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Abstract: Soil salinization-alkalization are widespread global issues. Cultivating salt-alkali tolerant plants is
a crucial strategy for the remediation and management of saline-alkali lands. In this study, twelve accessions of
Brassica napus were used to investigate the effects of saline-alkali stress during seed germination. Stress was
imposed using a mixture of NaHCO, and Na,CO, at a molar ratio of 9: 1, with seven concentrations including the
control (0, CK), 10, 20, 30, 40, 50, and 60 mmol/L. The results showed that the germination potential and
germination rate of rapeseed did not differ significantly from the control under 10-40 mmol/L saline-alkali stress,

but decreased significantly at 50-60 mmol/L. Compared with the control, germination speed, root length,
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hypocotyl length, and vigor index all decreased significantly with increasing stress concentration. Under
10-40 mmol/L stress, the activities of peroxidase (POD) and catalase (CAT) increased with rising concentrations,
peaking at 40 mmol/L, and declined at 50 mmol/L. Malondialdehyde (MDA) content showed no significant
difference compared to the control under any of the concentration stresses. Through significance analysis,
40 mmol/L was identified as a suitable concentration for large-scale screening of saline-alkali tolerant rapeseed
germplasm. Using this concentration, 87 core accessions of Brassica napus were evaluated for saline-alkali
tolerance. The relative germination potential, relative germination rate, relative root length, relative fresh
weight, and relative hypocotyl length all exhibited normal distributions, indicating abundant genetic variation in
saline-alkali tolerance among the materials. Correlation analysis revealed a highly significant positive correlation
between germination potential and germination rate. Both traits were positively correlated with hypocotyl length
but showed a highly significant negative correlation with root length. Principal component analysis showed that
the first three principal components cumulatively explained 84.16% of the total variance, with relative
germination potential, relative germination rate, and relative fresh weight accounting for 43.30% of the
variation. Based on D-values from cluster analysis, the 87 accessions were classified into five groups, from
which one highly tolerant, five tolerant, and three sensitive germplasms were identified. This study established a
reliable method for evaluating salt-alkali tolerance of B. napus and identified tolerant germplasms, which

provides methods and materials for the identification of salt-alkali tolerance and variety breeding of B. napus,

and lays a foundation for elucidating the molecular mechanism underlying salt-alkali tolerance in B. napus.

Key words: Brassica napus L.;salt-alkali tolerance ; seed germination ;identification
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Fig. 1 Growth performance of rapeseed cotyledons stage under salt-alkali stress
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Table 2 Seed germination of 12 rapeseed accessions under different salt-alkali stress concentrations

Y (mmol/L) KA %) R (%) REFREL 4 (em) FARAK (em) LWL
Concentration GE GR GI RL HL VI

0 93.83+8.75a 98.67+1.83a 31.03+4.76ab 1.90+0.37a 2.10+0.29a 56.62+17.67a
10 95.17+9.73a 98.50+3.19a 31.76+6.66a 1.51+0.41b 2.05+0.41ab 47.75+15.60a
20 95.00+8.19a 98.50+2.38a 29.42+4.62ab 1.11£0.36¢ 1.81+0.28b 32.37+10.03b
30 94.33+7.61a 97.83+3.06a 28.28+4.92abc 0.76+0.25d 1.55+0.28¢ 21.02+6.78¢
40 89.75+12.49ab 96.58+5.16ab 26.42+4.26bc 0.42+0.17¢ 1.1940.27d 11.12+4.42d
50 82.33+16.36b 91.67+9.00b 24.13+5.24c¢ 0.23£0.06ef 0.90+0.20e 5.55+1.90d
60 64.75£17.87¢c 77.33+12.30c 18.97+4.30d 0.17+0.05f 0.81+0.17¢ 3.32+1.17d

ING FRR AN LB [RIE P<0.05 KV F 225 BE; T
Lowercase letters indicate the significant differences between different salt-alkali concentrations at P<0.05 level; GE: Germination energy; GR:

Germination rate; GI: Germination index; RL: Root length; HL: Hypocotyl length; VI: Vigor index; The same as below
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Fig. 2 Effect of salt-alkali stress on POD activity, CAT activity and MDA content in rapeseed
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Table 3 Phenotypic variation analysis of seed germination under salt-alkali stress

izt 7D e/ ME R KAE FHE bRz A5 2B %)
Index Min. Max. Mean SD cv

Xif B2 % 2E44(% ) GE of CK 10 100 94 1091 11.57
SbFRZH % 25 35(% ) GE of T 2 100 88 15.05 17.10
AHXT & 2534 Relative GE 0.20 1.00 0.92 0.12 13.04
Xf HRZH & 2% % ) GR of CK 92 100 99 1.80 1.82
SRR K 24 (%)GR of T 2 100 95 11.69 12.25
HHIXT % 2R Relative GR 0.72 1.00 0.97 0.05 5.15

XJ HRZH T IR (em)HL of CK 1.78 7.90 3.14 1.04 33.05
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Bzt e/ ME N1 M brifE2E 5 R K (%)
Index Min. Max. Mean SD cv
JEERZE T IR (em)HL of T 0.64 4.02 2.12 0.75 35.60
AHXE T IR Relative HL 0.09 0.97 0.70 0.21 30.00

X BEZH AR (em)RL of CK 1.25 10.46 6.30 2.54 40.31
AEPREA ARG (em)RL of T 0.22 2.81 0.80 0.52 64.08
AN AR Relative RL 0.04 0.93 0.16 0.16 100

XJ REZH EFF (g)FW of CK 0.17 0.65 0.33 0.08 22.57

Qb PHEH £ H (g )FW of T 0.14 0.67 0.30 0.07 21.52
AHX} I E Relative FW 0.40 1.00 0.84 0.11 13.10

CK &R 4 B8, T %75 40 mmol/L [ ER By B

CK indicates the control group, T indicate salt-alkali concentrations of 40 mmol/L
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Fig.3 Frequency distribution of relative germination energy, germination rate and fresh weight under salt-alkali stress

40

S5 Frequency

0.4 0.6 0.8
FHXHRAK: Relative RL

& 4

0.2

1.0

25

J%L Frequency

1.4

1.2

0.4 0.6 0.8 1.0
AR PRSI Relative HL

0.2

ERHRARE T A X R AR X TS BR S K B 378 53 7
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222 EEEHE T EERAEXEMER ST
XK BRI A AR EA TR A T, R IR 2
g R AR A R IE A AR R B 0.70, 5T
JRAI S R IS MO R BN 0.23, SRR S
BEGAR, MR REON-0.30. KZFRE TG

ik 7 35 A B IR AT DG, A R B IR 0.36 F
0.30, S 2 B & AHDC, M 2C RO -0.33,
R R A R R O RO R
—0.64, 5 fif 7 2 W D 2 IE A OC, AHOC R ECh 0,43,
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Table 4 Correlation analysis of various indices under salt-alkali stress

4% Index KHFH GE KEHH GR TR HL M RL fif F FW
R GE 1

KEFH GR 0.70%* 1

TR HL 0.23* 0.36** 1

R RL -0.30%* —0.33%* -0.64%* 1

fif & FW 0.20 0.30%* 0.43%* -0.22% 1

#RE 43 I F R TE P<0.05 Al P<0.01 7K i 24

* and ** indicate significant correlaion at the P<0.05 and P<0.01 levels, respectively

FRGTHT (3R 5) B, 55 1 TR RHIE(E
217, 7 Z TR E] T 43.30%, £ BB TR
TR B TP A 2 K — 3R 508 S o Bl RRIEAE A
25 TTHRFR I SN , U B 5 T A 32 o0 o i LA B
AR VR R R ) OIS o 27 3 B A I RRIE (L
£S5 A3 ERSHFHIEE GFEEEMZIERN ST

104 0.86, 7 22 TRk R M 17.22%., 4 P B 3 a4
() Bt 5 22 STk R A T 809%~88% =[] I, | 6 B
LB ) AR R R B 15 2 . AR 34
F A B 22 TR R 84.16% , v A AR iR 4R 5L
P24 80% LA _E AR Sk

Table S The eigenvalues and eigenvectors of the first three principal components and total load of each index

$ekbr 4> Principal components TR
Index 1 2 3 Total load
AHXT & 253 Relative GE 0.48 -0.24 0.14 0.31
AHXT & 2% Relative GR 0.48 -0.22 0.15 0.30
AHXS T IR Relative HL 0.37 0.58 -0.60 0.83
AHIXFHR K Relative RL -0.21 0.67 0.67 0.94
FHXTEE TR Relative FW 0.55 0.32 0.37 0.54
FFHE{E Eigenvalue 2.17 1.18 0.86

5 2% 51Hk# (% ) Variance contribution rate 43.30 23.64 17.22

Z41 7 25 51wk (% ) Cumulative variance contribution rate 43.30 66.94 84.16

MRS AT LIE 50 1 EROr i EE bR e R 7R B MR b TSR Sk R

AEXT & 25 3 AH X & 2 S A X fef 8, FLARRAE ) o
435100 0.48 .0.48 F110.55, L5 S e 1 119 & 2516
TR AR . 552 RS AT IR
F AR AR AR AT, FRAE [0 1 43591 4 0.58 Fil
0.67, FEAR T AT ST IR AR K. 5653
T2 43 5 AR R AR A FRE X i B A G, AR ) 1
i5#]0.67 #10.37,

2.2.3 R RGRFMENE S IENMRERFR

(1) DAEL , 43 DAEXT 87 1 BB T SRk i1 745 &
PR (R 6) o BERMRLE DAE I KR 2.40, 25 5 4
F AT 10 MR FR IR 145 A2 106, Hla 82470,
363.971% .88-2 MBI ILE (H56 A8 135 1[I H-53.
Fie FE DK/, IS5 G $h 5 1 T I & T8 4
i 26 1 07 vy ot R A 5 < KIS 155 5 0 i 6 A
it 97 1% . 88-2.363 . 7 22 106 . Hla 82470; 3 /7 £h il
USRI T R FE1 S w125 15 (KT,
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Table 6 D value and ranking of saline-alkaline resistance of materials

FEL 2B D1 He# MR FR D1 He# MR R Dfi He#
Material name Dvalue  Ranking Material name Dvalue  Ranking Material name Dvalue  Ranking
Ko 15 2.40 1 Yic Kaden 0.50 30 T PH 84-8 -0.13 59
106 1.85 2 741 0.45 31 Ew-2 -0.14 60
HJa 82470 1.79 3 MF—5 0.44 32 Annick -0.15 61
363 1.64 4 Dac chosen 0.44 33 FHih125 -0.16 62
971k 1.55 5 JFo7 0.43 34 LINGOT -0.20 63
88-2 1.54 6 13 9611-19 A Hl1 3 =2 0.43 35 4092 -0.21 64
vy 1.45 7 JI1h 93305 (EF3HI3E) 0.42 36 T2 -0.22 65
H56 1.44 8 78007 0.42 37 RV3 -0.23 66
M35 1.40 9 951061 0.42 38 77-258 -0.24 67
JIIhH-53 1.37 10 870921-4 0.41 39 Line -0.25 68
7306 1.36 11 PRI 0.41 40 Casion -0.26 69
JHEAF T A 1.35 12 Wit 145223 84-1 0.40 41 235 -0.27 70
Puma-SV.8627102 1.33 13 Ty 0.39 2 96628 -0.28 71
£k 205 1.32 14 P6036-1 0.39 43 JEF 52 -0.29 72
JIih =" 1.30 15 4050-4149 0.39 44 DH 9-2 -0.30 73
751209 1.29 16 e\ 0.38 45 W YR 7K -0.31 74
8M2280 1.28 17 FIR -1 0.38 46 =ihs -0.32 75
HER 1S 1.27 18 28669 0.37 47 TR F RIS -0.34 76
1-Y-14 3113 1.26 19 940171 0.36 48 X1 -0.35 77
6024-2 125 20 83008 0.36 49 Target -0.37 78
AR =2 1.24 21 T 15 0.35 50 TR = -0.38 79
Koolzaad-2 1.23 22 96786 0.34 51 Kk -0.39 80
WW 1307 1.23 23 RESS 0.33 52 4155 -1.40 81
Tripol 122 24 AB448 0.32 53 GSB615 -1.50 82
6084 1.02 25 82-2524 0.31 54 GSB611 -1.53 83
P20 1.21 26 Ru6 0.29 55 Ganpol -1.72 84
SV.Global 1.20 27 P3 0.27 56 RE1S -1.95 85
H25 1.19 28 o -0.06 57 =il12% -2.03 86
PR T gh3E 0.47 29 SV.02312 -0.13 58 1S -2.12 87

FR7 Tk ROMTERE  Eh AR Bk B0 H IR Y i SR

Table 7 Screening of salt-alkali tolerant and sensitivity rapeseed germplasm

' AL FR KHRE(%) R (%) TR (em) K (em) fif e (g)
No. Material name GE GR HL RL Fw
22 pASTIiRE=2 96 99 2.40 0.87 0.84
85 EL106 97 99 1.95 0.56 0.29
40 HJa 82470 96 96 2.51 0.57 0.38
6 363 99 100 1.96 0.82 0.30
75 973k 97 100 2.20 0.81 0.33
59 88-2 100 100 3.12 1.12 0.34
5 REL1S 60 83 0.56 0.29 0.40
34 =125 93 99 0.94 0.11 0.90

24 L5 97 98 0.83 0.24 0.75
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Fig.5 Cluster analysis of 87 rapeseed

germplasms based on D-value
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