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Table 2. Combine analysis of variance for kernel yield in barley varieties.
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Table 3. Stability parameters for barley kernel yield
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Figure 1. Biplot graph for barley kernel yield. The horizontal axis represents the genotype main effects and vertical axis represents genotype by environment

interaction effect. a Genotypes and locations position with location average for varieties ranking base yield average and stability. b- Polygone view for

investigation of varieties response to locations. c- Location vector for determination of location relationshipe. d- Determination of mega-environments.
Varieties display with letters and number as below: G1: Gorgan4, G2: Rayhan, G3: Kavir, G4: Nosrat, G5: Nimrooz, G6: Valfajr, G7: Makuei, G8: Zarjou, G8:

Gorgan, G9: Gorgan, G10: Strain.
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Figure 1. (Continue). Bilpot graph for barley kernel yield in five locations. e- Varieties ranking base ideal genotypes. f- Location ranking base ideal
7 83: Kavir, G4: Nosrat, G5: Nimrooz, G6: (\;/

environment. Varieties display with letters and number as below: G1: Gorgan4, G2: Rayhan,

G8: Zarjou, G8: Gorgan, G9: Gorgan, G10: Strain.

afajr, G7: Makuei,

der ot g L ol p sy Tae ) )8
S8 ol 3 298 ol Ceond diz a4 5B U 298 0
23 Al aily )8 ol lae b ise S 0 &5 B
S o8y Jee plsie 4 )b o 3Slee b
e Casl Al (g yig 3 8os 55 g iy 53 (GO)
) ey g gt b 3 (GL0) (il o8,
Ay pogad )5l e (ol 3 (Sike 4 Adlbe
ol 2 &l 595 BT e 5 LS e
B3 58 Me S35 o lace 2 )3 ey N
B e Soop & ol b e b oge @
i3 o ol (63b) STy Gl oMb e 4 Xl
3 (GT) sl 5 (G4) @y (G3) oS o) ) Sy
OiSly base (S (oge 4 g Byt (ceges )l
(G5) 39005 GB) yoxilly p)] .(YA) wimdpos (L5 (3L
5 gl alols 5 1) ool alols e 51 (G2) ol 5
Ol ggd9e ol bl 3bj wr bl (ke jgce
b iy o By 5lasl e pByl pl ol il s snias
ol porie I8 3929 (ame g W)l )13 p)] ol o
dy90 slalasms jl plaSona jd pB)l pl &S bl o opl
Al s s ol il awlie 0)Sles )y p
2 Gl (Seo & | G A3l 03 (295 pB)) P8 ]
0,8 los Wlodils pwyp 3855 (ol )3 a8 6,50 slalaos
(o =) Js) 2l awsls (aos sk
agly md o L 1) balase o daly 7 -V IS
ol |y bae 93 (o (Stusod (e Laes 93y (o
gl o il 09,5 93 & blame ol () w30
Slwd Jold p9d 09)5 5 Ny g )5 Jold gl 095

S0 Jhog bl ke 4 s Slate e
i ol (canl s (asedio 0 b o186 Sk Joro)
Cute bl )3 a5 LByl o)l ol Lo (ke e
4 08bes )l Sl a8l iy JSS cnl ol e ol Rl
10>G9>G3>G4>G5=G6>G7>G1>G8>G2 & jae
IS T 8 i 31 6 syl el e 23k o
Do g0 odlaiwl ol dges alae WSl jee (43 g
Pl 8 blase (Sle joome 4 Koo aST LB
alols &S LBl ke 4 citud i85 (gymin (g)lul
Pl 23l S oo (:S0le jeme S gl dgee
@ 85,0k pB)l plo 4 s (GB) 925 9 (G7) Sl
Gl b 8 e & Soap o LB IS b
bow b joge @ Sle 4 0 by sple
Vol b Jlon) pdy S dimded ol ool LSy
I3y05 syt (ol Lol g il axily oYL 5 Sles
oSle jeme Cute bl 4 S0P S)lke 4wl
ool il Blas jeme ol ‘_’j alold 5 wil bleoce
Eriomslin pB) (G3) 1o 5 (GY) 5,5 ) Lol
Byl nlo b)) Gl ole Olgis 2 pB) cl il o
ol il gy S dlold jaas e Wb edlatel Wil e
{02V JS8) 23l o 8 ks o3, 231 5iaS ¢
O oms e (o o) JSS) (e L ylged
Jog 5 IS5 ol g8 oslitul dilate pa (i)
Ny dhols op b & 29500 Jol 2oy (25
sty iz ol BB bowin] ple o sk 4 6 e



http://jcb.sanru.ac.ir/article-1-400-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-21 ]

\of

e & bhew iy S8 ol
OSle Al pedlPEaie i nie 0> S
5 @i edlS Glud @S Slalase )3 Bl 3 )Slas
FRUY 5 PEVA XOV/N ESF/F DY 1l iy & Ay
b @ls cnl om 8L cilhe D @pe o 3 pSokS
4 b g9dse (9o odalie (SEIS RS
Sl o Sdes pogMle L gy &S T a0
o9y 5l ol aas) g a8 i de 55 ) pB)
B ol bl o g 3 Sdas bl o1 (SIS
DpS (0 Oy

Ol g S gy wpal S Pl ggerme )
Lg pByl 5 Sles Lo 1 YL 0 Sdas gl
oyl pB)l oad awle (gilul lapelly ululy
391 )10y95 0 sy 3o o)lk Sl 5255 5 SsSle

Vol g 0B B g @Ml gy el
Ll (7 g @l b @illas) 0392 50,55 0 2V 3)Sles
F BS pByl pes angs BB pB,l ol 5 Slee glul
3fdas Ll 39 13)93 0 (298 oilb 5l 9205 9 SSle
e pedlly 5 joses ol pl)l ala LS e
O 9> g LU e g W JIyss (Gl 5Shes
5Shas 1t o s g S Pyl ors adllaa pl5)|
B 0 i 05y Wdg ly05 0 wh (a9 sl SIVL
Sl )3 2)1 pByl 5 Sdos (3:50ke I SV (63,Sdee oS
D2 skl pB)) s 5 el awslre (il sl el
Alagrg Jdb 4y il glalo 3 S5l 4wy L
9 2o > Sl Jlite 5 cig) Jlite Sl g laxe
ol) dusyigo Jai 4y 9 00 oamlie ()l s I Bl 4,
&k 3l eolatwl cawlio 3 Sdas il (slp 5 pelas
o) adbie a > ydhle pa Bl pB) (cogad
Sl B ol 3 dpdee (Spre dilaie (lod cuslie
blae plo cly g 085 08) 25 9 H2m gl
392 08 ( fimslie (n pil o)

Sl > plB)l by 3 Sloe (g)l0L 5 oo 9 i) bilie I asdllas

On & e ol JSS ol Bl el g gt
Job )1 3529 (8l sl dlasly Sl g 25 sl b
Wil blage jrod ©)8 Bpre o blaoee e
Ol 18l gtk e S5 yme Jobo 42 2 o5 &S,
ol Gle & Ll s oy sl )08 5l bame
P9l Caa s b jlee SO lyis 4 Klgie e
2 blSe JS5 ol el g oslizel pl5)
5 038l el g e pn 4 Cund jld 5 e
s )13)95 52 6 ke

ol S cpl amd o oL 1) alase ol 5 - IS
Hgd oo el Loyl 93 4 IS )90 (3ble aSan3 0
Jols pogs baze pl g bz yn g 25 Jold ol baee il
2 LS o)Ll oS )9Jajl.o.:a _\wb@ )l).wo 9 TN ‘)le
Cumdy 15y 4w pod Lawepl )3 9 03, o gl Lame
A1 (gllas sl

Jlossl o5, bl 1y laguissy (siag, 5 -V JSs
dhis 4 Jad olase bue | pglate cps 3o s
S (o P el (8l 4y 9 398 00 Juog bl (1S0ke
Wb S yellioia plod S ye dai (p e JSB
bewe; phe Cwl odd oasuie Ky code b oS

o8y by e gdiee (seg)S dal ul (eluly
ASb sl pley S gy Aol &S cul
Sipe & bedsl iy plel ol g
G9>G10>G3>G4>G7>G5>G1>G6>G8>G2
2 b ae calle IS pl jlodel Cunly uls bl oo
205 Byl &S dguis oo odmlio ¥ Jodn ;301 j5 Y Jods
by pB)l g w3 Slas 0 5VL (s cp il 5 (S
alio a5 adl o w3 ) Slas o a8 gl oxdlly 9 52 )5
Al g -V JSS o b

Jlons] Lo ol 1) Walasse sy 45 0 =) U3
iy 4 (s Slase e | jlate oy amd 0 ol
Dt Maisn ol obb & 5 Jop lalaes Sile
ool g Al S5 pled S pe 4 sl aee dace


http://jcb.sanru.ac.ir/article-1-400-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-21 ]

Vb WA ltnoj Y+ ol [ Jlo /o]y LS 3ol daliiing,

&l

1. Abay, F. and A. Bjornstad. 2009. Specific adaptation of barley varieties in different locations in
Ethiopia. Euphytica, 167: 181-195.

2. Akbarpour, O. A., H. Dehghani and B. Sorkhi-Lalehloo. 2012. Study of grain yield stability of barley
(Hordeum vulgare L.) promising lines in cold regions of Iran using regression methods. Iranian J.
Crop Sci., 14: 155-170 (In Persian). _ o )

3. Alizadeh, B. and A. Taringjad. 2002. The study of yield stability in barely cultivars and advanced

Iineﬁ. I Ir:'l: P_roc)eedings of 7th Congress of Agronomy and Plant Breeding, 24-26 Aug., Karaj, Iran, 424

pp (In Persian).

Becker, H.C. 1984. Anal%/sis of genotype x environment interaction with partitioning of

environmental effectsinto effects of locations and years. Vortr. Pflanzenzuchtg, 7: 209-218.

Crossa, J. 1990. Statistical analysis of multilocation trials. Advances in Agronomy, 44: 55-85.

Francis, T.R. and L.W. Kanneberg. 1978. Yield stability studies in short season maize. A descriptive

five method, for grouping genotypes. Canadian Journal of Plant Science, 58: 1029-1034.

Gabriel, K.R. 1971. The biplot graphic display of matrices with application to principal component

analysis. Biometrical, 58: 453-467. _ ) _

?Saggh H.G. 2006. Statistical analysis of yield trials by AMMI and GGE. Crop science, 46: 1488-

Kalateh Jari, S., K. Mostafavi and A. Nabipour. 2016. Intrraction of Genotpe and Environment on the

Open Pollinated Sunfllower (Heliantus annuus) Cultivars base on Parametric Methods and Tai

Method. Journal of Crop Breeding, 8: 114-122.

10.Kang, M.S. 1998. Using genotype -by- environment interaction for crop cultivar development.
Advancesin Agronomy, 62: 199-252.

11.Kang, M.S,, V.D. Aggarwa and R.M. Chirwa. 2006. Adaptability and stability of bean cultivars as
(iigtoermi ned via yield stability statistic and GGE biplot analysis. Journal of Crop Improvement, 15: 97-

12. Karimizadeh, R., M. Mohammadi, N. Sabaghnia, A. A. Mahmoodi, B. Roustami, F. SeyP/edi and F.
Akbari. 2013. GGE biplot analysis of yield stability in multi-environment trials of lentil genotypes
under rainfed condition. Notul ae Scientia Biologicae, 5: 256-262.

13.Lin, C.S. and M.R. Binns. 1991. Genetic properties of four types of stability parameter. Theor.
Applied Genetics, 82: 505-509.

14.Lin, C.S,, M.R. Binns and L.P. Lefkovitch. 1986. Stability analysis. Crop science, 26: 894-899.

15.Lin, C.S. and M.R. Binns. 1988. Genetic properties of four types of stability parameter. Theor.
Applied Genetics, 82: 505-5009.

16. Roemer, T. 1917. Sind die ertragsreichen sorten ertragssichers? Mitt. DLG. 32: 87-89.

17. Roozeboom, K.S. Doug, H. Johnathan, M. Vic and B. Dale. 2008. Summer annual forages: selection
Eng ﬂlgglé%tilon characteristics. Cooperative Extension Service, Kansas State University, Manhattan,

18. Shojaei, H.K. Mostafavi, M. Khodarahmi and M. Zabet. 2013. Response study of canola (Brassica
napus L.) cultivars to multi-environments using genotyﬁ)e plus genotype environment interaction
(GGE) biplot method in Iran. African Journal of Biotechnology, 10: 10877-10881.

19. Shorter, R., R.J. Lawn and G.L. Hammer. 1991. Improving genotypic adaptation in crops-a role for

breeders, physiol ogists and modellers. Expl Agric., 27: 155-175.

20. Shukla, G.H. 1972. Some statistical aspects for partitioning genotype- environment component of
variability. Heredity, 29: 237-245.

21. Slafer, G.A. and G.C. Kernoch. 1996. Have changes in yield§1900-1992 been accompanied by a
ggzremd yield stability in Australian cereal production? Australian Journal of Agricultural, 47: 323-

22.Taghizadeh, A.A., B. Sorkhilalehloo and S. Nakhjavan. 2016. Study on Stability of Winter Barley
(Hordeumvulgare L.) using Multivariate Statistical Methods. Journal of Crop Breeding, 8: 87-95.

23.Veezi B. and J. Ahmadi. 2010. Assessment of genotype x environment interaction and stability of
)F/)ield in advanced barley lines in rainfed conditions. Iranian journal of agricultural, 41: 395-402 (In

ersian).

24. Wricke, G. 1962. Uber eine methode fur erfassung der Okologischen Streubreite in Fledversuchen.
Zeitschrift fur Pflanzenzuecht 47: 92-96.

25.Yan, W. and N.A. Tinker. 2006. Biplot analysis of multi-environment trial data: Principles and

plications. Canadian Journal of Plant Science, 86: 623-645.

26.Yan, W., 2001. GGE biplot Windows application for graphical analysis of multienvironment trial data
and other types of two-way data. Agronomy Journal, 93: 1111-1118.

27.Yan, W.L.A. Hant, S. Qinglai and Z. Szalvincs. 2000. Cultivar evaluation and mega-environment
investigation based on the GGE biplot. Crop Science, 40: 597-605.

28.Yan, W.P.L. Cornelius, J. Crossaand L. Hunt. 2001. Tow Types of GGE Biplot for Analyzing Multi-
Environment Trial Data. Crop Science, 41: 656-663.

© © N ou


http://jcb.sanru.ac.ir/article-1-400-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-21 ]

Journal of Crop Breeding Vol. 8, NO. 20, WINEEr 2016 .........uuuie ittt ee et et i e e e e et et e e e e re e e et e e eneana 106

Genotype-Environment Interaction and Yield Stability of Winter Barley Varieties
(Hordeum wulgareL.)

Rohollah Badooei Delfard?®, Khodadad Mostafavi?and Abdollah M ochammadi?®

1 and 3- M.Sc. Student and Associated Professor, Islamic Azad University, Kargj Branch, Kargj, Iran
2- Associated Professor, Islamic Azad University, Karaj branch, Kargj, Iran
(Corresponding author: mostafavi @kiau.ac.ir)

Received: May 29, 2015 Accepted: September 5, 2015

Abstract

In order to determine the stability and reaction of barley genotypes in different climatic conditions,
grain yield of ten barley cultivars were evaluated in five locations. Studied areas were Kargj, Birjand,
Kashmar, Sanandg and Shiraz. The experiment conducted in a randomized complete block designs
with three replications in 2013-2014. Genotype by environment interaction effect was significant for
grain yield. To investigate the stability of the cultivars, stability parameters including environmental
variance, Shukla stability variance, Wricke ecovalence, Lin and Bains coefficient variation and the
variation coefficient stability parameter were assessed. According to these methods, Nosrat, Makuei
and Gorgan cultivars with optimum performance were more stable than other genotypes. GGE - biplot
graph in grain yield explained 91.54 percent of variations. According to GGE — biplot method Strain,
Gorgan, Kavir and Nosrat had the high mean values of grain yield and stability. In contrast, Rayhan
and Zarjou had the low mean values of grain yield and stability. For grain yield, studied locations
divided to two mega-environments. The first mega-environment was Karg and Birjand and the
second mega-environment was Shiraz, Sanandg and Kashmar. The second mega-environment
regarded as the best mega-environment because of more number of varieties in with high grain yield.
Kargj, Sanandg] and Shiraz had the most discrimination power in genotype recognition.
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