(Wi = 15.2 and Fi2 = 2.7), the line DH11 (Wi = 17.2 and
Fi2 = 3.3), the line DH10 (Wi = 28.8 and Fi2 = 6.4), the line DH39
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remaining DHs lines derived from this crossing, except for the
DH65 line, which was characterized by a grain yield higher
than the general mean yield (µ), both lines, DH63 and DH55
had grain yields equal to the general mean µ (Table 4).

incomplete interaction (%IC) which explained 79.99%
(Table 7) of the GE interaction. According to this last
parameter, the cv. Express (%IC = 1.4%), the lines DH10
(%IC = 1.8%) and DH15 (% IC = 1.9%) were the most stable
across the five environments, whereas the lines DH63 (5.9%),
DH54 (6.4%) and DH59 (7.2%) were the most unstable
(Table 7). The cv. Express, which was classified the most stable
according to %IC, was among the most unstable according to
the heterogeneity of variance (% HV = 3.9). The highest values
of %HV (9.8 and 14.9%) were obtained respectively by DH54
and DH59, they were the most unstable. These lines were also
the most unstable based on the genotypic ecovalence (Wi),
Shukla stability variance (Fi2), the incomplete correlation (%IC),
Plaisted parameter (P), the %CV and the variance (S2i). If the
majority of the parameters cited placed unequivocally these
two lines in the ranks of the most unstable (Table 7), it was not
the case for the ranking of the remaining lines, which showed
some differences depending on the parameters. These results
are in agreement with those of other authors who reported
different rankings of lines according to the parameters33,13,16.
It is important to indicate, for these tested environments that
the introduced parent Express, although of the same level
performance as the local parent Tichdrett, showed generally
a good level of stability in contrast to the local parent and cv.
Plaisant (Table 7). Moreover, DH5 line that derived from the
cross between the local parent and the introduced cv. Express,
showed a high stability and a grain yield performance below
the general mean (µ) and both parents. This is in agreement
with the conclusions of Bouzerzour et al.35 who reported that
in unfavorable environments the most stable genotypes were
less performing. The remaining lines derived from this crossing
showed most of the time more stability than the parent
Tichedrett (Table 7). These lines had a grain yield performance
equal to the general mean (µ), except for DH26 and DH2 lines,
which exhibited a grain yield superior to the general mean (µ)
and to both parents. Even if, they were unstable, these two
lines distinguish themselves from the rest and can be
considered promising (Table 4 and 7). The lines that showed
most instability were those derived from the cross between
the local variety and cv. Plaisant (Table 7). This may be the
result of the level of instability of both parents. The high
instability of the DHs lines derived from this cross would
be due to negative transgressions resulting from the
association of alleles with negative effects contained in
each parent36,37. The two lines from this crossing, which
showed most instability, were DH59 and DH54. These lines
were characterized by grain yields lower than the local parent
(cv. Tichedrett) and of the same level as the introduced parent
Plaisant, whose yield was among the lowest. Regarding the

Assessment of the level of correlations of the parameters
of stability used: The majority of the correlations were
significant (p<0.05-p<0.001) except for correlations with
the general mean yield and between bi-%HV, R²-S2i, R²-CV%,
R²-%HV. According to Sabaghnia et al.16 and El-Hashash and
El-Absy13 no correlation between the average performance
and the rest of the parameters is observed. Correlations
between R²-S2di, R²-Wi, R²-Fi2, R2-IC and the majority of the
correlations with the parameter P were generally negative
with the exception of correlations between P-R² and
R2-bi. These negative correlations, such as positive between
P and R² indicated a similar assessment of the level of
stability of genotypes. While the positive correlation between
R2-bi suggested an opposite assessment. The regression
coefficient (bi) was significantly and positively correlated
with S2di (r = 0.54***), R2 (r = 0.47**), S2i (r = 0.88***), CV%
(r = 0.86***), Wi (r = 0.52***), Fi2 (r = 0.52***) and %IC
(r = 0.50***), a single negative correlation was obtained
between this parameter and P (r = -0.51***). The deviation
from the regression (S2di), was strongly and positively
correlated with S2i (r = 0.87***), CV% (r = 0.83***), Wi
(r = 0.98***), Fi2 (r = 0.98***), %IC (r = 0.98***), %HV
(r = 0.65***) and negatively correlated with R2 (r = -0.40**)
and P (r = -0.98***). The coefficient of determination of
Pinthuʼs (R2) revealed significant and negative correlations
with ecovalence Wi (r = -0.41**), Shuklaʼs stability of the
variance Fi2 (r = -0.41**), %IC (r = -0.45**) and positive with
P (r = 0.41**). Phenotypic variance S2i was positively and
significantly correlated to the coefficient of variation CV%
(r = 0.96***), to the ecovalence Wi (r = 0.86***), to the
stability of the variance of Shukla Fi2 (r = 0.86***), to %HV
(r = 0.63***), %IC (r = 0.82***) and negatively correlated
with P (r = -0.85***). The coefficient of variation (CV%) was
significantly and positively correlated with ecovalence
Wi (r = 0.82***), stability of the variance of Shukla
Fi2 (r = 0.82***), %HV (r = 0.55**), %IC (r = 0.80***) and
negatively correlated with P (r = -0.81***). The ecovalence
Wi showed a complete correlation with the stability of
variance of Shukla (1.00***), a positive correlations with
%HV (r = 0.75***), %IC (r = 0.94***) and a strong negative
correlation with P (r = -0.99***). The stability of the variance
of Shukla (Fi2) revealed identical correlations with %HV,
%IC and Plaistedʼs variance P like those revealed with
genotypic ecovalence, r = 0.75***, r = 0.94*** and r = -0.99***,
49
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respectively. Finally Plaistedʼs variance P showed a negative
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