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Table 1. Names of sunflower cultivars studied in the research
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Table 2. Geographical characteristics of the locations in project
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1- Interaction principal components analysis

2- Noise
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Table4. Mean of grain yield, the first and second interaction main components value

(ASV) ol (s o le] Jlie 5l addge pagd Hlize 5l addge oyl (0 55 p 5ok als 3,Shes b [y
YV/¥o -¥/¥5 —Y¥/-¥ YYSAIYY Zargol
ARIAVY SIYA YAMAY YYAD/SY Armaverski
\o/5¥ YIYA -a/AY Y.va/sv Azargol
YY/o/ Yo/sY —\Y/AD YYVE/VY Favorit
YO/YA “\YIAY AN YYVY/AY Master
SIVY Blas A% Yarv/yy SHF81-90
£Iva ¥IV- Y/ YVAY/A- Lakomka
Ye/oN WV -2 YEFV/F. Record
\nrias ./a AA7AN Y¥FOY/A- Zaria
ARY/N+ Va0 Va5 YFYV/A- Sor
y-/Ya —\a/vy —¥/-¥ YEYVIAY Progress
\VY/-y —VF/FN a/va YYAV/\Y Gabur
ARVAR) Y&\ A4 Y¥oa/a¥ Sy
SYNY o/vY Ya/o- Yiva/sa oy
FZAN -¥/¥\ AT FIAA/VA s
/.- Y/EY Y-8 YYYS/01 SoilS
ArZARS YY/AA -Y. /5% yavs/ay Sy

bl ol i (6508 Jlite 51 (gl ardl S
s Progress , Lakomka SHF81-90 (oo
s )55y gy 5y )yl g &) Slalame
oo Jlize S ailie oyl Bld  kme 5 <oy 51
adpo oyl Sl 5l 81 g ccuso Jolie S (glly il coMe
Aoh e bl Bl sy cede (glb
o sl (ke 5l G 69,5es STl g 2,5 sl
lyj ausly golie 3y blite 3 Lol adlge gl blxd
Slacaigs b s 93 cpl e ite Jlie 1 (gl
sbowgs b g cute blaze 31 Progress 3 Record
b e Jlie 31 Gabur 4 Sor Zaria Armaverski
9 SHFBL-90 (slacuisl b yedlS 5 Wiz pn slalae
5ke 3l 4ieS (60)Sas Ll cuze Jilize I Lakomka
s Favorit Azargol Zargol (slacwsss b g L5,
Zargol  slcwig; Lyl e lie 51 Master
Sl s e L Master 5 Favorit Azargol
ol > ) 5ke I S (0,hes g Cute lite
©dges b S olaiel 3 &S Slalasre g leuie) Hloged
5 Zargol slacuiss wile b)b Slss 3 Sles Aiwa
dazel 3 &8 olalasw o i) cuicced o Favorit
ol 1y olie Jlie S ansl )3 1,8 @8l b

b bz 3 (ol ailge oyl 3l (1) JS 50
raed cpl 50 ol oads &l a5 Sl Cio (e
55l g S e (81 ygee) 3,dos )i I &S oigi
S025) 5565 Join (5390 see) Mo 51 4l
ol 15 292 walgd (g pogllae gy sl andly (e 4
5 ) JS8) cosl kw5 3l (VL 3 Sles o8 Gy
Derohe Progress cuwigi addlas cpl o (F g
152) 29800 Cgmine Jpaze p cuigil g cil |y yluk
ol aile ol 5 5l 5 3> (eSis 3]y (5,Slas
g db ol 05 @ ) Jde piieS blae
gl 5l de iy 4 Gabur 5 Record slacuss)
ale dges b mzib |y (gylul op i ke Progress
g bowy 0,85 phlefl U5 oSile I lges
b @3 Ses bl bge cunly B)b ol
3 a8 3,Slas sl LS ol (o Cam g8 5 (Sl
odimd oyl Hoges wile pd 28] jemre LMLBl o (wSile
(IPCA1=0) jio abis j| & blize ,| ailye )
e sl 1) blite 31 2gng pac anl oS )58
wm oo Ui |y (Vb Jlite 31857 olap e 5 ey
kol 4l ol sl (e b cute) S)j pdliie Iyl
Bl bd 4 bl g o) 42 o sl oo Jlite I


http://dx.doi.org/10.29252/jcb.9.23.117
http://jcb.sanru.ac.ir/article-1-879-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-22 ]

[ DOI: 10.29252/jch.9.23.117 ]

WY

......... WAS 5L VY o)l s Jlo /sy lalS ool anliingsy

o 4 S5 Jlite Sl Lol addge (gl polie s oS
Sl cpl 2 g g pedlS S cuslie illloe
L5 ol 35 egdge ol pSe bl I ) (Ao iz
Sl ailge sl s slalas &S WS e Gho
8l culie sy JUyé g plo car S)p Jlite
polae g Lly s oS 5lhd g iy slalaore Wil
g 0255 M Caer Jlite S (Lol adle (gl 2L

dLakomka SHF81-90 slacwig) Jko (sly timd o
Jlae 51 bl 2,5 9 yedlS slalasxe o Progress
(F gt 9 ) JS0) aiten ol e ) iy
bl asl gpS i 3 Slas bld 1 &S Slacassss
Jlite 31 Lol adie oyl (dlp Cute pdlie gl Lol
sl ol g chpnd (2l g Bblie )> Bl (gl il
Byl cute Jlite S s sble b (Sile 4 fdlbe

b bows) (9,5 e 5 pled Caa e e ol
3300
Eirjand 1
40 S |
|
30 i
i Leie)
Gl
20 | R
— 10+ |
- | G12
E Kashmar & C.f’ i
=] b
e s !—‘—‘—'—'al ————————————— Yarsp —| O
| Gt 1 [
G3 i .
=10 . o G4!
i 5 .! Arak
Alhrar ’
201 Gl l
=
-SCI_ T T T T | T T T T T
2600 2800 3000 3200 3400 3600 3800 4000 4200
Yield

e 31 Lol adlge eyl polie Bl ) lalass g bacasgs] 5 Shos 350ke L Hloges =) JS5
Figure 1. Biplot view of environments and genotypes yield for the first interaction main component
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Figure 2. Biplot view for the first principal component interaction against second main component interaction for
sunflower grain yield

» Sor 4 Zaria Lakomka Armaverski slacuiy;
9 SHFBL-90 (slacuiys] yolS Lo )3 9 Wiy baee
b)LO‘ u»‘.wl PEREAY )I.))9$).g L§’9> Lu.w) .))SJ.Q.C )‘ Gabur
02505 b 5 sy Syge Solame 5 53 ol )k

D O S g ol okde b ASV e
O b Xy g 09 bame )3 Cu3gil Blite Sl ey

a3l beome (5L Glsie 4 ol )k o)lel i
(¥ Jgi) 8

42 v § (350 Oy 1) blite OISl Je

Sk ) Gl g o dibie jo 4 Bl slacass g
b sy ol 0o ceslie iloee pbled (S5 ol
Jle 1 Ol ggeme 4 by py dwebre
Sb Clpe (ke ady) drsbre 55 g lawexcuds)
sl (ol Jao (inghy cnl 3 2980 pasuie sxile
S 5wl 09)5 Sz 4 Iy adlae 359
S 3 Sl sl > Progress o Master Zargol
¢l ko y> Record 4 Favorit Azargol slacwss

F )

1. Abamuf, J. and A. Allurik. 1998. AMMI analysis of rain fed lowland rice (Oriza sativa L.) traitsin

Nigeria. Plant Breeding, 117: 395-397.

2. Anandan, A. and R. Eswaran. 2009. Genotype by environment interaction of rice (Oryza sativa L.)

hybrids in the east ciast saline region of Tami

Congress, 226

Nadu. In the Proceeding of 21 Inferaction Rice

3. Asenjo, CA., Ig Bezus and H.J. Acciaresi. 2003. Genotype by environment interaction of rice (Oryza
sativa L.) in temperate region using the joint regression analysis and AMMI methods. Cereal Res.

Communi, 31: 97-104.

4. Arminian, A. and S. Houshmand. 2012. Additive Main and Multiplicative Interaction Effect in
StabllltyAnaIyssof Wheat (Triticumaestivum L.) Yield. Journal of Crop Breeding, 4(9): 1-13.

ol

e, M.P., G.L. Hammer and K.G. Rickert. 1997. Environmental control o £otent|al yleld of
sunf ower (Hellanthus annuus L.) in the tropics. Australian Journal of Agricultural

esearch, 48: 231-

. Becker H.B. and J. Leon. 1988. Stability analysisin plant breeding. Plant Breeding, 101: 1-23.
. Cornelius, P. L. and J. Crossa. 1999. Prediction assessment of shrinkage estimators of multiplicative
models for multi-environment cultivar trials. Crop Science, 39: 998-1009.

analysis of two international maiz cultivar trials. Crop Science, 30: 493-500.

6
7
8. Crossa, J., H.G. Gauch and R.W. Zobel. 1990. Additive main effects and multiplicative interaction
9.

Crossa, J., P.L. Cornelius and W. Yan. 2001. Biplot of linear-bilinear models for studying crossover
%enotypex environment interaction. Crop Science, 41: 158-163.

10.Crossa, J., P.N. Fox, W.H. Pfeiffer, Ra;aram and H.G. Gauch. 1991. AMMI adjustment for
statistical analysns of an interaction wheat yield trial. Theoretical and Applied Genetics, 81: 27-37.

11. Dehghani, H., A. Ebadi and A. Y ousefi. 2006. Biplot analysis of genotype by environment interaction
for barley yleld in Iran. Agronomy Journal, 98: 388-393.


http://dx.doi.org/10.29252/jcb.9.23.117
http://jcb.sanru.ac.ir/article-1-879-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-22 ]

[ DOI: 10.29252/jch.9.23.117 ]

VWYY s s WAS 5L VY o)l s Jlo /sy lalS ool anliingsy

12.Ebdon, J.S. and H.G. Gauch. 2002. Additive main effect and multiplicative interaction analysis of
national turf grass performance trials. Interpretation of genotype x environment interaction. Crop
Science, 42: 489-496.

13. 4F§I§:oner, D.S. 1989. Introduction to Quantitative Genetics. Longman Scientific & Technical, U.K.

Pp.

14. Farshadfar, E. and J. Sutka. 2006. Biplot analysis of genotype-environment interaction in durum
wheat usi n%the AMMI model. Acta Agronomica Hungarica, 54: 459-467.

15. Gauch, H.G. and R.W. Zobel. 1996. AMMI analysis of yield trias. In: Genotype-by-Environment
interaction, Kang MS and HG Gauch fEds.). Boca Raton CRE CRC, New Y ork, 85-122 pp.

16. Gower, J.C. and D.J. Hand. 1996. Biplots. Chapman and Hall, UK. 277 pp.

17. Hanamaratti, N.G., P.M. Salimth., C.H.M. Vijayakumar, R.L. Ravikumar, S.T. Kajjidoni and M.B.
Chetti. 2009. Genotype stabilit%/ of superior near isogenic introgression lines for productivity in
upland rice. Karnataka Journal of Agriculture Science, 22: 736-740. ) o

18.Kaiser, D.E., JJ. Wiersma and JA. Anderson. 2014. Genotype and environment variation in
elemental composition of spring wheat flag leaves. Agronomy Journal, 106: 324-336.

19.Lin, C.S, M.R. Binne and L.P. Lefcovitch. 1986. Stability analysis: where do we stand? Crop
Science, 26: 894-900.

20.Kaateh-Jari, S., Kh. Mostafavi and A. Nabipour. 2014. Interaction of genotype and environment on
the open pollinated sunflower (Helianthus annuus) cultivars based on parametrice methods and tai
method. Journal of Crop Breeding, 8(17): 114-122.

21. Marinkovic, R., M. Jockovic, A. Marjanovic-Jeromela, S. Jocic, M. Ciric, |. Baalic and Z. Sakac.
%81%%8 Seed yield and ail content in sunflower (Helianthus annuus L.) using AMMI model. Helia, 34:

22.Mostafavi, K., R. Choukan, M. Taeb, E. Mgjidi Heravan and M.R. Bihamta. 2011. Genetic potential
evaluation of Iranian corn inbred line using griffing diallel and AMMI model. Journal of Agricultural
Research, 2: 67-79 (In Persian).

23. Nikkhah, H.R., A. Yousefi, S.M. Mortazavian and M. Arazmjoo. 2007. Analysis of yield stability of
barley (Hordeum vulgare L.) genotypes using additive main effects and multiplicative interaction
(AMMI) model. Iranian Journal of Crop Sciences, 9: 1-12 (In Persian).

24, Peterson, C.J., M. Moffatt and J.R. Erickson. 1997. Yield stability of hybrid vs. pure line hard winter
wheatsin regional performance trials. Crop Science, 37: 116-120.

25.Qadir, G., S. Ahmad, F. Ul-Hassan and M.A. Cheema 2006. Oil and fatty acid accumulation in
génfﬁ\év;:rl(llzgianthus annuus L.) as influenced by temperature variation Pakistan Journal of Botany,

26.Radic, V., S. Jocic and J. Mrda. 2008. Effect of environment on the chemit}:]al composition and some
other parameters of sunflower seed quality. In: Proceedings of the 17" international sunflower
(Helianthus annuus L.) conference, Cordoba, pp: 747-750.

27.Rondanini, D., R. Savin and A.J. Hall. 2003. Dynamics of fruit growth and oil quality of sunflower
%Heliggt%s sg:lgnuus L.) exposed to brief intervals of high temperature during grain filling. Field Crop

es, 83: 79-90.
28. 503}2 [6)395000. Plant breeding analysis and exploitation of variation. Alpha Science International Ltd.
K. p.

29. Sabaghan%, N., H. Dehghani and SH. Shabaghpour. 2008. Graphic analysis of
genotypexenvironment interaction of lentil yield in Iran. Agron, 100: 760-764.

30. Salah, B., M. Ahmed, A. Wahab and H. Abdalla. 2008. Genotypexenvironment interaction for yield
and yield comgonents in sunflower (Helianthus annuus L.) hybrids. Karnataka Journal of Agriculture
Science, 16: 15-31.

31. Saeid, A., M. Moghadam and A. Mohammadi. 2005. Investigation of yield stability in rics cultivars
and lines using AMMI analysis. Abstract article of 8" Iranian Congress in Agronomy and Plant
Breeding. Gilan University, Rasht, 168 pp (In Persian).

32. Shafii, B. and W.J. Price. 1998. Analysis of genotype-by-environment interaction using the additive
main effects and multiplicative interaction model and stability estimates. Journal of Agricultural,
Biological. Environ. Stat, 3: 335-345.

33. Schoemam, L.J. 2003. Genotype x environment interaction in sunflower (Helianthus annuus) in South
Africa. M.SC. Thesis, department of agronomy. Faculty of agricultural. University of Free State
Bloemfontein, South Africa. 200 pp.

34. Stanley, O., P.B. Samante, T. Wilson, M.M. Anna and J.C. Medley. 2005. Targeting cultivars onto
r2i‘(1:§4growi ng environment using AMMI and SREG GGE Biplot analysis. Crop Science, 45: 2414-

35. Tarakanovas, P. and V. Ruzgas. 2006. Additive main effact and multiplicative interaction analysis of
grain yield of wheat varietiesin Lithuania. Agronomy Research, 4: 91-98.

36. Vargas, M., J. Crossa, F. Vaneeuwijk, D.K. Sayre and M.P. Reynolds. 2001. Interpreting
treatmentxenvironment interaction in agronomy trials. Agron, 93: 949-960.

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

38.Yan, W. and M.S. Kang. 2003. GGE-bhiplot analysis: A graphical tool for breeders, geneticists, and
agronomists. CRC Press, Boca Raton, FL. 288 pp.

39. Yan, W. and L.A. Hunt. 2002. Biplot analtsis of multi-environment trial data, in M. S. Kang, ed.
Quantitative genetics, genomics and plant breeding. CAB international ,ePp: 288-303.

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


http://dx.doi.org/10.29252/jcb.9.23.117
http://jcb.sanru.ac.ir/article-1-879-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-22 ]

[ DOI: 10.29252/jch.9.23.117 ]

Journal of Crop Breeding VOI. 9, NO. 23, AUUMN 2017 ... cuuiitiit ittt ettt et et et et et et et e et ettt et e e 124

Stability Study of Yield in Sunflower (HelianthusannuusL.) Cultivarsusing
AMMI Method

Ali Khomari?, Khodadad M ostafavi? and Abdollah M ochammadi?®

1- Ph. D. student, Y oung Researchers and Elite Club, Kara] Branch, Islamic Azad University, Karg)
2-Associated Professor, Islamic Azad University Kargj Branch (Corresponding author: mostafavi @kiau.ac.ir)
3- Associated Professor, Islamic Azad University Karg| Branch

Received: April 16, 2016 Accepted: July 4, 2016

Abstract
Genoti/)pe-envi ronment interaction for plant breeders has been important as it is a complex
issue in breeding for high yield varieties and releasing new genotypes. In order to assess
adaptability and stability of sunflower varieties in different climate conditions, twelve cultivars
were investigated in Kargj, Shiraz, Birjand, Kashmar and Arak in randomized complete block
designs with three replications. To study genotype by environment interaction, additive main
effects and multiplicative interaction (AMMI) model was used. Analysis of additive main
effects (analysis of variance) and multiplicative interaction effects (principal components
analysis) revealed that the effect of environment at 1% probability level and effect of genotype -
environment interaction at 5% probability level were significant and tow first interaction
principal components explained 84% of the interaction sum squares. Biplot of first interaction
rinciple and mean yield revealed that Progress genotype had adequate yield and lowest value
or first principle component. Therefore this genotype selected as a high yield and stable
%m%'?/pe; Record and Gabur genotypes were stable and high yield following Progress genotype.
MMI2 graph indicated that Progress, Master and Zargol in Arak and Kargj, Favorit, Record
and Azargol in Shiraz, Gabur and SHF81-90 in Kashmar and Armaverski, Lakomka, Zaria and
Sor in Birjand had specific adaptability. Among all genotypes, Zaria, Lakomka, SHF81-90,
Gabur and Zargol had the highest general adaptability.
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