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Table 1. Combined analysis of variance for grain yield of maize hybrids across 12 environments (four irrigation
conditions and three years)

Source of s ol sl azy0 Slupe ggeme  Slaype Sike };JS E55 5l do o

variation oo df  Sum of square Mean square erszrrli;zigotal
Environment (E) Lo 11 1239. 368 112. 67" 71.33
Replication /B lasxes (49,8 1,55 24 163. 354 6. 806 9. 40
Genotype (G) 85 6 41.265 6.877" 2.37
GxE Laos xcuigh 66 160. 624 2.434" 9.24
Error oinlesl glas 144 133.012 0. 924 7.65

Total Js - 1737. 623 - -

*: Significant at 1% probability level.

SN Jlisl maw o s e


www.sid.ir

AY

WWAE Lo /gl oled fpais 0,90 fodle cilidimes

Ol ccplpln 5 clls 099 oy jon oles als o ,Slae
Sezy abgire sladyye 5l o pp el Lase S
owbesl szl Jlo aw 1o ooy e o, Slas gy o4l0
ald o Sloe b oy 4 SCT04 oy pp a5 ol lis 50
Solol slalasw o LS o o5 VAT 5 V0 NVYF
ghd 5 (B2) iny) al>ye o Lé)L:-.’T ghd (ED) Jo5
L SCO47 oy pue g (B4) alo o p al>ye y0 )Ll
3 6okl ahd o jo LS o o5 OFY o Slee
A5 Glesl nl S sl e (B3) (2o S al> e

ang il o Slee

oy e als o Sloe Kle Ol pits Wig)y ()

Gl e s a5 ol las 55 O U Y slaJguz)
B |) QS'AM 9 wl.- GQ)S.LQ.C u‘,».».!.l ~.\.‘>5) axdllas )90
Flie 31 Slo a5 wiolw plas i oo Loyl
Sl 452 Bl gyenl g baorencadeil I gne
4 gogar 655k b slow pen (g se g 00g pal b
Gl b slasy,es ol 5 b 5 Sy 0
25 plelid | oad (o p lolaze (olod & (cogee
Oyl aS 0y ol odis Lis i laoe S og o ciee
boge Hhi gl adllas 050 daore 035l98 (o (5,0 sie

o aw b LS Lg)L,,J Lyls lmQT a5, g asdllas 0,90 )3 slaay joe dlss Sloe Kk =Y Joux
Table 2. Average grain yield of maize hybrids and thier ranking under normal irrigation condition during
three years

S e Jol Jbe a5, py> Jlw a5, poo Jo 4, Ol A,
Hybrid Firstyear ~Rank  Second year Rank'  Third year  Rank Mean Rank
SC703 7.46 7 12.32 3 10.41 2 10.06 5
SC700 8.86 6 12.20 4 7.94 7 9.67 7
SC720 9.71 3 11.32 5 10.07 5 10.37 3
SC647 10.23 2 12.44 2 10.14 4 10.94 2
SC724 8.86 5 11.30 6 10.32 3 10.16 4

TWC600 10.30 1 11.25 7 8.41 6 9.99 6

SC704 9.51 4 13.68 1 10.60 1 11.26 1

J aw b singy A e 4o Lg)L:.}—‘ adad Lylys o LcoQT a3, g adllae 0550 &, Glady s o 5 Slae .Sl -V Jgu
Table 3. Average grain yield of maize hybrids and thier ranking under water deficit at vegetative stage
during three years

S Jol Jbo a3, pes Jlo 3 po Jlo 4, oSl g,
Hybrid Firstyear =~ Rank  Second year Rank  Third year = Rank Mean Rank
SC703 8.41 1 8.92 4 8.36 3 8.56 2
SC700 6.85 4 7.86 6 5.81 7 6.84 6
SC720 6.83 5 10.03 2 7.88 5 8.25 4
SCo647 4.62 7 6.95 7 6.68 6 6.08 7
SC724 6.59 6 9.27 3 8.70 2 8.19 5

TWC600 8.28 2 8.88 5 8.29 4 8.48 3
SC704 8.00 3 10.39 1 9.07 1 9.15 1
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Table 4. Average grain yield of maize hybrids and thier ranking under water deficit at flowering stage during
three years

as, peo Jlo 4, ke as,

Rank  Third year Rank Mean  Rank

Syt Jsl Jbe 3, pe> Jbo
Hybrid Firstyear =~ Rank Second year
SC703 4.55 5 3.76
SC700 3.61 7 4.72
SC720 3.64 6 4.99
SC647 5.65 1 6.32
SC724 4.60 4 4.08

TWC600 5.14 2 5.26
SC704 4.88 3 5.92

7 3.68 5 4.00 6
5 2.80 7 3.71 7
4 4.63 2 442 4
1 4.93 1 5.63 1
6 4.15 4 4.28 5
3 4.22 3 4.87 2
2 3.10 6 4.63 3

Jlos as (b ails o 5 0590 10 (5 kol adad Loyl yis jo oyl 4, g anlllas s g0 )3 slaay i ails o Sloe (1 Sile -0 Jgax
Table 5. Average grain yield of maize hybrids and thier ranking under water deficit at grain filling stage during
three years

a5, pe Jo 4, el a5,

Rank  Third year Rank Mean Rank

Sy Jol Jb 45, P> Jlo
Hybrid Firstyear ~Rank Second year
SC703 7.54 5 6.14
SC700 6.56 7 7.29
SC720 7.06 6 7.09
SC647 8.90 1 7.75
SC724 8.34 3 7.60

TWC600 8.82 2 6.01
SC704 8.22 4 8.64

6 7.43 3 7.04 6
4 6.70 6 6.85 7
5 7.45 2 7.20 5
2 6.90 5 7.85 2
3 6.62 7 7.52 3
7 7.49 1 7.44 4
1 6.96 4 7.94 1
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Yan et al., 2000; Sabaghnia et al., ) cwol oo
,3 .(2008; Choukan, 2011; Changizi et al., 2014
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Figure 1. Grouping hybrids and environments by GGE biplot method in three years
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Figure 2. Simultaneous evaluation of grain yield and stabilityof the maize hybrids in across environments by
GGE-biplot method
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Figure 3. GGE-biplot for comparison of the maize hybrids with the ideal genotype based on grain yield and stability


www.sid.ir

AR

VWA oo /gl 0,leds fpomis 0,90 [odlE liaos

(e Og Sglaie B3 g B2 Loz g0 0 ooy,

a> o o ‘_g)lf—l ahd o jo oy e Jesdl uSe
Glal gl 5 o5 (gylel b 50 1 Jogline odus)
ol 3l dels mls ulply g awls ol alepe o
PO I FRU VPV IV P PR N Z0E5N
s (Samonte et al., 2005) ), Kea o atgelw
w0, See glasl slaiolejl o Sl a5, Joe 5o
g amdly Olpesd azg o ) ShS p i e
Gl s g 0 e s e @S ol Sl esle
Mgl GGE K315 s, 5l ool oowiizes ool
QLS o laecaisy blite Sl e el o
A |) é}d J)LS @L.) 9 .).3‘00; oslawl calise 6c|))
Yan and Hunt, 2001; Meseka et ) siles 5] <o

al., 2008; Jandong et al., 2011; Choukan, 2011;
Koocheki et al., 2012; Mohammadi et al., 2012;
Changizi et al., 2014; Mortazavian et al., 2014;

.(Saeid Rahnejat and Farshadfar, 2015

O 4sly S abgye Sl Hloges 5o

aoly 51l S ol Kilo daowe lalo
Ll o (Ko ©y50 (nl )3 3l o oy 99 G
S9zs a3 (J )0 el (a2 )0 jho GugienS) ) Ll
Vo ogind) ho (Siwen Silo azje A0 aly;
ogeeS) =) (San S5 az 0 VAL 4yl g (az )0
0 baye ooy polal opl p el (a0 VA
Oille 9 2309 o5 Sl gl s> E4 5 Bl slalaone
a9 Vbl (Ko (398 e 9o
OSly aS conl gme ooy el (F ) asale
g 0g OleSy laze g0 cpl o aslllae 5 90 (slay jn
Olwebl b1y oS sl s 5l ol gl o,00!
2l o sylelakd llid oo g e
e Sy B,b sl sls 118 solaiwl 0,90 wils ak
kb 5 (B2) iys) al>ye po sl b glabas oy
O (e 50 (B3) (oS al> e 0 )]
7 a0 )ll a5 (B Jol 55k] sladae
gy Ao e 0 )lol ahad e L (E4) ails s

DSty @S xe pl A g yhe 4 Soop (E2)

PC1 = 59.8%, PCZ = 34 8% Sum=947%

NOT

Transform = 0, Scaling = &, Centering =2, SVP =2

sl GGE s, 5o Jlonsl Lz b aslllae 550 sladases anylin -F S
Figure 4. GGE-biplot for comparing the environments with the ideal environment

w325 slp wel 5 Ghg) o gyen! 5l g wledios Juens |,
N 6)L.':€" é’aﬁ e (ED) JAK 6)L:-?—‘ slelase 5
OM g 0,98 )0 G)L:-.’T ghd e 5 (B2) iug, al> 5
2 Glel alad Lse 0 SCO47 oy, 5 (B4) ail

5yt ls o Shoe b slowy pun (E3) 205 al> 10

Flasdlae slp opite wix slaghs, 5l eslitul
ol Sedges 5 555 LR, S cagmaxoaisi i
bomexcadgly bl Sl oaze 5 gom sz Cusle Ly
L oMt GGE by, wiSee Jodw 295 & )
95 GLologed may g 0o iz Sba by, 5l (6 So e
@S s dmosls cuwlio Jdod g 4525 » ogdle (o


www.sid.ir

LS“Ub Q).S LSL“‘-*-.’.M » ;_:)Ldb GGE u‘i’ﬁ) )‘l oolaw! l.: Ja...'x.o wa) JJLM ).s‘ du).’}u :)9._?.n|).e;' 9 6)M v

Oy alye 0 6)ll @lad) E4 5 (S 5500 E
Gl G g gaieg,S cganad, Ll Gl (ab
S g g op alise WelS canlllas d,50 sloay e
S oglate Jha oyl 5l (B0 S A e yo 6)1,91 &hs) E3

303,S Jae lalamo b

S5 51 SCT04 oy e 55 Jlow] oo,8 Cusgsy sl
2l 5l e o Slee 25l 5 Golul Jele g0 o
O O O S| 5| RN ST VR L R VN
b)}a )b )y L)"‘ @L».: w‘b d.!.ma.o 0)9,4 6le.]a.».>m
sl a5 ol lid 10 asdllas 0,90 Lglam Lyl

References

Becker, H. B. and Leon, J. 1988. Stability analysis in plant breeding. Plant Breeding 101: 1-23.

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

Brandiej, E. and Meverty, B. E. 1994. Genotypexenvironmental interaction and stability of seed
yield of oil rapeseed. Crop Science 18: 344-353.

Changizi, M., Choukan, R., Majidi Heravan, E., Bihamta, M. R. and Darvish, F. 2014.
Evaluation of genotypexenvironment interaction and stability of ‘corn hybrids and relationship
among univariate parametric methods. Canadian Journal of Plant Science 94: 1255-1267.

Choukan, R. 2011. Genotype, environment and genotypexenvironment interaction effects on the
performance of maize (Zea mays L.) inbred lines. Crop Breeding Journal 1: 97-103.

Cornelius, P. L. and Crossa, J. 1999. Prediction assessment of shrinkage estimators of multiplicative
models for multi-environment cultivar trials. Crop Science 39: 998-1009.

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

Dimitrios, B., Christos, G., Jesus, R. and Eva, B. 2008. Separation of cotton cultivar testing sites
based on representativeness and discriminating ability using GGE biplots. Agronomy Journal
100: 1230-1236.

Fan, X. M., Kang, M. S., Chen, H., Zhang, Y., Tan, J. and Xu, C. 2007. Yield stability of maize
hybrids evaluated in multi-environment trials in Yunnan, China. Agronomy Journal 99: 220-228.

Gabriel, K. R. 1971. The biplot graphic display of matrices with application to principal component
analysis. Biometrika 58: 453-467.

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

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

Gavuzzi, P. R., Palumbo, M., Campanile, R. G., Ricciarid, G. L. and Borgh, B. 1997. Evaluation
of field and laboratory predictor of drought and heat tolerance in winter cereals. Canadian Journal
of Plant Science 77: 523-531.

Jandong, E. A., Uguru, M. I. and Oyiga, B. C. 2011. Determination of yield stability of soybean
genotypes across diverse soil pH levels. Journal of Applied Biosciences 43: 2924 — 2941.

Karimizadeh, R., Dehghani, H. and Dehghanpour, Z. 2006. Determination of genotypic ranks and
stability of corn hybrids (Zea mays L.) by nonparametric statistics. lranian Journal of
Agricultural Sciences 37: 381-388. (In Persian).

Kaya, Y., Akcura, M. and Taner, S. 2006. GGE-biplot analysis of multi-environment yield trials in
bread wheat. Turkish Journal of Agriculture and Foresty 30: 325-337.

Kempton, R. A. 1984. The use of bi-plots in interpreting variety-by-environment interactions.
Journal of Agricultural Science Cambridge 103: 123-135.

Koocheki A. R., Sorkhilaleloo B. and Eslamzadeh Hesari M. R. 2012. Yield stability of barley elite
genotypes in cold regions of Iran using GGE biplot. Seed and Plant Improvement Journal 28-1
(4): 533-543. (In Persian).

Letta, T., D’Egidio, M. G. and Abinasa, M. 2008. Analysis of multi-environment yield trials in
durum wheat based on GGE-biplot electronic resource. Journal of Food, Agriculture and
Environment 6 (2): 217-221.


www.sid.ir

Yy \Yaf )LQ’.’ /Jj‘ o)Lo...i'a /pm 0,90 [ode s_;LL..a;u )

Meseka, S. K., Menkir, A. and Ibrahim, A. E. S. 2008. Yield potential and yield stability of maize
hybrids selected for drought tolerance. Journal of Applied Biosciences 3: 82-90.

Mohammadi, R., Amri, A. and Ansari, Y. 2009. Biplot analysis of rainfed barley multi-environment
trials in Iran. Agronomy Journal 101: 789-796.

Mohammadi, R., Armion, M., Zadhasan, E., Ahmadi, M. M. and Sadeghzadeh Ahari, D. 2012.
Genotypexnvironment interaction for grain yield of rainfed durum wheat using the GGE bipot
model. Seed and Plant Improvement Journal 28-1 (3): 503-518. (In Persian).

Mohammadi, R., Haghparast, R., Amri, A. and Ceccarelli, S. 2010. Yield stability of rainfed
durum wheat and GGE biplot analysis of multi-environment trials. Crop and Pasture Science 61:
92-101.

Moreno-Gonzalez, J., Crossa, J. and Cornelius, P. L. 2004. Genotypexenvironment interaction in
multi-environment trials using shrinkage factors for AMMI models. Euphytica 137: 119-127.

Mortazavian, S. M. M., Nikkhah, H. R., Hassani, F. A., Sharif-al-Hosseini, M., Taheri, M. and
Mahlooji, M. 2014. GGE-biplot and AMMI analysis of yield performance of barley genotypes
across different environments in Iran. Journal of Agricultral Science-and Technology 16:
609-622.

Perkins, J. M. and Jinks, J. L. 1971. Environmental and genotype environment components of
variability. III. Multiple line and crosses. Heredity 23: 339-356.

Sabaghnia, N., Dehghani, H. and Sabaghpour, S. H. 2008. Graphic analysis of genotype by
environment interaction for lentil (Lens culinaris Medik) yield in Iran. Agronomy Journal 100:
760-764.

Saeid Rahnejat, S. and Farshadfar, E. 2015. Evaluation of phenotypic stability in canola (Brassica
napus) using GGE-biplot. International Journal of Biosciences 6: 350-356.

Samonte, S. O. P. B., Wilson, L. T., McClung, A. M..and Medley, J. C. 2005. Targeting cultivars
onto rice growing environments using AMMI and SREG GGE biplot analysis. Crop Science 45:
2414-2424.

Shiri, M., Choukan, R. and Aliyev R. T. 2010a. Drought tolerance evaluation of maize hybrids
using biplot method. Trends Applied Sciences Research 5: 129-137.

Shiri, M., Valizadeh, M., Magjidi, E., Sanjari, A. and Gharib-Eshghi, A. 2010b. Evaluation of
wheat tolerance indices to moisture stress condition. Electronic Journal of Crop Production 3:
153-171.(In Persian).

Voltas, J., Lopez-Corles, H. and Borras, G. 2005. Use of biplot analysis and factorial regression for
the investigation of superior genotypes in multi-environment trials. European Journal of
Agronomy 22: 309-324.

Yan, W. and Hunt, L. A, 2002. Biplot analysis of diallel data. Crop Science 42: 21-30.

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

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

Yan, W. and Tinker, N. A. 2006. Biplot analysis of multi-environment trial data: Principles and
applications. Canadian Journal of Plant Science 86: 623-645.

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

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


www.sid.ir

Cereal Research, Vol. 5, No. 1, Spring 2015 (83-94) 94

Genotypexenvironment interaction analysis using GGE biplot in grain
maize (Zea mays L.) hybrids under different irrigation conditions

Mohammad Reza Shiri*" and Tahmineh Bahrampour?

1 and 2 Seed and Plant Improvement Department and Soil and Water Research Department,
respectively, Ardabil Agricultural and Natural Resources Research Center, AREEO, Ardabil, Iran

(Received: Jun 3, 2014- Accepted: January 26, 2015)

Abstract

Evaluating of the maize genotypes under different stresses would be useful to identify genotypes
with stable and high yield potential. The objective of this study was to estimate yield stability of the
grain maize hybrids and identifying high yielding stable hybrids under different water stress
conditions in Moghan, Ardabil, Iran. So, seven maize hybrids were assessed by randomized complete
block design with three replications under four irrigation conditions including normal irrigation (E1),
water deficit at vegetative (E2), water deficit at flowering and (E3) water deficit at grain filling (E4)
stages during three years (totally 12 environments). Combined analysis of variance showed that the
effects of environments, genotypes and genotype-by-environment (GE) interaction were significant,
suggesting that the hybrids responded differently in the studied environment conditions. Therefore,
there was the possibility of stability analysis. Results of stability analysis by GGE biplot method
revealed that two first and second principal components of the GGE biplot explained 94.7% of the
total yield variation. In stability ranking graph of the GGE biplot, SC700, TWC600 and SC724
hybrids were the most stable hybrids, respectively, and the higher grain yield hybrids than the average
grain yield were SC704, SC724, SC703,-SC720 and SC647 hybrids, respectively. Based on a
hypothetical ideal genotype biplot, the hybrid SC704 was better than the other hybrids across
environments for grain yield and ‘stability and had the high general adaptation to all environments.
Furthermore, the hybrid SC704 at E1, E2 and E4 environments and hybrid SC647 in E3 environment
were superior hybrids with the high specific adaptation. Also, comparison of the studied environments
showed that the E1 and E4 environments were quite similar in ranking, grouping and assessing
stability of the hybrids, whereas the E2 and E3 environments were different from the other
environments.
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