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ABSTRACT  
The present investigation was carried out to assess the phenotypic stability of 

grain yield and its contributing characters under eight different environmental 

conditions for 12 barley genotypes. Grain yield in different locations shows that Sakha 

and Gimmeza locations produced the highest grain yield (5.84 and 5.56) t/ha respectively. 

According to stability parameters (bi, S2
d, R2

i)   and average yield results revealed that L9, 

L10 promising lines and Giza 128 cultivar showed average stability with general 

adaptability. However, L1 and L8 were adapted to high yielding environments. On the 

other side, L2, L5 and L3 promising lines were adapted to low yielding environments. 

Key words: Hordeum vulgare L., Stability, Grain yield, Genotype and interaction. 

INTRODUCTION  
Barley used as (food, feed and malt) is one of the most important 

cereal crops grown in many developing countries as a valuable grain crop 

which rank 4th among the cereal crops (FAOSTAT, 2022). It is generally 

consumed as food, and fodder (Pour-Aboughadareh et al 2021). In Egypt 

barley, extensive genetic diversity exists that provides ease to screen 

genotypes under marginal growth conditions. Barley exhibits moderate 

tolerance to salinity; however, it’s morpho-physiological and yield attributes 

have been least studied on degraded marginal lands. Therefore, cultivation 

of a salt-tolerant barley genotype has been proposed as an alternative option 

to retain its yield in hyper arid and saline regions. In contrast, it is also 

essential to expose them to varying salinity levels for the evaluation of their 

growth, yield performance and physiological attributes. This kind of study is 

very important to develop efficient breeding programs and tool kits of salt 

tolerant crop genotypes and to assess the growth, physiological and yield 

traits under field conditions (El-hendawy et al 2005, Hussain et al 2017). 

Abiotic stresses are major environmental constraint that halts the 

plant growth and results in devastating yield losses (Munns and Tester, 

2008, Hussain et al 2016). Salinity is one of the main abiotic stress factors 

that also trigger the impact of secondary stresses (drought, oxidative). 

Additionally, agricultural lands are becoming scarce due to several 

anthropogenic activities, and it is predicted that if it will continue at the 

rapid, it will cause threat to food security by 2050 (Panuccio et al 2022). 

The effects of drought on yield of crops depend on their severity and the 

stage of plant growth during which they occur (Rauf et al 2007). Improve 

yield under drought is a major goal of plant breeding (Cattivelli et al 2008). 

The best strategy for crop productivity, yield improvement, and yield 

stability under drought conditions is to develop drought -tolerant crop 
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varieties (Cattivelli et al. 2008). The objective of this study was select the 

genotypes stable to included in breeding program and selecting tolerant 

barley genotypes under different Egyptian conditions . 

MATERIALS AND METHODS  

Eight field experiments were carried out at four locations (Kafr El-

Hamam, Gimmeza, Sakha and New Valley  (El-Dakhla)), Egypt in two 

successive seasons (2019/2020 and 2020/2021) using 12 genotypes to study 

their yield and stability under studied environments. 

1- Plant materials 

The experimental materials for the study consisted of 12 barley 

genotypes. These genotypes were two cultivars Giza 128 and Fortona, 10 

promising lines (L1, L2, L3, L4, L5, L6, L7, L8, L9 and L10). Name, 

pedigree and origin of studied genotypes are given in Table (1). 

Table 1. Name, pedigree and origin of two-rowed barley genotypes. 

Name Pedigree Origin 

Giza 128 WI2291"/4/"11012-2"/"70-

22425"/3/"Apm"/"IB65'//A116' 

CHECK 

FORTONA SCARLET/ MARNI CHECK 

 L1 CANELA//ATAH92/GOB ICARDA 

L2 PFC92126/BICHY2000 ICARDA 

L3 AJO 61/6/Vmorales ICARDA 

L4 SVANHALS-BAR/MSEL//AZAF/GOB24DH 

/3/NE167/CLE176 

ICARDA 

L5 Check 2 - RIHANE-03 EGYPT 

L6 Giza 128/Marsi EGYPT 

L7 Giza 128/WI 2291 EGYPT 

L8 Giza 128/WI 2291 EGYPT 

L9 Lignee1335+Soufara-02/3/RM1508/Por//WI2269/4/Hml-

02/ArabiAbiad//ER/Apm 

ICARDA 

L10 WABAR2242//LIMON/BICHY2000 ICARDA 
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2. Description of the experiment sites 

The description of the experiment sites including soil analysis and 

location are presented in Tables 2 and 3, respectively. 

Table 2. Mechanical and chemical analysis of locations soil*. 

Location 
Available(ppm) 

PH 
Ec 

dc/m 

CaCo3

% 

Clay

% 
Silt% 

Sand

% 
Soil texture* 

N P K 

Kafr El 

Hamam 
65.0 8.6 335 7.8 1.15 1.43 50.6 38.3 11.4 Loam 

Gimmeza 53.2 18.6 490 7.7 2.01 3.86 39.6 41.8 18.6 Clay 

Sakha 66.8 8.0 430 8.1 3.0 1.32 54.4 9.20 36.4 Clay Loam 

New Vally 54.2 2.6 29.0 8.2 0.12 22.8 11.5 24.6 63.9 Sandy Loam 

* These analyses were done by soil and water Research Institute, ARC, Egypt. 

Table 3. Latitude, longitude and altitude of the experiment sites. 

Site latitude longitude Altitude 

Kafr El Hamam 30 02 N 31 13 E 22 m 

Gimmeza 30 48 N 31 07 E 9 m 

Sakha 31 07 N 30 57 E 10 m 

New Vally 31 17 N 32 27 E 14 m 

3. Statistical analysis 

Normality distribution in each environment was checked out by the 

Wilk Shapiro test (Neter et al 1996). An analysis of variance (ANOVA) was 

done for each environment separately. A combined analysis of variance was 

done from the mean data of each environment, to create the means for the 

different statistical analyses methods. Homogeneity test of variances was 

performed according to procedures reported by Gomez and Gomez (1984). 

To evaluate the stability of tested genotypes across the eight environments, 

parametric stability statistics were used to estimate stability in this study. 

Three stability parameters were performed. The first and second parameter 

were proposed by Eberhart and Russell (1966), i.e. the slope value (bi) and 
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deviation from regression parameter (S2
di). The third was coefficients of 

determination (Ri
2) according to Pinthus (1973). 

RESULTS AND DISCUSSION  

Analysis of variance 

Combined analysis of variance for grain yield is presented in Table 

(4). Results of combined analysis showed that differences among 

environments were highly significant for grain yield, indicating that the 

eight environments (E) are different in their conditions. And treatments 

showed significant effects for genotypes. Also, significant (p<0.05) mean 

squares due to genotypes (G) x environments interaction indicated that 

genotypes performed differently at different environments. 

Table 4. Combined analysis of variance for grain yield of 12, two-row 

barley genotypes in 8 environments. 

SOV df 
Mean squares 

Grain yield 

Environments 7 7.33** 

Rep/ environments 23 0.005 

genotypes 11 2.06** 

Env. X genotypes 77 0.05** 

Pooled error  0.003 
*, ** significant at 0.05 and 0.01 probability level, respectively. 

Mean performance 

Data in Table (5) show the mean performance of the tested 12 barley 

genotypes across locations in 2019/2020 season. Results in Table (5) cleared 

that genotypes differed significantly and high significantly in all studied 

traits, except spike length. The vegetative growth stage (days to heading) 

ranged from 83 for (L6) to 95 (L1). Days to maturity from 136 days for L2 

and Fortona to 125 days   The Longer plant height ranged from 117 cm for 

L3 to 86 cm for L1. Spike length ranged from 10.9 cm for Giza 128 to 8.0 

cm for L9. The highest grain yield of the first group was accompanied with 

high values of yield components, i.e. spikes/m2, grain weight/spike and 

biological yield (L9). On the other side, the low values of the yield 

components (Fortona in spikes/m2, L8 in weight/spike and L5 in biological 
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yield. Similar results were also found by pervious investigators (Abad et al 

2013, Talukder et al 2014 Lodhi et al 2015, Mondal et al 2016, Abdel-

Raouf et al 2017 and A. Guendouz and Bendada 2022). 

Table 5. Means of morphological characters and yield components for 

12 barley genotypes across 8 locations in 2019/2020 season. 

Genotypes 
H.D. 

(day) 

M.D. 

(day) 

Plht  

(cm) 

SPL 

(cm) 

Ped.L 

(cm) 

No. 

Spk/m2 

Wt 

G/spk 
BY (t/h) 

Giza 128 88 130 115.0 10.9 21.0 510 1.6 14.4 

FORTONA 91 136 91.2 9.0 14.5 350 2.1 12.1 

L1 95 135 86.0 8.8 14.0 368 1.2 12.0 

L2 93 136 89.7 8.9 14.0 520 1.2 14.0 

L3 90 130 117.0 10.4 23.5 300 1.6 14.4 

L4 85 126 108.7 8.6 20.5 414 1.6 14.1 

L5 90 129 102.2 9.2 18.5 520 1.9 9.7 

L6 83 125 99.1 9.5 14.5 510 1.7 12.9 

L7 84 125 110.8 9.7 25.5 379 1.3 11.6 

L8 89 127 100.7 9.5 21.0 421 1.1 11.6 

L9 88 134 106.6 8.0 22.5 540 2.2 14.5 

L10 89 128 110.6 9.2 31.5 378 2.1 12.3 

Mean 88.75 130.08 103.13 9.31 20.08 434.1 1.63 12.80 

L.S.D * * * n.s * * * ** 

H.D. = Days from sowing to heading.  M.D. = Days from sowing to 

physiological maturity. 

Plht = plant height.                                              SPL = spike length. 

No.Spk/m2 =. Number of spikes/m2.                   Wt G/spk= Grain weight/spike.  

Ped.L = peduncle length.                                     BY = biological yield. 

*, **, ns indicate significant at 0.05 and 0.01 levels of probability and non-

significant, respectively. 

Data in Table 6 show the mean performance of the tested 12 barley 

genotypes across locations in 2020/2021 season. Results in Table (6) cleared 

that genotypes differed significantly and highly significantly in all studied 

traits, except days from sowing to heading and grain weight/spike. The 

vegetative growth stage (days to heading) ranged from 78 for (L3) to 86 

(fortona). Days to maturity from 123 days for L6 and to 109 days Giza 128 

and L7.  
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Table 6. Means of morphological characters and yield components for 

12 barley genotypes across 8 locations in 2020/2021 season.  

Genotypes 
H.D. 

(day) 

M.D. 

(day) 
Plht (cm) 

SPL 

(cm) 

Ped. 

L (cm) 

No. 

Spk/m2 

Wt 

G/spk 

BY 

(t/h) 

Giza 128 80 109 104.5 9.5 16.0 385 1.3 11.0 

FORTONA 86 119 105.5 9.0 13.5 387 1.6 10.8 

L1 79 113 93.5 8.7 15.0 395 1.2 14.0 

L2 82 115 99.5 9.7 13.5 500 1.1 13.4 

L3 78 115 112.5 10.7 12.0 277 1.5 13.0 

L4 80 118 108.0 10.2 15.0 390 1.2 13.0 

L5 80 113 86.5 8.5 15.5 395 1.2 7.8 

L6 89 123 91.0 9.0 12.5 511 1.3 8.7 

L7 80 109 104.0 11.2 16.5 359 1.4 14.0 

L8 85 118 100.5 9.7 14.5 491 1.1 9.2 

L9 79 113 112.0 8.7 15.5 514 1.7 17.7 

L10 83 120 121.0 10.0 18.0 502 1.5 12.0 

Mean 81.75 115.42 103.21 9.58 14.79 425.50 1.34 12.05 

LSD ns * * * * * ns ** 

H.D. = Days from sowing to heading.  M.D. = Days from sowing to 

physiological maturity. 

Plht = plant height.                                              SPL = spike length. 

No.Spk/m2 =. Number of spikes/m2.                   Wt G/spk= Grain weight/spike.  

Ped.L = peduncle length.                                     BY = biological yield. 

*, **, ns indicate significant at 0.05 and 0.01 levels of probability and non-

significant, respectively. 

The Longer plant height ranged from 121 cm for L10 to 86.5 cm for 

L5. Spike length ranged from 11.2 cm for L7 to 8.5 cm for L5. The highest 

grain yield of the first group was accompanied with high values of yield 

components, i.e. spikes/m2, grain weight/spike and biological yield (L9). On 

the other side, the low values of the yield components (L3 in spikes/m2, L2 

and L8 in weight/spike and L5 in biological yield. Similar results were also 

found by pervious investigators (Abad et al 2013; Talukder et al 2014; 

Lodhi et al 2015, Mondal et al 2016, Abdel-Raouf et al 2017 and Guendouz 

and Bendada 2022).  

Data in Table 7 show that the mean performance of the grain yield 

(t/ha) ranged from 1.43 to 7.32 t/ha for “L4” in E 4 and “L9” in E7, 

respectively.  
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Table 7. Mean grain yield (to/ha) for 12 barley genotypes and their 

combined mean across eight environments. 

Genotypes E1 E2 E3 E4 E5 E6 E7 E8 Mean 

Giza 128 3.87 5.95 6.07 3.69 6.90 5.95 6.67 4.11 5.40 

FORTONA 3.10 5.60 6.07 3.45 5.83 5.42 6.43 3.72 4.95 

L1 2.62 5.24 5.83 2.98 5.54 5.54 6.37 3.68 4.72 

L2 3.69 5.95 6.31 3.57 5.12 5.77 6.01 3.42 4.98 

L3 3.39 5.36 5.60 2.86 5.95 5.06 3.57 3.27 4.38 

L4 2.44 4.94 4.94 1.43 5.18 4.74 2.38 3.36 3.68 

L5 2.44 4.76 5.00 2.62 4.64 4.40 4.88 2.89 3.95 

L6 2.56 5.06 5.42 2.62 5.48 4.23 3.63 3.14 4.02 

L7 3.39 5.00 5.06 2.50 6.49 4.40 5.65 2.89 4.42 

L8 3.60 5.60 6.07 2.74 6.37 5.24 6.55 3.48 4.96 

L9 3.71 6.67 7.14 4.17 6.55 6.55 7.32 4.29 5.80 

L10 4.17 6.55 6.67 3.81 6.55 6.31 6.43 3.96 5.55 

Mean 3.20 5.69 5.98 3.16 5.90 5.44 5.71 3.59 4.83 

E 1= Kafr El Hamam season 2019/2020.,   E5= Kafr El Hamam season 

2020/2021. 

E 2= Gimmeza season 2019/2020.,               E 6= Gimmeza season 2020/2021. 

E 3 = Sakha season 2019/2020.,                    E 7 = Sakha season 2020/2021. 

E 4 = New Vally season 2019/2020.              E 8 = New Vally season 2020/2021. 

With regard to yield in different locations across seasons and 

genotypes, Table (7) shows that mean of Sakha and Gimmeza produced 

highest grain yield t/ha in average of the two environments (5.84 and 5.56) 

respectively. The advantage of both locations may be due to its favorable 

conditions, i.e. soil characters and climate factors for growing barley. On the 

other hand, New vally location was the poorest location with lower values 

of grain yield (Table 7). This may be due to unfavorable conditions of this 

location.  
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Stability and adaptation parameters 

The parameters estimated to evaluate the relative stability of 12 two-

row barley genotypes across a range of environmental conditions are 

presented in Table 8. 

According to Eberhart and Russell (1966) results in Table (8) and 

Figures (1) indicated that L9, L10 promising lines and Giza 128 cultivar 

could be considered stable genotypes because their (bi) value did not differ 

significantly from unity and their (S2
di) values did not differ significantly 

from zero for grain yield. These findings show that all genotypes exhibited 

by high values (≥ 0.75) of coefficient of determination (R2
i), except L2 line 

for grain yield (0.55). This means that the linear regression was good fits to 

the actual values of grain yield for stable genotypes with high (R2) value. 

On the other hand, the adapted genotypes to low yielding environments, i.e. 

which exhibited low (bi) value < 1 are L6 and L7 promising lines for grain 

yield t/ha (Table 8 and Figure 1). These findings are in close agreement with 

those of Abdel-Raouf et al 2017and Guendouz and Bendada 2022). 

Table 8. Stability parameters for grain yield of 12 barley genotypes 

over 8 environments. 

Genotypes X  (bi) (S2
di) (R2

i) 

Giza 128 4.86 1.05 0.07 0.93 

FORTONA 5.96 1.35* 2.65* 0.66 

L1 6.56 1.43* 0.04 0.96 

L2 4.84 0.46* 0.93 0.55 

L3 4.10 0.19* 1.87* 0.71 

L4 3.96 1.10 0.09 0.57 

L5 4.70 0.31* 0.54 0.56 

L6 5.06 1.35* 2.92* 0.72 

L7 4.38 1.31* 1.12 0.53 

L8 5.34 1.11 1.71* 0.80 

L9 4.74 1.05 0.07 0.96 

L10 5.06 1.06 1.08 0.90 

*, ** Significantly different from 1.0 for the regression coefficients and from 

0.0 for the deviation mean squares at the 0.05 and 0.01 levels of probability, 

respectively. 
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Fig. 1. Relationship between mean grain yield and regression 

coefficients of 12 barley genotypes tested across 8 different 

environments. 

CONCLUSION 
According to stability parameters (bi, S2

d, R2
i) and average yield 

results revealed that L9, L10 promising lines and Giza 128 showed average 

stability with general adaptability. However, L1 and L8 were adapted to 

high yielding environments. On the other side, L2, L5 and L3 promising 

lines are adapted to low yielding environments. 
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