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Microstructure Observation and QTL Mapping of Traits
Related to Stalk Lodging Resistance in Brassica juncea

WANG Qian, YANG Xu,ZHANG Jinze, XIAO Lijing, YU Kunjiang, TIAN Entang
(College of Agriculture, Guizhou University, Guiyang 550025)

Abstract: Lodging is an important influencing factor that seriously reduces the yield and quality of rapeseed
and is undesirable in mechanized production. Cultivation of rapeseed varieties with strong lodging resistance is
an important measure to achieve mechanized production and high yield performance, while the focus of
improving lodging resistance is to improve stem strength. Therefore, a recombinant inbred lines (RILs)
population containing 197 mustard rapeseed lines was used in this paper. Six characters including stem diameter,
fresh-dry ratio, stem filling degree, stem density, stem bending resistance and stem bending strength were
investigated under two environmental conditions in Guiyang and Guiding in 2023, respectively. All 6 personality
traits showed significant variation, ranging from 14.29%-41.35%, and were in line with a normal distribution.
Correlation analysis under two environmental conditions shows a highly significant positive correlation in stem
plumpness if compared to stem density and bending strength. Further observation was conducted on the

microstructure of the stems of three types of materials showing high, medium, and low bending resistance.
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Compared to low resistance materials, high resistance materials have thicker cortex, more vascular bundles,

tighter arrangement of vascular bundle, and a larger proportion of vascular bundle area. In addition, 4 QTL for
stem thickness, 2 QTL for stem fresh-dry ratio, 2 QTL for stem plumpness, and 2 QTL for stem density; 4 QTL

for stem bending resistance explained the phenotypic variation of 4.1%-5.1%; 9 QTL for stem strength explained

the phenotypic variation of 7.5%-11.0%. The results of this study provided basic data information for future

cloning of lodging resistance related genes in mustard rapeseed, becoming valuable for lodging resistance

breeding in rapeseed.
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Table 1 Phenotypic variation of traits related to stem lodging resistance in 197 lines

PR W e/ ME IS IN:] SEEE b2z A5 FE (%)
Traits Environment Min. Max. Mean SD cv
24 (mm) SD GY 5.30 16.01 10.00 1.96 19.63
GD 6.35 14.19 9.95 1.47 14.74
ZEFFEET L SFDR GY 1.83 8.03 4.75 0.82 17.29
GD 3.33 7.01 4.61 0.66 14.29
ZEFFARSLEE (g/em) SF GY 0.04 0.18 0.09 0.03 29.53
GD 0.05 0.22 0.10 0.03 28.90
ZEFFHIE (g/em®)D GY 0.25 0.89 0.53 0.10 19.41
GD 0.39 0.90 0.58 0.09 16.20
2T (N) SBF GY 8.10 92.10 30.29 12.52 4135
GD 13.75 100.00 46.03 16.76 36.42
ZEFFHUTIREE (N/em?)SFS GY 0.20 0.68 0.38 0.11 27.57
GD 0.23 0.99 0.57 0.14 24.74

GY: 5tfH;GD: 5 ; [
GY : Guiyang; GD: Guiding; SD: Stem diameter; SFDR: Stem fresh-dry ratio; SF: Stem fullness; D: Stem density ; SBF : Stem breaking force; SFS:

Stem breaking strength. ; The same as below
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Fig.1 Frequency distribution of traits related to stem lodging resistance



3 FoAESE : JERBSEZEF BB AR SR () 42U 5 QTL W) 22 7 435
F2  EMAEXMEIREEX S T
Table 2 Correlation analysis of lodging related traits
(ERUN 78z 254 ERTEETEE ZERFRRSE BRI AT
Traits Environment SD SFDR SF D SBF
ZEFFEF L SFDR GY 0.648
GD 0.310
ZEFFFEIE (g/em)SF GY 0.612 0.253"
GD 0.696 0.048
2P (g/em®)D GY -0.342" -0.145" 0.166"
GD -0.100 0.323" 0.240"
ZEFHudr J1(N) SBF GY 0.679 0.353" 0.762" 0.085
GD 0.612 0.071 0.865™ 0.314™
ZEFFPIATIREE (N/em?) SFS GY -0.265 -0.292" 0.178" 0.565™ 0.350"
GD 0.006 -0.241" 0.450" 0.564" 0.559"

*AE 0.05 /KF BRI 5 * % 72 0.01 /R b AIAISC B4k

*: Correlation significance at 0.05 level; **: Correlation significance at 0.01 level

TEPI IR, 25 TR S8 254 M 2R 3L
Pror& G2 B 2 o IE ARG AR, B 25
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Hh, ZEATEE T LS ZE AT T o RE AT S M 2 A O
KF, UL ZERT G T HEBOR , R o B BRI
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(RIL283 RIL364) . 4 fElfk (RIL194 \RIL339) ik
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JELRE R A AR A B A A A T RRUR 4R A R TR o L
(E12) . 25K mHUER AR B R AR
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Table 3 Observation of stem fiber structure of screened lines
HRG PRDER o am) mEEEGem) dedergTORIB AREDRIBLAIC (%)
Line No. Lodging resistant - mal thickness  Cortical thickness  Bundle number () Area proportion of

type Bundle area vascular bundle

RIL366 1% 10.80a 305.20b 66b 16.3b 19.93b
RIL369 11.75a 329.10b 61b 14.6b 20.48b
RIL194 5l 11.80a 287.65ab 80ab 18.4ab 26.86ab
RIL339 11.55a 332.20ab 62ab 18.9ab 33.84ab
RIL283 =t 10.30a 379.95a 78a 28.7a 37.03a
RIL364 12.10a 357.30a 88a 31.4a 38.11a

ANFATFHEEFIR P < 0.05 K285 5

Different letters indicate significant differences at P<0.05
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Fig.2 Observation on the microstructure of the stems of different strains of mustard rapeseed with different bending strength
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Fig.3 QTL mapping of stem lodging resistance traits in mustard rapeseed
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