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Identification of Salt-Tolerant During Seed Germination Period
in 186 Accession of Brassica napus
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Abstract: Salt stress severely inhibits the growth of plants, resulting in a decrease in crop yield. The
germination period is the most sensitive phase for plants to salt damage. Therefore, establishing an accurate and
convenient salt tolerance identification and evaluation system, as well as screening for salt-tolerant germplasm in
Brassica napus, is crucial for enhancing the salt resistance of rapeseed varieties. In this study, the optimal
concentration for salt tolerance identification during the germination period was determined to be 1.25% based on
the salt damage index of 15 Brassica napus germplasms. At this concentration, the germination potential,

germination rate, root length, hypocotyl length, fresh weight, and dry weight of 186 Brassica napus germplasm

iR B 2024-02-23 WK H AR 2024-09-13

URL: https://doi.org/10.13430/j.cnki.jpgr.20240223005

SR BB 0 ALY, E-mail : 1521458861 @qq.com; A5 AL [F 45 —E %

WAEVER : XURFT , WF5E 5 1) A VEYE 1% 7 R, E-mail : liulili276@163.com

FERAER FSE 18] A VEY5 4% B Rl , E-mail : mlyan@hunaas.cn

EETE : W B AR QTS0 H (2022CX55) s W R A BRI (2023RC1077) s IR A RHE A A 4828 LRI H (2023TJ-209)

Foundation projects: The Agricultural Technology Innovation Fund Project of Hunan Province (2022CX55) ; The Science and Technology
Innovation Program of Hunan Province (2023RC1077) ; The Science and Technology Talent Support Program of Hunan
Province (2023TJ-Z09)



2082 Mo om w2 i 25 %

resources were measured, and their salt tolerance indices were calculated. Conducting comprehensive salt
tolerance assessment of rapeseed germplasm resources using analysis methods such as principal component
analysis and membership functions. A salt tolerance comprehensive evaluation model was established, and
suitable evaluation indicators were selected. The results showed that under 1.25% NaCl stress, there was a highly
significantly positive correlation among the salt tolerance index of germination potential, salt tolerance index of
germination ratio, salt tolerance index of root length, salt tolerance index of hypocotyl length, salt tolerance
index of fresh weight, salt tolerance index of dry weight of Brassica napus. By employing principal component
analysis, these six indicators were condensed into three principal components, which collectively account for a
cumulative variance of 92.809%. Based on the weights of these three principal components, D values were
calculated for various germplasms, resulting in the classification of 186 germplasms into four levels and the
identification of five salt-tolerant materials. Furthermore, a mathematical evaluation model for salt tolerance
identification in Brassica napus was established as D=0.111+0.201X,+0.165X,+0.381X,. The salt tolerance
identification criteria and salt-tolerant materials chosen in this study provide valuable support for the
development of salt-tolerant rapeseed breeding.

Key words: germination stage; Brassica napus ; salt tolerance ; principal component analysis ; cluster analysis
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Fig.1 Salt damage indices of six parameters for the 15 inbred lines under stress of various sodium chloride concentrations
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Table 1 Variation analysis of morphological indices under salt stress

E{=ta) FH% brifE2e 5 F (%)
Index Mean SD cv

A & AT ERFE 4L Salt tolerance index of germination potential 0.1825 0.2620 143.54

i A& R ML F5%L Salt tolerance index of germination ratio 0.3659 0.3051 83.36
MM ER F8%L Salt tolerance index of root length 0.1629 0.1776 109.03
TS ERFE %X Salt tolerance index of hypocotyl length 0.2528 0.1405 55.58

i it ERF5 45 Salt tolerance index of fresh weight 0.4443 0.2621 58.99
T EEFE%X Salt tolerance index of dry weight 0.9947 0.3728 37.48

2.3 EBME THIER MRS TSR AR ST 0.464. TEAEYIHYTEERHLE | & TSR A A

K AR bR M A BT 45 A R B AR B R AR
i) 15 5L 1% S 2 B IE A OE (P<0.01) (F62) . Hirp, fif
T R 5 BN T RS i R 36 B0 1) (4 A 56 P i
5, FHOC R ECH 0.900, I B & B £ BRI R4
Tt b i B =2 1] 09 AH DG fe /DN, A DG R B

&2 1.25% NaCl B T HIEE XS ISIRA X E S 7

HL AR 25 AR M, R EA TR S W B A A
—E M E T, X Al A8 P EEPPAG H ISR SR
B CAR o IR, i 32 a3 0 B 5 B 22 8
AT B TR DR B A 5 B0 [N B 4 1 2 UL
PG H A RS AR 1 B R S B i R4

Table 2 Correlation analysis of various indices in Brassica napus under 1.25% NaCl stress
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U W R R AT S g SETEATERIEE TR AL
- Salt tolerance i Eh 5 %L
BT . Salt tolerance Salt tolerance Salt tolerance Salt tolerance
index of . . Salt tolerance . .
Index L index of index of root . index of fresh index of dry
germination o . index of K .
. germination ratio length weight weight
potential hypocotyl length

T A S £ A £ 1#%
Salt tolerance index of germination
potential
[ &N TR 0.674%* [
Salt tolerance index of germination ratio
R A 4 0.466%* 0.676** [
Salt tolerance index of root length
NI NEEX R 0.464%* 0.737%* 0.843%* [+
Salt tolerance index of hypocotyl length
e BT R A 4 0.508%** 0.726%* 0.823%** 0.900%* IR
Salt tolerance index of fresh weight
TE MR 5k 0.493%** 0.619** 0.533** 0.719%** 0.816%* [#*

Salt tolerance index of dry weight

#* FIRTE P<0.01 7K F B E A%

** indicates a significant correlation at P < 0.01 level
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Table 3 Principal component eigenvalues and variance

contribution rates of Brassica napus
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IE [, o SER R oM TR s e P L VesiEneE S Gt
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Table 4 Principal component load matrix of salt-tolerance index of Brassica napus

e BRREAIEE o WKEHMER FICHICREE  SERRAEE TR

Piﬁliﬁ i Salt tolerance index S Eiiil}:m m%,-af& Salt tolerance Salt tolerance Salt tolerance Salt tolerance

rneipa . of germination i © e'rantc'e " t:x index of root index of hypocotyl index of fresh index of dry

components potential oF germmation ratio length length weight weight

1 0.156 0.198 0.197 0.212 0.216 0.188

2 0.974 0.352 -0.316 -0.356 -0.300 -0.103

3 -0.055 -0.255 -0.804 -0.160 0.171 1.140
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Table S D value and classification of salt tolerance of 186 Brassica napus germplasms

EAS D1 Btk | AR DfH Bk | AR DfH B | AR DfH PSRN
Name D value Level Name D value Level Name D value Level Name D value Level

Y203 0.8218 it L5 Y84 0.6951 EREATEAN Y91 0.5862  HhEETHER Y56 0.5423 TR
Y195 0.7701 ifif £5 Y366  0.6772 W Y45 0.5811 RS | Y359 0.5358 R ER
Y343 0.7693 ifif 5 Y88 0.6484  HFEEMEE | Y472 05747 RPETRER Y58 0.5353 WL
Y336 0.7669 ifit £k Y83 0.6151 EREATEAN Y43 0.5709 gL Y86 0.5336 WL
Y85 0.7538 [EEN Y167  0.6102  HEMTE | Y364 05687  HREEMTEL Y74 0.5292  HJETiE:
Y100 0.7235  WEETEE | Y94 0.6059  hEEMEL | Y499 05528 rPEmER | Y70 05232 HETiER
Y110 0.7022  hEME: | Y196 0.5897 TR Y49 0.5429 LR Y90 0.5169 WL
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E4S Dff BivEES | AR DfH BibkEg | AR DfH iSRS DfH itk
Name D value Level Name D value Level Name D value Level Name D value Level
Y92 0.5141 R EAN Y71 0.3393 ISR Y47 0.2154 Eh iU Y128  0.0936 R
Y82 0.5076  WEFTREE | Y18 03375  fiLfEEmEE | Y80 0.2116 UK Y129 0.0936 EAN U
Y62 0.5060  HhRFIHER Y17 03363  fILEEMEE | Y162 0.2096 EAN O Y132 0.0936 SR HUK
Y372 0.5036  HPRFIHER Y79 03244 LB AL F24 0.2078 AR Y133 0.0936 AR
Y81 0.5020  VREFTREL | Y152 03233 fiEMmER | Yiee  0.2070 UK Y135  0.0936 FAN U
Y69 0.4874  fREEMIEY | Y111 03126  fLEmIE: | Y151 0.2068 FAN O Y136  0.0936 R UK
Y384 0.4781  AIREETE: Y23 03124  ILEFIEL Y27 0.2058 AU Y139  0.0936 AU
Y425 04653  AREEmEE | Y93 03053 flLEEmEE | Y48 0.2052 UK Y141 0.0936 FAN U
Y76 0.4458  REETTE: Y96 02977  RJEMER Y3 0.2035 EIN TR Y145  0.0936 R U
F58 0.4449  MRFEEMHE: | YS29 02955  fIRFEHER Y51 0.2020 AR Y146 0.0936 AU
Y140 0.4444  REETREL | Y189 02943  {REEMHER | Y420  0.1991 UK Y147  0.0936 EANOR
Y344 0.4323  fRAEEmER | Y421 02942  fREEMEE | Y356 0.1904 R U Y149  0.0936 R UK
Y159 0.4265  AREEMHEL | Y157 02940  REEMHER FI2 0.1867 AR Y150  0.0936 AU
Y68 0.4252  MREEMHER | YS25 02937 fRETHER F45 0.1706 LUK Y154 0.0936 LUK
Y387 0.4206  REEMIEY | Y494 02923 fREEWE: | Y104 0.1696 EEN O Y163 0.0936 UK
Y75 0.4188  AREEMHEL | Y440 02919  fREEMHE:R | Y175 0.1656 U Y172 0.0936 R g
Y197 0.4126  fREEMmIE: | Y131 0.2880 LML | Y355  o0.1611 LR R Y182  0.0936 EAN O
Y41 0.4103  fIRAEEWHER | Y101 0.2836  ILJEHER F10 0.0936 AU Y194 0.0936 AR U
Y518 0.4095  fREEMHER | Y346 02807  IRAEMHER F16 0.0936 UK Y198  0.0936 AU
Y46 0.4089  MREEMHEL | Y349 02793  fRETHE: F3 0.0936 EAN O Y200  0.0936 FEN O
Y160 04013  fIRAFIH &R Y87 02737  ARSENHER F33 0.0936 LU Y21 0.0936 AR UK
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Fig.2 Cluster analysis of salt tolerance of 186 Brassica napus germplasm resources
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Supplementary Table 1 Average membership function values of 186 Brassica napus germplasm materials

TR R R U T353R pR B RR2E R YRR e HUE ST 1555 I e U TR R R U
MR MEZ R MEHZ R MEER MR MR
Average membership Average membership Average membership Average membership Average membership Average membership
Material Material Material Material Material Material
function value function value function value function value function value function value

Y203 0.7207 Y62 0.3877 Y520 0.2550 Y87 0.1698 Y355 0.0644 Y141 0
Y336 0.7186 Y372 0.3858 Y78 0.2530 Y108 0.1622 F10 0 Y145 0
Y195 0.6998 Y92 0.3855 Y103 0.2517 Y153 0.1604 Fl6 0 Y146 0
Y343 0.6964 Y69 0.3684 Y64 0.2478 Y89 0.1560 F3 0 Y147 0
Y85 0.6449 F58 0.3669 Y33 0.2471 Y410 0.1545 F33 0 Y149 0
Y84 0.5872 Y425 0.3631 Y95 0.2435 F47 0.1502 F35 0 Y150 0
Y100 0.5726 Y387 0.3489 Y17 0.2302 Y77 0.1476 F41 0 Y154 0
Y110 0.5596 Y159 0.3405 Y18 0.2271 Y72 0.1470 F43 0 Y163 0
Y167 0.5525 Y344 0.3355 Y79 0.2225 YS 0.1439 F44 0 Y172 0
Y366 0.5102 Y76 0.3310 Y71 0.2204 Y155 0.1435 F46 0 Y182 0
Y196 0.5079 Y140 0.3305 Y152 0.2141 Y345 0.1311 F50 0 Y194 0
Y88 0.5054 Y197 0.3273 Y157 0.2111 Y73 0.1270 F52 0 Y198 0
Y472 0.5034 Y518 0.3273 YIl1 0.2066 F18 0.1258 F55 0 Y200 0
Y94 0.4858 Y160 0.3244 Y529 0.2058 Y161 0.1233 F56 0 Y21 0
Y83 0.4813 Y183 0.3111 Y93 0.1999 Y408 0.1203 F8 0 Y35 0
Yol 0.4504 Y75 0.3053 Y23 0.1988 F24 0.1181 Y106 0 Y377 0
Y45 0.4494 Y68 0.3006 Y440 0.1988 Y3 0.1135 Y107 0 Y39 0
Y364 0.4297 Y184 0.3000 Y189 0.1986 Y80 0.1131 Yil6 0 Y401 0
Y43 0.4296 Y170 0.2974 Y525 0.1980 Y162 0.1125 Y121 0 Y411 0
Y56 0.4204 Y46 0.2966 Y494 0.1956 Y47 0.1118 Y123 0 Y416 0
Y49 0.4204 Y41 0.2889 Y421 0.1931 Y151 0.1085 Y124 0 Y418 0
Y86 0.4096 Y54 0.2864 Y349 0.1922 Y166 0.1081 Y125 0 Y426 0
Y384 0.4088 Y391 0.2808 Y96 0.1899 Y27 0.1059 Y126 0 Y430 0
Y359 0.4082 F32 0.2782 Y131 0.1878 Y48 0.1059 Y127 0 Y473 0
Y74 0.4058 Y109 0.2728 Y101 0.1852 Y51 0.1033 Y128 0 Y474 0
YS8 0.4030 Y158 0.2658 Y191 0.1830 Y420 0.1003 Y129 0 Y491 0
Y82 0.4027 Y477 0.2637 Y346 0.1826 F12 0.0903 Y132 0 Y493 0




Y70
Y90
Y499
Y81

0.4025
0.3994
0.3934
0.3899

Y25

Y404
Y130
Y475

0.2601
0.2583
0.2572
0.2565

F2
Y433
Y164
Y515

0.1777
0.1718
0.1703
0.1702

Y356
Y104
F45
Y175

0.0903
0.0803
0.0737
0.0706

Y133
Y135
Y136
Y139

Y66
Y97
Y98
Y99

(= - =)
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