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1- Additive Main Effect and Multiplicative Interaction

2- Eigen value 3- Eigen vector
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Table 1. Nunber, name and origin of the studied sunflower genotypes
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Table 2. Agro-climatic characteristics of the studied environments in this research
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Table 3. Combined analysis of variance for seed yield of sunflower genotypes in different environments
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Table 4. Mean seed yield, the values of the principle components and ranking of sunflower genotypes
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Table 5. Mean seed yield, the values of the principle components and ranking of studied environments

[ Downloaded from jcb.sanru.ac.ir on 2026-07-01 ]

oo o J’ﬂf IPCA1L IPCA2 IPCA3 IPCA4 IPCA5 ASV
(S )3 p)SolS)
Krj19 YEVE WE -\V/-0 -v/-a BY S VIV Y£/AA
Krj20 YFF \AIYY \YAYS -Y/\- —\¥/oF A% YAAY
Sal9 \wos VAL 745 Y.y Y/EA -\¥/5- YA/
Sa20 1YY WAS ¥/YN \o/aY ¥/0A —£Iv\ Va/AY
Krm19 YAAY \0/¥0 \o/Vo -Y\/YY Ye/eA a/va Y¥/5V
Krm20 YOSy —\V/¥F Y&V v/ay VE/NY WA AN
Dez19 YY¥A —/AD /3 -Y\/\a —f/.¥ —Y./¥Y Yo/vs
Dez20 Yo¥Y —YF/VY Yo/o¥ 78 —£/AA £/ VIV
A5) 45y (ke
Krj19 3 Y ¥ \ v ¥ Y YV
Krj20 Y 5 \ Y 5 o ¥ YIVY
Sal9 v Y Y 5 \ % Y ¥/
Sa20 A \ Y o Y Y \ (VAR
Krm19 \ ¥ 5 A A \ o ¥IVy
Krm20 5 o A ¥ o 5 \% o/N
Dez19 Y v 5 v Y A 5 o/fY
Dez20 ¥ A v Y ¥ Y A o/va

[ DOI: 10.52547/cb.13.39.208 |

b\ S5 55 casl (IPCAT) Lol alye ogl polie b 5 bacuis ab 0,8les 8ke cdicl loges

9 IS Wb o Sles ke Sl @Mk abe 3 350s lp GlSemy ol adlie ol pdlie 5 bbe
Coowr slaigs g bl plply cwl Liolesl Jle e ol 005 033 Giales V JSS ) Wanbagsre ¢ lacuiess
5 oSibe YL b sk (b LS o) canly, 4 3,8k 5 Sike b pdy zes Lol g1 ,Silis bl
G5 §3 Gl yloess oo ool & o5 b sitn oy i I3l s3gn0 y5m0 5 S0 5 p 5518 o


http://dx.doi.org/10.52547/jcb.13.39.208
http://jcb.sanru.ac.ir/article-1-1266-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-07-01 ]

[ DOI: 10.52547/cb.13.39.208 |

IPCAI1l

Mjald) ol g (ginpb 50,8 cgdon] S Sonl b g ol ()l Al (g8 )13l aslie S N5 1B puol (g )liE (cipo

Yy

Ve b ¥ opleds /o0 o Jlo /21y LS 2ol doliingl

dbww dsie & J5 5o 1 Yl >)5~L°$ u&"m
O JSs) sas ol Y oab o3Sles Lo b
s Lol sil awshy (g8 ab 3 Slas &5 Llacuiss)
(IPCAL) iiSomyy (ol adlie oyl sl oo olio
o3l 5 s 3ble 5 (2ly > cadls )y wisl
g ipmd blie b bowip) ool (S)le 4 W9 dpoy
adllas cpl j0 (YO) Wb cute (iiSemy 03jLeS

A o Ui |y adg s G115 G112 slacusss

Iy JS oSle 51 YL ails 5,8l My sl aibo > &84
ornS G 5 G7 slacwg; o jolaisl 28 4
ale (@8] b3 yuzen b 1) &b o Sles e
iy ol 4 Cl (iSeny 3 pas Sole Ol
R N L
5 bougy o Jb > x5l (iSeny kel )5 568
2 yid pheo gh s alold ks oyl A Slalase
sbcws; (IS pl 4 dag b e LiiSeny dby)
biiSay gl G5 9 G7 G3 G15 G2 G10 G9

30 - G12
]
Krj20
20 ‘ ) 11 * li Krm19
Sl Krj19 4 v
- v
10 G7 G5
. o G3 .
G9 “G10 *
0 —Gi—
*
Gl4
-10 G}G:i .
Krm20 Gb6
v » Dez19

-20 4 v

31

L
-30 - Dez20

v
-40 L T T T T T
2000 2500 2786 3000 3500 4000
Seed yield (kg.ha)

b A g 1, S0k8) igii VO (gl baore X gy (iiSan Lol adlse cpgl g aild 5 Sles 1 Sho Mgl Haged -V IS
Figure 1. Biplot graph of mean seed?/ield and the first principle components of genotype x environment
0

interaction

Al aBld oot (eges )l b eyl Olgie
ewgs 0,5 e g pla cas b aidS & jolailen
Sip siiSeny by &8 aib o cwlie ool
Olpse cpyin dalase o > F S5 4 4y b sl
dpsd Jo Js850) Dez20 slalae & bgsye (iiSony
(Js) Jlo olzsle,S) Krm19 (pg> Jlw olisle,S) Krm20
e 93 opl 500 &)le 4 g (Jgl Jlo Jsd32) Dez19
g b LuiSany jo 1y 50U Oy (oliiloyS” o Js850)
5 e s plo cas Jlu) sl lae 4

b a3ls oo, Kokl ) e

r 15 sunflower genotypes and 8 environments.

P> 9 Jol kol slaadlye Mgl Hloges ¥ S

obis 1y adllas )90 (slalame g lacaisiy (sly JiiSon s
Olyss 51 aoys FYIVY gooome 0 WMyl (pl a2 o0
€ 035 aag |y b x by GliSeay 4 by
9 bows) SSE 3 ped g Jgl ol slaadle wrw
a5 b g Mo d VANY 5 FV/AY L ply s o alao
LSty glls G14 5 G8 G6 (clacuis) ¥ JS5 4
Sl aibe S s e 4 5 035 S
& Cans (58 iuiSedy 5l G9 4 G15 G2 G5 G3
4 G5 5 G3 sbacwip] (Jg 9392 )0y Loyl ple
S Sle 51 5L al 5,Sles 1Sl iy o


http://dx.doi.org/10.52547/jcb.13.39.208
http://jcb.sanru.ac.ir/article-1-1266-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-07-01 ]

[ DOI: 10.52547/cb.13.39.208 |

IPCA2

Mjals) obe g (gin b 50,8 cgdon] S donl o (g ol (o)l Al (o8 )0l Jawlie duuw 0dl3 BB pol (g )liE cape

YAY s phgen Lol @l opsesin by, il edlil b ol Kbl y3 wils 5 Slas (lp lawmo X g5 yiiSon p (o 4o
30T peno
¥
201 Krm19
G6 o oG8
10 - . Gp *
G1 y S
. GES Ga §'319K1]20
G3 2
0 Ga . 11 .
. G152 G7 *
10 Dez19 G14 . | * Krj19
U v . A
220 -
Krm20
v
_30 L T T T T T T T
-40 -30 -20 -10 0 10 20 30
IPCA1

Figure 2. Blplot graph of the first two prlnCIpIe components of genotype x environment interaction for 15 sunflower
genotypes and 8 environments

MR rlple (VF) Wilioe o & S pgloplS
Sy odm Ui 09)S Sy > lw 9 S BS
2 555 B el S 53 o) ol b
3 o 3 5 5 oLl s 8 el Jlo 53
nolSiusl ul iS5 5 i kB Sl 3
Sul alyoss samd i ol ) K> ajle & il o
25t ourn S Jlo 53 b 52 ol cal (ol Ll
@l S Gope gl ) Ghlejl ol 5L 1Y
S g aily U el o 45 K55 liman gl
o) Jlo iz (b > gble cpl a5 Ol Gl oS

2 plsl (g ieS” Jlo s b 1y oo, S0kl slacussss

ab > Shes (1:ke 45 (lse p lalae (gai0g)S

B R R Tl
(¥ US3) 5,8 e |y ol 1 09,5 du iiSany,
Jb 2,5) Krj19 e Jols (Cluster 1) Jol 09,5
9 (Jsl Jwo s)l) Sal9 fpg> Jlo &,5) Krj20 (Jsl
oLitsls ) KIMI9 Lao > 39: (psd Jlo csybo) Sa20
Js35) Dez19 (ps> Jlo oliile,S) Krm20 «(Jgl Lo
P> 09,5 » 35 (pg> Jlo Js85) Dez20 5 (Jol Jl
Sy oS plaboe (¥ JS2) 33,5 1, (Cluster 1)
oo X i ilite S polie o IS o )18 095
» ablite pl Jihe b slalase 5 diws o 4 S5
» S gbloe Blie 3 8,5 e 518 0SS
b gblite Jlite g1 shls 5,5 00 )8 Coliste (slaog)S


http://dx.doi.org/10.52547/jcb.13.39.208
http://jcb.sanru.ac.ir/article-1-1266-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-07-01 ]

[ DOI: 10.52547/cb.13.39.208 |

iplsy e g (i 308 srent BN sonl duw g ol (&)l Allisl (g0 nuslie dpus 033 1B pol ¢(5,la (g0

Mo VEee b /¥R )l [ond s Jlo [s]y5 olalS ool aslings
30.17 -
o 20.11 1 Cluster I Cluster IT
=
10.06 A
0.00 -

_K_rjlﬂ Krj20  Sal9 Sa20 Krml? Krm20 Dez20 Dezl?

Environments

Ja.:.’?LAX wy) W)J LJ'“GI 4.&];90 =29 by .))S.Lo.n w.i»Lm Ad, uol.w‘); axlllas D90 dlm]a.m d.\uoa)f—\ﬂ JSM
Figure 3. Classification of the studied environments based on rank of mean seed yield and the first five principle
components of genotype x environment interaction

» st O e SHp piiSeny e b s 4
9 sl caa Jlos] slaloxe O‘?"L L9 4uisly M}J
s Nas asls bl dacwy; o) b
2,5 (S5 09,5 90 4 1y addllas )50 slaleme (slddss
Wl @S sbgle bl Jlo 9> (85 15
s Sy 095 oy oS e i 5 oLl

il oo el Vb (62305 g (i

I (5 S o
T g bews; db o Slas by (1She ol p
oolol g Oioped g baee X Guigi GiiSeny (Lol adlye
Olye 4 G5 5 G3 gy ASV (slul il
Slp g wad plels YU oslee L jlul clacwis;
5 9y i Oliljl pam Clidd g Sy
LS o8y plyis @ (B Caa o)l llyd > cuss

olisle S 5 Js95d slalae fpuizmed Wad bl Mas

&l

. Abakemal, D., H. Shimelis and J. Derera. 2016. Genotype-by-environment interaction and yield

stability of quality protein maize hybrids developed from tropical-highland adapted inbred lines.
Euphytica, 209: 757-769.

. Ahmadi, J., B. Vaezi and A. Pour-Aboughadareh. 2016. Evaluation of forage yield stability of

advanced lines of grass pea (Lathyrus sativa L.) by parametric and non-parametric methods. Journal
of Crop Breeding, 8: 149-159 (In Persian).

. Ahmadpour, S., R. Darvishzadeh, O. Sofalian and H. Hatamzadeh. 2019. Evaluation of yield stability

of sunflower inbred lines under salt stress conditions. Journal of Crop Breeding, 11: 1-10 (In Persian).

. Akbarpour, O., H. Dehghani, B. Sorkhi and H. Gauch Jr. 2014. Evaluation of genotype x environment

interaction in Barley (Hordeum Vulgare L.) based on AMMI model using developed SAS program.
Journal of Agricultural Science and Technology, 16: 909-920.

. Alizadeh, B., A. Rezaizad, M. Yazdandoost Hamedani, G. Shiresmaeili, F. Nasserghadimi, H.

Khademhamzeh and A. Gholizadeh. 2021. Analysis of genotype x environment interaction for seed
yield in winter rapeseed cultivars and lines using multivariate method of additive main effects and
multiplicative interaction. Isfahan University of Technology-Journal of Crop Production and
Processing, 11: 95-108 (In Persian).

. Ansarifard, I., K. Mostafavi, M. Khosroshahli, M. Bihamta and H. Ramshini. 2020. A study on

genotype—environment interaction based on GGE biplot graphical method in sunflower genotypes
(Helianthus annuus L.). Food Science & Nutrition, 8: 3327-3334.


http://dx.doi.org/10.52547/jcb.13.39.208
http://jcb.sanru.ac.ir/article-1-1266-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-07-01 ]

[ DOI: 10.52547/cb.13.39.208 |

RS S I SR I LI IR VN [veh | L VO I WHIPPX W WIS S | WA [PSPESR [ PO IR WP S C RV I YKV
L1 Y phgen Lol @l opsesin by, il edlil b ol Kbl y3 wils 5 Slas (lp lawmo X g5 yiiSon p (o 4o

7. Babaei, H.R., H. Sabzi and N. Razmi. 2018. Pattern analysis of genotype and year interaction for grain
yield in mutant lines of rice (Oryza sativa L.) using AMMI multivariate method. Iranian Journal of
Field Crop Science, 50: 129-137 (In Persian).

8. Bocianowski, J., J. Niemann and K. Nowosad. 2019. Genotype-by-environment interaction for seed
quality traits in interspecific cross-derived Brassica lines using additive main effects and
multiplicative interaction. Euphytica, 215: 7.

9. Dehghani, M., M. Majidi, A. Mirlohi and G. Saeidi. 2016. Study of genotype by environment
interaction in tall fescue genotypes and their polycross progenies in Iran based on AMMI model
analysis. Crop and Pasture Science, 67: 792-799.

10. Eagles, H. and K.J. Frey. 1977. Repeatability of the stability-variance parameter in oats 1. Crop
Science, 17: 253-256 (In Persian).

11.Ebadi, A.A., S. Abdollahi and H. Azizi. 2017. Pattern analysis of genotype and year interaction for
grain yield in mutant lines of rice (Oryza sativa L.) using AMMI multivariate method. Iranian Journal
of Field Crop Science, 47: 565-573 (In Persian).

12.Ebdon, J. and H. Gauch. 2002. AMMI analysis of national turfgrass performance trials. 1. Cultivar
recommendations. Crop Science, 42: 497-506

13. Ebrahimi, F., M.M. Majidi, A. Arzani and G. Mohammadi-Nejad. 2016. Oil and seed yield stability in
a worldwide collection of safflower under arid environments of Iran. Euphytica, 212: 131-144.

14. Esmaeilzadeh Moghaddam, M., S. Tahmasebi, G.A. Lotf Ali Ayeneh, H. Akbari Moghadam, M.
Mahmoudi, M. Sayyahfar, S.M. Tabib Ghaffari and H. Zali. 2018. Yield stability evaluation of bread
wheat promising lines using multivariate methods. Cereal Research, 8: 333-344 (In Persian).

15. Falconer, D.S. 1981. Introduction to quantitive genetics. 2nd Ed. Longman, London, UK.

16. Fallahi, H.A., S. Ebrahimnejad, H. Sabouri, I. Lakzadeh, M. Ghasemi and K. Shirali. 2018. Evaluation
of genotype x interaction effects on grain yield of barely genotypes using additive main effects and
multiplicative interactions (AMMI). Journal of Crop Breeding, 9: 144-151 (In Persian).

17. Gauch, H.G. 1992. Statistical analysis of regional trials. AMMI analysis of factorial designs. Elsevier,
Amsterdam, Netherlands. 287p.

18. Gauch, H.G. and R.W. Zobel. 1996. AMMI analysis of yield trials. In: Kang M. S. and Gauch-Jr, H.
G. (Eds.). Genotype by environment interaction. CRC Press, Boca Raton, New York. pp: 85-122.

19. Gholizadeh, A., M. Ghaffari, K. Payghamzadeh and S. Kia. 2021. Study on relationships between
yield and other agronomic traits and identification of the superior hybrids in sunflower (Helianthus
annuus L.). Journal of Crop Breeding, 13(37): 171-184 (In Persian).

20. Hassani, M., B. Heidari, A. Dadkhodaie and P. Stevanato. 2018. Genotype by environment interaction
components underlying variations in root, sugar and white sugar yield in sugar beet (Beta vulgaris L.).
Euphytica, 214: 79.

21. Inabangan-Asilo, M.A., B.M. Swamy, A.F. Amparado, G.I.L. Descalsota-Empleo, E.C. Arocena and
R. Reinke. 2019. Stability and GXE analysis of zinc-biofortified rice genotypes evaluated in diverse
environments. Euphytica, 215: 61.

22 Jafari, T. and E. Farshadfar. 2018. Stability analysis of bread wheat genotypes (Triticum aestivum L.)
by GGE biplot. Cereal Research, 8: 199-208 (In Persian).

23. Jamshidmoghaddam, M. and S.S. Pourdad. 2013. Genotype x environment interactions for seed yield
in rainfed winter safflower (Carthamus tinctorius L.) multi-environment trials in Iran. Euphytica, 190:
357-369.

24. Jockovic, M., S. Cvejic, S. Jicic, A. Marjanovic-Jeromela, D. Miladinovic, B. Jockovic, V. Miklic and
V. Radic. 2019. Evaluation of sunflower hybrids in multi-environment trial (MET). Turkish Journal of
Field Crops, 24: 202-210.

25.Khomari, A., K. Mostafavi and A. Mohammadi. 2017. Stability study of yield in sunflower
(Helianthus annuus L.) cultivars using AMMI method. Journal of Crop Breeding, 9: 117-124 (In
Persian).

26. Mahdavi, A.M., N. Babaeian Jelodar, E. Farshadfar and N. Bagheri. 2020. Evaluation of stability and
adaption of bread wheat genotypes using univariate statistics parameters and AMMI. Plant Genetic
Researches, 7: 19-32 (In Persian).

27.MINITAB, INC. 2005. Minitab user’s guide, ver 14. Minitab Inc, Harrisburg, Pennsylvania, USA.

28. Najafi Mirak, T., M. Dastfal, B. Andarzian, H. Farzadi, M. Bahari and H. Zali. 2018. Evaluation of
durum wheat cultivars and promising lines for yield and yield stability in warm and dry areas using
AMMI model and GGE biplot. Journal of Crop Breeding, 10: 1-12 (In Persian).

29.Nowosad, K., A. Liersch, W. Poptawska and J. Bocianowski. 2016. Genotype by environment
interaction for seed vyield in rapeseed (Brassica napus L.) using additive main effects and
multiplicative interaction model. Euphytica, 208: 187-194.

30. Purchase, J., H. Hatting and C. Van Deventer. 2000. Genotype x environment interaction of winter
wheat (Triticum aestivum L.) in South Africa: Il. Stability analysis of yield performance. South
African Journal of Plant and Soil, 17: 101-107.


http://dx.doi.org/10.52547/jcb.13.39.208
http://jcb.sanru.ac.ir/article-1-1266-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-07-01 ]

[ DOI: 10.52547/cb.13.39.208 |

Mjals) (obe g (sin b 50,8 cgdon] S danl o (g ol (o)l Al (o8 )0l Jalie dpuw 0dl3 1B pol (g )li cape

YV Ve b ¥ opleds /o0 o Jlo /21y LS 2ol doliingl

31. Sadeghzadeh, B., R. Mohammadi, H. Ahmadi, G.R. Abediasl, M.M. Ahmadi, M. Mohammadfam, N.
Bahrami, M.S. Khaledian and A.A. Naserian. 2018. GGE biplot and AMMI application in the study of
adaptability and grain yield stability of durum lines under dryland conditions. Environmental Stresses
in Crop Sciences, 11: 241-260 (In Persian).

32.Safavi, S. and S. Bahraminejad. 2017. The evaluation of genotype x environment interactions for
grain yield of oat genotypes using AMMI model. Journal of Crop Breeding, 922: 125-132 (In
Persian).

33.SAS, Inc. 2011. Base SAS9.1 procedures guide. SAS Institute Inc, Cary

34. Shiri, M.R. and T. Bahrampour. 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).

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

36. Taherian, M., M.R. Bihamta, S.A. Peyghambari, H. Alizadeh and A. Rasoulnia. 2019. Stability
analysis and selection of salinity tolerant barley genotypes. Journal of Crop Breeding, 11: 93-103 (In
Persian).

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

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

39. Vaezi, B., A. Pour-Aboughadareh, R. Mohammadi, A. Mehraban, T. Hossein-Pour, E. Koohkan, S.
Ghasemi, H. Moradkhani and K.H. Siddique. 2019. Integrating different stability models to
investigate genotype x environment interactions and identify stable and high-yielding barley
genotypes. Euphytica, 215: 63.

40.Yan, W. and M.S. Kang. 2003. GGE biplot analysis: A graphical tool for breeders, geneticists and
agronomists. CRC Press, Boca Raton, FL, USA.

41.Yan, W. and I. Rajcan. 2002. Biplot analysis of test sites and trait relations of soybean in Ontario.
Crop Science, 42: 11-20.


http://dx.doi.org/10.52547/jcb.13.39.208
http://jcb.sanru.ac.ir/article-1-1266-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-07-01 ]

[ DOI: 10.52547/cb.13.39.208 |

Journal of Crop Breeding Vol. 13, N0 39, AUTUMN 2021 ....ouuiuiiiiiie et et 218

Pattern analysis of Genotype x Environment Interaction for Seed Yield in
Sunflower using Multivariate Method of Additive Main Effects and Multiplicative
Interaction

Mehdi Ghaffari*, Amir Gholizadeh? Seyyed Abbasali Andarkhor®, Asadollah Zareei
Siahbidi*, Seyed Ahmad Kalantar Ahmadi®, Farnaz Shariati® and Abbas Rezaeizad’

1- Associate Professor, Oil Crops Research Department, Seed and Plant Improvement Institute, Agricultural
Research, Education and Extension Organization (AREEO), Karaj, Iran
2- 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 (Corresponding author: a.gholizadeh@areeo.ac.ir)

3- Assistant Professor, Crop and Horticultural Science Research Department, Mazandaran Agricultural and Natural
Resources Research and Education Center, Agricultural Research, Education and Extension Organization (AREEQ),
Sari, Iran
4- Assistant Professor, Crop and Horticultural Science Research Department, Kermanshah Agricultural and Natural
Resources Research and Education Center, Agricultural Research, Education and Extension Organization (AREEO),
Kermanshah, Iran
5- Assistant Professor, Crop and Horticultural Science Research Department, Safiabad Agricultural and Natural
Resources Research and Education Center, Agricultural Research, Education and Extension Organization (AREEO),
Dezful, Iran
6- Assistant Professor, Oil Crops Research Department, Seed and Plant Improvement Institute, Agricultural Research,
Education and Extension Organization (AREEO), Karaj, Iran
7- Associate Professor, Crop and Horticultural Science Research Department, Kermanshah Agricultural and Natural
Resources Research and Education Center, Agricultural Research, Education and Extension Organization (AREEO),
Kermanshah, Iran
Received: June 9, 2021 Accepted: August 21, 2021

Abstract

The genotype x environment interaction is a major challenge in the study of quantitative
traits because it reduces yield stability in different environments and also it complicates the
interpretation of genetic experiments and is difficult to makes predictions. In this regard, to
analysis of genotype x environment interaction and determine the yield stability of sunflower
genotypes, 11 new sunflower hybrids along with 4 cultivars were evaluated in a randomized
complete block design with four replications in four experimental field stations (Karaj, Sari,
Kermanshah and Dezful) during two cropping seasons. In order to analysis of genotype x
environment interaction was used the multivariate method of additive main effects and
multiplicative interaction (AMMI). The results of combined analysis of variance indicated that
57.68, 7.60 and 16.93 percent of total variation were related to the environment, genotype and
genotype x environment interaction effects, respectively. Also, the results showed that the first
five principal components of AMMI were significant and described 97.64% of the variance of
genotype x environment interaction. Based on biplot graph of mean seed yield and the first
interaction principle, the genotypes G3 and G5 were identified as a high yield and stable
genotypes. Also, the Dezful and Kermanshah environments due to their high interaction were
recognized as the most ideal environments for distinguishing and separating sunflower
genotypes. The cluster analysis of the studied environments was divided into two groups.
According to the results of cluster analysis, Karaj, Sari, Kermanshah and Dezful locations were
located in a group that indicates these locations had the high predictability and repeatability
power.
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