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Abstract: The middle and lower reaches of the Yangtze River constitute the main rapeseed-producing region in China, characte-
rized by a wet and rainy climate that frequently leads to waterlogging. This environmental stress severely affects both the yield
and quality of rapeseed. Therefore, developing a rapid and reliable method for identifying waterlogging tolerance and screening
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waterlogging-tolerant germplasm is of great importance. In this study, we established a fast and effective method to assess water-
logging tolerance during the germination stage by subjecting seeds to 24 hours of waterlogging, followed by a graded evaluation
based on growth vigor, survival rate, and the development of cotyledons and root systems after recovery. Using this method, 152
rapeseed germplasms were evaluated, resulting in the identification of 10 highly tolerant, 34 moderately tolerant, 53 generally
tolerant, and 55 sensitive germplasms. To validate the reliability of this approach, 32 germplasms previously classified by the
rapid method were assessed using the root waterlogging tolerance index during indoor germination, following the “Code of Prac-
tice for Identification of Waterlogging Tolerance in Rapeseed”. The results showed that highly tolerant germplasms identified by
the rapid method exhibited significantly higher root waterlogging tolerance indices compared to generally tolerant and sensitive
ones. Furthermore, 54 germplasms identified by the rapid method were subjected to field validation. A comprehensive field
waterlogging tolerance index (D value) was calculated using principal component analysis (PCA) and membership function
analysis based on four indices: plant height waterlogging tolerance index, number of primary effective branches waterlogging
tolerance index, number of siliques per plant waterlogging tolerance index, and number of seeds per silique waterlogging
tolerance index. The results revealed significant variation in field waterlogging tolerance among germplasms, with the D values of
highly tolerant lines significantly exceeding those of the generally tolerant and sensitive ones. These findings indicate that the
rapid identification method is highly reliable and enables large-scale, efficient screening of waterlogging-tolerant germplasm.
Finally, by integrating results from both the rapid identification method and field evaluations, three highly tolerant, ten moderately
tolerant, and eight sensitive germplasms were confirmed. These results provide a valuable genetic resource and practical reference

for future breeding efforts aimed at improving waterlogging tolerance in rapeseed.
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Fig. 1 Rapid identification of waterlogging tolerance of dif-

ferent rapeseed germplasms at germination stage

A, —HCRIBOM BTG B, ZEMBOMET; C, =2 (— M )
TS, D, UL (BRI BT .

A, level 1 (high waterlogging tolerance) germplasm; B, level 2
(moderate waterlogging tolerance) germplasm; C, level 3 (general
waterlogging tolerance) germplasm; D, level 4 (waterlogging sensi-
tive) germplasm.
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Table 1 The results of waterlogging tolerance identification of 152 rapeseed germplasms based on the rapid identification method
T 45 55 £ Lidrieieny Toft o 44
Waterlogging tolerance grade Number of germplasms Germplasms name
— L RTH 57) 10 Y4,Y81,Y88,Y97, Y114, Y118, Y123, Y2B, YLS004, YLS019
Level 1 (high waterlogging tolerance)
TR ) 34 Y5,Y9, Y14, Y66, Y68, Y69, Y74, Y80, Y82, Y89, Y91, Y92, Y96,

Level 2 (moderate waterlogging tolerance)

= (— Mt i) 53

Level 3 (general waterlogging tolerance)

VY £ () 55

Level 4 (waterlogging sensitive)

Y99,Y103,Y105,Y109, Y112, Y115,Y168, Y453, Y477,Y478,
Y486, Y499, Y652, Y656, Y662, Y765, Y831, ZS11, X5B, YLS072,
YLS277
Y3,Y17,Y19,Y52,Y56,Y46,Y70,Y72,Y76,Y83,Y85,Y93, YOS5,
Y102,Y110,Y116,Y117,Y149,Y155,Y158,Y159, Y188, Y200,
Y216, Y224,Y347,Y476, Y482, Y593,Y594,Y595,Y642, Y643,
Y646, Y702,Y734,Y745,Y758,Y763,Y769,Y779,Y796,Y799,
Y810, Y818, Y820, Y829, Y858, Y890, Y892, Y939, Y952, 20R
Y10,Y33,Y67,Y71,Y75,Y77,Y79, Y84,Y86, Y87, Y90, Y94,
Y106, Y111,Y119,Y121,Y122,Y124,Y128,Y129,Y139, Y141,
Y160, Y161,Y170,Y172,Y180,Y190,Y196,Y217,Y253,Y308,
Y546, Y588, Y591, Y606, Y637, Y639, Y663, Y670, Y684, Y690,
Y691, Y724,Y738,Y748,Y764,Y767,Y788,Y789, Y800, Y805,
Y951, T99, T927
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Fig.2 Validation of the waterlogging tolerance of rapeseed germplasm based on the rapid identification method
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A, B: based on the rapid identification method of waterlogging resistance, strong waterlogging-tolerant germplasm and waterlogging sensitive
germplasm were screened, respectively. C, D: based on the “code of practice for identification of waterlogging tolerance in rapeseed”, the
strong waterlogging-tolerant germplasm and waterlogging-sensitive germplasm screened by the rapid identification method of waterlogging
tolerance were validated, respectively. Both C and D, the left side shows the control, and the right side shows the treatment. Scale bar: 1 cm.
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Table 2 Differences in the mean root length waterlogging tolerance index among different waterlogging tolerance grades of 32
rapeseed germplasms identified by the rapid identification method

T 5 7 45 Tift P AR 1 5t 1 i A
Waterlogging tolerance grade Number of germplasms Average root length waterlogging tolerance index
— 2R (34T} 35) 8 041 A
Level 1 (high waterlogging tolerance)
IR (% D) 8 0.30 AB
Level 2 (moderate waterlogging tolerance)
S (BB 8 0.20 B
Level 3 (general waterlogging tolerance)
PO £ (54 8 0.16 B

Level 4 (waterlogging sensitive)

(7] — 31 H AN [ R 7k 2 7 A R 357 P 458 20 18] - AR T 358 46 2077 £ 4l 35 22 57 (P < 0.01).

Different capital letters in a column indicate highly significant differences in the mean waterlogging tolerance index of average root length

among different waterlogging tolerance grades (P < 0.01).
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Fig. 3 Field waterlogging tolerance evaluation of rapeseed
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CK: control; T: waterlogging treatment. Y66, Y74, and Y2B were the highly or moderately field waterlogging tolerant germplasms; Y10,

Y129, and Y72 were waterlogging-sensitive germplasms. Scale bar: 1 cm.
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Table 3 Comprehensive evaluation of field waterlogging tolerance D value of 54 germplasms identified by rapid identification of

waterlogging tolerance

LidrE i Res i 357 14 S DfH HEF (D A KRN
Germplasms name Waterlogging tolerance grade D value Rank (D value from large to small)
Y4 — 2R R 35) 1.36 19
Level 1 (high waterlogging tolerance)
Y5 T 1.34 21

Level 2 (moderate waterlogging tolerance)
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e R T i 4 45 4 DK HERF (D AR ED)
Germplasms name Waterlogging tolerance grade D value Rank (D value from large to small)

Y9 TG CRm) 1.01 43
Level 2 (moderate waterlogging tolerance)

Y10 VU 9% (T3 ) 0.41 54
Level 4 (waterlogging sensitive)

Y14 TR 1.13 37
Level 2 (moderate waterlogging tolerance)

Y66 (i) 1.66 2
Level 2 (moderate waterlogging tolerance)

Y67 VU 9% (T3 ) 1.24 30
Level 4 (waterlogging sensitive)

Y69 (AR 1.28 27
Level 2 (moderate waterlogging tolerance)

Y70 (A 5 1.03 41
Level 3 (general waterlogging tolerance)

Y71 P9 2% (%5 50 1.39 18
Level 4 (waterlogging sensitive)

Y72 R (— M ) 0.69 49
Level 3 (general waterlogging tolerance)

Y74 TR 1.45 14
Level 2 (moderate waterlogging tolerance)

Y76 = (— B 0.60 52
Level 3 (general waterlogging tolerance)

Y79 PO (54 1.32 24
Level 4 (waterlogging sensitive)

Y80 TR 1.51 7
Level 2 (moderate waterlogging tolerance)

Y81 — (3T 357) 1.66 1
Level 1 (high waterlogging tolerance)

Y82 TR 1.09 39
Level 2 (moderate waterlogging tolerance)

Y83 =G (— BTt i) 1.54 5
Level 3 (general waterlogging tolerance)

Y84 VU 9% (T3 ) 1.42 16
Level 4 (waterlogging sensitive)

Y86 VY2 (50 1.22 32
Level 4 (waterlogging sensitive)

Y87 Y2 (5D 1.26 29
Level 4 (waterlogging sensitive)

Y88 — (9 Tt 5 ) 1.57 4
Level 1 (high waterlogging tolerance)

Y89 (AR 1.42 17
Level 2 (moderate waterlogging tolerance)

Y91 R (D) 1.18 36
Level 2 (moderate waterlogging tolerance)

Y92 TR (BT ) 1.22 33

Level 2 (moderate waterlogging tolerance)
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T Bt = T i 4 45 4 DK HERF (D MK
Germplasms name Waterlogging tolerance grade D value Rank (D value from large to small)

Y93 =G (— T ) 1.30 25
Level 3 (general waterlogging tolerance)

Y94 VU 9% (T3 ) 1.50 9
Level 4 (waterlogging sensitive)

Y95 =R (— T 1.28 26
Level 3 (general waterlogging tolerance)

Y96 (i) 1.27 28
Level 2 (moderate waterlogging tolerance)

Y97 — (R Tt 5 ) 1.35 20
Level 1 (high waterlogging tolerance)

Y99 (AR 0.61 51
Level 2 (moderate waterlogging tolerance)

Y103 (i) 0.91 45
Level 2 (moderate waterlogging tolerance)

Y111 VU 9% (T3 ) 1.33 23
Level 4 (waterlogging sensitive)

Y112 TR 1.08 40
Level 2 (moderate waterlogging tolerance)

Y114 — G (R 1.45 12
Level 1 (high waterlogging tolerance)

Y115 TR (BT 1.18 35
Level 2 (moderate waterlogging tolerance)

Y116 (BT 1.10 38
Level 3 (general waterlogging tolerance)

Y117 =G (— BTt i) 1.24 31
Level 3 (general waterlogging tolerance)

Y118 — 2 (BT 3% 1.45 13
Level 1 (high waterlogging tolerance)

Y123 — (R 1.46 11
Level 1 (high waterlogging tolerance)

Y129 Y2 (5D 0.58 53
Level 4 (waterlogging sensitive)

Y168 TR 1.47 10
Level 2 (moderate waterlogging tolerance)

Y478 TR 0.97 44
Level 2 (moderate waterlogging tolerance)

Y486 (i) 1.54 6
Level 2 (moderate waterlogging tolerance)

Y499 T 1.02 42
Level 2 (moderate waterlogging tolerance)

Y594 R (— M ) 1.20 34
Level 3 (general waterlogging tolerance)

Y637 Y2 (5D 0.65 50
Level 4 (waterlogging sensitive)

Y652 T 0.84 46

Level 2 (moderate waterlogging tolerance)
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(&% 3)
e R T i 4 45 4 DK HERF (D AR ED)
Germplasms name Waterlogging tolerance grade D value Rank (D value from large to small)
T99 VY2 (5T 0.77 47
Level 4 (waterlogging sensitive)
T927 VU 9% (T3 ) 0.71 48
Level 4 (waterlogging sensitive)
20R (BT 1.33 22
Level 3 (general waterlogging tolerance)
X5B (i) 1.50 8
Level 2 (moderate waterlogging tolerance)
ZS11 ZER (BT ) 1.43 15
Level 2 (moderate waterlogging tolerance)
Y2B — 2R (R 5 1.65 3

Level 1 (high waterlogging tolerance)

F 4 WHRMERFLEEFEFIER 54 BHETRMRZEREF
Y DEERIER

Table 4 Comparison of field comprehensive waterlogging
tolerance index D value of 54 germplasms identified based on
rapid identification method

T 95 55 % FhEiE P D
Waterlogging Number of  Mean

tolerance grade germplasms D value
— 2R 350) 8 1.48 A
Level 1 (high waterlogging tolerance)
TG (T ) 23 1.23 AB
Level 2 (moderate waterlogging tolerance)
Y (— ) 10 1.13B
Level 3 (general waterlogging tolerance)
V9 2% (5% ) 13 1.06 B

Level 4 (waterlogging sensitive)

[7) — 1) A [6] K5 <7 R 3R A () i 957 45 0 249 0 ) A 7 R ol 35 22
S (P <0.01),

Different capital letters in a column indicate highly significant

differences among means (P < 0.01).

S5 54 il SER T A PN T R R S 4 R
N HCH (RIS ML A PR D B, 0k S 5 i 35 o
(i 351 A e o 26 o S 0 Ol i i ¥t L D ) 5 1 2
WM D EHEFE(1~5) 10 10%) 3 14, 43518 Y81,
Y88 Fll Y2B; #iit yii A J5T (i 151 DR 4 S 2k
fiif 53 B A it ¥t L FH ) i 5 PR 2R S PR D (EHEY
(6~16)4 11%~30%) 10 4, 4330 Y66.Y486.Y80,
X5B. Y168, Y123, Y114, Y118, Y74 I ZS11; %
ORI BT (T ¥ M DR 4 S — e BT s s g, L ]
M LR B VPAN D BT (39~54) 0 71%~100%) 8
By, 4530 Y10, Y129, Y76, Y637, Y72, T927,
T99 F1 Y70, LA LA BOR 4 J5 35 sk i i il =g i
Tofr K fige T i 95 A DG 32 % ML B R 48 o 2 0 b ) 3 At

3 itie

IS AT B0 A R L T
eI L AR SR I YA AR B AU T, ] A
B W SR ) A K R R R ) A 5 it 7 A Ak 22
S WFRE], WA LIS 12 h TR
PG, 705 R AAXE S 8500 2 R, 2
it 24 h BUKAHEE, KEBAEFE T, RK BB
lom, REMRDEREA, SHEMAKZER 50
5, SR R URR BT R A X 5 £ 36 h
BUKAHLS, B RS ARTCEAAED P, SR,
ST TR 4T 6 d ML b A BB AT Ak O ik L
A A [ T 353 2 018 S o 5 00 2 e ZE A U T A il 2
5~6 I AP HH ) 35% 5 R T g 1 1 2 em) 51T,
itk 10 d VR A 45 52 A0 B AL BRI R) o 14
SRAEUNEREAE HI ) S~6 MUIE ATk AR B, EH Ak
B RAE R 21 d T Ol e mmi f BT, e e,
FIREIK 21 d PO mimrm . DL a5 R 3k
W, AEXT TS R B IR, 7ERh i
IR AT 9 4 s TR R b 4 R (R, 4R e
R, o H R A AT R B T 9 M T
Pty . Rk, #ES7 I SEAh T B & 0 i it
PRI Ak [ B 6 LT 5 A T B0 E o b B

Shy 3 ST P R I BT P DR A i, AR
FEI R R EAT 24 h BUKARRE, RS
YR W XA R PP AT TR S, 5 e A
it et e kT L, B R T IER K ZE K
fif | T E AR AR, NI K M4 Je T S e i),
S 2 X i TR Y5 A ST RIS AR 5 BE S B RD T K
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£t %52 %

“FLIX 43, AT [R) A A A A TR T R
R SR TR o o 4 B R R ) v & 2R B T Joi 4k
FETTE, PR N RATE 30~50 4 BB T 5
PESSE, T BRAS A G i o P D s Ty ik, P
B NAEER AT 521 500~1000 318G R 53 M % e, %
SERCRE /DR 10 5. I, TR RS e R
WY & Ja R AT UKL BAE BT, 5~6 d A K AIFF
R RA S, Wik, FEfTFEASRRELT
Xof g S o L S A T 9 R A, PR T AT A e X R,
DA LFF 80~100 A RV T 54 5 i 5 P PR 8 5
IeAk, T ChEMBEEEHEARMBE) WENE
2 5T 00 T 235 SR K ] i 35t 1 2 2 SRt e
AT G G 35 4 T 53 0 P A5 B A e o BRI ST
TS FOR AR ) 3 N A st PR VP4 D7 v
AT E G E = 0.5 AP BT #E S 2 T 53 A o,
T 35 T Y5 P DR 5 o T I T e 1 8 4 T et
B UERY SR IR i A BT (R 2) IR KT HE 8O 0.41,
A g T 8 A AN — BT SO 9 2 T V5
o SRR A T 35 48 B 7R 25 57, W) s 3R WA (] 7 3k
T H A T Y5 S 4 TR P L — s B AR . B
$ﬁ%%?ﬁ%%ﬁ%ﬁmLEMh@i%mmﬁ
PRTH S 5 Ty T A T AR s e A 2 i ¥
T3, R A i T SR i BT P A T R 25 A

WAL, FEASHI S v & S 4 i 5T 7 b & 1
Y 7 BT TP 5 ) 95 1 4 A RO B e A
— 3, BN, Y 14 FERD T & AR5 bR s e 45
S G Rt ie), H R B LR A T D {ESA 1.13,
ﬁFT—lE‘ﬁ 37 1J_’ SR, Y94 -85 A AR ot MR P e

5O MR (i), MBS D HN
1&LHf 9 fii. Y94 I H[E] 5 208+ Y14,
S R PG S e 25 IR — B, HTRE M R A
— 5T, i DR A R DA R ) S e AT A
fE— R, W8 R E 2GR 1 UE L = e
T —J7 I, WERAEA R A A & B B i B vt K i 3
FI ML B S B SE R T AR I AN e 4 — 3k, Rk, A%
TS A2 P s A DL A T S — PR A
5T

4 él:llb

ABIEFE I A B R B UK AR B 24 h, AR
WOLERIR R E R B FRiG R . T AR AR LKA
B, R 2 AR R ST 1 — T i SR 357 P PR 4
EW Tk g ClSEmipi v 4 e SR MR ) 1=

PN 25 24 SN TRt 1 4 LA K% P ) T 3 41 45 ) 3ot S i
TR DR 5 T VA AT SRR BEAT TRRE, RMIET
VRTT VA U ) B 98 T 3 B B B R T . %
T AR B i 2 5 TRt b 55 TR B A BOR
(RS, T T DR 7 20 5 it 0 M R, R S S il R
TR P it A 2 AR (I T S K
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