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Study on the Differences of Mechanical Properties and Lodging Resistance
Among Different Soybean Varieties in Seed-filling Period
XU Yao,ZHANG Rui, DONG Shou-kun,MA Chun-mei, GONG Zhen-ping

(College of Agriculture, Northeast Agricultural University, Harbin 150030, China)

Abstract: Soybean lodging always happens in the seed-filling period which has the great influence on yield loss and becomes
the limit factor in high and state yield of soybean. This study selected 30 soybean varieties as the materials, and measured the
morphological and mechanical properties of base stem to analyze the effect of those characteristic on soybean lodging resist-
ance. The results showed that the height, fresh weight and stem diameter were significantly negative correlated with soybean
lodging resistance, but the ratio of stem to plant height was significantly positive correlated with soybean lodging resistance,
the stem diameter/height could better reflect the lodging resistance. With height increasing, the break force, bending mo-
ment, and gravitational moment were increased, and gravitational moment had a greater impact on lodging resistance. The
lodging resistance of short varieties was stronger than that of tall varieties. The lodging resistance had a closer relation with
stem break force among similar height soybean varieties. The lodging resistance of soybean varieties with high difference of
plant height is closely related to plant type.
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Fig. 1 Soybean stem break force measurement schema
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Table 1 Morphological properties of soybean varieties
A N LA B ZEH E-viivg 3=
Variety Plant height/cm Fresh weight/g Diameter/mm Diameter/height/ %
E4% 60
38.2+1.57 83.19 £5.58 7.21 +£0. 19 1.91 £0.07
Henong 60
i 28
41.4 +£0.64 53.11 £3.50 5.48 £0.21 1.33 £0.05
Heihe 28
L3 35
47.5 +1.36 62. 66 =6. 08 5.99 0. 36 1.26 =0. 06
Heihe 35
B 41
48.9 +1.31 48.08 +2. 06 5.50 £0. 12 1. 13 +£0.02
Heihe 41
AR 20
49.6 £1.76 51.27 £4.05 5.25£0.15 1.06 £0. 03
Heihe 20
AR—%
49.9 +1.58 75.02 +£5.28 6.48 +0. 18 1.31 +0.04
Dongda 1
JR] 49
55.7=+1.13 82.44 +1.88 5.87 +0.18 1.06 =0.03
Heihe 49
Je 11
62.5£1.04 114.55 £5.67 7.18 £0.25 1.15+0.04
Beifeng 11
SR 27
63.8 £1.64 115. 81 £10. 38 7.04 £0.32 1.12 £0.07
Heihe 27
SR 29
65.5 +2.47 118. 10 =5. 60 7.58 £0.24 1.16 £0.03
Heihe 29
AR 43
67.2 +1.69 113.21 +5.84 7.24 £0. 17 1.08 +0. 04
Heihe 43
FH 10 5
70.4 =1.70 99.75 +6.72 6.55 +0.18 0.93 +0.03
Fengshou 10
R¥Y
76.5 =1.09 122.29 +4.83 7.68 0. 11 1.01 =0.02
Kenjiandou
50
80.5+1.75 152.84 £7. 69 8.78 £0.30 1.09 £0. 04
Hefeng 50
Bk 37
81.7+1.99 139.94 +£5.36 7.55+0.19 0.93 +0. 04
Heinong 37
ok 42
81.8£2.12 112. 88 +4.40 8.07 £0. 19 0.99 +0. 03
Heinong 42
RAR 53
82.1+£0.37 134.23 +6.46 8.49 +0.29 1.04 0. 04
Dongnong 53
Mg 48
83.3+1.31 140.78 +9. 69 7.87 +£0.33 0.95 0. 04
Heinong 48
RFE16
85.5+1.87 126.79 +6.93 7.74 +£0.26 0.91 +£0.03
Kenfeng 16
=55
91.7 £1.63 108.88 +7.78 7.18 £0. 34 0.79 0. 04
Beidou 5
#7769
91.9 £1.18 147. 66 +10. 53 8.47 £0.28 0.92 +0.03
Jiyu 69
HHET9
93.7+2.83 105.89 +7. 12 7.43 +£0.26 0.80 +0. 04

Jiyu 79
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Variety Plant height/cm Fresh weight/g Diameter/mm Diameter/height/ %
/INVBLEL
95.3+1.33 130. 72 £8.98 7.89 +£0.32 0.83 +0.03
Xiaolidou
Fio =
97.7 +1.51 141.94 +11.59 7.01 +£0.26 0.72 +0. 02
Fengshou 9
M 51
101.0 =2. 37 99.07 +6. 66 7.30 +£0.22 0.73 +0.03
Heinong 51
I 18
102.8 £2.61 107.36 £7. 41 7.31+0.23 0.71 +£0.03
Nenfeng 18
Mk 40
103.7 +£2.45 142.06 +9. 65 8.78 +£0.23 0.85+0.03
Heinong 40
HH 47
105.4 +1.81 147.50 +7. 81 8.93 0. 16 0.85 +0. 02
Jiyu 47
AU
113.7 +1.98 170.55 +9. 10 8.46 +0.24 0. 66 +0. 08
Zihua 4
oA 19
134.1 +2.46 159.40 =7. 88 8.12+0.20 0.61 +£0.02
Heinong 19
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Table 2 Mechanical properties of soybean varieties
- el B e HIJHE HUEIR R EL
Vun' Break force Bending moment Angle Gravity moment Lodging-resistance
ariet
Y /N /Nm /° /Nm coefficient
4 60
9.80 +0. 80 0.49 =0. 04 19.56 0. 60 0.16 £0. 01 3.27 +0.32
Henong 60
AT 28
10. 19 =1. 32 0.51 +0.07 17.15 2. 12 0.11 +0.01 4.61 +£0.30
Heihe 28
R 35
13.76 +2. 69 0.69 +0. 13 14.54 +1. 08 0. 15 +0.02 4.34 +£0.39
Heihe 35
R 41
9.47 +0. 81 0.47 0. 04 18.49 +2. 14 0.12 +0.01 4.12 +£0.31
Heihe 41
T 20
8.45 +0. 88 0.42 +0.04 14.02 +0. 74 0.13 +0.01 3.37 +0. 19
Heihe 20
AR5
8.21 +1.19 0.41 +0. 06 16. 77 £0. 66 0.19 +0.02 2.15+0.18
Dongda 1
R 49
12.23 +0. 54 0.61 +0.03 18.25 +1. 18 0.23 +0.01 2.72 +0. 10
Heihe 49
JeF 11
12.74 £1. 15 0.64 +0.06 15.55 +0.70 0.35+0.02 1.82 £0.15
Beifeng 11
MR 27
11.79 1. 62 0.59 +0. 08 16.69 +0.71 0.36 +0.03 1.62 +0.13
Heihe 27
SR 29
17.10 £2.13 0.85+0.11 16.49 +1. 08 0.38 +0.03 2.18 0. 12
Heihe 29
R 43
15.10 £0.93 0.76 =0.05 15.94 £0. 87 0.37 £0.02 2.05+0.11
Heihe 43
F 10 =5
10.49 +1. 07 0.53 +0.05 19.59 +1. 04 0.35+0.03 1.51 £0.10
Fenghou 10
R¥Y
15.68 +1.08 0.78 0. 05 17.00 0. 80 0.46 0. 02 1.71 0. 09
Kenjiandou
F 450
23.93 +2.21 1.20 =0. 11 16.76 +0. 83 0.61 =0. 04 1.96 +0. 13
Hefeng 50
Bk 37
20.12 +1.30 1.01 0. 06 16.77 £0. 64 0.56 0. 02 1. 80 =0. 09
Heinong 37
g 42
17.04 +1.38 0.85 +0.07 16.52 +0. 68 0.46 +0.02 1.88 £0.12
Heinong 42
AR 53
21.82 +2.46 1.09 +0. 12 16.73 +0.78 0.54 +0.03 1.99 +0. 14

Dongnong 53
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- Y EoFE ¥t 5 LR R %L
le' Break force Bending moment Angle Gravity moment Lodging-resistance
ariet
! /N /Nm /° /Nm coefficient
Mg 48
15.29 +1.73 0.77 0. 09 14.98 +0. 56 0.57 0. 04 1.31 +0.09
Heinong 48
BE16
17.88 +1.83 0.90 +0. 09 17.96 +0.76 0.53 +0.03 1.65 +0. 10
Kenfeng 16
tEss
13.27 1. 54 0. 66 =0. 08 16. 18 +0. 83 0.49 +0.03 1.34 +0. 10
Beidou 5
W 69
26. 10 2. 60 1.31 +0.13 15.07 £0.51 0.66 =0.05 1.96 +0. 16
Jiyu 69
T
17.64 +2.24 0.88 +0. 11 17.32 +0. 81 0.48 +0.03 1.78 £0. 16
Jiyu 79
/N
17.99 £1.73 0.90 +0. 09 14.56 +0.70 0.61 0. 04 1.49 +0. 12
Xiaolidou
Figo 2
11.95 +1.53 0. 60 =0. 08 15.47 +£0.70 0. 68 +0. 06 0.86 +0.05
Fengshou 9
B 51
13.04 £1.52 0.65 +0.08 16. 66 0. 35 0.49 +0.03 1.31 £0.07
Heinong 51
18
16. 15 +1.39 0.81 +0.07 15.47 +0. 56 0.54 +0.04 1.51 +£0.10
Nenfeng 18
ok 40
21.70 £2.85 1.09 +0. 14 16.02 +1.93 0.73 +0. 06 1.62 +0.22
Heinong 40
HH 47
21.78 £2.91 1.09 =0. 15 16.73 +1.98 0.69 =0. 09 1.58 0. 06
Jiyu 47
e
22.16 +£3.01 1.11 0. 15 14.4 £1.76 0.95 +0. 06 1.50 £0. 17
Zihua 4
19
20.95 +1.71 1.05 £0.09 14.73 0. 58 1.05 +0. 06 0.99 +0.05
Heinong 19
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Table 3 The correlation between morphological and mechanical properties

. i T Vi a1 LS| HIJHE B
B M ‘ L , 5
Fresh Diameter Break Gravity Bending
Height Diameter Angle
weight /height force moment moment
i T
0.662" "
Fresh weight
Eviil
. 0.581"" 0.867 "
Diameter
EviiVgy
-0.795** -0.298"" -0.098
Diameter/ Height
0.486 " " 0.782** 0.810** -0.105
Break force
vy , .
0.881"" 0.908 " * 0.770**  -0.556"* 0.674" "
Gravity moment
0.486" " 0.782"* 0.810"*  -0.105 0.999 " * 0.675"*
Bending moment
fefh . . . .
-0.150** -0.164"" -0.088 0.173** 0.031 -0.147" 0. 031
Angle
AR R EL s . ‘e .s
-0.685"" -0.547"" -0.378" " 0.647 " * -0.037 -0.600"* -0.038 0. 075

Lodging-resistance factor

R Ay IFE5R 0,05 10,01 KEAEE BB,

*and ** indicate significant difference at 0.05 and 0.01 levels, respectively.
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