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Analysis of Lodging Resistance of Soybean Germplasm Resources Based on
Mechanical Properties of Main Stem
LIU Ming', WANG Zhen-jie' , SUN Ya-nan', ZHAO Cai-tong' , HAN De-zhi*, LI Wen-bin', JIANG Zhen-feng'

(1. Key Laboratory of Soybean Biology in Chinese Ministry of Education/Key Laboratory of Soybean Biology and Genetics Breeding of Chinese Agriculture
Ministry,, Northeast Agricultural University, Harbin 150030, China; 2. Heihe Branch of Heilongjiang Academy of Agricultural Sciences, Heihe 164300,
China)

Abstract: In order to analyze the effects of cultivation year, planting density and main chemical composition indexes on
lodging resistance of soybean germplasm resources from the mechanical point of view, and to provide theoretical basis for
identification of soybean lodging resistance resources and breeding of new varieties based on the mechanical characteristics of
the main stem. In current study, 190 soybean germplasm resources were selected and were cultivated in the field in 2020 and
2021. The stem related traits and chemical composition indexes such as plant height, diameter, breaking force, lignin and
cellulose content were measured at maturity stage. The relationship between these traits and lodging resistance was analyzed.
Furthermore, twenty soybean varieties with stable characteristics selected from the year 2020 were planted in 2021 under two
planting density treatments (200 and 300 thousand plants-ha™'). We measured the plant height, stem diameter, breaking
force, lignin content, and cellulose content at maturity stage. Moreover, the elastic modulus and lodging resistance
coefficient, the relationship between planting density and mechanical properties of soybean main stem were calculated.
Furthermore, the correlation between each index with plant lodging resistance was also got. The results were as follows: The
interaction between year and breaking force, and the interaction between varieties and breaking force were significantly
different. Environment differences between years played more effect on breaking force. With the breaking force increased, the
lodging resistance improved. The diameter of the stem and breaking force was positive correlation. There was no significant
correlation between the diameter and plant height. The lodging resistance coefficient of soybean showed a significantly positive
correlation with breaking force and elastic modulus, and the correlation coefficients were 0. 90 and 0. 42 respectively. The
lodging resistance coefficient and elastic modulus of the varieties (lines) with higher breaking force under two planting
densities treatments were higher than those with lower breaking force. The lodging resistance coefficient was positively
correlated with lignin content and cellulose content, the correlation coefficients were 0. 68 and 0. 72, respectively. The results
showed that there was a close relationship between lodging resistance and main stem mechanical properties, and the main stem

breaking force could be used to distinguish the lodging resistance of soybean resources, the soybean resources with high lignin
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and cellulose content had strong lodging resistance. Comprehensive consideration of specific cultivation conditions can further

improve the accuracy of lodging resistance analysis of soybean resources.

Keywords: soybean; germplasm resources; mechanical properties of main stem; lodging resistance coefficient; planting density
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Table 1 Soybean germplasm resources tested in the study
e A (R 7 i (R 75 Al (FR) ha=s Rl (F)

Number Variety( line) Number Variety( line) Number Variety ( line) Number Variety( line)
1 A 59 49 121X7 97 AR 48 145 EH 65
2 &R 55 50 12 X 14 98 5515 146 IR 24
3 Tk 45 51 sk | S AR 99 LY 34 147 PI602897/A08
4 U8 52 4% 00-1052 100 KK1%5 148 PI602896,/ A07
5 Je.b# 003311 53 %% 136053 101 55,39 149 PI602060,/ A029
6 4% 36 54 TR 315 102 *E3 5 150 PI592524/ A024
7 Bk 31 55 Bk 54 103 L= 36 151 PI587091/A017
8 HBEL 56 56 2712-1143 104 Bk2%5 152 PI562374/A023
9 ] 53 57 2242 30 105 s 901 153 PI562372/A010
10 M 43 58 27 139954 106 555 154 PI548529,/A030
11 350 59 27 13-5547 107 NE4 %5 155 PI542402/A018
12 AZE 2010-1375 60 T 6055 108 JL 19 156 PI542402/A011
13 ANZE 033429 61 R 26 109 R 7 % 157 PI542042/A021
14 Ae 58 62 1t 5294 110 Fil 11 % 158 NE1900
15 Ak 56 63 g 45 111 BRI S 159 Holt
16 B 26 64 @A 75 112 Je B 336 160 2014 X 2
17 BF20 65 Bk 44 113 %5 30 161 ] 45
18 KA 50 66 ] 43 114 Je & 330 162 nE1LS
19 AR 66 67 27 02423 115 NnEs = 163 521726
20 B 76 68 BF18 116 B 40 164 dtF16
21 B 38 69 SR 38 117 Ld11 165 51734
22 B 501 70 EHlY5 118 FTA 54 166 R%G 27
23 B 44 71 R 53 119 Fil 27 167 FA 51
24 Mg s3 7 GF45 120 RY¥T 25 168 F 25
25 e 43 73 G440 121 Fite 5 169 511
26 i 35 74 349 122 K23 170 5217 31
27 Bk 31 75 158 17 123 F1k 20 171 B 5
28 LI 41 76 4R 55 124 =345 172 FH 14
29 3% 0937465 77 555 125 B85 173 %5 16
30 AR 5 78 MR 3 = 126 15 174 F5 23
31 fe K 86257 79 £ 08-806 127 HE43 175 M 45
32 35 050324 80 [ES7W)) 128 Bell 176 K15
33 F 17 81 4355 129 aqF2 5 177 Ry55
34 B2 092145 82 &#E50 130 AFE 145 178 75
35 w15 83 #339 131 e 179 A 47
36 SLHE 11-1200 84 &S5 132 A 24 180 Kk 61
37 410239 85 B 19 133 EViv R 181 KA 43
38 A 48 86 £ 11-188 134 56T 182 Ak 42
39 WLk s 5 87 BE 59 135 AFE15 183 R4 60
40 Je i 1029 88 g REAE 136 Kkl 184 AR 50
41 72 09-09 89 T’ 332 137 KA 57 % 185 KA 52
42 i 2 90 o 44 138 No. 12 186 i 7R 002
43 Wi 14-1739 91 ] 38 139 NO. 4 187 AL S8 5
44 BT 45 92 F i 24 140 NO. 3 188 4 55
45 JL=094 93 HELS 141 R4 68 189 2E 60 5
46 e 3s 94 2] 29 142 Ak 63 5 190 A 76 5
47 7L 12-1404 95 BY%T 26 143 A 37 5
48 *£d 1% 96 &1 168 144 g1 5
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J7 543 HT 4G B2 B, 2020 F1 2021 4F 4 PEAR fE]
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Table 2 Variance analysis on phenotypic traits of main stem in 2020 and 2021

I H Ttem F2ELAIPRAR Phenotypic trait of main stem )5 Mean square F
Y Year Fk# Plant height/cm 43151.65 588.97 "
A% Diameter/mm 564. 62 353.27* "
Prir Breaking force/g 7010176702. 00 266.73 %%
fnfl Variety BE® Plant height/cm 1249. 45 17.05™ "
‘H 4% Diameter/mm 5.84 3.65""
Yr#i 71 Breaking force/g 93305426. 45 3.55""
AEA) x fhFl Year x Variety FRED Plant height/cm 393.38 5.37"*
H#% Diameter/mm 3.89 2.43"*
Y1 11 Breaking force/g 71002475. 04 2.70" "
%2 Error #RE Plant height/cm 73.27
HA4% Diameter/mm 1.60

Yl 77 Breaking force/g

26282152.57

Note: ™™ indicates there is significance.



14 X

LERE Y b e b NCR bS!S IIR N éh )

27

2.2 HEXEEFZRBMEREXMEST
WIAEST T 1 HE R T 10% BY K S5 Fh (R ) Bk
ERIEL AR AT BT 45 S AN 18 1 FiF 7R . 2020 4F, Bkl
45.10 ~103.30 cm, ELA2H 7. 53 ~13. 60 mm, 7147
719 14805. 13 ~41591.47 ;2021 4F, ¥k 46. 73
~117 em, B K 7. 73 ~10. 53 mm, it 71 KN

—_— T PEZAER e—
140 145000
\ 20204 |
120 \ 40000
N+ Tr o 135000

100 \
80 \

60

130000
425000 f'g
420000
41 15000
1 10000
15000

40

PR/ ER
Plant height(cm)/Diameter(mm)

20

R UN i I Al
(=3 0 [alg} OW-—@O:\D\DH N
S LI EE RO EREE
R R e T et o > o <
45%5%%% nggﬁ%ﬂﬁ EH‘%QI%
] =1
~ ~

AR (R)

Variety(line)

&1
Fig. 1

PIAESTI I HEE S 10% B9 K S5 Fh (R) iRk
LRI EL AR A BT 45 SR AN 18 2 FF 7R £ 2020 4F, Bk N
34.00 ~74.00 cm, HZEHN 2. 63 ~6.28 mm, JTH /)
}9527.69 ~3 039.28 g;2021 4E, BN 42,17 ~
105.50 em, HAE N 5. 13 ~9.25 mm, JTBr S1 K

_ —— i EZZAER i
£
120 10000
& 20204
% 100 8000 )
o
5 %0 I_ GOOO-RE
ﬂﬂ’e\ 60'[II=TI T}TI:E' I.;_ri i 4000\%?:0
B E [ {2000 5 2
~—~ <
®g 4 o 8
5 -2000
g 0 -4000
- v — < N NXANOT-TFT OO WV~
S g S R P R L
SR EER SR IndX TS omIES
TOMSHy T SKIRITS =
X BExw g IR
« ® s 2
A &
i (R)
Variety(line)
&2

Breaking force/g

20 320.87 ~33 702.41 g, 4EHFH FEE HAR MK
Pribr 2T RS Yk 5 BARIEASE, 1A
AR A R AL, AR PRI A B SR 22
XRS5 A R, PRAE T 1 B HETE RT 10% 1)
m A (R) A 6 A, AR 30%

— i A ER —— il

20214E

Breaking force/g

PR/ ER
Plant height(cm)/Diameter(mm)

il (R)
Variety(line)

T AE 10% @ (R ) WERMKS S
Analysis of diameter and plant height of the varieties with the top 10% breaking force

3331.05~7394.64 g, 45 REW BEE HARKRAR,
Prilr ) BT R Ra S Prib ) 5 AR R IE ARG, T
Prifrh Stk L B X R, PR RIS A2 55
ST B A, AR T I 1 S HETE IS 10% 19
R (R)A 34, HEHARM 15% .

_— R A HiE

/B %
Plant height(cm)/Diameter(mm)
it /1
Breaking force/g

mN-—'onmngg@gmm_‘cmom
%%2z§'§{<‘é<§'§a%<mﬂlﬂi%%mﬂz’€
K= %%%;%Eﬁg@ﬁmm%%ﬁ B
3 @ a 2 A
o
& S ER
ht i A~
~ ~ ~
i (R)
Variety(line)

T NIE 10% @™ ( R ) MERKRE S

Fig.2 Analysis of diameter and plant height of the varieties with last 10% of breaking force
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Table 3 Elastic modulus of varieties with top ten and bottom ten breaking force under different densities

AR A (FR)

Top ten varieties( lines)

Ja AL A ()

Bottom ten varieties ( lines)

ZFx Name D30 D20 £ FK Name D30 D20
ZR4% 68 Dongnong 68 4.77 16.13 442 59 Dongnong 59 5.83 10.33
75 4% 24 Dongnong 24 10.03 15.05 Z:4% 56 Dongnong 56 9.43 16.19
J& & 330 Longken 330 18.32 17.00 F3] 38 Heihe 38 3.60 7.24
5277 30 Mengdou 30 7.81 10. 68 B % 27 Kenjiandou 27 15.90 31.03
JLF: 4 5 Jiufeng 4 10.95 13.29 5235311 Mengdou 11 1.00 4.00
43 50 Hefeng 50 10.56 12.95 7 40 Kendou 40 6.49 12.78
2% 13-5547 Sui 135547 11.95 13.88 1t 34 5 Beidou 34 1.10 3.60
JE R 315 Longken 315 27.19 36.62 Bell 1.10 3.30
Holt 3.99 17.62 Z4% 60 Dongnong 60 1.00 8.00
HA 44 Heinong 44 16.27 20.52 478 55 Jinyuan 55 6.14 9.49

1 : D30 1 D20 435 F /R85 A 30 J7 1 20 Jikk-hm =2, R A,

Note: D30 and D20 indicates 300 and 200 thousand plants per hectare respectively, the same below.

2.3.2 MHFELREKZKLEXZSMN 10 0
W S8R AR ( FR) 7E D30 AL FE R BB EAR R BCH
2.81 ~6.61,7F D20 4L 4 6. 50 ~ 18. 77, D20
SRR MHLENR REY KT D30 T, ILFE 4 5
O 216. 77% , 4% 24 B4 5/, h 12, 40%

10 (337 W I3 B/ i s B (52 7E D30 AR BN 1945t
BIR ZAIE R g 1. 45 ~ 3. 24, 4E D20 43t
H1.78 ~6.98 (K 4) , PIFNFPAE %S RET P J7 3¢
KA A (R ) FEARBTEIR R EO K T4 b ) 3%
By R (R S

F4 FRFBELRLETHE AR HIFEHIRM () REKEY

Table 4 Lodging resistance coefficient of varieties with top ten and bottom ten breaking force under different densities

AR A (FR)

Top ten varieties( lines)

Ja AL ()

Bottom ten varieties ( lines)

ZFx Name D30 D20 £ FK Name D30 D20
Z:4% 68 Dongnong 68 4.74 12.48 Z:4% 59 Dongnong 59 1.91 4.10
ZRAR 24 Dongnong 24 6.61 7.43 44 56 Dongnong 56 2.93 5.59
1% B 330 Longken 330 2.81 7.80 B 38 Heihe 38 2.18 3.52
£ 5 30 Mengdou 30 5.28 6.50 B Y H 27 Kenjiandou 27 2.56 3.82
JLE 4 5 Jiufeng 4 4.83 15.30 5. 11 Mengdou 11 2.73 3.20
43 50 Hefeng 50 6.10 12.91 5 40 Kendou 40 2.12 2.82
27 13-5547 Sui 13-5547 5.72 8.83 1t 34 5 Beidou 34 1.92 3.93
J2. B 315 Longken 315 4.30 11.39 Bell 1.78 2.86
Holt 6.02 18.77 4% 60 Dongnong 60 1.45 1.78
A 44 Heinong 44 4.79 8.65 451 55 Jinyuan 55 3.24 6.98

2.3.3 AMHKRERBIKRHMAMMEES WES
Js Mk 5 22 PUENR R B B A O A OG
FECH -0.47 BBk S U AR R AN BiR S
ZEFF B3] AR 2R B0 A B 3 IR A OG, A O R
0. 88, BV EL AR B R BT AR R EO K ZEAF by ) 2%
A R  ZEFF oA e S P EMR R A [A] 2 1)

2 ARG AHOE R B4 90128 0..90,0. 64 F10. 42,
RIZEFFHT T 7 2545 i 58 B R 25 L P A i
PUEMR RBGE R A AR R S MR R TR E
PrEIR BB B3 IEAHOC, A OC R 53R 0. 68
0,72, AR R & b 44 R & s PR &
AN
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Table 5 Correlation analysis of traits

P Sy

PERRS bR

PP AL

\ T B B _ KEE  AHE
PR Character Breaking Lodging resistance  Bending Modulus of
Diameter  Plant height Lignin Fibrin
force coefficient deflection elasticity

Wi f1 Breaking force 1 0.88"" 0.13 0.90" " 0.50" -0.49" 0.77" " 0.90" "
B2 Diameter 1 0.30 0.83"* 0.26 -0.78"* 0.91"* 0.72* "

¥R D Plant height 1 -0.47" 0.32 0.36 -0.13 -0.02
EE NS4 Lodging resistance coefficient 1 0.64%" 0.42%"  0.68%* 0.72"*
ik Bending deflection 1 -0.13 0.26 0.63""

FEAR . Modulus of elasticity 1 -0.72*"* -0.36
AJEZ Lignin content 1 0.62" "

2 4EZ Fibrin content

1

TE: "7 TE0.01 KPARCHE R3S ; " 76 0. 05 AKFAREHE 3

Note: * * indicates the correlation was significant at 0. 01 level;

3 i

3.1 KREEERESTUIERER RN

RT3 W R ik 52 0 1 0, gk T 2
e AR AR FE AR M o AR T 285 AR I R R 25 AT 1 AL
SRIE G ST SO N BB A | 2 O o
SSES N IEA G RN SRR T2 BT 3 E
FORE S FEER R IFMHECR, SthmMasHK
JEEGAHKE KR Shi Z" I Robertson 252/ 3iF
W KT i P A 6 5 ok v 1L MR R 2 RORE DG OC &R, AT
ALIE IR R R G s ZE AT LB BE 1. D3, Shi
FU AR EP SRR EORES KT
PUER R B ORI SC, AP g b, IRl
JE T TR 3 A = 18] TG S AR OGO AR (HE Bk A
PUEMR R 2 7O GO R , U s A B =
DA b IR 2R B AR ™ A R 52 = 6, AR
IV A 3 R v o b o B 5 2R AT 1R g
K B 37 B 0 6580, ok s AR AR e
AR, PTIBT ) 5 bk 2 A B R, R AR
1RSI B <k 7 S o i (A S = A 7o
Ji PRI AT fig A PR R K B PR 45 AR 5 A, % el A AR A
1 MR T ) RN

AR R A A R ZE AT BOENR M 1 — > E AR
B Tian 25738 55 X4 F B b 5 i FORITER R 5 Al
AIBTERYERETE 73 A, RIS TR AR BE TR Y AR A
EFFRMKEN T ESERZ2HE E AL, H
WPV Chen %5 3 i % KGR R Y EIR AR K
PEARAY QTL FHZEFFAIN , 38 Wbk & AR 81 5 25 FF o
JE AR B S AR A OG AR AT 4 R 0 4 R SR W Ay
W ) A EL A 2 DIAH OC , B8 3 W ) 9 RIS, MR
R TR, MW 7y 5 8K Z 6] 2 B IE A O

* indicates the correlation was significant at 0.05 level.

e Z, BT BT o, o AR P, R RR AR
SHUEREZIEA X OC R, BV E A4 #OR BT E R
U, KRS, AR A T Wy 3 i 3 1 R 10% RS
10% K52 b B AR Z R, BE Prisr i3, B
Rz 3, 5 E R IR A R A — S, R R
LN S E R EE S S| B TR N 7t =
3.2 KREEFAEUERTAIIEKIERN TG
VEY)ZEFT B 40 L RE GLHE R TR LT 4 R 5 2 b
WGy, VB2 2E B R ENR S ZEFF A 2% 540 19 AH 56 14
P77 , e AR i R RN AT 4k R 2 52 W) 25 FF 8 i A9
PE PR E ) Shah 2570 £23R T A RIVEY) A Fh
ZEFFRRE BT T i, PR ZE AT B Kl 7 02 Xl A
VEPZEFT Wi PR ) B 248 b, AR AE P e 1 25 19 1
KA SISO AENE P22 R — 2 A2, S8 22 5%
14 = i PR R ZE AT S B 2 2 A i ) SRR R | ZE AT i RE
AU JEE R S R R il ) AR O AR R R
SRR M ) ARG, A TR AR B R A A
Y ZEFT L B2 B . Peng %5170 38 3o Wi it R 25 R
FZ2 20 me |38 Ak IR YT R 5T 2R o kAR A R AR R
VL ZE AT 5 2 KK & & H % W, Zhang
205280 378 3 it FH A T) 7K S R0RE 5 i 7K R {80 0K | &5
SRR R H A S S ORI R A BT B, 2
o ZE AT HLA B2 R AR, AR B 9 2% R 1l v, AN )
PR KRS EEZFHAR, 4K K
JR RSP R B (R A 25 0 A DG, U B BE
ZEFFHOR BT ER LR 4 R S G N, AR AR PR AR
Haom, SET AR S R — B, AR T ETA
WEFE M\ 724 £ FE 4y BT B AR AR B R 2 58 |, 45 & 25T
TS RRAE F A A MR o 3 360 07 2 495 R 5 A 5 B0
SO, RIABTER AR N R 2, N £
U7 T % AT



30 NI 1
3.3 REEFNFHETAIEKERNZ M (2] BHE, AR, S8, . B A B R B
R bR 2 75 B AR (0 e sE Pk PR B T2 FF 0 ) J(L(;FE*HI%EETJ%Q”[”J[JJ- i R A RO #2018, 216
“ “ N . 7). 980989. (ZHAO X Y, SHAO Z S, WU Y Z, et al.
i%"%ll‘i ’ El] jj ? q:% Iri {j% XHE s ﬂ ’ﬂf % % o ZVi : {@J Influence of artificial lodging at graining-filling stage on plant
14, 2] g 129] 1 S o . nc rtifici in raining-filling stage on plan
'fj( 20 o 'fﬂ%%u% » TAj?§$ HE*%% \Tﬁﬂfﬁjj Ejﬁu growth, yield and quality of super rice[ J]. Chinese Journal of
IRE GG, RGBT B 7 9 3 DK 2 40 il 2 eco-agricultural, 2018, 26(7) : 980-989. )
R, FEBEHRAE S o\ Sk s A B B, PR PR [3] CHEN L, YI'Y, WANG W, et al. Innovative furrow ridging
3% . Gomez %[30] ﬁﬁﬁu 'fjﬁ 5 jj #’ﬁé‘@ E,:Ja\ég\ %% Eyq fertilization under a mechanical direct seeding system improves the
o e i . . T . e grain yield and lodging resistance of early indica rice in South
%%?ﬂﬁkﬁﬁﬁi@jﬁ,ﬁﬂﬁﬂ%ﬁﬁkio J:Jiiﬁﬂ:ﬁ China[ J]. Field Crops Research, 2021, 270 108184.
SURULIIRAR B RRBR 9 ) S PR DIANOC. ray swmm, s, i, %, Ssfh s smbeskeLiv ok
FERR IR 5 5 38 FIAE bR 25 AT 1 S X R %00, BFSE0I]. - THIEFL, 2016, 14(3) ; 773779, (LIU W G,
%%ﬁ#@‘@f/ﬁﬂﬁﬁgE’\J?ﬁﬁﬂﬁ(ﬂ"]j}%%‘ﬁ?%ﬁ%% DENG Y C, FANG P, et al. Study on evaluation method for
ﬂ\—U—u?Zﬁ}F?{:mgﬂ i [/J 5‘%7'(*4145% nfﬁﬁ’f/ﬁ ﬁﬂﬁﬁ?{ﬁ' l[();l]glni/[r(lesmt?nc;of tl];e 1nit.ercr0;1(§);r;g j{;y(b;é;n ‘;t7;e7e7dghn;g stage
. W . T e . Molecular Plant Breeding, s : -779.
RAGERGEIIT R AT A SCHEAT ERSEAF OB 5y e ey, snemn, 5. K ommmiksibesm s
P25 /N 0 5 2 2R e I B AR A 5 25 AT 2 [J]. KERE, 2007, 26(4) : 484489, (ZHOU R, WANG X
Eﬁﬂﬁgﬂl ﬁ‘ﬁ*ﬁ%*ﬁéé‘ﬁ%j{ s %*{;%: EH} EETE%[I §$ Z, ZHANG X ], et al. Evaluation method of lodging resistance in
e B A AR FE RE A N[27) S R iR =3 soybean germplasm [ J ]. Soybean Science, 2007, 26 (4):
Vb, B8RP /255 A
%VJUE'—?@Mﬁﬁ%U%ﬁ*ﬁ?@ZS] o Tian %[7] ﬁﬁx‘j‘ [6] ;?(;4:9[7 )HUANCJL LIU W Y, et al. Multiscale simulati f
%%{I@J 'fjt/%ﬁﬂ/‘.]ﬁ%?{ , Z%IJMQI ﬁt%ﬁéﬁ}t Egﬂl‘*)ﬁ gﬁ elastic m:)dulus of rice ’stem[.]]. ;3iosystems Engineering, 2019,
JES R RBCRE VI, AT 57 5% B30 45 R 187; 96-113.
1,350 gHiE LAE 52 ) HPE %EE% [7] TIAN B, WANG J, ZHANG L, et al. Assessment of resistance to
NEEIN] PR
*&ﬁ%‘ﬂi*ﬁa‘é , Eﬁﬁ}\ E/‘J éﬁ%#ﬁ , U‘émﬁ Fﬁ%%ﬂﬂ: lodging of landrace and improved cultivars in foxtail millet[ J].
ST 17 R A5 1, AL 0 B 7 Buphstica, 2010, 172(3) : 295302
I~ N e A NN (8] SEWEs, UWER], B, % KT 2EFFHG 1A ER b S
S BTRER GL IR PR I 2205 5 DT 7 ) RS AT HAE AR Y], RO AR, 2011(2) ; 103-107, 121. (WU
*ﬁ%ﬁﬁ%?&iu%'fi%% o X Q, HEX L, LYU H, et al. Compressive mechanical property of
A soybean stem with the variation of its plant height[ J]. Journal of
4 %Lb Anhui Agriculture Science, 2011, 39(2) : 721-725, 739.)
" " e 9] XUEJ, ZHAOY, GOU L, et al. How high plant density of maize
ﬁi’ﬁj\gj?ﬁ%ﬁ E,ﬁz A Ll]:[& ﬂ#l L:J ﬁﬂiﬁj} Eiﬁzﬁ%o . affects basal internode develolpment and itl‘:ngl; f()rmZi(m [J]
Fﬁi%jﬁ%ﬁj} E/(J F%{E&, Eﬁé%}m—ﬁ‘ Ig%ﬁ;;}‘ 5 E:XJZ:L:JA Crop Science, 2016, 56(6) ; 3295.
Py B AR R, T EAR FER R O WU . K 10 e, mtk, WRERK, % TSI IR R R G
SR TR B I T S, 5 b 2 BRI, i ISEIR, 2018, 34(1) 25:29. (YANG J,
ﬁ*ﬁa‘éo ﬁE?ﬁﬁﬂ{ﬁ%ﬁ&Fﬁ%%*ﬂ%ifJHﬁ'ﬁiJJl], YANG H, TU Y X, et al. Study on the bending mechanical
P - N N RSN o ies of interc d soybean in the late st f symbiosis
SEARBAEICNER SN0 (0 [
iFth*E/%#F_F ( 20 ﬁﬁi - hm - ) E/‘Jj(—‘EL‘ II'I:l'IliF‘:F;J:}‘TAfZéIJ /fjt/% [11] SHI Z, ZHENG Q, SUN X, et al. Assessment of differences in
é&j‘ﬂ:% %Eﬁ’*ﬁ %'ﬁ:‘F ( 30 ﬁ*ﬂi . hm72> B/‘J TILL{@J morphological and physiological leaf lodging characteristics
»fjt/%%'g[o j{E*ﬁﬁﬂ»ﬁt%ﬁl}ﬁ%*ﬁ%ﬁﬁ \gﬁll‘i*ﬁii between two cultivars of Hippeastrum rutilum [ J]. BMC Plant
T, S AR SRR e e L e
N N e . N NI . . , et al. aize sta
S AR R B 5 0.90 F1 0. 42, WT LUF) ] 25 , , , e
. . . . ) lodging: Flexural stiffness predicts strength [ J]. Crop Science,
FEFRAIT Iy 77 LA AR X R It A 0 R 1 R 55 2016, 56(4) : 1711-1718.
HATIX 41, [13] ERAR, BORLL, #hisg, 5. AR S 2EF 1R oY
[J]. FAbfolr kg4, 2012, 43(5) ; 4649. (YANG Y Q,
%%iﬁk ZHAO S H, YANG Y Q, et al. Study on mechanics properties of
soybean stems in mature stage [ J ]. Journal of Northeast
(1] ZEHHE, R0, BRES. KRR Co P oT 96 U5 25 FF 48R 1 Agricultural University, 2012, 43(5) . 4649. )
FEL1]. Ml R4, 2021, 40(1) ; 147-153. (YUAN [14] BEW, mLrke, PIUF, 5 SSFFEMBEI A 1250 B

X J, LIU X, CHEN G X. Stem lodging resistance of rice core
germplasm [ J ]. Journal of Huazhong Agricultural University,
2021, 40(1) . 147-153.)

FEMFEREATHT[T]. ARl TREZH, 2007, 23(7): 14-18.

(GUO Y M, YUAN H M, YIN Y, et al. Biomechanical

evaluation and grey relational analysis of lodging resistance of stalk



14

X B BT 2R T S R B R SR B TR BT R P A 31

[15] i

[16]

[17]

[18]

[20

s

[21]

[22]

[23]

crups[.]] Transactions of the CSAE, 2007, 23(7) : 14-18.)
WEp, PRIV, ESANAH, 4. FETLRE WML R ZHUEIR
Iﬂ:ﬁ}ﬁ[ 11. REFR, 2012, 31(6) : 899902, 906. (QU X
S, CHEN HT, QIU L J, et al. Lodging resistance of soybean
based on comprehensive evaluation method[J]. Soybean Science,
2012, 31(6) : 899902, 906. )
BRERG INT, B, 55 ARIRFRSE R R SAE MR MRk
MR T]. R R4, 2015(1) : 3341. (CHEN X
F, SUN N, GU Y, et al. Comparation on lodging-resistance
characters of soybean in different population structures [ J ].
Journal of South China Agricultural University, 2015 (1)
3341.)
XD, AN, T, 45, B REE PRI 7 ik
WE[T). A THYE R, 2016, 14(3) ; 773-779. (LIUW G,
DENG Y C, FANG P, et al. Study on evaluation method for
lodging resistance of the intercropping soybean at seedling stage
[J]. Molecular Plant Breeding, 2016, 14(3): 773-779. )
R, Bk, WK, 5. BEREHARI =Rk m
W3E[T]. il #4R, 2018, 34 (1) 25-29. (YANG J,
YANG H, TU Y X, et al. Study on the bending mechanical
properties of intercropped of soybean in the late stage of symbiosis
[J]. Journal of Shanghai Agriculture, 2018, 34(1): 25-29.)
FOSTER C E, MARTIN T M, PAULY M. Comprehensive
compositional analysis of plant cell walls (lignocellulosic biomass)
part I; lignin [ J]. 2010,
37. 1745.

FOSTER C E, MARTIN T M, PAULY M. Comprehensive

Journal of Visualized Experiments,

compositional analysis of plant cell walls (lignocellulosic biomass )

part I carbohydrates [ J ].

2010,37 . 1837.

DL N (B 7/ -V AR I S 3 b 2 S S e )
()], el TFE#4% , 2008, 24(7) : 1-6. (LIANG L, GUO Y

M.  Correlation

Journal of Visualized Experiments,

study of biomechanical properties and
morphological characteristics of crop stalks[ J]. Transactions of the
CSAE, 2008, 24(7): 1-6.)

GALEDAR N M, JAFARI A, MOHTASEBI S S, et al. Effects of

moisture content and level in the crop on the engineering properties

of alfalfa stems [ J]. Biosystems Engineering, 2008, 101:
199-208.
PP, BT, B, G KGRI R ESRAE KT £

SR BIAEAIH[T]. KGR, 2012, 31(5) : 703-706.
(ZHONG K Z, LIANG J, WEI Q Y,

et al. Heredity of lodging
and its correlation with agronomic traits in soybean germplasm[ J].

Soybean Science, 2012, 31(5) : 703-706. )

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

SRR, WS, WEAE, B RS AR P A A SE
REMERIHT[T]. KERHE, 2007, 26(1) : 4144. (ZHOU
R, TU G Y, SHA A H, et al. Analysis of lodging and some
related agronomic traits characters in soybean germplasm [ J].
Soybean Science, 2007, 26(1) : 41-44.)

CHEN H, YANG Z, CHEN L, et al. Combining QTL and
candidate gene analysis with phenotypic model to unravel the
relationship between lodging and related traits in soybean [ J].
Molecular Breeding, 2017, 37(4) . 43.

SHAH D U, REYNOLDS T P S, RAMAGE M H. The strength of
methods to measure the

plants; Theory and experimental

mechanical properties of stems [ J]. Journal of Experimental
Botany, 2017, 68(16) : 44974516.

PENG D, CHEN X, YIN Y, et al. Lodging resistance of winter
wheat ( Triticum aestivum L. ) ; Lignin accumulation and its related
enzymes activities due to the application of paclobutrazol or
gibberellin acid[ J]. Field Crops Research, 2014, 157 1-7.
ZHANG W, WU L, DING Y, et al. Nitrogen fertilizer application
affects lodging resistance by altering secondary cell wall synthesis
in japonica rice ( Oryza sativa) [ J]. Journal of Plant Research,
2017, 130(5) : 859-871.

fTReRy, e, TRALIE, . KRG ZEFF RS IR
[J]. RHULFISE, 2010, 32(11): 164-169. (HE X L, WU X
Q, ZHANG L F, et al. Research of mechanics characteristics for
soybean stalks compression [ J ]. Agriculturally Mechanized
Research, 2010, 32(11): 164-169.)

GOMEZ F E, MULIANA A H, NIKLAS K J, et al. Identifying
morphological and mechanical traits associated with stem lodging in
bioenergy sorghum ( Sorghum bicolor) [ J]. BioEnergy Research,
2017, 10 635-647.

WU W, MA B L. The mechanical roles of the clasping leaf sheath
Two case studies from oat and wheat plants [ J].

Journal of Agronomy and Crop Science, 2020, 206(1) ; 118-129.
CORNWALL J, STUBBS C J, MCMAHAN C S,

in cereals:

et al.
Theoverlooked biomechanical role of the clasping leaf sheath in
wheat stalk lodging [ J ]. 2021,
12 617880.

XIANG D B, SONG Y, WU Q, et al. Relationship between stem

Frontiers in Plant Science,

resistance of Tartary buckwheat

Plant Production Science, 2019, 22

characteristics and lodging
( Fagopyrum tataricum) [ J].
(2):202-210.

NILSEN K T, CLARKE J M, BERES B L, et al. Sowing density
and cultivar effects on pith expression in solid-stemmed durum

wheat[ J]. Agronomy Journal, 2016, 108(1) : 219-228.



