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Comprehensive Evaluation and Identification Index Screening of Shade Tolerance

of Intercropping Soybean in Guangxi

TANG Fu-yue, LIANG Jiang, GOU Xiao-hong, WEI Qing-yuan, CHEN Wen-jie, CHEN Yuan

(Cash Crops Research Institute, Guangxi Academy of Agricultural Sciences/Nanning Comprehensive Station of Nation Soybean Industry Technology,

Nanning 530007, China)

Abstract: This research aimed to explore the shade tolerance characteristics and identification index of soybean varieties
(lines), and establish a relatively accurate, stable and efficient mathematical model for evaluating shade tolerance of
soybean. There were two treatments (intercropping of soybean and maize ;pure planting) with 36 soybean varieties(lines) as
experimental materials. Eleven single character indexes were used as the data of shade tolerance coefficient, and the shade
tolerance of soybean was comprehensively evaluated by using principal component analysis, membership function method,
systematic clustering and stepwise regression analysis. The results showed as follows, the evaluation value of comprehensive
shade tolerance was calculated by membership function method and analyzed by cluster analysis, 36 soybean varieties( lines)
were divided into three categories: Strong shade tolerance (two varieties) , medium shade tolerance (nine varieties) and weak
shade tolerance (25 varieties/lines) . The shade tolerance coefficient of eleven single trait indexes took as independent
variable and D value as dependent variable, the optimal regression equation was established by stepwise regression analysis: D =
—0.585 +0. 662x, +0. 152x, + 0. 084x, +0. 211x, (R =0. 962, R> =0. 915,8D =0. 036 16). The lowest of pod height,
nodes number of main stem, pods number per plant and seeds number per pod were selected as the identification indexes of
soybean shade tolerance under intercropping of corn and soybean strip compound planting in Guangxi.

Keywords: soybean; shade tolerance; principal components analysis; membership function method; system cluster analysis;

stepwise regression analysis method
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Table 1 Tested varieties(lines) and source
A (R SR AR (R) P37
Variety ( line) Source Variety ( line) Source

S5 18 Chengdou 18
¥ 10 5 Gandou 10
#1016 Gui 1016

H:# 11 %5 Guichun 11
H:## 12 5 Guichun 12
H:# 13 % Guichun 13
#4155 Guichun 15
FEZR 16 5 Guichun 16
FE# 1601 Guichun 1601
H:45 1602 Guichun 1602
H: 1603 Gui 1603

FE# 1607 Guichun 1607
H:# 1608 Guichun 1608
H:#% 18 5 Guichun 18
H:# 1805 Guichun 1805
FEZR 1807 Guichun 1807
H:# 1808 Guichun 1808
% 8 5 Guichun 8
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H:## 5. 111 Guichundou 111
H:#R T 112 Guichundou 112
H:#: 5. 113 Guichundou 113
484 11 5 Huachun 11
445 2 5 Huachun 2

164 8 5 Huachun 8
#7731 Nanchundou 31
#5610 Pudou 610
#7611 Pudou 611

SR 34 Quandou 34

$£ 17 Quandou 17

SR 20 Quandou 20
420162 Yuechun 20162
#8845 2017-1 Yuechun 2017-1
#1307 Zheng 1307

F1#% 302 Zhonghuang 302
#1# 306 Zhonghuang 306
H1# 325 Zhonghuang 325

PR B B 2 AR BT T
IR B 2 BRI T B
IR B B 2 AR BT ST T
gy~
Gl
NS
i E T A B2 B
Al BB
ARl B E T
Ha A SN T AR R W5 B
HRA SN AR R DTS BT
FE A RN AR B2 T
Ep NS
Al K
TR A MR B 2 B E AT S BT
P E A B2 B R 205 BT
T ERAFLE B E R AR T BT
P E A B A BB 25 BT




6 3 D SBRAT T PRI E R S P25 O B S R b i 647

1.3 Rt
FKHRX I, G R B FIX, R iEE A A
SO 2 AAEER SRR (R) AEIIX 3 IRER , HOGAL
HREEK — FREARE SR AT RIER
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AT a3 3K E, KRGS T K EHE 40 em, K
GATHE 40 em, EKIUE 20 em, B CE T 1 BR, KE
JCHE 20 em, BECEH T 2 bR, BEASFR(R) FRRE 1A
V}

B

A

223 VY
L

Fe AT, /DXL 10 m* (5 m x2 m) . HFREHANE
F1HE 40 em, JCHE 20 em, 5 7B T 2 fR, A
547, /NXHAL 10 m* (S mx2 m) (K1),

2018 4£3 H 15 HIFIHEFF K HFRKE,HFX
TT6 H11—28 HIREKRE, T7 A 14 HIGRE
k52019 4F 3 H 2 HRFRIEHEMEE KR FRG, T
6 H5—23 HIR3kEKRE, T7 H 10 HIGREE
Ko HERRBEHE A=,

%

40 cm |40 cm 40 cm

160 cm

TE: A FEK;B FRI,
Note : A. Spring corn; B. Spring soybean.

200 cm

Bl HEK-FREFKREAMEHEHRETEE

Fig.1 Experimental plots arrangement of “spring maize-spring soybean” intercropping
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Table 2 Shade tolerance coefficient (STC) of each characters index of different soybean cultivars ( lines)

Al (&) Variety(line) X, X, X;3 Xy Xs X X5 Xs Xy Xio Xy
F . 18 Chengdou 18 0.79 1.09 0.81 0.84 0.90 1.00  0.94 1.04  0.62 1.00 0.39
#5210 5 Gandou 10 1.04 1.35 1.00 1.07 0.82 1.17 0.91 1.11 1.07 1.00 0.37
H: 1016 Gui 1016 1.30 1.49 1.23 0.80 0.88  0.92 0.8  0.93  0.67 7.00 0.25
2 11 5 Guichun 11 1.96 0.88 1.18 0.92 1.35 1.00 1.39 1.03 1.09 1.00 0.49
k& 12 5 Guichun 12 1.68 1.20 0.90 0.64 1.02 1.01 1.01 0.99  0.98 5.00 0.49
H:# 13 5 Guichun 13 1.26 1.16 0.93 0.49 0.56  0.94  0.51 0.92  0.46 3.00 0.21
K4 15 5 Guichun 15 0.93 1.47 3.90 0.98 0.93 1.20 1.06 1.13  0.95 5.00 0.44
K4 16 5 Guichun 16 1.22 0.99 1.06 0.97 0.73 0.98 0.74 1.01 0.84 1.00 0.31
k% 1601 Guichun 1601 1.22 1.06 1.01 0.56 0.51 0.90  0.47  0.90  0.57 7.00 0.36
HE# 1602 Guichun 1602 1.32 1.30 1.00 0.48 0.41 0.88 0.38  0.95 0.8 7.00 0.28
HE 1603 Gui 1603 1.55 1.48 2.68 0.64 0.67 1.15  0.72 1.08  0.83 5.00 0.44
H:# 1607 Guichun 1607 1.09 1.18 0.93 0.82 0.80 0.93 0.84 1.03  0.68 5.00 0.30
HE# 1608 Guichun 1608 1.11 0.79 0.97 1.56 0.96  0.91 0.87  0.91 0.46 5.00 0.28
7 18 2 Guichun 18 1.22 1.23 1.15 0.72 0.79 1.12  0.86 1.09  0.95 1.00 0.37
H:% 1805 Guichun 1805 1.22 1.40 0.98 0.81 0.97 0.93 0.84 1.01 0.69 7.00 0.32
FE# 1807 Guichun 1807 1.48 1.63 1.16 1.02 0.87 0.94 0.84 0.97 0.74 5.00 0.28
FE# 1808 Guichun 1808 1.37 1.57 0.99 0.73 0.68 0.97 0.67 0.98  0.58 5.00 0.26
H:% 8 5 Guichun 8 1.74 0.98 3.12 0.50 0.64 0.94 0.74 1.14  0.90 5.00 0.34
BT 111 Guichundou 111 0.97 0.85 0.92 0.56 0.50 1.06  0.50 1.01 0.96 3.00 0.41
%S 112 Guichundou 112 1.35 1.17 1.01 0.83 0.62 1.08  0.63 1.01 0.88 3.00 0.40
H:4# 5. 113 Guichundou 113 1.14 1.10 1.05 0.72 1.05 1.19  0.94  0.88 1.07 3.00 0.47
% 11 5 Huachun 11 1.23 1.52 0.96 1.26 0.96  0.99 0.99 1.03 0.85 3.00 0.32
484 2 5 Huachun 2 1.02 0.83 0.96 0.76 0.86  0.97  0.88 1.2 0.92 3.00 0.37
4£% 8 % Huachun 8 1.04 2.6l 0.91 1.32 1.06 1.23 1.18 1.11 1.16 3.00 0.47
% 31 Nanchundou 31 1.07 1.14 1.22 1.92 1.03 1.04 1.09 1.04 0.73 1.00 0.30
#7610 Pudou 610 0.91 1.08 0.85 0.72 0.58 0.87 0.57 0.99 0.76 3.00 0.38
#2611 Pudou 611 1.44 1.77 0.98 0.52 0.77 0.94 0.75 0.97  0.85 3.00 0.41
$R 7 34 Quandou 34 0.68 1.10 0.92 0.67 0.60 1.09  0.64 1.07  0.99 1.00 0.34
SR 17 Quandou 17 0.97 1.26 1.07 0.96 1.60 1.05 1.78 1.10  0.83 3.00 0.39
SR 20 Quandou 20 1.07 1.11 0.98 0.42 0.77  0.99  0.77 1.00  0.92 2.33 0.37
4420162 Yuechun 20162  1.37 1.24 1.03 0.77 0.80 0.97 0.74 1.04  0.79 3.00 0.38
#.4%2017-1 Yuechun 2017-1  1.12 1.44 0.91 0.82 0.94 0.88  0.94 1.00  0.76 1.00 0.44
#1307 Zheng 1307 0.96 0.97 0.97 1.29 0.95 0.98 0.8  0.92 0.83 1.00 0.40
1#% 302 Zhonghuang 302 1.06 1.23 0.97 0.88 0.75 1.08  0.81 1.10  0.97 1.00 0.30
114 306 Zhonghuang 306 1.04 1.52 1.05 0.72 0.65 1.17  0.73 1.12  0.66 7.00 0.31
rf1# 325 Zhonghuang 325 0.92 1.10 1.00 0. 60 0.70 1.10  0.72 1.04  0.78 1.00 0.31
Y8 Average 1.19 1.26 1.19 0.84 0.82 1.2 0.84 1.02  0.82 3.37 0.36
¥R STDEV 0.27 0.33 0.65 0.32 0.23 0.10 0.26 0.07 0.17 2.08 0.07
AR ZRECV/ % 22.43  26.39  54.69  37.54  28.41 9.86  30.91 6.78 21.35  61.73 19.63

T X bR Xo-RIem s Xo-22WHG X, AR Xs- R IE8G Xo-2 RS2 L5 X, - pioRi 4

Xo-BURG ; X, -7, T,
Note: X, -Plant height; X,-Bottom pods height;

X;-Stem node number;

X, -Effective branches number;

Xg'%?ﬁ*ﬁﬁ; Xg'ﬁ‘ﬁkf:i;

Xs-Pods number per plant; Xq-Multiple

pods ratio; X;-Seeds per plant; Xg-Seeds number per pod; Xg-Yield per plant; X,,-Lodging grade; X, -Yield. The same below.
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Table 3 Correlation coefficient matrix of each character STC
BH Item X, X, X3 X, Xs Xs X; Xg Xy Xio Xy

X, 1
X, 0.045 1
X5 0.222 0.053 1
Xy -0.187 0.117 -0.053 1
X5 0.087 0.113 -0.023 0.505*" 1
Xe -0.241 0.312 0.275 0. 144 0.169 1
X5 0.041 0.167 0.080 0.491** 0.967"" 0.287 1
Xy -0.104 0.255 0.433** 0.069 0.133 0.553** 0.342° 1
Xy 0.052 0.151 0.155 0.022 0.309 0.617"" 0.386" 0.460" " 1
X0 0.290 0.212 0.243 -0.245 -0.223 —-0.245 -0.266 -0.208 -0.460" " 1
Xy 0.132 0.093 0.175 -0.044 0.387 " 0.399 " 0.405 " 0.190 0.693** -0.261 1

W R A IERIRTE 5% F1 1% K- 583540 5

Note: * and
2.2 RS ETEN
2.2.1 EZRH4HM VAR KESF(R) 1 AH
T AR TR At 17 2R O B , AT 32 o o B 1 4
R E 4 R, /04 A FERS R sTERE N
74.722% , HAFAEAE KT 1, AT 4 > Eisr s
T 11 AR 4 bR B R AR 74, 722% 17 B
i, R 4 A~ 3 s AT gAY BT, 2R

* " indicate significant correlation at 5% and 1% level respectively.

— A EE A RRRIE(X,) VR R (X)) |
FARRIEE (Xs) EZRLIE B (X ) V™ (X,,) FldE
SERIB( X ) PR, BEAE T 32.299% 15 B 48 A E
By i B ZE (X)) A SO A (X)) R, HE T
T 16.776% 15 B s 5 = A~ FRisr bk (X)) FEIER
(X)) KR, #5477 13. 849% 15 8. 55 U4 T
ST HURTE R (X)) MR, #7111, 798% 15 8.

T4 BUHRERSHFHERERTEHE

Table 4 Eigenvectors and percentage of accumulated contribution of principal components

FE LS Principal factors F, F, F, F,

FREA Eigen values 3.553 1.845 1.523 1.298
TTHk#R Contribution ratio/ % 32.299 16.776 13.849 11.798
Zi15T#k%% Cumulative contribution ratio/ % 32.299 49.075 62.924 74.722
FHE M & Eigenvector X, 0. 800 -0.398 0.351 0.029
X, 0.781 0.281 -0.213 -0.335

X, 0.705 -0.520 0.413 -0.057

X 0.693 0.375 -0.300 0.244

X 0. 664 0.200 0.037 -0.521

Xg 0. 604 0.435 -0.135 0.332

X, 0.237 0.623 0.322 0.146

X, 0.401 -0.597 0.098 0.431

X, -0.060 0.237 0.714 -0.439

X0 -0.469 0.327 0.616 0.267

X, 0.282 0.245 0.267 0.520

2.2.2 EBIHEMSM 36 NKEMFN(R) TR
BOWFE RS A B 5 R (R ZEE TR e
F, ~F, NEEEFaPRERRIEREUE U(F,) ~U(F,)

mk 5 PR, FEF— LR AT SR8 REUE
AR R 0 ~ 1,000, BUE # K 2 I TE H 2R Dk 5%
R A A inEFE 8 45 U(F, ) h 1,000, 3R
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A3 FE 1602 FEFH 11 5 Fidh 3 306 43 B TE 4
T ERIUZE AR BRI R T B A

2.2.3 BumbmARE WRIEKLAIE(ER
43) TR R/ INTEAT 5] 4 A ZE A8 BR ALE 43-51
410.432,0.225,0. 185 F10.158(F£5) .

2.2.4 ®HEESTFN RIELSLEEEIRAET
BASRE AN (R) T BTELE SR E D(KS) . R

W D AEHEAT RIS AT E5 AN E 2 FoR 8 36 4
ZINK G MR R ) 430 = KB — 3N st i v
Al AL 2 AN SRR 15 SRR 8
5 T 2ON R AT B I R, A 9 ARl 2 Bk
FE 1603 SR 17 H:/ 8 % HAF 11 5 H 8 306,
HEEL 10 5 KER 12 5 A8 5 11 SHIEER 18 55
=RA MRS (R) BT 31 425 4
A (R ) o

£5 SEM(R)NEAIEREF,) NE.UF,) D BEREETH

Table 5 Value of each variety’s comprehensive index (F;), index weight,U(F;) ,D value and comprehensive evaluation

fnfl( FR) Variety(line) F F, Fy Fy UCF,) U(F,) U(Fy) U(F,) D R

Comprehensive evaluation
H:4 15 5 Guichun 15 1.589  2.049 0.616 1.463 0.825 0.947 0.743 0.903 0.850 ST EE High
4545 8 5 Huachun 8 2.364 0.449 0.185 1.828 1.000 0.586 0.635 0.981 0.836 SR EH High
HE 1603 Gui 1603 0.418 2.283  0.900 0.041 0.561 1.000 0.814 0.600 0.712 AT I Medium
S5 17 Quandou 17 1.910 -1.630 1.091 0.457 0.897 0.116 0.862 0.689 0.682 AT 5 Medium
H:7R 8 5 Guichun 8 -0.164 2.254 1.312 -0.573  0.429 0.993 0.917 0.469 0.653 HAETT BT Medium
% 11 5 Guichun 11 1.652 -0.712  1.645 -2.769 0.839 0.324 1.000 0.000 0.621 HHAET BT Medium
}1#% 306 Zhonghuang 306 -0.236  1.139 -0.113 1.916 0.413 0.742 0.561 1.000 0.607 HHAET BT Medium
#3210 5 Gandou 10 1.176  0.239 -1.253 0.474 0.732 0.538 0.276 0.692 0.598 HH AT BT Medium
R 12 5 Guichun 12 0.536 0.263 1.351 -1.912 0.588 0.544 0.927 0.183 0.577 HHAETT BT Medium
1£4 11 5 Huachun 11 0.373 -0.790 0.434 0.786 0.551 0.306 0.697 0.759 0.556 HHAETT BT Medium
k% 18 %5 Guichun 18 0.660 0.517 -0.882 -0.229 0.615 0.601 0.369 0.542 0.555 HHAETT BT Medium
Ri# 2 31 Nanchundou 31 0.745 -1.897 -0.069 1.489 0.635 0.056 0.572 0.909 0.536 ST B Low
FE# 1807 Guichun 1807 -0.505 -0.336 1.349 0.661 0.353 0.409 0.926 0.732 0.531 ST B Low
FEZF 1805 Guichun 1805 -0.558 -0.247 1.196 0.617 0.341 0.429 0.888 0.723 0.522 ST BH Low
¥4 & 113 Guichundou 113 0.822 -0.151 -0.293 -1.539 0.652 0.450 0.516 0.263 0.520 ST B Low
F1#% 302 Zhonghuang 302 0.418 0.135 —1.254 0.444 0.561 0.515 0.276 0.686 0.517 ST BT Low
#5611 Pudou 611 -0.219  0.440 0.564 -0.764 0.417 0.584 0.730 0.428 0.514 ST B Low
B4 20162 Yuechun 20162 -0.155  0.138  0.143 —-0.475 0.432 0.516 0.625 0.490 0.495 H5TH B Low
H:#£ 5 112 Guichundou 112 -0.093  0.566 -0.473 -0.602 0.446 0.612 0.471 0.462  0.490 ST B Low
FE 1016 Gui 1016 -1.031 -0.334 1.465 0.785 0.234 0.409 0.955 0.759 0.490 ST Y] Low
H:45 18083 Guichun 1808 -1.114  0.090 0.688 0.859 0.215 0.505 0.761 0.774 0.470 ST B Low
B4 2017-1 Yuechun 2017-1  0.181 -0.774 0.005 -0.706 0.507 0.310 0.590 0.440 0.468 H5TH B Low
H:#5 1607 Guichun 1607 -0.637 -0.371 0.227 0.554 0.323 0.401 0.646 0.709 0.461 H5TH B Low
F¢# 34 Qihuang 34 0.132  0.409 -2.357 0.203 0.496 0.577 0.000 0.634 0.444 ST B Low
4545 2 %5 Huachun 2 0.019 -0.378 -0.602 -0.759 0.471 0.399 0.439 0.429 0.442 ST B Low
}1#% 325 Zhonghuang 325 -0.144 0.138 -1.560 0.217 0.434 0.516 0.199 0.637 0.441 ST Y7 Low
SR 20 Quandou 20 -0.176  0.231 -0.774 -0.933 0.427 0.537 0.395 0.392 0.440 ST T Low
E 18 Chengdou 18 0.104 -0.916 -1.026 0.166 0.490 0.277 0.333 0.626 0.435 ST YT Low
& 16 5 Guichun 16 -0.240 -0.455 -0.717 -0.325 0.412 0.382 0.410 0.522 0.422 ST B Low
#B 1307 Zheng 1307 0.189 -1.522 -0.615 -0.559 0.509 0.141 0.435 0.472 0.407 ST Low
FE#HH 111 Guichundou 111 -0.377  0.783 -1.670 -1.008 0.381 0.661 0.172 0.376 0.405 ST B Low
k% 1602 Guichun 1602 -2.068 0.702 0.451 0.166 0.000 0.643 0.702 0.626 0.373 ST B Low
H:4% 1608 Guichun 1608 -0.966 -2.145 0.795 0.773 0.249 0.000 0.788 0.756 0.373 ST B Low
#5610 Pudou 610 -0.891 -0.183 -0.939 -0.471 0.266 0.443 0.354 0.490 0.357 ST B Low
H:4% 1601 Guichun 1601 -1.811 0.270 0.424 -0.510 0.058 0.545 0.695 0.482 0.352 H5TH B Low
#4513 5 Guichun 13 -1.901 -0.252 -0.244 0.236  0.038 0.427 0.528 0.641 0.311 H5TH B Low
HLF Index weight 0.432  0.225 0.185 0.158




6 3 D SBRAT T PRI E R S P25 O B S R b i 651

A FH W ard B 32 AR &
ERRBERREEIH

10 15 20 25
| 1 1 1

Gui 1016 3
Guichundou 20
Yuechun 2016-2 31
Guichun 180 17
Yuechun 2017-1 32

Guichun 160 12
Guichun 180 16
Nanchundou 25
Guichun 180 15
Guichundou 21

Pudou 611 27
Zhonghuang 34
Guichun 160 10
Guichun 160 13
Guichun 160 9

Rudou 610 26

Guidou 13 6
Quandou 20 30 |

1T

Zhonghuang 36
Huachun 2 23
Qihuang 34 28

Chengdou 18 1
Guichundou 19
Zheng 1307 33

Guichun 16 8 1
Guichun 15 7
Huachun 8 24 —l
Guichun 8 18
Quandou 17 29
Gui 1603 11—
Gandou 10 2
Zhonghuang 35 I
Guichun 11 4

Guichun 18 14 |
Huachun 11 22
Guichun 12 5

B2 36 M KERM(R)EEMHENREER

Fig.2 Cluster dendrogram for shade tolerance of 36 soybean cultivars ( lines)
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