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Effect of exogenous salicylic acid on physiological
characteristics of Sabina seedlings
under low temperature stress

LI Dong-Hua, CHEN Yin-Ping”, BAO Mei-E, CHEN Jia-Bin,
ZHANG Feng-Xia, SU Xiang-Nan

( School of Environmental and Municipal Engineering , Lanzhou Jiaotong University . Lanzhou 730070, China)

Abstract: The effect of exogenous SA on membrane lipid peroxidation,osmotic regulation substances and antioxidant
enzyme activities in the leaves of Sabina species under low temperature stress at -4 ‘C for 6 d was analyzed by deter-
mining the relative water content(RWC) , relative electrical conductivity(REC) , contents of malondialdehyde(MDA) ,
soluble sugar(SS) ,soluble protein(SP) , proline(Pro) and carotenoid(Car) ,activities of superoxide dismutase(SOD) ,
peroxidase(POD) , catalase(CAT ) ,ascorbic acid peroxidase(APX) and glutathione reductase(GR) in the leaves of 3-
year-old seedlings of S. przewalskii and S. chinensis pretreated with different concentrations of SA to provide a theo-
retical basis for fostering more anti-freeze evergreen varieties. The results indicated that certain concentrations of SA

could maintain the stability of membrane system and increase the contents of osmotic regulators and antioxidant en-
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zyme activities , enhance freezing tolerance of plant,the optimum SA concentration was found to be 200 mg/L for S.

przewalskii and 30 mg/L for S. chinensis. The chilling tolerance of S. chinensis was stronger than that of S. przew-

alskii in the pretreatments with SA. Those results suggested that appropriate concentration of SA could help to in-

crease the chilling resistance of Sabina species.

Key words: salicylic acid; low temperature stress; Sabina ; membrane lipid peroxidation; osmotic regulation; antiox-

idant enzyme activities
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Table 1

Effect of low temperature stress on the chilling tolerance of the seedlings of two Sabina species

M1 Sabina chinensis

847 Index

FRIEBIMI Sabina przewalskii

25 °C

-4 °C 25 °C -4 °C

X G2 (%)

Relative electrolyte leakage
MRSk (09

Relative water content
MDA %1 (mmol/g FW)
MDA contents

20.6640.92 ¢

74.414+1.71 a

11.6141.15 ¢

A PERE S & (mg/g FW) 102.134+7.83 b
Soluble sugar content
THEEEA SR (mg/g FW) 1.84+0.14 b

Soluble protein content
&R & & (mg/g FW)

Proline content

0.1640.01 ¢

LKAE FESE (mg/g FW) 0.1440.01 ¢
Carotenoid content

SOD & (U/g/min) 16.8340.46 b
SOD activities

POD % (U/g/min) 61.51+£4.98 ¢

POD activities
CAT ¥ (U/g/min) 25.65+
CAT activities

1.07 b

APX itk (U/g/min) 62.74+4.25 b
APX activities
GR & (U/g/min) 2.63£0.23 b

GR activities

47.9742.97 a

21.104+1.58 ¢

66.69+5.01 b

14.66+0.82 d 40.66+1.80 b

65.07+1.81 b 81.7742.45 a 72.77+5.67 ab
54.21+2.07 a 7.15+0.36 ¢ 38.64+2.86 b
41.54+2.84 ¢ 128.1146.46 a 56.32+2.57 ¢
0.96+0.09 ¢ 3.33+0.30 a 0.48+0.02 d
0.194+0.01 b 0.2040.01 ab 0.2340.02 a
0.1140.01 ¢ 0.20£0.01 a 0.11£0.00 ¢
7.83+0.46 d 23.45+0.20 a 13.7840.44 ¢
122.47+8.88 a 44.92+3.00 d 77.91+3.57 b

33.84£2.55 a 28.53+1.20 b

83.53+6.98 a 75.1542.46 ab

0.66£0.03 ¢ 3.964-0.36 a 1.132£0.06 ¢

T P B P 3 B AR 2% L — AT OR[N R R 22 5 3 (LSD A g i L P<<0.01).

Note: Values in the table is mean= standard deviation. Different small letters show differences at P<C0.01 level in the same column.
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Fig. 2 Effect of SA on relative electrolyte leakage (A) and MDA contents (B)

in the leaves of two Sabina species under low temperature stress

iR .2 (P<<0.01) (A 3:D),
25 SAXMRIEE TEHEEYMH M ELEFEYE
sk

IR 38 T, SA &b ¥ 5 W R 15 A6 IS A9 T
SOD {if ¥ 52 e 34 n 5 BEAR A #5 . 10.20.30 Al
100 mg/L SA Ab3 )5 B A1 B SOD i % 0 mg/
L fI%F IR . 200 1 300 mg/L SA 4b B 5 #8 1% &
T 0 me/L XTI (P<<0.01), Hirf 200 mg/L
SA KLFRJE FAA M F SOD % P sk . R 9 SA
AL B AR & B AE T R SOD i P 0 98 35 /E FH 58 T i
We AL FE, 10,20 FI1 30 mg/L SA &b ¥ AR i [ H
SOD IG5 0 mg/L #5880 b 438 fin . i 100,
200 F1 300 mg/L SA 4t B SOD 3% 1 FE A%, Hdh 30
mg/L SA Ab B4R % [B A1 i R SOD i P ik 3] &% i

(P<<0.0D) (W 4:A) ., RIEMIET .5 0 mg/L BIXF
FEAALE . B 300 mg/L SA 4L BER AT - POD 36 1
Ham ok H v BE 2L BE POD 3% 2 ¥ 02 35 FR AR (P
<<0.01), FRFERMMF POD 75 MRl SA ¥ 5 5t
BE B, Hod 30 mg/L SA 4G POD i 1 &%
0 mg/LAYX B8R . SA AbH X 5 408 5% [ A
POD 3 MR B A5 (& 4.B) . RE P R, P
P A B AL i CAT TG PERE SA e B 34 in 2 7%
ThE Ja ARy, Forp 100 mg/L SA 4b 3 )5 B A1 i
A CAT 3G TR 5R (P<<0.01), KM SA &35 48
HEFM H CAT IG5 0 me/L X BT R,
100 #1200 mg/L SA 4P 5 CAT 3 HH 0 mg/L
BT BE B 2 1 m (P <<0.01), 5 0 mg/L By X} B4
A EE . 100 mg/L SA Kb = A8 3% B AA B - CAT



224 I N7 34 %
Oome/L B 10me/L 20me/L 30mg/L @ 100mg/L [200mg/L E300mg/L

250 r A 7T
= a =
fE % ab ab ab ab b E -;c:
"o £ 200 | T
. o €
& 8 &S
E g ©
g 10T W<
(FE . 41 5
% ©100 | @5
g5 B
T 3 50 {;QEE

T3
0 J 1 J

1.0r1 0.
= 09 s o
Erost T 5 0.
‘e © 0 E 0
E“;-E'O.7' Eg C cd cdcdd
E 8061 W < O
W.Imﬂgoj- f&[‘éo.
& 0.3¢1 05 0.
B o2} & o

0.1F Koo

0 0 ]

Sabina chinensis

TREE

Sabina przewalskii

Sabina chinensis

FREE

Sabina przewalskii

Bl 3 SA AbFRXHCIE M A T B A E Y A TR CA) TTETEE A (B AR (O 23 N R (D) & & 52 m
Fig. 3 Effect of SA on soluble sugar(A) ,soluble protein(B) ,proline(C) and carotenoid(D) contents

R2 SAMAEMAMHEHEEDSEIFER MBS SITN

Table 2 Comprehensive evaluation of the effect of SA pre-treatment on the

in the leaves of two Sabina species under low temperature stress

chilling tolerance of the seedlings of two Sabina species

SA e

FEAR3H B R EUE The function value of indexes

LRV

R . . ) HEA
Variety SA concentration RWC REC MDA SS SP P Car SOD POD CAT APX GR (/Omprehe-nswe Ranking
(mg/L) / g O~ E ro Aar. s g 4 evaluation
0 65.07 47.97 54.21 41.54 0.96 0.19 0.11 7.83 122.47 21.10 66.69 0.66 0.29 13
10 69.16 45.78 21.97 111.28 1.96 0.17 0.15 5.01 92.82 17.22 53.13 1.69 0.24 14
5 4 20 69.61 53.50 18.23 113.94 2.38 0.24 0.17 5.74 80.23 26.92 79.01 2.53 0.34 11
Sabina 30 64.94 61.28 15.62 119.99 2.87 0.23 0.20 6.25 69.95 35.26 63.85 1.73 0.34 10
chinensis 100 76.04 32.89 23.10 112.45 3.38 0.55 0.27 6.68 78.12 43.55 89.41 2.57 0.45 5
200 73.40 29.79 13.59 104.61 5.28 0.84 0.37 17.23 72.12 22.82 50.04 5.63 0.49 4
300 86.26 32.73 14.53 191.64 2.12 0.76 0.19 10.29 141.06 10.93 41.58 3.65 0.43 7
0 72.77 40.66 38.64 56.32 1.48 0.23 0.11 13.78 77.91 28.53 75.15 1.13 0.31 12
10 59.94 47.25 25.46 186.82 2.76 0.43 0.31 14.40 85.79 16.07 68.38 3.39 0.43 6
W3 IR A 20 61.46 53.94 22.65 174.52 4.64 0.86 0.31 15.46 56.55 16.49 68.66 3.28 0.50 3
Sabina 30 72.21 46.87 21.27 203.47 5.36 0.83 0.45 24.36 148.54 19.22 107.65 4.65 0.77 1
preewalskii 100 81.73 36.90 14.06 188.32 3.22 0.27 0.30 12.71 80.95 34.25 92.45 4.22 0.51 2
200 85.11 30.13 16.26 193.57 2.40 0.26 0.29 10.74 70.44 32.41 44.83 2.36 0.37 8
300 89.15 32.15 17.75 185.85 2.81 0.10 0.28 10.99 51.53 9.53 89.31 2.90 0.37 9

TR A R e i (P<<0.01) (8 4:.C), IRIEMAE T .
20 FI1 100 mg/L SA kb B X E A1 APX 1% 1 #4384
BB EEH(P<0.01), Hih 100 mg/L SA 4k 3 %t
LR FEA I R APX 3 P 0 8CR B i (P <<0.01),
30 1100 mg/L SA &b B X} 48 3% B A1 APX 3 ¥ Y

BN B VE FH (P<<0.01) , Hih 30 mg/L SA 4b¥
it A 5% B R B APX T M 0 ROR R (P <
0.0 (F 4.D), MRIEME T, AR E SA &b )5
P IR0 AL JRR AR T GR O P 2 B i 5 4 9 (P <
0.01), i 200mg/LSA &b 3 5 [B #1 M A GR 1%
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Fig. 4 Effect of SA on activities of SOD (A) ,POD (B),
CAT (C),APX (D) and GR (E) in the leaves of two Sa-

bina species under low temperature stress

P 0 mg/L BIXT IR A58, 30 mg/ L SA A4b P15 48 i%
B A 5 GR G HE8E 0 mg/L X 5o (B 4. E)
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M

h T SR — bR T DL R 2 AR AR R
J P A il i, 4 T E A BT A SA T AL BT R A (5]
1V A ) B FE A 1) 52 ), A BT 5 SR SR J o 2303k X
it SA J5 IR 5 A JE KL 8 00 B JE R AT 45 R
Mo Bt S TR) v BE Y SA Kb X 5 A1 RN AR 3% 5]
&0 T 0 FE M 14 5 ) ] T 37 55,201 1)

R 2 W LLE Y, W B 1 SA AL #E G $2
(R B0 FE M 200 R 5 0 o ATV BB 11 SA T AL B G 42 v
A 3 B R AR SR AT o 200 mg/ L SA ¥ ik WAL 3
Xt B2 5 5 A B FE M AR i, 30 mg /L SA WK T
A 3 42 1 4R 4 B AT FE M SO A . A R A 25
A HEA B R SR A, 2B SR BT FE I L B, SA
AL BT B 34 5 A1) B € 1 B A Y 58

3 ik ik

WA AR B H AR A A R
IRy S A S B A B i AR )
MDA (FREFESE, 20100 . ASBF5E & B AR Wi T
WA EAG B AR F RWC TR B, 40 A 3% M 15 K
L S 488, REC 728 K, MDA K2, S 541
i R g0 e EE AR . A A 2 B A T kA AR
B35 VRV ORI AU AR B R G Kk A A D T I R
PR PR e = %L 20025 Foyer et al. .
1994 %555 ,2010) . AHEFE & B AR W38 T W9 Fp
[ & AE ) 0 B Pro BLER, POD I P 385, o] GE 2
DR R AR [+) 98 175 3081 15 490 JoRe R0 245 oAV 388 A 30 I 19 #1441
AN TR 9 0 50 A SR A i e I 1B O TR R ) T
AN Tl 5 P 2 I X BRI AR b R 3L (H AR 3%
#1149 SS.SP. Pro,Car % # 1 SOD.CAT.GR i
P T BA 2 B AR B R o 32 0 VA A ) oG R
Bt S8 Ak it 70 AR P 38 BB T G 100 Y BR G L PR
200 60 8 2R 0, o A T B 3 2 B L T2 0 I T R
W L 3k — &5 S 5 FRAR M 45 (2008) 2= B A (2010) Fl
fAl e 72 45 (2010) BB 7T 45 AR

SA 2 5 1 BE % %06 R 4 0L U Y Chyper-
sensitive response, HR) Fl & 4t 2K 15 1 $T 1 (sys-
temic acquired resistance, SAR) B W IR 15 5 4> T
(Malamy et al.,1990) , 78 A8 47 14 N 19 A= 2246
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H W 34 %

TR AERK EE AT SR
OB E N I N /1R 11 118 T /1 =/ N g e B
Y 5z W 175 S i B P (Hayata et al.,2010), ¥
Z 5T EUE AN SA Bt FH LA B IR SA B i b
TBEHE v R W (P IE ) (E AT 45,2012 E 28R4,
20100, AHFFESE KK, Wi 200 mg/L 1Y SA HE
et A1 V90 o 530 A1 JR AL 40 4 1 9 REC, S R B2 1 SA
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