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varieties in Hebei Province, and to select superior wheat varieties suitable for widespread cultivation in this
region, a new variety evaluation system, namely WAASB (weighted average of absolute scores) and
WAASBY (considers both stability (WAASB) and mean performance (dependent variable, Y) ) were
employed. Comprehensive analysis was then conducted on the yield data of 14 trial varieties from the water-
The AMMI

(additive main effect and multiplicative interaction) model showed that environment effects were the main

saving group in 10 test sites in Hebei Province during 2018—2019 winter wheat season.

source of variation, followed by the interaction between genotype and environment, and genotype effects
accounted for the smallest proportion. In terms of model diagnosis, AMMI 2 and GGE 2 were used as
suitable models for the AMMI family and GGE models by FR test. The ratios of genotype and environment
interaction (GE) signals and GGE signals accounted for 84. 06% and 85.25%, respectively. The principal
component analysis of various stability factors showed that the first two principal component axes
collectively explained 78.5% of the variance. The grain yield was highly positively correlated with stability
factors based on the mixed effects model and the geometric adaptability index. According to the GY x
WAASB biplot, ‘HH1704" ‘ZN202’ ‘ZX8482° ‘MG729’ ‘JH16415° and ‘Stal4’ were selected as the
varieties with outstanding high yield and good stability. Among the selected varieties, ‘ZX8482’ had the
highest WAASBY score, which performed the best among the tested varieties, while ‘HK4242’ had the
lowest WAASBY score, which performed the worst. The suitable varieties to be promoted in Dacaozhuang,
Shenzhou and Yongnian were ‘HH1704’ and ‘ZN202’. The suitable varieties for planting in Handan and
Luguan were ‘HK4242’ and ‘MG729’. It was also found that variety ‘ZX8482° was suitable for planting in
Shenzhou, Xinji, Xingtai and Yongnian. In conclusion, the use of the mixed linear model stability index
(WAASB) and simultaneous selection index (WAASBY) can provide a basis for the demonstration and

promotion of winter wheat varieties in Hebei Province.
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Table 1 Description of the varieties used in this study

(92 R ok IR li%=2 Z KR B
Code Name Origin Code Name Origin
MG729 MG 729 Wt Hebei | JM437 LA 437 Jimai 437 ] It Hebei
BM11 % 115 Bomai 11 Tk Hebei || JH16415  4x /& 16415 Jinhe 16415 il dk Hebei
HP6216 ¥ F 6216 Haiping 6216 i dt Hebei | KM60 Bl% 60 Kemao 60 [ Ik Hebei
HK4242 1§} 4242 Hanke 4242 [t Hebei | Stald £ Tal4 Shita 14 174t Hebei
HS414 HFA: 414 Hansheng 414 7 db Hebei | SM22 12 22 Shimai 22 ] 4t Hebei
HH1603  ff H1603 Heng H1603 [t Hebei | ZN202 th g 202 Zhongnong 22 Jt 5T Beijing
HH1704  f H1704 Heng H1704  J[dk Hebei | ZX8482 A {5 8482 Zhongxin 8482 it Hebei
®2 HRARGR
Table 2 Description of the locations used in this study
AT W AR SGREE/C) HEMND/C) I /m S + ek A
Location code Location name Longitude Latitude Altitude Annual average Soil type
temperature
DCZ K ¥ JE Dacaozhuang 114.84 37.43 17 12.4 W+
HD HB ¥ Handan 114.52 36.56 25 13.5 g
S7 R M Shenzhou 115.71 37.89 61 13.1 i L
YN 7K 4 Yongnian 114.64 36.76 23 13.3 1
GC # 4 Gaocheng 114. 85 38.03 48 13.2 +
LQ JE & Luquan 114. 29 38.14 52 13.8 B+
XJ ¥4 Xinji 115. 20 37.99 150 13.0 [
NP Fi J% Nanpi 116.63 38.01 40 12.3 jCi
WY R E Wuyi 115.85 37.82 13 12.5 Wt
XT I8 & Xingtai 115. 27 37.47 21 13.6 Wt
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Fig. 1 Predictive accuracy of the additive main effects and
multiplicative interaction CAMMD family and best linear

unbiased prediction (BLUP) for this study
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HH 1603, HengH 1603; HK 4242, Hanke 4242; BM 11, Bomai 11;
HS 414, Hansheng 414; KM 60, Kemao 60; HH 1704, HengH 1704
ZN 202, Zhongnong 202; ZX 8482, Zhongxin 8482; JH 16415, Jinhe
16415; JM 437, Jimai 437; SM 22, Shimai 22; STa 14, ShiTa 14; HP

il Vari

6216, Haiping 6216. The same below. Blue and red circles represent
the genotypes that had BLUP above and below of BLUP means,
respectively. Horizontal error bars represent the 95% confidence
interval of prediction considering a two-tailed ¢ test, and the vertical
dashed line represents the average value of BLUP.

B2 EFBLUPFHEMN 144N SiK/NERMIFHR 2
Fig.2 Predicted grain yield for 14 wheat genotypes based on
the method of analysis of best linear unbiased predictor
(BLUP)
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Table 3 F-test of main and interaction effects, Gollob’s test of multiplicative terms, and F, test of the entire AMMI model

A 5ok IR i 5 Al ¥ 5 BEME FALH/ % 2B/ %

Source of variance SS MS P.(>F) Proportion Accumulated
F 5 F—test
55 Environment (E) 9 524 154 683 58 239 409 253.48 0.000™" 67.63
HH Rep(E) 20 4 595 167 229 758 1.75  0.027
H: K B Genotype (G) 13 19 352 604 1488662  11.32 0.000™" 2.50
HAEGXE 117 96 565 460 825 346 6.27 0.0007" 12.46
9 —FE s PC 1 21 50 583 505 2408738 18.31 0.0007" 52.4 52.4
% FE W4 PC 2 19 29 093 275 1531225 11.64 0.000" 30.1 82.5
B = E M4 PC 3 17 7 483 689 440 217 3.35  0.000™" 7.7 90. 3
5509 E 5 PC 4 15 4 512 623 300 842 2.29 0.0046™ 4.7 94.9
5 FE L5 PC 5 13 2324 774 178829 1.36 0.179™ 2.4 97.3
BN EMSPC6 11 1 196 887 108 808 0.83 0.610™ 1.2 98.6
BLEMSPCT 9 825 950 91772 0.70 0.708™ 0.9 99.4
S\ EW S PC 8 7 447 208 63 887 0.49 0.842™ 0.5 99.9
SILFEB S PC 9 5 97 549 19 510 0.15 0.979" 0.1 100. 0
5% 2% Residuals 280 38 800 683 138 574
4li 5% 2% Pure Residuals 260 34 205 517 131 560
3} Total 2153 775 000 000 1446 714
BRI W Model diagnosis
H 1% 5 GxE Signal 81 172 977 84.06
H{EEE & GXE noise 15 392 483 15. 94
B EBE A Best model AMMI2
1 315 5 79 676 779 98.16

Signal captured
TR R AR 0. 0L /KF | B3 oo 5 46 0. 001K FHL @ 3% ns A AR, T,

Note: **,significant at P < 0. 01; *** significant at P << 0. 001; ns, not significant. The same below.
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Table 4 F test of main and interaction effects, Gollob’s test of multiplicative terms, and F, test of the entire GGE model

A 5 O R df - J7 Al ¥175 BFEE L/ % EM/%
Source of variance SS MS P.(>F) Proportion Accumulated
¥ #i Environment (E) 9 524 154 683 58 239 409 253.48 0.000™
I F A+ B /E GGE 130 115 918 064 891 677 6.78 0.000™
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DCZ, Dacaozhuang; HD, Handan; SZ, Shenzhou; YN, Yongnian; GC,
Gaocheng; 1.Q, Luquan; XJ, Xinji; NP, Nanpi; WY, Wuyi; XT,

Xingtai. I, I, II and IV represent four different quadrants,

respectively.
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Fig. 3 DBiplot of the yield vs. weighted average of absolute
scores for the best linear unbiased predictions of the genotype
vs. environment interaction (WAASB) of 14 wheat

genotypes evaluated in 10 environments
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Blue and red circles represent the varieties that had WAASBY above
and below of WAASBY means, respectively.
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Fig. 4 Estimated values of weighted average of the stability
(WAASB) and mean performance (Y) (WAASBY) for 14
wheat tested genotypes (considering the weights of 65 and 35

for yielding and stability, respectively)
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Sij, deviations from the joint-regression analysis; ASV, AMMI-stability value; DZ, Zhang’s D parameter; EV, sums of the averages of the
squared eigenvector values; ZA, absolute value of the relative contribution of IPCs to the interaction; WAAS, weighted average of absolute scores;
WAASY, the weighted average of absolute scores and response variable; SIPC, sums of the absolute value of the IPC scores; HMGV, harmonic
mean of the genotypic value; RPGV, relative performance of the genotypic values; HMRPGV, harmonic mean of the relative performance of the
genotypic values; Gai, geometric adaptability index; S1, S2 and S3, Huehn’ s stability statistics; N1, N2 and N3, Thennarasu’ s statistics;
POLAR, power law residuals; GY, grain yield; EV_SSI, DZ_SSI and ASV _SSI, represents the combined selection indices for the stability factors
EV, DZ and ASV, respectively.
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Fig. 5 Loading plot obtained from principal component analysis with genotype yield and stability statistics ranks
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Table 5 Interaction effect values (D,.) for participating genotypes and environments used in this study

i &5 Location
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V”:jiy KW R WE mR mk M RE vE Be KA

DCZ GC HD LQ NP S7Z WY XJ XT YN
12 115 Bomai 11 —129 225 420 47 127 — 1703 187 — 240 387 678
i H1603 HengH 1603 —129 —25 —11 —481 — 105 2 559 —33 12 —393 —1393
i H1704 HengH 1704 350 — 353 47 — 34 127 546 —76 — 387 —895 674
B} 4242 Hanke 4242 127 159 689 398 356 — 1657 3 —299 — 607 831
- 6216 Haiping 6216 — 665 330 — 100 26 — 244 84 168 549 —31 —118
HB2E 414 Hansheng 414 327 247 — 304 333 232 —625 442 8 468 —1127
4x K 16415 Jinhe 16415 —216 51 —55 —78 — 365 324 — 384 — 183 127 778
T 437 Jimai 437 277 86 — 187 28 126 — 246 180 —178 370 — 457
Fl % 60 Kemao 60 449 368 —235 188 241 —578 221 212 356 —1222
MG 729 — 249 — 360 282 234 —10 461 58 92 104 —610
1% 22 Shimai 22 —239 —110 3 — 108 — 136 347 —112 127 43 185
£ Tal4 ShiTa 14 —53 — 151 48 —92 — 107 —371 154 298 255 18
e 202 Zhongnong 202 267 —114 —508 23 —117 429 —429 — 158 —481 1086

A5 8482 Zhongxin 8482 —118 —354 —90  —484 —126 429 —379 146 299 676
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