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Identification of waterlogging tolerance of Brassica napus at radicle
elongation and the plasma membrane permeability of cultivars with
different tolerances in response to waterlogging
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Abstract: Yangtze River Basin is prone to waterlogging during the sowing period of winter rapeseed, which
often seriously affects the seedling emergence and establishment and even causes failure of emergence
in the field. It is of great significance to study the response of seed germination and emergence to water-
logging and establish a reliable identification method of waterlogging tolerance for the rapeseed breeding
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and cultivation to combat waterlogging. Based on the previous finding that the radicle elongation was
most sensitive to waterlogging during the seed germination and emergence of rapeseed, 3 methods were
adopted to evaluate the tolerance of 23 cultivars to waterlogging that are planted in the Yangtze River Ba-
sin at the radicle elongation, using the seedling emergence as evaluation criterion, in this study. Mean-
while, the responses of seedling emergence to waterlogging duration were compared among cultivars with
different tolerances. The changes in redox potential, dissolved oxygen content, Na* and K* concentrations
in the seed soaking solutions, and the electrolyte leakage rate and malonaldehyde (MDA) content in water-
logged seeds of different cultivars during various waterlogging duration were also determined. The results
showed that there was significant variance in waterlogging tolerance of different cultivars. The cultivars
were classified into tolerant, moderately tolerant and sensitive types based on their relative emergence
rate and relative emergence index after waterlogging. The injury threshold of waterlogging duration for the
tolerant cultivar was inundating seed for 36 h, while that for the moderately tolerant and sensitive cultivars
was 32 h and 12 h, respectively. Tolerant cultivar consumed less dissolved oxygen than sensitive cultivar
during waterlogging, suggesting that the tolerant cultivars might be adapted to waterlogging stress by
"quiescence" strategy. Moreover, the relative concentrations of Na* and K* in seed soaking solution and the
relative content of MDA in the waterlogged seed of the tolerant cultivar were lower, indicating more stabili-
ty of its plasma membrane under the stress. By comparing the results of different methods, the reliable re-
sults can be obtained by inundating seed for 36 h in lab at the radicle elongation and then evaluating the
tolerance of cultivars by the relative emergence rate after waterlogging.

Key words: Brassica napus; waterlogging; identification method; physiological response; seedling emer-
gence
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Table 1 Rapeseed cultivars used in this experiment and their critical information

m ARG S) AP i W AL REEZ % RFERE  Thif/g
Ayl 428 (‘H28”) HAZFh farpfoll R 2 100 0.48 4.79
A 4232’ (‘H32”) Pl Herpfall K 2E 99.3 0.44 4.26
A2 1887 (‘H188”) FeAE LV N 98.7 0.45 5.52
e %1057 (‘H10%) HZFh LBV PN 96.0 0.28 3.82
Al Ak 158° (‘H158%) HAEFh el K2 100 0.46 3.34
AETIM82’ (‘H82”) FAEFh Aol R 2 90.7 0.35 2.86
“4£837° (‘H837") FAZ ol K2 100 0.47 3.75
‘Z159° T eV N 96.7 0.33 3.73
‘H6128°(S128%) HeZTHh SRR 2 100 0.45 4.45
‘1168 (‘S168°) AT LB S NS 98.7 0.48 5.44
HAR2T7((Q2) Fe A Fil B RAEL2ERE 97.3 0.43 3.83
HARAT(1QA) i B AR RR 2 BE 95.3 0.46 3.40
HASTT(FQ5) i TG E LMEL 2B 99.3 0.42 3.47
HA6T(1Q6”) AT B LB =B 100 0.47 3.94
FHARILS(CQI) i A LB 100 0.48 438
5207 (‘F5207) HAZFh W 8 AR B B 98.7 0.46 3.34
*F23h730° (‘F730%) i WF A AR E B 100 0.44 3.24
“FEIH958” (‘F958”) A B AR B 100 0.45 3.42
8237 (‘F823”) AR AT R B AR 2B 99.3 0.48 3.30
792 (‘F792°) FeAZHp WA AR RLE B 98.7 0.49 4.04
HEIMT37 (‘F737) FeAZFh R A AR 2B 100 0.49 3.05
X9 (429) i F R r AL R 2 B iR E A 5 B 98.7 0.42 3.05
RS (Z117) i FF Hh LR 2= B iR E P AT 7L A 97.3 0.39 3.05
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R2 FEIEEFZET & mMRK LR FHF AR H B R A HE R
Table 2 Relative seedling emergence rate and index of various cultivars subjected
to waterlogging by different methods

HIAS H1 /% R h
HAES) : : : : : :
Jrikl i i3 ikl ik i3
‘H28’ 87.2 88.8 77.1 0.51 0.39 0.39
‘H32’ 90.6 88.6 86.7 0.53 0.45 0.48
‘H188’ 103.9 74.8 82.8 0.75 0.41 0.47
‘H10° 98.4 50.0 594 0.83 0.35 0.40
‘H158° 93.7 79.3 75.9 0.57 0.38 0.45
‘H82’ 53.8 15.3 349 0.34 0.08 0.17
‘Q2 65.2 22.0 51.4 0.34 0.11 0.26
‘4 69.7 9.8 34.9 0.50 0.05 0.18
‘Qs’ 97.9 11.6 31.2 0.62 0.07 0.16
‘Q6’° 73.0 47.5 54.8 0.42 0.23 0.31
‘QIr 59.4 35.7 53.3 0.31 0.15 0.29
‘H837 97.2 86.8 87.0 0.63 0.43 0.50
‘Z159 68.0 45.7 58.9 0.40 0.23 0.33
‘5128’ 84.8 48.0 63.5 0.54 0.20 0.34
‘5168’ 97.9 45.2 61.4 0.64 0.20 0.36
‘F520° 85.8 49.0 54.5 0.43 0.25 0.31
‘F730° 96.0 80.7 81.1 0.51 0.44 0.68
‘F958’ 95.6 5.2 30.7 0.67 0.03 0.16
‘F823° 94.3 83.0 91.2 0.67 0.46 0.55
‘F792° 95.5 78.8 91.7 0.64 0.36 0.60
‘F737 94.0 87.6 88.1 0.65 0.45 0.47
‘Zy 93.4 424 56.8 0.66 0.23 0.37
‘Z1v 98.8 39.8 54.7 0.71 0.20 0.32
1 86.7 52.8 63.9 0.55 0.26 0.37
JAITE
F 92.44 173.33 84.14 45.94 74.25 47.02
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

3 PRILEF AR @M ZE A

Table 3 Classification on the tolerance of various cultivars to waterlogging by different methods

STk it 353 it Hh AT 53 i o TR it il

Jrikl ‘H188’ ‘H10” ‘H837" ‘Q5’ ‘S168’ ‘H28’ “H32’ ‘H158 ‘H82’ ‘Q2’ ‘Q4’
‘F958° ‘F823* ‘F792° ‘F737’ ‘S128° “F520° ‘F730° ‘Q6° ‘Q11” Z159°
‘29’ “Z11

Jrid2A13 ‘H28’ ‘H32’ ‘H188’ ‘H158’ ‘H837’ ‘H10” “‘Q2’ ‘Q6” ‘Q11° ‘F958° ‘H82’ ‘Q4” ‘Q5’
‘F730° ‘F823* ‘F792’ ‘F737’ ‘Z159° *S128” ‘S168°

‘F520° °Z29* ‘Z11°
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4 EIFEEFET A EMHR S @FE TR H & E A IR H B R
Table 4 Mean relative seedling emergence rate and index of different tolerance grade cultivars
to waterlogging identified by 3 methods
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Fig. 2 Changes of redox potential (A) and dissolved
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rapeseed cultivars with different tolerances under

various waterlogging duration
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Fig. 3 Changes in plasma membrane permeability of the
waterlogged seeds of rapeseed cultivars with differ-
ent tolerances under various waterlogging duration
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Fig. 4 Changes of relative MDA content in the wa-
terlogged seeds of rapeseed cultivars with different
tolerances under varying inundating duration
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