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Stability and adaptability assessment for the selection of elite
maize cultivars based on AMMI model and GGE-biplot

YUE Haiwang, WEI Jianwei, LIU Pengcheng, CHEN Shuping, BU Junzhou”
(Dryland Farming Institute / Hebei Provincial Key Laboratory of Crops Drought Resistance Research, Hebei Academy of

Agriculture and Forestry Sciences, Hengshui 053000, China)

Abstract In order to effectively identify and evaluate the high yield, stability and adaptability of maize
hybrids growing in the Huanghuaihai Plain in China, and to select superior maize hybrids suitable for
widespread cultivation in this region, the stability parameters of AMMI model and non-parametric methods

were used to evaluate the yield stability of 15 evaluated cultivars in 12 locations across 6 provinces of a
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regional trial of summer maize in the Huanghuaihai Plain. Meanwhile, the adaptability of the evaluated
hybrids was analyzed by using the GGE biplot. The results of combined analysis of variance (ANOVA) and
additive main effect and multiplicative interaction (AMMI) analysis showed that environments (E) ,
genotypes (G) , GE interaction, accounted for 85.02%, 4.25% and 10.74% of the total variation,
respectively. The GE interaction effect was divided into five interaction principal component axes (IPCAs),
among them the first five IPCAs were highly significant, and a total of 85.41% of the GE interaction effects
were explained. Based on Spearman correlation analysis, there were significant interrelationships within
each of the non-parametric and parametric statistical statistics. Significant negative correlations were
discovered between the whole plant dry yield and the non-parametric statistical statistics $%, Z,, Z,, NP*?,
NP, NP“’and KR, while significant positive correlations were found with S'” and S*. The results of AMMI
biplot analysis showed that the whole plant dry weight of the evaluated hybrids ranged from 18 000 kg/hm? to
22 000 kg/hm? ‘Yudan 805’ ‘Zhengda 511’

productive and ‘Jincheng 6’ was the least productive. ‘Zhengda 511’ ‘Yayu 7758  ‘KNX 22002’ and

‘Qingxiu 001’ and ‘Wannongkegingzhu 8’ were more

‘Qingxiu 001’ showed more stability than the other hybrids. Dezhou of Shandong Province had better
discriminating power than other sites, while sites such as Tai’ an and Puyang had poor discriminating
power. The GGE biplot analysis showed that ‘Zhengda 511’ was a good cultivar in terms of high-yielding
and stability and the ideal hybrid for this study, followed by ‘Qingxiu 001’ and ‘Yudan 805’. ‘Ankeqing 2’
was the furthest from the center of the circle and the least desirable cultivar in this study. In conclusion, the
use of the AMMI model stability analysis and GGE biplot can provide a basis for the demonstration and
promotion of maize hybrids in Huanghuaihai Plain.

Keywords AMMI model; GGE Biplot; stability statistics; genotype X environment interaction; adaptability
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Table 1 The maize cultivars used in this study

745 i A 2t i 745 i A 2t i Fifr
Number Cultivar code Cultivar Number Cultivar code Cultivar
) A B 3601 L= 159
Gl1 CD 3601 G9 HF 159
Chengdan 3601 Hongfeng 159
BERELE I 845 # I 303
G2 WNKQZ 8 ) G10 LQZ 303 o
Wannongkeqingzhu 8 Liangingzhu 303
11 5 805 GRF 2%
G3 YD 805 G11 AKQ 2 )
Yudan 805 Ankeqing 2
MR 7758 &6
G4 YY 7758 G12 JC 6 .
Yayu 7758 Jincheng 6
i % 1996
G5 SN 8872 SN 8872 G13 HY 1996
Hengyu 1996
) #H 75 001 )
G6 QX 001 o Gl4 KNX 22002 KNX 22002
Qingxiu 001
1IE K511 MEEFE S
G7 ZD 511 G15 YYQZ 8 )
Zhengda 511 Yayuqingzhu 8
W7
G8 7Q7 7

Zhengqingzhu 7
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Table 2 Description of the locations used in this study
5—10 J] May—October
H RS HEIND  ZEE) K/ m — BACREE/C R/ C SEHRE/ Sy
Province  Location Latitude  Longitude Altitude " % Ir'lm Minimum Maximum Average Soil type
Precipitation
temperature  temperature  temperature
A .
P? iE. 32°87’ 117°56" 25 608. 1 7.9 41.8 24.8 i et ol
P efei “innamon soi
Anhui o N
G4 33°70" 117°08" 29 679.8 7.7 41.9 24.5 . et .
Suzhou Cinnamon soil
e HR i . . e
36749 114°54" 55 630. 6 8.45 43.6 23.4
Hebei Handan Brown soil
M B A A
34°79' 113°68" 52 515.7 4.1 44.1 24.7 Yellow
Zhengzhou .
SOREE brown soil
Henan . AR
i ] o o
35776 115°04' 56 698. 4 3.2 42.7 23.7 Yellow
Puyang .
brown soil
LI U f
e _*‘ng% 3454 119°21' 7 872.3 5.8 39.3 23.4 . it _
Jiangsu  Lianyungang Cinnamon soil
. CEIRS
s oo ot
. 34°27 108°08 465 573.9 2.9 41.9 22.2 Yellow sandy
Yangling .
soil
B i - o i
5 . . 34775 109717 388 646. 3 —1.1 39.8 21.5 Yellow
Shaanxi Fuping .
sandy soil
- L e
FEXG . .
Baoii 34737 107°20" 837 562.3 1.1 38.7 19.8 Yellow
aon sandy soil
i e
N 37°68’ 11681’ 23 815.4 2.6 40.7 22.3 ks .
Dezhou Brown soil
IFN it A A o o
HIA .#.ﬁé 35736 116°40' 36 792.9 1.7 41.3 23.5 ks .
Shandong  Jiaxiang Brown soil
B b
. 36°20°  117°09' 147 971.9 0.8 39.7 22.2 pRk
Taian Brown soil
1.3 HESHAE
2 HRESR

Microsoft Excel 2020 H T i 5 %% 4l 5% A Fil 3%
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Table 3 AMMI model analysis of the whole plant dry yield for tested cultivars

¥ 75

8 S o R AE  FIrm v - HE A BT i A/ o 2/ %
ean
Source df SS Probability Proportion Accumulated
squares
W (E) .
. 11 2092.72 190. 25 110. 87 <0.001 85.02
Environment
HERAEICG)
14 104. 55 7.47 4.35” <0.001 4.25
Genotype
HE A Y 55 B0 35 H AR .
154 264. 25 1.72 1.51 0.012 10. 74
GEI
B — E LAY .
24 87.10 3.63 6.29 <0.001 32.96
IPCA 1
5 S .
22 54. 34 2.47 4.28 <0.001 53.53
IPCA 2
B = E Ay o
20 37.21 1. 86 3.22 0.002 3 67.61
IPCA 3
U . . .
18 26.22 1.45 2.52 0.013 8 77.53
IPCA 4
5 E AL .
16 20. 81 1.31 2.25 0.029 3 85.41
IPCA 5
S8 E RN :
14 12.70 0.91 1.57™ 0.149 4 90. 22
IPCA 6
EIRRE
12 9. 80 0.82 1.42™ 0.216 1 93.93
IPCA 7
5% 2% Residuals 28 16. 20 0.58
I3t Total 179 2 461.51 13.75
TE Do B R IRAE 5% A 1% B KT ns BRI E
Note: * and **, significant at the 0. 05 and 0. 01 probability levels, respectively. ns, not significant.
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