Lsﬁ} @J.c =5 GL&LA@@..:JJS
Environmental Stresses In Crop Sciences
22 Journal homepage:
University of Birjand https://escs.birjand.ac.ir Vol. 16, No. 1, pp. 155-168 (Spring 2023)

http://dx.doi.org/10.22077/escs.2022.4489.2028

Original article

Graphic analysis of genotype, environment and genotype x
environment interaction of seed yield trait in bread wheat (Triticum
aestivum L.) under dryland conditions

S. Abyar?, S. Navabpourz’, R.A Karimizadehs, A. Gholizadeh4, A.A. Nasrollahnejad
Ghomis, Gh. Kiani6é

1. PhD Student, Plant Breeding and Biotechnology Department, Gorgan University of Agricultural Sciences and Natural
Resources, Iran

2. Associate Professor, Plant Breeding and Biotechnology Department, Faculty of Plant Production, Gorgan University of
Agricultural Sciences and Natural Resources, Gorgan, Iran

3. Assistant Professor, Dryland Agricultural Research Institute, Kohgiloyeh and Boyerahmad Agricultural and Natural
Resources Research and Education Center, Agricultural Research, Education and Extension Organization (AREEQO),
Gachsaran, Iran

4. Assistant Professor, Crop and Horticultural Science Research Department, Golestan Agricultural and Natural Resources
Research and Education Center, Agricultural Research, Education and Extension Organization (AREEO), Gorgan. Iran

5. Assistant Professor, Plant Breeding and Biotechnology Department, Faculty of Plant Production, Gorgan University of
Agricultural Sciences and Natural Resources, Gorgan. Iran

6. Department of Biotechnology and Plant Breeding, College of Agricultural Science, Sari Agricultural Sciences and Natural
Resources University (SANRU), Sari, Iran

Received 9 July 2021; Accepted 12 September 2021

Extended abstract

Introduction

Wheat bread is one of the most important food products in the world. In terms of area under cultivation
and production it ranks second among different products. Therefore, Genetic advances in sustainable
wheat production can play a large role in global food security. The average wheat production in the world
is reported Nearly 3.425 and its average production in Iran is 2.164 tons per hectare. Given the
importance of wheat, Production of this product should be increased by cultivating modified genotypes
with high grain yield. Wheat grain yield is affected by environmental conditions, genetic potential and
its interaction. Identifying genotypes that have good performance and stability in different
environmental conditions seems to be complex due to the strong interaction of genotype and
environment. The change that occurs in the relative performance of genotypes in different environments
is called genotype x environment interaction.

Genotype x environment interaction is one of the most important issues in plant breeding which is
of great importance in introducing and releasing modified varieties. Cultivation of genotypes in test
environments during different years and places it has determined the stability of performance. And
genotypes with less genotype x environment interaction are selected. Usually in breeding programs,
Genotypes are known as compatible that the variance of their interaction with the environment is small.
Among the multivariate methods, GGE biplot method is one of the most important methods for
investigating the interaction of genotype x environment and determining stable genotypes.
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Water scarcity is the most essential limiting element of agricultural production, particulary in arid
and semi-arid areas throughout the world. Evaluation of the bread wheat genotypes under different
environmental conditions would be useful to identify stable and high yield potential genotypes.

Materials and methods

15 new bread wheat lines along with Aftab cultivar were evaluated in a randomized complete block
design with three replications in four experimental field stations (Gachsaran Khoramabad, Moghan and
Gonbad) during three crop seasons (2017-2020). GGE biplot statistical method (genotype effect +
genotype x environment interaction) was used to study stability of genotypes in the studied
environments.

Results and discussion

Results of combined analysis of variance indicated that the effects of environments, genotypes and
genotype x environment interaction were significant. The results indicated that 91.49, 1.54 and 5.03
percent of total variation were related to the environment, genotype and genotype x environment
interaction effects, respectively. The polygon-view of GGE biplot recognized five superior genotypes and
four mega-environments so that the best genotypes within each environment were determined. Based
on the hypothetical ideal genotype biplot, the line G7 with 3818 Kg ha-1 grain yield was the better
genotype than other genotypes. Also this genotype showed the most stability and had the high general
adaptation to all environments. Biplot of correlation among environments revealed that environmental
vectors of Gachsaran and Gonbad were near to 90° so, these locations were different environments. The
results showed that all environments had high discriminating ability so that could able to show
differences between genotypes.

Conclusion

Generally, the results indicated that the line G7 with suitable mean seed yield and high broad
adaptability was selected as superior line for further investigation to introduce the new commercial
wheat cultivar under dryland conditions. Also, the Moghan environment was the nearest environment
to ideal environment that had the highest discriminating ability and representativeness.

Keywords: Bread wheat, Dryland cultivations, Ideal genotype, Polygon, Seed yield, Stability
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Table 1. Genotypic number and name of the tested bread wheat genotypes

No Name/pedigree oyl pb

Gl AFTAB

G2 TACUPETO F2001*2/BRAMBLING// KIRITATI/ 2*TRCHCMSS08Y00140S-099Y-099M-099NJ-29WGY-0B

G3 LERKE/5/KAUZ/3/MYNA/VUL//BUC/FLK/4/MILAN/6/PROGRESO F2007/7/KIRITATI/4/ 2*SERI.1B*2/
3/KAUZ*2/BOW//KAUZ CMSS08B00400S-099M-099Y-25M-0WGY

G4 ?‘21.0001 E7.32.5/SLVS/4/WHEAR/KUKUNA/3/C80.1/3*BATAVIA//2*WBLL1CMSA08M00321S-040M-0NJ-

Y-0B

G5 QUAIU #1CGSS01B00046T-099Y-099M-099M-099Y-099M-29Y-0B-12B-0Y

G6 BECARD/PFUNYE #1CMSS09Y00374S-099Y-099M-099Y-10WGY-0B

G7 MEX94.27.1.20/3/SOKOLL//ATTILA/3*BCN/4/PUB94.15.1.12/WBLL1PTSS09GHB00029S-0SHB-099Y -
11Y-020Y-0MXI

G8 SOKOLL/3/PASTOR//HXL7573/2*BAU/4/SRMA/TUIPTSA08M00045S-050ZTM-050Y-28ZTM-010Y-0B

G SOKOLL/3/PASTOR/HXL7573/2*BAU/4/MEX94.2.19//SOKOLL/WBLLIPTSA08M00050S-050ZTM-050Y -
56ZTM-010Y-0B
PASTOR/KAUZ/6/CNDO/R143//ENTE/MEXI 2/3/AEGILOPS SQUARROSA (TAUS)/ 4/WEAVER

G10 /5/2*KAUZ/7/2*PRL/ 2*PASTOR//PBW343*2/ KUKUNACMSS09Y01016T-099TOPM-099Y-099M-099Y -
21WGY-0B

Gl l()&]g\CHU/3/PBW343*2/KUKUNA//PBW343*Z/KUKUNACMSSO9BOOZ77S—099ZTM—099NJ—099NJ—19WGY—

G12 BAIJ#1/3/TRCH/SRTU//KACHUCMSS 10Y00030S-099Y-099M-11WGY-0B

G13 KACHU/SAUAL/8/ATTILA*2/PBW65/6/PVN//CAR422/ANA/5/BOW/CROW//BUC/PVN/3/YR/4/TRAP#1/7/
ATTILA/2*PASTORCMSS10Y00374S-099Y-099M-1WGY-0B

G14 KACHU/SAUAL/3/TRCH/SRTU//KACHUCMSS10Y00375S-099Y-099M-6WGY-0B

G15 ROLF07/3/TRCH/SRTU//KACHU/4/SAUAL/MUTUSCMSS10Y00986T-099TOPM-099Y-099M-7TWGY-0B

G16  MUTUS//ND643/2*WBLL1CMSS08Y00224S-099Y-099M-099Y-7M-0RGY

Gaixs (] 50 axdlland jgo e (ol Sluoguas ¥ Jguor

Table 2. Agro-climatic characteristics of the environments studied in this research

ol Environmental b3/ L Ly Rainfall
Location Year Ju code Longitude Latitude Altitude (m) (mm)
2017-2018  \vag-ay El
RO - .
2018-2019  \Yav-4A E2 E509 504 N302 17 710 445
Gachsaran
2019-2020 Y4aA-44 E3
T 2017-2018  \Yag-av E4
oble s
Khoram  2018-2019  ¥4av-4A E5 E48°% 28 N33 39: 1125 520
Abad  2019-2020 1raA-ad E6
2017-2018  \vag-ay E7
s
’ 2018-2019  YYav-4A ES8 E559 124 N379 165 45 550
Gonbad
2019-2020  Y¥4A-44 E9
2017-2018  \¥ags-ay E10
ol 2018-2019  \Yav-4A Ell E47° 884 N399394 100 312
Moghan
2019-2020 YaA-A4 El12
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Table 3. P-value values for Kolmogorov-Smirnov test for normality of

experimental errors in bread wheat

Test statistic (g bl ;903

Location o~ T2017-2018 2018-2019 2019-2020
Gachsaran ol)lwsxs 0.06" 0.08"s 0.07
Gonbad s 0.07" 0.05m 0.06
Khoram Abad oblp 5 0.07m 0.05™ 0.08
Moghan Ol 0.06" 0.08"s 0.05

&5;2..1&)'7 Sballas 2595 05 Jbo i saimslas ms

ns: Indicating normality of experimental errors distribution

it slalanzo 50 (U pusS Slacaig) 4ils o Slas 8 50 (uillg 4325 F Jgur

Table 4. Combined analysis of variance for seed yield of bread wheat genotypes in different environments

o ood 2glin o3l a0 laypo (il Ol yo g goxo ouls dnzrgi il 5l
Source of variations DF Mean of square Sum of squares TSS (%)
Environment (E) boxo 11 118288757 1301176327 91.49
Block (E) (fuzxo) S'aby 24 245271 5886503
Genotype (G) gl 15 953203" 14298049 1.54
G*E Lot g 165 433647 71551824 5.03
Error s 360 81087
C.V. (%) (1) O i g i 8.09

** Significant at 0.01 probability level.
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Fig. 1. Biplot polygon view for grouping the genotypes and environments in bread wheat; PC1: the
first principal component, PC2: the second principal component. Referee to Tables 1 and 2 for

genotypes and environments name

N Laore oz dslllae pl jo e () SD) w50l
bl Lame Lol gl IS banome 45 00,8 asuin
Lo (pl iy cudsiy G8 igiy a5 05 (B3) pyws Jlo

p9d Jlo phlaS Lume oz Jols pgo NS Laie w04

b poS slocuisy sl Ok (aloviz jloges

a5 G6 5 G7 G5 G8 G2 g iy &5 ols les
Slowl, o g ansls Ol Tae 51 1, alols oy iy
@bl n slocais; Glyea Wlad S )18 alows



VY @0 dld o b pasS ails o Slee Cin gl dasre x gl (iiSen s 5 Jaore w s ég!;g}qazol)&m“lﬂ_f!

12 5553 i 5 4G9 5 G8 G10 G2 sl
LIs 1, ails o,Slas ke o oS ABC 8l jgmme slecil
GrmS alold L as Gl 4 G7 slacuissy (V JSi) aisgy
Nog YU g lul slls wilazs $ 1 8 AEC sl jaoce
SIS o Shae Filio 5| 55 gl o Shae Silio o5
o9 YU als o Slee (gljls aSylogasl G5 (ogiy og
SFAEC (88l jome I i alols rsls s 4 (Js
@ azxgi b S 0V JS0) 09 )lo)95 6505 s)lby
5 G7 slocsss AEC g lase Glaise loges
S Yl k5 wls o Shee b sy plorea G
yokieds AEC Lhawgin laze Slaitue logel 5l .aisd o
Setimela) &,3 ;o Jgamo,s 5 b locais; ololis
pasS 4 (Segherloo et al., 2010) s453 (et al., 2007
ooy oolawl 55 (Jafari and Farshadfar, 2018) U
]

als awlic Ml GGE o, Ko op)l8
wargl (8 JS8) cl Jlon) Guigiy o b lagessis
Jlossl iy 51 1 alols (28 GT gy ¥ U5
Gl 03 9 el plpea (nlply g o)l (228
Jlossl oo b laisy amli b ololis asllas
slals @8 e it oly; Ygame ol (o2
Saleemetal.,) .,;,! «(Shiri and Bahrampour, 2015)
(Jafari and Farshadfar, 2018) .U so5 4 (2016
sl 0 35S

(F U)ol las 5 balaome (o (Saod (o) 2
5 obleaS 5 ple Gble (Jaze slals p G gl oS
W5 gl al o 099 SrsS oyl 5 obTp > bl
slojloy gl Grizmen was e plis | Gblie (5l
Sle a5 0 azys A 5l 5YL obleys g a8 bl
g adbaie 90 ol (e (Sen

S s 5 355 3lie (et (SKimrad sl (g
fsly s w5 5 s Ghlie e (slasy
90 pl lid pas caipolis a5 0g 4z 0 e 4 SHo3
Jloay] L b dslllass yg0 gl oo dunslin .ol dilaie
bz & Lo 0 5005 (e Lo a5 ols (lis 5
aily o Jsbo (nsls s a5 (O JS2) 09 (528 Jlows
P (Fanles 8508 55 5 09 ple Uy Sls oS
Frslosiss S Cur oslhe e Glyiea ool
Sydien (Hyme Ob poS

Sl 5 (B9) pow Jlo 05 (E4) Jol Jlo obTe > (E2)
bz (ol 5 3535 G5 iy o5 09 B1D) pgo JLo
ohleaS bz Jloz Jols 15 poms (N Laze 390 OIS
(E10) Js) Jlo olis «(E8) pgs Jlo aiS (ED) Jgl JLo
ol P r 95 OT sy o 09 (B12) po Jlo (e
.)Lgirs)} s(ES) ,ajo JL» .)Lgirs)} M L) .093 L)){S M
ol O Lwze (ET) gl Jlo 95 5 (BO) 5 JLo
O Lzs (al 5 sy GO udgiy a5 wisls JoSas |,
285 )5 aldaiz Jagei ol 50 45 55 G2 oy 0
Sily a5 28,5 )18 W sl l plaSme (o Wy
laowe 4 dS 0 Codgdy cnl YL alo o Sles 0 dgi poe
Slocis plolid slp (losiz jlage 1OV JS2) 09,
Cool oad ol o Gl ple g oIS
Sabaghnia et al., 2008; Choukan, 2011;)
.(Changizi et al., 2014; Temesgen et al., 2015
3o (Karimizadeh et al., 2020) ,Ksa 4 00l) (as,S
PS50 5 laces) alalid lp (aldsiz jloges 5l
O e S jo a5 Sladase 50,5 ooldiul pgye0
bz x gy GSean polie Sl 5l S e )3
5o ablie Sl Blas b slolasxe 5 oins oo 4 SG035
a8 slalase blie ;5 0,5 oo L3 OIS Lame S,
FSean sl WS JF Sglie DI sladas
S gl S L abline
u‘?’s" oo (guis0g,5 bl aasgil .Kang, 2003
(abliteué 5 abolie) (S 99 90 2 45 85 axs
S0 0l g2y b paS laoresis sloialesl o
£ 3l laore x o9l S ek p a5 ool Dol dali
ol 5l olgee il (Non-crossover)  abliie ¢
I8 o 8 Sha 4l 45 59,5 Sdpeir
il (Crossover interaction) ablite g5 5l (S oo,
sl ) baae X codgy Span g oS Sl
el gedgs Fl i wls 5 c85 s lejen
oHlSer g pade ool feclowl  mgh  yo cdS
9 ,» ;o (Esmaeilzadeh Moghaddam et al., 2018)
Lol 0003,5 155 00 paS 0 ASen g5
olesed bl sl Lme Slaie oMyl @b

Gl G5 G7 slacsgs a5 ol olas g laul g 0 Slee

Yan and ) sies o 4

g g Llo 1) ailo o Sloe oy yidon w5 5 4 G12 4 GI3



VEY s V8l asl pole 43 e sl i \oF

PC1=30.9%, PC2 = 14 5%, Sum = 4538%
Transform = 0, Scaling = 1, Centering = 2, SVH %1

E3

0.8

0.44

MO

0.0+

0.4

08—

124

-1.2 08 04 0.0 04 08 12 16 20
PC1

«Jol hol a3 iPCI 1oyl oS glacuisi} 53 6yl 9 9 55kos plojed (i 35 lp @Ml (uled Y S
WDg axzlw ¥ g ) oy)lod Jolus 4 bilauxo g icaigs pb (8L (gl 090 (ol addgo :PC2
Fig. 2. Biplot view for simultaneous selection of yield and stability in the bread wheat; PC1: the first

principal component, PC2: the second principal component genotypes. Referee to Tables 1 and 2 for
genotypes and environments name

PC1=30.8%, PC2 = 14.8%, Sum=458%
Transform = 0, Scaling =1, Cerlte'ring =2 5WVHEA1

E

0.8

0.4+

MO

0.0+

04

0.8

1.2

-1.2 0.8 -0.4 00 0.4 0.8 12 1.6 20
PC1

bl adgo PCT 10,6 puiS 55 JTousl Guigis b antlland g0 (sl 93 dummliio (gl Mgl hulod ¥ JSCo
Dgd axxl o) o)lods Jguxr 4 i e pb (L (6l pg0 (Lol 4dlgo TPC2 g
Fig. 3. Biplot view to compare the studied genotypes with the ideal genotype in bread wheat; PC1:

the first principal component, PC2: the second principal component. Referee to Table 1 for genotypes
name



V2O w2 Lol 5o b ansS wils o ,Shee o (gl Jaimme X Coigf (iiSed p g dasme i gy (SLE1S 4 i) S 4 L]

1.6 —[PET = 43.2%, PC2 = 23.7%, Sum—B59% "~~~
Transform =0, Sc_a)liug‘:'ﬁ. Centering =2, SWP=2
1.2+
0.8+
04
p ;GO
c ;
2 00+
0.4
0.8
e,
1.2 g
g1’
T T T T T T T T T
-1.2 0.8 0.4 0.0 04 0.8 1.2 16 20

PC1
PC2 (Jgl ol addgo PC1 ¢4l pusS ;0 arflland o0 (sbdlaxo (s bl (ow )y slp 6L s lad F o
Dy axzxlyo ¥ oo jlods Jouor 4y Lolanzmo U (8L (5l p9o (ol adlge
Fig. 4. Biplot view for displaying the relationships among the studied environments in bread wheat;

PC1: the first principal component, PC2: the second principal component. Referee to Table 2 for
environments name

1 —|PC1 = 42.2%, PC2 = 23.7%, Sum - 66.5%
: Transform = 0, Scaling = 1, Centering = 2, SWP=2
GONBAD
1.2+
0.8
0.4— a1+
P G10
cC MOGHAN
e
2 00 Ca 7]
Gl G4 Gif GACHSARAN
0.4 G8
-0.8 -
G2 KHORAMABAD
1.2
Gl

T T T T I T T T T
-1.2 -0.8 0.4 0.0 0.4 0.8 1.2 1.6 20

PC1
Jgl bol addzo tPC1 £4L puiS 4o JTousl b b axdllaos yg0 (5o o duns o (61 M b i bod 1O S
D axxlpo ¥ ooyl Jguor a9 ilauzo pU (8L (gl .p90 ol addge :PC2
Fig. 5. Biplot view to compare the studied environments with the ideal environment in bread wheat;

PC1: the first principal component, PC2: the second principal component. Referee to Table 2 for
environments name.



VEY ey V8 sl sl psle 45 e sla i

\##

Y Gk onl @S pelel sl golul 4 5ed ol
g ils o Shee ks 5 s Il ole g0 o a5 GT
do ;0 (Vb (egee )5l g Wog laciss ple )

M u){:db oy asls R D90 6L§Jaw
Sble e slajloy a5 ob las blaow
a5 0 Az, e SO0y agly slils waF g ol
=l eiores el adlain 5o ol alis pae odims i
5009 2V ples Colild lylo alasws adS aS ols ylis
KLY )&LT o | bewss om sloasle aiuiles
5 o Jloal lame 4 basme (3o lie e
LGT7 pY cfaamma,s ol lis |, 6,500 9 pled oy s
S oY Vb oegee (55lk 5 gllas ails 5 Sles (5 ls
e S oSS Oldlas gl a5 0g ui})"Lo)'] ool

A Sl waz g,ld 88 s

Alizadeh, B., Rezaizad, A., Yazdandoost
Hamedani, M., Shiresmaeili, G.H,,
Nasserghadimi, F., Khademhamzeh, H.R.,
Gholizadeh, A., 2020. Evaluation of seed yield
stability of winter rapeseed (Brassica napus L.)
genotypes using non-Parametric methods.
Ournal of Crop Breeding. 12, 202-212.

Allahgholipour, M., 2016. Genotype X
environment interaction effect in rice
genotypes using GGE Biplot. Cereal Research.
6, 1-14. [In Persian with English summary].

Amiri Oghan, H., Rameeh, V., Faraji, A., Fanaei,
H.R., Kazerani, N.K., Rahmanpour, S., 2020.
Evaluation of seed yield stability of spring
rapeseed genotypes using GGE biplot analysis.
Seed and Plant Improvment Journal. 36, 207-
222. [In Persian with English summary].

Ansarifard, 1., Mostafavi, K., Khosroshahli, M.,
Bihamta, M.R., Ramshini, H., 2020. A study on
genotype—environment interaction based on
GGE biplot graphical method in sunflower
genotypes (Helianthus annuus L.). Food
Science and Nutrition. 8, 3327-3334.

Blanche, S.B., Myers, G.O., 2006. Identifying
discriminating locations for cultivar selection
in Louisiana. Crop Science. 46, 946-949.

Changizi, M., Choukan, R., Heravan, E.M.,
Bihamta, M.R., Darvish, F., 2014. Evaluation
of genotype x environment interaction and

S (S A
o 55 65,5LiS aose Sig wutS B b Ltals
0js> 5 Sl 59,4 logieless Wil HeiS ol
ui‘..bij oolo QLV...: &y J.o:u 6)[3.?".@53 u] SYRT R
G G Ll el aiil aily (6 2eS o Sles
9 dazme X dgil GRS Ry (amaiz g edzy ol
Gl 5o b paS Glagaiss ol b)) sk
b oolatwl GGE biplot o iediz by, 51 sl
oy 9 0yeiiodizr slo g 5l (5S04 b DMl GGE
deosls caslie Judoxigas 325 5 0gdle (gamgd (slologes
Wl by, o g enll S oo el 1) bl penis )8

&Lw
stability of corn hybrids and relationship
among univariate parametric  methods.

Canadian Journal of Plant Science. 94, 1255-
1267.

Choukan, R., 2011. Genotype, environment and
genotype x environment interaction effects on
the performance of maize (Zea mays L.) inbred
lines. Crop Breeding Journal. 1, 97-103. [In
Persian with English summary].

Dallo, S.C., Zdziarski, A.D., Woyann, L.G.,
Milioli, A.S., Zanella, R., Conte, J., Benin. G.,
2019. Across year and year-by-year GGE
biplot analysis to evaluate soybean
performance and stability in multi-environment
trials. Euphytica. 215, 1-12.

Dehghani, M., Majidi, M., Saeidi, G., Mirlohi,
A., Amiri, R., Sorkhilalehloo, B., 2015.
Application of GGE biplot to analyse stability
of Iranian tall fescue (Lolium arundinaceum)
genotypes. Crop and Pasture Science. 66, 963-
972.

Eberhart, S.A., Russel, W.A., 1966. Stability
parameters for comparing varieties. Crop
Science. 6, 36-40.

Esmaeilzadeh Moghaddam, M., Tahmasebi, S.,
Lotf Ali Ayeneh, G.A., Akbari Moghadam, H.,
Mahmoudi, K., Sayyahfar, M., Tabib Ghaffari,
S.M., Zali, H., 2018. Yield stability evaluation
of bread wheat promising lines using



VY oo Ll 0 ol piS ails 5,Shee cbo (sl Lusms x api (EiSan s 5 Lasrs s oSS a0 S 5 L]

multivariate methods. Cereal Research. 8, 333-
344. [In Persian with English summary].

Falconer, D.S., 1981. Introduction to
Quantitative Genetics (2th ed). Longman
London UK.

FAOSTAT,
http://faostat3.fao.org/download/Q/QC/E

Gauch, H.G., 2006. Statistical analysis of yield
trials by AMMI and GGE. Crop Science. 46,
1488-1500.

Gauch, H., Zobel, R.W., 1997. Identifying mega-
environments and targeting genotypes. Crop
Science. 37, 311-326.

Gerrish, B.J., Ibrahim, A.M., Rudd, J.C., Neely,
C., Subramanian, N.K., 2019. Identifying
mega-environments for hard red winter wheat
(Triticum aestivum L.) production in Texas.
Euphytica. 215, 1-9.

Hassani, M., Heidari, B., Dadkhodaie, A.,
Stevanato, P., 2018. Genotype by environment
interaction components underlying variations
in root. Sugar and white sugar yield in sugar
beet (Beta vulgaris L.). Euphytica. 214, 1-21.

Jafari, T., Farshadfar, E., 2018. Stability analysis
of bread wheat genotypes (Triticum aestivum
L.) by GGE biplot. Cereal Research. 8, 199-
208. [In Persian with English summary].

2018.

Jockovic, M., Cvejic, S., Jocic, S., Marjanovic-
Jeromela, A., Miladinovic, D., Jockovic, B.,
Miklic, V., Radic, V., 2016. Evaluation of
sunflower hybrids in multi-environment trial
(MET). Turkish Journal of Field Crops. 24,
202-210.

Karimizadeh, R., Hosseinpour, T., Sharifi, P., Alt
lafarby, J., Shahbazi Homonlo, K., Keshavarzi,
K., 2020. Grain yield stability of durum wheat
genotypes in semi-warm rainfed regions. Creal
Research. 2, 135-147.

Mahdavi, A.M., Babacian Jelodar, N.,
Farshadfar, E., Bagheri, N., 2020. Evaluation
of stability and adaption of bread wheat
genotypes using univariate statistics parameters
and AMMI. Plant Genetic Researches. 7, 19-
32. [In Persian with English summary].

Moreno-Gonzalez, J., Crossa, J., Cornelius, P.L.,
2004. Genotype x environment interacion in
multi environment trials using shrinkage
factors for AMMI models. Euphytica.137, 119-
127.

Najafi Mirak, T., Moayedi, A.A., Sasani, Sh.,
Ghandi, A., 2019. Evaluation of adaptation and
grain yield stability of durum wheat (Triticum

turgidum L.) genotypes in temperate agro-
climate zone of Iran. Iranian Journal of Crop
Sciences. 21, 127-138. [In Persian with English
summary].

Netshithefhe, N., Flett, B., Viljoen, A., Rose, L.,

2018.  Inheritance and genotype by
environment analyses of resistance to
Fusarium  verticillioides and fumonisin

contamination in maize F1 hybrids. Euphytica.
214, 1-20.

Pourdad, S.S., Jamshid Moghaddam, M., 2013.
Study on genotype xenvironment interaction
through GGE biplot for seed yield in spring
rapeseed (Brassica Napus L.) in rain-fed
condition. Journal of Crop Breeding. 5, 1-14.
[In Persian with English summary].

Rakshit, S., Ganapathy, K.N., Gomashe, S.S.,
Rathore, A., Ghorade, R.B., Kumar, M.V.G.,
Ganesmurthy, K., Jain, S.K., Kamtar, M.Y.,
Sachan, J.S., Ambekar, S.S., Ranwa, B.R.,
Kanawade, D.G., Balusamy, M., Kadam, D.,
Sarkar, A., Tonapi, V.A., Patil, J.V., 2012.
GGE biplot analysis to evaluate genotype.
Environment and their interactions in sorghum
multi-location data. Euphytica. 185, 465-479.

Sabaghnia, N., Dehghani, H., Sabaghpour, S.H.,
2008. Graphical analysis of genotype by
environment interaction for lentil yield in Iran.
Agronomy Journal. 100, 760-764.

Safavi, S., Bahraminejad, S., 2017. The
evaluation of genotypex  environment
interactions for grain yield of oat genotypes
using AMMI model. Journal of Crop Breeding.
922, 125-132. [In Persian with English
summary].

Saleem, R., Ashraf, M., Khalil, I.A., Anees,
M.A., Javed, H.I., Saleem, A., 2016. GGE
Biplot: stability a windows based graphical
analysis of yield stability and adaptability of
millet cultivars across Pakistan. Academia
Journal of Biotechnology. 4, 186-193.

Segherloo, A.E., Sabaghpour, S., Dehghani, H.,
Kamrani, M., 2010. Screening of superior
chickpea genotypes for various environments
of Iran using genotype plus genotype X
environment (GGE) biplot analysis. Journal of
Plant Breeding and Crop Science. 2, 286-292.

Setimela, P., Vivek, B., Banziger, M., Crossa, J.,
Maideni, F., 2007. Evaluation of early to
medium maturing open pollinated maize
varieties in SADC region using GGE biplot
based on the SREG model. Field Crops
Research. 103, 161-169.



VEY s V8l asl pole 43 e sl i

\PA

Shiri, M.R., Bahrampour, T., 2015. Genotype x
environment interaction analysis using GGE
biplot in grain maize (Zea mays L.) hybrids
under different irrigation conditions. Cereal
Research. 5, 83-94. [In Persian with English
summary].

SPSS Inc., 2010. SPSS 20. Users Guied.
Chicago. USA.

Temesgen, T., Keneni, G., Sefera, T., Jarso, M.,
2015. Yield stability and relationships among
stability parameters in faba bean (Vicia faba L.)
genotypes. The Crop Journal. 3, 258-268.

Vaezi, B. Pour-Aboughadareh, A., Mohammadi,
R., Armion, M., Mehraban, A., Hossein-Pour
T., Dorii, M., 2017. GGE biplot and AMMI
analysis of barley yield performance in Iran.
Cereal Research Communications. 45, 500-
511.

Vaezi, B., Pour-Aboughadareh, A., Mohammadi,
R., Mehraban, A., Hossein-Pour, T., Koohkan,
E., Ghasemi, S., Moradkhani, H., Siddique,
K.H., 2019. Integrating different stability
models to investigate genotype X environment
interactions and identify stable and high-
yielding barley genotypes. Euphytica. 215, 1-
18.

Yan, W., Kang, M.S., 2003. GGE biplot analysis:
A graphical tool for breeders, Geneticists and
Agronomists. CRC Press. Boca Raton. FL.
USA. 271p.

Yan, W., Kang, M.S, Ma, B., woods, S.,
Cornelius, P.L., 2007. GGE biplot vs. AMMI
analysis of genotype -by- environment data.
Crop Science. 47, 643-655.

Yan, W., Hunt, L.A., Sheny, Q., Szlavnics, Z.,
2000. Cultivar evaluation and mega-
environment investigation based on the GGE
biplot. Crop Science. 40, 597- 605.

Yan, W., Cornelius, P.L., Crossa, J., Hunt, L.A.,
2001. Two type of GGE biplots for analyzing
multi environmental trial data. Crop Science.
41, 656-663.

Zhu, Y.H., Weiner, J., Li, F.M., 2019. Root
proliferation in response to neighbouring roots
in wheat (Triticum aestivum L.). Basic and
Applied Ecology. 39, 10-14.

Zobel, R.W., Wright M.J., Gauch, H.G., 1988.

Statistical analysis of a yield trial. Agronomy
Journal. 80, 388-393.



