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Effects of straw incorporation combined with nitrogen management on stem
quality and lodging resistance of rapeseed following rice
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Abstract: Lodging is a major constraint limiting the yield and stability of direct-seeded rapeseed in the Yangtze River Basin.
Straw incorporation from the preceding rice crop can influence lodging resistance in rapeseed by affecting carbon—nitrogen
metabolism and stem morphology, especially when combined with tailored nitrogen management strategies. In this study, a
split-plot design was used with the rapeseed hybrid Huayouza 62, based on a long-term rice—rapeseed rotation field experiment.
The main plots comprised straw incorporation treatments (R0O: no straw incorporation; R1: full straw incorporation). Subplots
consisted of nitrogen application regimes: CK (conventional nitrogen rate of 240 kg hm™ with basal: seedling fertilizer ratio

ARWFSE 1 E T SR TR 55 H (2021 YFD1901205) % Bl

This study was supported by the National Key Research and Development Program of China (2021YFD1901205).

" i {5 fE# (Corresponding author): J&J£E, E-mail: zhougs@mail.hzau.edu.cn

i —VEH K R )70 E-mail: zhujiabao@webmail.hzau.edu.cn

Received (WhE H#): 2025-06-30; Accepted (#2752 H #l)): 2025-09-10; Published online (%% H iR H #]): 2025-09-18.
URL: https://link.cnki.net/urlid/11.1809.S.20250918.1436.004

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).



234 5 ¥ % W 552 %

6:4:0:0) and four 20%-reduced nitrogen treatments (N1, N2, N3, N4), maintaining identical total nitrogen reduction but dif-
fering fertilizer ratios (basal:seedling:bolting:flower fertilizer stages): N1 (10:0:0:0), N2 (6:4:0:0), N3 (6:2:2:0), and N4
(6:2:0:2). The effects of these treatments on stem cell wall composition at maturity, stem silicon and calcium content, and stem
anatomical structure at flowering were evaluated. Compared with no straw return, full straw incorporation significantly in-
creased aboveground fresh biomass by 29.1% and stem breaking strength by 23.3%. Increases were also observed in stem
contents of cellulose (26.3%), total lignin (3.4%), pectin (30.6%), silicon (45.0%), and calcium (9.5%) (P < 0.05), contributing
to improved stem strength and toughness. However, the gains in plant height and biomass outpaced the improvements in stem
strength, leading to a 7.9% average increase in the lodging index. Appropriate nitrogen allocation strategies improved stem
structural quality and reduced lodging risk. Notably, the N3 treatment (192 kg hm™, applied as 6:2:2:0) under full straw return
conditions reduced the actual lodging angle by 2.6%, increased stem breaking strength by 15.2%, and decreased the lodging
index by 10.2% compared to the conventional treatment. These improvements were attributed to significant increases in stem
cellulose, pectin, and calcium contents, as well as enhanced anatomical characteristics at flowering, including greater cortex
and epidermis thickness, increased vascular bundle length and area, and a higher number of vascular bundles. A more uniform
vascular bundle arrangement further contributed to improved stem mechanical strength and lodging resistance. Therefore, un-
der high-density direct-seeded rapeseed cultivation with rice straw incorporation in the Yangtze River Basin, an optimized
nitrogen regime of 192 kg hm ™ (basal:seedling:bolting = 6:2:2) is recommended. This strategy not only reduces nitrogen input
but also enhances stem strength and lodging resistance, thereby improving mechanical harvest efficiency while maintaining

high yield and structural resilience.
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Fig. 1 Main meteorological factors in 2018-2019 growing season (A) and in 2019-2020 growing season (B)
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Table 1 Basic physicochemical properties of the experimental soil
AE0y L% TN WA AN MR AP M AK AHLET SOC -
Year (gkgh (mg kg (mg kg ") (mg kg ") (gkgh
2018-2019 1.58 107.54 19.17 174.87 11.62 7.41
2019-2020 1.64 102.24 20.85 190.24 8.44 7.13

TN: total nitrogen; AN: available nitrogen; AP: available phosphorus; AK: available potassium; SOC: soil organic carbon.
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Fig.2 Effects of rice straw management and nitrogen management on the actual lodging angle of rapeseed stems at maturity
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N: nitrogen management; R: straw management; R0 represents no straw incorporation, while R1 represents straw incorporation. CK: applica-
tion of 100% nitrogen fertilizer (N 240 kg hm?) with a basal:seedling:bolting:flowering fertilizer ratio of 6:4:0:0; N1: application of 80%
nitrogen fertilizer with a basal:seedling:bolting:flowering fertilizer ratio of 10:0:0:0; N2: application of 80% nitrogen fertilizer with a basal:
seedling:bolting:flowering fertilizer ratio of 6:4:0:0; N3: application of 80% nitrogen fertilizer with a basal:seedling:bolting:flowering fertil-
izer ratio of 6:2:2:0; N4: application of 80% nitrogen fertilizer with a basal:seedling:bolting:flowering fertilizer ratio of 6:2:0:2. Different
letters indicate significant differences between treatments within the same year (P < 0.05). ** indicates significant differences at the 0.01
probability level.
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Fig. 3 Effects of rice straw management and nitrogen management on aboveground fresh weight of rapeseed at maturity
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Abbreviations and treatments are the same as those given in Fig. 2. Different lowercase letters indicate significant differences among treat-
ments within the same year (P < 0.05). * and ** indicate significant differences at the 0.05 and 0.01 probability levels, respectively.
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Fig.5 Effects of rice straw management and nitrogen management on the lodging index of rapeseed stems at maturity
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Table 2 Correlation between yield, yield components and lodging-related traits

(EN PSS dRIN BARR 7 R EEFHE SR Tk SR
Lodging-related traits Effective pods per plant Seeds per pod 1000-seed weight (g) Yield (kg hm™?)
M1 b6 B Shoot fresh weight (g plant ') 0.643" ~0.360 —-0.464" 0.483"
BI4K ff1 ¥ Lodging angle (°) 0.594" —0.790" -0.172 0.332
ZEFFPUIT 1 Stem breaking strength (N) 0.643™ -0.303 —0.619" 0.540"
B 5 8 Lodging index —0.583" -0.092 0.492" -0.721"

TRy I FERAE 0.05 F1 0.01 KF [ WEHI G, “and * indicate significant correlation at the 0.05 and 0.01 levels, respectively.

®3 KEBEFEEBEAMEENBRAARELEIFEME SR

Table 3 Effects of rice straw management and nitrogen management on basal stem composition of rapeseed at maturity (%)

T FFA 2 RANLiz % MAWABIR EARBR AR

b RARE  AME ORE
7 Straw Nitrogen Acid-insoluble Total Soluble . .

Year oo Lo Hemicellulose  Cellulose Pectin

management management lignin lignin sugars

2018-2019 RO CK 21.5h 24.8d 320 14.7 be 192 ¢ 16.6 cd
N1 229 ¢ 26.3 be 35a 163 a 21.6 be 15.7d
N2 22.0 fg 252 cd 3.3 ab 16.0 ab 21.1bed 15.7d
N3 247 a 279 a 26e 14.8 be 22.0b 13.2d

N4 21.6 gh 252 cd 3.4 ab 14.6 c 189e 14.6d




240 (7 552 %
#ER3)
0 R A5 21 ’EHEJ@% MK{E*E‘?? MARBER Ak e G P
Year Straw Nitrogen A01d—.1ns'oluble Toté.il Soluble Hemicellulose  Cellulose Pectin
management management lignin lignin sugars
2018-2019 R1 CK 22.4 de 25.7 bed 29cd 15.2 abe 22.6b 19.8 be
N1 23.7b 26.9 ab 2.9cd 15.3 abce 20.2cde 21.5ab
N2 223 ef 26.2 be 2.7 de 15.1 be 21.0bcd 24.1a
N3 22.7 cd 26.3 be 2.9cd 14.8 be 245a 23.7a
N4 24.0b 279 a 2.7 cde 15.1 abe 19.6 de 24.1a
2019-2020 RO CK 16.6 de 21.1 ab 24b 169 a 16.8 de 19.5 de
N1 16.1 fg 204 b 3.1a 17.0 a 16.5 de 219cd
N2 16.0 gh 20.5b 2.1cd 16.6 a 159 23.1 be
N3 16.4 ef 20.8 ab 1.9 de 17.0 a 204 b 22.7 be
N4 15.7h 204 b 1.9 de 17.8 a 18.1 cd 18.7 ¢
R1 CK 18.0a 22.1 ab 1.9 de 14.1b 173 cde 233 be
N1 17.7b 223 a 25b 1470 16.7 de 25.7 ab
N2 172 ¢ 21.3 ab 2.1cd 1450 20.7b 25.5 ab
N3 17.0 cd 21.2 ab 22¢ 124 ¢ 224 a 26.7 a
N4 16.7 de 21.6 ab 1.8 ¢ 1390 18.7 ¢ 24.8 abc
Ji 245 HT ANOVA
4B Year (Y) *% ) *k ns *k *x
FEFF4 P Straw management (R) *k *k *k ok ok ok
A BiZ % Nitrogen management (N) ok ns o ok ok ok
RXN * ok ns * sk sk ns %k
RxY ok sk sk ns * %k *
NxY sk sk sk sk ns %k ok
RXNXY sk ns sk sk %k * %k ok

AR FAL BRI P 20 AT /NG B3R ) — 45 45 A [ b B 0] 2 55 35 W 2 7K F-(P < 0.05). %

e, ns RARERALE

*450HIFRIRTE 0.05 F1 0.01 HEZRAK - i 2

Abbreviations and treatments are the same as those given in Fig. 2. Different lowercase letters indicate significant differences among treat-

ments within the same year (P < 0.05). * and ** indicate significant differences at the 0.05 and 0.01 probability levels, respectively, while ns

indicates no significant difference.

AL F R E R T CK. 2019—2020 4FJE,
FEFFR G RABARTT R & A N1 AR kiR
B, BAFER &AL FE R T B 255, o] kA
TETE N1 PR i R(H, SFEF4ER & A N3 4t
PPk R/ ME, HABANER R T B 5 R, FHERE
HAE N3 AbH ki (B I 2 o T A b H, R
e & AR S 2018—2019 4 —5L,

KRB P45 B < RN o 56 o % 88 b AL T il =R
BRI LI AR RN ARER | PR . 4k
RO AT R Ik B KO, XK
J R F i AR Ik W KE (R 4). 5 RO ML, RI

WP AR AR ZE . BATRE | R &
RO, PIVEPERE B A R, 2 ARSI
—3,2018—2019 4FJE, FEFIEHERABEATTER
SRR AT A e N1 AR b ik a5 R fH,
WA PR T RS T CK, RIS &7
N3 Kbk e KA, 5 HAD ZIC AL B ) 25 5 o
2019—2020 4FJE, FEFFIA H SR A AR Z ALEA
JR R REAE N4 B P Os i RIS N3 b FE 2 7
=, ATEVERERUR B AR N1 AR ik R R AE,
LR E A AP R T B E 25 5, A A T AT 4
EoEHEEST CK.
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Table 4 Effects of rice straw management and nitrogen management on upper stem composition of rapeseed at maturity (%)
g PUOE L RBERC rima mkmk wwmS RAME 4K RR
Year management manage%nent Acid-insoluble lignin ~ Total lignin  Soluble sugars Hemicellulose Cellulose Pectin
2018- RO CK 202 ¢ 25.0 ¢ 3.8b 23.2 be 174 ¢ 153b
2019 N1 185 23.3d 43a 24.8 2 21.0d  64f
N2 20.5 de 25.9 be 3.7 be 23.6 ab 18.1¢ 7.6 ef
N3 21.8a 26.6b 3.5 bed 21.6 cd 248 ¢ 8.7 def
N4 204 ¢ 249¢ 34cd 22.7 be 27.1bc 109 cd
R1 CK 20.8 cd 26.2b 2.7¢ 19.0 f 30.6a 15.0b
N1 219a 27.6 a 33d 20.8 de 28.6 ab 9.9 cde
N2 21.1 be 26.7 ab 25e 19.6 ef 30.5a 12.5¢
N3 20.5 de 26.1b 24¢ 20.8 de 27.1bc  18.6a
N4 2130 26.2b 2.7¢ 20.1 def 274bc 1570
2019- RO CK 233a 27.1a 3.8b 18.0 ab 19.6cd 15.2bc
2020 N1 21.9d 25.7 abe 4.7a 17.5 abe 207¢  14.6bc
N2 20.8 f 24.7 ¢ 2.9 def 17.7 abe 129 10.7 e
N3 22.1d 26.0 abc 3.4 be 18.8 a 222¢ 14.1 bed
N4 224 ¢ 26.4 ab 2.9 efg 18.6 ab 17.4d 11.0e
R1 CK 23.0b 269 a 2.6 fg 16.4 ¢ 2570 133 cd
N1 224c¢ 26.1 abe 33cd 16.4 ¢ 285ab  179a
N2 21.1e 24.8 be 3.1 cde 17.4 abc 295a 14.4 be
N3 20.9 ef 24.7 ¢ 2.9 def 163 ¢ 30.7 a 16.4 ab
N4 23.1 ab 272 a 25¢g 17.3 be 303 a 12.0 de
Jr 245 HT ANOVA
A Year (Y) *x ** *x ns ns ok
FEFF4 P Straw management (R) ** *% * * ** *k
A NLiz % Nitrogen management (N) ok ns *k ns *k ns
RXN ok ns ok * o ok
RXY o ok ok ok o *
NxY %k sk * %k b3 &%k ns
RXNXY *k ns *k ns Hk *%

HEMEHFEE 2, AFE/NE
25, ns RARZEFALE,

3 TR [F] — ARy AN [R) b B ) 22 5 38 R E K- (P < 0.05). *

** R FIRTE 0.05 A1 0.01 HERAK- 5 3%

Abbreviations and treatments are the same as those given in Fig. 2. Different lowercase letters indicate significant differences among treat-

ments within the same year (P < 0.05). * and ** indicate significant differences at the 0.05 and 0.01 probability levels, respectively, while ns

indicates no significant difference.

2.6 RFVAZEFE. SSE

FEAFRE BR . RUIEAE 2 A0 M 32 25 F T ik 5 B 3
Wi 275K B K-, 7E 2018—2019 4E HAERUN R ik
FOKE, {HAE 2019—2020 4F ik i F K, 2 4E HH
HA—FH(K 6). 5 RO ML, RIFEHZEF6ES 2D
EE TN E AN, AR AR A -2, H
HRZEFF AR AL IR B /N T HETE 25 AT, CK A B ZE A B hk
I N T A AU 2 B A

FEFFAE B | RIS 28 0 ZEF1 45 5 5 50 ik B 3

KV, HEAERON A B KK 7). M T RO,
R1 ZEFFIEERES & T A IO HALEE, b Fp=FF 45 31
EIEEREEAR — 3, HERZEAT AL i e T
ZEFFES B 7EAS AUIBALFE AR N3 &b PR AS S e
N3 A3 CK A3 & i A 38 i fa %, N4 F1 N1 4b
PR BRSPS, S AT
AR A — B

2.7 HHEFEMEN

R B RIS I 5 X 25 T 2 A A A AR fn 3
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Wi, OF ELX R 2R A K R BUR
YL FE B B EAERUN Ik KPR 5). 5 RO A
b, R1 BEWGIN T 25FF 0 RIRIE | 2R .
oA AR MR, mAEERK AR KA
BB SAER B2 TERIRE BB R, FE R A
AhEET N3 AHE R R RIRNE . KRR A RK
JAK A ¥R, BEmAAmgEE R m S CK
T EES, BRBRAESCE, BEH T MR
GEBE, FEFFAIR, N3 ALB PR e R H B
Wz, 3 HI/NAHEF B A B, X iE— R T
il A4 3R RN 8 25 A B T S 25T 445 4 1 ) 1
Rl FH (] 8)
2.8 EHBHEH. EFRSRF=EM=EMK
5@Ke9HE XN

ZEFT S IS AL R AE 5 AR MR A A 3 SR R
(F 6). Hi LHPEfE 5REERE . gERAK . B

TR T R B A A AR R T AR S A OG, R A
PR W) B B R AR TR K ML S #E N 4 A R R
S iOR7IN Yl = W AR RTA 7 ek Ok R (| I e 3 )
Iz, SRR e R A R A S 4
ST B AR OC R B IR R KO (P < 0.01),
TIESE ZEFF LA 5 B 5 B0 T 3 7 )2 45 40 9 1k AN 4
ERRG 2 R . EHAERMNE, 488
X B OR TR 2 BB PR AR, LS Pr J E ARG
(" =0.561, P < 0.01), {H[a] i}t 56 k8 508 3% 1E
HIF(? = 0.365, P < 0.05), W848 it & & nl
B 38 Ao 18 o 2 O B R AR KRS . Bk,
Bz 2R 5 AT AR MR 3 T B A e, R L
EPUERPLH P E A R . SR E, B R
Ik, D0 2 2 A7 R T RRURIVRSE 46K v AR g b T S i R
PO S A e 2, T IR £ E FLRIAR 35 B )
SN

A 7 Basal part B 4 Upper part
2018-2019 N: ** R:** NxR: ** a 2018-2019 N: ** R:** NxR:ns a
: o Hl ok
[
c ¢ ¢
=3 1 4
d
e
Ton
on
£
5
g |
% 2019-2020 N: #* R: ** NxR: ** 2019-2020 N: ** R: ** NxR: **
2
2 °] 5 2 a
a _i_ _I_ {‘ b
[ c q
c
d A
+

CK NI N2 N3 N4

CK NI N2 N3 N4
RO R1

El6 KEHMEERBSALESEMBRBAPENESENTZI

0_
CK NI N2 N3 N4

CK NI N2 N3 N4
RO R1

Fig. 6 Effects of rice straw management and nitrogen management on stem silicon content of rapeseed at maturity

55 TR 1] 20 ARG TR [ — 47 43 A ) Ak B ] 2 57 1K B 35 7K (P < 0.05) 0 **3RRAE 0.01 K BE 27, ns KRR

ARE.

Abbreviations and treatments are the same as those given in Fig. 2. Different lowercase letters indicate significant differences among treat-
ments within the same year (P < 0.05). ** indicates significant differences at the 0.01 probability level, respectively, while ns indicates no

significant difference.
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A 1o Basal part B g Upper part
2018-2019 N: ** R:** NxR: ** b _%_ 2018-2019 N: ** R:ns NxR: *
be
b
C —1— _I_ cde a
_I_ i be ab _1_
69 pe bed bed od be I be
F |
4_
£ 24
on
eon
g
0
§ 2019-2020 N: ** R: ** NxR: ** 2019-2020 N: ** R: ** NXR::* a
e a
g b HER ae
= a
S be abc_I__aItl c 64 cd be —I__} I
Ealwe ]
4_
2_
0
CK NI N2 N3 N4 CK NI N2 N3 N4 CK NI N2 N3 N4 CK NI N2 N3 N4
RO R1 RO R1

B7 KEFEHEERSABZENMEAAREFTIENTZM

Fig. 7 Effects of rice straw management and nitrogen management on stem calcium content of rapeseed at maturity

A5 FAL BRI P 20 ASIF/NG B3R OR R AR 4 8 ) A B R] 22 5535 37K F-(P < 0.05), *, **43JIIRIRTE 0.05 Al 0.01 HEZAK T B35
Fat, s RANERARE .

Abbreviations and treatments are the same as those given in Fig. 2. Different lowercase letters indicate significant differences among treat-
ments within the same year (P < 0.05). * and ** indicate significant differences at the 0.05 and 0.01 probability levels, respectively, while ns
indicates no significant difference.

F5 KEBEHEEBSAREENMREAZTHERELHTI

Table 5 Effects of rice straw management and nitrogen management on stem microstructure of rapeseed at flowering stage

R BRI R 4EERER B 4EEAORE g

FEFHE B ANLis %

Straw Nitrogen Epiidermal Certical Vascular . Vascular Cross-section ~ Number of Vascular
thickness thickness length circumference al area vascular bundle area
management ~ management (um) (um) (um) (mm) () bundles (m?)
RO CK 20.3 abe 2555¢ 659.4 ¢ 359a 98.3 bed 78.0 ¢ 13.4 abe
N1 172 ¢ 328.9 be 857.5 cd 259¢ 52.8h 65.0¢ 8.2d
N2 20.3 abe 337.7b 983.7a 34.6 ab 92.7 de 80.0 be 124¢
N3 19.4 bed 296.4d 807.6d 35.7a 952 cd 86.0 a 13.2 be
N4 17.0 ¢ 322.2 bed 939.9 ab 309b 853 f 82.0 abc 12.8 be
R1 CK 20.1 abe 323.0 bed 843.2 cd 358 a 103.9 ab 86.0 a 145a
N1 18.3 cde 348.7b 706.3 ¢ 31.1b 77.1¢g 72.0d 8.6d
N2 21.4 ab 321.8 bed 903.3 be 358 a 106.9 a 84.0 ab 14.0 ab
N3 222a 3973 a 996.5 a 36.4a 101.7 abe 86.0 a 13.8 ab
N4 17.7 de 306.3 cd 817.8d 31.6b 88.0 ef 78.0 ¢ 125¢
Ji 25317 ANOVA
FhFFE * ok ns ns ok * *

Straw management (R)
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o P KB B2 R FERK EERMK REmH EEREE gEREM
b FHAE RIEis % . . .
. Epidermal Cortical Vascular Vascular Cross-section ~ Number of Vascular
Straw Nitrogen . . .
thickness thickness length circumference al area vascular bundle area
management management ) R
(um) (um) (um) (mm) (mm~) bundles (mm”)
Nitrogen management (N)
RXN ns %k %k ns * %k sk ns

RGN R E 2, AE/NE T HIRIRTE 0.05 Fl 0.01 HEFR KT 25 5
B, ns FRERALE .

Abbreviations and treatments are the same as those given in Fig. 2. Different lowercase letters indicate significant differences among treat-

3 FRE RN R — 4500 A [R] b 3R] 25 573k W 3 /K- (P < 0.05),

ments within the same year (P < 0.05). * and ** indicate significant differences at the 0.05 and 0.01 probability levels, respectively, while ns

indicates no significant difference.

A —B —cC co =D — E SVB =
LVB Co SVB co
SVB
- LVB co
SVB
LVB ‘ LVB
CcO LVB T
PL PI PI > PI Pl
F - G - — H co - 1 Ll | SVB —
SVB Cco
SVB SVB LVB SVB CO
Co =
LVB LVB
LVB LVE
PI PI PI Pl PI
8 KEBHEEBSANEENARLHENEMERFNI

Fig. 8 Effects of straw management and nitrogen management on calcium content of stems at maturity stage of field rapeseed

A~E: FEFF &R HRDZAM T NI (A), N2 (B). N3 (C). N4 (D). CK (E)bHEZEH B4 . F~I: B AL H(RO)&M T NI (F).
N2 (G). N3 (H). N4 (). CK (AR ZERF BAEEM . CO: F2J2; SVB: /NI LVB: R4EE IR, PL HE30. 45 MAHFIA 2, 45
KA 500 pm,

A—E: microstructure of stems managements with N1 (A), N2 (B), N3 (C), N4 (D) and CK (E) under full straw incorporation (R1). F-J: mi-
crostructure of stems managements with N1 (F), N2 (G), N3 (H), N4 (I) and CK (J) under no straw incorporation (R0). CO: cortex; SVB:
small vascular bundle; LVB: great vascular bundle; PI: medulla. Abbreviations and treatments are the same as those given in Fig. 2. Scale
bar = 500 pm.

R6 ENEMEMSEKMEXMGE

Table 6 Correlation between stem microstructure and lodging-related traits

T . SR 3358} 3 A4 R K e R A K
(A PR . P J§ }#}?&E NN ﬁﬁf\ﬂk
. . Epidermal thickness Cortical thickness Vascular length Vascular circumference
Lodging-related traits
(um) (nm) (nm) (mm)
i b ¥4 T Shoot fresh weight (g plant ') 0.510" 0.301 0.346 0.435"
IR A Lodging angle (°) -0.066 -0.111 0.164 0.019
ZEFFHLIT 1 Stem breaking strength (N) 0.538™ 0.349 0.376" 0.538"
{514k 4540 Lodging index ~0.087 0.096 0.146 0.303
TR AR AR AR AR A AR H HIREPTEA
Lodging-related traits Cross-sectional area (mm?®) Number of vascular bundles Vascular bundle area (mm?)
Mt 34 5 Shoot fresh weight (g plant ') 0.458" 0.382" 0.533"
81K ff1 B Lodging angle (°) 0.281 0.334 0.415"
ZEFF 4T S Stem breaking strength (N) 0.544" 0.387" 0.561"
{E| A 454 Lodging index 0.372° 0.251 0.365"
TR B FEARTE 0.05 F10.01 JKF | FH AL, "and T indicate significance at the 0.05 and 0.01 levels, respectively.
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EEREZERT L S R PR B3GR (R 7).
BARBR ., RABEATR ., WEmR, Fa4ERS
Mo bR T 18] 52 PR OR 8 e AR 8 A A
F AP < 0.01), BATEREMIRAE KRR S5
P B R IEARSC, WATEERE . SRR 590
P RFMAE . AR A S hidr i B e

®7 EFHRSSEAMERXRNE

(7 =0.442, P < 0.05) SRMBR- 5 HidT 1 S0 2 6
SN, 5 H A R IR 35 A & 2 IR A G . Ry
S U] 5 1 S A R RD S PR S AR: A R A R A 0K,
HERIEBE M EE, Shirh e EH
Kb, BEE RSP B E IEAE, S AN
LI RTE Y [P

Table 7 Correlation between stem composition and lodging-related traits

(ELN PSRN [P ENEY NS BARRE CIRSE i Aok
Lodging-related traits Acid-insoluble lignin Total lignin Soluble sugars Hemicellulose
M ¥4 T Shoot fresh weight (g plant ') —0.458" —0.465" -0.575" ~0.695"
814K 3 B Lodging angle (°) —0.630" —0.627"" -0.731" ~0.661"
ZEFFHLIT 1 Stem breaking strength (N) 0.639" 0.638™ -0.009 0.177
fEIfRF5 %L Lodging index -0.782" -0.789" -0.508"" -0.703"
AR AR SR HFYF A kit 5
Lodging-related traits Cellulose Pectin Si Ca
M b3 T Shoot fresh weight (g plant ') 0.095 0.456" -0.394" 0.058
B4R /3 B Lodging angle (°) -0.093 0.545" ~0.390" ~0.160
ZEFFHLIT 1 Stem breaking strength (N) 0.442" —-0.553" 0.127 0.557"
R FE$L Lodging index -0.279 0.618" -0.299 -0.256

AR R AE 0.05 A1 0.01 K B EEHM IS, "and 7 indicate significance at the 0.05 and 0.01 levels, respectively.

3 iTie
3.0 EHEESARBEENHENE NN
SRR AR 2 R A VI J e 2 E A S e
R VIS 3N S 2 15 Nk . AR TN
F&HON AT AP o B AR BRI AR 1B 25 2
P T SRR A 25 4 5 25 ) 2E MR RR I 2 KA O AR A
Jiti, TRZNR W ZEFE I . ARBFSE & B, KSR AT
EEEHERDEERE THRMERES, HET
RO, R1 ZbF T #b | &R & 8- 34 150 29.1%, ZEFFH4L
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¥4 B 53 0 A0 Ak L[] B8 7 T 5 AT 34 FH 3G 58 25 FF i
) ot S A

RN 20 L BE A BT e B R AR 0 BE 1
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O A B L (N D) P 22 4k 2 J e & 1 1 3 A1
(F 3 M 4), X5 N4 LbFERFEHIE I . brk
FEARR &5 R —3 At AR R, o & o S i
W J AN A0S W A S S BUE SR A KR i
WERL S, ] I 55 45 46 25 9 5 (AN £F 4 ) 1A L
1 R L V3 7 T 0 O A S X 1 S I

TEARBEFE Y, KRS FE A H 5 22038 A7 0
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