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Agronomic Trait Multi-factor Analysis of Lodging at Different Growth Periods
in a Soybean RIL Population from the Northeast of China
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Abstract: Stem strength, plant height, node number of main stem, internode length, shoot weight, and root weight are
important agronomic traits relevant to soybean lodging. In order to comprehensively analysis these traits and reveal the lodging
mechanism of soybean, this research used the geographic distant recombinant inbred lines population( RIL) to investigate the
agronomic traits related to lodging and the lodging at the three main periods when lodging occurred. The relationship between
main agronomic traits and the actual lodging at different development stages were analyzed. The results showed that the RIL
population at R4 period began to lodging. The correlation at different development periods between each main agronomic trait
and lodging situation of the family lines were different. The main agronomic traits affecting the lodging from R4 period to R8
period experienced an evolution from stem weight to plant height, internode length and stem strength. In this study, we
designed eight lodging evaluation indexes using multiple agronomic characters to analyze comprehensively RIL field lodging
situation. The lodging indexes at each growth period were extremely significantly positive relative with lodging situation of the
family lines and the correlations were higher than that of any other single character. A lodging index [ (inter-node length x
stem weight ) /stem strength ] showed the highest correlation with actual lodging situation. It can replace the directly
observation of the lodging situation with less agronomic traits and in the same time using a composite index in lodging
resistance QTL mapping based on RIL population in order to provide a technological approach in the future to mine excellent
alleles related to lodging resistance in soybean.
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Table 1 The lodging level of soybean RIL population in different periods in the two years

LESON Ay A F A ¥ifE W 2E LREIVR S BRI I5oN( e/ ME
Trait Year Growth stage Mean + SD Range Median Variable coefficient Max. Min.
BRI KT 2(E 2014 R4 2.58 +0.70 2.83 2.67 0.2728 3.83 1.00
Mean value of
R6 2.69 £0. 58 3.00 2.67 0.2175 4.33 1.33
lodging per plant
2017 R4 2.86 £0.47 2.56 2.89 0. 1645 4.00 1.44
R6 3.34 £0.56 3.22 3.33 0. 1679 4.78 1. 56
R8 3.07+£0.72 3.67 3.00 0.2348 5.00 1.33
FARBIR 2014 R4 2.60 £0.71 3.00 2. 67 0.2752 4.00 1. 00
The overall lodging
R6 2.68 £0. 60 3.00 2.67 0.2223 4.33 1.33
2017 R4 2.98 +0. 54 2.67 3.00 0. 1799 4.00 1.33
R6 3.32 +£0. 60 3.67 3.33 0. 1796 5.00 1.33
R8 3.42+£0.70 3.67 3.33 0.2035 5.00 1.33
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Table 2 The lodging related traits of soybean RIL population of different periods in the two years
LEZON Ay HE I H1H e LREIVR S 5 7 A BRME f/MAE
Trait Year Growth stage Mean + SD Range Median Variable coefficient Max. Min.

i 3=a 2014 R4 103. 56 +12. 61 55.72 104. 00 0. 1217 131. 83 76. 11
Plant height/cm R6 104.32 +£13.43 67.22 101. 50 0. 1287 145. 44 78.22
2017 R4 124.12 £19. 03 98.50 119. 50 0. 1533 182.17 83.67

R6 121.16 £19. 13 102. 67 119.22 0. 1579 188. 67 86. 00

R8 122.79 +£17. 68 82.78 120. 61 0. 1440 165. 56 82.78

FZETH 2014 R4 21.93 £1.43 6. 44 21.67 0. 0652 25.33 18. 89
Node number of main stem R6 22.35+2.18 10. 44 21.89 0.0977 28.00 17.56
2017 R4 22.04 £1.94 11. 11 22.00 0. 0878 28.22 17.11

R6 21.79 £2. 10 10. 33 21.78 0. 0966 26.67 16. 33

R8 22.73 £2.17 19. 67 22.56 0. 0956 37.89 18.22

Ay [a) K B 2014 R4 4.72 £0.48 2.01 4. 65 0. 1021 5.95 3.94
Internode length/cm R6 4.67 £0.42 2.62 4.63 0. 0907 6. 08 3.45
2017 R4 5.65 +£0. 65 3.74 5.54 0. 1146 8.35 4.61

R6 5.58 £0. 67 3.99 5.53 0.1197 8.21 4.22

R8 5.40 £0. 57 4.35 5.40 0. 1058 7.20 2.85

IR 2014 R4 3.09 +0.95 4.00 3.06 0. 3059 5.33 1.33
Branch number R6 3.28 +0. 81 4.33 3.33 0.2456 5.67 1.33
2017 R4 5.64 £2. 14 9.89 5. 44 0.3787 11.56 1.67

R6 3.66 £1.07 6. 00 3.67 0.2934 6. 67 0.67

R8 3.17 £1.28 10. 56 3.00 0. 4039 11.33 0.78

ZEFFom 2014 R4 459.09 +100.87  397.22 445. 83 0.2197 663. 89 266. 67
Stem intension/g R6 280. 56 +£59. 33 402.78 283.33 0.2115 519. 44 116. 67
2017 R4 515.77 +86. 86 494.72 514.03 0. 1684 779.72 285.00

R6 429.20 +68.22 312.50 427.78 0. 1590 595. 00 282.50

R8 627.86 £131.91  643.33 632. 36 0.2101 947.22 303. 89

2Nt 2014 R4 244.97 +£54. 67 243.71 232.72 0.2232 383.74 140. 03
Shoot weight/g R6 236. 58 +56.28 284.93 224. 68 0.2379 433.07 148. 13
2017 R4 238.3 £47.92 247. 88 234.41 0.2011 356.22 108. 34

R6 237.75 +£43.49 227. 11 236.73 0. 1829 362. 00 134. 89

R8 131.89 £32.29 156. 82 126. 69 0. 2449 228.63 71. 81

HRE 2014 R4 12.17 £3.23 23.32 11.56 0. 2652 31.69 8.37

Root weight/g R6 11. 15 £2.94 13.62 10. 52 0. 2640 20. 12 6. 50
2017 R4 15.91 +3.60 17. 68 15. 46 0. 2265 25.57 7.89

R6 15.3 £2.96 14. 02 15.19 0.1932 23.73 9.72

R8 16.52 £3.29 20. 26 16. 56 0. 1990 29. 49 9.23
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Table 3 Correlation between major agronomic characters

and the overall lodging score at R4 stage in the two years

4E45 Year
PR Trait
2014 2017
Bk Plant height 0. 20 0.24* "
F2595% Node number of main stem 0.19 0.13
Fi [ Intemode length 0.12 0.18
43K Branch number 0.12 0.09
ZEFF58 3 Stem intension -0.03 -0.05
Z5M- 7 Shoot weight 0.32"" 0.28" "
HRE Root weight 0.22 0.05
HRRERTE
0.95" " 0.86" "

Mean value of lodging per plant

* R 43 BB RTE 0.05 F10. 01 /K778 5 35 AR B 35 40 5%
o T,

“and ** indicate significant and extremely significant relation at

the 0. 05 and 0. 01 probability levels, respectively. The same below.
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Table 4 Correlation between major agronomic characters

and the overall lodging score at R6 stage in the two years

AEA5y Year
PR Trait
2014 2017
ki Plant height 0.25" " 0.35""
FZX95% Node number of main stem 0.10 0.28**
A7 [E] K B Intemode length 0.24* " 0.22%%
43K %% Branch Number 0.12 0.16*
ZEFF58 3 Stem intension -0.29** ~0.68"*
ZXIH Shoot weight 0.14 -0.02
AR H Root weight -0.07 0.03
AR R W
0.98" " 0.88" "

Mean value of lodging per plant
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®S5 WERPHEERZHERSBEERKEINEEXME

Table 5 Correlation between major agronomic characters and the overall lodging score at R8 stage in the two years

BB Lodging data

PR Trait

BARRAEN R {E HERABIR
Mean value of lodging score per plant The overall lodging score
4= F ] Duration of growth period 0.47" " 0.27**
ki Plant height 0.44* " 0.28**
2257154 Node number of main stem 0.28** 0.18*
T[] B Intemode length 0.34%" 0.21*
43K% Branch Number 0.38** 0.33**
ZEFF 3R Stem intension -0.87"" -0.76 "~
2412 Shoot weight 0.40* * 0.35%*
HLTE Root weight 0. 05 0.02
BARRIEHL Pod number per plant 0.18* 0.19*
FARRKIEL Seed number per plant 0.07 -0.01
Mg Seed weight per plant -0.18* -0.14
T EE 100-seed weight -0.18* -0.04
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Table 6 Correlation coefficients between each lodging

index and the overall lodging score at each period

R TR R4 R6 R8
Lodging
index 2014 2017 2014 2017 2017
Q1 0.30" 0.32"* 0.44"* 0.48** 0.52"*

Q2 0.28" 0.26"" 0.39"* 0.46" " 0.52"*
Q3 0.32"* 0.20"" 0.49"* 0.50" " 0.51"*
Q4 0.31" 0.34"" 0.56"* 0.57"" 0.61""
Q5 0.34"* 0.31"" 0.30" " 0.37"" 0.50" "
Q6 0.40"" 0.42*" 0.38"" 0.38"" 0.51"~
Q7 0.44"* 0.42"" 0.56" " 0.55*" 0.62""

Q8 0.43"* 0.41"* 0.55*" 0.53"" 0.58""
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