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Yield stability and testing-site representativeness of regional
trials for spring wheat lines in Gansu based on GGE-biplot
LLIU Na',CAO Dong”, WANG Shihong' ,ZHANG Xueting' , YANG Wenxiong'

(1 Wheat Institute sGansu Academy of Agricultural Sciences,Lanzhou,Gansu 730070 ,China;
2 Northwest Institute of Plateau Biology ,Chinese Academy of Sciences, Xining ,Qinghai 810008 ,China)

Abstract: [Objective] The study evaluated the adaptability and stability of cultivars and representative
ability of testing-site in Gansu to provide theoretical basis for the popularization of new varieties and the
selection of test regions. [Method) Based on the experimental data of 40 strains in 7 sites of spring wheat
area in Gansu Province from 2007 to 2014,it uses GGE-biplot method to analyze the adaptability, produc-
tion stability and the representativeness of the pilots and to analyze the correlation among environmental
factors.related agronomic characters and yield components. [Result] The effects of environment and geno-
type-environment interaction on grain yield were 3. 71 and 3. 12 times of that of genotype. The variety 7095
had higher yield and better yield stability than other lines. Huangyang was the best representative testing
site and discrimination than other sites. Yield and 9 agronomic traits had significant or extremely significant
correlations with 5 environmental factors. [Conclusion] Environmental factors were the main factor causing
yield difference among different cultivars in Gansu. Based on GGE biplot, this study identified the produc-
tivity and stability of wheat cultivars and the best representative testing site in Gansu.
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Table 1 The basic information of spring wheat lines in regional test in 2007 —2014
R CGRD i CRO AR BEFh AL XA AE 4y
Cultivar (line) Code of cultivar (line) Supplying institute Year
H# 8106 Ganchun 8106 Gl Eéiﬁ%filﬁi%amu Agricultural University 2007 —2008
N99-21 G2 E?aii?ﬁﬂ%lii?ﬁademy of Agricultural Sciences 20072008
% 357786 Ganchun 357786 G3 Eéiﬁ%filﬁi%qn%u Agricaltural University 2007 — 2008
B % 2608 Longchun 2608 Gt giffﬁfﬁ:ﬁtﬁ@ansu Academy of Agricultural Sciences 20072008
T4 45 A Ningchun 4 A o Eiifi(ji;gi?%}?;t Breeding Institute of Agricultural Sciences 2007 2008
7095 G6 gﬂffﬁ?ﬁ:ﬁt%ilmu Academy of Agricultural Sciences 20082009
8972-14 67 éd{fsfqguﬁr%%f’d Breeding Institute of Agricultural Sciences 20082009
9075-2 G8 ?aii?ﬁﬁii?ﬁadcmy of Agricultural Sciences 20082009
E32-1 69 ?a%sf%%vﬁiffdemy of Agricultural Sciences 20082009
E46-222 G10 iﬁa}fiziﬁf%vﬁAiAbﬁdemy of Agricultural Sciences 20082009
%ii#F 1% Ruichun 1 Gl éﬁf&f\fﬁi@ \gtﬁfiifggﬁed Industry 20082009
%% 4 B B Ningchun 4 B G12 TR RN ST 2008— 2009
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& 1(&) Contiued table 1
A (R i CRO ARG P AL KA AE 1y
Cultivar (line) Code of cultivar (line) Supplying institute Year

991317 G13 gifflfﬁ:ﬁt?z?ansu Academy of Agricultural Sciences 20092010
9OWTT-612 Gl g;iizikgﬁicﬂuklﬁfl%}%hnology College 20092010
1486 G15 Effszigizlykjﬁliﬁfcflnstitmc of Agricultural Sciences 20092010
#9996 Jiu 9996 G16 fd?\?ﬁi%lﬁliﬁiiffh Institute of Agricultural Sciences 20092010
T 45 C Ningchun 4 C GI7 gif?a?Y%;Jg\fn?%}?Ll Breeding Institute of Agricultural Sciences 20092010
6396 G18 gﬂfﬁfjﬁﬁl\lf?;nsu Academy of Agricultural Sciences 20102011
i #r 9826 Ganchun 9826 G19 Xgii)fo%f(fﬁi,%ansu Agricultural University 20102011
D68-20 G20 f;a}flﬁsii\%\%ii%gdemy of Agricultural Sciences 20102011
¥ 925 Zhang 925 G2l Eiﬁiﬂiﬁlﬁf;i?ﬁademy of Agricultural Sciences 20102011
T# 45 D Ningchun 4 D G22 giiaTY%;J;fnf\%}?;t Breeding Institute of Agricultural Sciences 20102011
B# 3031 Longchun 3031 623 gmffﬁfﬁé&??}fﬂmu Academy of Agricultural Sciences 20112012
47 168 Mianzamai 168 G2d Elj}lllffnm:ll\fdtl‘yé?ng Research Institute of Agricultural Sciences 20112012
Hi #1620 Ruifeng 1620 G25 fa?&?ﬁiﬁ%f{iﬁfsﬁjed Industry 2011—2012
1296 Jiu 296 426 gl%@?ﬁiyuﬁliﬁszh Institute of Agricultural Sciences 20112012
9903°25 627 Eﬁlﬂsﬂjﬁi;&?izﬁfﬁ?lnslitme of Agricultural Sciences 20112012
T4 4% E Ningchun 4 E 628 inﬁgzl(a?Y%:;fn?f‘%lfgat Breeding Institute of Agricultural Sciences 20112012
J90-9 G29 ?}ﬁa}flﬁsii\%j%vﬁrfcliﬁdemy of Agricultural Sciences 20122013
99WI169-10 G30 E;iizikgﬂﬁc%lﬁ?:ﬁ}ﬁhnology College 20122013
OOWT5-1-5 G31 g;iizikgﬁicﬂflﬁfl%}ﬁhnology College 20122013
KF} 2246 Wuke 2246 G32 i‘i}ikji'\zf&%f%vﬁiﬁ’dcmy of Agricultural Sciences 201272013
T 45 F Ningehun 4 F 633 ii;%d?Y%ﬂg\fn?%:}lt Breeding Institute of Agricultural Sciences 20122013
#0423 Jiu 0423 G31 fa?s?ﬁiﬁ%iiﬁtszh Institute of Agricultural Sciences 20132014
i 0462 Jiu 0462 G35 é?lf@?ﬁliyuﬁliﬁszh Institute of Agricultural Sciences 20132014
0OWT19-4 636 (E;T;f\A"/;gﬁ;ti{c\tklfir/{:l)?;‘fihnology College 20132014
96872 G37 \%@ffﬁﬁi:ﬁtﬁ?;niu Academy of Agricultural Sciences 20132014
¥ 182 Zhang 182 G38 Eiﬁiﬂiﬁlﬁii?ﬁademy of Agricultural Sciences 20132014
K 9809 Jieshui 9809 G39 gifflfﬁ:ﬁt?zznsu Academy of Agricultural Sciences 20132014
F# 4 B G Ningchun 4 G G40 TR BN SR 2013—2014
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Table 2 The basic information of regional test-sites in 2007 —2014
o -y A5 H IR/ h -
. 5 . R/ T i/
4 e s o s Wtk m  FIWIR/C O ARREMTE mm OO P BRI/
X " . X A Mean annual Annual R Frost-free
Site Code Longitude Latitude Altitude L sunshine
temperature precipitation days
hours
R Jiuquan El 98°31' 39°44' 1765 8.5 85 3 300 142
K3 Zhangye E2 100°26' 38°56' 1482 8.1 115 3085 156
R Wuwei E3 102°39' 37°56' 1632 7.7 100 2 873 150
% %k Minle E4 100°49’ 38°27' 2 271 4.0 210 2 794 140
E # Mingin E5 103°50’ 38°37' 1367 8.3 113 3073 162
% % Huangyang E6 107°12' 40°40' 1 740 6.8 141 2 600 140
4R Baiyin E7 104°12 36°33' 1947 8.1 198 2 872 183
1.3 %itah 6 5 1) i 5 O Y PR 1) 1 e A 1) R AR

fii B GGE-biplot B 4F 317 Bk K 43 #r . GGE
XU P 2 — i A 47 b DA 14 [R) s 2 1 ol 1
NGO X A HEAEGE WM L. 20 £
B 7 i CRCE R — AT 43 il

Y, =Y, =& HAEumeTe;o

XY, FoRIEHE A FEIREE j e Y, RoR
Fir A BRI BIAE RS 5 i i S A R A 43 )
K FERSr VPCH FE By 2(PC2) By B{E 73 i - &a
5 e, i MFREERR £ F PClL 5 PC2 By 4L 1)
a5 g A RIFRORFERA ;LT PCL 5 PC2 1Y
FFAE 1) 5 e, A BEMLIR 22

XU Lo P ) 3 [R] 7 2 ok 0 B G AR OGPk
(e 1 <90° Ry 1E FH 56 » Je i1 =907 Ky B Al 56 . e ffy =
90°FRIRTC K)o I o) 2k I 1 4% 5% {H F2 7R W [n] 3k [

P

2 ER 50
2.1 HEAENESHRRANTE

2007—2014 4FE H 4 H /0% K% 2t 5
RSN 7 1 CF 387 FHE T DL 3, %
S R RIS T 2. A R AR 40
FARTLIE A G FRO (] PR G50 1) K 3
DA 760 55 R 85 58 HAE X 7 I R e 2 R B (P <<
0. 01) , H ™ a8 5 (14 7 J7 il o 507 5 F Y B 48] 43 )
F12.76% ,47.39 % F1 39. 80 % , Ui B 5| AL 7 i 22
Toe F2 0 R R kg PR ) 1 22 55, LR Oy S TR A 5 R
Be s HAE - A BE R R R 55 B 8% 58 B AR X
B ) 5 K F 5 & 40 2 B R AN B 3. 71 AR A

IS4
W

ARG R B B S i K AR A X 8 3 1265 X 5T AR s R 5,
x3 2007—2014 EFHREAFNZXBRESHKRRFTE
Table 3 The yields of spring wheat lines in Gansu regional test in 2007 —2014 kg/hm®
5‘1*‘3‘;(?)1}%5% it Test-sites Ty
ode O
cultivar (line) El E2 E3 E4 E5 E6 E7 Average

Gl 8 287. 80 7 865.25 6 337.50 8 124.15 8 106. 30 7 812.30 6 537.00 7 581.45
G2 8 912.85 8 857. 80 6 477. 60 7 485.45 8 575. 05 8 588.70 5 479. 80 7 768. 20
G3 8 652.75 8 827. 80 6 818. 40 8 638. 65 8 025. 00 8 600. 55 6 682.95 8 035. 20
G4 7 887.75 7 930. 20 7 116.90 8 042. 25 8 312.55 8 640. 00 6 490. 20 7 774.20
G5 8 512.95 7 390. 20 7 008.75 7 849.65 9 050. 10 8 601. 00 6 073.35 7 783.65
G6 9 250. 50 8 700. 30 7 680.75 7 507.05 9 300. 15 9 179.10 6 409. 50 8 289. 60
G7 8 988. 00 8 462.70 7 200.75 7 540.95 9 500. 10 9177.15 6 874.95 8 249. 25
G8 8 900. 25 9 412. 80 7 726.95 7 649.70 9 287.55 8 849. 10 6 508. 20 8 333.55
G9 9 325.50 8 562.75 7 711.95 7 719. 60 8 400. 00 9 324.75 7 332.00 8 339.55
G10 8 752. 80 8 595. 30 7 469. 40 6 724.35 8 631. 30 8 929. 20 6 856. 80 7 994,10
G11 8 912.55 8 002. 80 6 818. 25 6 663. 30 8 775.00 8 023. 20 7 938.45 7 876. 20
G12 8 800. 50 8 065. 20 7 265.10 7 035.75 9 262.50 8 947. 20 6 273.45 7 950. 00
G13 9 525. 30 8 550. 30 8 424. 60 7 839. 00 8 487.75 8 327.70 6 637. 80 8 256. 00
Gl14 9 162.75 8 525. 25 7 978. 35 7 542.75 8 325. 30 7 414,05 6 525.15 7 924. 80
G15 9 037. 80 8 312.85 7 660.95 7 378.95 8 350. 20 7 329.00 6 812.70 7 840. 35
G16 9 675. 30 7 675.20 8 295. 90 7 125.30 8 950. 20 7 339.65 5 812. 65 7 839.15
G17 8 962. 80 8 237.70 8 036.55 7 509. 00 9 062.70 7 752,75 5 950. 20 7 930. 20
G18 7 946. 10 7 476. 00 7 953.75 9 702.75 8 538.75 6 805. 65 6 526.05 7 849. 80
G19 8 551. 20 7 638. 60 8 100. 60 8 772.75 8 713.80 6 680. 10 6 488.55 7 849. 35
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*& 3(&) Contiued table 3

,ﬁ:f‘i(f )1[{‘;(]'31 ik 5 Test-sites 1y
ode o

cultivar (line) El E2 E3 E4 E5 E6 E7 Average
G20 8 428. 65 6 913.35 8 486. 25 8 761. 35 7 963. 80 7 091.10 6 238.50 7 697.55
G21 7 921. 20 7 801.05 7 919. 25 8 958. 90 7 713.75 6 016. 50 6 150. 90 7 497. 30
G22 8 149.95 6 888.45 7 400. 40 8 805.15 8 288.70 6 485. 85 5 950. 95 7 424.25
G23 8 489. 25 7 463.55 7 876.95 8 324. 25 8 290. 35 7 338.60 6 851. 10 7 804. 80
G24 8 236. 20 6 784.35 6 870. 00 7 614.75 7 571.70 6 753.75 7 072.05 7 271.85
G25 8 854. 20 6 105. 00 6 038.70 8 345. 25 7 583. 40 6 310. 05 6 646.95 7 126. 20
G26 8 920. 35 6 855.15 6 893.40 8 088. 60 6 783.00 6 461. 25 5 517.60 7 074.15
G27 7 384.95 6 846.75 6 813. 60 7 512.75 7 381. 20 6 820.05 7 092.90 7 121.70
G28 8 254.05 6 467.55 6 511.50 7 859. 25 7 841. 25 6 479. 85 6 188.55 7 086. 00
G29 8 907.15 7 910. 55 8 265. 30 6 367.05 8 700. 00 6 659. 85 6 963. 90 7 681.95
G30 7 768.05 8 799. 15 7 768.95 6 880. 35 8 400. 00 6 636. 00 6 786.15 7 576.95
G31 8 392. 80 8 200. 65 8 325.45 5 780. 25 8 533.50 6 911. 40 5 913. 60 7 436. 85
G32 9 360. 60 8 562. 60 8 951.55 7 580. 40 8 611.50 6 741.15 6 108. 60 7 988.10
G33 8 570. 25 8 032. 35 6 457.65 6 475.95 8 788.50 6 368.55 6 092. 10 7 255.05
G34 8 226. 30 8 165. 70 8 986. 50 7 459.05 8 599. 50 6 463. 50 5 890. 50 7 684. 50
G35 7 930. 80 7 990. 20 7 853. 85 6 778. 80 8 267.25 6 224.25 5 067.90 7 159.05
G36 7 558.05 8 503. 80 8 998. 05 7 471.50 8 977.50 6 627.30 5 332.35 7 638. 30
G37 8 192.40 8 818. 35 6 875. 85 7 182. 30 10 299.75 7 323.75 5 148. 45 7 691.55
G38 7 840. 65 8 404. 20 7 943. 10 7 002. 30 8 411. 25 6 018.90 5 947. 80 7 366.95
G39 7 289.25 8 579.25 7 753. 80 7 346.25 8 877.75 6 764. 25 5 825.40 7 490. 85
G40 7 611.75 8 002. 35 6 939. 30 6 596. 55 8 488.50 6 074.70 5 119.50 6 976. 05

S Average 8 508. 30 7 979.55 7 550. 25 7 601.10 8 500. 65 7 372.35 6 302. 85 7 687.80

7K Rank 1 3 5 4 2 6 7
x4 HFEBNZERBRBRSHRRTENREHFEDIN
Table 4 Combined analysis of yield variance of spring wheat lines in Gansu regional test

78 5 R R B ih o5 ﬁlﬁ‘\%fﬂﬂﬁ?h1ml,/% ¥
SOUFC? of Degree of Sum of squares (SS) Contribution Mean square (MS) F
variation freedom (DF) percentage to SS

J AR 5 Total 557 586 454 255.0 1052 880. 2

A H Treatment 278 586 422 867.5 2109 434.8 18 750.5* *

FEH T (G) Genotype 39 74 847 619.7 12.76 1919 169.7 17 059.5*

4% (E) Environment 6 277 908 276.0 47.39 46 318 046.0 411 716.0* *

figﬁﬁig}E) 233 233 418 472.9 39. 80 1001 796.0 8 904.9%*

"2 Error 279 31 387.5 112.5

x o QIR MK 2 (P<0.01),

Note:
2.2 HR&EFEMESHMANFESEME S~
Bl GGE XUbr B4 H 48 /0 22 X Sl 3 2
B AR A G 3R B RS M AT 20 A L 4
RILKE 1, 1 Jr 33058 5l (average-environment
axis, AEA) RS &R 0 SV 277 5 HAE S
D CHIE. & A AEA R EHLBRES WA
TE I A7 3250 b 1) P 2 77 FRR P 2R B R R
R VM o BCRE A U R G s 5 AEA B H
AR S 4 Ay 7 e S A B4 A G g i PR (Ot RO
PR AR TR A (R ST 2 A A I i TR 7
TEARYIE. WK1 LLE €, PCL Al PC2 435 fif
BT 38. 6000 23. 80 L S B IR RE62. 42018

* % stands for extremely significant difference (P<C0.01).
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The G1— G40 lines names are the same as Table 1; The E1—E7
test-sites names are the same as Table 2;Data in the brackets show
the scores of the first principal component and the second

principal component. The same below
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GGE-biplot analysis of yield performance and stability

& 1

Fig. 1

of spring wheat lines in Gansu regional test
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Fig.2 The test-site correlation (A) and representation (B) of Gansu spring wheat

regional test based on GGE-biplot analysis
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Table 5 Analysis of correlation between spring wheat agronomic traits and environment factors in Gansu regional test
Inj?c?:({f: E‘?}de ! 2 3 4 0 6 7 8
1 1
2 0.028 1
3 0.288* 0.829" * 1
4 0. 247 0.163 0.375%** 1
5 —0.089 —0.037 0.167 0.446" 1
6 0.554* —0.288"" 0.088 0.330" 0.533"* 1
7 0.251" 0.702"* 0.817** 0.421" 0.289"* 0. 156 1
8 0.453* —0.281" 0.066 0.179 0.346" * 0.739"* 0.047 1
9 —0.299" —0. 245 —0.289* —0.324" 0.183 —0.033 —0.226" 0. 089
10 —0.113 —0.252" —0.405" " —0.003 —0.196 —0. 245" —0.281" —0.305" "
11 —0. 140 0.216" 0.250" 0.176 0.070 —0.084 0.131 0.031
12 0.265" 0.001 —0.323"" —0.359" —0.392"* —0.577** —0.246" —0.490" *
13 —0.593** 0.315% " 0.013 —0.234" —0.177 —0.767** —0.057 —0.511*~"
14 0.098 0.431" 0.659"* 0.558 0.245" 0. 059 0.507 " * 0. 049
15 0.393** 0.192 0.557** 0. 340 0.545" * 0.642" " 0.472"* 0.610" *
Iniitjigjrtﬁcide 9 10 11 12 13 14 15
9 1
10 —0. 140 1
11 —0.011 —0.768"* 1
12 0.039 0.784"* —0.684"* 1
13 0.189 —0.171 0.470** 0.269 1
14 —0.299"* —0.393" " 0.578** —0.581" 0.100 1
15 0. 041 —0.419"* 0. 085 0.539 —0.387"* 0. 434 1

Wl AT 2. BT HG3. A AR AL bR 55, B 6. /NERB 7. FORLS 8. TR0 0 ik 5 9. PR BURT 4k 5 10. WG4 1. AR 3R 12, R FE TN
s 13, JCRE M 14, 4 H BRI 5 15, PR« 28 R B (P<T0. 05) 5 » x 25 Ak B 3 (P<C0.01),

Note: 1. Growth duration; 2. Number of basic seedling; 3. Effective spike number; 4. Plant height; 5. Panicle length; 6. Spikelet number;

7. Kernels per spike; 8. Thousand-kernel weight; 9. Test weight; 10. Altitude; 11. Annual temperature; 12. Annual precipitation;

13. Frost free days;14. Annual sunshine hours;15. Yield; * stands for significant difference(P<C0. 05); x* * stands for extremely

significant difference( P<C0. 01).
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