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Abstract: In recent years, the waterlogging stress frequently occurs at the seedling stage of winter rapeseed
in the Yangtze River Basin in China. There are few studies on the comprehensive evaluation of waterlog-
ging resistance in Brassica napus germplasm resources. In our study, 200 B. napus accessions were sub-

jected to two water treatments (waterlogging and well watering) at the seedling stage. The waterlogging
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related traits were measured including the number of green leaves, shoot fresh weight, shoot dry weight,
soluble sugar content, soluble protein content, malonaldehyde content, peroxidase activity and superoxide
dismutase activity. The classification and comprehensive evaluation were carried out by clustering analy-
sis, principal component analysis, subordinative function analysis and gray correlation analysis based on
the waterlogging resistance index. The results showed that the number of green leaves, shoot fresh
weight, shoot dry weight, soluble protein content and superoxide dismutase activity were decreased, and
malonaldehyde content, soluble sugar content and peroxidase activity were increased under waterlogging
stress at B. napus seedling stage. All the accessions were divided into 8 class groups, and there were sig-
nificant differences in waterlogging related traits among different groups. 07191, 9F087, 97096, 1472,
CY13PXW-17 and 07094 were identified as waterlogging sensitive accessions, and Yangguangl98, 01111
and CY19PXW-65 were waterlogging tolerance. These results provide germplasm resources for breeding
waterlogging resistant varieties and research on waterlogging resistant mechanism in B. napus.
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PR ARWFIE P8R e i . R E AR 25 cms B2 30 em. CYIESRAIET K B0, K
I 5] — B R AT IR FE W38 (Waterlogging, WL A1 1E % I (Well watering, WW) b3, R FHWIVLIE
WALZR A PR A A9 TZS-1K 38K 43I0 22 {30 0 5 38 5 K &, i WL AR5 - 3 de K FF K i H R i o
BUK (S KA 30%) . WW 4] 1 & /K i AR ERAE 20 %0 ~23 %0 A7 Bl Y.

1.2 MHRNE

b3 4 G, SEATHERRIE . Aot R 1 R, S BUE i B AR 1/2 ok gkt R A
WL ZHH WW 2H 45 REBEHL 3 #5418 194 150 (Number of Green Leaves, NGL). WL 201 WW 2H 4541 K}
BEALIEER 3 Bk, FREHE b 3% 5 B (Shoot Fresh Weight, SFW), 110 “C A& . 75 CHET 26 i 8 5 FRi b 34
T it (Shoot Dry Weight, SDW). WL 41F1 WW 4 &3 AP ALIE R 3 R, BUBIEEE 2 o, 25 3 iR G FEA .
R AR T L 22 1 32 TR o — AT L 2 35 43 0 I - e T 8 Jo 43 20 (Mlalonaldehyde Content, MDA) Fil ]
PERE T 5 23 41 (Soluble Sugar Content, SSC)™*, SR F % 25 W -G250 Wi 5 ik F Al v 25 1 & 0 41 (Solu-
ble Protein Content., SPC)"™ . SR I Fg 5t AL 4 TR B 58 BTl & 19500 & A084-3 I A00T-1 43 il 5 - 5t
E ALY BTG P (Peroxidase Activity, POD) FLEE % Ak 4015 AL B 35 P (Superoxide Dismutase Activity, SOD).
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MRFIE A, P, N5 DR T F L8 B8 Foy A AR A PRI 22 55000 SR8 eh 501
@iy FE PR A B/ N R B @, A DR B R THR R A, F, RS MRS 23R 8 o
BUE ; e, MER AR j A MR S BRARRY AR JCER R, 1, Sy FRARRYIEYR A RL AR 5 A bR i I R
1A, miinmjin T, —ay | RN, mfixmeXI I, —a, | WZHERE, o BT PERETEMEE 0. 5)
C: HE i DM RHIZE G ORERE.

2 RS54
2.1 HiRFEiTIMAESH
PR 1 MR 2 AL, S5IE % dEWEAR Eb . 183 W30 i H 38 AUl =% NGL,SFW, SDW, SPC F1 SOD #% {2 %
A%, MDA, SSC 1 POD & 3 i (p<<1%).
K1 2003 HERHEMBREFE WL AN WWARSHERHBERSEITE

PER Ak 3 -1 e /IMA SN PR 2
NGL/F WL 4.850 0 2. 666 7 9.666 7 1.000 7
WW 8.186 7 5.666 7 13.000 0 1.257 8

SFW/g WL 15.299 7 5.535 0 40. 450 0 6.345 8
WW 45.265 0 19. 055 0 84.580 0 12.431 1

SDW/g WL 1.557 1 0.585 0 3.680 0 0.546 8
WW 3.039 5 1.249 3 6.412 2 0.834 4

MDA/ (pg+ g ") WL 0.035 3 0.013 2 0.103 2 0.012 9
WW 0.023 2 0.009 7 0.043 3 0.007 0

SPC/(ug=g ) WL 2 420.921 7 565.019 4 5 822.692 2 994.178 1
WW 8 817.798 0 3 448.423 4 22 991.336 1 3 070.760 8

SSC/(pg+g M WL 28 542. 485 0 15 111.147 5 42 638. 7947 5 256.439 6
WW 14 854.769 4 6 822.144 2 37 029.977 9 4 550.274 2

SOD/(U =+ g™ WL 7.602 6 0.400 0 15.354 8 2.476 7
WWwW 10. 042 6 2.658 6 19. 842 1 2.656 4

POD/(U-g ) WL 7.029 5 4,257 6 11. 663 9 1.259 4
WW 5.937 7 3.681 3 9.723 0 1.012 8

R2 200 HERBRXMRARZUERHFTESH

F{H
NGL SFW SDW MDA SPC SSC SOD POD

EESRIE HRE

7K 43 [] 1 4301.7°° 28809.0"" 742.8"" 7495.3"" 14056.3"" 134 927.0"" 20415.9"" 1027.5""

A4 kL ] 199 8.0"" 41.8"" 2,477 68.6" " 19.7°° 228.8" " 219.1°" 11.47°
KA XM 199 2.0°" 20.7"" 7.7 40,477 16.1"" 119.3%" 239.1"" 1.2
1R 2 800

T ox o« FR p<I1UKFEFAELI¥E L.
2.2 BESW

W REAT, B 200 MRS 8 AN EHE, A EHEM RO TR R A 25 S 1 s, B IR TR
BRBERMZS AR FE L (p<<1%, £ 3). NGL #, VKR ffh; SFW dr, M 88V KB i
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R3I EBEAEMRMERBERHFE

PEAR 2B 3B 4R 5 B 6 NI HE TR 8 N
NGL 0.41 4.89"" 20.19" " 15.23"" 12.12°" 12.25"" 10. 617"
SFW 0.08 0.22 62.79"" 47.12"° 37.80" " 31.40"° 26.78""
SDW 0.12 0. 25 51.19°° 38.20"° 31.04" 7 27.26" " 23.30""
MDA 0. 20 0.20" " 0. 49 0. 40 0.33 7.35"" 7.55""
SPC 1.97 1. 27 1. 89 45.29"" 36.10"" 33.88"" 32.54""
SSC 0. 00 11.35"° 8.18" " 6.46" " 6.00" " 5.727° 4,987
SOD 151.23" " 84.75"" 60.18" " 45.14" 7 41.07"° 34.06" " 29.04" "
POD 1.12 0. 89 1.51 1. 31 1. 05 0.93 3.29°°7
He o x Fom p<INKFPERAEFHITHE L.
2.3 ERHHW

FE T 45 MR AR AE AL T R EGHEAT 5 T, 45 F Lo R FARRAE(E . STERR A Rt sr ik A an 3k 4 Py
N MBERET 6 N TR, R TTECRE N 90, 24 %0, AP IEAR R FTA MR &FHAE S 6 A FE XN 1 FE
FEm G 5 Fis. 1F Factor 1 ', SDW,SFW Hl NGL i 5 (9 e 49l 8 K 5 7E Factor 2 Hr, SSC #1 POD
Fr o5 0 e 38 K s 78 Factor 3 H1, MDA F1 SPC i i i b 5l # K 5 7E Factor 4 Hr, SOD it i % Lb 81 f¢ K 5
TE Factor 5 #7, POD Fr 5 B tb il % K. 7E Factor 6 H, MDA Fl1 SSC Al /5 B9 B 191 %5 K.
R4 EHHBEFHMEME. TEHEMRITREHE

E MG H T RFAIE A BTHRAR/ V6 ES W
Factor 1 2.24 28.00 28.00
Factor 2 1. 21 15.10 43.10
Factor 3 1.09 13. 67 56. 77
Factor 4 0. 99 12. 42 69. 20
Factor 5 0. 86 10. 77 79.96
Factor 6 0. 82 10. 27 90. 24
Factor 7 0.58 7.24 97.48
Factor 8 0.20 2.52 100. 00

x5 EIHSBEFHEREER

i ERA AT

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6
NGL 0.463 6 0.315 5 —0.0395 —0.008 5 —0.0290 0.088 1
SFW 0. 607 0 —0.010 1 —0.102 7 0.017 9 0.113 3 —0.043 8
SDW 0.576 4 —0.0855 —0.218 7 0.064 9 0.162 6 0.043 8
MDA 0.149 9 0.288 2 0.677 1 0.033 3 —0.294 8 0.540 1
SPC 0.121 0 —0.260 5 0.683 3 0.113 2 0.455 7 —0.458 7
SSC —0.011 2 —0.695 7 —0.039 6 0.169 0 0.201 2 0.624 7
SOD —0.058 8 0. 140 6 —0.077 9 0.976 0 —0.104 9 —0.080 1
POD —0.209 2 0.488 2 —0.084 1 0.017 6 0.783 5 0.299 4

HE & MR R LA, CYI3PXW-17, 97096, sl 11 5. 07191, 9F087, H 972,
07094, 11-P74-8 XA, 1472 Fi#gh 6 54 0. 553~0. 646, £ T 5 10 fi; ¥l 15, Wi 6 5, 01111,
FHOE 198, CY16PXW-35. Bgilh 15 5. Tl 16, 2 J34E. 11-F7 7-103 Al CYLI9PXW-65 i 1. 005~1. 233,
TR 10 07 (3 6).
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£6 HEDRRARMAEENEIRSATFEAE. THEBINE. SO XRERFBE

%) - 15 5 ) R B O3 A R A8, B i

R Iizé:{;¥ HE# $@2§f He# ZRA RHR He# e
SWU43 0. 886 51 0.525 5 0.741 15 \
JII3h 18 0.671 182 0.258 186 0. 666 191 1
CY13PXW-17 0.553 200 0.243 194 0. 660 196 1
CY16PXW-35 1. 068 5 0. 402 58 0.717 42 1
CY17PXW-58 1. 003 11 0.515 7 0.742 12 |
CY19PXW-65 1. 005 10 0.535 4 0.743 10 Vv
CY20PXW-66 1. 000 12 0. 540 3 0. 747 8 \
1472 0. 645 192 0.217 198 0. 660 197 I
15 = 0.926 34 0.502 10 0. 740 16 Ili
1321 0. 747 151 0. 246 193 0. 669 188 1
07022 0. 667 185 0.231 195 0. 666 192 1
07094 0. 635 194 0.219 197 0. 661 195 1
9F087 0.617 196 0. 204 199 0. 655 199 1
97096 0.579 199 0. 220 196 0. 658 198 1
07191 0. 601 197 0.199 200 0. 654 200 1
01111 1.155 3 0.524 6 0. 759 4 v
FHOE 198 1. 075 4 0. 581 1 0. 764 3 Vv
T 15 0.924 35 0. 506 8 0.757 5 1
11-9-700 0. 906 43 0. 504 9 0.745 9 Vv
09-P64-1 0. 750 144 0. 246 192 0.671 182 1
11-% 7-103 1. 009 9 0.417 44 0.722 32 1
11-P74-8 XA 0. 644 193 0. 246 191 0. 667 190 1
i 25 W 0. 930 32 0. 465 20 0.768 2 VI
H 972 0. 620 195 0. 256 188 0. 664 194 1
P15 1. 233 1 0.441 29 0.755 6 Al
T 16 1. 020 7 0. 493 13 0.742 11 v
PR 1.016 8 0. 406 56 0.719 37 1
il 6 5 0. 646 191 0. 344 118 0. 687 145 1
P 14 0. 926 33 0. 550 2 0. 749 7 \
Wi 6 =5 1. 233 2 0. 449 26 0.771 1 Al
e 15 5 1. 056 6 0. 434 37 0.735 20 I\
w115 0. 600 198 0. 297 164 0.675 172 1
A148 0. 668 184 0. 260 185 0. 666 193 1

2.4 RESRBHM

T & RIS 22 500 258 8 s EE , 07191, 9F087., 1472, 07094, 97096, 07022, CY13PXW-17,
1321, 09-P64-1 1 11-P74-8 A Al 0. 199 ~0. 246, {ii FJ5 10 fii; PHOE 198, ¥l 14, CY20PXW-66,
CY19PXW-65, SWU43, 01111, CY17PXW-58, T 1 5., 11-9-700 A 15 5~ 0. 502~0. 581, i T
HII 10 3 (K 6).
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2.5 REBXBESW

THE A MR S 2R B 45 4 R BEBE, 07191, 9F087. 97096, 1472, CY13PXW-17, 07094, 1 972,
A148, 07022 F1JI[3H 18 A 0. 654~0. 666, f T J5 10 fir; #WiA 6 5. H #i 25 #). FHE 198, 01111, Tl 1
0P 15, PPl 14, CY20PXW-66. 11-9-700 Fil CY19PXW-65 2 0. 743~0. 771, i T/ 10 £ (£ 6).
2.6 ZAEMN

TEFE A 538 . 8 R E o3 B RO €8 OB BE 4y B b, 07191, 9F087, 97096, 1472, CY13PXW-17 Fi
07094 By F o F LG8 . PSR JE R EUE fEE 5 OCHK BE AL T J5 10 A7, 33X 86y 3 BUSPRE; T BH O
198, 01111 A1 CY19PXW-65 i F Wi o F 25 68 . “F¥sR 8 s g8 F1 256 O R BE ¥ 07 T 1T 10 A7, i i
PERE W RURAT R L R, R AR F IV ISRV B (R 6., K 2).

07191

9F087

97096

1472

CY13PXW-17

07094

Yangguang 198

01111

NGL SFW SDW MDA SpPC SSC SOD POD

FHIRTHE REFRELE

S: W FBUEM B R: WA R
B2 WA AR E SR AR IR TR R B

3 g
3.1 REXHEEENZMm

WEME T, MY S K E— RIIA L, UFGRIE T e, B bk Sk 0 T R A, R R I
527250, iM% A o B A T RS T R L A Ak A R S AL W PR S B
AL BTAR R 20 5 R TR A AL A R 1RSSR T £ 102 L T VA R T 9 R R K
RS RBEI R I, W A S BN SR 1 Sk RO b e R A R F B R, T R
AN ORI T R AT B o S W T AR T v R TR 4 O A 1 I A W O
1, 33 5 i A BIF 5 4 S A — 1712000
3.2 WHEHES AT ORI K % T

H 0 BRI 3 P A N 2 T . W R R R L AR BRAEAL ., AT UL SR SR M Lo
b S WA [ A B 360 T 52 . S S A0 T O ST A R e 7 T ke 2 O 5 5 8 TR B 5 W i 2 K
KELSMR, WA A% g EESDME TRK . M 3T Bt BT R A 8 T R g, Tk
FAED I T kO, MR, BT R . ARZERL. A TR ER B A A I T 4
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A AR HEIR P INPRAR YR SE M TR T R BT R AR TE )L SRR R A A i AU I
G BURIVER 1 00T 4 4 B0 5 R B U T M L T | M b T TR L AR AR T | R R
O TV TEAE B 2, TV PR AR R O, N T T A A AR BT S ORI R L R iR
KT BOBEESE . XS R v AT TR

TE TR AR S VAN BTN R 5 . B — W07 L0647 . A B B AT MR LU, A7 9 il T o
WyE SR WHEAE R LA R AR, DRI A B R MR T S AR 2 A I i R Ay
SRR AR HE T AT L A A TSGR RO T AT SR A PN R BT SE H TS . R
Gr AT SRJE PRECI T L I S B AR (8 S L O3 B A5 5 1k T 2 A B — MR B R £R S 1R Be . H R E B
V2 F IR A UV A MR L5 A VR . KRR A AR DR A AT . SRS A S 43 T
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