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

(1 Wheat Institute ,Gansu 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

Cultivar( (li>ne) Code of c(uhi)var (line) Supplying institute Year
8106 Ganchun 8106 Gl Agronomy College,Gansu Agricultural University 20072008
N99-21 G2 Gansu Zhangye Academy of Agricultural Sciences 20072008
357786 Ganchun 357786 G3 Agronomy College. Gansu Agricultaral University 2007 —2008
2608 Longchun 2608 G4 Wheat Institute, Gansu Academy of Agricultural Sciences 20072008
4 A Ningchun 4 A G5 Ningxia Yongning Wheat Breeding Institute of Agricultural Sciences 20072008
7095 G6 Wheat Institute, Gansu Academy of Agricultural Sciences 20082009
897214 67 Gansu Gulang Seed Breeding Institute of Agricultural Sciences 20082009
907572 68 Gansu Zhangye Academy of Agricultural Sciences 20082009
Es2-1 69 Gansu Wuwei Academy of Agricultural Sciences 20082009
E46-222 G10 Gansu Wuwei Academy of Agricultural Sciences 20082009
1 Ruichun 1 Gl Gansu Wuwei Ruifeng Seed Industry 20082009
4 B Ningchun 4 B G12 2008—2009

Ningxia Yongning Wheat Breeding Institute of Agricultural Sciences
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1C ) Contiued table 1
() (G

Cultivar (line) Code of cultivar (line) Supplying institute Year
991817 613 Wheat Institute, Gansu Academy of Agricultural Sciences 20092010
IIWTT612 Gl Gansu Agricultural Technology College 20092010
1486 G15 Gansu Baiyin Research Institute of Agricultural Sciences 20092010
9996 Jiu 9996 G16 Gansu Jiuquan Research Institute of Agricultural Sciences 20092010
4 C Ningchun 4 C G17 Ningxia Yongning Wheat Breeding Institute of Agricultural Sciences 20092010
6396 G18 Wheat Institute, Gansu Academy of Agricultural Sciences 20102011
9826 Ganchun 9826 G19 Agronomy College,Gansu Agricultural University 20102011
D68-20 620 Gansu Wuwei Academy of Agricultural Sciences 20102011
925 Zhang 925 G2l Gansu Zhangye Academy of Agricultural Sciences 2010—2011
4 D Ningchun 4 D G22 Ningxia Yongning Wheat Breeding Institute of Agricultural Sciences 20102011
3031 Longchun 3031 623 Wheat Institute, Gansu Academy of Agricultural Sciences 2011—2012
168 Mianzamai 168 G2 Sichuan Mianyang Research Institute of Agricultural Sciences 20112012
1620 Ruifeng 1620 G25 Gansu Wuwei Ruifeng Seed Industry 2011—2012
296 Jiu 296 626 Gansu Jiuquan Research Institute of Agricultural Sciences 20112012
9903°25 621 Gansu Baiyin Research Institute of Agricultural Sciences 20112012
4 E Ningchun 4 E 628 Ningxia Yongning Wheat Breeding Institute of Agricultural Sciences 20112012
1909 629 Gansu Wuwei Academy of Agricultural Sciences 20122013
99W169-10 630 Gansu Agricultural Technology College 20122013
00WT5-1-5 G31 Gansu Agricultural Technology College 20122013
2246 Wuke 2246 632 Gansu Wuwei Academy of Agricultural Sciences 20122013
4 F Ningchun 4 F 633 Ningxia Yongning Wheat Breeding Institute of Agricultural Sciences 20122013
0423 Jiu 0423 G34 Gansu Jiuquan Research Institute of Agricultural Sciences 20132014
0462 Jiu 0462 G35 Gansu Jiuquan Research Institute of Agricultural Sciences 20132014
00WT19-4 636 Gansu Agricultural Technology College 20132014
96872 G37 Wheat Institute, Gansu Academy of Agricultural Sciences 20132014
182 Zhang 182 G38 Gansu Zhangye Academy of Agricultural Sciences 20132014
9809 Jieshui 9809 639 Wheat Institute, Gansu Academy of Agricultural Sciences 20132014
4 G Ningchun 4 G G40 Ningxia Yongning Wheat Breeding Institute of Agricultural Sciences 20132014
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2 2007—2014
Table 2 The basic information of regional test-sites in 2007 —2014
/C /mm /b /d
/mo g I Annual Annual Frost{
Site Code Longitude Latitude Altitude can annua nnual sunshine rostiree
temperature precipitation days
hours
Jiuquan El 98°31' 39°44' 1765 8.5 85 3300 142
Zhangye E2 100°26' 38°56’ 1482 8.1 115 3 085 156
Wuwei E3 102°39' 37°56' 1632 7.7 100 2 873 150
Minle E4 100°49’ 38°27" 2 271 4.0 210 2794 140
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
Baiyin E7 104°12' 36°33" 1947 8.1 198 2 872 183
1.3
GGE-biplot . GGE o
(& X (GE) ,
( ) : 2.1
Yijiyjzklgilﬁjl—*—AZgiz”/]]Z +e;o 2007—2014
;Y i j .Y, . 3.
] 5/11 /12 ) 40
1(PC1) 2(PC2) & 4 ) ( ). ( )
& ) PC1 PC2 (P<C
i 2 j PC1 PC2 0.0,
‘e . 12.76%,47.39%  39.80%,
’
( < 90° s >90° ) = ,
90° ), , 3.71
; s 3 12 , [17,19-20] 3
3 2007—2014
Table 3 The yields of spring wheat lines in Gansu regional test in 2007 —2014 kg/hm?
) Test-sites
Code of - - -
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 5479, 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 7 887.175 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. 1 9179.10 6 409. 50 8 289. 60
G7 8 988. 00 8 462.70 7 200.75 7 540. 95 9 500. 10 9 177.15 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 8 487,175 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(C ) Contiued table 3

) Testsites
Code of . . _ . - Average
cultivar (line) El E2 E3 Ed E5 E6 E7 verage
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 7611.75 8 002. 35 6 939. 30 6 596. 55 8 488. 50 6 074,70 5 119.50 6 976. 05
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
Rank 1 3 5 4 2 6 7
4
Table 4 Combined analysis of yield variance of spring wheat lines in Gansu regional test
/%
Source of Degree of . . e Contribution : . F
variation freedom (DF) Sum of squares (SS) percentage to SS Mean square (MS)
Total 557 586 454 255.0 1 052 880. 2
Treatment 278 586 422 867.5 2109 434.8 18 750.5**
(G) Genotype 39 74 847 619.7 12.76 1919 169.7 17 059.5**
(E) Environment 6 277 908 276.0 47. 39 46 318 046.0 411 716.0* *
. (GE) 233 233 418 472.9 39. 80 1001 796.0 8 904.9**
Interaction
Error 279 31 387.5 112.5
s kK (P<<0.0D),
Note: * * stands for extremely significant difference (P<Z0.01).
2.2 s
GGE o
( ) ) :G6>G7>G9 >
1, 1 (average-environment G8>G10>G12>G2>G13>G3>G11>G5>G4>
axis, AEA) , G17>G37>G14>G15>G16 >Gl1,
s AEA :G6=G10=G12=G13=G15>G2>
, Gl4>G7T>G8>G11>G17>G5>G9>G16 >G4 >
, ;s  AEA G3>G37>Gl1,
, C G6 (7095) G10 (E46-222) . G12
s ( 4 B).G2(N99-21) ,G13(9913-17),
0 1 ,PC1 PC2 G1¢( 8106) ,

38.6% 23.8% , 62.4% .
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5

Table 5 Analysis of correlation between spring wheat agronomic traits and environment factors in Gansu regional test

-
Indicator code ! 2 3 4 ° 6 ! 8
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**
Indicator code 0 10 1 12 13 1 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

. 1. ;2. ;3. 54, ;5. ;6. 7. ;8. ;9. ; 10. s 11, ;12.

513, 514, 515, 5K (P<<0.05); % % (P<<0.0D),

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); * % stands for extremely

significant difference( P<C0.01).
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