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Abstract

Objective: To identify and screen the salt tolerance resource in Brassica napus L., four indexes of
salt tolerance related traits during seed germination stage were studied. Method: In this study,
1.2% NaCl was determined as the optimal salt stress concentration by the concentration gra-
dient experiment on Zhongshuang 11. Subsequently, 88 Brassica napus varieties with different
genetic background were evaluated for salt tolerance under the conditions of normal water
supply and salt stress with 1.2% NaCl. Four indexes related to salt stress tolerance, including
relative germination rate, relative root length, relative fresh weight and relative germination
potential were measured. Principal component analysis, membership function value analysis
and clustering analysis were used to evaluate the salt tolerance of 88 genotypes. Result: The re-
sults showed that salt stress has less influence on germination rate. However, it has larger in-
fluence on root length. By the principal component analysis on the four indexes, contribution
rate of each principal component was obtained. The 88 materials were evaluated by member-
ship function value analysis and for cluster analysis. Eighty-eight genotypes were clustered into
4 different levels of tolerance. 8, 21, 33 and 26 lines were classified as strong salt tolerant, me-
dium tolerant, low tolerant and sensitive under salt stress during seed germination stage, re-
spectively. Based on the results of comprehensive analysis, SW190 was determined to possess
the strongest salt tolerance. Conclusion: It is feasible to comprehensively evaluate the salt to-
lerance of B. napus at the stage of seed germination by principal component analysis, member-
ship function value analysis, and clustering analysis, which could be used to screen germplasm
lines of B. napus for salt tolerance.
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1. 5I8

D902 L] ISR EE e MM 2 — . SR, WEAS A 30 5 S0 Sk Wb AR 0 R 80 o, 72
SR T AR FI[A] [2] [3], BB T SEM RS BB R [4]. 7R, B AR A RO
AU, Z5 BRI AR R, K BEAE AR P Ok BRI S B R ST AR PR (1 0o B R P VAR
SRR R R T Bk AR . S A A TR K A R R R . [RTARIR
MR BRI R TR . EEKRE FOLSERIE], Tk T RE1E Shba PR, R
TERIARNE T AR R B WORTIRI6]. [E 4N TP T 26T (R4 35 R0 B S0 b v 0 % e SRR 9E, thhnt
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T

TEWIT S 4 e de 7 2 M e ik, HArxbKRE . #ife. KE. INE. KESREW L6 HIw 7
2 [7] [8] [9] [10] [11]. 7756355t 38 iy /K AR £h 41 ot %2 FH 0.5% NaCl # -k AT 7 HE ik, 5 1
W it /K FEAR ST BRI, RIS T T AN B SRR FE X KR R 2F 2 5o [ 7] EF5 BESE DL B ANMRAE i A i
M, 3 b AN IR #h I A BTN AR AR A AR BRER R AR B AR AL, BE T NRAE P I Eh M 4 S T R e e b
[8]. ZEFHRREERIF 4 AN £h At Fh A 4 A Eh B0 G AR AT BRI Sh PSS e, PR T OK S S R 1 i
STETTE, R S5 B P A Eh 1 ) O e A Bt Mg 5 AR ERATL A B SRR AL TR [9].
TR SN P BRI AT SRV e, AN [EIT R 0 PR /)N 22 it o 2 RN S AT
FHIRAIHT, RIAHE H A —BAHCR R, M EhFp ikt f b, # HA 5 1 X [10]. FrifE 55
YR MPEN R M b1k, SRAS 1 AR S A R i SR M S sm g s A, ORI Eh B ARt T IR K
P, WATREAHL X R Rt % e T B SRR [10]. 7R SE b, A AR T R 5T . BRETE S
WA T 108 o H WS AHSEM TR F AN, 25 RRM, Pl A AR I T B9 = o o (] 1 P AR AR
FEERURNZE R, By H 36 AL = v b (BDT 35 Be IR FEBOR 22 e [12] o P55 R B0 BE IR FE 3 W ia
15 ML S H B RMSE A &R, BAM A RN, FHF AR AN ZEK AT DUE PR i
St ERVE R FIAPEAN R AR[13] . (AR UIA Y RAEE WA R 7O TAEYm Shit 1) % e 57, |
R DTSR A BN 3V 4 e A i R R ot e s b, i LRGN 92 22 DA — R sl — i ok 4
SE MR i PE[12] [13], BA @i miRME. T3 o i OB 1] f Y AR 08 i ot 530 FE py Uic B 1
88 17 H W B S A R 2 A SR AH SC MR BEAT DU , DA PR (0 i A o i i/ Do i it 3R e 48 As,
R FER 8T SR R T R B2 o FOdE AT it SRR -G VP4, AT 65 7 0 B ek SR R i 258 1k - 7
16 HA N R A

2. MREF*
2.1. M8

88 {73t F7 Vi il A UL ) B A S AL A% 1 S (0 H R AR il e v g K2 s bl SR . RS 3R P
F R B0 R 7350 2015 4F F 58 B4 IGR IR 7.

2.2. NaCl BmBAbIE 5 3% 3%

D E SEBG AL )35 72 R A R AR ERE R B, AT A 11 AR 3G TR RHE I SR 4L 55 3 N AT R 2
WG, I IR B RSN P T 7 i LA [14] . B S R BRI L . KN — R
100 #i, Horp 50 WifEsRiRl, 50 RifE xR, 51O S AR IR, B IR L 89 = 2K 48 &%
— EIEACH MR FEAK 7 o XTI KBS T K, A3 NaCl ¥R & 43518 0.1%, 0.3%, 0.6%, 1%, 1.5%7
2%, FEARE IR MLARATARAE, o5 b L35 DACRFREES FR LN B0 BRI FETE 2 25°C, IR/ 2SI 7]y 12 h/12
h, JREEEFE N 7000 Ix, MHXHEE N 60%. HELHEFE 7 K, BRIMICTHEA T RFHI, Bie HRiE b
SER IR B S TR TN
2.3. MEIEHR

FERCE TR MBI LT, X 88 4 AN AR A% T SEAOAT R BL AR R iddb A7 W aa ilie . # A5 i
RRME I T IIH AT, Gt TR sE, TR =RIFEM TR . 6 7 REgtit
KEFE, JEREHLE A — B0 10 PR&J I 2 ARAC R AR . ARG WInRHIZO R 43480 E R4
Wi, Fo e BRAFEABN L HRE, WS RBROA SRR ES, FHM AR SRR R K
BT R T b, A WinRhizo Pro 2004a #/4H5r H B, 2 MRIBUA K5 (10 75 VE SR L 1)
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R BE[15]

KRR = RFMTFEIZAMFE x 100%. KFEH = fi 3 KN RFFTH/ZE M 74 x 100%.
W R B MRARSHE AR AN SR MER PR RS . EhWME T SR IARXHE = 1.2%NaCl 4bHl 32 fE/CK
M5EE x 100% [16] [17].
2.4, ERFH

FE A SAS v8 JEAT F sy 4. R4S EART 5500 575 [18], % Rt Z oiikEe > 85%[) J5 N H2 HL AT
m /> E B T B G ISR ek BT R 2R
2.5. RERBENHE

6 FH SR Ja o 50 7 v VA T AR S P 2R 14 [19]

THEARN:

XiXun 1.0
Xmaxixmin

R(Xi ) =
Xi N T FERIME Xmaxs Xmin 73095 1 3 5800 1O S RAB A /)M A
W, = Pi/zn:Pi i=12,---,n
i=1
Wi N EE | R 7E BT A B T VP I S Sh Mk 2 i R AL, PR | A E R IR DT kAR o

RW :Zn:[R(xi)]xWi i=12,,n

RW Dy FFBHES £ 8 2641 T I 2R tH R BB R E,  H T s PP
2.6. BT

HRAE AT SR T B & BB A pR B SRR TVA[20], AR TR Ry 2 AR B H Ry B SRR I
X RS AT A 88 ARLEEAT S HT .

3. BZREHh
3.1 EFRERILINERENTE

X AL S AEAN R FRIR L N BURSF R AAT Geot, SR ERW], MRS EE 2 RITAGREE, FIHEM )5 26
6 K, P CIEART T, MM REUEN 7 K. EAFMRE NaCl ERALE T, X 11 57
(R 2 52 BIAS R R BE A (4] 1) NaCl MR BEAE 1%~2% Gl N, B S shilk BTk, b7 IR R 28 32 W)
R FE, 2 NaCl R EEIR 2% LA B, Ff 7 CEEAA K ZE . 2 NaCl IR EEAE 1% % 1.5%Z [, fifi-15 NaCl
IR AR BB R, DRl G B 28 T LA 1.2% NaCl 3 WA B2 Ay i ik FEE 3R 47 I i PO 26

3.2. ERRMB XS EL AR A RO B & T b iR AR B A0 A8 X 1 3 4

WA 88 A A4 KL £ 1i A BE K Tl JE R IR A A GV IR A E S5 2R, T B B MR B AR R
LA MR AR A AE 9T #h A8 bR AT R AR 0T (2 1) B LW UEH, 7 1.2% NaCl #i/ipa ~, 4 4
i EE AR AL 7 SR BOHAE 2006 LA, B HAS[R] it o 25t 32 1) DA S8 S PR A AR ORI 22 57
HZAR R AR 5, RN R W X e MofR Fig box it R i b Ve B fom e, T T 1
L TR SR PRI &6 1R 58 5
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Figure 1. Relative germination rate in Zhongshuang 11 under different NaCl concentration
B 1 11 ERRERIKREE THEZFIER

Table 1. Phenotypic variations of salt tolerance related traits
= 1. M RET R

55 5% (%) R (%) 5% 7 (%) R (%)

seed germination rate root length fresh weight germination potential
& K{E Max 99.00 61.57 66.97 91.96
&%/MHE Min 35.07 5.55 13.77 0.00
%7 Range 63.93 56.02 53.20 91.96
¥{H mean 77.94 19.00 36.25 54.11
BRZHCV 20.17 56.35 30.25 57.04

SEEMERISEN, S PRAE S A T SR AT ELE R T R, EARERIRZ R MR A, &
1 ATBVE H, R EERa MmOk, HE O B 19%, 10k 258 3R 52 s a s e/, %1k
WREEE Xt B 77.94%, H. b a] (28 5 5 FAm PORAR BUEIR, ©08 20.17%. B SERAERAE
(R At AT LA HH (5] 2), A 2F AR (A OE S B0 £ 70% VAL, AR KA XHE 3= 2250 A #E 50%LL T,
RYEFRSERFMERINE T, KRS, AR £ i 5 U

I LB R TR AR A SCERT LR, B AR S R R R ORI AR I BB 24, Hepthda bR
PATE] A SG RS AE 0.05 /K TIARI R 2%, Ho R ZFR GRAREEE , KPR GRS MK GEE, HHES5kK
IR 2 1A RS IAE 0.01 ZKPIE BB 2455 2). 1IXRH], ZEWNEIIX 4 N ER AR bR A AFAAE — BB R

3.3. SRR A EIEIRER S 2

I 88 iy H WA S AT S AL B, R AR MR, BEEL R IFA MY EAEE . XX Y
AN ERFRFRIEAT F e 0T, SRR 3), . H . RIS Y R I TTER R 4 AN 47.29%.
21.30%- 17.28%. 14.13%. N & ZIHARELH B 1, #% R0H77 Z 000k E > 85% ) JE I HE B 3 /853 [18] «
AHFFF, BT =AFERS I R TTER R AT 85%, X5 SRR, w A F S CAREREE A
HFRARI 2 5 2, AT DU IR = AN 32 570 38 57 B PR A 2 00 H 3 28 9 S o i A B 0 Tf R 8 0 34T
CEEVE . A 3 i &IIE TR AR I TR S AR AR R Ia) R AE AT LA, RS — R, DA
FRERFRAHRHA BT 7 LE B A R 225, AR5 R, AR S AR, SB=F R0, AR
KRS A 2F 34 5 AR

3.4. Jh3EEA R FAT = 14 RIB R W 4T
Xt 88 MARHIEE . . BEE AT RIBR AT, SRAFX LRI B2 R, DOIIRGR
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Figure 2. Frequency distribution of salt tolerance related traits

2. TEIEIRRISAE S

Table 2. Correlations of salt tolerance related traits under 1.2% NacCl

%% 2. 1.2% NaCl pim8 T & Eh 5 FrE A X R

KRR K fief FEFH
seed germination rate root length fresh weight germination potential
G 1.000
seed germination rate
A
root length 0.189 1.000
¢ e " -
fresh weight 0.342 0.284 1.000
B - x -
B 0.417 0.236 0.295 1.000

germination potential

"L TS BIFIRAE 0.05 1 0.01 KT

Table 3. Eigen values and variance contribution ratio of measured indicators and characteristic value of principal components

3. BNEIRGHFEE,. STBENMERSFHEREE

PR B (4R AL ) B A

N ey TURREE (%) F I TTHREE (%) . P
sl ot Bl VAR CONTOIOn  Acomte e EOS U o pesm et
1 1.8915 47.29 47.29 0.5328 0.4166 0.5124 0.5291
2 0.8519 21.30 68.59 -0450 0.8111 0.1581 -0.338
3 0.6912 17.28 85.87 —0.006 0.357 -0.793  0.4931
4 0.5654 14.13 100.00 0.7163 0.2031 —-0.288 —0.602

VE: Varl, Var2, Var3, Vard HIMREKZER, WK, BEH, RFH.

J& R BRI RN ED RW A VRO R sh P s S50, 45 REH], SW190 IR 1% e a1y SW215 IR & 1
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59, HAPEMRIE I IR EE K/ NEF L 4.
3.5. BRI RESIEN

K FH R EG B 5 A B8 225 51 05 R it A 3¢ J@ A B RW B HEAT B8 254041, K 88 AL RI 43 DU 2k, tnf&]
3, SW190, SW188, SW183, 3P001, SW178, SW140, SW147, SW144 His—3, L84, SFrEH

Table 4. Membership value of 88 Bassica napus varieties

4. 88 MHIERUHRBEEHF

s R it ER OIS 1 i
Tl membersr::igr:]/sggeegtf principal HIR . B2 membershcign\:;g:]eegtf principal HIE HiE
Variety PR sort Variety PR F
code compl comp2 comp3 fH code compl comp2 comp3 18 sort
RW RW

SW190 1.00 0.57 0.57 0.81 1 SW109 0.49 0.32 0.32 041 45
SW188 0.95 0.60 0.51 0.77 2 3P044 0.55 0.11 0.40 041 46
SW183 0.50 0.99 1.00 0.72 3 SW192 0.47 0.22 0.49 0.41 47
3P001 0.86 0.42 0.64 0.71 4 SW137 0.53 0.04 0.53 041 48
SW178 0.91 0.39 0.34 0.67 5 3B062 0.49 0.30 0.30 041 49
SW140 0.85 0.53 0.27 0.65 6 SW206 0.34 0.42 0.56 0.40 50
SW147 0.75 0.18 0.94 0.65 7 3P031 0.58 0.12 0.25 0.40 51
SW144 0.55 0.72 0.76 0.63 8 SW094 0.34 0.42 0.51 0.39 52
SW103 0.71 0.41 0.61 0.61 9 3B280 0.47 0.24 0.31 0.38 53
SW175 0.76 0.44 0.42 0.61 10 SW224 0.49 0.35 0.12 0.38 54
SW176 0.80 0.36 0.38 0.60 11 3B092 0.42 0.19 0.45 0.37 55
Sw118 0.89 0.17 0.34 0.60 12 3B079 0.49 0.02 0.46 0.37 56
SW173 0.80 0.24 0.45 0.59 13 SW164 0.31 0.46 0.37 0.36 57
SwW177 0.75 0.41 0.38 0.59 14 SW184 0.34 0.29 0.45 0.35 58
SW174 0.77 0.36 0.30 0.58 15 SW194 0.36 0.15 0.54 0.34 59
SW166 0.75 0.30 0.40 0.57 16 3P038 0.42 0.05 0.47 0.34 60
SW142 0.66 0.61 0.23 0.56 17 3P091 0.39 0.06 0.52 0.33 61
SW152 0.77 0.27 0.34 0.56 18 SW193 0.40 0.08 0.44 0.33 62
SW080 0.67 0.38 0.49 0.56 19 3P034 0.40 0.03 0.47 0.32 63
SW167 0.76 0.16 0.47 0.55 20 SWi161 0.27 0.15 0.67 0.32 64
SW141 0.64 0.14 0.82 0.55 21 3B286 0.38 0.11 0.42 0.32 65
3B076 0.76 0.13 0.45 0.54 22 3P053 0.39 0.00 0.48 0.31 66
SW156 0.68 0.26 0.50 0.54 23 SWo81 0.30 0.25 0.42 0.31 67
SW170 0.60 0.29 0.60 0.52 24 SW163 0.23 0.49 0.30 0.31 68
SW120 0.66 0.20 0.50 0.51 25 SW171 0.27 0.24 0.46 0.30 69
SW179 0.68 0.32 0.24 0.51 26 3P055 0.21 0.46 0.32 0.30 70
SW133 0.74 011 0.29 0.49 27 SW130 0.28 0.46 0.10 0.29 71
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Continued
3B043 0.71 0.13 0.34 0.49 28 3P086 0.28 0.11 0.47 0.28 72
SW200 0.76 0.06 0.23 0.48 29 3B082 0.21 0.39 0.31 0.28 73
SW136 0.58 0.32 0.35 0.47 30 SW101 0.21 0.16 0.57 0.27 74
SW162 0.54 0.35 0.43 0.47 31 SW172 0.19 0.20 0.56 0.27 75
SW226 0.22 1.00 0.46 0.46 32 3P040 0.22 0.26 0.38 0.26 76
3P022 0.62 0.10 0.48 0.46 33 SW092 0.18 0.35 0.37 0.26 77
SW062 0.52 0.35 0.43 0.46 34 SW157 0.21 0.22 0.44 0.26 78
SW143 0.58 0.54 0.00 0.46 35 3P019 0.27 0.07 0.47 0.26 79
Swi1s7 0.59 0.23 0.34 0.45 36 3P012 0.24 0.12 0.46 0.26 80
SW186 0.45 0.38 0.48 0.44 37 3P048 0.07 0.49 0.43 0.24 81
3P007 0.66 0.01 0.35 0.44 38 SW212 0.19 0.30 0.30 0.24 82
SW138 0.50 0.15 0.60 0.43 39 3B103 0.02 0.55 0.43 0.23 83
3P023 0.52 0.12 0.56 0.43 40 SWO055 0.09 0.25 0.59 0.23 84
SW123 0.55 0.34 0.19 0.42 41 SW075 0.13 0.39 0.30 0.23 85
3P032 0.59 0.03 0.43 0.42 42 3B325 0.07 0.40 0.41 0.22 86
SW149 0.50 0.11 0.59 0.42 43 3P013 0.16 0.13 0.49 0.22 87
SW205 0.50 0.38 0.23 0.42 44 SW215 0.00 0.29 0.45 0.16 88

VE: Varl, Var2, Var3, Vard HHIMREKZER, WK, BFH, RFH.

EHET 9.1%, H1X — KU A BE 25 AU RE, X PP RIE T e i 36 v H i B S b B S 2 3 SW103,
SW175, SW176, SW118, W173, SW177, SW174, SW166, SW142, SW152, SW080, SW167, SW141,
3B076, SW156, SW170, SW120, SW179, SW133, 3B043, SW200 J&T# 35, 214, HFrEH
KBHE) 23.9%, bR £ ARE; SW136, SW162, SW226, 3P022, SW062, SW143, SW187, SW186,
3P007, SW138, 3P023, SW123, 3P032, SW149, SW205, SW109, 3P044, SW192, SW137, 3B062,
SW206, 3P031, SW094, 3B280, SW224, 3B092, 3B079, SW164, SW184, SW194, 3P038, 3P091
JE T =28, 3334y, HETAMEHN 37.5%, J& TGN A Ak okl SW193, 3P034, SW161,
3B286, 3P053, SW081, SW163, SW171, 3P055, SW130, 3P086, 3B082, SW101, SW172, 3P040,
SW092, SW157, 3P019, 3P012, 3P048, SW212, 3B103, SWO055, SWO075, 3B325, 3P013, SW215
JE TN, 264, HATHMEN 29.5%, J& T HBUREM R
4. ¥1ig

H WAL i 3E B AR N & B T SRk ) SRR [21] [22], (B R AE AU AR A PR, Wi AR N SR
FRAEY, EHEREANL . BT NI T 4%, HAT RS & o] 78 Hsth i AR E 1 i 25
ar R, DRI LA VIS B AT T SRV S0, xbk P SR M R A E R . AT
FUIEIE X 88 i H W B H S i 2 M SR AT SR G VPANY, i AR S 0 SR 8 4, iR SW190 (1t £k
PRSI RE GG H A R DR 2 AT i — BB S, N TSR R R B

TP SRR A T 3 LR A E R B, 5 HARMARIEF R A E, W S T0vE B &, H3hHa
T, YA YRR B RARA,  BT AT Eh e A B S A AR BRSO N S FR bR R
R . BRI KRG ANEE. RFZE. MRS RAEYDm HhRe 70 It 7e 4 2 [7] [8] [9] [10] [11],
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Figure 3. Clustering analyses of salt tolerance of 88 genotypes
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FEME B S VE VR 5 2508 AR T A B o AN TR i 28 (00 i SRR SR PEANTR], (7] et 28 il SR AS [ A
S R Ak AR (23] A ZE R S A KO RO AR B, o SR S UR I Y 2 —[24]. %
B RIREIE, WA EE AR R R IR | BRI A 2 R BRI A0 R R A M i B [25]
FESEAT R P BT IR VS5 e I, ] ST A R 4 E R b I ER VP A AT . ARk, AE
HAAEAUKAE D22 KREH, BN EE CImk V2 S A R % 2 f548[7] [8] [9] [10] [11].
FE S EARARAT FT R, BRRT 22 ST A e S 1 2R AR 2F A A RIAEAE B 22 5%, 7T LU
DNV il S SR A HE AR[12], T T AR S A AR AN ZE A T AR i Af Jih e i £ 4 (0 007 i Fi b
[13]. AWFFCIE LI A A BAL T 510 88 A4 RLEAT S a2, I M AR 2 R . D ARG A
S S MU A ZE AU BR, RIS FPEIR 32 SR B O SEMARE REAN R, oA A 2 28 52 3R a5 i
0Ny TR AR B I8 B R, DU MR TR AR 3 PSR A 4R PR O TTHRE AN, BRI, 7E PR Il S
TH I SRR, ELR G A B IR AR E SR

HI TV E B s 1 2 2 DR R A Bt A AR, ASTR] DR B R i s A DR VIR R BB AN [, A
BE, S SRR AR A A T AR M PP I SR R SRS o T ORI I 22 F AR S R ol B i PR AR AR P 4
I, R e B 4 S A 0 TS 56 i R BIL Y A 22 i ERAH SR, (EL A7 A — 5 AR PR e R DA AR Y S
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