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Study on Response of Soybean Stem Characters
to Shading at Seedling Stage

WU Xiao-ling, TAN Qian-jun,CHEN Fan-jie, WU Yu-shan,
LIU Wei-guo,SHE Yue-hui, YANG Wen-yu
(College of Agronomy ,Sichuan Agricultural University ,Chengdu 611130)

Abstract ; Stem characters of 51 soybean materials were studied under normal light and shading conditions at
seedling stage. The results showed that the coefficient of variation ( CV)of soybean materials based on stem charac-
ters under normal light and shading were 8.40% -78.06% and 11.27% -84.68% ,respectively. Except the first and
second internode length, CVs for other stem characters under shading condition were higher than that under normal
light. Plant height, height of lowest branch and internode length were very significantly raised (P <0.01 ), while
stem diameter, branch number and nodes of main stem were very significantly decreased under shading condition.
Plant height index (IL) ,internode length index( I,,1, and I, ) were significant between normal light and shading
condition( P <0.05). Correlation analysis showed that plant height was significantly positively correlated with every
internode length excpet first internode length, and was not significantly correlated with nodes of main stem under
shading exclusion. Path analysis indicated that the positively contribution of tenth, eleventh internode length to plant
height was the largest under normal light, and that of seventh, tenth internode length to plant height was the lar-
gest under shading condition. Plant heights of six soybean materials were not significantly different in two differ-
ent light environments. Therefore , these results might play important role in soybean breeding of intercropping
system.
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Table 1 Effects of different light environments on traits of soybean stem

H 48R Normal light BAMIAEE Shading condition
YRR ot moME s - BREE ERAN RAM BME O B —_— AREE ERR
Tt (em)  (em)  (om) (%) (%) (em) (em)  (em) (%) (%)
Max. Min. Mean SD Variability cv Max. Min. Mean SD Variability cv

HT 70.0 29.6 45.3aA 9.036 40.40 19.95 126.6 48.8 89.0bB 21.338 77.80 23.97
HS 6.2 4.0 5.3aA 0.444 2.19 8.40 4.5 2.2 3.4bB 0.443 2.29 13.24
BN 4.8 0 2.7aA 0.881 4.80 33.23 4.3 0 1.8 bB  0.691 4.30 39.49
HB 25.5 5.3 16.5a A  4.271 20.30 25.83 40.1 12.0  20.5bB 5.346 28.10 26.12
HN 15.0 10.8 12.6 a A 1.126 4.25 8.92 13.0 7.0 10.6 bB 1.193 6.00 11.27
HL, 7.8 3.6 5.9aA 0.992 4.23 16.76 17.3 7.2 10.2bB 1.618 10.18 15.84
HL, 7.4 1.8 3.2aA 1.020 5.65 31.94 9.4 1.6 59bB 1.586 7.80 26.89
HL, 4.5 1.3 2.7aA 0.841 3.21 31.71 19.4 2.7 6.2bB  2.559 16.75 41.59
HL, 4.7 1.8 3.0aA 0.708 2.87 23.96 12.0 2.8 6.9bB 2.09 9.18 30.12
HL; 6.3 2.2 3.7aA 0.888 4.08 24.15 11.4 4.4 7.6 b B 2.054 6.95 26.96
HL 7.7 2.3 4.1aA 0.969 5.43 23.65 17.0 2.5 9.1bB 3.256 14.48 35.69
HL, 7.7 0.7 4.1aA 1.005 6.98 24.34 36.1 3.4 10.5bB 5.033 32.63 47.92
HLg 6.8 0.8 4.1aA 1.158 6.07 28.60 19.8 0.5 10.0bB 4.199 19.35 41.97
HL, 8.3 1.5 3.8aA 1.190 6.84 31.19 21.3 0.5 9.9b B 4.642 20.82 46.72
HL,, 9.7 0.6 3.3aA 1.453 9.10 43.67 18.7 1.6 8.7bB 3.930 17.15 45.19
HL,, 6.5 0.5 3.0a A 1.503 5.94 50.01 20.6 0.4 6.7bB 4.911 20.18 73.57
HL,, 6.3 0.3 2.6aA 1.211 5.94 47.20 20.7 0.8 7.1bA  5.978 19.94 84.68
HL; 12.0 0.9 3.0aA 2.363 11.15 78.06

HL,, 3.9 0.8 2.0aA 0.853 3.07 42.53

HL,s 1.5 0.8 1.2aA 0.279 0.67 23.51

HT R ; HS: 50 1 0HUEE BN AR50 HB 3 (R4 B s HN: 2251980 HEn B — 1 KR 51 1 900 1 MRS, BB R R R KNS 58
SrRERAE 0.01 1005 K P25 83, T

HT :Plant height ,HS:Stem diameter of 1" internode , HN ; Nodes of main stem, BN : Branch number; HB ; Height of lowest branch, HLn ; Internode length,
1" internode is 1,and so on. Values with mean followed by different capital and lowercase letters are significantly different at 0.01 and 0.05 probability

level , respectively , the same as below
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Fig.1 Correlation analysis of nodes of main stem and Fig.2 The ratio changes of internode length to plant
the plant height in different light environments height in different light environments

®2 ARABRETEFSEREHMEXGE

Table 2 Relationship among soybean stem traits in different light environments

HT HS BN HB HN WL, WL, HL, HL, HL, HL, HL, HL, H, HL, HL,
HT 1 -0.088 -0.137 0.170  0.231  0.270 0.460* 0.312* 0.604™ 0.55 0.703™ 0.587" 0.619™ 0.634* 0.667* 0.498
HS 0.5 1 0.21 0.240  0.374™ -0.265 —0.008 —0.451*" -0.303* -0.460 -0.18 —0.101 -0.093 -0.016 -0.095 —0.053
BN  0.145 0.136 1 -0.381™ 0.23 -0.298°-0.201 —0.404™-0.25% -0.269  0.019 -0.097 -0.013 -0.150 -0.070 -0.188

HB  0.463™ 0.218 -0.367™ 1 -0.051 0.223  0.298" 0.3 0.313* 0.079 0.040  0.306" -0.041 0.148 -0.113 0.139
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HT HS BN HB HN HL, HL, HL, HL, HL, HI, HL, HL, HL, HL, HL,
HN 0.453™ 0.312% 0.470™ -0.031 1 -0.396" -0.175 -0.459 ™ -0.328" -0.376™ -0.051 -0.245 0.032 0.129 0.063 0.294
HL; 0.435*  0.409 * -0.076 0.321* -0.029 1 0.233  0.660" 0.495™ 0.431™ 0.336" 0.301" 0.202 0.077 0.230 -0.216
HL, 0.265 -0.177  0.098 0.416™ -0.211 0.160 1 0.12  0.470% 0505 0.500% 0.321° 0.148  0.241  0.248  0.241
HL, 0.419* 0.106 -0.271 0.440" -0.077 0.228  0.149 1 0.633% 0.406™ 0.260 0361 0.220 0.24  0.214  0.188
HL, 0.369* 0.09 -0.332* 0.418™ -0.439"0.337 " 0.386 ™ 0.565 ™ 1 0.626™  0.589™ 0.665™ 0.449 ™ 0.160 0.383 0.116
HLs 0.264 0.09 -0.244 0.322% -0.415"0.501 ™ 0.405™ 0.392*" 0.620™ 1 0.606™ 0.426™ 0.450™ 0.311% 0.408** 0.145
HLg 0.546* 0.408 * -0.126 0.440** -0.028 0.483™  0.227 0.361* 0.580™ 0.403* 1 0.557* 0.410™ 0.279 0.3% " 0.239
HL; 0.602* 0.433*-0.112 0.319°* 0.013 0.391* 0.211 0.224 0.474™ 0.385™  0.428™ 1 0.426™ 0.273 0.448 ™ 0.064
HLg 0.720*  0.417 * -0.090 0.575™  0.169 0.435™  0.381™ 0.404™ 0.346" 0.357" 0.577* 0.331* 1 0.370*  0.312* -0.250
HLy 0.679* 0.472** 0.062 0.198 0.241 0.187 0.006 0.420* 0.360™ 0.153 0.219 0.432* 0.263 1 0.317*  0.448"
HLyy, 0.747* 0.485* 0.170 0.124 0.404 **0. 163 0.003  0.107 0.103 0.006 0.077 0.398 0.417™ 0.642" 1 0.484 ™
HL;; 0.700*  0.539* 0.292* 0.261 0.630 **0.150 -0.078 0.067 -0.116 -0.186 0.275 0.335% 0.489™ 0.321° 0.579 1

ZE T SR IR AR BIAR SGHE , A A o BTCPR  AVER BRI OG I ,  Fn FRIRAR SR 0. 05 #110.01 (B3 KF

The correlation coefficients of natural light is on bottom left corner,and that of shading is on top right corner. * and **

levels of 0.05 and 0. 01 , respectively
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Table 3 Variance analysis of plant height component index

mean significant difference at the

BRI PTRE B TAERTMOASE T, KA T 3115
TR Rk, R 12 RS A
PRECBIREAR, 10 L, R0 I EAE A ARG IR 3w T
FERAMCASE , ULBIAE A ARJEIRTR 50 3 s 7 vy
I BB T 58 2 RIS 6 9, X BRI Ak = A A
FRL LABAERTIAEE T 038 i T 1 SRR vl g
JEH TAEBIROREE T, K AT ARl o 5 5
P81 T B A AT R 55
2.4 AREXRBIRBEAETEKESHEHERS T
SRyt — 2 BT 25 R B X ke e 1 B AN
TR0, W AT S AR A0 HT . 7E H AROLIR R (3
4) 4T T B2 X ok e 0 2 IE 1] A%, Hr, HL,
XAk i Y B B2 IE N f K, Ol 0,374, HL,,  HL IR
Zo IR =1 9 ] 452800 38K 94 HL, (0. 490) |
HL,, (0. 455) Fll HL,, (0.378), MZEAIERKE,
HL, HL,, HL, %tk i 0 1E m VR B K, 76 BT ik oA
BN (#5) 45T a0 B PR s A2 1 1 450, A
REVNRFAR K K . HL, > HL,, > HL, > HL, > HL,,
> HL, > HL,,

IL I I, I, I, I I, I I, I,
E#OLHE Normal light  0.206a  0.653a  0.545a  0.464a  0.446a  0.473a  0.500b  0.510a  0.515a  0.539
[LELs 0.189b  0.638a  0.497b  0.455a  0.475b  0.462a  0.472a  0.51la  0.510a  0.546a

Shading conditon
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Table 4 Path analysis of nodes length and plant height in natural light

G et AR R 145/ A Indirect effect

Variable Comprehensive effect Direct effect HL, HL, HL, HL HL, HL,, HL,, HL,, &1t Total
HL, 0.473 0. 147 0.024 0.019 0.121 0.033 0.069 0.072 0.013 0.326
HL, 0.434 0.152 0.023 0.030 0.073 0.027 0.052 0.041 0.035 0.281
HL; 0.379 0.117 0.024 0.039 0.068 0.053 0.038 0.031 0.008 0.261
HLg 0.527 0.237 0.075 0.047 0.034 0.022 0.021 0.092 0 0.289
HL, 0. 666 0.176 0.028 0.024 0.035 0.030 0.252 0.099 0.022 0.490
HL,, 0.752 0.374 0.027 0.021 0.012 0.013 0.119 0.163 0.023 0.378
HL,, 0.736 0.285 0.037 0.022 0.013 0.076 0.066 0.213 0.027 0.455
HL,, 0.322 0.126 -0.015 0.043 0.008 0 0.031 0.068 0.062 0.196
x5 PHERARETEVTEKESHRESHBERRY

Table 5 Path analysis of nodes length and plant height in shading condition

Y 2R HAEVER [E]3/EH Indirect effect

Variable Comprehensive effect Direct effect HL, HL, HL, HL, HL, HL,, HL,, A1t Total
HL, 0.467 0.241 0.046 0.068 -0.034 0.025 0.050 0.071 0.227
HL, 0.541 0.189 0.058 0.141 0.020 0.012 0.065 0.056 0.352
HL, 0.752 0.304 0.054 0.088 0.148 0.031 0.110 0.018 0.448
HLg 0.377 0.294 -0.028 0.013 0.153 0.011 0.009 -0.075 0.083
HL, 0.526 0.158 0.039 0.014 0.059 0.020 0.103 0.132 0.368
HL,, 0.732 0. 195 0.062 0.063 0.171 0.014 0.084 0.143 0.537
HL,, 0.498 0.295 0.058 0.036 0.018 -0.075 0.071 0.094 0.203

2.5 AEXREMBERMERIFMETHRSHIRI PREEIRAE 50% LR, A 21 4 R AR PR i

AR G EHEARRD I T MRS T 22 1R 2 FOBIRREE TR M A 257 B3 (P <0.05) ,24
IHTRVI(R 6) 7651 RN R, A 6 1y (r REAPRHIRRETE 2 FOCIRIRME T R B8 22 571
REMEIRIRRETE 2 FOCRIE TRA REESR,  BH(P<0.01),

&6 51 HREMBERMAERKIETH®RS

Table 6 Plant height of 51 soybean cultivars in different light environments

kRS HARGHR BIRASE MRS SEAS I BIRASRE M E RS AR PHRCER R
Materials (em) (cem) Materials (cm) (em) Materials (em) (cem)
number Normal light Shading number Normal light Shading number Normal light Shading
condition condition condition
SC0017 38.2+1.1aA 58.2+7.9 aA SC0140 43.5+6.4 aA 78.1+3.3 bA SCO0116 34.9+1.1aA 122.6+1.6 bB
SCo112 59.3+1.8 aA 84.0+9.3 aA SC0142 50.9+3.7 aA 71.7 +4.5 bA SCOo117 41.4+4.9 aA 109.6+£5.3 bB
SC0137 33.5+1.3 aA 49.3+8.7 aA SC0145 34.9+1.2 aA 59.3+3.3 bA SCO0118 49.3+5.3 aA 110.0+3.3 bB
SC0143 46.5+6.5 aA 63.4+2.3 aA SC0146 33.7+3.9aA 75.1+6.0 bA SCO0119 46.9 3.3 aA 107.7 £7.0 bB
SC0153 70.0£7.7 aA 92.3 £5.1 aA SC01438 48.5+6.8 aA 97.6 7.1 bA SC0122 48.1+1.5aA 107.8 £1.3 bB
SC0157 60.7 £2.3 aA 77.7 £8.6 aA SC0149 50.6 £8.2 aA 109.0 +5.7 bA SC0123 37.6+2.1 aA 85.4+4.1bhbB
SC0106 37.9+1.7 aA 62.7 +7.8 bA SC0151 45.8 +4.5 aA 78.6+9.1 bA SC0126 34.4+2.1aA 73.9+4.6 bB
SC0110 49.7 +5.8 aA 87.3 £4.3 bA SCO0155 61.4+3.0 aA 117.0+9.9 bA SC0127 33.8+1.3aA 72.4+0.2 bB
SCo114 37.6 £2.8 aA 64.7 £2.8 bA SCO158 55.9+3.3 aA 86.5+5.6 bA SC0138 49.3+1.5aA 90.6+3.9bB
SC0120 44.8 £4.7 aA 93.2£5.7 bA SC0160 52.2+9.4 aA 106.6 8.4 bA SC0141 46.2 +2.3 aA  78.9+0.3 bB
SC0121 54.8 +2.3 aA 108.9 £8.7 bA SCO104 43.4+1.1aA 68.0x1.4 bB SCO0144 36.3+2.4aA 87.6+0.4 bB
SC0124 31.3+£0.9aA 77.2+7.7 bA SC0105 48.2+2.9 aA 78.5+2.3 bB SC0147 47.5+1.0 aA 112.0+1.0 bB

SC0125 32.6 £0.4 aA 68.5 5.4 bA SC0107 45.0+0.7 aA 86.2+2.8 bB SCO150 45.4+1.2 aA 91.2x1.3bB
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LR RE R HAOLH RA MR ST LR e R H 2oL L7 80 RS H AR R i A5
Materials (em) (em) Materials (cm) (em) Materials (em) (em)
number Normal light Shading number Normal light Shading number Normal light Shading
condition condition condition
SC0128 38.0+0.1 aA 66.8 £8.5 bA SC0108 50.5+4.2 aA 123.1 +£2.7 bB SCO152 62.9 £0.4 aA 125.8 +2.0 bB
SCO0129 35.0+3.6 aA 62.8 +4.2 bA SCo111 43.5+3.2 aA 116.2 +3.4 bB SCO154 48.7 £0.4 aA 111.5+2.1 bB
SCO130 29.6+0.8 aA 48.8 £2.9 bA SCO113 53.1+1.6 aA 126.6 +3.4 bB SCO156 49.1 1.4 aA 109.2 +4.2 bB
SC0139 40.2+0.6 aA 81.2 +6.4 bA SCO115 42.5+1.4aA 97.1+2.8 bB SCO0159 55.4+£2.2 aA 121.7+0.4 bB
3 it WA T ELEE 6 15 55 10 5 A (8] K 4
Y

AN TR BRI 2 A R A R ZE R SRS i 4
Ko ARUFFELRFW], R EARE 2 MOCIRIRE T
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St ARBART A ARC AN, R A PRIk 9 728 53 2R 2K
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