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Evaluation of salt tolerance of 26 Eruca sativa Mill.

FAN Hui-ling', LIU Qin*, BAI Sheng-wen', LUO Tian', ZHU Xue-feng', Miu Chun-qing”
(1.College of Agriculiure and Biotechnology Hexi University, Zhangye, Gansu 73400, China;
2.Zhangye Academy of Agricultural Sciences, Zhangye, Gansu 734000, China)

Abstract ;. To assess the salt tolerance of 26 Eruca sativa Mill., 6 concentration of NaCl solution were used,in-
cluding 0, 0.2%, 0.4%, 0.6%, 0.8% and 1.0%, to treat Eruca sativa at germination stage, and the germination
rate, radicles length were measured. 0.6% and 0.8% NaCl solution were selected to treat the seedling of Eruca sati-
va, the physiological indexes of seedling growth and salt tolerance were detemined, and all resources were sorted
out using the method of membership function. Results showed that; (1) Tests on seed germination indicated that
stress of 0.6% NaCl had an inhabitation of 50% nearly, salt stress of 0.8% NaCl basically caused growth stagna-
tion, therefore, these two concentrations were the thresholds of salt stress inhibiting the growth of Eruca sativa;
(2) Survival seedlings, shoot height, root length, fresh weight of shoot and root were all decreased with the in-
crease of salt concentration, the mean were 57.62% ~34.45%, 0.99~0.77 cm, 0.69~0.44 cm, 0.0034~0.0023 g,
0.0244~0.0176 ¢, respectively; (3) Based on the membership function on the means of parameters at seedling
stages for each growth level, 26 materials were classified into three types: high salt tolerance, including 08 wuyun 3
-1, ete (0.6133 <the verage of membership function values <0.7261) ; salt tolerance, including Lintao yunjie,

etc (0.4274 <the verage of membership function values<<0.5911) ; low salt tolerance, including 13 yunjie 76—4,
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etc (0.0280<the verage of membership function values<<0.3894); (4) The contents of free proline and soluble

sugar in high salt tolerant meaterials were significantly higher than those in low salt tolerant materials. In conclu-

sion, significant difference in salt tolerance of 26 Eruca sativa were revealed, the salt tolerant materials screened by

method of membership function of fuzzy mathematics could be further used in salt—tolerant breeding and gene mining.

Keywords: Eruca sativa; salt tolerance; physiological characteristics; subordinate function value method
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Table 1 The name and origin of materials studied
%5 No. KR FK Name SKIE Origin %5 No. PR FK Name SKIE Origin
1 06 2= 87-82 06 yun 87-82 H kR Breeding material 14 I PkZ55F Lintao yunjie Mk B} Local material
2 KIE216-1 Zhangyun 216-1 ERIWE Breeding material 15 13 2597 68-3 13 yunjie 68-3 ERWE Breeding material
3 HIEZEIT Weiyuan yunjie b4k Local material 16  RIRZEIF Minle yunjie B WA K Breeding material
4 FFTZEIT Jingning yunjie k4B Local material 17 13 2537 76-4 13 yunjie 76-4 B WA K Breeding material
5 13 2597 75-3 13 yunjie 75-3 H R Breeding material 18 PRIHZEST Qingyang yunjie Uk #L Local material
6  KIKZEJF Tianshui yunjie b4 Local material 19 HYEZEFF Zhuoni yunjie Y4kl Local material
7 12 Z5F 83-1 12 yunjie 83-1 B AL Breeding material 20 BEVEZEST Longxi yunjie MHF L Local material
8  URE-ZEIF Minxian yunjie AT E Local material 21 13 Z£37 29-5 13 yunjie 29-5 B KL Breeding material
9 DTIERF Huining yunjie AL Local material 22 13 253+ 79-2 13 yunjie 79-2 B IR Breeding material
10 06% 86—y 06 yun 86—y ERIWE Breeding material 23 13 2597 8-13 13 yunjie 8-13 ERWE Breeding material
11 13 Z59F 12-6 13 yunjie 12-6 B EL Breeding material 24 08 §K2% 77-2 08 zhangyun 77-2 & A1kl Breeding material
12 7K# 2597 Yongdeng yunjie b K} Local material 25 08 5KkZ% 6-3 08 zhangyun 6-3 B WA K Breeding material
13 04 %525 100-2 04 Jingyun 100-2 H R Breeding material 26 08 ®3=3-108 wuyun 3-1 F Rk E Breeding material
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Table 2 Germination indexes of Eruca sativa under NaCl stress at budding stage

RO BE/ %
Salt solution

K %

Germination potential

KR/ %

. Germination rate
concentration

0 100.00+0.00 Aa 100.00+0.00 Aa
0.2 97.33+0.15 Aa 97.33£0.15 Aa
0.4 82.00+0.46 Bb 82.00+0.46 Bb
0.6 51.33+1.15 Ce 51.33+1.15 Ce
0.8 8.00+0.00 Dd 8.00+0.00 Dd
1.0 2.00+0.00 Ee 2.00£0.00 Ee
YA Mean 48.13 48.13

REFIEE JEHAS/em 2K/ em
Germination index Radicle length Hypocotyl length
126.64+0.89 Aa 3.39+0.03 Aa 2.45+0.05 Aa
99.05+1.46 Bb 2.72+0.00 Bb 2.20+0.10 Bb
73.31+0.00 Cc 1.48+0.07 Cc 1.32+0.05 Ce
42.41+1.08 Dd 1.01+0.03 Dd 0.96+0.03 Dd
6.37+0.16 Ee - -
1.09+0.00 Ff - -

44.45 1.74 1.49

TE RPN RE AR ME 2 s A RVNG PR — 38 PR A R 3R b B ] P<0.05 /K22 5 3%, AR RS 7 _ER IR 6] — 18 PR AN A

W EERAL BEI] P<0.01 /KF22 53 B35 < - ARGV RYEE . T,

Notes: The data in the table are areage + standard deviation; different lowercase letters indicate significant differences at P<0.05 among treatments;

different capital letters indicate significant differences at P<0.01 among treatments; “~" indicates missing data. The same below.
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Table 3 Survival seedling rate, seedling height and root length of E. sativa under 0.6% and 0.8% NaCl stress
. 0.6%NaCl Zb#  0.6%NaCl stress 0.8%NaCl AbFH  0.8%NaCl stress
' ZESEE o — p T o -
No. Name IEHFIEE % B/ cm K/ em IEHFIHE % B/ cm L em
Survival seedling rate Seedling height Root length  Survival seedling rate Seedling height Root length
1 062 87-82 06 yun 87-82 64.37+2.37 Efg  1.01+001 FGHefg ~ 0.80+0.02 Eef 57.23+040 Ee  120£001 Ab  0.90+0.01 Bb
2 5K2%216-1 Zhangyun 216-1 78.08+1.01 Cd 0.94+0.00 Ti 0.38+0.01 Km 73.03+006 Aa  0.87+001 GHg  0.39+0.00 J1
3 IHEZET Weiyuan yunjie 63.01+001 FGg  096+003 Hlhi ~ 0.79+0.01 Ef 2020+03511  092+003 Dde  0.63+0.03 Dd
4 BFTZIT Jingning yunjie 68.70+2.04 De  0.11:x0.00 Op 1.57+0.04 Bb 30.00+0.00 Kk 0.80+0.01 GHg  0.14+0.01 Oq
5 13 ZE5F 75-3 13 yunjie 75-3 3001001 Im  1.04+001 Fe  038+0.02 Km 3.00£000 Pp  041+001 Nm  0.11+001 Pr
6  KIKZET Tianshui yunjie 3307+0.1311  045:001 No  041x001 JKklm  10.93+0.03 MNn  1.18£0.06 BCb  0.88+0.01 Cc
7 122557 83-1 12 yunjie 83-1 90.00£001 Be  1.10£001 Ed  092+0.02 Dd 57374351 Ee  0.51+0.01 Ml 0.39+0.02 JkI
8  IREZET Minxian yunjie 47.1620.28 Ti 0.79+0.01Kk 0.50+0.01 [j 3737x055 1 0.72+0.03 1Jhi 0224001 Ln
9  £&FZ5F Huining yunjie 4334+057 JKj  1.2020.01 De 1.40£0.02 Cc 63032006 Cc  0.59+001 Lk 0.53+0.01 Gh
10 063 86—y 06 yun 86—y 6001002 GHh ~ 0.85+0.05 Jj 0304001 In 60032006 Dd  0.86+0.03 Ef 0.49+0.02 Hi
11 13 Z5F 12-6 13 yunjie 12-6 6000001 GHh  1.00+001FGHfg  0.70+0.01 Fg 4003006 Hh 095003 Dd 045£001 Tj
12 KEZIT Yongdeng yunjie 4000001 Kk 1.00£0.02 FGHfg ~ 0.70:0.01 Fg 3303+006Jj  061x002 Kik 041001 Jk
13 04 %575 100-2 04 jingyun 100-2  65.34x0.57 DEFfg  1.11x0.01 Ed 0.64£0.02Gh 66.70061 Bb 094003 Dde  0.61+0.00 De
14 IEPEZET Lintao yunjie 57.64+1.11 Hh ~ 1.0020.02 FGef ~ 0.40+0.02]KIm 430709 Gg 075006 Hlh  0.60+001 Eef
15 13 2537 68-3 13 yunjie 68-3 1307+0.13 Mn 060001 Lm  0.17+0.01 Mop 3.03:006 Pp  040+0.07 Nm  0.12+0.00 OPr
16 RARZET Minle yunjie 93.04+320 Bb  1.44+002 Ch 0.83+0.06 Ee 6547+136 Bb  0.80£007 GHg 039001 Jl
17 13 2537 76-4 13 yunjie 76-4 1000001 Mo~ 0512002 Mn  0.15+0.06 Mp 0.00£0.00 Qg 0.00£0.00 On 0.00+£0.00 Qs
18 JIKFHZEST Qingyang yunjie 7637+1.19 Cd  1.51x001 Aab 1.400.10 Ce 2007+0.12 11 093003 Dde  0.59+0.02 Ef
19 HYEZIT Zhuoni yunjie MT1£146 1Jij 1542001 Aa 0.59:001 Ghi 33.70=1.13 Jj 1142005 Cc~ 037+001 Km
20 PPEZEST Longxi yunjie 46.34+1.16 Tij 104005 Fe  043+001 JKkl ~ 3210+1.56 JKj  125+0.02 Aa 1.06:0.01 Aa
21 13 2537 29-5 13 yunjie 29-5 68.37+2.37 De  098+0.02 GHIgh  0.19:0.01 Mo 46.10£1.56 Ff  0.82+006 FGg  0.1620.00 Np
2 13 ZEF 79-2 13 yunjie 79-2 45.8+2.08 TJij 0.75+0.02 Kl 0.56+0.03 Hi 7.03£006 0o 043:004 Nm  0.19:0.01 Mo
23 132537 8-13 13 yunjie 8-13 9001002 Be 111001 Ed 0.70£0.01 Fg 1303006 Mm  0.76:008 Hhi  0.56+0.01 Fg
24 08 35K2% 77-2 08 zhangyun 77-2 4501£1.00 IJij ~ 1.12+0.01 Ed 0.46+0.04 Tjk 987+023 Nn  0.67+0.02 JK; 045+001 Tj
25 08 5K2% 6-3 08 zhangyun 6-3 67.35+0.57 Def ~ 1.03x001 FGef  0.29+0.04 In 3237118 Jj  090£0.07 Def  0.20+0.02 Lmo
26 08 7% 3-1 08 wuyun 3-1 97.34+0.57 Aa 147006 BCb  2.34+0.06 Aa 3797+1.67 Hi ~ 0.69:001 Jij 0.50+0.00 Hi
SFEIE Mean 57.62 0.9 0.69 34.45 0.77 0.44
F 4 0.6%H 0.8%NaCl PHE T HEEEFIREES/ (g - B)
Table 4 Fresh weight of seedling and root of E. sativa under 0.6% and 0.8% NaCl stress/ (g + plant™")
0.6%NaCl Z:3  0.6%NaCl stress 0.8%NaCl Ab3  0.8%NaCl stress
S 2R
No. Name T fif i fif 7 T fif R fif T
Seedling fresh weight Root fresh weight Seedling fresh weight Root fresh weight
1 06 % 87-82 06 yun 87-82 0.0263+0.0009 1Jh 0.0048+0.0051 Ee 0.0247+0.0000 Bb 0.0029+0.0001 Fg
2 735 2161 Zhangyun 216-1 0.0186+0.0001 Mm  0.0019+0.0014 OPop 0.0171£0.0004 Kk 0.0009+0.0001 Mno
3 THUEZEIT Weiyuan yunjie 0.0213+0 .0000 L1~ 0.0024:0.0031 LMl 0.0182+0.0002 Jj 0.0011+0.0000 Ln
4 T 25IT Jingning yunjie 0.0338+0.0012 Bb 0.0069+0.0001 Dd 0.0225+0.0032 FGf  0.0047+0.0000 Cd
5 13 255¢ 75-3 13 yunjie 75-3 0.0275+0.0003 HIfg  0.0023+0.0001 MNIm 0.0134+0.0005 Nn 0.0022+0.0000 Hij
6 KIKZEIF Tianshui yunjie 0.0102+0.0004 Pp  0.0016+0.0000 QRq 0.0124+0.0001 Oo 0.0005+0.0000 Oq
7 12 257F 83—1 12 yunjie 83-1 0.0252+0.0000 Jki 0.0030+0.0001 1Jj 0.0169+0.0001 Kk 0.0018+0.0001 J1
8 R B ZEFF Minxian yunjie 0.0277+0.0000 Hf 0.0084+0.0004 Bb 0.0244+0.0000 BChe  0.0023+0.0001 Hi
9 23T 257F Huining yunjie 0.0267+0.0005 High 0.0032+0.0002 Ti 0.022+0.0008 GHg  0.0021x0.0001 Hijk
10 06 % 86—y 06 yun 86—y 0.0301+0.0001 Eef 0.0011+0.0001 Sr 0.0281+0.0002 Aa 0.0062+0.0000 Aa
11 13 Z53F 12-6 13 yunjie 12-6 0.0275+0.0004 HIfg  0.0073x0.0000 Cc 0.0211+0.0002 Ti 0.0022+0.0000 HIjj
12 KB ZEIF Yongdeng yunjie 0.0278+0.0000 GHf ~ 0.0035+0.0001 Hh 0.0151+0.0001 Mm 0.0008+0.0000 Np
13 04 3525 100-2 04 jingyun 100-2  0.0224+0.0008 Lk 0.0029+0.0001 JK;j 0.0149+0.0005 Mm 0.0008+0.0000 Np
14 k25T Lintao yunjie 0.0214+0.0002 Lkl 0.0018+0.0000 PQp 0.0214+0.0001 Ihi 0.0021+0.0002 Hijk
15 13 Z£F 68-3 13 yunjie 68-3 0.0137+0.0000 0o 0.0015+0.0001 QRq 0.0118+0.0005 Pp 0.0000+0.0000 Pr
16 FARZEST Minle yunjie 0.0324+0.0008 CDc 0.0043+0.0000 Ff 0.0235+0.0002 Dde ~ 0.0025+0.0001 Gh
17 13 2537 76-4 13 yunjie 76-4 0.0000+0.0000 Qq 0.0000+0.0000 Ts 0.0000+0.0000 Ss 0.0000+0.0000 Pr
18 JRBHZEIF Qingyang yunjie 0.0271+0.0004 HIfgh 0.0022+0.0000 MNmn  0.0231+0.0001 De 0.0021+0.0001 Tk
19 BB ZEST Zhuoni yunjie 0.0242+0.0011 Kij ~ 0.0027+0.0001 KLk 0.0216+0.0006 High  0.0022+0.0000 Hij
20 Bz PE257F Longxi yunjie 0.0371+0.0017 Aa 0.0040+0.0061 Gg 0.0240+0.0001 CDc ~ 0.0011£0.0001 Lmno
21 13 Z£JF 29-5 13 yunjie 29-5 0.0211+0.0008 LI 0.0021=0.0042 NOno 0.0078+0.0001 Rr 0.0055+0.0000 Be
22 13 Z59F 79-2 13 yunjie 79-2 0.0159+0.0005 Nn 0.0015+0.0000 Rq 0.0094+0.0001 Qq 0.0042+0.0002 De
23 13 257F 8-13 13 yunjie 8—13 0.0312+0.0009 Dde 0.0032+0.0012 Ti 0.0171+0.0003 Kk 0.0061+0.0001 Ab
24 08 k%= 77-2 08 zhangyun 77-2 0.0241+0.0002 Kj  0.0022+0.0021 MNmn 0.0161+0.0001 L1 0.0015+0.0000 Km
25 08 5K2% 63 08 zhangyun 6-3 0.0291+0.0002 FGe  0.0031+0.0011 TJij 0.0185+0.0185 Jj 0.0005+0.0000 Oq
26 08 2% 3-1 08 wuyun 3-1 0.0331+0.0000 BCbc  0.0099+0.0023 Aa 0.0121+0.0121 OPop  0.0031+0.0002 Ef

A1 Mean

0.0244

0.0034

0.0176

0.0023
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2.2.3 AKX EZES T NaCl Mhid o &t & B34 A
REOR K e T pR K X 26 403 25 3 ol Jo A 1 A
ROH R AR TR TR fef 5 SRR pR BUE 0 )
PEATTHER  SRILSF 446, AR 4 7 X 1 K/ Sk
MR TR ERPE /2 (2 5) . 0.6133 < R H BT
PIE <0.7261, J& T SR PR35 i A1 B, 145 08 2
231, RIRENG,0.4274 < R BT HH <
0.5911, J& T £k M v S5 By AR A4 I Wk 255
K25 216-1 45;0.0280 < R J& (H 23 {E < 0.3894
J& T R PSS A AP RL A FE 13 Z50F 683 13 25T
764 4

B 1 s A ER AN R 6 kR 0dE 08 X
25 3-1 FIRARZETT (b s ) (I Pk 25T Fak =2
216-1 (Mt ERPERRSE) DL B 13 2557 68-3 FIl 13 Z55F
76-4 (it ER T3 5) 1E 0.8%NaCl ki R il A KR I
AR EREE X508 B2 3-1 MR ZEITHIR)E R
BB BEECK, & HLBRFE 0.8% NaCl Jilia F i
Pty st 7 ECH £, oK B B Y R E
AR PRI MK ZE 216-1 7E 0.8% NaCl e T iy
KRGS, M EAR AR i ] b SR —
SE AR R IR, A LU BBk Y XA B A
AL FARR AU S TR Ao i B B AR 513
ZEOF 68-3 Fl 13 25T 76—4 £ 0.8%NaCl Firifl T Y

K s W BT, it D R E R R
SR, QA S PR R R T A AR T TR AR
HRATAG I R B, A e g 2R, E LA
DL bR 6 AN Rl Eh P 2507 R T
23 HEHPETmEAESENTL
2.3.1 0.6%7%= 0.8%NaCl Wit T Z 504 Il R84 &
L2 HRT LUF Y BEER R BE A T, BT AR
iz & st S 3 E i, 7E 0.6% F1 0.8% NaCl
Joib e e B T R AR AR 25T R 08 25 3 -1 il
ARG ERES THE 4 MR (P<0.05), 7
0.6% LA T, X 25T Il 2 MR & i KONHEF
RARZEIT>08 B2 3- 1>k 22 216- 1> IH Pk 277> 13
2ETF 76-4>13 2557 68-3 ;7 0.8%Eh A T |, kit 2:
IFIfERR & R/ NET b RAR 59T >08 i25 3-1>
25T >5K 25 216-1>13 2557 76-4>13 2557 68-3,
2.3.2 0.6%#= 0.8%NaCl M8 F Z50et R 64 28 it
Axtig v RNEREEERINA T 6 4 AN R 1k 25
T PR 20 L PR o 5 1 DL I 3, B M 3 ik R G T
151, SRR 2 RS X 3 M 2 B A R A U
ST YRR IE H0.8% I AT S I, 13 255T 68—
3 R 13 ZE9F 76—4 (M ER 22 ) 10 20 i S AF X 75
B3 (P<0.05) M TRARZEITR 08 25 3-1 (ifit#h
PEEGR) M2 40 MR X B M R N

£S5 RERBERTMZTEXEL B BTS2 %

Table 5 Salt tolerance evaluation of E. sativa using the method of membership function

K FEFRFRE(E Membership function value of growth index SEIREEEHES [RENES
G AR EEMEE e (SIS HifEE A Average ranking of 4
No. Name Survival Seedling Root Seedling  Root fresh membership Salt tolerance

seedlings rate  height length  fresh weight  weight function values rank
1 06 %% 87-82 06 yun 87-82 0.70 0.79 0.575 0.7952 0.5880 0.6896 3
2 522 216-1 Zhangyun 216-1 0.89 0.61 0.235 0.5623 0.3296 0.5254 14
3 JBEZEIT Weiyuan yunjie 0.44 0.67 0.435 0.2959 0.2959 0.4274 20
4 T ZEIF Jingning yunjie 0.54 0.33 0.385 0.8615 0.8388 0.5911 8
5 13 ZEJF 75-3 13 yunjie 75-3 0.14 0.49 0.105 0.3778 0.3778 0.2981 23
6 RIKZEIF Tianshui yunjie 0.21 0.59 0.475 0.1361 0.1361 0.3094 22
7 122537 83-1 12 yunjie 83-1 0.85 0.54 0.360 0.6536 0.4952 0.5798 9
8 UREZEIF Minxian yunjie 0.47 0.52 0.185 0.8204 0.5702 0.5131 15
9 £ TZ%JF Huining yunjie 0.62 0.62 0.530 0.7524 0.5441 0.6133 7
10 06 2% 86—y 06 yun 86-y 0.70 0.62 0.270 0.9167 0.9167 0.6847 4
11 13 2537 12-6 13 yunjie 12-6 0.56 0.68 0.335 0.7542 0.5566 0.5772 10
12 JKEZEIF Yongdeng yunjie 0.40 0.56 0.320 0.6540 0.4506 0.4769 18
13 04 %525 100-2 04 jingyun 100-2  0.78 0.72 0.405 0.5770 0.3701 0.5704 11
14 IEPEZESF Lintao yunjie 0.57 0.61 0.340 0.6798 0.4572 0.5314 13
15 13 2537 68-3 13 yunjie 68-3 0.04 0.33 0.060 0.1903 0.1903 0.1621 25
16 RARZEIF Minle yunjie 0.94 0.79 0.340 0.8734 0.6572 0.7201 2
17 13 2537 76-4 13 yunjie 76-4 0.00 0.14 0.000 0.0000 0.0000 0.0280 26
18 JRPFAZEST Qingyang yunjie 0.41 0.87 0.570 0.7802 0.5308 0.6322 6
19 HIBZEIF Zhuoni yunjie 0.30 0.95 0.275 0.7189 0.5052 0.5498 12
20 BEPEZETF Longxi yunjie 0.33 0.83 0.565 0.9286 0.5807 0.6469 5
21 13 2537 29-5 13 yunjie 29-5 0.54 0.63 0.085 0.3172 0.3748 0.3894 21
22 13 2£3F 79-2 13 yunjie 79-2 0.25 0.41 0.180 0.2250 0.2250 0.2580 24
23 13 2537 8-13 13 yunjie 8-13 0.54 0.64 0.390 0.4403 0.4403 0.4901 17
24 08 k%5 77-2 08 zhangyun 77-2 0.27 0.61 0.280 0.6218 0.4571 0.4478 19
25 08 5K 6-3 08 zhangyun 6-3 0.56 0.68 0.130 0.7332 0.4431 0.5093 16
26 08 2% 3-1 08 wuyun 3-1 0.76 0.76 0.735 0.6740 0.7017 0.7261 1
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A:08 B2E 3-15B: RURZIT; Co IR T D3RS 216-1; E:13 2537 68-3;F:13 2551 76-4
A 08 wuyun 3-1; B: Minle yunjie; C: Lingtao yunjie; D: Zhangyun 216-1; E. 13 yunjie 68-3; F: 13 yunjie 76-4
1 6 AR EIEITE 0.8%NaCl BHE TEKESER

Fig.1 Difference in growth morphologic 6 E. sativa with different salt tolerance under 0.8% NaCl stress
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Fig.2  Proline content of 6 E. sativa with different salt
tolerance under 0.6% and 0.8% NaCl stress
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Fig.3 Relative membrane permeability of leaves of 6 E. sativa
with different salt tolernace under 0.6% and 0.8% NaCl stress
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Fig.4 Soluble sugar content of 6 E. sativa with different salt
tolerance under 0.6% and 0.8% NaCl stress
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