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Application of GGE Biplot in Alfalfa Yield Stability Analysis

Chen Jishan , Zhu Ruifen, Zhang Yuexue*, Gao Chao,Di Guili,
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Abstract: GGE (genotype main effect and genotype-environment interaction) biplot analysis is a
method based on principal component analysis (PCA) for the effective exploration of multi-environment
trials (METs). Grain yields of 6 alfalfa genotypes (cultivars) tested at 2 regional test sites under rainfed
conditions in 2008 were analyzed via GGE biplot and AVONA methods. The results show that
G xE-interaction effect is 2.92 times of geno-typic effects for grain yield. The stability of different genotypes
varies greatly, and genotypes with high yield and yield stability account for only 16.7% of the total tested
genotypes, though some genotypes are specifically adaptable to certain environments. The analysis of
three-year hay production showed a significant in crease in 6 alfalfa varieties in contrasts with the Zhaodong
variety. The GGE analysis indicated that the varieties could be divided based on their performance: V1. V2,
V3. V6. V4. V5. Longmu 801(V1) was the best, which would be suitable for wide utilization in the rainfed
area because they all easily performed with high, more stable production, and higher assessment scores.
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Table 1 Sources of alfalfa varieties and seed quality

. } g TR E REFHR s MR
A4 Fm S
Origin Weight of Germinating  Purity True value of seeds
Code Variety Sources
1000-grain(g)  rate (%) (%) (%)
CK ERHETE BRI BT h 1.87 86.35 92.50 79.87
Vi Ak1S HEREAEBERD B [ 1.96 90.65 95.50 86.57
V2 8ol RV BT e 1.64 88.65 95.50 84.66
V3 ek 803 PR BT L RlEs| 1.76 90.05 96.50 86.90
V4 BeZa87 ERVURBIEEN T P 1.80 87.65 95.50 83.71
V5 WL232HQ  HERITACK B sl * [ 1.76 88.65 95.50 84.66
V6 Cw321 ORI AR} B B By FKH 2.17 68.65 95.50 65.56

*2 KSR FY~ERERT

Table 2 Mean grain yield of all cultivars and environment factors across all sites of regional test in rainfed

arcas
(e AR LS 5013 a7 RN AR TR
Code Variety Longitude Latitude Altitude (m) AP (mm) AAT (C) FFD (d)
El HEg 102°20 47°38’ 254 445 2562.9 132
E2 = 125°58' 46°31' 165 470 2765.5 139
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Table 3  Rate of seeding emergence of alfalfa varieties and phenophase in 2008 and 2009
2008 EEIY CH-H) 2009 SED Y CH-AD
phenophase in 2008 (Date-Month) phenophase in 2009 (Date-Month)

H BT BT EE H=A
R R A L Hl TrAEH]

anfft BB 1B £ 1E39 THEM T
Rate of seeding Data of Data of Data of

AN A ] Date of Date of Date of Date of Date of
emergence sceding squaring bloomi

Code  Code returning blooming blooming blooming yellow filter
(%) emergence stage ng
green of 1% cut of 1% cut of 2% cut of 3% cut of 3% cut

CK El 96 1-Jun 9-Jul 21-Jul 24-Apr 17-Jun 19-Jul 3-Sep 7-Oct

Vi El 82 1-Jun 7-Jul 21-Jul 26-Apr 17-Jun 19-Jul 3-Sep 7-Oct

V2 El 86 2-Jun 7-Jul 20-Jul 25-Apr 18-Jun 20-Jul 4-Sep 8-Oct

V3 El 78 2-Jun 7-Jul 20-Jul 24-Apr 18-Jun 20-Jul 4-Sep 8-Oct

V4 El 83 2-Jun 9-Jul 19-Jul 27-Apr 18-Jun 20-Jul 4-Sep 8-Oct

V5 El 80 2-Jun 8-Jul 18-Jul 27-Apr 18-Jun 20-Jul 4-Sep 8-Oct

Vo6 El 78 2-Jun 8-Jul 18-Jul 24-Apr 18-Jun 20-Jul 4-Sep 8-Oct

CK E2 86 6-Jun 12-Jul 21-Jul 24-Apr 28-Jun 25-Jul 19-Sep 18-Oct

\"2! E2 86 6-Jun 10-Jul 22-Jul 25-Apr 28-Jun 25-Jul 19-Sep 18-Oct

V2 E2 81 6-Jun 10-Jul 22-Jul 25-Apr 28-Jun 25-Jul 19-Sep 18-Oct
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V3 E2 81 6-Jun 10-Jul 23-Jul 24-Apr 28-Jun 25-Jul
\Z) E2 86 6-Jun 12-Jul 21-Jul 26-Apr 28-Jun 25-Jul
V5 E2 85 7-Jun 12-Jul 22-Jul 26-Apr 28-Jun 25-Jul
V6 E2 80 7-Jun 12-Jul 23-Jul 26-Apr 28-Jun 25-Jul

19-Sep
19-Sep
19-Sep

19-Sep

18-Oct
18-Oct
18-Oct

18-Oct

2 MRS T 2008 AFARFR. MR, BN R L IR E RO, &R Y, RATERRSS 10~
15d g, HEELAE 0% L E: Hr, E2 i SR mFtE E1 Wl A 4~5d . Bk, 210 A9
WIS, &M EA KN 164~170 d A2, 2009 4F, 2 424 H 7 b PR WL232HQ fb Fiik &
WIR 3~4d, 512 HEHEIFER S WAHZE 2~5d . BfEMMSEEK N 176~181d, Hf

1 50~55d, H2FE35~45d, H3EDMEM 80~90d (¥ 3).
23 FEWEAFHRK

BT B B BRI T LRSS I L S 1) 9 1) T 7 ] A R ) R R A
BR8] HEERKETE R, Sk, 2R ERNEE (p<0.01), FHRIIBHL SFFH%E

REFE (p<0.05) (F4),
x4 TRIEERMINEFIERIER

Table 4 Economic characters of alfalfa varieties

B IR ESUNAN S . TR AR
W ‘ FREK TE
i P AL No. of ¥k Plant Stem  Fresh dry Taproot  No. of
awi! Taproot Wintering rate
Code stem per  heigh (cm) leaf weight diameter  lateral
Code length (cm) (%)
plan ratio ratio (em) root
CK El 4.3 47.6 1.48 3.20 60.6* 0.37 3.03 96*
V1 El 5.9 50.1* 1.21 3.14 50.0%* 0.33 6.56** 83
V2 El 6.5% 49.9 1.33 3.20 43.0 0.29 4.76 86*
V3 El 4.5 49.7 L.77%* 3.29 54.9* 0.43 3.73 88*
V4 El 6.2% 48.9 1.42 3.09 49.7 0.49% 3.90 83
V5 El 5.7 53.8% 1.50% 3.09 53.2% 0.52%* 4.60 83
V6 El 5.7 45.7 1.48 3.26 49.8 0.41 5.93 82
CK E2 5.5 46.9 1.37 3.19 43.1 0.55%%* 4.10 86*
V1 E2 7.0%* 54.6* 1.34 3.32% 43.2 0.37 5.43% 92
V2 E2 4.7 54.2 1.68%* 3.27 53.3% 0.43 3.23 83
V3 E2 6.5% 50.8 1.09 3.18 454 0.49* 2.83 85%*
V4 E2 5.7 54.0* 1.53* 3.34% 59.7% 0.54%* 2.76 86*
V5 E2 6.1% 53.0% 1.29 3.08 433 0.34 5.33% 88*
V6 E2 5.9 44.1 1.28 3.03 473 0.39 4.10 93*
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Vi MEROVEHETIIM. Frp o5 205 SXT IR, F LSD 2 535 0.05 A1 0.01 B KF

Notes: characters of alfalfa varieties is average value in 2008 and 2009. * and ** indicates statistically significant
difference between Ck at p < 0.05 and 0.01.
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AW IR L7 X EAE dnFh(a), PABE A - B AL R E B R E =R 3 P TR"8E (RS,
E1 R A, SR ESFE = BRSO V2(11439.05 kg « hm=2), KN V5(9904.95 kg hm=2). E2 il
W, R RR RS B iR N V2(11672.50 kg < hm2), (KA V4(10105.05 kg hm=2). 7E E1 il A 3
AR R TS B, BE0E 10.38% ~16.91% . E E2 WA 5 MR LS A B T B, 1
MR T 10.38%, Horh, VI7E 2 MK AR IR R
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Table 5 Dry matter yield of alfalfa cultivars in the different years

2008 £ Fi>
ARG B o 2009 EFHEE 2010 SRR SR e .
e ARG DM in 2009 DM in 2010 Average Equivalent yield
DM in 2008 Increase
Code  Code (kg/m?) (kg/m?) (kg/m?) (kg/hm?)
(kg/m?)
CK El 0.42 1.31 1.12 0.950 9504.75 -
\'2! El 0.52 1.30 1.36 1.061 10605.30%* 10.38
V2 El 0.54 1.46 1.43 1.144 11439.05* 1691
V3 El 0.49 1.40 1.22 1.037 10371.85 8.36
V4 El 0.46 1.38 1.28 1.041 10405.20 8.65
\A) El 0.37 1.28 1.32 0.990 9904.95 4.04
V6 El 0.58 1.46 1.19 1.077 10772.05%* 11.76
CK E2 0.42 1.31 1.12 0.950 9504.75 -
V1 E2 0.46 1.36 1.55 1.124 11238.95* 15.43
V2 E2 0.61 1.43 1.46 1.167 11672.50* 18.57
V3 E2 0.57 1.50 1.25 1.107 11072.20* 14.16
V4 E2 0.43 1.39 1.21 1.011 10105.05 5.94
V5 E2 0.42 1.32 1.50 1.080 10805.40* 12.04
V6 E2 0.47 1.40 1.39 1.087 10872.10%* 12.58

s ke RIR G X BB, H LSD Z FiAF 0.05 F1 0.01 & KF

Notes: * and ** indicates statistically significant difference between Ck at p < 0.05 and 0.01.

PERIRE T 22 TR IAER 6), il IR GABERD) AT GE(h X 58 AR AT AE R 2 25
S, =PTSRS I A ST AN 13%. 49%F0 38%, FRBIFMEEIAA 2 A2 5l
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PRz TR EEIRF, GE Kz, AR R R T S RS, 43 i AN (1 3.77
A 2,92 £, FIREERAVEZ AT AT T 4518 — 2. Freeman 25PNy, SHEYI S HUR MR,
Wi, GE sl EERE KRR RN ZER, BRAHNKE GE. 5, HEEM M EKECH
20%-+ 70%-. 10%, Romagosa Ml Fox fEM45 T 100 ZAEEIRGE T RE, HEHBHE 80%~90%
(AL BRAR S 07 72 43 B VAR TR BRI 22 5 12500 LIS [ P 905 AN RV E ) 22 55 R AR ) 7 B 1) R Bt e IR B
T4, ZFN R R TR AR S LR L 512,
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Table 6 Combined analysis of yield variance of 6 cultivars tested in 2 sites

A5 R ‘ -
‘ S P \
Source of H ¥177
Sum of Contribution percentage to a
variation Degree of freedom (DF) Mean square (MS)
squares (SS) SS (%)
&5t Total 35 0.746
A3 Treatment 11 0.536 0.049 5.44%*
EHA Genotype (G) 5 0.10 13 0.004 0.44**
353 Environment (E) 1 0.367 49 0.367 40.78**
ZHAEM (GXE) 5 0.286 38 0.030 3.33%x
W% Error 24 0.110 0.009

2.5 SeAPHgE AR A

fE GGE XUrE s #rh, BT AEA RRE T r=&, £ ABA W, kPR A
1EBISASa A AE AEA Hl B RUBEE R, o EBE . A 1 A&, ERy PC1 AT PC2 4R
T G+GE MIKER 2 745 B.(100%), PEALD AR BB KT 5. 78 AEC YA mfe, 5
PEEKTFIME, M ABC AL m) Ay, ANTFIME, K727 A V2>VI>V3>Ve>V4a>Vs,
AEC AR T mFri e M, ABC Ml bIEge KR R ioFpAs e i K/, IHERIZEE T 0, 52
etEiker. WE 1 aTUUES, BRSNS VIL V2 /il V3, REERZERS V4 f VS, &
Hremti, R VI Rt
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Fig. 1 Average-environment coordination (AEC) view showing the mean yield performance and stability of

different cultivars tested in 2 sites

L T 70.3%, PCZ = 28.7%, Sum = 100
Tranzform = 0, Scaling = 1, Centering = 4 SVP =1
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Fig. 2 Polygon view of GGE-biplot indicating the best cultivars in each environment and groups of

environments of 2 sites
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BT GRS, SR A P IR A B 5 B R LR g B S PR 5 PR S 1) T A A, PR
) FL UL 5 2 B AR R AFAR & i b A [RIEE B A e R D, JERIX 0 ZEBIIPE RN AT GE RN
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