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GGE analysis on adaptability of yield and agronomic characters of 14
new wheat varieties (lines) under different irrigation conditions

SUN Xianyin, MU Qiuhuan, MI Yong , LV Guangde, QI Xiaolei, SUN Yingying,
CHEN Yongjun, WANG Chao, WANG Ruixia, WU Ke, QIAN Zhaoguo
(Tai’ an Academy of Agricultural Science, Taian, Shandong 271000, China)

Abstract: From 2018 to 2019, a random block design was used in the Mazhuang experimental field, Tai’ an
City, Shandong Province. The experiment included two factors: 14 new wheat varieties (lines) and 3 different irri-
gation conditions. The irrigation treatments consisted of no watering after emergence (E1), jointing water (E2),
and jointing + flowering water (E3) ,repeating 3 times for each wheat variety (line) and ending up with a total of
126 plots. The changes of 6 traits including yield, plant height, grain weight per spike, number of grains per spike,
number of spikelets per spike, and infertile spikelets per spike under different treatments were investigated respec-
tively.The genotype effect, environment effect, and interaction effect of genotype and environment were analyzed by
ANOVA and GGE biplot method of R language. The results showed that there were genotype effects (G) , environ-
mental effects (E) and genotype X environment interaction effects (GE) in the new water-saving wheat lines, all

having extremely significant differences ( P<0.05). The variation range of G was 1.07% ~60.17%, the variation
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range of environmental effect (E) was 14.42% ~86.97% , and the variation range of genotype X environmental in-

teraction effect (GE) was 4.33% ~ 47.88%.The adaptability of population yield traits and individual agronomic

traits of different varieties (lines) to different environments was different, meaning that under different irrigation con-

ditions, different varieties (lines) were in different vertex positions of different polygons. Different individual traits of

new wheat varieties (lines) were expressed differently in different watering environments. E1 was favorable for the ex-

pression of infertile spikelets per spike, E2 was favorable for the expression of grain weight per spike, and E3 was fa-

vorable for the expression of plant height. E1 was more discriminative and representative than E2 and E3. To sum up,

in the Huanghuai wheat area, the 14 new water-saving wheat varieties (lines) selected in this study had significant

differences in the genotype effects of agronomic traits and their interaction effects with the environment. E1 was bene-

ficial to the new water-saving wheat varieties (lines) selection of population yield and individual agronomic traits.

Keywords: irrigation; new wheat varieties (lines) ; agronomic characters; yield; GGE analysis; Huanghuai
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Table 1 The new tested wheat varieties (lines)
Y5 ah (R ) £ 5% m R (R ) KR s mAh (R ) 2R Rl (R ) KU
Number Variety (line) Pedigree Number Variety (line) Pedigree
HERH 9908 %123 9424 B3 21X R 66
R 3 -51673
Vi1 ZRLAE 30 TKM30 HY9908x] Mo424 V8 HX26-5167336 M21x1X66
K5 3 B3 3279
V2 Z&F13# 32 TKM32 HX3-51641254 L
RRLF 3 3 L3 ZH3279 V9 3-5164125 S5539xSN0963
. A 49x 14k 45
N =1 =} —
V3 ®E 75 LHT Y MA9XSHNAS V10 HX9-51641347 LS4379x1.54387
£ 13xEF 7228 B 22xF AR 9236
EEERe =3 = —
V4 @3z 2] LM21 LM13xBF7228 Vil HX14-51640174 IN22XTNO236
. 087236x1il 6172 . .
V5 Z&FLF# 35 TKM35 087236 XH6172 V12 X16-165241 L.S4628%1.85526
& 99xKY088 e 20xFE 111 28
3_ —
G HX33-51640835 L X99XKY088 V13 HX17-51640273 IM22XTSH2S
B2 IxIEE 22 W 25xFRF 366
S T 2
V7 HX19-5167049 M21XIM22 V14 HX27-5167322 M5 xZHM366




26 T T XA TS

5540 45

1.2 REIE St

55T 2018—2019 4F7F 28 % T Ak B 2= 5%
B IR 56 H PR AT (36°18' N, 117°04'E ) , & /A A=
H WK R AT AR, MK 135.8 mm, 3 4EFE
K4 257.5 mm, HA5 2018 4E 11 A F12019 4F 4 H %
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JERE G T/ N2 HES /N2 e P AT R Bk = 7
Gy, INEAERZRFARBKREILE 1, S/ E R
RIPARAER, HHEON R IR A R K, NE
FEFHT 0~20 em )2 HIEEAHPLT 15.8 ¢ - kg™
2HO0.94 ¢ - kg A 75.6 mg - kg EALHE
38.3 mg - kg™ EEAAN 126.5 mg - kg™', A[A]BEIK
TEOLT /N2 AL o — ko Lt 2 A R A AUIE,
EAMEE(E - #:#) 1415 : 16, AIENIR
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Fig.1 Monthly and annual precipitation of wheat growing season in 2018-2019
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Table 2 Combined variance analysis of wheat yield and individual agronomic traits under different irrigation environments

PR 5 5 BB g o # FAT A
BRI i A 55 F e W ot
Trait Source of variation Df SS MS F test Significance 1o SS/%
G 13 15.6003 1.2000 39.1922 0.0001 7.41
E 2 183.0572 91.5286 2989.2872 0.0001 86.97
N .
Plot yield A GxE 26 9.1234 0.3509 11.4602 0.0001 4.33
$%7% Residual 78 2.3883 0.0306
AR SE Total variation 125 210.4917
G 13 3061.8571 1530.9286 93928.3306 0.0001 60.17
N E 2 733.7143 56.4396 3462.7832 0.0001 14.42
**'EJ, GxE 26 458.1429 17.6209 1081.1084 0.0001 9.00
Plant height L
5%2% Residual 78 1.2713 0.0163
J7E 5 Total variation 125 5088.9719
G 13 4.2558 2.1279 11565.6381 0.0001 31.62
B R E E 2 2.5364 0.1951 1060.4653 0.0001 18.85
Grain weight GxE 26 6.0664 0.2333 1268.1633 0.0001 45.08
per spike 5%2% Residual 78 0.0144 0.0002
BARSE Total variation 125 13.4576
G 13 301.7302 150.8651 6314.7983 0.0001 13.14
P TR E 2 798.1905 61.3993 2570.0049 0.0001 34.75
Kernel number GxE 26 950.0476 36.5403 1529.4764 0.0001 41.36
per spike 5% 2% Residual 78 1.8635 0.0239
&V ST Total variation 125 2296.9604
G 13 8.4444 4.2222 1265.2994 0.0001 2.87
ek N g E 2 101.0238 7.7711 2328.8022 0.0001 34.39
Spikelets number GXE 26 140.6667 5.4103 1621.3249 0.0001 47.88
per spike 5% % Residual 78 0.2603 0.0033
JE % Total variation 125 293.7918
G 13 0.3968 0.1984 388.2915 0.0001 1.07
BAFHEOR 2 N E 2 23.9365 1.8413 3603.3453 0.0001 64.32
Sterile spikelets GxE 26 12.4921 0.4805 940.2628 0.0001 33.57
number per spike %3 Residual 78 0.0399 0.0005
AR SE Total variation 125 37.2127
R3 ERXEINERZHK I
Table 3  Effects of irrigation times on wheat agronomic traits
TR IREE AN Vs AR FAREAIRL £ AR/ N BARIOR 2/ NI
Trrigation Plot yield . Grain weight Kernel number Spikelets number Sterile spikelets
environment /(kg - hm™2) Plant height/cm per spike/g per spike per spike number per spike
El 7147.58+369.88¢ 72.50+3.58¢c 1.40+0.17¢ 40.55+2.90¢ 17.60+1.30¢ 1.64+0.54a
E2 8627.75+428.10b 78.80+2.30b 1.81+0.29a 44.17+3.85a 18.12+1.29b 1.52+0.47b
E3 9588.96+298.39a 84.57+3.20a 1.77+0.30b 43.34+4.29b 18.17£1.55¢ 1.64+0.60a
T E1E2 E3 20308 MG ARG (E1) s REEHC1TK (B2) 558 2 7K, BB K+ IFAEK (E3) o [RBIAR IR /NG 308 28 5 B3 (P<
0.05) ,

Note: E1, E2, and E3 respectively indicate no watering after emergence (E1) ; watering only in the jointing stage (E2) ; watering twice, namely

Jjointing water + flowering water (E3). Different lowercase letters after the data indicate significant differences (P<0.05).



28 T XA 5T

5540 45

(EI2A), “fTn" B HRUASE, 3% #8000 20
], A A 20 MR bk | SRR | R RO 4
T/ INEERSORN B RN 28 /N RSOV R 3R [ 0 1 AN
[F] F4) Bt DX, A ] 58 7K B 5 e A0 34 5 BRRUAS [] (1] 2B
~F) o N[ R B 5 B (R RS GGE XUbR ]
H1,V9 V12 V8 VI3 .V5 V6 Fl G16 & K £ 4
¥, E1.E2 E3 JL P4 F R —A ks X, Horf VO 7E 3
TR R 2% 11 T Ak 8 A e, LA A TOURL R V12, V8,
V13.V5 Fl V6 kA X A% (&l 2B) ; Bk AT 7=
i GGE XUbRrE T VO V10 . V14 V1 V2 1 V13 %
B Z 55 A RS X, 3 5E E1 B3 FF7E B X
VO BRSO VT, V14 7E E2 T R IX

1.0

0.5

B2 Axis2 21.14%

—0.5

—1.5 —1.0 —0.5 0 0.5

1 Axis1 68.04%
(A)/NIX 7= 4t Plot yield

12 Axis2 31.96%

1 Axis1 57.18%
(C)H Bliki # Grain weight per spike

12 Axis2 39.16%

1 Axis1 53.38%
(E)¥ A8 /N B % Spikelets number per spike

Hh ROk T A, LAt R ASTE B X L, PR
ARG (B 2C) 5 FRABRER L GGE RUbRIE
V8.V6 V4 V10 #:3: i Z2 hIE 43 R P B X, 36
B E1 E2 Ay B X V1o SRR R 22 | PR
E3 V8 PR AU £ (Bl 2D ) 5 S/ AL GGE
XUARE T V1 V3 V4 V6 FI V8 JEE AN £ HIE 4>l
PS5 DX, N5 E1 B2 FIRAE R Rt X V3 BN
2 A58 B3 Irfe i i X V8 P N SR £, 1
TANTE B DX PR 1 it 2R SRR AR /D (8] 2B )
AT/ MEEL GGE XUFRE T VI V10, V9 V13 iEH:
B 22T 43 AN X, 20858 E1E2 E3 [Rl4bF 1 4
B X, Hor VS PR VRO 2 (TR 2F)

2 Axis2 29.03%

A1 Axis1 63.34%
(B)¥k i Plant height

10

2 Axis2 35.05%
0

1 Axis1 50.23%
(D)#. AR 41 Kernel number per spike

1.0

0.5

2 Axis2 22.95%

—1.0 —05

—1.0 —0.5 0 0.5 1.0 1.5
1 Axis1 66.36%
(F) 5 A A2 /N BB Sterile spikelets number per spike

B2 14MhEmM(R)BFEFEMNMERZSHREN SR GCE 547

Fig.2 GGE analysis of population yield and individual agronomic traits adaptability of 14 wheat varieties (lines)
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Fig. 3 Discriminating ability and representativeness (left) and adaptability of wheat individual

agronomic traits (right) under different irrigation environments
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