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Table 1 Test materials
45 ID i % Line %5 D Wl £ Line
M-1 Kith 606 M-23 2022SC H i EE 112021 WS-NLJ-113-1
M-2 2020-CFL0380 M-24 2022SC H i b T12021QY-16-28-i4 1
M-3 2022SC H &b i 2-80 M-25 17-450
M-4 Kt 608 M-26 B 88
M-5 2022SC H i EL TI12021QY-16-94-7R-7 3k 1 M-27 2022SC H i b 112021QY-16-94-77 713k 1
M-6 2021RGAU-88 M-28 2022SC H i b 112021 WS-NLJ-113-2
M-7 2022SC H & EE 11 2021 11 2-80 M-29 2022SC H i b 112021QY-17-45-77 7% 1
M-8 2022SC “H- & b TIT 202 1HN i 2-89 M-30 Kt 609
M-9 2020R1-519 M-31 2020 1% 2 %-366
M-10 PLB829-3 M-32 K 14 5
M-11 2020R1-512 M-33 2022SC H i EE 11 2021HN i 2-89
M-12 2020 i 2-7&FT 246 M-34 PLBS801
M-13 RGAU-201 M-35 2022SC H i b 11202 1WS-NLJ-113-1
M-14 2022 H i kb 112021ws-NLJ-113-2 M-36 2021RGAU-12
M-15 2022 H i bb 11202 1we-NLJ-113-2 M-37 16QD-15 &% 8
M-16 2020 1&-2-173 M-38 16RT3309 %23k 6
M-17 H614 M-39 G1202-20
M-18 Fik 8 M-40 2022SC H it 12021QY-17-45-77783% 1
M-19 RGAU-197 M-41 2021SC Hi Lk 112021HN i 2-186
M-20 Kih 45 M-42 2022SC H bk 112021QY-16-28-i% 1
M-21 RGAU-13 M-43 2019HN12PZ16-65
M-22 2022SC H & kb TIT2021HN ik 2-186
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I SR EAFE MG A e DER SESR || mRA s

B Resistance e Resistance

s R ik e E T S P IE, R b SRI level D SRI level

T E A AR I B TR . M-l 0980 L M23 0812 e
s R M-2 0.978 = M-24  0.804 22k
1.3 HimstiE M-3 0.958 Pt M-25  0.792 22k

i ] Excel ¥ &5, % H SPSS 22.0 4tit 4 M-4 0948 B M-26  0.753 k4t
Hrax £ F0 Origin 2021 HEAT RS A IAE S BT M-5 0942 i M-27 0.744 fikat

M-6 0.940 = M-28  0.743 Kbt
HAEARIESHALK:, £ SPAARO X /1 &K & M7 0913 i M29 0742 164
HEAT IR A8 ST B 50 HT o M-8 0.908 SEET M-30  0.726 fi&dt
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M-11  0.896 G M-33  0.722 ikt
2.1 KR AR AERSW M-12  0.892 LEETN M-34 0718 &1
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Fig.2 Distribution of agronomic traits in winter rapeseed lines

x®3 ZHRMBERZHERBBEX DT

Table 3 Correlation analysis of agronomic traits in winter rapeseed lines

W% E Silique beak weight

. WA ARK ORI R MK R 5 A
Trait e Silique Sll}que Pf:rlcarp Silique beak Slllqu.e beak Seed r%u.mber
SRI length width thickness length weight per silique

IR SMEEL SRI 1.000

4K Silique length -0.149 1.000

FHTE Silique width 0.053 0.407* 1.000

) & Pericarp thickness 0.502" 0.165 0.450™ 1.000

%K Silique beak length 0.053 -0.076 -0.099 -0.201 1.000

R H Silique beak weight 0.170 0.476* 0.803** 0.615* -0.261 1.000

AR %L Seed number per silique  -0.135 -0.012 -0.441™ -0.500™ 0.626™ -0.607" 1.000

€ RoRTE P<0.01 KPR ZERG, FHE.
“*” indicates extremely significant correlation at P < 0.01 level, the same below.
A G ETE TIPS

HEREEIEMX, 58 ANEENEE A
HiZ% 4 A1, SRI AN 6 M SRR 7 25T

PG KSR AR 2 B R E S5



16 RIS

Crops 2026 55 2 H

9.97%~36.82%. SRI “F-¥J24 0.802, ZZiEA 0.578~
0.980, 74 0.402, R RHCN 13.70%; ARK
¥R 537 em, R RECN 9.97%: ARG T
N S5.17 em, AR RECHN 10.92%; REETFEH

0.41 mm, ZF RN 13.44%; REKFHN
1.56 cm, 28 57 R HCN 16.07%; F5E T4 0.03 g,
A5 RECN 36.82%: FEAKECFIN 21.91, AR
ZHUN 19.36%.

4 SRIFN 6 MARMPREER M 4
Table 4 Descriptive analysis of SRI and six silique traits

o g b g JEESIS S REE P3SN R E AR
i H BT (k=R . o X . 0 .
Silique length  Silique width Pericarp Silique beak Silique beak Seed number
Item SRI . . .

(cm) (cm) thickness (mm) length (cm) weight (g) per silique
14 Average 0.802 5.37 5.17 0.41 1.56 0.03 21.91
%2 Range 0.402 2.39 2.36 0.23 1.39 0.05 16.44
% /MH Min. 0.578 443 3.97 0.28 1.08 0.01 13.24
& K Max. 0.980 6.82 6.33 0.51 247 0.06 29.68
FHEZE SD 0.110 0.54 0.56 0.05 0.25 0.01 424
AR RECV (%) 13.716 9.97 10.92 13.44 16.07 36.82 19.36

222 %ih¥ SRI SHAMEREGA XM HK
5 APAEL, BRAUFAECHER S SRI TG 2 ARG,
(BT bR 2 (A A7 1E 5 35 A oGtk o L rp B R =
EHRE. —IROEEL. RO AR R
SRHEWBEEMEL, SFETFARGERLUE
BE IR TRE S5 2 52 A

R GRS — RO R IR B R AR
REIEME, SHhmBREFEEML: EHEFHN
SRB SRR IR BRI R MR, =
R BB S — IR BB R AR R 2 IEAHR, 504
AR S 2 RO MR S B AL . — IR A
H AR AR

®5 LMERBAREMKREBEXMED T

Table 5 Correlation analysis of plant type traits of winter rapeseed lines

FHFAM SEHREH

N N " " " v e EARR
L YA —YRA % o 4k i 4
_ st oty A ot o Iﬁzﬁk RE ERH ThiE Py
i H e . Number of Number of Main Number of Number of 1000- ,.
$8%C  Plant Branching . . . . . . Yield
Item . .. primary  secondary inflorescence effective fruits effective grain
SRI  height position . . . . per
branches  branches length in main fruits per weight lant
inflorescence plant p
B A TR% SRI 1.000
¥k Plant height 0.056 1.000
43 Fi B A Branching position 0.199 0.615™  1.000
— R -0.048 0.639"  0.174 1.000
Number of primary branches
TR -0.178 0.105  -0.364"  0.616™ 1.000
Number of secondary branches
FHFK -0.085 0.209  -0.147 0.006 -0.134 1.000
Main inflorescence length
BRI P S 0.028 0.579™  0.166 0.448" 0.109 0.128 1.000
Number of effective fruits in main
inflorescence
R e -0.226 0.344*  -0.001 0.704"™ 0.776"  -0.137 0.239 1.000
Number of effective fruits per plant
TF-hiH# 1000-grain weight 0.235 0.255 0.320°  0.165 -0.053 0.111 0.279 0.129  1.000
FLBk7 & Yield per plant -0.281 0.587 0278 0.730™ 0.434™ -0.012 0.347 0.617" -0.119 1.000

€ RIRE P<0.05 /KT REMK. FR.

“*” indicates significant correlation at P < 0.05 level. The same below.
223 X iR SRI 5 ARSKEMXESHN H
® 6 T, EAEFF MR E/KES SRI ZIH LR #H
Kbk RO T (GR7) R, S/KEREK
FEHEFE Sy Mk M SR > A6 M1 2R > EAEF A1 >

FACF R 70 > M R 5 > AR 7, b il f 5%
AELERF M RS 7K &R 73 51 4 0.808 H110.802,
BINTEATE SRI Z [M1EA W& MM, HEH g%
Wi SRI [ CHERI 2R
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Table 6 Correlation analysis of various organs of moisture content in siliques
FHFME WEME  FRFRZ FEFMT O WERFR R T R
FKETRR Silique of  Silique of Silique shell of Main Silique shell ~ Seeds of o
Moisture content index the main  the lateral the main inflorescence of the lateral the lateral H
. . SRI
inflorescence  branch  inflorescence seed branch branch
FE16F i Silique of the main inflorescence 1.000
M 5 Silique of the lateral branch 0.700* 1.000
F16F R 5% Silique shell of the main inflorescence 0.350 0.566 1.000
46 FhT Main inflorescence seed 0.401 0.516" 0.579" 1.000
fi#s % 5% Silique shell of the lateral branch -0.153 0.419 0.507" 0.135 1.000
4% %+ Seeds of the lateral branch -0.155 0.182 0.037 0.512" 0.122 1.000
PR TREL SRI -0.037 0.187 -0.104 -0.416 0.230 -0.195  1.000
#=7 SRISARENILEKEEMKEREE S
Table 7 Grey correlation analysis between SRI and moisture content of different silique parts
WiH T AR UGFEEN FIEF R FAEF T Mk R 5% UGZISS
. Silique of the main ~ Silique of the  Silique shell of the =~ Main inflorescence  Silique shell of the  Seeds of the
¢ inflorescence lateral branch  main inflorescence seed lateral branch lateral branch
KIFE Correlation degree 0.802 0.808 0.744 0.752 0.740 0.699

23 AEIMX[E—mMEY SRI XL 447
XA T H A A8 SR AR T N XA R K T
BL[E— SRR SRIEATXTEL (K 8) , RILFHMHETE
FRAE T BIA R SRI BT R s, Bk T oK i
(R AT PR TR AR I B SR T H N X g
W, \ZEK, BREKR, FYHEMNECH 3074 h,
SEPEKE N 114.9 mm; KoK HTEi B &K E 5,
SEHH BRI $CA 2331 h, FEHFEKE N 400 mm,
FoK eI B AR H R B T ok H M X . 7R

=8 AEIHX[E—EFA SRI ELE

Table 8 Comparison of SRI of the
same line in different regions

Y LA TE 4L SRI
ID K% Zhangye KK Tianshui =% M Lanzhou
M-38 0.580 0.645
M-37 0.620 0.685
M-43 0.520 0.605
M-17 0.820 0.850
M-25 0.750 0.805
M-34 0.650 0.705
M-10 0.850 0.905
M-20 0.800 0.835
M-1 0.985 0.965
M-4 0.955 0.935
M-30 0.735 0.728
M-2 0.982 0.962
M-32 0.730 0.710
M-26 0.750 0.732
M-12 0.898 0.875
M-16 0.865 0.845
M-31 0.730 0.712

TSGR, SRABTTIR B = T OROK T, S A R
TG BOR NI, R S 5 2R FE AT LA A0 SR £
RO EIH — 5,

SXBTAE R IK T AR 220 T R (1) 9 4 418 i &
ff) SRI I 41, R/AKIR A SRI #4524l . 22
M7 B B IR H R0 2659 h, 35 F% K &
290 mm. MHEFRAKN, RibERER, #HE
PRUR R, (RO A R R R 5 BUK 2

s WA R BTRMERE AR W R KHIRE
WAEY), HAE A HBERE 22 °CLU N K,
FoK TR EAERRE N 10.1 °C, HFF/K R KK
TAEINTE 2 . HrTan, Py H R TR0 H HEE
FEX F RPN G AR — .

24 MEHAMBREFESNLHRERTFIL

AT B e HLIE A A UBOR 1) 4 52 R
W 43 &t SE S B R SR SE 45 B 45 S AR R bR
HEATHIE 0%k, JRik SR KT 0.700 H. B kkr~ &
KTF2000g 1113 AR (KD .

25 FEMMFRREMLLES R

XA EIUPE SR O Z I A SR AR . BR MR AN
IR AT LB b . MR 10 TRLE L, R
NE PRI A R AR BN 0.45 mm, 5%
1179 0.34 mm, HARMARMIRE SRI WA BE 1K
o ARPUHESFFAER LR (R 1D R, £
BUNE PR S R TR E B T HAh 3 3%, P
$17.14 g, WiHARPIBRI MRS SRI 2 0% A &3
P
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*=9

11 3%/ B SRI 32EY & M3 M AMRE IR EE

Table 9 Comparison of plant type traits among 11 high yield and SRI strong winter rapeseed lines

MR AL —IRAEE RO RS AR EREFAERERE SWERERY THRE BN TRE praL
Hi5 Plant  Branching Number of Number of Main Number of effective Number of 1000-  Yield per %
. o . . o . . . . iR
ID height  position primary secondary inflorescence  fruits in the main effective fruits grain plant SRI
(cm) (cm) branches branches  length (cm) inflorescence per plant weight (g) (2)
M-3 117.38 10.46 13.20 10.60 38.12 43.40 486.00 3.72 25.06 0.958
M-8 107.25 21.00 10.75 10.50 45.90 44.50 414.25 3.52 20.87 0.908
M-14  132.10 26.10 14.00 17.00 26.70 52.00 486.00 3.40 23.39 0.862
M-15  131.60 0.00 15.00 20.00 32.30 82.00 554.00 2.60 20.02 0.860
M-22  114.22 17.72 12.60 16.60 39.98 26.00 454.80 4.00 23.42 0.836
M-24  125.60 17.10 13.00 14.00 37.20 46.00 303.00 3.40 25.88 0.804
M-26 135.70 37.77 9.33 2.33 39.43 46.00 302.67 4.17 21.38 0.753
M-27 13530 2423 12.33 9.33 68.73 51.00 334.33 4.18 21.65 0.744
M-29 111.50 23.97 12.00 7.67 41.13 32.33 376.00 3.60 21.72 0.742
M-30 123.57 26.13 11.33 4.67 43.97 63.33 286.33 3.81 21.76 0.726
M-33  102.30 15.30 13.00 18.00 31.60 32.00 634.00 3.54 21.66 0.722
R 10 ANEHAMFRABRMREEE
Table 10 Comparison of silique traits of different resistance levels
oy PR R IR KR JE R RIGH SR
itk o - . | ; .
Resistance level EiER:A0 Silique Silique Pericarp Silique beak  Silique beak Seed number
SRI length (cm) width (cm) thickness (mm) length (cm) weight (g) per silique
P High resistance 0.958 5.42 5.16 0.45 1.45 0.04 19.33
H 41 Moderate resistance 0.861 5.22 5.18 0.41 1.63 0.03 22.72
{&HT Low resistance 0.722 5.59 533 0.41 1.51 0.04 21.39
% %4 Easy shattering 0.621 5.38 4.81 0.34 1.54 0.03 22.94
R 11 NEHAEFRARE MR
Table 11 Comparison of plant types and traits with different resistance levels
bty MR ARG — RSB RSB FUFK FUFARE R eSS TRE Sk
S Plant Branching Number of Number of Main Number of effective =~ Number of 1000- A
Resistance . .. . . o . . . . .
level height position  primary secondary inflorescence fruits in the main  effective fruits grain  Yield per
(cm) (cm) branches branches length inflorescence per plant weight (g) plant (g)
=Pt High resistance 12422 21.56 11.74 8.79 45.99 45.27 336.96 7.14 15.04
F 4T Moderate resistance 108.32  15.26 10.26 10.49 40.06 40.43 301.98 2.98 13.07
HEPL Low resistance 11532 20.92 10.95 10.34 40.44 39.45 393.13 3.49 16.90
%L Easy shattering 11553 13.16 11.21 12.56 47.27 39.88 394.57 293 15.04
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R PUBAAE R 2E , T & 2A0E A 26.92~
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Table 12 Analysis of quality indicators of 43 winter rapeseed lines

ETRS SuhE il EIR M RIR i {FoRES
ID Oil content (%)  Oleic acid (%) Linoleic acid (%) Linolenic acid (%) Erucic acid (%) Glucosinolate (pmol/g)
M-1 46.77 74.08 18.79 7.64 422 118.19
M-2 48.61 80.25 18.96 5.34 0.00 32.38
M-3 40.79 69.80 19.75 6.79 2.14 41.12
M-4 44.97 75.11 21.56 6.21 0.16 32.77
M-5 43.06 53.47 14.53 6.76 15.54 74.45
M-6 43.45 18.58 18.31 7.76 40.60 110.75
M-7 43.71 73.12 19.58 6.33 0.82 37.69
M-8 45.98 76.34 17.56 5.00 0.29 35.29
M-9 41.60 23.45 17.87 7.21 33.26 84.41
M-10 42.59 19.63 16.79 7.48 38.97 101.42
M-11 47.28 24.83 18.81 6.49 37.82 94.76
M-12 44.36 72.44 22.01 5.81 325 45.28
M-13 44.58 18.64 17.62 6.28 39.55 93.07
M-14 43.73 72.70 19.03 6.65 0.11 26.92
M-15 43.45 68.52 18.52 8.38 2.64 58.95
M-16 47.43 76.14 18.50 4.82 0.07 29.50
M-17 44.00 28.37 17.17 7.31 35.91 105.12
M-18 40.56 22.89 16.63 8.28 42.16 108.02
M-19 44.14 30.15 17.62 7.84 32.85 101.81
M-20 45.42 25.96 17.65 7.45 37.73 100.23
M-21 47.98 19.33 17.9 6.72 40.21 86.08
M-22 46.44 61.12 13.55 4.83 12.15 52.24
M-23 42.70 76.29 19.01 5.75 0.81 36.52
M-24 43.31 37.88 13.72 6.24 30.14 93.99
M-25 44.32 27.16 17.24 6.99 35.52 100.77
M-26 49.08 64.52 17.99 5.56 6.95 73.65
M-27 40.75 50.47 16.16 6.60 13.91 70.79
M-28 40.17 66.91 23.18 7.23 0.42 36.09
M-29 37.49 51.24 19.82 7.93 12.88 109.15
M-30 42.17 43.65 16.32 8.24 19.22 87.99
M-31 47.33 81.05 17.04 5.99 6.16 48.55
M-32 43.59 37.72 17.80 7.38 25.95 114.60
M-33 43.41 78.44 17.43 6.24 6.86 42.83
M-34 44.45 18.96 16.55 7.92 40.81 106.71
M-35 42.55 59.97 16.53 6.88 6.68 60.23
M-36 46.50 24.83 18.67 6.61 33.95 95.33
M-37 43.57 20.47 15.57 8.46 42.38 95.21
M-38 41.22 23.20 16.39 8.18 39.50 106.13
M-39 45.60 16.27 20.12 7.66 37.46 85.85
M-40 46.86 55.67 16.96 6.51 14.03 109.55
M-41 40.78 42.12 18.02 6.48 20.28 85.91
M-42 39.96 42.46 17.05 6.89 20.26 106.61
M-43 44.42 23.30 17.61 7.24 36.10 103.95
x 13 FRIIMFRBABRIERELR
Table 13 Comparison of quality traits of lines with different resistance levels
ooy é‘7k% i EI{;E‘ é“iﬂi% ‘ZEHE%% %Eﬁ? JI‘ZEHE? EEPM%E ﬁfﬁﬁ
Resistance level Moisture Protein Oil content Qlelc E'rucw Llpolelc ngolenlc Glucosinolate
content (%) (%) (%) acid (%) acid (%) acid (%) acid (%) (umol/g)

P High resistance 4.33 21.13 44.61 61.88 6.09 18.65 6.75 68.28
F 4T Moderate resistance 4.62 22.52 44.46 44.94 20.45 17.78 6.58 73.01
&HT Low resistance 441 22.84 43.33 49.95 15.76 17.67 7.16 78.84
%% Easy shattering 4.47 23.87 43.14 33.84 27.94 17.69 7.16 99.67
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Table 14 Comparison of quality indexes of eight winter rapeseed lines
ZERe) TKE E4=V EEplis Fid7a TREN EIE IR
ID Moisture content (%) Protein (%) Oil content (%) Erucic acid (%) Glucosinolate (umol/g) SRI
M-2 4.06 16.93 48.61 0.00 32.38 0.978
M-4 4.34 19.17 44.97 0.16 32.77 0.948
M-7 4.50 21.85 43.71 0.82 37.69 0.913
M-8 4.09 21.37 45.98 0.29 35.29 0.908
M-14 4.12 21.80 43.73 0.11 26.92 0.862
M-16 4.18 17.11 47.43 0.07 29.50 0.860
M-23 4.38 22.56 42.70 0.81 36.52 0.812
M-28 4.89 23.64 40.17 0.42 36.09 0.743
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Identification and Screening of Pod Shattering Resistance and It’s
Correlation with Agronomic Traits in Strong Winter Rapeseed

Ma Yuangiang', Liu Lijun?, Ma Li?, Xu Xinyu', Zhang Yahong?, Wang Juan?,
Pu Yuanyuan', Wang Wangtian®, Yang Gang', Wu Junyan'’

("College of Agronomy, Gansu Agricultural University, Lanzhou 730070, Gansu, China; 2State-Ministry Joint Key
Laboratory of Aridland Crop Science, Lanzhou 730070, Gansu, China; 3Tianshui Institute of Agricultural Sciences,
Tianshui 741001, Gansu, China; *Gansu Zhangye Academy of Agricultural Sciences, Zhangye 734099, Gansu, China;
5College of Life Science and Technology, Gansu Agricultural University, Lanzhou 730070, Gansu, China)
Abstract In order to screen winter rapeseed lines with high resistance to pod shattering suitable for planting in
Gansu Province, promote mechanized harvesting, and increase yield, the random impact method was used to
identify pod shattering resistance of 43 winter rapeseed lines. The results were analyzed through systematic
clustering and correlation analysis in combination with related agronomic traits. Clustering analysis revealved
that the 43 materials were classified into four groups. The average pod shattering resistance index (SRI) of the
Group I was 0.861, presenting moderate resistance to shattering. The average SRI of Group II was 0.958,
presenting high resistance to shattering. The average SRI of Group III was 0.722, presenting low resistance to
shattering. The average SRI of Group IV was 0.621, presenting easy shattering. Correlation analysis showed that
SRI had an extremely significantly positive correlation with pericarp thickness with a large correlation
coefficient. There was no significant correlation between SRI and the other agronomic traits, indicating that
pericarp thickness significantly affected pod shattering resistance of winter rapeseed, and it could be used as a
morphological index for screening of pod shattering resistant varieties. Based on a comprehensive analysis of the
yield, quality traits, and SRI of 43 strong-winter rapeseed lines, a total of 17 winter rapeseed lines were screened.

Among them, M-8 and M-14 had a high SRI, high yield, and excellent quality traits.

Key words Winter rapeseed; Pod shattering resistance; Agronomic traits; Quality traits
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