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Comprehensive Evaluation and Screening of Germplasm for
Waterlogging Tolerance in Rapeseed(Brassica napus L.) at the

Germination Stage
WANG Caiquan'? YANG Liu>2 LIU Tingting!?,LUO Hongsen? XIAO Huangyujie'?,
LIU Zhongsong!?

(1College of Agronomy, Hunan Agricultural University, Changsha 410128; ?Yuelushan Laboratory, Changsha 410128)

Abstract: Winter rapeseed (Brassica napus L.) frequently encounters waterlogging when grown in paddy fields. Three
hundred and fifty-three rapeseed germplasm resources were subjected to a 12-h waterlogging treatment at the germination stage.
The electrical conductivity of the soaking solution was immediately measured. Six growth traits, i.e., root length, shoot length, root
fresh weight, shoot fresh weight, root dry weight, and shoot dry weight, were determined after a 7-day recovery. Membership

function analysis, principal component analysis, and clustering were used together with unit electrical conductivity to evaluate
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waterlogging-tolerance of rapeseed germplasm and to identify waterlogging-tolerant resources at the germination stage. The results
indicated that root growth, especially root length, root fresh weight, and root dry weight, was impaired most severely by
waterlogging. The relative values (treatment/control) for these root traits were all significantly lower than those of the shoot traits.
Relative root length, relative root fresh weight and relative root dry weight supplemented with unit electrical conductivity can be
used for waterlogging tolerance evaluation of rapeseed at the germination stage. The rapeseed germplasm resources were classified
into four distinct groups based on the comprehensive evaluation index (D-value): the extreme tolerant (0=0. 75 , 58 accessions),
tolerant (0.54<<D<.0.74, 111 accessions), sensitive (0.32<<D<:0.52, 130 accessions,), and the extreme sensitive (0<:0. 31,
accessions 54). The similar four groups were also classified according to unit electrical conductivity (Uel): the extreme tolerant
(Uel<<289 1 S/(cm +g), 32 accessions), tolerant (290.42 1 S/(cm +g)<<Uel<<411.67 1 S/(cm +g), 146 accessions), sensitive (411.90
1 S/(cm +g)<<Uel<513.20 1 S/(cm -g), 110 accessions), and the extreme sensitive (Uel =515.03 1 S/(cm +g), 65 accessions, ).
Six most waterlogging-tolerant rapeseed germplasm resources at the germination stage, including ‘Ningza 2009’ and

‘Chuanyou 83” , were identified through integration of D-value (D=0.95) and Uel (Uel<<204.48 uS/(cm+ g)) . These
resourcess lay a foundation not only for breeding waterlogging-tolerant varieties but also for deepening understanding of

waterlogging tolerance in winter rapeseed.

Key words: Brassica napus L.; germination stage; waterlogging tolerance; germplasm resources; comprehensive evaluation
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Shoot fresh weight; RDW: Root dry weight; SDW: Shoot dry weight; CK: Control; WLT: Waterlogging treatment; The same as below
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Fig. 1 Effect of waterlogging on the growth of rapeseed germplasm resources during at the germination stage
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Tablel Growth traits of rapeseed germplasm resources at the germination stage under waterlogging stress

o HR/ME I ON| SFHME b2 B RE (%)
Traits Min. Max. Mean SD CcVv
XK RRL 0.23 1.04 0.57 0.15 26.93
AR K RSL 0.34 1.01 0.72 0.13 17.50
FAXHREEE RRFW 0.19 1.09 0.70 0.15 21.94
HEHHb ¥ B RSFW 0.52 121 0.87 0.12 13.54
AR L #FE RSDW 0.46 141 0.98 0.14 14.28
HXHRTE RRDW 0.34 1.04 0.71 0.14 19.84

RRL: Relative root length; RSL: Relative shoot length; RRFW: Relative root fresh weight; RSFW: Relative shoot fresh weight; RRDW: Relative root dry

weight; RSDW: Relative shoot dry weight; The same as below
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**FIRTE P<0.01 /KPR EHK
** Indicates significant correlation at probability levels of 1%
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Fig. 2 Correlations analysis between the growth traits of rapeseed germplasm resources at the germination stage
under waterlogging stress
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Table 2 Principal component analysis of growth traits of rapeseed germplasm resources at the germination stage under

waterlogging stress

EZN E R 4> Principal component
Traits 1 2
XA K RRL 0.88 -0.18
FHXS R A RSL 0.67 0.04
X AREEE RRFW 0.78 -0.35
AR L6 RSFW 0.59 0.69
ARt B RSDW 0.32 0.85
AHXIRTE RRDW 0.81 -0.34
¥54EMH Eigenvalue 2.94 1.46
J Z TR (%) Contribution ratio 48.93 24.38
R TTHRE  (%)Cumulative contribution ratio 48.93 73.31

L (%)Weight 66.74 33.26
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Fig. 3 The D-value-based Clustering of D-values for 353 rapeseed germplasm resources at the germination stage under
waterlogging
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Table 3 Correlation coefficients between six growth traits and D-value of rapeseed

ERN LEFS R

Traits Correction coefficient
HIXTHRKCRRL 0.88**

HIX A RSL 0.67**

HIXTHREE = RRFW 0.78**

AR b EFEERSFW - 0.59%*
A BT ERSDW  0.32*%*
AR AR T ERRDW 0.81**

2.3 JhSREE R IR K4 T B s SR AR AL

353 13 VHI R i Pl BRI L T R 2 SRR B, A L 3 2R AR D 182.86~ 684.34 1 S/(cm ¢ @),
JI13h 83 /N, Baltia fe ke, “F#5°0 422.404 1 S/(cm + g), A5 REN 23.30% (¥ I https://doi.org/10.13
430/j.cnki.jpgr.20250916004, {3 1) . MRIGHEA T RFAIT RIS, 353 MR 430 4 MRA (]
4) o 1WA, A7 S5 182.86 1 S/(cm ¢+ 9)~289 1 S/(cm - g), 5117 83, FHJY 131 %%
32 i FhBTUR, A HEAA R 9.07%. 28 2 KRR, B4 SR JE Y 290.42 1 S/(cm - g)~411.67
uS/(cm @), L7 10-5% 29, #HZAL 8 555 146 M f AT BT, 5 ASHAM B 41.36%; 25 3 SR MUSAL,

FA7 S E N 411.90 1 S/(cm < )~513.20 wS/(cm +g) , GEHIM 5 5. FMITH 12 110 43 SRR R,



AR 31.16%: 28 4 KRR AU, HLALH 53 515. 03 1 S/(cm ¢ g)~684. 34 wS/(cm - g), £

FHIM 5 5. Baltia 5 65 i f F YR, A RITT 18.41%.
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Fig. 4 Unit electrical conductivity-based clustering of 353 rapeseed germplasm resources at the germination stage under
waterlogging
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JifiE 12 i dh AP BRI (R 4D, BRI SR 6 40, AR EBURAI KL 6 47 (K 6). XU H R AR S b
BEEEAT /A B, R 53 i AP ) D {EI47E 0.95 BAE, BAZHLSEI4E 200 wS/(em « ) i, Kk
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Fig. 5 The correlation between comprehensive evaluation index and unit electrical conductivity of 353 rapeseed germplasm
resources at the germination stage under waterlogging
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Table 4 Performance of extreme rapeseed germplasm resources at germination stage under waterlogging

x| EA S D& AT ER C uS/(cm-g))  AARMRE  AAXAREEE AHR AR KPR
Type Name D-value unit electrical conductivity RRL RRFW RRDW Winterness form
RSt R 5 10-7L4H 3 1.00 204.48 0.91 0.98 0.98 S
Extreme resistant J13H 83 0.97 182.86 0.85 0.90 0.99 S
FH % 2009 0.97 203.40 0.82 0.99 0.96 S
FH 131 0.97 196.71 0.87 0.92 1.03 S
4% 2009 0.95 198.76 0.94 0.90 0.94 RE
A 0.95 193.24 0.91 0.91 0.96 At
Wi UK Baltia -0.09 684.34 0.27 0.32 0.49 ES ¢4
Extreme sensitive 15-6-3565-1 -0.08 679.15 0.31 0.39 0.40 Fe bk
21F78 -0.06 647.33 0.28 0.42 0.44 REN

SI 524 -0.04 595.67 0.27 0.35 0.36 S s




21F76 -0.03 639.42 0.30 0.41 0.44 AR
Belinda 0.01 598.16 0.30 0.34 0.38 A1k

6 JHISEHA & AR R iR M AR SRR

Fig. 6 Performance of the extremetolerant rapeseed germplasm resources at the germination stage under waterlogging
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