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Effects of NaCl and Na,SO, stress on germination of winter rapeseed

( Brassica rapa L.) and analysis of salt resistance
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Abstract: Winter rapeseeds’ ( Brassica rapa L. ) seeds from six cultivars was treated by mixed solution of NaCl and
Na, SO, (mole ratio of 1:1) to investigate the salt tolerance for screening of salt tolerance winter rapeseed. The concentra-
tion of mixed solution included 0 (CK), 45, 90, 135, 180, 240 mmol*L~"'. Seed germination and growth parameters
were determined. The results showed that salt concentration of 45 mmol+L~" and 90 mmol+L~" had little effect on seed
germination but 135 mmol*L~" and 180 mmol - L~ ! significantly inhibited the germination of seeds, germination poten-
tial, germination rate, germination index, vigor index, length of radicle and plumule, fresh weight and dry weight, indi-
cating that salt concentration of 135 ~ 180 mmol*L~" could be considered as the appropriate concentration of salt resis-

tance identification. Moreover, the salt stress sensitivity of these indicators differenced a lot. Germination index, vigor
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index, plumule length and fresh weight and salt concentration were negatively correlated, suggesting that they were the

most sensitive indicators. The salt tolerance critical value of ky — 1, ky — 10 = 191 and ky — NDJ were 133. 895,
123.264, 107.399 mmol+ L~ !, while that of Pingyou 1, 10 — 191 and NDJ were 117.394, 103.947, 93.834 mmol

L~", respectively. The former was significantly higher than the latter. Comprehensive evaluation indicated that the salt-

tolerance rank of six winter rapeseeds was ky — 1 > ky — 10 — 191 > Pingyou 1 > ky — NDJ > 10 — 191 > NDJ.

Keywords: NaCl; Na,SO,; salt stress; winter rapeseed ( Brassica rapa L.); germination; salt Tolerance
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Table 1 Two-way variance analysis of salt concentration and varieties
XUHE J5 25530 g 7 ;
Two-way variance PSR A By F
analysis Source SS MS
#eJE Concentration 7.33 1.47 492.92* ¢
. kﬂ:ﬁh . & Lines 0.88 0.18 59.22° "
Germination potential
W x i & Concentration X Lines 0.42 0.01 571
e Concentration 7.99 1.60 566.75"
PR % Lines 0.51 0.10 36.28" "
Germination ratio
WRIE x it & Concentration x Lines 0.45 0.01 6.33" "
W Concentration 4510.56 902.11 1522.32° 7
S g
Cokchiatin R Lines 363.11 72.62 122.55" "
Germination index
W x i & Concentration X Lines 89.65 3.59 6.05" "
WeE Concentration 1872.80 374.56 1868.93" *
LPAE R o . -
Vitality index 7R Lines 122.25 24.45 122.00
W x 5t & Concentration X Lines 55.34 2.21 11.05" "
e Concentration 4319.46 863.89 2271.09" *
AR K
Rafjf:;gth fh 7 Lines 15.51 3.10 8.15""
HeJE x i & Concentration x Lines 12.91 0.52 1.36
W Concentration 255.05 51.01 1066.49* *
MEZEK o . -
A S 2.01 LA . ‘
Plumule length il % Lines 0 0.40 8.41
W x & Concentration X Lines 2.14 0.09 1.79° "
WeJ# Concentration 4.39 0.88 2240.72° "
Frefv%ight 't % Lines 0.19 0.04 98.57* "
W BE x i & Concentration X Lines 0.14 0.01 13.90° *
W Concentration 0.02 0.00 805.92" *
DwTi i B % Lines 0.00 0.00 49237
W x i & Concentration X Lines 0.00 0.00 7.88" "
TE: o« il x x SPBI7R 0.05 10,01 BEKFE, TR,
Note: * and * * indicate significant level at 5% and 1%, respectively. The same as below.
2 NaCl # NaySO, & G iMB X B3 E & 3K F L F BRI RN
Table 2 The effect of NaCl and Na,SOj stress on germination potential of winter rapeseed ( Brassica rapa L. )
b pE K ZEH Germination potential/ %
Salt concentration 1=
- - ~10- - - ND
J(mol-L-1) ky-1 Pingou 1 ky - 10- 191 10-191 ky - NDJ J
CK 92.22+1.92a 90.00 +3.33a 82.22+5.09a 85.56 +3.85a 84.44+1.92a 83.33 +0.00a
45 91.11+1.92a 81.11+11.71a 82.22+1.93a 78.89 +5.09ab 78.89+1.92b 68.89 +1.92b
90 90.00 +3.33a 80.00 + 3.33ab 80.00 + 0.00a 74.44 +1.92b 73.33£0.00c 60.00 + 3.33¢
135 75.56 +1.92b 61.11 +15.03bc 68.89+1.93b 51.11+1.92¢ 54.44 +3.85d 44.44 + 8.38d
180 65.56+1.92¢ 60.00 + 15.27¢ 61.11+1.93¢ 36.67 +10.00d 46.67 £ 3.33e 6.67 +3.33e
240 20.00 +3.33d 11.11£8.38d 18.89 +3.85d 8.89+3.85 0.00 = 0.00f 0.00 £ 0.00e
cv 0.361 0.441 0.351 0.502 0.521 0.730

TEARVNEFREIR 0.05 K2R 035, OV AR R T,

Note: Different lowercases indicate significant difference at P <0.05. CV: Coefficient of variation. The same as below.
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240 mmol + L= " £h ¢ J&£ AL FEAH L, 180.135.90 mmol - Hg MR EA ML (A & F (R) A 5
L™'F1 45 mmol+ L™ "3h ¥k B AR, &G T3 485005300 Rk S AR A RHE O 48 BU7E R — b #HKSF- T
ThiE 1.91.4.99.8.97 Fl 11.82, CK & Fik#li AR MBAEZES, WERR N 180 mmol - L™ B, 7§
KK 12,860 Tl 15 BT m AU, 70 48 EURIRERI N ky - 1> ky - 10- 191 > Vil 1 5
R 1.18.2.70.5.34 1 8.83, CK 2514 K 11.22, > ky - NDJ > 10 - 191 1 NDJ,

B 1 SR E SR

Fig.1 Characteristics of salinization soil

Hi-NDJ (1802 -NDJ(240)

2 BXRBZHRXARPEMEZZFGTHMFHRIMERKER
Fig.2 Seed germination and seedling growth of winter rapeseed ( Brassica rapa L. ) under salt stress or in distilled water
TE: Al = A6: Tt #h A&l - ky — 15 BI - B6: 1EH T H Al 1455 C1 - Co: Tt #h 43 ky — NDJ; DI - D6: 1E# "Ik NDJ
Note: Al — A6: Salt resistant material: ky — 15 Bl — B6: Corresponding normal material: Pingyou 1; C1 — C6: Salt resistant material: ky - NDJ; DI —
D6: Corresponding normal material: NDJ .
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% 3 NaCl #1 Na,SO, E & MBI AR R L ihEMF L F RN

Table 3 The effect of NaCl and Na,SO, stress on germination percentage of winter rapeseed ( Brassica rapa 1..)

vk K 2f# Germination percentage/ %
Sa/lz ;f::slfin]ir_a }1)0 " ky-1 ?i:l:iu%ll ky-10-191 10-191 ky — NDJ NDJ
CK 100.00 £ 0.00a 100.00 £ 0.00a 100.00 £ 0.00a 100.00 £ 0.00a 100.00 £ 0.00a 100.00 £ 0.00a
45 100.00 £ 0.00a 94.44 +5.09ab 96.67 +0.00a 93.33+5.77a 93.33+3.33ab 92.22+5.77ab
90 97.78 £ 1.92a 91.11 +8.39ab 93.33+3.33a 91.11 £5.09a 90.00+5.77b 87.78 +5.09b
135 87.78 +1.92b 83.33 +3.33hc 81.11+1.92b 74.44 +£5.09h 71.11+£1.92¢ 63.33 +10.00c
180 80.00+3.33¢ 71.11 £ 11.71¢ 74.44 £ 11.71b 54.44 +5.09¢ 62.22+5.09d 31.11+6.94d
240 34.44 +£5.09d 28.89+11.71d 31.11 £5.09 25.56 £5.09d 3.33+3.33e 0.00+0.00e
cv 0.286 0.326 0.308 0.370 0.480 0.600

F 4 NaCl 1 Na,SO, £ & B X AR B L il EMF L FIE =

Table 4 The effect of NaCl and Na,SO, stress on germination index of winter rapeseed ( Brassica rapa L. )

ke K 2FFE%K0 Germination index
Salt concentration Sy =3
/(mol- L) ky-1 E‘Eyiu : ky - 10191 10- 191 ky - NDJ NDJ
CK 22.11+0.50a 21.08 +0.76a 21.03+0.80a 20.66+0.64a 20.54+0.13a 19.58 +0.39a
45 21.12+0.51a 16.66 +0.25b 18.14 £ 0.90b 14.92+0.57b 16.82+0.67b 13.20+1.79b
90 18.95+1.18b 13.91+0.07¢ 16.46 £ 1.76b 11.61 +0.03¢ 12.43 +0.62¢ 10.60 +0.32¢
135 11.78+0.62¢ 9.41 +0.40d 10.74 +0.19¢ 8.44 +0.81d 7.56+0.42d 6.07+1.21d
180 9.07 +0.49d 7.52+1.51e 7.73+1.24d 5.12+0.48e 6.18+0.67e 2.17+0.34e
240 3.09+0.35 2.21+0.96f 2.76 +0.42¢ 2.03 +0.45f 0.16£0.17f 0.00 £ 0.00f
(4% 0.499 0.543 0.513 0.609 0.662 0.803

%+ 5 NaCl # Na,SO, £ BB Y A B L 3Ef FiF A58 H &2 0

Table 5 The effect of NaCl and Na,SO, stress on vitality index of winter rapeseed ( Brassica rapa 1..)

ke 1% 14648 Vitality index
Salt concentration N =)
(ol L-1) ky - 1 Eﬁyﬁj ky - 10 - 191 10 - 191 ky - NDJ NDJ
CK 12.86 £ 0.59a 11.22+0.%4a 12.02+0.17a 11.04 £0.69a 10.86 +0.69a 10.56 + 1.06a
45 11.82+0.05b 8.83+0.19b 9.74+0.95b 7.76 +0.52b 8.58 +0.30b 6.71 = 1.14b
90 8.97£0.45¢ 5.34+0.15¢ 6.95+0.59¢ 3.75+£0.42¢ 3.54+0.23¢ 2.80+0.19¢
135 4.99+0.23d 2.70 +0.05d 3.45+0.42d 2.17+0.16d 1.80+0.08d 1.18+0.19d
180 1.91+£0.17¢ 1.18+0.19¢ 1.28+0.18e 0.00 +0.00e 0.66 +0.09% 0.00+0.00d
240 0.00 +0.00f 0.00 = 0.00f 0.00 = 0.00f 0.00 +0.00e 0.00 = 0.00f 0.00+0.00d
cv 0.737 0.856 0.811 1.018 0.992 1.139

2.6 NaCl #1 Na,SO, BMEXT ARB L WM EERK KB PELEFAKF, K 90 mmol - LI, JEH

A KPR FEARE M, 5 CK A, ky - 1. ky -

e 30 Y A 40 R AR AR 2R (2 6)0 45 10— 191 ky — NDJ RSP 15,10 - 191, NDJ F - F-iR
mmol - L™ R SEAL LT, M #h A T3 ky — Lky - 10 e sl R 79 629 .82.69% .89.77% .85.95% .
— 191 Fil ky — NDJ IR ZE A8 CK 3 A TR BI) i 35 2% 88.17% .90.80% , i Fh TR 2K 40 5 F & 46.12% .
S, T 1510 - 191 1 NDJ (IR 2R K48 CK
Bk3| % 2= 7 K o [AlEf ky - 1.ky - 10 - 191 .ky
— NDJ FIF-3 15,10 - 191 .NDJ A9 IRHR K 4% CK 1

58.87% .66.36% .54.46% .63.76% .73.58% o 240
mmol + L™ "ER ¥ BE W 52 A T AR HT AR K
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2.7 NaCl #1 NSO, BB BB L MM EEY  NmILESIHEYE .
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TR SR PP ) Tt 4 P SeR 55 1 T S AR 20 R 7 FASRAE ST R, & Sl bRl K 215 5T

4 NaCl F1 NaySO, I8 X [ 25 B 4 i =2 Fp A= ) o
RIA RN o 45 SR 7 d R E AL 3 )
Pt f AT ERARAZE L TS, 145
mmol * L' KL B8, B F AT EH K CK Kk F|
B E 22 R IKF 590 mmol - L' 8 B AT E 4L CK 2
RFN B 2 5K R, & T R R T T
R EE = T 180 mmol - L™ A, 2 F T F A R
Hrpr 10 - 191 #1 NDJ Ff 715 & JLF- 58 4252 B4 ],

LR T 240 mmol - L™, PRV ZE AU AR 3 T4

TIFEEC R ZE K R 7 5 ER e B 38 S At 2 R O
(P<0.01), N R & ZFHR 80 06 I8 80 R EF K
et 5 R Al e U (3 8) o R H A H ik
JEHEATRAPE BG40, a7 [m I 5 R, AR Al
P ER G SR, 28 J5 % i £ I S 2E1 T 7 22 40 B
(£ 9)o ky— 1 WK ZFFRECAG J146 80 0 28K Ffif
AT ER G FHE W = T 1S A S R

133.895 mmol - L™=l 117.394 mmol - L~ !, K 5] g 1
25 55 ky — 10 - 91 & ZE48 8K E I 1R 8 R ZE K RN

R 6 NaCl # NSO, B &8 3T B 3B L i ST B IR KA ZF R B0
Table 6 The effect of NaCl and Na,SO, stress on radicle and plumule length of winter rapeseed ( Brassica rapa L. )

ZR on:! NaCl #¢ & NaCl Concentration/(mmol+L™")
Parameter Material CK 45 90 135 180 240 «
ky-1 9.57+1.29a 5.77+0.43b 1.95+£0.31¢ 1.08 +£0.32d 0.40+0.11e 0.00 £ 0.00e 1.126
MZY =
” :E{mlﬁ 9.54+£0.75a 5.24+1.08b 1.34+0.37¢ 0.82+0.23d 0.32+0.11de  0.00 +0.00e 1.224
AR Pingyou 1
l}adic}lle ky-10- 191 9.59+1.97a 5.67+0.70b 1.66+0.32¢ 0.88+0.27cd  0.35+0.11de  0.00+0.00e 1.194
en;
/c%tn 10-191 9.55+0.86a 5.19+0.78b 1.13+£0.33¢ 0.64+0.22d 0.05+£0.11e 0.00 £ 0.00e 1.296
- NDJ 9.58+1.27a 4.54+0.78b 0.98+0.27¢ 0.52+0.13¢cd  0.19+0.07d 0.00 +0.00d 1.345
NDJ 9.46£0.91a 4.44+0.65b 0.87+0.23¢ 0.45+0.11d 0.00 £ 0.00e 0.00 £ 0.00e 1.384
ky-1 2.19+0.26a 2.01+£0.32a 1.18 £0.39b 0.62+0.15¢ 0.37+0.08d 0.00 £ 0.00e 0.804
Tt 15
e . 2.24+0.31a 1.91+0.28b 1.02£0.20c 0.57+0.13d 0.21 £0.06e 0.00 +0.00f 0.869
ZE K Pingyou 1
Pllumullle ky-10- 191 2.16 £0.44a 2.06 £0.29a 0.91+0.33b 0.57+0.16¢ 0.27+0.07d 0.00 £ 0.00e 0.885
‘;I;%tn 10-191 2.18+0.26a 1.93+£0.37b 0.79+0.14¢ 0.50+0.09d 0.00 +0.00e 0.00 £ 0.00e 0.991
ky — NDJ 2.17+£0.33a 2.05+0.35a 0.73+0.13b 0.49+0.10c 0.14+0.05d 0.00+0.00d 0.965
NDJ 2.12+£0.28a 1.87+0.34b 0.56+£0.13¢ 0.43+0.11¢ 0.00 +0.00d 0.00 +0.00d 1.059
7 NaCl #1 NapSO, EREAMEN ARB L iHKEEHENTENZIT
Table 7 The effect of NaCl and Na,SO, stress on fresh and dry weight of winter rapeseed ( Brassica rapa L.) germ-seedings
SR PoE! NaCl #& & NaCl concentration/(mmol-L~") or
Parameter Material CK 45 9 135 180 240
ky-1 0.582a 0.560a 0.474b 0.424¢ 0.211d 0.000e 0.569
Tl 15
e Pingyou 1 0.533a 0.530a 0.384b 0.287¢ 0.159d 0.000e 0.631
Fr?;l}:t -10-191 0.572a 0.536a 0.423b 0.321c 0.166d 0.000e 0.621
wel
(g-plants~) 10 - 191 0.534a 0.520a 0.323b 0.258¢ 0.000d 0.000d 0.819
- NDJ 0.529a 0.511a 0.285b 0.238¢ 0.107d 0.000e 0.719
NDJ 0.53% 0.507a 0.264b 0.195¢ 0.000d 0.000d 0.886
ky -1 0.035a 0.033ab 0.031be 0.028¢ 0.020d 0.000e 0.504
.9 =)
{‘m 1% 0.033a 0.031ab 0.029b 0.024c 0.015d 0.000e 0.545
& Pingyou 1
D_Qin -10-191 0.035a 0.032ab 0.029b 0.025¢ 0.016d 0.000e 0.537
weig]
(g-plants™1) 10 - 191 0.031a 0.031a 0.025b 0.023b 0.000c 0.000c 0.756
ky - NDJ 0.031a 0.029ab 0.025b 0.020¢ 0.011d 0.000e 0.581
NDJ 0.031a 0.029a 0.023b 0.019¢ 0.000d 0.000d 0.769
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Table 8 Correlation coefficient between germination indexes and salt concentrations of different winter rapeseed ( Brassica rapa L. )

ok R KRR R AR Y 2K JEARAC fif T
Material GE GR GI VI PL RL FW DW
ky -1 -0.894" -0.869" -0.979" " -0.987" " -0.978" " -0.903" -0.957"" -0.902"
oo 1 2
:)E(EEI 7 -0.913" -0.909" -0.99" " -0.976" -0.971" " -0.875" -0.986" " -0.946" "
Pingyou 1
ky-10-191 -0.882" -0.907" -0.992" " -0.986" " -0.955"" -0.890" -0.988" " -0.946" "
10-191 -0.975"" -0.960" " -0.989" " -0.948" " -0.945"" -0.867" -0.962" " -0.922""
ky - NDJ -0.940" " -0.915" -0.994"" -0.942" " -0.935"" -0.848" -0.981"" -0.973" "
NDJ -0.974" " -0.965" " -0.984" " -0.921" " -0.922" " -0.845" -0.962" " -0.945" "

I :GE,GR, GI, VI, PL, RL, FW, DW J} 378 S 253, B 2038 B 2080 1 AR IR 2 I ARG B o, T3, T ),
Note: GE, GR, GI, VI, PL, RL, FW and DW indicate germination potential, germination percentage, germination index, vitality index, radicle length,

plumule length, fresh weight and dry weight, respectively. The same as below.

9 AEEHMFXEFBERSHRRENEXER LR EHIEFE
Table 8 The correlation coefficient between the salt — sensitive indicators and salt concentrations and

their critical salt concentration of different winter rapeseed ( Brassica rapa L.) seeds

ok eIty Ial =y i % [GE RSN ¥iE
Material Index Regression equation Critical value Mean
RHFFEEL CL y= —0.084x +24.032 0.958" " 154.210
T JIH8% VI y=—-0.059x + 13.564 0.974% 120.550
ky-1 . , 133.895a
JrZE K PL y=-0.010x +2.199 0.956" 111.629
i FW y=-0.002x +0.658 0.916" " 149.192
KRR Gl y= —0.077x +20. 600 0.992" " 131.478
Sl 1 2 514688 V1 y=—0.049x + 10.513 0.953" 100.078 117 398abe
Pingyou 1 R PL y= —0.010x +2.147 0.943" " 102.224
fiEF FW y=-0.002x +0.586 0.972* " 135.795
REFE Gl y= —0.078x +21.765 0.984"* 144.525
T 8% VI y=—0.053x +11.722 0.971" " 106.832
ky - 10 - 191 L 123 .264ab
JRZE K PL y=—-0.010x +2.134 0.913" " 106.421
fif . FW y=—-0.002x +0.621 0.977"" 135.277
REFR Gl y=—0.076x +19.173 0.978"* 116.771
T 1484 VI y=-0.048x +9.617 0.899"* 85.687
10-191 i , 103.947he
R PL y= —0.010x +2.066 0.893" " 96.267
fif i FW y=—-0.003x +0.570 0.926" 117.065
R HFFEEL CL y= —0.084x +20.280 0.989" " 119.089
T JI8% VI y= —0.048x +9.725 0.887" " 90.047
ky — NDJ - 107.399abc
RZEK PL y=-0.010x +2.087 0.875"* 99.595
i FW y=-0.002x +0.549 0.963" " 120.866
KEFHREL Gl y=-0.081x +17.976 0.969" * 100.468
5 8% VI y=—0.044x +8.643 0.848" " 75.800
NDJ . » 93.834 ¢
JZF K PL y=-0.010x +1.951 0.850" 91.401
fifF FW y=-0.003x +0.546 0.926" 107.667

o Fly SRR BRI R TR 23, x Al x % 435 387R 0.05 F1 0.01 8K

Note: x and y indicate salt concentration and germination percentage of seeds. * and * * indicate significant level at5% and 1% , respectively.
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Table 10 The comprehensive appraisal index of salt tolerant ability of different winter rapeseed ( Brassica rapa L.) and its rank

it EhF5 47 B M Subordinate function values of salt tolerant ability

Mﬁ:jal K2 KRR ORIREC O WOIRRE EREFK JEAR fif 5 T P8y gffr
GE GR GI VI PL RL FW DW Average
ky-1 0.726 0.746 0.592 0.526 0.485 0.327 0.644 0.705 0.59%4 1
Ei:n{:;ulu? 0.669 0.693 0.508 0.435 0.443 0.302 0.592 0.663 0.538 3
ky - 10- 191 0.737 0.702 0.550 0.464 0.461 0.315 0.588 0.662 0.560 2
10- 191 0.614 0.639 0.453 0.373 0.413 0.289 0.510 0.589 0.485 5
ky - NDJ 0.667 0.690 0.513 0.390 0.429 0.275 0.526 0.624 0.514 4
NDJ 0.527 0.624 0.440 0.335 0.392 0.268 0.465 0.552 0.450 6
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