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Comprehensive Evaluation for Shade-Tolerant and Selection of Identification In-
dicators in Soybean Germplasms from China and Abroad
ZHANG Li-jun, SUN Xu-gang, LI Sheng-you, SONG Shu-hong, WANG Wen-bin, CAO Yong-qiang

( Crop Institute of Liaoning Academy of Agricultural Sciences, Shenyang 110161, China)

Abstract: In order to evaluate the methods of shade-tolerant in soybean, screen and identify the soybean shade tolerance
traits, and establish a scientific and reliable mathematical model of shade tolerance evaluation, 82 soybean germplasms from
China and abroad were treated under shading and natural light conditions in the pot-culture experiments, and the plant height
(X, ), main stem node number (X, ), internode length (X;), branch number (X, ), pods per plant (X5), biomass per
plant (Xg), yield per plant (X, ), apparent harvest index (X;) and 100-seed weight (X, ) were investigated at the mature
period to evaluate the shade-tolerant and confirm the suitable and efficient indicators of shade-tolerance according to mathemat-
ical evaluation model. The results showed that the nine single indexes were transformed into four independent comprehensive
components by principal component analysis, which represent 83. 155% information of the raw data. The membership function
analysis was used to calculate comprehensive shade-tolerance value (D), and 82 landraces were divided into three types in-
cluding high shade-tolerant, medium shade-tolerant and shade-intolerant through cluster analysis for D value. A mathematical
evaluation model for soybean shade-tolerant germplasms was established by stepwise regression analysis, D =0. 024 +0. 148X,
~0.094X, —0.088X, +0.408X, +0.236X, (R* =0.997). Based on the model, five indexes were closely related to the
shade-tolerance were screened out, including main stem nodes, internode length, pods per plant, yield per plant and 100-seed
weight. That is to say, the high shade-tolerance types have more main stem nodes, shorter internode length, greater pods per
plant and yield per plant.
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gression analysis
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Grain yield per plant; Xg: Apparent harvest index; X, :100-seed weight.
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Fig. 1

Shade tolerance coefficient (STC) of single index among soybean germplasms
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Table I Correlation matrix of shade tolerance coefficient (STC) of each index
X, X, X, X, X5 X4 X, Xq Xy

X, 1. 000
X, 0.597"* 1. 000
X; 0.749**  -0.076 1. 000
X4 -0.274" -0. 066 -0.282" 1. 000
Xs 0.318" " 0.334" " 0.114 0.287 " " 1. 000
Xs 0.372** 0.348* * 0.179 0. 089 0.866" * 1. 000
X 0.279* 0.258 " 0. 137 0. 056 0.789 " * 0.897" " 1. 000
Xg -0. 065 -0.047 -0.032 -0.062 0. 136 0.136 0.549* * 1. 000
Xy -0.032 0.016 -0.020 -0.198 -0.087 0. 166 0. 147 0. 050 1. 000
TR S BIFRIRAE 5% F1 1% KT 225
* and ** significant at 5% and 1% level, respectively.
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Table 2 Eigen vectors and contribution ratio of accumulated contribution of principal components

F 43 Principle factor CI, CI, Cl, Cl,
SFAE{E Eigen value 3.265 1. 843 1.320 1. 057
ik # Contribution ratio /% 36.273 20. 475 14. 667 11. 740
ZH 5k Cumulative contribution ratio /% 36.273 56. 748 71.415 83.155
HEAIE W] & Eigen vector X, 0.617 -0.736 " -0.169 -0.024
X, 0.519 -0.227 -0.340 0.579 "
X5 0. 346 -0.724* 0. 088 -0.49%
Xy 0.021 0.625" -0.534 -0. 144
Xs 0. 860 * 0.303 -0.241 -0.075
Xs 0.921* 0. 188 -0.004 0.076
X 0. 900 * 0.311 0. 257 -0.088
Xg 0. 296 0.333 0.616 " -0.314
Xo 0. 095 -0.023 0.615" 0. 581
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* Means the biggest absolute value of each index in all factors.
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Table 3 The value of each soybean germplasm’s comprehensive index ( CIx), index weight, u(Xj),
value D and comprehensive valuation
; AT
ciiﬁ-fﬂii) Wﬁi{mﬁ% C, CL, CL o ou(X)) u(Xy) u(X;) u(Xy) D Comprehensive
valuation
B3 8 5 Tiefeng 8 ZDD00738  2.069 0.766 0.353 1.150 0.835 0.586 0.479 0.710 0.693 3P4 High
CI11271 WDD02625  1.023 1.916 1.131 1.729 0.622 0.775 0.620 0.832 0.689  #&iif}§ High
FUN-ZHUN WDD02920  2.883 —0.152 -0.325 -0.075 1.000 0.435 0.355 0.451 0.670 i} High
Namcheon WDD02174  1.485 0.432 3.214-1.500 0.716 0.531 1.000 0.151 0.641  #&fiE5 High
bk 3 5 Jilin 3 ZDD00338  2.340 —1.086 0.936 -0.371 0.890 0.281 0.585 0.389 0.615  ##ifif§5 High
F7 IEF L & Fangzhengmoshidou ZDD00326  1.823 0.817 0.521 —1.108 0.785 0.594 0.509 0.233 0.611 SR High
/NE T Xiaobaidou ZDD00267  1.973  0.799 —0.904 —0.205 0.815 0.591 0.249 0.424 0.605 &4 High
WDD01273 WDD01273  0.260 0.982 1.265 1.710 0.468 0.621 0.645 0.828 0.588  #Rfif}5 High
F 42 Fengdihuang ZDD00377  1.844 -0.127 1.254 -1.711 0.789 0.439 0.643 0.106 0.581  ##ffif§5 High
K& Heidadou ZDD00691  0.463 3.284 0.512 -1.754 0.509 1.000 0.508 0.097 0.571 BRI High
MONETA WDD02702  0.857 1.537 -0.362 0.347 0.589 0.713 0.348 0.540 0.570  R{fif 4 High
Suzumaru WDD02152  0.016 0.803 1.379 1.803 0.418 0.592 0.666 0.848 0.565 i} High
FHH 47 Jiyu 47 ZDD23713  1.171 -0.067 0.016 0.634 0.652 0.449 0.417 0.601 0.554  S&{ifPH High
BRI FR AL 17 Mohemoshidou ZDD00332  1.057 0.531-0.876 1.117 0.629 0.547 0.255 0.703 0.553  S&fifE4 High
Bayfield WDD02023  0.591 0.166 0.168 0.985 0.535 0.487 0.445 0.675 0.527 hEEfifE Medium
BC-14-1-3 WDD01052  1.280 1.408 -1.329 -1.385 0.675 0.691 0.172 0.175 0.520 rPEfifE5 Medium
7% Qingzadou ZDD00674  0.883 —0.285 0.217 0.008 0.594 0.413 0.454 0.469 0.507 i EH Medium
CI1691 WDD02599 —-0.242 1.285-0.252 1.707 0.366 0.671 0.368 0.828 0.507 i EH Medium
CA5 WDD03137  1.046 0.850 —1.119 —0.672 0.627 0.600 0.210 0.325 0.504 i Medium
PSB576 WDD02873  0.617 0.247 1.397 -1.346 0.540 0.500 0.669 0.183 0.503 rfEFfifF§ Medium
FI 1 5 Fengshou 1 ZDD00025  0.004 0.708 0.146 1.145 0.416 0.576 0.441 0.709 0.501 HEETH Medium
Saikai 20 WDDO1215  0.542 0.024 0.156 0.392 0.525 0.464 0.443 0.550 0.499 pzEfipH Medium
K 1JE Dabaimei ZDD00539  0.763 —0.391 0.333 —0.100 0.570 0.395 0.475 0.446 0.493 i §H Medium
JoRi# Dalihuang ZDD00440  0.857 0.619 -0.033 —1.391 0.589 0.562 0.408 0.174 0.492 R Medium
KAl Caizhongpu ZDD00163  0.311 —1.476 0.398 2.524 0.478 0.217 0.487 1.000 0.489 EEfi Y Medium
MY 3 5 Heihe 3 ZDD00042  0.066 0.010 0.660 0.738 0.428 0.461 0.535 0.623 0.483 i pH Medium
CA31 WDD03160  0.162 —0.091 —0.109 1.172 0.448 0.445 0.394 0.715 0.475 PEFfifE5 Medium
3 15 Mufeng 1 ZDD00059  0.943 —1.101 0.207 -0.146 0.606 0.279 0.452 0.436 0.474 EETifE Medium
Tokachi nagaha WDD01252  0.166 0.662 —1.149 1.199 0.449 0.569 0.205 0.720 0.474 rPEfifE5 Medium
G. max-46 WDD02643  0.765 0.714 -1.525 -0.737 0.570 0.577 0.136 0.312 0.459 PEFfif 5 Medium
1% Hal ZDD00393  0.805 —0.242 —0.111 —1.115 0.578 0.420 0.394 0.232 0.458 rEETif s Medium
Jangbaeeg WDD02169 -0.150 —0.132 1.223 0.009 0.384 0.438 0.637 0.469 0.454 T Medium
B Dulumei ZDD00485  0.944 —1.002 —1.155 0.443 0.606 0.295 0.204 0.561 0.452 it Medium
KPS292 (AGS292) WDD02350 -0.995 1.691 0.342 0.892 0.213 0.738 0.477 0.656 0.451 tPEFfifg5 Medium
4561 % Jinyuan 1 ZDD00383  -0.456 —1.005 2.724 0.215 0.322 0.295 0.911 0.513 0.446 rfEEfifE4 Medium
PSB575 WDD02872  0.458 —0.565 —0.012 -0.153 0.508 0.367 0.412 0.435 0.446 AR5 Medium
JIB 2846 WDD02913  —0.076 —=0.219 0.359 0.513 0.399 0.424 0.480 0.576 0.444 tPEEfifg5 Medium
JEE4 Yuanbaojin ZDD00381  0.188 —1.113 1.263 —0.108 0.453 0.277 0.644 0.444 0.442 it pH Medium
b/ VLS Jilinxiaolidou FR/VBLEL CK-0.328  0.266 -0.649 1.501 0.348 0.504 0.296 0.784 0.439 B Medium
Tsurukogane WDD02155  0.034 —-0.370 —1.137 1.698 0.422 0.399 0.207 0.826 0.435 AR5 Medium
R4 4 2 Dongnong 4 ZDD00023 -0.233 -0.459 0.509 0.781 0.367 0.384 0.507 0.632 0.434 pEfifph Medium
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Y[ 51 Heihe 51 ZDD00043  —0.840 0.665 0.692 0.422 0.244 0.569 0.540 0.556 0.421 hEEffifR4 Medium
G. maxN136 WDD02675 —1.038 0.783 0.659 0.751 0.204 0.589 0.534 0.626 0.417 AT Medium
Y] 54 Heihe 54 ZDD00044  —0.831 0.656 -0.202 1.191 0.246 0.568 0.377 0.719 0.415 BT Medium
CHESTNUT WDD02880  —0.344 0.430 1.498 —1.821 0.345 0.531 0.687 0.083 0.414 i Medium
7a - WDD01226 0.563 —1.784 —0.535 0.358 0.529 0.166 0.317 0.543 0.404 g5 Medium
PR T Lyurangheidou ZDD00303 0.173 —0.302 —1.544 0.568 0.450 0.410 0.133 0.587 0.404 rPEEfiE5 Medium
Chohckuzan WDD02148  —0.481 0.008 —0.508 0.834 0.317 0.461 0.322 0.643 0.399 il Medium
F 5 Maodou ZDD00127 0.169 —0.852 —1.089 0.640 0.449 0.320 0.216 0.602 0.398 R FH Medium
4% Yangjiaomi ZDD00159  —0.547 —0.990 1.418 0.170 0.304 0.297 0.673 0.503 0.395 BT RH Medium
CHI-LU-SCHU WDD02831  —0.692 2.073 -1.373 -0.689 0.274 0.801 0.164 0.322 0.391 B4 Medium
KT Tujiazi ZDD00196  —0.691 —0.519 1.105 0.022 0.275 0.374 0.616 0.472 0.387 HEFifitPH Medium
PSB609 WDD02897  -0.744 0.005 0.319 0.248 0.264 0.461 0.472 0.520 0.385 it pH Medium
WDD01253 WDD01253 0.248 —0.917 —0.722 -0.497 0.465 0.309 0.283 0.362 0.380 15 Medium
[ T 75 Bayanpingdingsiang  ZDD00203  —0.043 —1.169 —0.665 0.295 0.406 0.268 0.293 0.530 0.369  ¥5ifif B4 Weak
JNG:#E 1 5 Xiaojinhuang 1 ZDD00375 0.470 —1.015 —1.397 —0.672 0.510 0.293 0.160 0.325 0.369 377 Weak
Jt 31 Youbilie It ) -0.801 1.231 -1.132-0.400 0.252 0.662 0.208 0.383 0.364 55 §H Weak
#7223 04 Shulanmancangjin ~ ZDD00604  —0.351 —0.075 0.416 —1.655 0.344 0.447 0.490 0.118 0.363  Fifif B4 Weak
H=)F WDD01230 0.296 —1.674 —1.068 0.088 0.475 0.184 0.219 0.486 0.360 377 Weak
W Langi ZDD00569  —1.061 0.079 0.162 0.330 0.199 0.473 0.444 0.537 0.357 554755 Weak
HHf % G4 Yitongmancangjin ZDD00605  —0.839 0.306 -0.280 —0.213 0.244 0.510 0.363 0.422 0.356 55715 Weak
Japan | WDD01202  -0.192 -1.184 —1.435 0.821 0.376 0.265 0.153 0.641 0.347  55ifi{ B4 Weak
45 Baimaoshuang ZDD00250  —1.848 0.610 0.921 0.655 0.040 0.560 0.582 0.606 0.343  §5fif§5 Weak
4 Mancangjin ZDD00078  —1.284 -0.516 1.027 0.256 0.154 0.375 0.601 0.521 0.339  §57ifE5 Weak
MemG /N4 . Huananxiaojindou ZDD00269  —1.185 0.415 0.272 -0.530 0.174 0.528 0.464 0.355 0.338  §5fif 5 Weak
JNELF Xiaobaigi ZDD00532  —0.844 —1.692 0.799 0.582 0.243 0.181 0.560 0.590 0.333  §5fif 5 Weak
¥ 45 1. Huichundou ZDD00548  —0.371 —0.397 -1.457 —=0.337 0.339 0.394 0.149 0.396 0.327 557§ Weak
TS HEIE . Hailunduludou ZDD00261  —1.084 0.001 -0.122 -0.256 0.195 0.460 0.392 0.413 0.326 5575 Weak
JEE 4 Yuanbaojin ZDD00079  -1.533 0.465 0.635-0.395 0.104 0.536 0.530 0.384 0.325 57§ Weak
AT RIS Liushitianhuanjia ZDD00252  —0.638 —0.808 —1.020 0.459 0.285 0.327 0.228 0.564 0.325  F5fifi§ Weak
WDD01264 WDD01264 —1.192 1.974 -2.272 -0.334 0.173 0.784 0.000 0.397 0.325 557§ Weak
461 5 Zihua 1 ZDD00378  —0.693 —1.012 0.323 -0.578 0.274 0.293 0.473 0.345 0.324 5575 Weak
KT Dahonggi ZDD00651  —1.213 0.663 -0.236 —1.209 0.168 0.569 0.371 0.212 0.309 5475 Weak
¥ 17 Heidou ZDD00686  —0.809 —0.603 —0.642 —0.265 0.251 0.361 0.297 0.411 0.309  F5fif$§ Weak
A 4 5 Shuangcheng 4 ZDD00183  —0.923 —1.082 -0.186 —0.377 0.227 0.282 0.380 0.388 0.290  F5fif L Weak
3/1L14h Jingshanpu ZDD00081  —1.318 —0.748 1.249 —1.218 0.147 0.337 0.642 0.210 0.290  F57if 5 Weak
F75 4K 5 Baoginglyudadou ZDD00296  —1.074 —0.008 —0.657 —1.275 0.197 0.458 0.294 0.198 0.279 55475 Weak
WDD01267 WDD01267  —0.339 —0.459 —1.251 =2.213 0.346 0.384 0.186 0.000 0.278 I Weak
IE 28 7E 1 5 Jiaohezihua 1 ZDD00554  —2.044 0.577 0.547 -0.511 0.000 0.555 0.514 0.359 0.278 557 §5 Weak
JEWE D Yapoche ZDD00219 0.163 —2.795 —0.681 —1.262 0.448 0.000 0.290 0.201 0.275 55t PH Weak
Koreane 4 WDD01437  —0.649 —1.136 —0.827 —1.109 0.283 0.273 0.263 0.233 0.270  55ifi{ P Weak
PSB543 WDD02848  -1.752 0.161 —0.379 —1.411 0.059 0.486 0.345 0.169 0.230  F5ifif B Weak
FUE Index weight 0.436 0.246 0.176 0. 141
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Table 4 Description of different types to shade tolerance

PEAR Trait 432 Type FlUTR IR Origin X} B2 Control WEIEALHE Shade
FE 2574 Main stem node number SR A High [ ZDD 16.71 13.96
[# 4} WDD 17. 67 14. 89
o R 5 Medium E P ZDD 16. 12 13. 49
[ 4} WDD 17.02 14. 54
H5TH T No = Py ZDD 17.30 13.10
[® 4 WDD 16. 67 13.05
7 [E] K Internode length/cm SR High [E N ZDD 3.81 5.93
[# 4} WDD 3.88 5.54
b B B Medium [ ZDD 3.85 6. 02
4 WDD 3.91 5.71
397 B No Py ZDD 4.10 6.32
[& 4} WDD 4.37 6.78
BARRIEEL Pods per plant SR B High E M ZDD 53.88 42.42
[ 4} WDD 81.28 53.78
BT B Medium [Py ZDD 64. 00 31.89
&4k WDD 75.92 36. 68
57 B No P ZDD 72.30 27.52
[# 4} WDD 72.76 31.29
ARk Yield per plant/g FRTH P High = Py ZDD 14. 24 11.36
[ 4 WDD 19.85 13.11
BT B Medium P ZDD 21.08 9.30
[® 4N WDD 22.26 10. 05
357 B No P ZDD 26. 08 7.37
[# 4} WDD 25.95 6.95
T RLE 100-seed weight/g SR High = Py ZDD 17.33 14.96
[E 4 WDD 17.16 17.31
T BT B Medium P ZDD 18.68 17.02
[# 4} WDD 19.03 15. 84
35T B No P ZDD 19. 31 14.99
[ 4} WDD 20. 09 14.01
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