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Fig.1 Comparison of the lodging degree of different materials
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Fig.2 Comparison of agronomic traits among different core germplasm materials and ZS11
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Table 1  Analysis of agronomic traits associated with new germplasm materials created for high stem strength

'S HEEM P THiE EaFIP R s TE R
Number Growth period (d) Plant height (cm) 1000-seed weight (g) Seed number per pod  Yield (kg/hm?)  Oil content (%) RPR (N)
24TS496-1 179 158.67 4.19 33.40 5748.30 4441 36.80
24TS496-2 180 158.41 4.05 33.90 5435.10 43.62 37.50
24TS496-3 177 160.54 3.98 34.30 5524.20 45.64 37.70
24TS624-1 182 158.33 453 34.10 6004.80 4536 43.20
24TS624-2 183 159.47 4.65 33.70 6355.80 45.83 42.10
24TS624-3 180 161.20 434 34.80 6690.60 46.25 41.40
7S11 196.5+1.30™ 170.00+0.84"* 4.25+0.07" 23.80+0.68" 6450.30£307.80"  40.73£0.77  37.41+6.96™
18XS172  179.0+0.63 156.33+1.66 4.71£0.12 44.50+0.81 8424.004248.40  34.65+0.99  26.01+6.78

“7 RIRTE P<0.01 KPP RERMEE.

“**” indicates extremely significant difference at P < 0.01 level.



S 233 11

PO P55 UK H 8 L S 25 AT 9 B o0 5 B AT 7 73

HWAAE 177~183 d, WEZFET ZS11; SR
44.41%~46.25%, LT ZS11; RPR 7t 36.80~
4320 N, 5 ZS11 WAH B8 & T ZS11; B TF
H, BARNEL ELEMERE, 24TS624 11/~
LT 24TS496. Hidt, 24TS496-3 1 24TS624-3
RETHAET W SRR K A R A
AR, TUME B BB SEARE B R kT2 .
3 e
3.1 HIEBUHREAREBUEFFRIBE RTHER.

KREZSELLE

{8 ER SR g S = B A0 0T, SR AU SR HE
& o ZEFF R T E R SRS, AL
R B W] DA OS InE MR B BIR e T . AW 9T
b A= S ANPLEIR BE ) 22 7 B35 10 2 M R ZE AT
RS . EFT AR R 4E = S B4R, R
ANFIAPRL R ZEAT 270 R R 2 e B, AR
BN UG 22 7 B35, HED ZEAF DR R 22 7
EHPUEREE 1 E R R EFEF 2 —, HFHZEFL
Pl E 5 2R AT A 3 S B VI OC . (H2 H RTHLIK
SO P55 DR 5 7 9 I ZE AT R SR L ZEAT S N )
MZER P 15 R EE AL F E 2T, ToiEfE
LR 456 Jk DR R 3 47 - A0 36 AT 6 = Rk 7 st ik
ITFEAEAL . NEaRBE T IR It A
BUH AT 2R, AR 28 70 5 S ak At A R ] 42 e ik
ZEFTFHLRR 2 S ar o A S BT, AR
M 7 AR Sy AR B AR E R AR R &
5 AR WL 4E R AR B R & kAT 1 I
B, RVBANZEHARRZSEE5MRAHRRETE
BEEMRS; ZHARRGESHTAARESER
EHA, H2 &N AR A4 R AR R
FHERAHEN A B S ZEZHNE A —
o Fk, ARerE R L ARG R AR
JRE AR R I W ZE AT AR E R R 3= 5 =
T ZEFT MU 8 P52 S 408 6 32 8007 s RS 4 e 62 I, 3
TIRREHMPT7 .
32 EAUZEMARZSEE KRR ZFTR

ERipfA

VR ZEFF 5 P 2038 — M pe BB A 4 B e 2 4 A
1, YRR FR R EZI MRS 7 . 4 BE
Moy ORJRAAEZ) v DABG 5 0 40 i 1 4 ZR L
PR, AT B2 AR AR R BB IR g 712528 R H

FHE I, A A SR AL AR IE B, i
KEMAgERTERE, b oK, HpuEik
Re MR, ARFFRI, EHAHERSERE
18XS172 5 ZS11 2o 22 B2 1 E 2R K 2
—. MEAHRGEINERARE, LA
R EE, HENREE ZS11 J5IA — AR
AR, T8 R AT A 4 R A B I KO
R, RIWWEMELAIE —MEKEgE, HAEX
AT ZS11 I KM S T 18XS172: A, M
HEEIHR AT ZS11 AT A4 5 5 AR ey
KILG, 1M 18XS172 WHIAE AT 46 H3 K T
G%, MW ZS11 2R AR 4E 3 B IR A KT L
THRENARERT R, RETLR T BN ZET 53
&, R&MRSMPTEREE 1. X E KRB
FW, Yo A KRS FORA U R B s 2,
TUHRZ R T HAMAE K S5, JUH T i g i i
WK E DI POER REFEIAK R, HIRTT )5 26~
29 d SR KA AR . H2, ISR AR
W, GFYER G IR SRR T B S R AR E
KA — 2 25, I HULan =2 ik & 02k
8, R SE R AR R A, 672
H—PAE .

KR ZAE N B A 2 —, EEZE
AR AN X LN AR E Gl ) AL R E A T Ess]
KW, AR SRS ZEFFHURERE & BUEIRGE
IR BFEIEFI; AR S AME SRS, 22
PRHRE 51 A 3 5 40 4k 1 B EmRUm AR RIAR B
JIFE I3, {H AR5 6 VSR PRI AR e 0 ) DTk 2
TP b= U5 NP = DG i R N IR EE KN TN = S IR £ VN
TSR AR R B B, I H AR R A A 2 )
it 37 T AR g e 320, AT T B BORIF T R B, 25T iR
FERIGUPT RS AR IEA G, 520M. 4R E
BHARJR & B, (HAREEEK
o Tk BIRECSIHE T R I, PRI SR K S A
RERE IS . T E LB ORI A BOCEERE) 1
B-1, 3-8 SRR . RENE O B (A4 R A BOCHER)
HLTPR 1 AT =i £ N e s L B B R R A
FOFIAR T 2 1 SRR PR T R 2 5 M 3 S 2R AT P
(E R 2 — o IMASHECOR R BL, MBI R ER
525 B P oA h R 2R ARG uf
RIMZEZFFA R R SRR E ST 216
R0, ARG EELA TR EE ST



74 RIS

Crops 2026 55 4 H

GyBIR S . AR I 2 NSRRI A 4R
AL IR R, X5 AR Fi 4 R —
o PUEMRINZE ZS11 ZEFF AR & & = N 2 T
G TIRZEAT SR AR 18XS172, HEZRAR
F o AT W T 45 BT 21 4 R AR 25 25415
JE (1 DT R A2 SRR RS M LK, — 7T, ZS11 Al
18XS172 AR TTHR TR R T AR A—H
T, AR 20 25T 5 5 1A DTk vl e AN AR IR &
B E, RFERDURRCERAALI 2 5 DL AR TR
PR A Y AR TR AR 22 R kA T AR &=
TR ERIE TR T
3.3 FEE B ZFRERMERA T
FESZBRA A, SRR ST I S B R (R AR AR A
R K o WHRFEAFE N, BEFPRE S LG,
SRR BURIEEL ERARRLTERSE
SRR TR, Bk ERPUEIMEE R, KRS
5 ZFPUEIR R ) B35 IEAE DGR, XfF R AR E
WM, &Y HEE AT LA e r= &, (22
Ak SIS 2 S U B B BREPT. 28 BRI,
H AT B 7 3 B2 AR o L 36 o A S B A DG
R, DAKREAE B I R T, A
EENEEPNER T RN PR RN SR
A, JEBERTERGTIX — 7 [T EAH S AL .

4 ZEig

18XS172 H1 26B “E# RLpLEIRAE B mH S
ZS11 IfFERE 2R, TSR . ZS11 M %
o5 B NS AE AT 06 2 5% = T 18X S172, ZEFT 474
R ERII R, HENE M Z 551 R 25
Kz —; FFH ZS11 L4 2 BAEAE — ok H
KHWIMRREE I K, mTRE R A AHERSTERES
ZEMSRFEAR T 18XS172 BN ARSI . JE It 2458/ H
G5 i AP AT T 2 i S B AEIAR
T AR (24TS624-3 Fil 24TS496-3) . 24TS624-3
F1 24TS496-3 fEARFFRIAEE W (177~180 d) [[H
I, ZEFTFERIGEE S ZS11 M4k T ZS11, S
BT ZS11, LM THEAERM. ST
HEEmaEN e, o EBE N OSBRI
RARE REEE, EHRRICHE .

SE
[1] Eigs, Eh. Fresh TR EEAEY ML 2 X 5.
R EY R, 2024, 46(2): 221-227.
[2] KuaiJ, Sun Y'Y, Zhou M, et al. The effect of nitrogen application

and planting density on the radiation use efficiency and the stem
lignin metabolism in rapeseed (Brassica napus L.). Field Crops
Research, 2016, 199: 89-98.

[3] WengF, Zhang WJ, WuXR, etal. Impact of low-temperature,
overcast and rainy weather during the reproductive growth stage
on lodging resistance of rice. Scientific Report, 2017, 7(4): 46596.

[4] Armstrong E, Nicol H. Reducing height and lodging in rapeseed
with growth regulators. Australian Journal Experimental
Agriculture, 1991, 31(2): 245-250.

[5] Berry P M, Sprink J H. Understanding the effect of a triazole with
anti-gibberellin activity on the growth and yield of oilseed rape
(Brassica napus). Journal of Agricultural Science, 2009, 147(3):
273-285.

[6] fEmUE, RTFF, ZRiEF. AR R S g 5ok &
BRI, 1EYIRETE, 2019, 33(4): 271-273.

[7] Kendall SL, Holmes H, White C A, et al. Quantifying lodging-
induced yield losses in oilseed rape. Field Crops Research, 2017,
211: 106-13.

[8] ZESRK, Wi, ML PUBIHRHIEALINZE (Brassica napus L.)
FRANZEfRRI E A 0. TLR 4R, 2011, 27(1): 36-44.

[9] SEAE. T FWPnl il SEU B RAR R AREN S KA TR K
BRILNRIRFFE M. PR PHRIRAE, 2013

[10] Berry P M, Sterling M, Spink J H, et al. Understanding and
reducing lodging in cereals. Advances in Agronomy, 2004, 84
(4): 217-269.

[11] VEML, BeAZil, FEmeE, S5 FR3 ZAPARHI S5 A A BT 2 AN
LISHEERCR. /EWHR, 2014, 40(10): 1846-1856.

[12] KongEY, LiuDC, GuoXL, etal Anatomical and chemical
characteristics associated with lodging resistance in wheat. The
Crop Journal, 2013, 1(1): 43-49.

[13] Peng D L, Chen X G, Yin Y P, 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. Field Crops Research, 2014, 157: 1-7.

[14] Tian Z S, Wang X F, Dun X L, et al. Integrating biochemical and
anatomical characterizations with transcriptome analysis to
dissect superior stem strength of ZS11 (Brassica napus).
Frontiers in Plant Science, 2023, 14(5): 11448924.

[15] Li Y H, Qian Q, Zhou Y H, et al. BRITTLE CULM1, which
encodes a COBRA-like protein, affects the mechanical properties
of rice plants. The Plant Cell, 2003, 15(9): 2020-2031.

[16] YanCJ, YanS, Zeng X H, et al. Fine mapping and isolation of
Bc7(1), allelic to OsCesA4. Journal of Genetics and Genomics,
2007, 34(11): 1019-1027.

[17] Kotake T, Aohara T, Hirano K, et al. Rice Brittle culm 6 encodes
a dominant-negative form of CesA protein that perturbs cellulose
synthesis in secondary cell walls. Journal of Experimental
Botany, 2011, 62(6): 2053-2062.

[18] Sato-Izawak K, Nakamura S I, Matsumoto T. Mutation of rice
bcl gene affects internode elongation and induces delayed cell
wall deposition in developing internodes. Plant Signaling
Behavior, 2020, 15(5): 1749786.

[19] Zhang Z H, Zhang X, Lin Z L, et al. A large transposon insertion
in the stiff] promoter increases stalk strength in maize. The Plant
Cell, 2020, 32(1): 152-165.

[20] VA& HE. W AL vl 3 ZE AT AR AR A B R R e S5V
I IR, 2010

[21] T8 5t (EDBUEIRTE L5 & Fabs—BIHRIE . HFlR
AR, 1988(1): 7-10, 100-101.



S 233 11

FELIE 9% 0000k 0 S S5 TS 4B 5 P 5 &

[22] HLRE], Mot RAEMIBUR RILPEINTIVE. dr R 2mdk,
2005(7): 111-114.

[23] EZbRAEZR. TR ERIEBE AR (ADL) BIIE: GB/T
20805-2006. Abxt: I EFRAE DAL, 2007

[24] Al AATEE. TRkl A ER M D R AR 4RI E . NY/T 1459-2022.
Jeat: ER AR, 2022,

[25] Wei L J, Jian HJ, Lu K, et al. Genetic and transcriptomic
analyses of lignin- and lodging-related traits in Brassica napus.
Theoretical and Applied Genetics, 2017, 130(9): 1961-1973.

[26] Seegmiller W H, Graves J, Robertson D J. A novel rind puncture
technique to measure rind thickness and diameter in plant stalks.
Plant Methods, 2020, 16(1): 1-8.

[27] Hou X W, Cheng S A, Wang S K, et al. Characterization and fine
mapping of gRPRI-3 and gRPR3-1, two major QTLs for rind
penetrometer resistance in maize. Frontiers in Plant Science ,
2022, 13(7): 944539.

655-662.

[30] RIER. MSEZEFT A FEIRA ST 7. DL bk
WK, 2015

[31] Zhan X X, Kong FL, LiuQL, etal. Maize basal internode
development significantly affects stalk lodging resistance. Field
Crops Research, 2022, 286: 108611.

[32] Z45, s, BAAH. HERMSE (Brassica napus L) RIL B
PRHFLER J FoAR SRR A QTL 2047, o [ R 23R,
2014, 36(1): 10-17.

[33] SR H BB dh P ki 28 PrBMRMERR L. B vk
BB R, 2021.

[34] AT, H WAL S AT SR A RMR O AP iR 35 L B & F170
MARIEA T, FEZe: DUNIARMRS: , 2017,

[35] Sk W], FHERH], JTASHE, &5 WhSEZEAT)LRhR & AH GBI
PEXT ZEFFHUEIR MRS ma . o E @ik, 2011, 27(18):
135-138.

[28] ZEt. WY v S o0 A JEE RO ZE AT AR PR PR A RE Rl [36] DLHHE, AR, MM, S R A Rl AR
Br. B Sl oRE:, 2018. R B P B, VEYIR, 2023, 49(10): 2777-2792.

[29] XURRGE, F48, R, % ARFER LI A BEEREEDDLE [37] FA. BRI A B S A A R L R R R 5
RAFIThaE R HAF L. o T E B, 2019, 17(2): WRFA. EPK: EPE=UREERE, 2025,

—

Analysis and Application of Stem Strength in
Lodging-Resistant Rapeseed (Brassica napus L.)

Tian Zhengshu', Hong Caiying'-?, Zhang Yusong', Luo Yanging', Fu Minglian', Li Jinfeng'

("Industrial Crops Research Institute, Yunnan Academy of Agricultural Sciences/Yunnan Key
Laboratory of Genetic Improvement of Herbal Oil Crops, Kunming 650205, Yunnan, China;
2College of Agriculture, Yunnan University, Kunming 650504, Yunnan, China)

Abstract Using the lodging resistant rapeseed ZS11 and short-growth-duration rapeseed germplasm with weak
lodging resistance as materials, this study investigated differences in lodging degree and stem strength-related
traits among different materials and analyzed the possible reasons for the formation of high stem strength. The
results showed that there were significant differences in the lodging degree among 22 core germplasm materials
with short-growth-duration. Among them, 18XS172 had the lowest lodging degree and the best lodging
resistance, but it was still significantly lower than ZS11. The stem puncture strength and stem cellulose content of
18XS172 were significantly lower than those of ZS11 from the final flowering stage onward. Compared with
18XS172, the cellulose content of ZS11 increased continuously from the budding stage to the final flowering
stage, reaching a peak at the final flowering stage with a significantly higher accumulation rate. These results
suggest that ZS11 has a rapid and prolonged period of cellulose accumulation, which may be the primary reason
for its superior stem strength and lodging resistance. Furthermore, two excellent germplasm materials,
24TS624-3 and 24TS496-3, were developed and identified. These materials combine a short growth duration,
high stem strength, and high oil content. They can be directly used as parental materials in breeding programs
aimed at improving lodging resistance in short-growth-duration rapeseed.

Key words Brassica napus L.; Stem strength; Cellulose content; Lignin content; Germplasm development
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