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Adaptability of Soybean Mini Core Collections in Huang-Huai Region
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Abstract: Accurate identification and evaluation of germplasm can enhance its effective use. To evaluate the environmental
adaptability and stability of Chinese soybean germplasm, we applied the additive main effects and multiplicative interaction
(AMMI) model to analyze the two years’ data of the 60 mini core collections of soybean in three provinces in the Huang-Huai
region. The results showed that the interactions between the genotypes and environment (GxE) for plant height, effective branch
number, 100-seed weight, and yield per unit area were highly significant (P<0.01), and the squares of GXE to total squares were
16.73-24.57%, suggesting a need of further analysis for the stability of varieties. The phenotypes of different varieties were de-
pendent on the planting sites, and some germplasm performed wide adaptability while others not in particular environment. The
results laid a theoretical foundation to effectively use mini core collection for soybean breeding in Huang-Huai region.
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Table 1 Code and name of core collections in study
No. Given code Variety name No. Given code Variety name
1 ZDDO01612 Tu’eryan 31 ZDD08190 Yangtianxiaohuangdou
2 ZDD01629 Baiqidawandou 32 ZDD08228 Nanguanxiaopiqing
3 ZDD01683 -2 Diliuhuangdou-2 33 ZDD08238 Chichenglithuangdou
4 ZDD01720 Sijiaogihuangdou 34 ZDD08251 Datunxiaoheidou
5 ZDD01983 Baipihuangdou 35 ZDD08352 Bendidahuangdou
6 ZDD02096 Tian’edan 36 ZDD08472 Heidou
7 ZDD02114 Tian’edan 37 ZDD08564 Xiaoyuanhuangdou
8 ZDD02134 Xiaohuangdou 38 ZDD08603 Xiaohuangdou
9 ZDD02149 Huanggandou 39 ZDD08633 Qingkeyuandou
10 ZDD02159 Daheidou 40 ZDD08650 <2> Huangdou<2>
11 ZDD02315 Huipizhiheidou 41 ZDD08690 Xiaohuangdou
12 ZDD02400 Xiaheidou 42 ZDD08697 13 Yuxuan 13
13 ZDD02626 3 Shengli3 43 ZDD08728 Bailudou
14 ZDD02764 Siliyuan 44 ZDD08928 Liushiribaidou
15 ZDD02864 Pingdinghuangdou 45 ZDD09136 Xiaoqingdou
16 ZDD02866 Dabaipi 46 ZDD09279 Xiaoheidou
17 ZDD02891 Dahuangdou 47 ZDD10100 8516 Zheng 8516
18 ZDD02892 Datian’edan 48 ZDD18524 Xiataizimoshidou
19 ZDD02913 Xiaomidou 49 ZDD18529 Maoyandou
20 ZDD02921 6 Qing6 50 ZDD18558 Huaheihu
21 ZDD02940 Liicaodou 51 ZDD18632 7 Jidou7
22 ZDD02990 Erliheidou 52 ZDD18771 Qindou
23 ZDD03026 Pingdinghei 53 ZDD18835 Maoyandou
24 ZDD03106 Chadou 54 ZDD18870 69 Dongshan 69
25 ZDDO03153 Biyangxiaozihuang 55 ZDD19027 Liipihuangdou
26 ZDD03237 Xichuanjiwohuang 56 ZDD19131 Maodou
27 ZDD03293 Biyangniumaohuang 57 ZDD19144 Qisiwa
28 ZDD03540 Bo’aihongpizaojiao 58 ZDD19293 Zaoshuheidou
29 ZDD03570 Xinyangyangyandou 59 ZDD19381 1 Gaozuoxuan 1
30 ZDDO08018 Miyunlaoyelian 60 ZDD19409 18 Yudou 18
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Table 2 Analysis of variance and AMMI model of partial quantitative trails of mini core collection in Huang-Huai Region in

2008-2009
F
Trait Variance source df Sum of square Mean square F-value t(izf(;ir;;af; soqfuta}lers
Treatment 359 554229.240 1543.814 10.918™
Plant height Genotype 59 392981.500 6660.703 47.107 60.14
Site 5 34979.940 6995.988 49.478" 5.35
GxE 295 126267.800 428.026 3.0277 19.32
IPCA1 63 43137.900 684.729 4.843" 34.16
IPCA2 61 34151.400 559.859 3.960" 27.05
IPCA3 59 22960.590 389.163 2.752" 18.18
IPCA4 57 15635.880 274314 1.940” 12.38
GxE GxE residual 55 10382.030 188.764 1335 8.22
Error 702 99259.430 141.395
Treatment 359 1510.447 4.207 3.962"
Effective branch Genotype 59 838.364 14.210 13.379" 37.20
number N
Site 5 118218 23.644 22262 525
GxE 295 553.865 1.878 1.768" 24.57
IPCAI 63 193.709 3.075 2.895" 34.97
IPCA2 61 148.250 2.430 2.288" 26.77
IPCA3 59 93.778 1.589 1.497" 16.93
GxE GxE residual 112 118.127 1.055 0.993 21.33
Error 700 743.438 1.062
Treatment 359 16788.841 46.766 10.829"
100-seed weight Genotype 59 13265.360 224.837 52.062" 67.03
Site 5 211.652 42.330 9.802" 1.07
G*E 295 3311.829 11.227 2.600” 16.73
IPCA1 63 1781.274 28.274 6.547" 53.79
IPCA2 61 1024.725 16.799 3.890" 30.94
GxE GxE residual 171 505.830 2.958 0.685 15.27
Error 695 3001.437 4319
Treatment 359 500513101.600 1394187.000 6.277"
Yield per unit area Genotype 59 150071034.500  2543577.000 11.452" 22.72
Site 5 222106771.400  44421354.000 200.004" 33.63
GxE 295 128335295.700 435034.900 1.959" 19.43
IPCAL 63 46263300.000 734338.100 3.306™ 36.05
IPCA2 61 32610000.000 534590.200 2.407" 25.41
IPCA3 59 24183090.000 409882.900 1.845" 18.84
GxE GxE residual 112 25278905.700 225704.510 1.016 19.70
Error 720 159913602.600 222102.200
" 0.01 " Significant difference at the 0.01 probability level.
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, 61.7% GxE
09 (  =5.06 , D=020) 11 ( , ,
=487 , D=0.36) , , AMMI1 ;
32 ( =231 ,D=0.13) ,



447

90.2%

E>D>C>A>B>F (D;: 2.47>2.18>1.49>1.02>0.86>0.48); B D E F , 4
33 E 54 D 49 ( 16.41 16.86 1635 17.13 g)
A 12 D 23 C GxE (D, 1.38 147 1.71 1.31)
; 47 (
IPCAI ( 3-a) =25.65 g, D=1.45), 14(  =25.50, D=0.58)
38 ( =19.58, D,=0.24)
( 0.215>0.0294); AMMI2 ( 3-b) 2
47 (25.65 ), 46 (8.96 g); 84.7% GxE
a b
AMMI1 BIPLOT OF MAIN EFFECTS AND INTERACTIONS INTERACTION BIPLOT FOR THE AMMI2 MODEL
53- -k 85- =
55
&
43
2.98 - 25 " 5.98 -
g * 5 %
0 & 11
go it T
~0,66 5 Mlgﬁa 31&& & 34? 1.12 2 3.46-
S5 [ % O E
R T :
-1.66- 49 b 0.94¢
A
B
58°®
D A
398 - b -1.58
04
&
635 83 101 119 137 155 4 -3.98 -1.66 -0.66 2.98 53
MEANS IPCA1
RIATE: Plant Height DATA FILE: DATA MODEL FIT: 84.5% OF TABLE S RIATE: Plant Height DATA FILE: DATA MODEL FIT: 59.7% OF TABLE SS

1 &8 AMMI RARE
Fig.1 AMMI biplot of plant height

AMMII1 BIPLOT OF MAIN EFFECTS ANI]% INTERACTIONS
2.5- v
33
&
1.8-
1.1-
<
o)
&
0.4~
S&I 4£E)
-0.3-
C
1 . o . :
0.669 1.529 2.389 3.249 4.109 4.969
MEANS
VARIATE: Effective Branch Number DATA FILE: DATA MODEL FIT: 74.8% OF TABLE

b
INTERACTION BIPLOT FOR THE AMMI2 MODEL
22- D
1.5

IPCA2

33

-1

IPCA1
VARIATE: Effective Branch Number DATA FILE: DATA MODEL FIT: 61.0% OF GXE

25

B2 BAHHEEE AMMI RiRE
Fig. 2 AMMI biplot of effective branch number



448

37
a b
AMMI1 BIPLOT OF MAIN EFFECTS AND INTERACTIONS INTERACTION BIPLOT FOR THE AMMI2 MODEL
4- 36-
C
L]
28- 242-
19
a
A
L]
1.6- 124~
. 56 .
5 3
& 46 a53 =
&
0.4- Eé? 39@0 60 o1 0.06-18
Sa & A ) 20
5917 g P4 14 ®
B ﬁw 7 = &
-0.8- & -1.12-
EDf 47
* &
. 18
2 ] ] ] 23 N 1 1 2 3I 1 1 1 1 '
= 11.6 152 18.8 24 26 e 0.8 0.4 1.6 28 4
MEANS IPCAI
VARIATE: 100-Seed Weight DATA FILE: DATA MODEL FIT:90.2% OF TABLE VARIATE: 100-Seed Weight DATA FILE: DATA MODEL FIT:81.5% OF GXE

3 BRER AMMI WFRE
Fig. 3 AMMI biplot of 100-seed weight

C>A>E>D>B>F (D;: 4.30>3.95>1.71>1.47> 07 (1 647.35 kg hm?); 51 ( =3 068.79
1.38>1.31); 19 A 56 C kg hm?, D=7.87) 60 ( =3 028.85 kg hm~,
20 B D E 47 F D=12.45) s 49 ( =1 777.83 kg
hm?, D=5.03) AMMI2 (
IPCAI1 ( 4-a) 4-b) 2 61.5% GxE
83.6% ,
( 0.2248>0.1701); C>A>D>B>E>F (D;: 48.70>45.18>36.93>32.46> 14.79>
59 (3 070.07 kg hm™?), 13.26); 34 A 11 B
a b
AMMI1 BIPLOT OF MAIN EFFECTS AND INTERACTIONS INTERACTION BIPL OT FOR THE AMMI2 MIDEL
32 - D 32-
11 g
182 7 43 5 54 19.2-
* 0 45 *
af
w2 15303 g £
4 -443;6%? '%%ﬁﬁ % 43 30 6.4-
S en YR g g ¢ s gg1 | [
O e 13 o
& 4@ ng; %.»13 * e kS £
94 - 1&8 2&2dl 24 & 4“3 ~6.4-
a8 3 2&4 SdEi
-232 - -19.2-
v
a7 < . . . . _3%¢ . . . . .
1,610.791  1,910791 2210791 2510791 2.810.791 3,110.7 =37 -232 -94 44 182 32
MEANS IPCAl
VARIATE: Yield DATA FILE: DATA MODEL FIT: 83.6% OF TABLE SS VARIATE: Yield DATA FILE: DATA MODEL FIT: 61.5% OF GXE SS

4 BAAEBAFEH AMMI iR E
Fig. 4 AMMI biplot of yield per unit area



3 449
55 E F 18 D 28 , AMMI
C : A D , ,
b A b b
D
2.3 Dy
> Dl ( 5) > >
) 59 ( L)
Di Di ’ 51 ( 7 )
b
4 , D; 1 56 ) ,
30 42 34 ( ) A(  ,2008),
D; 55 ( ) B( ,2009 E( |,
2008) F(  ,2008), 28 ( )
¢ 3), D; C( ,2008), 18 ( ) D (
R D; , , 2009) s 5 ,
4 10 ( ), 3
n 31 ( )y 39
3 itk
( )s
2
25 ¢
24 +
23 +
%% i —e— Plant
20 + height
19 +
18 +
17 +
16 +
15 - —B— Effective
14 branch
o 13 r numbx
z 12t umber
> 11 F
Q 18 F
8 —&— 100-seed
7 weight
6F
5 L
4+
3 4 () A.‘ —5¢— Yield
| 8% Aaks, ﬁgﬁ.’.& "’; Baannitfagetagdutthpeatifotivam dux:
1 3 57 91113151719 212325 2729 31 33 3537 39 41 43 45 47 49 51 53 55 57 59
Series number of germplasm in the mini core collections
5 60 AKESIMER 4 DMK DE%KE
Fig. 5 Graph of D; values on four traits of 60 accessions in soybean mini core collection
#3 ETF DiEMERREESREMEIKAEXMYE
Table 3 Correlations between trait stability based on D; value and trait measurement
Trait Mean Sowing season type Growth period Seed-coat color
Stability of plant height 0.16 0.03 0.04 0.01
Stability of effective branch number 0.16 —-0.20 0.12 0.09
Stability of 100-seed weight 0.38" 0.21 0.04 -0.13
Stability of yield per unit area 0.08 0.02 0.02 0.11

0.01 " Significant difference at the 0.01 probability level.
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