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ABSTRACT: The Superiority of genotype must be discriminatively through multi-
environment trails (MET). This study aimed to evaluation effect of genotype by 
environment interaction and stability performance for seven cotton genotypes over six 
environments via AMMI and GGE-biplot methodology (genotype plus genotype by 
environment). Experiments were conducted using a randomized complete block design, 
during 2017 and 2018 seasons at six environments. Significantly affected by E, which 
explain 72.8% of the total variation ( E + G + GE ), 5.77 for G. and 21.44% for GEI. The 
biplot analysis cleared that two environments, Beni-Souif and EL-Sharkeia with 
genotypes lines No.1 and 2 as the winning genotypes and the lines No. 4 and 5 as the 
winning in the two environments EL- Sharkeia and Kafr El-Sheikh. Lines No. 1 and 2 were 
the most stable the highest yielding and closest to the ideal genotypes also, line No. 4 
had average stable with favorable yield, whereas line No. 5 had high average mean, but it 
more variable in environments. The lines No. 1, 2 and 4 were average stable according to 
AMMI method commonly, the two lines No. 1 and 2 should be selected as the best and 
ideal genotypes. Also, the best environments were EL- Sharkeia and Beni-Souif. 
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INTRODUCTION 

A multi-environment trails (MET) are 
conducted for all major crops thought the 
world, a number of genotypes are tested 
in a number of environments. The select 
of genotype that have a wide range of 
adaptability is a major target for plant 
breeders Numerous methods for 
studying the behavior of genotypes in 
many environments by Shukla's (1972) 
stability variance, Eberhart and Russel's 
(1966) sum of squared deviation from the 
regression, AMMI analysis model, and 
from the newest method in this way the 
use of GGEbiplot in interpretation these 
points. The GGE ( genotype + genotype 
by environment) concept based on the 
understanding that genotype main effect 
and genotype by environment interaction 
are the two sources of variation that are 
relevant to evaluation and that they must 
be consider simultaneously, not alone or 
separately, for favorable genotype 
evaluation. GGE-biplot can be used to 
perform analysis similar to the popular 

the additive main effect and multiplicative 
interaction (AMMI) model, however, GGE-
biplot remove the effect of the 
environment and focuses on the 
genotype (G) and GEI components 
relevant to genotype evaluation (Blanch 
et al 2006). Also, evaluation of genotypes 
performance in gunning years is better 
than single year data (Yan and Rajican, 
2003). The biplot technique provides a 
powerful solution to this problem 
(Gabriel, 1971). The performance yield of 
each genotype in each environment is a 
measure of an environment main effect 
(E), a genotype main effect (G), and the 
genotype by environment interaction 
(GEI) ( Yan and Kang, 2003 ). 

Approximately environment source of 
variation explain 75% to 80% of the total 
yield variation. Therewith, G and GEI that 
are relevant to genotype evaluation (Yan 
2002 , Hamoud  2008 and El-Seidy et al, 
2017 ). Commonly a GGE- biplot that 
sufficiently approximates the GGE of a 
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multi-environment trails data set allows, 
among other things, visualization of three 
important aspects, (1) the genotype by 
environment relation as presented by the 
which–won–where style, which facilitate 
mega– environment investigation (Gauch 
and Zobel 1997), (2) the interrelationships 
among test environments, which easy 
identification of better environments for 
genotype evaluation        (Cooper et al, 
1997) and redundant environments that 
can be dismissed (Yan and Rajcan, 2002) 
and (3) the interrelationships among 
genotypes, which facilate comparison 
among genotypes and genotype ranking 
on both mean yield and stability (Yan et 
al, 2001 ). The choice of genotype require 
to evaluate the genotypes in many 
environments, and selecting the 
genotype that possess a wide range in 
adaptability and stability is very 
important (Shaker (2013 and 2017) and 
El-Seidy 2017). The objective of this 
study were to use the GGE-biplot 
technique to determine the best genotype 
which have the best adaptation and 
stability over most environments and 
determine discriminating ability and 
representatives of environments.  
 
MATERIALS AND METHODS 

The evaluation of genotypes 
consisted of seven genotypes; five lines 
were advanced and two commercial 
cultivars, all genotypes from long staple 
category (G. barbadense L,). The names 
of these genotypes and abbreviations are 
presented in Table (1). Data analysis in 
this study were obtained from six 
environments (three locations over two 
years 2017and 2018). Environments were 
Kafr El-Sheikh, EL-Sharkia and Beni-
Souif. At each environment, a 
randomized complete blocks design with 
three replications was used. The plot size 
was 13 m P

2
P contains 5 rows, 4 meters long 

and 65 cm wide. Seed cotton yield was 
obtained from a yielding of a three rows 

from the center of each plot in each 
environment. 

The GGE–biplot methodology, which 
is composed of two concepts (Gabriel 
1971) and the GGE concept (Yan et al 
2000) was used to visually analyze the 
multi-environment yield trails (MEYTs) 
data. The methodology uses a biplot to 
show the factors (genotype and genotype 
by environment interaction) that are also 
the sources of variation. In this study, 
genotype–focused scaling was used in 
visualizing for genotypic comparison 
with environment-focused scaling for 
environmental comparison. 

Besides, the symmetric scaling was 
preferred in visualizing the which–won–
where pattern of the MEYTs yield data 
(Yan, 2002). 

- AMMI analysis: A BASIC computer 
program was written according to the 
method outlined by Gauch (1992), for 
AMMI analysis. 

 
RESULTS AND DISCUSSION 

The results of combined analysis for 
seed cotton yield was significantly 
affected by environment which explain 
72.78% of the total (G + E + GEI) 
variation, while genotype and genotype x 
environment interaction were significant 
accounted for 5.77% and 21.44% 
respectively (Table 2) and showed the 
effect of changes in environments on the 
yield performance of the genotypes 
evaluated. Dehaghani et al. (2006), 
Hamoud (2008) and El-Seidy et al. (2017). 
Gauch and Zobel (1997) reported that 
normal multi-environment yield trails 
(MEYT), environment accounted for 
about 80% of the total variation while G 
and GEI each account for approximately 
10% Sadabadi, et al (2018) reported that 
GGE-biplot method showed that the firs 
two principal components regression 
model explain 74% of the observed 
changes Also, its graph plotted reflect 
the superior some genotypes. A large 
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sum of squares for environment cleared 
that the environments were variously 
with large difference among 
environmental means causing because of 
the variation in seed cotton yield. The 
quantum of the GEI sum of squares was 
1.63 times larger than for genotypes 
cleared that there was a large difference 
in genotypic response across 
environments. Mora et al. (2007) reported 
a high important of the genotype by 
environment interaction. Campdell and 
Jones (2005) reported the importance of 
application direct analysis of GEI as they 
related to genotype performance and 
classification of testing environments. 

The GGE-biplot model account for 
78.1% of the total variation of the 
standardized data contain of 50.4% and 
27.7% variance attributable to the first 
(PC1) and second (PC2) principle 
component respectively. The relatively 
percentage (21.44%) of variance for GEI 
reflects the complexity of the relationship 
among genotypes and the environment. 
El-Shaarawy et al. (2007) and Hamoud 
(2008) reported that the source of 
variation of seed cotton yield for IPCA1 
and IPCA2 were (38.55 % or 38.8 %) and 
34.59% or 30.2%, respectively. 

 
Table (1): The mean performance (Kentar per Feddan) for the seven cotton genotypes 

across six environments .  

Name Abbreviation 

Kafr El- Sheikh Sharkia Beni- Souif 

2017 2018 2017 2018 2017 2018 

Danara x Giza 85 Line 1 (L1) 10.28 11.48 9.22 11.81 12.89 9.57 

Danara x Giza 85 Line 2 (L2) 9.94 11.13 8.47 12.10 12.76 9.48 

Danara x Giza 85 Line 3 (L3)  8.90 11.78 7.41 11.48 11.53 7.80 

Danara x Giza 85 Line 4 (L4) 9.06 9.87 8.75 11.63 12.41 8.38 

Danara x Giza 85 Line 5 (L5)  9.19 12.51 9.27 12.66 12.92 8.64 

Giza 90 G. 90 12.10 10.50 8.12 11.03 10.54 8.32 

Giza 95 G. 95 11.68 9.14 8.03 10.42 13.18 8.53 
 

Table (2): Combined analysis of variance for yield of seven genotypes across six 
environments . 

S O V DF SS MS SS% 

E 5 254.4752 50.895** 72.78 

Block / E 12 27.3841 2.282   

G 6 20.1781 3.363** 5.77 

E*G 30 74.9746 2.4992** 21.44 

IPCA1 10 48.551 4.855** 71.68 

IPCA2 8 19.178 2.397* 28.32 

IPCA residual 12 7.273 0.603   

Error 72 69.8141 0.9696   
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Which–won–where or which–is–best 
for what analysis. 

Studying the which–won–where 
pattern of multi environment yield trails 
is important for the possible existence of 
different mega–environment in a region 
(Yan et al, 2000 and 2001). The polygon 
view a biplot is the best way to visualize 
the interaction patterns between 
genotypes and environments and to 
effectively interpret a biplot (Yan and 
Kang, 2003). With respect to (Fig. 1) the 
rays divided the biplot into 5 sectors and 
the environments fail into 3 of them. A 
good feature of this view of GGE-biplot is 
that the top genotypes for each sector 
has higher yield than the others in all 
environments that all fall in the sector, 
(Yan 2002). Three environments, Y1L2, 
Y1L3 and Y2L3 fall into sector 1 
delineated by ray 1 and 2 and the vertex 
genotypes for this sector were line 1 and 

line 2 suggesting that these genotypes 
were high yielding for these 
environments. Similarly, two 
environments Y2L1 and Y2L2 fall into 
sector 2 delineated by rays 2 and 3 and 
the vertex genotypes for this sector was 
line 4 cleared that this genotype was the 
higher yielding for these two 
environments. Also, Giza 95 fall into 
sector 5 high yielding at Y1L1 
environment. Genotypes located near the 
plot origin were less responsive than the 
vertex genotypes for example line 1, line 
2 and line 4. The lines 1, 2 and 4 recorded 
the highest average yield (large PC1 
scores), but the genotypes line 3, Giza 90 
and Giza 95 were below average (PC1 
scores < 0). The biplot showed not only 
the average yield of genotype (PCA 1 
effects), but also how it is achieved, (Kaya 
et al, 2006). 

 

 
Figure 1 . Polygon view of the GGE-biplot for the which – one – where paltern for 

genotypes and environments. 
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Top genotypes without any 
environments in their sectors were not 
the highest yielding genotypes at any 
environments. Morever, they were the 
poorest at all on some environments. In 
addition, from this figure the GGE-biplot 
allows to evaluate genotypes for their 
yielding ability and stability and to 
evaluate environments for their 
discriminating ability (Otoo and Asiedu, 
2006). The lines 1, 2 and 4 recorded high 
average yield (largely primary scores) 
and was relatively stable over 
environments (small absolute secondary 
scores). Also, the line 4 was above the 
average PC1 > 0 and also relatively 
stable. In contrast the check variety Giza 
95 was unstable and poor yielder in 
environment because they small primary 
scores (low yielding) and most unstable 
(large secondary scores). 

 
 

Yield performance and stability of 
genotypes. 

The genotypes evaluated by an 
average environment coordination (AEC) 
method, on average environment is 
defined by the average PC1 and PC2 
scores of all environments, represented 
by a small circle (Figure 2). A line was 
then drawn to pass through this average 
environments and biplot origin This 
average environment axis serves as the 
abscissa of the AEC. The ordinate of the 
AEC is the line that passes through the 
origin and the direction away from the 
biplot origin indicates greater GEI effect 
and reduced stability. The AEC ordinate 
separates genotypes with below average 
means from those with above average 
means. 

Table (2) showed that, the lines No 1, 2 
and 5 recorded high yield above average 
means Also, line No. 4 recorded high 
yield while line no 3 recorded below 
average means. 
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Figure 2. Avrage environment coordination (AEC) view of the GGE-biplot for the means 
performance and stability of genotypes. 

 
 
 
 

With respect to (Fig. 2) the length of 
the average environment vector was 
sufficient to select genotypes based on 
yield mean performance. So, the lines 1, 
2 and 4 could be selected while the rest 
may be cancel. Also, a longer projection 
to the average environment all 
coordination (AEC) (Fig. 2). Regardless of 
the direction, represents a greater of the 
GEI genotypes which indicates that it is 
more variable and less stable across 
environments or vice versa. The same 
results is obvious from estimates of 
AMMI analysis, the biplot and IPCA1 and 
IPCA2 scores are presented in (Fig. 6). 
Genotype that located around the origin 
have the minimum interaction so, three 
lines no 1, 2 and 4 were located around 
the origin. These lines are the most 
stable for seed cotton yield, These 
results are in agreement with those 
reported by El-saarawy et al. (2007) and 
Shaker (2017). In the same time, line No. 
5 recorded the highest yield and longer 

projection to the AEC ordinate so, it is 
more variable. 
 
Ideal genotypes analysis.  

Ideal genotypes concept of GGE biplot 
clear that the closer genotypes located 
relative to the ideal genotypes in the (Fig. 
3). In addition, using ideal genotypes as 
the central concentric circles were drawn 
to help envision the distance between 
each genotype and the ideal genotype 
because the units of both PC1 and PC2 
for the genotypes are the original unit of 
yield in the genotype focused scaling 
(Fig. 3). Consider of the ranking of the 
genotypes, using the ideal genotype 
understandable of GGE-biplot, line no 1 
was the best genotype which was into 
the circle center, followed by line 2 which 
located in the second circle, followed by 
lines no 4 and 5 . While, genotypes line 3, 
Giza 90 and Giza 95 were located far from 
the ideal genotype. These results are in 
agreement with those reported by Abou-
Zahra, et al. (1988). 
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Figure 3. Ranking of genotypes based on both mean and stability refers to ideal 
genotypes. 

 
Relationships among environments 
and genotypes  

If the data is sufficiently approximate 
by the biplot will the cosine of the angle 
between the vectors of two testers 
(environments) approximates the 
correlation coefficient between them. 
Also, if the biplot explains a large portion 
of the total variation more than 50% 
(78.1% in this case), the angles exactly 
shows the correlations among the entries 
(genotypes). Two environments or two 
genotypes are positively correlated when 
the angle between their vector is < 90 a 
degree while they are negatively 
correlated when the angle is > 90 a 
degree. Two genotypes are independent 
if the angle between them is 90 a degree. 
Zero means, correlation coefficient r = 1 
and 180 degrees means r = -1. 
Environment with longer vectors are 
more discriminative of the genotypes but 
it short vectors are less discriminating 
and these located at the biplot origin are 
not discriminating. The test environment 
as showed in (Fig. 4) at Kafr El-Shiekh 
and Beni-souif over two years were most 
discriminating as indicated by the 
longest distance between its marker and 

the origin. These results maybe, due to 
its large PC2 score. EL- Sharkia location 
over two years were not the most 
discriminating, therefore genotypic 
differences should be highly stable with 
those average over environments, for it 
had near zero PC2 scores compared to 
the others. Relation among the 
environments are presented in (Fig. 5). 
The angles among the vectors of Beni-
souif and EL- Sharkia locations over two 
years also among them (Y1L3, Y2L3, 
Y1L2 and Y2L2) were all acute less than 
90 degree cleared that they are positively 
correlated, while the angles among the 
vectors of Beni-Souif and Kafr El-Shiekh 
over two years were equal 90 degree, 
therefore they are independent. 

Relationships among the genotypes 
are presented in (Fig. 6) which the angles 
among the vectors of lines No 1, 2, 4 and 
5 were all acute less than 90 degree, 
cleared that they are positively 
correlated. While, the line no 3 was not 
correlated or negatively correlated 
among the previous lines because the 
angles among them were equal 90 degree 
or > 90 degree, respectively. 
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Figure 4. Biplot of relationships among six environments. 

 
Figure 5. Biplot of relationships among seven genotypes in six environments. 
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Figure 6. AMMI biplot for IPCA1 and IPCA2 scores for seed cotton yield of seven 
genotypes grown at six environments (from A to F).  

 

Positively correlated among the 
commercial cultivars Giza 90 and Giza 95 
also, between Giza 90 and the line No. 3 
(the angle between vectors less than 90 
degree). Negatively correlated among the 
lines No. 1, 2, 4 and 5 and the other 
genotypes (the angles between the 
vectors > 90 degree. 
 
Conclusion 

Commonly, results showed that the 
seven genotypes studied at the six 
environments can be canceled to four 
genotypes according to their 
performance and stability analysis lines 
No .1, 2, 4 and 5 to reflect the 
performance of all the genotypes. In the 
same time EL-Sharkia location is the best 
environment. 
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والمحاور الثنائیة لبعض التراكیب الوراثیة من  AMMI بأستخدام طریقتي تحلیل الثبات 
 لقطن المصريا

 

 )1(، عرفه بدري عبدالكریم الفیشقاوي)2(، محمد علي فرج حابوه)1(شاكر عبدالعزیز شاكر
 معهد بحوث القطن ، مركز البحوث الزراعیة ، الجیزة ، مصر )1(
 جامعة اسوان –كلیة الزراعة والموارد الطبیعیة  )2(

 الملخص العربى
طق ) عملیة هامة للمربي والمنتج للتعـرف علـي التراكیـب الوراثیـة المتفوقـة تقییم التراكیب الوراثیة في عدة بیئات ( منا

في منطقة ما. الهدف من هذه الدراسة هو تقدیر التفاعل بین البیئة والتركیب الوراثي وتحلیل الثبات لصفة محصول القطن 
) بطریقتــي  2018 – 2017منــاطق خـلال موســمي  3الزهـر لســبع تراكیـب وراثیــة مـن القطــن المصــري فـي ســت بیئـات ( 

AMMI  ) والمحاور الثنائیة للتفاعل بین البیئة والتركیب الوراثيGGE- Biplot  ( 
 -وقد أظهرت النتائج ما یلي :

ــي   • ــاین البیئ ــب 72,78كــان التب ــة مــع التراكی ــوراثي وتفاعــل البیئ ــب ال ــة ، التركی ــات البیئ % بالنســبة لمجمــوع تباین
 الوراثیة.

لثنائیــة لتفاعــل البیئــة مــع التراكیــب الوراثیــة أن منطقتــي بنــي ســویف والشــرقیة تفوقــت فیهــا أظهــر تحلیــل المحــاور ا •
 تفوقتا في منطقتي الشرقیة وكفر الشیخ .  5،  4بینما السلالتان رقم  2،  1السلالتان رقم 

سـجلت ثباتـا ومحصـولا  4انهـا أكثـر ثباتـا وأعلاهـا محصـولا فـي حـین أن السـلالة رقـم 2،  1أظهرت السلالات أرقام  •
 محصولا مرتفعا مع عدم وجود ثبات . 5مقبولا كما سجلت السلالة رقم 

 الأقرب للتركیب الوراثي الأمثل . 2،  1تعتبر السلالات أرقام  •
 الأكثر ثباتا في المناطق . 95والصنف جیزة  3كانت السلالة رقم  •
كأفضـل التراكیـب الوراثیـة وبالنسـبة  4،  2،  1ب السـلالات بدراسة درجة القرابـة بـین التراكیـب الوراثیـة یمكـن انتخـا •

 للبیئات فإن أفضل البیئات كانت الشرقیة وبني سویف . 
 
 
 
 
 
 
 
 
 
 
 
 

 أسماء السادة المحكمین 
 طنطاجامعة  -كلیة الزراعة    السید حامد الصعیدى  أ.د/  
 جامعة المنوفیة -كلیة الزراعة    حسان عبدالجید دوام أ.د/   
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