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Table 1. Geographic location, average rainfall, air temperature and mean grain yield of studied hybrids in research stations

baibio  bdlpz Jsb @bz P GR)EW, (peke) bl (ougeeede) SV slod buwgio
Location Longitude Latitude Altitude(m)  Annual rainfall (mm) Average temperature (°C)
Karaj 5100E 35.49N 1312.5 250 149
Moghan 47.32E 39.41N 475 271.2 15.1
Shiraz 52.43E 46.25N 1600 354 16
Kermanshah 47.26E 34.80N 1346 416.6 10.5
Kerman 56.36E 28.45N 1044 27 30
Esfahan 51.516E 34.31N 1545 110 18
Miyandoab 46.03E 36.58N 1300 282.8 12.4

Ol yo ggozme 3l oo, ¥4V (IPCL) Lol sadlse
Glp ke cpl g ools plas! ssa | blae S
leadie 09 s, YVIVE L ol (IPC2) ddle yogo
2 () oaile (Bl adlie olyomey p2xty 5 p)lex cpgm
Iy blase 3l Ol e ggomme 5l oy YVIFY Ls Jow
Jol ol sadlse LAMMI Jos (S )0 .aidgel g8
0, Aol |y hldie 31l sy 5las 0 PAIOY (a9 4
9y 3l & Gl lagem, i 0 (V Jgo2)
2y oy Jlie S s 5 4y Gl AMMI
Lasgio jebay pgo g ol Lol adlie g0 .l ooy ool
—0 4z |y blie 1 Ola e ggezme oo, FI-AA
Jae ((Yan and Hunt, 2002; Kaya et al., 2006 ule
Sl Gl &S canl iz slas,bl (glyls AMMI
oo Lol (2l 5 0325 (50,118 osliinl o 90 laceisi§ (s luly
Oeedds (Zali, etal., 2012) wi)ls pal oYU (Swon
5 (ASV) AMMI g lasl (3,0 o lel 90 5l Ls Lo
o ealawl SIPCL

oy e a5 0l (L5 S e a3 5l ol b
I cine B 0y yead % Lagoee o il ¢ lnadlae
il Bl Joe Sy il lg 3z (V Jgoz) <ol S92
SSE 1y b g ool (ol sla sl (pga &5 S
A5 S o paziis i g 0S g0 e 1) ] e
izl 5l sy pea Lol @ bl s ixe ilize
—obgy Sl o was o &l Bl Sl eaums LSS
Bl S clB3 g ndy po szl AMME lo
=5 ssbr ]y onims ST il 51 o e 9 SIS
@ Lo AMMI Joo bawgs' (o 2 0l 5o 0 oo ol
IPCAL (AMMI1) IPCA2 ailye iy L ol s
5 IPCA4 (AMMI 4) JIPCA3 (AMMI3) (AMMI2)
5 Js) 4ilze 50 Laib 45w 4 125 IPCAS(AMMI 5)
Wig: o gix e Laailfe k5 )l tne 40y S gebans
AMMI2 5 (ol 4ilse) AMMIL (gl ally ol il

Odol WS e B axgd 0j90 yiiun (pgd adlge)

IS il 19 31 gt @abin o 9 4310 0 3o ils o (ulio - Y oo

Table 2. Mean of squares for grain yield and relative variance of source of variation

S.0.V df SS MS % Of variance explained % Of cumulative variance explained
Environment (En) 6 722.44 722.44** 49.70 49.70
Hybrid (Hy) 15 333.92 333.92** 22.97 72.67
En x Hy 90 397.33 397.33** 27.33 100.00
PC1 20 162.08 162.08** 40.79 40.79
pPC2 18 110.21 110.21** 27.74 68.53
PC3 16 50.76 50.76 ns 12.78 81.31
PC4 14 33.67 33.67ns 8.47 89.78
PC5 12 28.55 28.55 ns 7.19 96.97
Residuals 10 12.05 12.05 ns 3.03 100.00
Error 210 430.50 2.05 - -

*k kg

1Y 570 Jloio o o Jlogine ¢l gre b i i 4

*, **and ns: significant at 5%,1% probability level and non-significant, respectively
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Table 3. Yield means of hybrids and locations, values of the first two main components of interaction and stability statistics of
ASYV and SIPC and their ranks

No. hybrids Hybrids/ Location Yield (t/ha) IPCA1 IPCA2 ASV Rank SIPC1 Rank
1 KLM77002/3-1-1-1-1-1-1-3 x K18 11.73 -0.27 -0.07 0.40 2 0.27 7
2 KLM78012/6-1-1-1-1-2 x K18 10.95 -0.57 0.78 1.15 13 057 11
3 KLM81027 x K18 11.29 -0.36 -0.09 0.54 5 0.36 9
4 KLM77029/8-1-1-1-2-2-2 x K18 11.69 -0.68 -0.10 1.00 10 0.68 13
5 KLM76021/1-3-1-1-1-2-1-1 x K18 11.09 0.40 -0.33 0.67 8 0.40 10
6 KLM77002/3-1-1-1-1-1-3 x K47/3 8.87 0.10 0.55 0.57 7 0.10 1
7 KLM78012/6-1-1-1-1-2 x K47/3 10.09 0.67 0.53 1.12 12 0.67 12
8 KLM81027 x K47/3 9.58 0.97 -0.24 1.45 16 0.97 16
9 KLM77029/8-1-1-1-2-2-2 x K47/3 10.89 -0.97 -0.01 1.42 15 0.97 15
10 KLM76021/1-3-1-1-1-2-1-1x K47/3 9.59 0.17 -1.00 1.03 11 0.17 5
11 KLM77002/3-1-1-1-1-1-1-3 x B73 11.07 0.12 0.52 0.55 6 0.12 2
12 KLM78012/6-1-1-1-1-2 x B73 10.07 -0.15 -0.38 0.44 4 0.15 3
13 KLM81027 x B73 10.23 0.85 0.17 1.26 14 0.85 14
14 KLM77029/8-1-1-1-2-2-2 x B73 1111 0.17 0.14 0.29 1 0.17 4
15 KLM76021/1-3-1-1-1-2-1-1 x B73 9.31 -0.18 0.35 0.44 3 0.18 6
16 SC704 12.76 -0.27 -0.82 0.91 9 0.27 8
- Karaj 12.08 1.00 -0.41 - - 1.00 7
- Moghan 9.78 -0.08 -0.24 - - 0.08 1
- Shiraz 12.08 -0.87 -0.09 - - 0.87 6
- Kermanshah 11.46 0.20 0.88 - - 0.20 2
- Kerman 8.55 0.41 0.07 - - 0.41 5
- Esfahan 8.73 -0.30 0.51 - - 0.30 3
- Miyandoab 11.85 -0.36 -0.73 - - 0.36 4
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Fig. 1- Biplot of hybrids, location means, and first two main components of interaction (AMMI1 model)
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Introduction: The sustainability of agricultural systems plays a key role in adapting to climate change. There
is ample evidence that biodiversity can increase the stability of ecosystem processes by changing
environmental conditions. Therefore, the effectiveness of breeding programs requires a correct understanding
of the reaction of breeding cultivars to environments with different climatic and soil conditions. Therefore, this
study was conducted to assess the response of some new maize hybrids to divergent environmental conditions
and determine their grain yield stability.

Material and methods: This study was conducted with 16 maize hybrids using a randomized complete block
design with three replicates in six locations, during the 2017 cropping season. Considering significant
differences in hybrid x environment (GXE) interaction, stability analyses were performed using AMMI and
GGE-biplot methods to determine stable and high-yielding hybrids.

Results and discussion: The results of the AMMI model showed that only the first two principal components
of AMMI (AMMIland AMMI2) were significant and described 68.53% of the variance of GXE interaction.
Based on the results of statistics of the AMMI model (ASV and SPCA1), hybrids No. 16 (SC704) and 1
(KLM77002/3-1-1-1-1-1-1-3 x K18) were recognized as the most stable hybrids. Stability analysis by GGE
biplot procedure explained 71.5% of grain yield variation due to two components of GGE. In addition, hybrids
No. 16 and 1 were identified as superior and stable hybrids by the GGE biplot graphical method.

* Corresponding Author: Email Address. mohammadrezashiri52@gmail.com
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Conclusion: Generally, results of grain yield and stability analyses showed that hybrids No. 16 and 1 with
12.76 and 11.72 t/ha yields, respectively, were better than other hybrids across environments for yield and
stability with wide adaptation and thus can be cultivated in Iran. Also, biplot analysis of correlation among
environments revealed that Kermanshah, Esfahan, and Shiraz, as well as and Moghan and Miyandoab were
closer and similar in ranking, grouping, and assessing stability. Also, Kerman and Karaj regions were less
similar to other regions in terms of hybrids discrimination. Considering the high discriminate power of hybrids
in Shiraz, Miyandoab, Kerman, and Karaj environments, and in order to decrease the costs, it is recommended
to conduct future trials in the aforementioned environments.

Keywords: AMMI, GGEbiplot, Maiz hybrids, Adaptability.
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