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Relationship between waterlogging tolerance indexes and yield traits at rapeseed germination stage under
waterlogging stress
MA Wu-hui', LUO Li-ya', YANG Long', CHENG Yong*, XU Ben—bo', XU Jin—song'", ZHANG Xue—kun""
(1. College of Agriculture, Yangtze University, Jingzhou 434025, China; 2. Oil Crops Research Institute of Chinese
Academy of Agricultural Sciences, Wuhan 430062, China)

Abstract: The Yangtze River Basin is the core rapeseed—producing region in China. Frequent rain in the sea-
son severely restricts rape production. To improve the accuracy of early selection for rapeseed varieties, the study re-
ports diversity of waterlogging tolerance traits in rapeseed germplasm resources, and relationship between waterlog-
ging tolerance at germination stage and yield after waterlogging stress. Forty—two widely popularized winter rape-
seed varieties were sown in autumn of 2020 (waterlogging) and 2021 (normal rainfall). Yield and agronomic traits of
each variety were systematically investigated at maturity, and indoor waterlogging tolerance tests at germination
stage were conducted simultaneously. Descriptive analysis and cluster analysis were used to comprehensively evalu-
ate the diversity of waterlogging tolerance at germination stage, and linear regression and path analysis were applied
to explore the relationship between waterlogging tolerance and yield. The coefficient of variation of waterlogging tol-
erance traits ranged from 6% to 55.03%, among which CVs of root length index, vigor index and hypocotyl index
were relatively high, being 55.03%, 28.39% and 23.45%, respectively. The 42 varieties could be divided into 4 clus-
ters: Cluster I showed higher stem index and fresh weight index, Cluster Il was characterized by high survival

rate, Cluster Il had high root length index, and all traits of Cluster IV were not prominent. Stem length index had an
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extremely significant correlation with yield under waterlogging stress, and its prediction accuracy was the highest

compared with other indices. Path analysis showed that under waterlogging stress, fresh weight index and stem

length index affected yield by influencing harvest density, while survival rate exerted indirect effect on yield via ef-

fective silique number per plant. The 42 rapeseed accessions are revealed to have abundant phenotypic genetic vari-

ation and diversity. They are clustered into 4 distinct groups, and stem length index could be used as a core indica-

tor for evaluating waterlogging tolerance, which is suitable for predicting the actual yield of rapeseed under waterlog-

ging stress. The relationships between different waterlogging tolerance indices at germination stage and key agro-

nomic traits were clarified, which could feciliate rapid screening of waterlogging—tolerant varieties.

Key words: rapeseed; waterlogging; germination stage waterlogging tolerance ; yield
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Table 2 Criteria for distinguishing rapeseed varieties based on waterlogging tolerance indicators

R4 TR % i T FE L FEREES AR ¢ P
Root length index Stem length index Fresh weight index Survivor rate index Vigor index Yield /(kg/hm?*)
AN Ao
X<0.2 X<0.55 X<0.6 X<0.75 X<0.5 X<2170
Sensitive variety
FREEET i
0.2<X<0.5 0.55<X<0.9 0.6<X<0.85 0.75<X<0.95 0.5<X<0.8 2170<X<2970
Moderately tolerant variety
SHR T 5
X>0.5 X>0.9 X>0.85 X>0.95 X>0.8 X>2970

Tolerant variety
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Table 3 Genetic variation and correlation of waterlogging tolerance traits in 42 rapeseed varieties
e v - o 2 HEHE AR
ARG HEIR UM ROKH B belE mo: mmpm oo RHIORS
. . . ) } Correlation coefficient with
Waterlogging trait Min Max Mean SD Range CV /% . .
waterlogging yield
A5 %
T 0.06 1.02 0.41 0.22 0.96 55.03 0.138
Root length index
Rl R
El_ 0.39 1.08 0.73 0.17 0.69 23.45 0.495%:
Stem length index
LERE
B 0.43 0.99 0.74 0.14 0.56 18.46 0.405%*
Fresh weight index
e
R 0.46 1.00 0.91 0.13 0.54 14.82 -0.081
Survivor rate index
IS
ke 0.32 1.07 0.66 0.19 0.75 28.39 0.394%+
Vigor index
FroE
. 5 1846.60 3408.90 2623.50 395.70 1562.30 15.08 1.000%*
Yield /(kg/hm )
PR
. 152.70 195.90 174.64 10.47 43.20 6.00 0.259
Plant height /cm
Sy B
Gigh 60.90 104.20 82.98 8.96 43.30 10.80 0.206
Branching position /cm
AR 4.90 7.80 6.39 0.75 2.90 11.68 0.216
Number of effective branches
BRA XU REL
# o 121.20 288.50 184.98 35.31 167.30 19.09 0.152
Number of effective siliques per plant
/5. ‘ij'
SRR . 18.60 22.40 20.65 0.98 3.80 4.77 0.143
Seed number per silique
TR
. \ 3.45 5.17 4.06 0.38 1.72 9.31 -0.034
Weight of 1000 seeds /g
F =N
HHTR 8.00 23.90 16.04 3.43 15.90 21.36 0.172
Seed yield per plant /g
b
41.14 49.77 45.54 2.23 8.63 4.89 0.235
Oil content /%
A R 5
o R % 2.50 20.00 8.54 3.88 17.5 45.47 ~0.128
Sclerotinia stem rot incidence rate /%
ek
R 100 425 299 612 171 189 46 038 199 187 0.27 0.398%*

Harvest density /(#§/hm?)

F/Note: **: P< 0.01
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Table 4 Linear regression analysis of rapeseed yield and germination waterlogging tolerance under sowing stage waterlog-

ging stress

JerifEfb R AL FrEfl 25 ILLL ML
Unstandardized coefficients Standar dization coefficients t{H P& Colinearity diagnosis
EIEEY FrifEiR . t value Pvalue  JF2ZEWHKE T HEE
FRUETL I R Beta o -
B SE VIF Tolerance
119.192 344.300 - 0.346 0.731 - -
Constant
LiESN
3.035 7.100 0.068 0.427 0.672 1.379 0.725
Root length
ENAERS
7.356 28.967 0.061 0.254 0.801 3.135 0.319
Stem length
fif
81.657 72.511 0.241 1.126 0.268 2.509 0.399
Fresh weight
TS
-0.647 3.356 -0.028 -0.193 0.848 1.195 0.837
Survivor rate
HA 8 5L
4.956 16.592 0.042 0.299 0.767 1.075 0.931
Root length index
T IR E E
63.902 29.193 0.414 2.189 0.036* 1.959 0.511
Stem length index
i o 4 AN
67.102 31.932 0.343 2.101 0.044* 1.462 0.684
Fresh weight index
frifs
-20.855 30.002 -0.102 -0.695 0.492 1.173 0.853
Survivor rate index
R? 0.416
PR
0.270
Adjust R?
FE
F (8,32)=12.854, P=0.016
F value
D-W{H
1.322
Durbin—Watson value
H/Note: *: P<0.05
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Fig. 5 Relationship between rapeseed yield and key germination—stage waterlogging tolerance traits under sowing—stage

waterlogging stress
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5 AEMERATEXIBETR

Table 5 Yield of various types of rapeseed under different selection criteria

i T b AN A FRAEET i SRR Y57 it
Screening index Sensitive variety Moderately tolerant variety Tolerant variety
il FHE
2051.25b 2625.3a 3189.9a
Yield Mean
i
s 2342.94ab 2705.4a 2623.05¢
MK AEEL Mean
Root length index S R i 22 %
14.22% 3.05% 17.77%
Actual yield deviation rate
Sl
N 2333.76ab 2582.7a 3045.75ab
R B AG Mean
Stem length index 55517 55 7 1) i 22 %
13.77% 1.62% 4.52%
Actual yield deviation rate
gl
. ) 2411.55ab 2658.6a 2708.7bc
fif AL Mean
Fresh weight index 5 SR AR 2 2R
17.56% 1.27% 15.09%
Actual yield deviation rate
Sl
. 2583.45a 2761.8a 2565.15¢
JESRES Mean
Survivor rate index 5SBRr R 2 R
25.95% 5.20% 19.59%
Actual yield deviation rate
i
. § 2514.6a 2570.4a 2867.7abc
IWAEEE Mean
Vigor index SR A AR 2 R
22.59% 2.09% 10.10%

Actual yield deviation rate

TE: BEERRTE Dy 6 DB AR A7 4k, R [l NG SRR OR 7 4 0] 22 51K 35K (P< 0.05) o 4283 I3 2 BfELife AT

Note: The significance labels refer to the yields corresponding to the 6 waterlogging tolerance indices. Different lowercase letters indicate differences at

0.05 level among yields. This table is classified according to the values in Table 2
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Fig. 6 Analysis of rapeseed yield components under rainwaterlogging stress
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