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Evaluation of Shade Tolerance of Soybean Intercropping with Maize in Low
Latitude Plateau Area of Yunnan Province
XIE Rongzhou', CUI Xinghong®, ZHANG Liang', LIU Hehu’, SUN Chunhao', HAN Yuzhi’, ZHAO Yinyue'”

(1. Institute of Grain Crops, Yunnan Academy of Agricultural Sciences, Kunming 650205, Yunnan, China; 2. Agricultural Technology Extension Center
of Huize County, Huize 654200, Yunnan, China; 3. Dehong Agricultural Technology Extension Center, Mangshi 678400, Yunnan, China)

Abstract: To evaluate the shade tolerance of different soybean varieties under the condition of intercropping with maize in
Yunnan, 13 soybean varieties bred by the Institute of Food Crops, Yunnan Academy of Agricultural Sciences were used as test
materials. These soybean varieties were intercropped with maize in a strip intercropping pattern in a natural shading
environment. Appropriate shade tolerance identification indicators were selected, a soybean shade tolerance evaluation model
was constructed, and their shade tolerance was systematically evaluated. By means of multivariate analysis methods such as
correlation analysis and principal component analysis, the shade tolerance coefficients of 11 traits were statistically analyzed,
and the shade tolerance and yield of the tested materials were systematically evaluated. The results showed that the shade
tolerance coefficients of each index were converted into four uncoupled comprehensive indexes by principal component
analysis, which covered 84. 442% information. By means of systematic clustering, the comprehensive shade tolerance
evaluation (D value) of 13 cultivated varieties were divided into 3 categories; weak shade tolerance type (2 varieties) ,
medium shade tolerance type (8 varieties) and strong shade tolerance type (3 varieties). The regression model for shade
tolerance evaluation was further constructed by stepwise regression: D = - 0. 878 + 0. 973X, + 0. 754X, - 0. 072X,
-0.128X,, R=0.995, adjusted R* =0. 986, and standard deviation of residual =0.020 56. According to the equation,
plant height, seeds number per plant, lodging grade and bottom pod height can effectively identify the shade tolerance of
Yunnan soybean and corn under belt intercropping. It was found that Yunhuang 22, Yunhuang 20 and Yunhuang 13 had
higher yield per plant under intercropping conditions, and were suitable for intercropping with maize in Yunnan region (low
latitude plateau). The medium shade tolerant variety Yunhuang 17 had better yield performance under net cropping conditions
and was more suitable for net cropping of soybean in Yunnan Province.

Keywords : soybean; shade tolerance; principal component analysis; membership function method ; cluster analysis; stepwise

regression analysis method
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Table 1 Varieties and sources tested

B it A ] W E i

Number  Cultivar Approval time Approval number
1 HT 75 2010 [ % 572010017
2 =H 12 2018 T K 2018001 5
3 =13 2018 T KT 2018002 5
4 = 14 2019 P K 2019002 5
5 =H 1S5 2019 T K 2019001 5
6 ZH 16 2020 T KT 2020003 5
7 =17 2020 T K 2020002 5
8 ZH 18 2020 T KT 2020004 5
9 =20 2021 P K 2021002 5
10 nH21 2022 T K 2022001 5
11 B 22 2022 T KT 2022002 5
12 =25 2023 P K 2023002 5
13 i 661 1999 HEIKT 45

1.2 Rt

W A SR BTG YA T KRG F R MAER A
M T ERE (R 2 b ER R VERE A
FAREKE 2:4, BHHT2.5 m, 175K 5.0 m,/NX
AL 12.5 m®, T KATHE 40 em, KG4THE 30 em, &
KRG 60 em (& 1), KEITHE 20 em, #1977 2
R ITA®E 16.6 kK -hm 2 Tk 7 13.5 em,
B KR ITAEE 6.0 TTHk-hm 7, R 1T
£:5.0 m, 1750 em, 7CHE 20 em, BRCEH 2 BR, A
ASFHFRFRIE 10 47, 916 % B 20 J 8K -hm 2 /N X
25 m?, 2391F 2022 4E 5 A 30 H 2023 4£5 A
20 HFERD, )4 B[R R B AR ™
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Fig.1 Schematic diagram of soybean and corn belt composite planting
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Table 2 Shade tolerance coefficient (STC) of 11 characters indexes of each variety

AR 4 R Cultivar X, X, X; X, Xs X¢ X Xg Xy Xio X
Y52 7 % Diandou 7 1.04 1.29 0.95 0.43 0.53 0.95 0.51 0.60 1.09 0.38 1.00
¥ 12 Yunhuang 12 1.14 1.17 1.02 0.54 0.64 0.93 0.58 0.61 1.00 0.43 3.00
2% 13 Yunhuang 13 1.03 0.84 1.07 0.65 0.72 1.03 0.70 0.66 0.99 0.42 1.67
Z# 14 Yunhuang 14 1.20 1.28 0.99 0.64 0.67 0.99 0.67 0.69 1.07 0.41 1.67
¥ 15 Yunhuang 15 1.30 1.60 1.00 0.53 0.55 0.92 0.51 0.69 1.13 0.46 1.67
7 ¥ 16 Yunhuang 16 1.49 1.94 1.07 0.39 0.36 1.01 0.38 0.38 1.06 0.40 1.67
¥ 17 Yunhuang 17 1.50 1.52 1.14 0.57 0.40 1.13 0.45 0.45 0.99 0.47 2.00
2% 18 Yunhuang 18 1.25 1.72 0.96 0.63 0.64 0.88 0.60 0.55 0.96 0.45 1.40
7 ¥ 20 Yunhuang 20 1.46 1.48 1.17 0.80 0.66 0.84 0.57 0.63 1.08 0.44 1.40
¥ 21 Yunhuang 21 1.46 1.61 1.19 0.77 0.72 1.10 0.80 0.66 1.05 0.41 1.40
¥ 22 Yunhuang 22 1.60 1.50 1.24 0.80 0.64 0.89 0.58 0.64 1.02 0.33 1.53
28 25 Yunhuang 25 1.51 2.37 1.03 0.59 0.57 0.91 0.58 0.67 1.17 0.47 1.67
i 661 Zhongpin 661 1.20 1.51 0.89 0.53 0.62 0.90 0.68 0.69 1.06 0.52 3.00
FHE Average 1.32 1.53 1.06 0.61 0.59 0.96 0.59 0.61 1.05 0.43 1.78
FrifEZE SD 0.19 0.37 0.10 0.13 0.11 0.09 0.11 0.10 0.06 0.05 0.59
BRERE CV/ % 14.55 24.31 9.85 21.37 18.70 9.08 18.95 15.81 5.66 11.03 33.28

T X RT3 X -JRTE R BE 5 X - AT B X A B K X - BRI s X - BATIERII s X, - BRI s X g - BORR 7 k5 X - ORI EE 5 X - 037 TR A

(666.67 m?) F= 1k, X, {8 IR 2% .

Note: X, - Plant height; X, - Bottom pod height; X;- Number of main stem segments; X, - Effective branching number; X5- Pods number per plant;

X¢- Number of pods; X;- Number of seeds per plant; Xg- Yield per plant; Xg- 100-seeds weight; X - Yield per 666.67 m*; X,,- Lodging class.

F3 11 ADMHERIERR STC BHEX REUER
Table 3 Correlation coefficient matrix of STC of 11 character indexes
i H Ttem X, X, X5 X, Xs Xe X, Xg Xy X X\
X, 1.00
X 0.66* 1.00
X, 0.69"* 0.01 1.00
X, 0.38 -0.14 0.68" 1.00
X -0.31 -0.42 0.08 0.69"" 1.00
X 0.07 -0.17 0.27 -0.11 -0.28 1.00
X, -0.26 -0.30 0.02 0.58" 0.88" " 0.05 1.00
Xg -0.30 -0.22 -0.17 0.42 0.78"* -0.38 0.73"* 1.00
Xy 0.19 0.53 -0.17 -0.21 -0.18 -0.27 -0.13 0.34 1.00
Xio -0.10 0.26 -0.50 -0.21 -0.08 -0.11 0.09 0.14 0.15 1.00
X -0.19 -0.15 -0.33 -0.22 -0.00 -0.05 0.09 0.08 -0.20 0.53 1.00

TE X, RS 5 X - IR G E 5 X - RO R X, - BB X - AR SER ; X g - B SERIEL; X - BRI ; X -BRR 7™ ik X - FRL TR X - A 37 T AR
(666.67 m?) 7= i ; X, ARG, * TR P <0.05, " * FIR P<0.01,

Note: X, - Plant height; X,- Bottom pod height; X;- Number of main stem segments; X, - Effective branching number; Xs- Pods number per plant;

X, - Number of pods; X;- Number of seeds per plant; Xg- Yield per plant; Xg- 100-seeds weight; X,o- Yield per 666. 67 m*; X,,- Lodging class.

“ means P <0.05,

2.2 KREMHEEMNEE S TIEH

2.2.1 ERHHH W4 PR ET4 D ERS B
TFOTHRE A 84. 442% Ui WIZFR o4 B 1 T 1 1k
SEIEH A B PR ] DUk $E 0 1 ~ a0 4
PEATIR RN 2 52, E AL 1 B W B A
TR R TEEC(X,) CHARRLE(X,) R RR R
(Xg) (5 R 30. 672% 5 F 4 2 355 Hy kA

* " means P <0.01.

AHOCPEARAG B, B FE AR 55 (X, ) AR EL(X,) AR
IR (X,) MR, HE 15 B 24, 229% 5 A4 3
SR T (X,)  E R (X,) MR, B B A
18.135% 5 F W4 4 PR IERL L (X, ) | HL 7 T AR
(666.67 m*) P71 (X,,) RS (X,,) M, 5l
EHER 11.406%
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st PP BT AN 5 245 4, A5 538 e A QSR T 1 4 e
I AR B PN TR BAME (£ 5) o
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Table 4 Eigenvectors and percentage of accumulated contribution of principal components

FEHSy Principal factors L L2 L3 L4
Factors 1 Factors 2 Factors 3 Factors 4
FHIE(H Eigen value 3.374 2.665 1.995 1.255
BTk Contribution ratio/ % 30. 672 24.229 18.135 11.406
ZIT5THE Cumulative contribution ratio/ % 30. 672 54.901 73.035 84.442
FRAE A Eigen vector X, -0.212 0.439 0.290 0.340
X, -0.300 0.083 0.504 0.165
X, 0. 000 0.577 0. 000 0.159
X, 0.354 0.409 0.119 0.200
X 0.532 0. 000 0. 000 0.000
Xq -0.110 0.146 -0.403 0.219
X, 0.484 0. 000 0. 000 0.173
Xq 0.440 -0.122 0.321 -0.098
X, -0.113 -0.075 0.562 -0.276
X 0. 000 -0.374 0.225 0.534
X, 0. 000 -0.344 -0.086 0.586

T X RT3 X -JRIE R BE 5 X - AT X A B B X - BRI s X - BATIERI I s X, - BRI s X g - BORR 7™ k5 X - FREEE 5 X - 037 THT AR

(666.67 m?) Pk, X, {8 IR 2% .

Note : X -Plant height; X,-Bottom pod height; X;-Number of main stem segments; X, -Effective branching number; X;-Pods number per plant; X, -

Number of pods; X,-Number of seeds per plant; Xg-Yield per plant; Xo-100-seeds weight; X,,-Yield per 666.67 m?; X, -Lodging class.

x5 BERBNERSEFES(F,) NERERYEU(F,) SETENED RWHEEEETMN

Table 5 The principal component factor score (F;), weight, membership function value U (F;), comprehensive

evaluation value D and shade tolerance comprehensive evaluation of different strains

=] = W

Z 21 Yunhuang21 ~ 1.800  2.183  -0.095 0.816  0.913  0.860  0.384  0.804  0.770 ST
£ 22 Yunhuang22  0.736  3.042 0.303 -0.316  0.752  1.000  0.459  0.547  0.732 ST B
25 # 20 Yunhuang 20 0. 869 1.419 1.338 -0.025 0.772  0.736  0.653  0.613  0.715 SR B
25 Yunhuang 25 -0.946  —0.198 3.185  0.270  0.497  0.474  1.000  0.680  0.623 SR Te)
814 Yunhuang 14 1.433  -0.455  -0.281 -0.703  0.857  0.432  0.349  0.460  0.572 SR Te)
£ 13 Yunhuang 13 2.374  -0.268  -2.140 -0.374  1.000  0.462  0.000  0.534  0.568 SR Te)
ZH 18 Yunhuang 18 0.303  -0.480  -0.337  0.057  0.686  0.428  0.339  0.632  0.530 T
15 661 Zhongpin 661 0.934  —-3.115 0.664 1.489  0.782  0.000  0.527  0.956  0.526 T
ZH 15 Yunhuang 15 —0.507  —0.993 1.289 -0.607  0.563  0.345  0.644  0.482  0.507 R
ZH 12 Yunhuang 12 0.633  -1.571  —-1.400 0.774  0.736  0.251  0.139  0.794  0.476 R
2 # 17 Yunhuang 17 -2.672 0.898  -1.511  1.681 0.235 0.652  0.118  1.000  0.433 it B
HF 7% Diandou7 -0.731 -1.027 -0.608 -2.732  0.529  0.339  0.288  0.000  0.351 EELN ]
Z# 16 Yunhuang 16 -4.226  0.566  -0.408 -0.330  0.000  0.598  0.325  0.544  0.315 EELN ]
HLF Index weight 0.363  0.287 0.215  0.135
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Fig.2 Clustering of comprehensive shade tolerance

of 13 soybean varieties ( lines)
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Table 6 Changes in yield per plant of each tested soybean variety under two cultivation conditions

oo 7%1’!5%%14:$1‘51'€F2% - I'é”’lf%#iﬁ‘ifﬁﬁ f—_—
Variety Yield per plant under D Yield per plant under D
net cropping/g intercropping/g
2 ¥ 22 Yunhuang 22 23.07 ab 1.99 14.73 a 2.37
7% 13 Yunhuang 13 21.80 ab 1.35 14.34 ab 0.97
275 15 Yunhuang 15 20.27 b 3.73 13.74 ab 1.61
Z 1 20 Yunhuang 20 21.99 ab 4.34 13.66 ab 3.08
Z 7% 25 Yunhuang 25 20.28 b 3.33 13.66 ab 2.44
Z# 21 Yunhuang 21 20.63 b 1.77 13.61 ab 8.94
JE 5 7 5 Diandou 7 21.35 ab 3.78 12.76 ab 1.50
275 12 Yunhuang 12 20.42 b 2.19 12.43 ab 1.98
Z 7 17 Yunhuang 17 27.30 a 1.44 12.15 ab 0.67
7% 18 Yunhuang 18 20.51b 2.30 11.31 ab 1.45
¥ 14 Yunhuang 14 15.36 b 2.17 10.53 ab 1.19
H &k 661 Zhongpin 661 15.45b 5.14 10.43 b 2.00
Z# 16 Yunhuang 16 24.69 ab 6.47 9.43 b 1.94

TEARNE FRE2R B # (P <0.05),

Note; Different lowercase letters indicate significant difference( P <0.05).
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