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ABSTRACT: Water deficit is the main yield-limiting factor in Egypt and overall the world. Thus 
the main objective from this work was to evaluate eighteen barley genotypes differed in their genetic 
makeup under six varied environments which are the combination between, two growing seasons 
(2013/2014 and 2014/2015) and three water irrigation levels (800, 1100 and 1400 m3/fad.) as severe 
stress, moderate stress and adequate, respectively in newly reclaimed sandy soil of South El-Qantara 
Shark, Ismailia, Egypt, for days to 50% heading, flag leaf area, plant height, 1000-grain weight, 
biological yield and grain yield. The combined analyses of variance and the mean square of joint 
regression analysis of variance revealed significant differences among genotypes (G), environments 
(E) and the G × E interaction for all the traits. Environment + Genotype × Environment (E + G × E), 
mean squares due to environment (linear) and linear interaction (G × E linear) had highly significant 
effects for all characters. Severe and moderate water stress levels were significantly reduced all 
studied traits except 1000-grain weight for all barley genotypes than adequate water supply treatment. 
Grain yield reduced in the 1st year by an average of 25.67% and 13.44% and in the 2nd year by an 
average of 26.82% and 12.67% under 1st and 2nd irrigation levels, respectively, compared with the 3rd 
level.  Phenotypic stability parameters showed that barely genotypes, Line 9, Rihane 3 and Line 11 
were highly adapted to favorable environments for days to 50% heading; Line 6, Line 5 and Giza 2000 
for plant height; Giza 126 for flag leaf area; Line 1, Line 11and Rihane 3 for 1000-grain weight; Line 
9, Line 7 and Line 2 for biological yield and Line 6, Line 9 and line 10 for grain yield. Genotypic 
stability parameters indicated that barley genotypes Line 11 and Giza 2000 was highly adapted to 
favorable environments for days to 50% heading; Line 2 for plant height, 1000-grain weight and 
biological yield; California mariout, Giza 123, Line 4, Line 6 and Line 7 for grain yield. The additive 
main effects and multiplicative interaction (AMMI) analysis of variance showed highly significant 
difference among genotypes, environments, G × E, IPCA1 and IPCA2. AMMI stability value (ASV) 
and GE biplot revealed that, the most desired and stable genotypes were Line 1, Giza 123, California 
mariout, Line 8 and Line 6 for grain yield. According to genotype plus genotype × environment (GGE) 
biplots, the ideal genotype was Line 9 for days to 50% heading; Line 6 for plant height; Line 11 for 
flag leaf area; Line 1 for 1000-grain weight; Line 9 for biological yield and Line 6 for grain yield. 

Key words: Barley, genotype × environment, phenotypic and genotypic stability, AMMI, water stress. 

INTRODUCTION 

Barley (Hordeum vulgare L.) is predominant 
to be the most drought tolerant of the small grain 
cereal crops (barley, durum wheat and bread 
wheat) and is a major crop in Middle East and 
North Africa countries, because it is the 

predominant crop lower 300 mm of annual 
rainfall. In Mediterranean areas barley is 
primarily grown as animal feed and both grain 
and straw yields are used.  

In Egypt, barley is the main cereal crop 
grown after wheat in winter season on a large 
scale in the newly reclaimed land, in the low 
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rainfall northern coastal area (100 - 200 mm 
annual rainfall) and in regions affected by 
salinity or where fresh water supplies are limited 
resource. It is grown in both rainfed and 
irrigated conditions, though in the more 
favorable irrigated soils of the Nile Valley 
barley gives way to more valuable crops. The 
total area to worldwide in 2016 reached about 
46.9 million hectares gave total production 
141.3 million tons with average 3.01 tons/ha. 
Meanwhile, in Egypt, the total area was about 
77.6 thousand hectares gave total production 
120.1 thousand tons with average 1.55 tons/ha 
(FAOSTAT, 2018). Breeding barley objectives 
in Egypt include short life cycles, high grain 
yields, straw yield, grain quality, drought, salt 
and heat tolerance, and resistance to pests and 
diseases. Tall, six-row lines predominate, but 
there are active breeding programmes and 
trialing of two row types (Forster el al., 2004).  

In newly reclaimed sandy soils, fertilization, 
irrigation and their interaction are the most 
important factors for increasing grain yield 
production (Shaaban, 2006; Ali, 2017). Drought 
is the main yield-limiting factor in Mediterranean 
region, therefore significant areas are watered, 
while the irrigation water is limited (Forster et 
al., 2004). Water deficit is one of the major 
abiotic stresses that severely effects on barley 
production, it will increase frequency with 
climate changes. Selection of drought tolerance 
barley genotypes through agronomic and 
physiological traits is suitable indicators to 
increase crop yield in breeding program, and it 
is major goal of plant breeder nowadays. 

Abiotic stresses including water stress can 
significantly decrease crop yields and limit the 
latitudes and soils on which commercially 
essential species can be cultivated (Blum, 
1985). The seriousness of drought stress 
depends on its timing, duration and intensity 
(Serraj et al., 2005). Drought stress tolerance is 
a complex inherited trait controlled by several 
genetic loci and is often confounded by changes 
in plants phenology (Fleury et al., 2010). Water 
deficit happens when water potentials in the 
rhizosphere are sufficiently negative to decrease 
water availability to sub-optimal levels for crop 
growth and development (Diab et al., 2004). 
The combination of continued impact of drought 
and high temperature impairs the photosynthesis 
during the day-time and increases the surface 
temperatures in the night, which in turn increase 

the photo respiratory losses and thus the 
productivity (Mir et al., 2012). 

Water deficit stress during barely grain-
filling period lessened the net photosynthetic 
rate of the flag leaf (Sánchez-Díaz et al., 2002). 
Thus, the main photosynthetic organs of barley 
are the flag leaf and ear to provide assimilates 
for grain filling, mainly where drought is 
encountered at the completion of the plants’ life 
cycle (Blum, 1985 ; Bort et al., 1994). 

Drought stress decreases grain yield of barley 
genotypes through negative influence on yield 
components i.e. No. of plants/unit area, No. of 
spikes and grains per plant or unit area and 
1000-grain weight, which are determined at 
different stages of plant development (Samarah et 
al., 2009; Hossain et al., 2012; Haddadin, 
2015; Al-Ajlouni et al., 2016) and Early flowering 
barely genotypes were better performance as 
reflected in higher yield compared with late 
flowering genotypes (Al-Ajlouni et al., 2016). 
Baum et al. (2003) reported that tillering was an 
important trait for phenotypic plasticity to 
drought. A number of researchers have reported 
that drought tolerant genotypes perform high 
productivity under both well-watered and 
drought environments (Samarah et al., 2009; 
Sharafi et al., 2011; Haddadin, 2015) and can 
be used as parents in breeding programmes for 
improvement of drought tolerance in other 
barley cultivars (Haddadin, 2015). Selection of 
different cereal crops genotypes under drought 
stress conditions is one of the main tasks of 
plant breeders for exploiting the genetic 
variations to improve the stress-tolerant cultivars 
(Ali, 2016; Ali and Abdul-Hamid, 2017). 

The evaluation of barely genotypes in different 
environments is often performed to select the 
best varieties for an environment. The analysis 
and interpretation of genotype-environment 
interaction (GEI) range from simple analysis of 
variance to more specific analyses of genotype 
performance, from the univariate linear 
regression analysis of Finlay and Wilkinson 
(1963) and Eberhart and Russell (1966), 
genotypic stability (Tai, 1971) to the 
multivariate AMMI (Zobel et al., 1988) and 
GGE biplot (Yan, 2001). The AMMI has proven 
useful for understanding complex genotype × 
environment interactions. The AMMI Stability 
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value (ASV) proposed by Purchase (1997) 
and Purchase et al. (2000). Biplots of the 
first two principal components were used to 
illustrate these relationships (Gabriel, 1971; 
Kempton, 1984).  

The major objectives of the current study 
were to evaluate response of eighteen barely 
genotypes under different water supply levels 
over two years at newly reclaimed sandy soils 
and study partitioning the genotype by 
environment interaction to its stability 
parameters, using joint regression, genotypic 
stability, the AMMI and the sites regression 
(SREG) methods. 

MATERIALS AND METHODS 

Field Region and Barley Genotypes 

Three separate trials were grown side by side 
with 12 m apart on all sides, in the South El-
Qantara Shark Agric. Res. Station, Barley 
Research Department, Field Crops Research 
Institute; Agricultural Research Center, Ismailia 
governorate condition, during two winter 
seasons; 2013/2014 and 2014/2015. 

Eighteen six-row genotypes of barley 
(Hordeum vulgare L.), which were represent in 
thirteen promising strains and five local and 
introduced varieties i.e., Giza 123, Giza 126, 
Giza 2000, Rihane 3 and California mariout 
were selected from barley program breeding, 
ARC, based on their tolerance to drought stress. 
The pedigree of the tested barley genotypes are 
presented in Table 1. 

Field Experiments 

Field experiments were carried out in six 
environments which were the combination 
between, two years and three water regimes 
(800, 1100 and 1400 m3/fad. as severe stress, 
moderate stress and adequate, respectively). 
Quantities of water irrigation were adjusted by a 
water counter for all irrigation treatments, 
sprinkler irrigation system was used. 

The experimental layout was a factorial 
randomized complete block design with three 
replications. In each environment, the plot area 
was 6 m2 included 10 rows, 3 m long and 20 cm 
apart. Seeds of the eighteen tested barley 

genotypes were hand drilled at sowing rate of 50 
kg grains/fad., for all tested barley genotypes. 
Sowing date was on the first week of December 
in the two seasons.  

The experimental field was well prepared 
through two perpendicular, ploughs, harrowing 
and good leveling. Recommended P and K 
fertilizers were added at the rate of 150 kg/fad., 
calcium super phosphate (15.5% P2O5) and 50 
kg/fad., potassium sulphate (48% K2O) during 
seed bed preparation for phosphate fertilizer and 
after 20 and 40 days from sowing for potassium 
fertilizer in two equal doses. Recommended N 
fertilizers was applied at the rate of 60 kg N/ 
fad., in the form of ammonium nitrate (33.5% 
N) in five equal doses, the first dose was added 
14 days after sowing while the remainders were 
applied 10 days intervals. All other cultural 
practices for barley were applied as local 
recommendations in the region.  

The soil of the experimentation site was 
sandy texture and the mechanical and chemical 
analyses of the soil and the water in the 
experimental sites are given in Tables 2 , 3, 4 
and 5, representative soil sample used in the 
experimental soil were determined before 
preparation according to Jackson (1973). 

Water Supply Treatments 

Three water regimes were used in this study 
as followed: The 1st irrigation treatment, S 
(severe stress): All plots received a total amount 
of water 800 m3/fad. This amount was given into 
2 irrigations/week with 20 m3 for each irrigation 
from seedling stage until heading stage and then 
30 m3 from heading stage to maturity stage. The 
2nd irrigation treatment, M (moderate stress): All 
plots received a total amount of water 1100 m3/ 
fad. This amount was given into 2 irrigations/ 
week with 27 m3 for each irrigation from 
seedling stage to heading stage and watering 
with 37 m3 from heading stage to maturity stage. 
The 3rd irrigation treatment, N (optimum or 
adequate water supply): All plots received a 
total amount of water 1400 m3/fad. This amount 
was given into 2 irrigations/week with 34 m3 for 
each irrigation from seedling stage until heading 
stage and then 44 m3 from heading stage to 
maturity stage. 
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Table 1. The origin and pedigree of the eighteen barley genotypes 

Origin Pedigree Name No. 

Egypt Land race California mariout G1 
ICARDA Fedora/ Express/Saida Line 1 G2 

ICARDA 
Arar/PI386540/Giza121/Pue/4/Deiralla106/Cel/3/Bco 
Mr/Mza// Apm/5106. 

Line 2 G3 

ICARDA 
Alanda/5/Aths/4/Pro/Toll//Cer*2/Toll/3//5/06/6/Baca"S"/3/
AC253//Clo8887/Clo5761 

Line 3 G4 

Egypt Giza 117/ FAO86 Giza 123 G5 

ICARDA 
PETUNIA2 / 3GLORIA-BAR / COME // ESPERANZA 
/4/… CBSS99M00349T-F-3M-1Y-IM-IY-IM-0M 

Line 4 G6 

ICARDA 
CHENG DU 105 /4/ EGYPT4 / TERAN78 //  P.STOO 
/3/…CBSS00Y00236T-E-0Y-0M-2Y-0M 

Line 5 G7 

ICARDA 
TOCTE /3/CHAMICO/TOCTE//CONGONA/4/ LIGNEE
527/ CBSS99M00468T-H-1M-1Y-1M-1Y-0M 

Line 6 G8 

ICARDA 
GLORIA-BAR / COME // LIGNEE640 /3/ S.P-B/4/SLLO 
/5/CBSS99M00429T-L-1M-1Y-1M-1Y-0M 

Line 7 G9 

ICARDA 
BBSC/CONGONA//BLLU/3/CIRU                                                 
CBSS00Y00225T-C-0Y-0M-2Y-1M-0M 

Line 8 G10 

ICARDA 
FORRAJERA KLEIN/DELO CBSW98W00054S-8Y-2M-
1Y-2M-1Y-0M 

Line 9 G11 

ICARDA 
ALPHA-BAR/DURRA//CORACLE/3/ALELI/4/                                       
CBSS99M00317T-AH-2M-1Y-1M-1Y-0M 

Line 10 G12 

ICARDA 
JANE/TOCTE//PEREGRIN CBSS00Y00402T-AH-0Y-
0M-2Y-0M 

Line 11 G13 

ICARDA 
PETUNIA2 /3/ TOCTE / TOOCTE / TOCTE // BERROS 
/4/ PENCOO /  CBSS00Y00475T-O-0Y-0M-2Y-0M 

Line 12 G14 

ICARDA 
PETUNIA2 /6/ ALPHA-BAR / DURRA // CORACLE /3/                                 
CBSS00Y00446D-F-0Y-0M-1Y-0M 

Line 13 G15 

ICARDA As 46//Avt/Aths Rihane 3 G16 
Egypt Giza117/Bahteem52// Giza118/ FAO86 / 3/ Baladi16/ Gem Giza 2000 G17 
Egypt Baladi-Bahteem/SD729-por12762-Bc Giza 126 G18 

 

Table 2. Some physical analyses in the experimental soils  

Particle size distribution (%) Parcel 
No. 

Depth 
(cm) 

CaCo3 
(%) 

SP 
(%) 

Gravel 
(%) 2-1 

mm 
1-0.5 
mm 

0.50 
0.25 mm 

0.25 
0.125 mm 

0.125- 
0.063 mm 

<0.063 
mm 

Texture 
class 

6 0-15 0.37 17.0 0.0 6.0 30.2 38.2 19.4 5.7 0.5 CS 
 15-35 0.20 17.7 0.0 1.1 30.5 43.7 17.6 6.6 0.5 CS 
 35-90 0.24 18.0 0.0 0.0 7.0 50.5 35.6 6.6 0.3 MS 
 90-150 0.33 17.7 0.0 0.4 12.6 52.9 26.8 6.8 0.5 MS 
8 0-20 0.23 18.0 0.0 1.3 27.6 43.9 20.0 6.6 0.6 CS 
 20-70 0.20 19.0 0.0 0.0 8.4 54.6 30.6 6.0 0.4 MS 
 70-100 0.22 18.7 0.0 0.0 11.6 57.4 24.0 6.7 0.3 MS 
 100-150 0.26 18.0 0.0 0.3 26.8 44.8 17.8 9.3 1.0 CS 

SP is saturation percentage 
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Table 3. Some chemical analyses in experimental soils 

Soluble cations (m.eq/L) Soluble anions (m.eq/L) Parcel 
No. 

Depth 
(cm) 

pH EC 
ds/m Na+ K+ Ca++ Mg++ -

3HCO  CI+ -
4SO  

SAR ESP 

6 0-15 7.95 0.72 3.85 0.36 1.66 1.33 1.99 3.32 1.89 3.15 3.27 

 15-35 8.34 0.55 2.72 0.29 1.43 1.07 1.72 2.86 0.93 2.43 2.26 

 35-90 8.10 0.69 3.49 0.37 1.74 1.31 2.18 3.49 1.31 2.82 2.81 

 90-150 8.19 0.56 2.67 0.44 1.42 1.07 1.78 2.85 0.98 2.39 2.21 

8 0-20 8.32 0.71 5.68 0.06 0.82 0.54 1.63 4.90 0.56 6.89 8.15 

 20-70 8.29 0.63 4.78 0.06 0.82 0.64 1.37 2.93 2.00 5.59 6.51 

 70-100 8.62 0.31 2.23 0.03 0.53 0.33 0.33 2.34 0.42 5.09 6.50 

 100-150 8.17 1.41 10.39 0.13 2.12 1.46 2.28 9.76 2.00 7.76 9.23 

    SAR, and ESP are sodium adsorption ratio and exchange sodium percent, respectively. 

Table 4. Available nutrients status and OM (%) in the experimental soils 

Available nutrients (ppm) Parcel 
No. 

Depth 
(cm) N P K Fe Mn Zn Cu 

OM  
(%) 

6 0-15 45.8 1.34 13.9 5.30 4.32 0.134 0.170 0.328 

 15-35 48.2 2.48 16.6 4.93 1.82 0.122 0.130 0.188 

 35-90 34.0 3.20 26.6 4.32 1.41 0.410 0.138 0.061 

 90-150 21.6 2.87 23.6 2.88 1.40 0.882 0.136 0.053 

8 0-20 54.0 2.25 41.0 5.84 1.71 0.128 0.494 0.331 

 20-70 44.4 3.23 41.0 4.83 1.10 0.120 0.204 0.256 

 70-100 34.8 2.71 34.4 6.91 1.80 0.374 0.180 0.194 

 100-150 39.2 2.55 22.2 6.32 1.41 0.404 0.228 0.112 
 

Table 5. Chemical analysis of water used in irrigation and heavy and nutrient content in water 
used in irrigation 

Water 
source 

pH EC 

(µS/cm)  
TDS 

(mg/I) 
Units Ca++ Mg++ Na+ K+ Total 

cations 
(epm) 

--
3CO  --

3HCO
 

--
4SO  Cr Total 

anions 
(epm) 

 Canal 8.3 2960 1609.7 ppm 134.5 101.9 330 11 29.73 9 176.9 148.8 786 28.47 

    epm 6.71 8.39 14.35 0.28  0.3 2.9 3.1 22.17  

    (%) 22.56 28.22 48.26 0.94  1.05 10.19 10.89 1267.7  

 Well 7.9 4990 2952.3 ppm 123.4 105.8 840 7  6 149.5 527.7 35.75  

    epm 6.16 8.82 36.52 0.18 51.68 0.2 2.45 10.98 35.75 49.38 

    (%) 11.92 17.06 70.67 0.35  0.41 4.96 22.24 72.39  

 

Table 5. Continued 

Water 
source 

Al B Fe Mn Pb Cd Co Cr Cu Mo Ni Sr V Zn 

 Canal 0.143 0.179 0.189 0.011 0.009 <0.001 <0.001 <0.02 0.025 <0.003 0.002 2.56 <0.01 0.029 

 Well <0.06 1.21 <0.03 <0.002 0.027 <0.001 <0.001 0.053 <0.01 <0.003 0.002 2.46 <0.01 0.578 
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Table 6. Relative humidity and minimum and maximum temperatures in El-Qantara Shark 
during the 2013/214 and 2014/2015 winter barley growing seasons 

Month Year Variable 

October November December January February March April 

 Relative humidity 65.9 66.9 68.1 65.1 61.2 62.4 64.9 

2013/2014 Average daily minimum 16.4 12.9 9.0 8.0 8.5 9.9 12.4 

 Average daily maximum 28.5 24.2 19.9 18.3 18.7 20 22 

 Relative humidity 63.3 64.2 65.9 63.3 59.6 60.8 61.5 

2014/2015 Average daily minimum 17.4 13 9.5 8.8 8.9 10.5 13.0 

 Average daily maximum 28.8 25.0 20.5 19.4 19.2 21.0 23.0 

         
The three water treatments received an 

equal number of irrigations. The water used in 
irrigation was mixed from El-Salam Canal and 
water wells. Rainfall, minimum and maximum 
temperatures were recorded from meteorological 
stations (Table 6). 

Studied Traits 

Days to heading (DH), was measured as 
number of days from sowing to awns 
appearance in 50% of the plants in a plot. Plant 
height (PH), in cm was estimated from ground 
level to the top of the spike excluding awns, at 
maturity. Flag leaf area (FLA), in cm2 was 
calculated according to the following formula, 
Flag leaf area = length × maximum width × 0.72 
(Lai and Subba Roa, 1951). 1000 grain weight 
(GW), was determined from two random 
samples taken from each plot and the average 
was calculated (g). Biological yield (BY) and 
grain yield (GY) were estimated from the central 
rows in the plot after discarding the first and the 
last row to avoid border effect and the biological 
yield (ton/fad.) and the yield of grains 
(ardab/fad.) were calculated.  

Statistical Analyses 

The combined analyses of variance were 
performed according to Steel et al. (1997). The 
phenotypic stability analysis was computed as 
outlined by Eberhart and Russell (1966). The 
genotypic stability analysis was calculated 
according to Tai (1971). The additive main 
effects and multiplicative interaction method 
(AMMI) was computed as proposed by Gauch 
(1992). Differences among means were tested 
using a revised LSD test at the 0.05 level 
according to Steel et al. (1997). A PC Microsoft 

Excel program and SAS 9.1 ® Computer program 
for Windows were used for the statistical analyses. 

RESULTS AND DISCUSSION 

Analysis of Variance 

The combined analyses of variance for days 
to 50% heading, plant height, flag leaf area, 
1000-grain weight, biological yield (ton/fad.) 
and grain yield (ardab/fad.) (Table 7) showed 
highly significant differences among environments 
for all traits, suggesting that the environments 
under study were different. Furthermore, highly 
significant effects among years (Y) were obtained 
for the forgoing traits. This result reflects the 
wide differences in climatic conditions prevailing 
during the growing seasons. Moreover, the main 
effect of irrigation (I) was highly significant for 
all studied traits. Likewise, the studied barley 
genotypes (G) had also highly significant 
differences for all characters, reflecting the wide 
genetic diversity. 

Subsequently, significant G × E items were 
detected for all studied traits, provide evidence 
that the studied barley genotypes differed in 
their response to the environmental conditions, 
suggestting that is essential to determine the 
degree of stability for each genotype. 

The first order interaction of years × 
irrigation levels (Y × I) significantly differed for 
all traits except days to 50% heading, indicating 
the different influences of climatic conditions on 
irrigation treatments. Also, highly significant 
interactions between genotypes × years (G × Y) 
were found for flag leaf area and biological 
yield. Moreover, the combined analyses of 
variance showed highly significant interactions
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Table 7. The combined analyses of variance over two years, water stress levels and genotypes 
for studied traits 

SOV df 
Days to 50% 

heading 
Plant height 

(cm) 
Flag leaf 

area (cm2) 
1000 grain 
weight (g) 

Biological 
yield 

(ton/fad.) 

Grain yield 
(ardab/fad.) 

Environment (E) 5 1317.90** 5252.17** 96.62** 152.83** 35.09** 167.40** 

Reps/Env.  (Error a) 12 2.36 17.92 4.01 5.49 0.24 1.58 

Years (Y) 1 676.00** 6198.94** 243.0** 95.29** 0.00 43.03** 

Y × I 2 4.15 62.15** 18.67** 24.97** 1.07** 1.38** 

Irrigation (I) 2 2952.60** 9968.81** 101.38** 309.45** 86.66** 395.60** 

Genotypes (G)  17 528.64** 174.16** 40.45** 26.74** 2.98** 37.06** 

G × E 85 9.82** 10.31* 6.84** 3.03* 0.18* 0.65* 

G × Y 17 1.91 4.55 5.56** 0.10 0.35** 0.67 

G × I 34 21.08** 20.87** 4.96** 7.42** 0.17 0.92** 

G × Y × I 34 2.53 2.64 9.35** 0.09 0.11 0.37 

Pooled Error (Error b) 204 2.51 7.14 0.41 2.23 0.12 0.42 

CV (%)  1.80 4.83 7.44 3.87 7.93 5.12 

* , ** Significant at 0.05 and  0.01 levels of  probability, respectively. 

 

between genotypes and irrigation levels (G × I) 
for all characters except biological yield. For 
this reason, the genotype-irrigation interaction 
component (G × I) accounted for the most part 
of total G × E interaction, indicating that 
irrigation treatments had the major effect on the 
relative genotypic potential for these studied 
traits. Conversely, for the second order (G × Y × 
I) interactions, there weren’t a differential 
response between genotypes to years and 
irrigation levels for all traits except flag leaf 
area. These results are in harmony with those 
obtained by Chand et al. (2008), Lodhi et al. 
(2015), Feriani et al. (2016) and Ramla et al. 
(2016).  

Mean Relatively Performance  

The analyses of variance revealed significant 
differences for all studied traits among the 
eighteen barley genotypes in both 1st and 2nd 
seasons of the three irrigation levels. Severe and 
moderate water stress levels caused significant 
reduction in all studied traits except 1000-grain 
weight for all barley genotypes than adequate 
water supply treatment (data not shown). It is 
clear that, the irrigation stresses caused a 

reduction in days to 50% heading in the 1st year 
by an average of 11.3% and 2.9% and in the 2nd 
year by an average of 10.7% and 3.5% under 1st 
and 2nd irrigation levels, respectively, compared 
with the 3rd level (adequate). For plant height, 
the reduction percentages were 30.21% and 
10.38% in the 1st year as well as 29.32% and 
12.70% in the 2nd year under 1st and 2nd 
irrigation levels, respectively, compared with the 
3rd level (adequate). 

Reduction percentages for flag leaf area were 
27.96% and 19.84% in the 1st year as well as 
12.72% and 2.95% in the 2nd year under 1st and 
2nd irrigation levels, respectively, compared with 
the 3rd level. Also, reduction percentages for 
biological yield were 30.87% and 12.99% in the 
1st year as well as 37.23% and 15.70% in the 2one 
one under 1st and 2nd irrigation levels, 
respectively, compared with the 3rd level. 

Correspondingly, grain yield reduced in the 
1st year by an average of 25.67% and 13.44% as 
well as in the 2nd year by an average of 26.82% 
and 12.67% under 1st and 2nd irrigation levels, 
respectively, compared with the 3rd level.   
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Generally, grain yield and other traits were 
severely decreased at the first and second 
irrigation levels when compared with the third 
level. Similar trend of results were reported by 
Sánchez-Díaz et al. (2002), Samarah et al. 
(2009), Sharafi et al. (2011), Haddadin (2015) 
and Al-Ajlouni et al. (2016). Moreover, 
Samarah (2005) found that the drought-stressed 
plants had shorter duration of grain filling than 
well-watered plants and reduced grain yield by 
reducing the number of tillers, spikes and grains 
per plant and individual grain weight. 

The average of days to 50% heading over all 
environments varied from 79.0 (Giza 123) to 
99.17 day (Line 1) with an average 87.13 day. In 
continuous, and as shown in Table 10. It is 
worthy to note that, plant height varied from 
48.19 (Line 3) to 61.24 cm (Line 7) with an 
average of 55.12 cm. For flag leaf area, it ranged 
from 6.29 (Line 5) to 13.18 cm2 (Giza 2000) 
with an average of 8.10 cm2 across 6 
environments (Table 11). Whereas, 1000- grain 
weight ranged from 36.91 (Line 10) to 40.82 g 
(Line 1) with an average of 38.43g. Moreover, 
biological yield varied from 3.73 (Giza 2000) to 
5.0 (Line 6) with an average of 4.51 (ton/fad.) 
over six environments. In the same way, grain 
yield varied from 10.69 (Giza 126) to 15.07 
(Line 6) with an average of 13.17 (ardab/fad.). 
(Table 12). These results are in well agreement 
with those of Sharafi et al. (2011), Haddadin 
(2015) and Al-Ajlouni et al. (2016). Moreover, 
Ceccarelli et al. (1987) reported that 
environmental stresses such as drought, salinity, 
heat and cold are common, and together with 
low soil fertility and traditional agronomic 
managements are the major cause of low barley 
productivity (about 1.0 ton/ha). 

Regression Analysis 

Mean squares due to joint regression analysis 
of variance for days to 50% heading, plant 
height, flag leaf area, 1000-grain weight, biological 
yield and grain yield of the eighteen barley 
genotypes under six environments are presented 
in (Table 8). Results revealed significant 
differences among genotypes (G), environments 
(E) and the G × E interaction for all traits, 
indicating the presence of genetic and 
environmental variability among the studied 
genotypes. Environment + Genotype × 

Environment (E + G × E) had highly significant 
effects for all characters. The G × E interaction 
was further partitioned into linear and non-linear 
(pooled deviation) components. The mean 
squares due to environment (linear) were highly 
significant for all traits, indicating that 
differences existed between environments and 
revealed predictable component shared G × E 
interaction with un-predictable. Additionally, 
the linear interaction (G × E linear) was highly 
significant when tested against pooled deviation 
for all these characters, showing genetic 
differences among genotypes for their regression 
on the environmental-index, so it could be 
proceeded in the stability analysis (Eberhart 
and Russell, 1966) for the studied characters.  

The non-linear responses as measured by 
pooled deviations from regressions were highly 
significant for days to 50% heading and flag leaf 
area, indicating that differences in linear 
response among genotypes across environments 
did account for all the G × E interaction effects, 
and therefore, the fluctuation in performance of 
genotypes grown in various environments was 
fully predictable. Significant effects for G x E 
interaction for many barley characters were 
previously reported (Chand et al., 2008; Lodhi 
et al., 2015; Feriani et al., 2016; Ramla et al., 
2016). 

Days to 50% Heading 

Phenotypic stability parameters have been 
computed according to Eberhart and Russell 
(1966), for evaluating the eighteen barley 
genotypes for mentioned traits. 

The importance of both linear (bi) and non-
linear (s2

di) sensitivity for the expression of the 
trait was thus evident. Eberhart and Russell 
(1966) procedure involves the use of joint linear 
regression where the yield of each genotype is 
regressed on the environmental mean yield.  

Results obtained in Table 10 clarify that, the 
regression coefficient (bi) of barley genotypes 
ranged from 0.62 (Line 4) to 1.36 (Line 13) for 
days to 50% heading, indicating the genetic 
variability among barley genotypes in their 
regression response. However, the obtained (bi) 
values were not deviated significantly from 
unity in barley genotypes; Line 1, Line 6, Line 
8, Line 9, Line 10, Line 11, Rihane 3, Giza 2000  
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Table 8. Joint regression analysis of variance over two years, water irrigation levels and 
genotypes for studied traits 

Traits

SOV 

df Days to 
50% 

heading 

Plant 
height 
(cm) 

Flag leaf 
area 
(cm2) 

1000 grain 
weight  

(g) 

Biological 
yield 

(ton/fad.) 

Grain  
yield 

(ardab/fad.) 

Model 107 51.13** 93.76** 5.46** 4.60** 0.75** 4.74** 

Genotype (G) 17 176.21** 58.05** 13.48** 8.91** 0.99** 12.35** 

Environment (E) 5 439.30** 1750.72** 32.21** 50.94** 11.70** 55.80** 

 G × E  85 3.27** 3.44* 2.28** 1.01* 0.06* 0.22* 

 E + G × E 90 27.50** 100.51** 3.94** 3.78** 0.71** 3.30** 

 Environment (linear) 1 1220.28** 4863.12** 89.46** 141.51** 32.49** 155.00** 

 G × E (linear)  17 68.40** 234.45** 6.80** 9.51** 1.60** 7.71** 

Pooled deviation 72 1.27** 2.74 2.08** 0.52 0.05 0.16 

Pooled Error 204 0.84 2.38 0.14 0.74 0.04 0.14 

* , ** Significant at 0.05 and  0.01 levels of  probability, respectively. 

 

 

 

Table 9. AMMI analysis of variance over six environments (two years and three water irrigation 
levels) for studied traits 

Days to 50% 
heading 

Plant height  
(cm) 

Flag leaf area 
(cm2)   

1000 grain 
weight (g) 

Biological yield 
(ton/fad.) 

Grain yield 
(ardab/fad.) 

Traits
 

SOV 

df 

MS Percent MS Percent MS Percent MS Percent MS Percent MS Percent 

Environment (E) 5 1317.90** 38.87 5252.17** 80.59 96.62** 25.65 152.83** 33.18 35.09** 65.21 167.40** 48.56 

Reps/Env. 12 2.36  17.92   4.01   5.49   0.24   1.58   

Genotype (G) 17 528.64** 53.01 174.16** 9.09 40.45** 36.51 26.74** 19.74 2.98** 18.84 37.06** 36.55 

G × E 85 9.82** 4.93 10.31* 2.69 6.84** 30.84 3.03* 11.17 0.18* 5.69 0.65* 3.20 

IPCA1 21 32.27** 81.16 20.97** 50.23 11.66** 42.14 8.55** 69.79 0.36** 49.83 1.15** 43.91 

IPCA2 19 6.76** 15.38 16.52** 35.79 8.85** 28.93 3.85** 28.48 0.19* 23.82 1.10** 37.84 

IPCA3 17 0.81 1.64 4.34 8.41 7.66** 22.40 0.19 1.26 0.12 12.83 0.51 15.85 

IPCA4 15 0.73 1.31 2.14 3.66 2.32** 6.00 0.06 0.32 0.10 10.09 0.07 1.95 

IPCA5 13 0.33 0.51 1.29 1.91 0.24 0.53 0.03 0.16 0.04 3.42 0.02 0.45 

Pooled Error 204 2.51   7.14   0.41   2.23   0.12   0.42   

* , ** Significant at 0.05 and  0.01 levels of  probability, respectively. 
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Table 10. Genotype means over six environments and stability parameters of the eighteen 
barley genotypes for days to 50% heading and plant height 

Days to 50% heading Plant height (cm) Traits

  

Genotype 
Mean 
(  ) 

Pi bi S2
di αi λi ASV Rank  Mean 

(  ) 

Pi bi S2
di αi λi ASV Rank 

G1 (California 
mariout) 81.44 -5.69 0.75** 0.28 -0.25* 0.28* 3.52 13  52.13 -2.99 1.05 3.87 0.05 0.88 2.73 8 

G2 (Line 1) 99.17 12.03 1.15 0.80 0.15 0.81 2.42 11  54.77 -0.35 1.22 7.23* 0.22 1.65 9.89 18 

G3 (Line 2) 87.22 0.09 1.85** 2.50* 0.85* 2.49 13.09 18  52.62 -2.50 1.01 3.89 0.01 0.89 1.88 5 

G4 (Line 3) 79.17 -7.97 0.89** 0.16 -0.11* 0.16* 1.84 7  48.19 -6.93 1.00 4.18 0.00 0.95 2.72 7 

G5 (Giza 123) 79.00 -8.13 0.85** 0.11 -0.15* 0.11* 2.23 10  52.50 -2.62 1.13** 0.19 0.13* 0.04* 3.87 13 

G6 (Line 4) 91.22 4.09 0.62** 1.33 -0.38* 1.33 6.47 16  55.12 0.00 0.86 3.60 -0.15 0.82 5.71 15 

G7 (Line 5) 92.72 5.59 0.69** 0.15 -0.31* 0.14* 4.44 14  56.53 1.41 1.05 0.80 0.05 0.18* 1.05 2 

G8 (Line 6) 90.78 3.64 1.00 0.17 0.004 0.17* 0.48 2  52.86 -2.27 0.97 0.93 -0.03 0.21* 0.36 1 

G9 (Line 7) 86.39 -0.75 1.19** 0.39 0.19* 0.40 2.96 12  61.24 6.12 1.01 1.65 0.01 0.38* 1.78 4 

G10 (Line 8) 84.83 -2.30 1.10 0.54 0.10 0.55 2.16 9  57.62 2.50 1.09 7.44** 0.09 1.70 5.40 14 

G11 (Line 9) 83.89 -3.25 0.97 0.12 -0.03 0.13* 0.30 1  59.21 4.09 0.86 2.09 -0.14 0.47 5.91 16 

G12 (Line 10) 89.78 2.64 0.98 0.37 -0.02 0.37 0.81 5  58.65 3.53 1.01 3.46 0.01 0.79 1.14 3 

G13 (Line 11) 87.28 0.14 1.01 0.72 0.01 0.73 1.05 6  55.46 0.34 0.79* 2.62 -0.21* 0.59 8.31 17 

G14 (Line 12) 90.33 3.20 0.50** 12.75** -0.50* 12.89* 10.60 17  58.48 3.36 0.96 2.01 -0.05 0.46 3.00 11 

G15 (Line 13) 83.56 -3.58 1.36** 0.65 0.36* 0.65 5.71 15  55.61 0.49 0.89 2.16 -0.11 0.49 2.86 9 

G16 (Rihane 3) 89.61 2.48 1.05 0.06 0.05* 0.06* 0.74 3  53.39 -1.73 1.12** 0.50 0.12* 0.11* 2.72 7 

G17 (Giza 2000) 94.44 7.31 1.09 0.42 0.09 0.53 1.98 8  55.53 0.41 1.04 0.84 0.04 0.24* 2.91 10 

G18 (Giza 126) 93.39 6.25 0.95 0.88 -0.05 1.34 0.76 4   55.44 0.32 0.95 1.07 -0.05 0.37* 3.46 12 

Mean ( ) 87.13         55.12        
LSD’ 0.05 0.96         1.73        

ig = Mean of genotype, (Pi)= Phenotypic index (
ig -X ), bi= regression coefficient and S2

di= mean square deviations from linear 

regression, αi= linear response to environmental effects, λi = the deviation from linear response and ASV =AMMI stability value. 
 * , ** Significant at 0.05 and  0.01 levels of  probability, respectively.  
 

and Giza 126 for this trait, indicating that these 
genotypes could be grown under wide range of 
environments. 

Four barley genotypes i.e., Line 6, Line 11, 
Rihane 3 and Giza 2000 exhibited regression 
coefficient (bi) values equal unity, therefore 
could be grown under wide range of 
environments. Meanwhile, the barley genotypes 
Line 9, Line 10 and Giza 126 had bi < 1 and not 
significant. In contrast, the barley genotypes, 
Line 1, and Line 8 had bi > 1 and not significant. 
According to Breese (1969) genotypes with 
regression coefficient greater than unity would 
be adapted to more favorable environments. 

While, those with coefficient less than one 
would relatively be better adapted to less 
favorable growing conditions. 

The deviations from regression (s2
di) ranged 

from 0.06 (Rihane 3) to 12.75 (Line 12). All 
studied barely genotypes were stable, because 
they had lowest s2

di values and not significant 
except Line 2, Line 4 and Line 12.  

When the mean performance ( ), regression 
coefficient value (bi) and the deviation from the 
regression (s2

di) are considered together, then the 
most stable genotype would be Line 9 with an 
earliest mean = 83.89, bi = 0.97 and s2

di = 
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0.12; Rihane 3 with  = 89.61, bi = 1.05 and 
s2

di= 0.06; Line 11 with  = 87.28, bi = 1.01 and 
the s2

di = 0.72, and Line 6 with  = 90.78, bi = 
1.0 and the s2

di = 0.17. These genotypes could be 
useful in barley breeding programs for improve 
this trait. 

Genotypic stability parameters of Tai’s 
(1971) measured the deviation from the linear 
response in terms of the magnitude of error 
variance ,  and proposed  partitioning  the G × E 
interaction effect of the ith genotype into two 
statistics measures namely linear response to 
environmental effects (αi) and the deviation 
from linearity (λi). Accordingly, perfectly stable 
barley genotypes would not change its 
performance from one environment to another. 
This is corresponding to stating that αi = -1 and 
λi=1. Because perfectly stable barley genotypes 
probably do not exist, barley breeders will have 
to be satisfied with the accessible levels of 
stability, i.e. average stability α = 0.0 and λi=1, 
below average stability αi > 0 and λi=1 and 
above average stability αi < 0 and λi=1. Table 9 
and Fig. 1 show that barley genotypes i.e., G2, 
G8, G10, G11, G12, G13, G17 and G18 were 
stable and insignificant for linear response to 
environmental effects (αi), as well as, G2, G3, 
G4, G7, G10, G12, G13, G15, G17 and G18 for 
the deviation from linear (λi). To clarify, G13 
(Line 11) and G17 (Giza 2000) had the best 
genotypic stability values (α = 0.01 and 0.09 and 
λi = 0.73 and 0.53, respectively). 

AMMI analysis showed that environments 
(E), barley genotypes (G) and the G × E 
interaction mean squares were significant for days 
to 50% heading (Table 9). The IPCA scores of 
barley genotypes in the AMMI and SREG 
analyses were significant for IPCA1 and IPCA2. 
Variance components (%) of the sum of squares 
varied from 53.01% for genotypes, 38.87% for 
environments and 4.93% for GEI. IPCA 1 score 
explained 81.16% and IPCA 2 had 15.38% of 
the total GEI for AMMI models. Also, IPCA 1 
score explained 91.85% and IPCA 2 had 6.89% 
of the total GEI for SREG models. 

A barley genotype with the smaller AMMI 
stability value (ASV) is considered as more 
stable (Lopez, 1990; Kang, 2002). According to 
the ASV ranking in Table 10 and either Fig. 2, 
the barley genotypes, G11, G8, G16, G18, G12, 

and G13 were more stable, they located near the 
origin and less responsive than the corner barley 
genotypes. On the contrary, the genotypes G3, 
G14, G6, G7 and G15, thus they were located 
far away from the origin. 

An ideal barley genotype should have the 
lowest mean performance for days to 50% 
heading and be absolutely stable (i.e., perform 
the best in all environments). G11 (Line 9) was 
ideal barley genotype, it had the lowest vector 
length of the lower barley genotype and with 
zero GEI, as represented by the arrow pointing 
to it (Fig. 2). 

The angle between the vectors of two 
environments is related to the correlation 
coefficient among them. The environments E2, 

E3, E5 and E6 were positively correlated 
because all angles among them were smaller 
than 90˚, while the environments E1 and E4 had 
negatively correlated with four other 
environments (Fig. 2). 

Plant Height 

The regression coefficient (bi) of 18 barley 
genotypes ranged from 0.79 (Line 11) to 1.13 
(Giza 123), indicating the genetic variability 
among barley genotypes in their regression 
response for plant height (Table 10). The 
obtained (bi) values were deviated significantly 
from unity (bi>1) in Giza 123 and Rihane 3. 
Therefore they good adapted to favorable 
environments, whereas, the (bi) values were 
significantly less than unity (bi<1) in Line 11, 
hereby this relatively better adapted to low water 
level as less favorable environment. However, 
barley genotypes, i.e., California mariout, Line 
1, Line 2, Line 3, Line 4, Line 5, Line 6, Line 7, 
Line 8, Line 9, Line 10, Line 12, Line 13, Giza 
2000 and Giza 126 had the (bi) values were not 
deviated significantly from unity and thus could 
be grown under wide range of environments 
(Table 10). 

The deviations from regression (S2
di) for 

plant height ranged from 0.19 (Giza 123) to 7.44 
(Line 8). The stable barley genotypes with 
lowest S2

di values were Giza 123, Line 5, Line 6, 
Rihane 3 and Giza 2000. The unstable genotypes 
with the highest and significant S2

di values were 
Line 1 and Line 8. The best stable genotypes 
according to phenotypic stability for plant height 
were Line 6 with a mean performance across
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Fig. 1. Genotypic stability parameters (α and λ) of 18 barley genotypes for days to 50% heading 
 

 

 

 

 

 

 

 

 

 

Fig. 2. Graphics display of the GE and GGE biplots for 18 barley genotypes (assessed G1 -
G18) and six environments (assessed E1- E6) in the AMMI and SREG models, 
respectively for days to 50 % heading 
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environments  = 52.86, bi = 0.97 and the S2
di = 

0.93, followed by Line 5 (  = 56.53, bi = 1.05 
and Sdi

2 = 0.80), then Giza 2000 (  = 55.53, bi 
= 1.04 and S2

di =0.84).  

Regarding genotypic stability parameters, 
(Table 10 and Fig. 3) showed that all barley 
genotypes were stable and insignificant for 
linear response to environmental effects (αi) 
except Giza 123, Line 11 and Rihane 3 and also 
for the deviation from linear (λi) except Giza 
123, Line 5, Line 6, Line 7, Rihane 3, Giza 2000 
and Giza 126. This suggests that California 
mariout, Line 2, Line 3 and Line 10 had the best 
genotypic stability values. 

AMMI analysis showed that environments 
(E), barley genotypes (G) and the G × E 
interaction mean squares were significant for 
plant height (Table 9). The IPCA scores of a 
barley genotype in the AMMI and SREG 
analyses were significant for IPCA1 and IPCA2. 
Variance components (%) of the sum of squares 
varied from 9.09% for barley genotypes, 80.59% 
for environments and 2.69% for GEI. IPCA 1 
score explained 50.23% and IPCA 2 had 35.79% 
of the total GEI for AMMI model. While for 
SREG model, IPCA 1 score exhibited 77.71% 
and IPCA 2 had 11.35% of the total GGEI 
(Fig. 4).  

According to the ASV ranking Table 9 and 
either Fig. 4, the barley genotypes, Line 6 (G8), 
Line 5 (G7), Line 10 (G12), Line 7 (G9) and 
Line 2 (G3) were more stable, these barley 
genotypes were located near the origin and had 
small ASV. On the other hand, the barley 
genotypes G4, G11, G13, G6, G15, G3, G2 and 
G10 were unstable for this trait. 

As can be seen GGE biplot for the SREG 
model (Fig. 4) showed that, Line 6 (G8) was 
ideal genotype for plant height, it had the 
lowest vector length of the lower barley 
genotype and with zero GE, as represented by 
the mark with an arrow pointing to it. The 
environments E6 with E3 and E5, E1 with E2 
were positively correlated because all angles 
among them were smaller than 90˚, while the 
environment E4 had negatively correlated with 
E3 and E6.  

Flag Leaf Area 

Phenotypic stability parameters indicated 
that, regression coefficient (bi) for flag leaf area 
of 18 barley genotypes ranged from -0.09 (Line 
6) to 1.50 (Line 11) (Table 11). The (bi) values 
were deviated significantly from unity (bi>1) in 
Line 1, Line 2, Line 3, Line 8 and Line 11 and 
less than unity (bi<1) in Line 9 and Giza 126. 
On the other side, (bi) values of the other barley 
genotypes were not deviated significantly from 
unity, indicating that these genotypes were 
adapted well under wide range of environments 
for flag leaf area.   

The deviations from regression (S2
di) for flag 

leaf area ranged from 0.08 (Giza 126) to 5.84 
(Line 8). All barley genotypes in this study were 
unstable; they had significant S2

di values except 
Giza 126. 

Results of genotypic stability parameters 
(Table 11 and Fig. 5) showed that all barley 
genotypes were stable and insignificant for 
linear response to environmental effects (αi) 
except Line 9, Line 11 and Giza 126. Moreover, 
for the deviation from linear (λi), all barley 
genotypes were unstable and significant except 
Line 11 and Giza 126.  

AMMI analysis revealed that environments 
(E), barley genotypes (G) and the G x E 
interaction mean squares were highly significant 
for flag leaf area (Table 9). The IPCA scores of 
barley genotypes in the AMMI and SREG 
models were significant for IPCA1 and IPCA2. 
Variance components (%) of the sum of squares 
varied from 36.51% for barley genotypes, 
25.65% for environments and 30.84% for GEI. 
IPCA 1 score explained 42.14 % and IPCA 2 
had 28.93% of the total GEI for AMMI model. 
Moreover, For SREG model, IPCA 1 score 
exhibited 60.73% and IPCA 2 had 15.83% of 
the total GGEI (Fig. 6).  

A barley genotype with least ASV is the 
most stable, in respect to flag leaf area as given 
in Table 10 and illustrated in Fig. 6 the barley 
genotypes G13, G4, G1, G6, G16, G15, G4, 
G11 and G18 were the most desired and stable 
genotypes for flag leaf area. Conversely, the 
vertex barley genotypes G3, G10, G9, G8, G17, 
G5 and G14 were unstable, they located far 
away from the origin for this trait and are more 
responsive to the environmental changes. 
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Fig. 3. Genotypic stability parameters (α and λ) of 18 barley genotypes for plant height 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Graphics display of the GE and GGE biplots of 18 barley genotypes (assessed G1 -
G18) and six environments (assessed E1-E6) in the AMMI and SREG models, 
respectively for plant height (cm) 
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Table 11. Genotype means over six environments and stability parameters of the eighteen 
barley genotypes for Flag leaf area and 1000 grain weight 

Flag leaf area (cm2)   1000 grain weight (g) Traits

Genotype Mean 

( ) 

Pi bi S2
di αi λi ASV Rank  Mean 

(  ) 

Pi bi S2
di αi λi ASV Rank 

G1 (California 
mariout) 

8.86 0.76 1.05 0.95** 0.05 5.85* 0.67 2  39.92 1.49 1.58** 0.50 0.60* 0.31* 4.53 15 

G2 (Line 1) 10.11 2.02 1.36* 1.86** 0.37 11.40* 2.32 8  40.82 2.39 0.90 0.78 -0.10 0.53 1.05 4 

G3 (Line 2) 9.31 1.22 1.91* 3.39** 0.95 20.45* 7.14 18  37.67 -0.75 0.76 0.59 -0.25 0.40 1.87 8 

G4 (Line 3) 7.64 -0.45 1.50* 0.94** 0.52 5.66* 1.44 4  40.67 2.24 0.79* 0.08 -0.22* 0.05* 1.80 6 

G5 (Giza 123) 8.11 0.01 1.36 2.09** 0.38 12.82* 5.28 14  38.74 0.31 0.91 0.05 -0.09 0.03* 0.85 3 

G6 (Line 4) 7.21 -0.89 0.84 0.58** -0.17 3.55* 2.69 9  36.44 -1.99 1.48** 0.36 0.49* 0.22* 3.96 13 

G7 (Line 5) 6.29 -1.81 0.43 0.73** -0.60 4.32* 3.68 12  38.85 0.42 1.57** 0.43 0.59* 0.27* 4.53 16 

G8 (Line 6) 7.26 -0.84 -0.09 2.60** -1.14 15.38* 3.18 11  38.68 0.26 1.26* 0.29 0.27 0.19* 1.86 7 

G9 (Line 7) 8.58 0.48 1.07 3.52** 0.07 21.74* 5.37 15  37.33 -1.10 1.58** 0.32 0.60* 0.19* 4.59 17 

G10 (Line 8) 8.71 0.62 1.48* 5.84** 0.50 35.99* 5.55 16  37.37 -1.06 0.50* 2.28* -0.52 1.53 4.13 14 

G11 (Line 9) 7.95 -0.15 0.13* 1.21** -0.91* 7.02* 0.72 3  37.74 -0.69 1.20 0.95 0.21 0.64 1.92 9 

G12 (Line 10) 7.14 -0.96 0.65 2.24** -0.37 13.75* 3.96 13  36.91 -1.52 0.94 0.01 -0.06 0.01* 0.38 1 

G13 (Line 11) 9.45 1.35 1.50* 0.33* 0.52* 1.90 0.63 1  39.00 0.57 1.01 0.36 0.01 0.24* 0.54 2 

G14 (Line 12) 9.29 1.19 1.06 4.40** 0.07 27.22* 6.47 17  38.15 -0.28 0.59** 0.18 -0.42* 0.11* 3.29 12 

G15 (Line 13) 8.55 0.45 0.99 0.62** -0.02 3.86* 2.17 7  38.77 0.34 -0.18** 1.39 -1.22* 0.82 9.28 18 

G16 (Rihane 3) 9.11 1.01 1.33 0.87** 0.35 5.33* 2.08 6  39.81 1.39 1.15 0.42 0.16 0.28* 1.17 5 

G17 (Giza 2000) 13.18 5.08 1.17 4.11** 0.17 31.72* 3.16 10  38.67 0.24 0.70** 0.09 -0.31* 0.07* 2.39 11 

G18 (Giza 126) 9.03 0.94 0.28** 0.08 -0.75* 0.40 2.07 5   38.27 -0.16 1.26* 0.12 0.27* 0.12* 2.29 10 

Mean ( ) 8.10         38.43        

LSD’ 0.05 0.39         1.01        

ig = Mean of genotype, (Pi)= Phenotypic index (
ig -X ), bi= regression coefficient and S2

di= mean square deviations from linear 

regression, αi= linear response to environmental effects, λi = the deviation from linear response and ASV =AMMI stability value. 
 * , ** Significant at 0.05 and  0.01 levels of  probability, respectively.   

 

 

Fig. 5. Genotypic stability parameters (α and λ) of 18 barley genotypes for flag leaf area (cm2)   
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Fig. 6. Graphics display of the GE and GGE biplots of 18 barley genotypes (assessed G1 -
G18)and six environments (assessed E1- E6) in the AMMI and SREG models, 
respectively for flag leaf area (cm2)   

 

GEI biplot graph for the AMMI showed that, 
Environments E6, E1, E4 and E5 were the most 
differentiating environments for flag leaf area. 
On the other side, environment E2 was less 
responsive for this trait.  

GGEI biplot graph for the SREG model 
showed that, G13 (Line 11) was ideal barley 
genotype for flag leaf area (Fig. 6). Barley 
genotype G8 was more desirable genotype, this 
was located closer to the ideal genotype. The 
environments E5, E4 and E3 were positively 
correlated, while the environment E6 had 
negatively correlated with E5 , E4 and E3.  

1000-Grain Weight 

Phenotypic stability parameters exhibited 
that, regression coefficient (bi) for 1000-grain 
weight of eighteen barley genotypes ranged 
from -0.18 (Line 13) to 1.58 (California mariout 
and line 7), indicating the genetic variability 
among barley genotypes in their regression 
response for 1000-grain weight (Table 11). The 
(bi) values were deviated significantly from 
unity (bi>1) in California mariout, line 3, Line 
4, Line 5, Line 6, Line 7 and Giza 126 and less 
than unity (bi<1) in Line 3, Line 8, line 12, Line 
13 and Giza 2000. On the other side, barley 
genotypes, i.e., Line1, Line 2, Giza 123, Line 9, 
Line 10, Line 11 and Rihane 3 had the (bi) 

values were not deviated significantly from 
unity, indicating that these barley genotypes 
were adapted well under wide range of 
environments for 1000-grain weight.   

The deviations from regression (S2
di) for 

1000-grain weight ranged from 0.01 (Line 10) to 
2.28 (Line 8). All barley genotypes in this study 
were stable, they had lowest S2

di values and not 
significantly different from zero except Line 8.  

The best stable barley genotypes according 
the three phenotypic stability parameters (  , bi 
and S2

di) for 1000-grain weight were Line 1 
(G2), followed by Line 11 (G13), then Rihane 3 
and Giza 123. These genotypes gave mean 
values above grand mean and their regression 
coefficients (bi) did not differ significantly from 
unity with minimum deviation mean squares 
S2

di, revealing that these barley genotypes were 
more phenotypic stable. 

Results of genotypic stability parameters 
(Table 11 and Fig. 7) show that 9 out 18 barley 
genotypes were stable and insignificant for linear 
response to environmental effects (αi). Moreover, 
for the deviation from linear (λi), all barley 
genotypes were unstable and significant except, 
Line 1, Line 2, Line 8, Line 9 and Line 13.  

AMMI analysis showed that environments 
(E), barley genotypes (G) and the G × E interaction
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Fig. 7. Genotypic stability parameters (α and λ) of 18 barley genotypes for 1000 grain weight (g) 
 

 

mean squares were significant for 1000-grain 
weight (Table 9). The IPCA scores of barley 
genotypes in the AMMI and SREG models were 
highly significant for IPCA1 and IPCA2. 
Variance components (%) of the sum of squares 
valued 19.74% for barley genotypes, 33.18% for 
environments and 11.17% for GEI. IPCA 1 
score explained 69.79% and IPCA 2 had 28.48% 
of the total GEI for AMMI model. Moreover, 
For SREG model, IPCA 1 score exhibited 
64.29% and IPCA 2 had 24.87% of the total 
GGEI. 

A barley genotype with least ASV is the 
most stable, in respect to 1000-grain weight as 
given in Table 10 and illustrated in Fig. 8. The 
barley genotypes i.e., G12, G4, G5, G13 and 
G16 were the most desired and stable genotypes 
for this trait, whereas genotypes G18, G8, G14 
and G17 were moderate ones. Otherwise, the 
vertex barley genotypes G15, G10, G1, G7 and 
G11, were unstable for 1000-grain weight and 
more responsive to the environmental changes. 

GGEI biplot graph for the SREG model 
(Fig. 8) showed that, Line 1 (G2) was ideal 
barley genotype for 1000-grain weight, it had 
the heaviest vector length of the heavier 
genotype and with zero GEI. Further, barley 
genotypes G4, G16 and G13 were more 
desirable genotypes, they were located closer 
to the ideal genotype. The environments E1, 

with E4; E2 with E5 and E3 with E6 were 
positively correlated. While the environment 

E1 and E4 had negatively correlated with E3 

and E6.  

Biological Yield (ton/fad.) 

The regression coefficient (bi) for biological 
yield of 18 barley genotypes varied from 0.57 to 
1.16 for Line 5 and Line 6, respectively (Table 12). 
The (bi) values were deviated significantly and 
less than unity (bi<1) in Line 4, Line 5, Line 12 
and Line 13, therefore these barley genotypes 
were adapted to water defect environments. 
However, the (bi) values were deviated 
significantly and more than unity (bi>1) in Line 
1, Line 3, Line 6, Line 8 and Rihane 3. On the 
other side, the remaining barley genotypes 
exhibited regression coefficient values not  deviated 
significantly from unity in California mariout, 
Line 2, Giza 123, Line 7, Line 9, Line 10, Line 
11, Giza 2000 and Giza 126. Hence these 
genotypes were adapted well under wide range 
of environments for biological yield (ton/fad.). 

The deviations from regression (S2
di) for this 

trait varied from 0.00 (G4 and G15) to 0.13 
(G7). All barley genotypes were in this study 
stable with lowest S2

di values and not 
significantly different from zero except G5, G7 
and G12. 

Based on the simultaneous consideration of 
three phenotypic stability parameters (  , bi and 
S2

di) the most desired and stable genotypes were 
Line 9 ( = 4.92, b = 1.07 and S2

di = 0.06); Line 
7 ( = 4.46, b = 1.00 and S2

di = 0.04) and Line 2 
( = 4.10, b = 1.10 and S2

di =0.04). Obviously,
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Fig. 8. Graphics display of the GE and GGE biplots of 18 barley genotypes (assessed G1 -
G18) and six environments (assessed E1- E6) in the AMMI and SREG models, 
respectively for 1000 grain weight (g) 

 
Table 12. Genotype means over six environments and stability parameters of the eighteen barley 

genotypes for biological yield and grain yield 

Biological yield (ton/fad.)  Grain yield (ardab/fad.) Traits

Genotype Mean 
(

ig ) 
Pi bi S2

di αi λi ASV Rank  Mean 
(

ig  ) 
Pi bi S2

di αi λi ASV Rank 

G1 (California 
mariout) 

3.85 -0.66 0.93 0.09 -0.07 1.90 1.16 8  10.76 -2.41 0.93 0.02 -0.07 0.05* 0.44 3 

G2 (Line 1) 4.17 -0.34 1.12* 0.05 0.12 0.97 1.36 12  11.75 -1.42 1.03 0.03 0.03 0.09* 0.24 1 
G3 (Line 2) 4.10 -0.41 1.10 0.04 0.10 0.75 0.68 4  11.76 -1.40 0.79** 0.03 -0.21* 0.08* 1.94 14 
G4 (Line 3) 4.36 -0.15 1.13* 0.00 0.13* 0.03* 0.71 5  12.45 -0.72 0.87** 0.01 -0.13* 0.02* 1.50 12 
G5 (Giza 123) 4.10 -0.41 1.02 0.10* 0.02 2.16 2.24 16  12.17 -0.99 1.10 0.05 0.10 0.13* 0.34 2 
G6 (Line 4) 4.90 0.39 0.87* 0.04 -0.13 0.87 0.37 3  14.43 1.27 0.96 1.06** -0.04 3.01* 4.44 17 
G7 (Line 5) 4.74 0.23 0.57* 0.13* -0.43* 2.64 3.84 18  14.97 1.80 0.88** 0.02 -0.12* 0.05* 1.36 11 
G8 (Line 6) 5.00 0.49 1.16* 0.03 0.16 0.70 1.28 10  15.07 1.90 0.96 0.01 -0.04 0.04* 0.56 5 
G9 (Line 7) 4.46 -0.05 1.00 0.04 0.00 0.84 0.88 7  12.91 -0.25 1.05 0.07 0.06 0.20* 0.61 6 
G10 (Line 8) 4.53 0.02 1.14 0.02 0.14 0.38* 1.25 9  13.21 0.04 0.94 0.01 -0.06* 0.01* 0.53 4 
G11 (Line 9) 4.92 0.41 1.07 0.06 0.07 1.31 0.80 6  14.68 1.51 1.05 0.09 0.05 0.27* 1.14 10 
G12 (Line 10) 4.98 0.47 0.97 0.12* -0.03 2.53 2.28 17  13.83 0.66 1.10 0.05 0.10 0.15* 1.12 9 
G13 (Line 11) 4.35 -0.16 1.07 0.03 0.07 0.71 1.46 13  12.93 -0.24 0.78* 0.33* -0.22 0.93 0.88 7 
G14 (Line 12) 4.44 -0.07 0.83* 0.04 -0.17 0.92 0.34 2  12.07 -1.10 0.76** 0.07 -0.24* 0.19* 2.64 16 
G15 (Line 13) 4.01 -0.50 0.89* 0.00 -0.11* 0.10* 0.18 1  11.48 -1.68 1.44** 0.58** 0.45* 1.63 5.75 18 
G16 (Rihane 3) 4.46 -0.05 1.11* 0.04 0.11 0.74 1.31 11  11.92 -1.25 1.14* 0.09 0.14 0.24* 1.58 13 
G17 (Giza 2000) 3.73 -0.78 0.96 0.07 -0.04 1.74 2.17 15  10.89 -2.28 1.04 0.22 0.04 0.78 2.18 15 
G18 (Giza 126) 3.84 -0.67 1.04 0.04 0.04 1.39 1.70 14  10.69 -2.48 1.16** 0.02 0.16* 0.07* 1.11 8 

Mean (X ) 4.51         13.17        
LSD’ 0.05 0.21         0.39        

ig = Mean of genotype, (Pi)= Phenotypic index (
ig -X ), bi= regression coefficient and S2

di= mean square deviations from linear 

regression, αi= linear response to environmental effects, λi = the deviation from linear response and ASV =AMMI stability value. 
 * , ** Significant at 0.05 and  0.01 levels of  probability, respectively. 
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these barley genotypes gave mean values above 
grand mean and their regression coefficients (bi) 
did not differ significantly from unity with 
minimum deviation mean squares (S2

di). 
Accordingly, these genotypes could be useful in 
barley breeding programs for improving this 
trait under water defect in newly reclaimed 
sandy soils. 

Genotypic stability parameters given for 
biological yield in Table 12 and Fig. 9 show 
that, all barley genotypes were stable and 
insignificant for linear response to environmental 
effects (αi) except Line 3, Line 5 and Line 13. 
Moreover, for the deviation from linear (λi), all 
barley genotypes were stable and insignificant 
except Line 3, Line 8 and Line 13. A 
simultaneous consideration of the two genotypic 
stability parameters (αi and λi), the most desired 
and stable barley genotypes were G3, G9, G11 
and G13. 

AMMI analysis of variance showed that, 
environments (E), genotypes (G) and the G x E 
interaction mean squares were significant for 
biological yield (Table 9). The IPCA scores of a 
genotype in the AMMI and SREG analyses were 
significant for IPCA1 and IPCA2. Variance 
components (%) of the sum of squares varied 
from 18.84% for genotypes, 65.21% for 
environments and 5.69% for GEI. IPCA 1 score 
explained 49.83% and IPCA 2 had 23.82% of 
the total GEI for AMMI models. For SREG 
model, IPCA 1 score explained 80.72% and 
IPCA 2 had 10.18% of the total GGEI.  

Based on ASV as given in Table 11 and 
illustrated in Fig. 10, the barley genotypes G15, 
G14, G6, G3, G4, G11 and G9 were the most 
desired and stable genotypes, whereas barley 
genotypes G9, G10, G16 and G13 were 
moderate one. Otherwise, the vertex barley 
genotypes G8, G2, G12, G7, G17 and G18 were 
unstable for this trait and more responsive to the 
water stress changes. 

GE biplot graph for the AMMI model showed 
that environments E6 and E5 were the most 
differentiating environments for biological yield, 
they were located far away from the origin and 
they were more responsive to environmental 
changes (Fig. 10). Conversely, environments E4 
and E3 were less responsive for biological yield.  

GGE biplot graph for the SREG model 
showed that, Line 9 (G11) was ideal barley 
genotype for biological yield (Fig. 10). A barley 
genotype is more desirable as it is located closer 
to the ideal genotype, such as G6, G8 and G9. 
The environments E1, E2, E3 and E4 were 
positively correlated. Whereas, the environment 
E1 was negatively correlated with E5 and E6. 

Grain Yield (ardab/fad.) 

Phenotypic stability revealed that, regression 
coefficient (bi) for grain yield of 18 barley 
genotypes ranged from 0.76 (Line 12) to 1.44 
(Line 13), indicating the genetic variability 
among barley genotypes in their regression 
response for grain yield (Table 12). The (bi) 
values were deviated significantly from unity  
(bi > 1) in Line 13, Rihane 3 and Giza 126, 
indicating greater sensitivity to environmental 
changes and were relatively suitable in favorable 
environments with adequate water and other 
inputs. Meanwhile, the (bi) values were deviated 
significantly and less than unity (bi < 1) in G3, 
G4, G7, G13 and G14. On the other hand, barley 
genotypes, i.e., G1, G2, G5, G6, G8, G9, G10, 
G11, G12 and G16 had the (bi) values were not 
deviated significantly from unity, therefore these 
barley genotypes were adapted well under wide 
range of environments for grain yield (ardab/ 
fad.).   

The deviations from regression (S2
di) for 

barley grain yield varied from 0.01 (G4, G8 and 
G10) to 1.06 (G6). All barley genotypes in this 
study were stable with lowest S2

di values and not 
significant except G6, G13 and G15.  

The desirable and stable barley genotypes 
according to three stability parameters ( , bi and 
S2

di) for grain yield were G8 with a mean yield 
= 15.07, b = 0.96 and the S2

di = 0.01; G11 ( = 
14.68, b = 1.05 and S2

di = 0.09) and G12 ( = 
13.83, b = 1.10 and S2

di =0.05). These genotypes 
gave mean values above grand mean and their 
regression coefficients (bi) did not differ 
significantly from unity, also, minimum 
deviation mean squares (S2

di) were detected.  

Genotypic stability parameters given for 
grain yield in Table 12 and Fig. 11 show that, 
the most barley genotypes had stable and 
insignificant for linear response to environmental 
effects (αi) were G1, G2, G5, G6, G8, G9, G11,
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Fig. 9. Genotypic stability parameters (α and λ) of 18 barley genotypes for biological yield 
(ton/fad.) 

 

 

 

 

 

 

Fig. 10. Graphics display of the GE and GGE biplots of 18 barley genotypes (assessed G1-
G18) and six environments (assessed E1-E6) in the AMMI and SREG models, 
respectively for biological yield (ton/fad.) 

 

Fig. 11. Genotypic stability parameters (α and λ) of 18 barley genotypes for grain yield (ardab/ 
fad.) 
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G12, G13, G16 and G17. Moreover, for the 
deviation from linear (λi), all barley genotypes 
were unstable and significant except G13, G15 
and G17.  

AMMI analysis of variance showed that 
environments (E), barley genotypes (G) and the 
G x E interaction mean squares were highly 
significant for grain yield (Table 8). The IPCA 
scores of a barley genotype in the  AMMI  and 
SREG analyses were significant for IPCA1 and 
IPCA2. Variance components (%) of the sum of 
squares varied from 36.55% for genotypes, 
48.56% for environments and 3.2% for GEI. 
IPCA 1 score had 43.91% and IPCA 2 had 
37.84% of the total GEI for AMMI models. For 
SREG model, IPCA 1 score exhibited 92.5% 
and IPCA 2 had 3.15% of the total GGEI. 
Highly significant effects for G x E interaction 
for many barley characters were previously 
reported (Mohammadi et al., 2015; Kendal, 
2016; Elakhdar et al., 2017). 

A barley genotype with least ASV is the 
most stable, in respect to grain yield as given in 
(Table 12) and illustrated in (Fig. 12).  The 
barley genotypes G2, G5, G1, G10 and G8 were 
the most desired and stable genotypes (0.24, 
0.34, 0.44, 0.53 and 0.56, respectively), as 

opposed to, barley genotypes G13, G17, G15, 
G6 and G14 were unstable for this trait and 
more responsive to the environmental changes. 

GE biplot graph for the AMMI model 
illustrated that, environments E5 and E6 were the 
most differentiating environments for grain 
yield, they were located far away from the origin 
and they were more responsive to environmental 
changes (Fig. 12). Whereas environments E2 and 
E3 were less responsive for grain yield. 

GGE biplot graph for the SREG model as 
illustrated in (Fig. 12) showed that, G8 (Line 6) 
was ideal barley genotype for grain yield, it had 
the highest vector length of the high yielding 
genotypes and with zero GE, as represented by 
the dot with an arrow pointing to it in (Fig. 12). 
A barley genotype is more desirable if it is 
located closer to the ideal barley genotype, thus 
G7, G6, G11 and G12 were desirable genotypes. 
The environments E3, E2 and E5 were positively 
correlated. Whereas, the environment E6 had 
negatively correlated with E1 and E4. The ideal 
test environment was E2, it had large IPCA1 
scores and small IPCA2 scores. The favorable 
environment was E5, but the unfavorable ones 
were severe stress environments (E1 and E4) for 
grain yield. 

 

 

 

 

 

Fig. 12. Graphics display of the GE and GGE biplots of 18 barley genotypes (assessed G1 -
G18) and six environments (assessed E1- E6) in the AMMI and SREG models, 
respectively for grain yield (ardab/fad.) 
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Conclusion 

Days to 50% heading (earliness), plant 
height, flag leaf area and 1000-grain weight are 
major selection criteria used to develop low soil 
watery tolerant genotype in newly reclaimed 
sandy soils. 

Accordingly, the three stability methods, i.e. 
phenotypic stability, genotypic stability and 
AMMI, the most desired and stable genotypes 
were Line 9 and Line 11 for days to 50% 
heading; Line 6 and Line 5 for plant height; Line 
11 and Giza 126  for flag leaf area; Line 1, Giza 
123 and Line 11 for 1000-grain weight; Line 9, 
Line 7 and Line 2 for biological yield (ton / fad.) 
and Line 6, Line 9 and Line 3 for grain yield 
(ardab/fad.). These genotypes could be useful in 
barley breeding programs for improving these 
traits under water stress in newly reclaimed 
sandy soils. 

Therefore from GGE biplots, the ideal barley 
genotype was Line 9 for days to 50% heading; 
Line 6 for plant height; Line 11 for flag leaf 
area; Line 1 for 1000-grain weight; Line 9 for 
biological yield and Line 6 for grain yield. 
These genotypes had the most suitable under 
wastes stress and drought conditions. 
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 جھاد المائييات مختلفة من اl تحت مستوللشعيرتحليل الثبات للتراكيب الوراثية 

  ١ةـــــعبدالستار عبدالقادر الخواج – ٢مجاھدأحمد فاطمة مصطفي 
   ٢ أحمد ابراھيم عبدالحميد حسن–١ىـد محمد عبدالحميد علـــمحم

  مصر –  جامعة الزقازيق– كلية الزراعة –قسم المحاصيل  -١

٢- zمصر– ةالقاھر – بحوث الصحراء  مركز–ية صول الوراثقسم ا   

 ١٨أجري�ت ھ�ذه الدراس�ة بھ�دف تقي�يم ، ل�ذلك ي المحدد للمحصول ف�ي مص�ر والع�المجھاد المائي العامل الرئيسيعتبر ا�
z٥٠يام حتى طرد تركيب وراثي من الشعير لصفات عدد ا %zل�ف من السنابل، ارتفاع النبات، مس�احة ورق�ة العل�م، وزن ا

موس���مين زراعي���ين خ���ل موس���مي ( بيئ���ات مختلف���ة ٦، وذل���ك تح���ت حص���ول البيول���وجي ومحص���ول الحب���وبحب���ة، الم
ف�دان تح�ت ظ�روف /م�اء ٣ م١٤٠٠ و ١١٠٠ ، ٨٠٠جھ�اد م�ائي بمع�دل إ مستويات ة وثث٢٠١٤/٢٠١٥ و ٢٠١٣/٢٠١٤

 أظھ�رت نت�ائج التحلي�ل التجميع�ي وج�ود اختف�ات عالي�ة المعنوي�ة ب�ين التراكي�ب ،)اضي الرملية بمنطقة القنطرة ش�رقاzر
 أظھرت النت�ائج ، البيئة لجميع الصفات تحت الدراسة×وراثية تحت الدراسة وكذلك البيئات والتفاعل بين التركيب الوراثي ال

ماعدا ) مثلاz(ول والثاني مقارنة بالمستوى الثالث مداد المائي اzالصفات تحت الدراسة تحت مستوى ا�انخفاض قيم جميع 
ليل الثبات المظھري وجود اختفات عالي�ة المعنوي�ة للتفاع�ل الخط�ى ب�ين التركي�ب  أظھرت نتائج تح،صفة وزن ا¿لف حبة

 أظھ�رت مق�اييس ، البيئ�ة×التركي�ب ال�وراثى + ، كذلك بالنس�بة لتفاع�ل البيئ�ة البيئة لجميع الصفات تحت الدراسة ×الوراثي 
م�ن الس�نابل، % ٥٠يام حتى ظھ�ور د اz لصفات عد١١ والسلة ٣ و ريحان ٩الثبات المظھري تميز وثبات سلوك السلة 

 ثب�ات ١٢٦  بالثبات لصفه ارتفاع النبات ، بينم�ا أظھ�ر الص�نف جي�زة ٢٠٠٠ والصنف جيزة ٦ و ٥بينما تميزت  الس¿ت 
، ٩ل�ف حب�ة ، والس�¿ت  لص�فة وزن ا١٢٣z وجي�زة ٣صناف ريحان  وا١١z و ١لصفة مساحة ورقة العلم ، والس¿ت 

أظھرت نتائج تحلي�ل الثب�ات ال�وراثى ،  لصفة  محصول الحبوب١٠ و ٩ ، ٦ لصفة المحصول البيولوجي والس¿ت ٢ و ٧
 لص�فات  ٢، والس�لة  م�ن الس�نابل% ٥٠ ط�رد ىي�ام حت�  بالثب�ات لص�فة ع�دد ا٢٠٠٠z جي�زة  والص�نف١١تمي�ز الس�لة 

zلص��فة ٧ و٦ ، ٤ والس��¿ت ١٢٣فورني��ا م��اريوت وجي��زة يلل��ف حب��ة والمحص��ول البيول��وجي وكاارتف��اع النب��ات وزن ا 
اختف�ات عالي�ة المعنوي�ة ب�ين التراكي�ب الوراثي�ة والبيئ�ات ) AMMI( بينما أظھر تحليل الثبات الوراثي ،محصول الحبوب

 و جي�زة ١س�لة ًكث�ر ثبات�ا كان�ت الالش�عير اz  البيئة، وأوضحت نت�ائج التحلي�ل أن تراكي�ب×والتفاعل بين التركيب الوراثي 
ن التركي��ب أ  GGEظھ��ر تحلي��ل التفاع��لأ و، لص��فة محص��ول الحب��وب٦ والس��لة ٨  وكاليفورني��ا م��اريوت والس��لة١٢٣
، الس�لة  لص�فة ارتف�اع النب�ات٦، الس�لة م�ن الس�نابل% ٥٠يام حتى طرد  لصفة عدد ا٩zموذجي كان السلة  النيالوراث

  لص��فة ٦ للمحص��ول البيول��وجي والس��لة ٩ل��ف حب��ة، والس��لة  لص��فة وزن ا١z  لص��فة مس��احة ورق��ة العل��م والس��لة١١
نتاجي�ة محص�ول الحب�وب إلى أھمية ھذه التراكيب الوراثية فى برامج تربية الشعير لتحسين إمحصول الحبوب ، ويشير ذلك 

 .والمحصول البيولوجي تحت ظروف ا�جھاد المائي وخاصة باzراضي المستصلحة حديثا

 ــــــــــــــــــــــ
 :المحكمــــــون

 . جامعة بنھا– كلية الزراعة بمشتھر –أستاذ المحاصيل   مـ سيدھم أسعد سيدھ.د. أ-١
 . جامعة الزقازيق– كلية الزراعة –أستاذ المحاصيل   وده عوادـــن عــ حس.د.أ -٢
 


