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ABSTRACT 
Seven promising bread wheat lines at six different locations, represented 

different ecological zones obtained from the national wheat research program and were 

tested with two new commercial cultivars Misr3 and Sakha 95. in a yield trial in two 

successive seasons (2017/2018 and 2018/2019). The experimental design was a 

randomized complete block design with four replications. Stability parameters of grain 

yield were calculated for the new promising lines and the two commercial cultivars. The 

results showed that the genotypes G2, G4, G5, G6 and G7 did not differ significantly out 

yield the two checks cultivars, Misr3 and Sakha 95. Line G6 and Misr 3 showed more 

stability in grain yield compared to the other genotypes.  GGE-biplot analysis showed that 

it is preferable to grow the genotype G 6 in the regions of Sakha, Sids and Shandaweel, 

and the cultivar Sakha 95 at Nubaria and Etay-El-Barood regions, while genotype G7 

was the best when grown in El-Mattana area. The genotype G6 was considered an ideal 

genotype. 

Key words: Wheat, Triticum aestivum, Environment, GGE-Biplot, Multi-Environments, 

Phenotypic, Yield Stability. 

INTRODUCTION 

Wheat (Triticum aestivum L.) is one of the most important cereal 

food commodities not only in Egypt but also all over the world. Currently, 

Egypt is one of the largest wheat importers in the world according to (US 

Wheat Associates Weigand, C. (2011). Wheat is an important staple food 

for about two billion people all over the world (36% of the world 

population). The annual consumption of wheat grains in Egypt is about 18.6 

mil. t, while the annual local production is about 9 mil. t (2016). Grain yield 

was increased from 1.7 mt in 1980 to 9 mt. in 2016 and the increase was 

achieved by increasing wheat area from 1.34 to 3.26 mil. fed and grain yield 

from 1.3 to 2.76 t fed.-1 in the same period (Food and Agricultural 

Organization (FAO), (2016). Sahar et al (2018) reported that Egypt imports 

about 45% of its wheat requirements. An important objective of the 

Egyptian government is reducing the dependence on imported wheat by 

enhancing average grain yield and production (Abd El-Mohsen and Abd El-

Shafi 2014). Reducing the gap between national production and 

consumption could be possible via expanding wheat area to the new 

reclaimed land and vertically, via growing high yielding cultivars and 

applying the recommended cultural practices (Abdel Aleem et al 1997, 

Hamada et al 2017 and Abdel-Majeed et al 2018). Many investigators 

reported significant differences among wheat cultivars in their response to 

the environmental conditions, hence, the stable cultivars with high grain 

yield could confront wheat production and preserve high level of grain yield 

(Mosaad et al 2000, Shehab EI-Din et al 2000, Hamada et al 2002 and Gad 
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allah et al 2008).  

The objectives of this investigation were: 1) to evaluate seven 

promising wheat lines and two cultivars (9 entries) under six locations for 

two years which represent a wide range of environments in Egypt, 2) 

estimate the stability parameters using some stability analysis methods, i.e. 

Eberhart and Russel (1966) and GGE biplot analysis to identify the ideal 

wheat genotype according to (Yan 2001. 

MATERIALS AND METHODS 

The materials of the present study consisted of promising nine bread 

wheat (Triticum aestivum L.) genotypes, including 7 wheat lines which  

were selected wheat  research program  in addition to the  two new cultivars 

Misr 3 and Sakha 95. These genotypes were evaluated in two successive 

winter seasons (2017/2018 and 2018/2019) at six locations;  namely Sakha 

(S), Etay Elbarood (ET), Nubaria(NU), Sids (Sd), Shandaweel(Sh) and EL- 

Mattana(MT). Names, pedigree and selection history of the tested genotypes 

are presented in Table (1).  

Table 1. Name and pedigree of nine bread wheat genotypes used in the 

study. 

Genotype Names, pedigree and selection history 

G1 
WAXWING/MISR1 

CGM10-103550-1GM-2GM-4GM- OGM 

G2 
SHANDWEEL 1 /4/ OASIS / SKAUZ // 4*BCN /3/ 2*PASTOR 

S. 16954 -019S -010S-4S -0S 

G3 
WBLL1*2/BRAMBLING // KAMB1*2/KIRITATI 

S. 17023 -033S -022S-1S -0S 

G4 
KAMB1*2/BRAMBLING // PFAU/MILAN 

S. 17101 -030S -025S-9S -0S 

G5 

ATTILA/3*BCN//BAV92/3/TILHI/5/BAV92/3/PRL/SARA//TSI/VEE#5/4/CROC_1/AE.SQUA

RROSA (224)//2 *OPATA*2 /6/ HUW234 + LR34 /PRINIA //UP2338 * 2 / VIVITSI 

CMSS10B01047T-099TOPY-099M-099NJ-099NJ-13WGY-0B-0S 

G6 

PASTOR//HXL7573/2*BAU/3/SOKOLL/WBLL1/6/2*OASIS/5*BORL95/5/CNDO 

/R143//ENTE/MEXI75/3/AE.SQ/4/2*OCI 

CMSA10M00162T-050Y-099ZTM-099NJ-099NJ-18WGY-0B-0S 

G7 
BAVIS #1*2 /4/PASTOR//HXL7573/2*BAU/3/ SOKOLL /WBLL1 

CMSA10M00223T-050Y-099ZTM-099NJ-099NJ-9WGY-0B-0S 

Misr3 
 ATTILA*2/PBW65*2/KACHU 

CMSS06Y00582T-099TOPM-099Y-099ZTM-099Y-099M-10WGY-0B-0EGY 

Sakha95 
PASTOR//SITE/MO/3/CHEN/AEGILOPS SQUARROSA (TAUS) //BCN /4/ BLL1 

CMSA01Y00158S-040P0Y-040M-030ZTM-040SY-26M-0Y-0SY-0S-0SY-0S. 

* Source: Wheat Research Dep., Field Crops Res. Inst., ARC, Egypt. 
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Planting dates in the six sites were within the optimum sowing date 

was between 10 and 30 November in the two growing seasons. The 

genotypes were evaluated in a randomized complete block design 

experiment with four replications according to Steel et al (1997). All 

cultural practices were applied as recommended for wheat production at 

each location. 

Stability analysis  

Stability analysis was carried out using Eberhart and Russell (1966) 

model. The following formula was used. 

Yĳ =μі + BіIј + ∂ĳ where: 

Yĳ is the genotype mean of the ith genotype at the jth environment (i=1, 2... 

n); μі is the mean of the ith genotype over all environments. 

 BіIј is the regression coefficient that measures the response of the іth 

genotype to varying environments. 

 ∂ĳ is the deviation from regression of the ith genotype at the jth environment 

and Iј is the environmental index obtained as the mean of all genotypes at the 

jth environment minus the grand mean. [ Iј = (Σі Yĳ/ν) - ( ΣіΣj Yĳ/νn), Σj Iј = 

0] 

Eberhart and Russell (1966) proposed that the ideal variety is one 

that has three characteristics as follows: 

1. Regression coefficient significantly different from zero (b≠0) and not 

significantly different from unity (b = 1).  

2. Minimum value of the deviation from regression, i.e. (S2d = 0).  

3. High performance across a reasonable range of environments. 

The regression coefficient (bi) was used to determine the adaptation 

of the tested genotypes according to Finlay and Wilkinson (1963). 

Genotypes which here (bi) less than unity are adapted to favorable 

environments, while those which their (bi) more than unity are adapted to 

stress environments. 

A superiority measure (Pi) was proposed by Lin and Binns (1988). It 

is defined as the distance mean square between the cultivars response and 

the best cultivar in each location. Let Xij be the yield of the ith  cultivar 

grown in the jth location, and let Mj be the maximum yield value among all 

cultivars in the jth location. Then, the superiority measure of the ith tested 
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cultivar, (Pi), can be defined as the square of the mean square of the distance 

between the ith tested cultivar and the maximum one over all locations as 

follows: 

Pi = ∑ (Xij – Mj)2 /(2n) where, n is the number of locations.  

GGE biplot analysis  

The GGE biplot analysis (i.e., the genotype main effect (G) and the 

genotype × environment interaction (G×E) (Frutos et al. 2014 and Hossain 

et al 2018 is a useful tool for plant breeders and geneticists to find out the 

maximum yield and stable genotypes across multiple locations; as well as to 

find out the best favorable location for a specific genotype through 

acquiring graphical form (Gabriel 1971, Yan and Kang 2003 and Koutis et 

al 2012).  

RESULTS AND DISCUSSION 

Mean performance 

The data in Table (2) show the results of the mean grain yield ard. 

Fad1. of the studied genotypes the genotype G6 recorded the highest grain 

yield across the two seasons at Sakha and Sids locations. The cultivar Sakha 

95 recorded the highest grain yield across the two seasons in Etay EL 

Barood and Nubaria locations. Genotypes G2, G3, G4, G5, G6 and G7 

outyielded the two check cultivars at Shandaweel site in the first season and 

Sakha 95 in the second seasons. At EL-Mattana location, the genotypes G2, 

G3, G7 and Misr 3 surpassed the other genotypes and the check cultivar 

Sakha 95 in the first season, while  the genotypes G1, G2, G4, G5, G6 and 

G7 did not differ significantly from the two check cultivars Misr 3 and 

Sakha 95 in the second season. The variation in grain yield revealed the 

distinct and differential effects of different environmental conditions. 

Similar results were obtained Kumar et al 2014 and Charan et al 2018.         

Results also show the mean grain yield of the nine wheat genotypes 

evaluated under six different locations in the two growing seasons 

2017/2018 and 2018/2019 and the average of the two seasons. Superiority 

of genotypes across the average differed from one location to another 

indicating GxE interaction. The check cultivar Sakha 95 and genotype G6 

recorded the highest mean grain yield all over mean of the six locations in 

the first season, However, the genotypes G2, G4, G5, G6 and G7 did not 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

827 

differ significantly from the two check cultivars Misr 3 and Sakha 95 for 

mean of grain yield. These results are in harmony with those reported by 

(Kumar et al 2014, Gab Alla et al 2018, Abd EL-Hamid et al 2019 and Zen 

El- Abdeen 2019). Allard and Bardshow (1964) called these types of 

genotypes as well buffered genotypes that are preferred by plant breeders. 

Eberhart and Russell (1966) also identified the ideal cultivar as a high 

yielding one over a wide range of environments.  

Stability parameters 

The results of stability parameters using the models of Lin and Binns 

(1988) are presented in Table (3). Under this stability approach, the 

genotypes showing the lowest values of these parameters are considered 

stable. Results cleared that the five genotypes namely G2, G3, G4, G5, G7, 

and the check cultivar Misr 3 were considered to be the most stable 

genotypes where they had the minimum contribution of the (GxE) 

interaction. Piepho and Lotito (1992) pointed out that most stability 

statistics that based on variance components models have good properties 

under certain statistical assumptions, such as normal distribution of data 

while they will be used with caution if these assumptions are violated; e.g. 

in the presence of extreme values. 

Eberhart and Russel (1966) proposed that an ideal genotype is the 

one which has the highest yield across a broad range of environments with a 

regression coefficient (bi) value of 1.0 and deviation mean squares of zero. 

Thus, a genotype with unit regression coefficient (bi = 1) and deviation not 

significantly different from zero (S²d = 0) is considered to be the most stable 

genotype 

The regression coefficient (bi) for grain yield (ardab/fed.), deviated 

insignificantly from unity (bi >1) in  the wheat promising genotypes G2, G3, 

G4, G5, G6, G7 and  the check cultivar Misr3   indicating a greater 

sensitivity to environmental changes and were relatively suitable in 

favorable environments, (Shabana et al 1980). On the other hand the (bi) 

values were significantly less than unity G1and the check cultivar Sakha 95 

showing more suitability to stress environments. These findings for the 

genotype agrees with these  obtained by (Patel  et al 2014 , Kurt Polat et al 

2016 and Zen El- Abdeen 2019).  
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Table 2. Mean grain yield (ardab/ fed) of nine bread wheat genotypes 

tested across 12 environments. 

Years 2017/2018 2018/2019 
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G1 21.84 14.36 15.18 21.90 17.62 24.22 19.19 17.26 20.87 20.25 26.90 24.13 21.36 21.79 20.49 

G2 20.50 15.55 13.83 25.70 18.91 26.67 20.19 21.65 21.17 22.70 29.11 31.26 22.07 24.66 22.43 

G3 21.68 14.44 12.91 19.82 20.09 25.60 19.09 20.84 21.98 24.93 29.77 28.17 19.86 24.26 21.67 

G4 21.33 13.88 15.17 22.44 18.04 23.74 19.10 24.63 22.01 25.20 29.35 28.86 23.06 25.52 22.31 

G5 20.48 16.10 14.24 22.27 17.25 24.64 19.16 21.77 23.27 27.73 29.70 28.56 24.98 26.00 22.58 

G6 24.81 15.46 19.38 25.77 17.00 24.42 21.14 26.02 20.82 23.44 32.51 32.30 23.17 26.38 23.76 

G7 20.55 15.75 13.78 23.36 18.85 26.91 19.87 25.24 22.19 24.51 29.12 30.64 25.29 26.17 23.02 

Misr 3 21.14 15.33 17.96 24.30 16.57 27.41 20.45 23.53 23.27 26.11 29.40 31.95 23.92 26.36 23.41 

Sakha 95 20.87 20.56 26.28 24.83 16.16 22.64 21.89 21.90 24.26 27.21 29.95 26.34 22.64 25.38 23.64 

Mean  21.47 15.71 16.53 23.38 17.83 25.14 20.01 22.54 22.20 24.68 29.53 29.13 22.93 25.17 22.59 

Lsd 0.05 2.17 1.86 1.65 2.13 3.01 2.64 1.14 1.77 1.96 2.18 2.51 4.27 4.51 2.49 1.55 

Loc. = Locations and Gts = Genotypes 
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Table 3. Means, phenotypic index (Pi), regression coefficient (b) and 

deviation from regression (S2d) for grain yield of nine wheat 

genotypes over 12 environments.  

Genotype  
 

Pi B S
2
 d 

G1 20.49 -2.10 0.78* 1.82 

G2 22.43 -0.16 1.12 1.51 

G3 21.67 -0.92 1.06 2.55 

G4 22.31 -0.28 1.07 0.14 

G5 22.58 -0.01 1.08 1.27 

G6 23.76 1.17 1.12 3.20 

G7 23.02 0.43 1.12 1.32 

Misr 3 23.41 0.82 1.12 0.18 

Sakha 95 23.64 1.05 0.53* 7.89 

Mean 22.59       

L.S.D0.05 1.55    

Regression analysis  

The mean squares of linear regression analysis across locations were 

significant among the 12 environments and nine genotypes for grain yield 

(Table 4). Accordingly, variance due to G x E interaction was significant. 

The variance due to genotypes x environments (G x E) interaction was 

further partitioned into linear and non-linear (pooled deviation) components. 

Mean squares values for both these components were significant, however, 

linear component was greater in magnitude than its counter parts pooled 

deviation; which revealed that there were genetic differences among 

genotypes for their regression on the environmental index, and performance 

of genotypes would be predicted for an individual environment. These 

results are in accordance with the findings of (Salem et al (2000), Yadav et 

al (2009), Patel et al (2014), Kurt Polat et al (2016) and Zen El- Abdeen 

(2019) 
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Table 4. Stability analysis of variance for 9 bread wheat genotypes at 

twelve environments. 
SOV df S.S M.S f c 

Total 107 2359.15 
  

V 8 103.95 12.99** 4.09 

Env+(V×EN) 99 2255.20 22.78** 7.17 

Env(linear) 1 1896.44 1896.44** 596.69 

V×EN(Linear) 8 72.71 9.09* 2.86 

pooled deviation 90 286.05 3.18* 3.27 

G1 10 27.88 2.79** 2.87 

G2 10 24.77 2.48** 2.55 

G3 10 35.24 3.52** 3.63 

G4 10 11.08 1.11 1.14 

G5 10 22.41 2.24* 2.31 

G6 10 41.71 4.17** 4.30 

G7 10 22.88 2.29* 2.36 

Misr 3 10 11.48 1.15 1.18 

Sakha 95 10 88.59 8.86** 9.12 

pooled error 324 314.58 0.97 
 

fc = f calculated 

Environment identification by 'Which-Won-Where' pattern  

The 'which-won-where' pattern view of the GGE biplot helps to 

identify which genotype performed the best in each environment and in each 

mega-environment. Mega-environment is defined as a group of 

environments that consistently participate the best set of genotypes (Yan 

and Rajcan 2002), as well as test environments with different winning 

genotype located at the vertex of the GGE polygon and situated in different 

sectors. Results of the tested six locations Sakha (S), Etay Elbarood (ET), 

Nubaria (NU), Sids (Sd), Shandaweel (Sh) and Mattana (MT) in Both 

seasons (1&2) were identified as (locations by seasons) all environments 

(S1, S2, ET1, ET2, NU1, NU2, Sd1, Sd2, Sh1, Sh2, MT1 and MT2) were 

located in sectors. The GGE biplot polygon view sides in Figure (1) 

facilitate comparison between genotypes. Based on genotype located at the 

extreme point of the polygon in a sector, the genotypes G6, Sakha 95, G1, 

G3 and G7 were the most responsive ones across all environments. 
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Whereas, the genotypes in the right side were the highest positively means 

converse in the left side with a negative response.  

 

 
Fig. 1. Polygon of GGE biplot showing that difference of 12 

environments of nine bread wheat genotypes. (2017/18 and 

2018/19). 

The polygon showed that all studied environments were divided into 

4 mega-environments. The genotypes G6 and G7 were the most positively 

responsive in mega-environment 1 represented by locations, (Sh2, S2, MT2, 

Sd1, Sd2, Nu2, S1, and ET2) therefore, they had the highest grain yield. 

Meanwhile, the check cultivar Sakha 95 presented the most positively 

highest yield in mega-environment 2 which include Nu1, and ET1 locations. 
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However, mega-environment 3 and 4 containing (Sh1) and (MT1), 

respectively, had a negative response and the poorest yield was shown by 

genotype G2. The results of the present study are in accordance with 

previous findings of Muhammad Kadir et al (2018) and Akbar Hossain et al 

(2018). 

The polygon view of a GGE biplot clearly displayed the which-won-

where pattern Yan (2001) since each sector showed the vertex with the 

indicative genotype and the positions of all other genotypes showing their 

responsiveness to the environment under study. 

A- Evaluation of genotypes and environments based on the ideal ones 

Comparing the performance of the genotype and environments with 

that of an ideal genotype and environment, respectively can be used to 

evaluate both genotypes and environments (Yan 2015). Whereas, an ideal 

genotype and environment had high yield performance and stable across 

environments, as well as the ideal one was located in the first or the nearest 

concentric circle in the biplot. The closer to the ideal genotype and 

environment were the stable ones GGE-biplot for comparisons of the 

genotypes with the ideal genotype illustrated that genotype G6 was situated 

in the central circle (in the middle circle) which was considered as the ideal 

genotype with high yield potential and relative stability compared to the rest 

of evaluated genotypes. Figure (2). The genotypes (Misr3, Sakha 95 and 

G7) were considered as desirable genotypes because they are the closest to 

the ideal genotype or around the center of concentric circle. Meanwhile, the 

farthest genotypes from the ideal were considered as the poorest yielding 

ones. Alike the ideal environment locating in the first concentric circle in 

the environment focused biplot was S2 (Sakha, season2) to select widely 

adapted genotype yield. Environments Sd1 and Sd2 (Sids in both seasons) 

and MT1, NU1and Sh1. Mattana, Nubaria and Shandaweel in the second 

season were the nearest to the ideal environment followed by S1 (Sakha, 

season 1). This implied that, stability diversity may due to the change in the 

tested location not only, also It may be due to the difference in 

environmental conditions from one season to anther. These results were  in 

line with these obtained by Akbar Hossain et al  (2018 ) and  Muhammad 

Kadir et al (2018 )  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

833 

 

Fig. 2. Grain yield GGE-biplot showing the comparison of both 

genotypes and environments with the 'ideal' ones. 

CONCLUSION 

Bread wheat genotypes under study showed differences in stability 

and performance across environments and the importance of genotype by 

environment interactions were clearly observed. Therefore, exploiting 

genotype-environment interactions in crop improvement activities is the 

main target of plant breeder to identify the superior genotype.  It is 

preferable to grow the genotype G6 in the regions of Sakha, Sids and 

Shandaweel, and it is preferable to cultivate the cultivar Sakha 95 in 

Nubaria and Etay-El-Barood regions, while Line 7 was the best when 

cultivated in  El-Mattana area. 
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 تحليل المحاور الثنائية للثبات في المحصول 

 لبعض التراكيب الوراثية من قمح الخبز في مصر
 السيد على محمد عبد الحميد

 محطة بحوث سخا -مركز البحوث الزراعية -معهد بحوث المحاصيل الحقلية  -قسم بحوث القمح

ين من ع اثنمتم اختبار سبعة تراكيب وراثية مبشرة ناتجة من البرنامج القومي لقسم بحوث القمح مقارنة 
 6بواقع  2019/ 2018و 2017/2018وذلك خلال الموسمين  95وسخا  3الأصناف التجارية الجديدة وهما مصر 

ئية في لعشواامواقع في كل موسم تمثل معظم المناطق الزراعية في مصر وكان التصميم المستخدم القطاعات الكاملة 
مقارنة  7و6و5و 4و 2أربعة مكررات. وقد أظهرت النتائج عدم وجود فرق معنوي في محصول الحبوب بين السلالات 

ي المحصول الأكثر ثباتاً ف 3والصنف التجاري مصر  6السلالة رقمفي حين كانت  3ومصر  95بصنفي المقارنة سخا 
في مناطق سخا  6مقارنة بالتراكيب الوراثية الأخرى واظهر تحليل المحاور الثنائية انه يفضل زراعة السلالة رقم 

 7م رق في منطقة النوبارية وايتاي الباورد بينما كانت السلالة 95وسدس وشندويل ويفضل زراعة الصنف سخا 
 تعتبر أفضل التراكيب الوراثي المثالي. 6الأفضل عند زراعتها بمنطقة المطاعنة وان السلالة رقم 
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