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Effects of extraneous spermidine on antioxidant enzyme activities and
other physiological characteristics of pumpkin seedlings under osmotic stress

WU Xu-hong', FENG Jing-min®
(1. College of Life Sciences , Agriculture and Forestry , Qigihar University , Qigihar , Heilongjiang 161006, China ;
2. Qigihaer Health Inspection Institute, Qigihar, Heilongjiang 161006, China)

Abstract: To explore the physiological responses of different concentrations of exogenous (Spd) on pumpkin
seedlings under osmotic stress, the effects of extraneous spermidine with different concentrations on pumpkin seedlings
growth, reactive oxygen metabolism, antioxidant enzyme activity and the content of non-enzymatic antioxidant and osmotic
regulation substances were studied through sand culture method with pumpkin variety — Yinhui No.2 as research material
and the water stress simulated by PEG. The results showed that exogenous Spd with concentration of 0.9.1.2 mmol* L'
respectively increased the biomass of pumpkin seedlings by 43.40% and 36.69% . The accumulation rate of root O; and
the accumulation of MDA decreased by 56.33% and 43.50% . application of exogenous Spd with concentrations of 0.6,
0.9 mmol* L.~ " induced to enhance the antioxidant enzyme activity in roots and leaves in varying degrees; especially when
treated by 0.9 mmol-L~" Spd, SOD and APX activity of roots and leaves were 2 times, 1.83 times and 5.47 times,
2.40 times those under osmotic stress; CAT and POD activity were respectively enhanced by 410.89% 300.50% and
331.18%, 276.25% . The Pro and soluble sugar in leaves were increased by 1.76 times and 1.71 times, and the accu-
mulation of soluble protein reached 1.49 times those under osmotic stress, preserving higher osmotic buffering and regu-

lating capacity. The contents of ASA and GSH in roots increased by 2.88 times and 2.41 times. Therefore, under osmot-
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ic stress, extraneous 0.9 mmol+ L' Spd inhibited generation of ROS and alleviated the oxidative damage. Antioxidant

activity response and ASA — GSH circulation protected the biological stability of membrane system. Content changes of

regulating substance penetration maintained the osmotic balance of cells and the environment while increased the photo-

synthetic carbon assimilation and accumulation of protein, indicating that extraneous 0.9 mmol*L~" Spd maintained the

normal carbon and nitrogen metabolism of pumpkin seedlings under osmotic stress and alleviated the oxidative damage of

pumpkin seedlings.
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Table 1  Effects of exogenous spermidine on the growth of pumpkin seedlings under osmotic stress

st W BT/ (g k") RS TE /(g k") ARG (pgeg™"h™") i HE K %
Treatment Shoot dry weight/ (g plant~') Root dry weight/(g*plant~") Root activity Dry tolerance index

CK1 5.87+0.13a 1.76 £0.07a 53.64+2.76a 0

CK2 3.85+0.09d 0.92+0.11e 23.57+0.43d —-37.88

T1 4.02+0.24d 1.02+0.03d 25.69+1.58d -33.67

T2 5.09+0.11¢ 1.26£0.17¢ 34.98 +1.21c¢ -16.78

T3 5.36+0.22b 1.48+0.13b 42.55+0.66b -10.35

T4 5.15 £0.19¢ 1.37 +0.06¢ 40.31 +£2.04b -14.55

I : Al — B 5 AN NG TR R 2R 235 (P <0.05), Rl

Note: values with different lowercase in same column are significantly different( P < 0.05), the same below.

2.2 HNE Spd 3Fi2EME TEIKE 05\ H,0,.
MDA K 1831 BB iR RS 1E X 0

2 AT LUFE 2, B & e~ p RS AR it
ROS KiEF e, 05 A BE R Hy0, 7 253135 %F
HEFK) 3,11 £%.3.01 £5.2.27 {5 H1 1.98 fi5; L & p
MDA FH 2 1 AH X H, fife J52 95 3% 22 T 49 0 3k 2. 53
52,59 £ ;1 A A1 . 824% 2. 04 5 (P < 0.05),
FHRB B WA T RS AR I 20 M R i) 2548 A de e
PE, HXTAR R B A0 005 K T 1l 3550 SRR Spd

AbFRIE ,BR 0.3 mmol - L=" Spd 4L FRAN, £ 48 45BE Spd
HeRE T R F%,0.9 mmol + L™" Spd 4bFH, AL & 05
A R Ho0, & S BEAIR T 56.33% .46.97%,
MDA FR 2k D 43.50% , B3 1 T B 50.51% (P <
0.05); M Fr B i ) 43 5 A 44. 01% . 36. 45% .
34.26% .31.99% (P < 0.05) , % # Z& 1998 44 F R
T Fo 0.6.0.9 mmol- L' Spd &b F , A ] 78 i %
T B RNG i R R L A K, G2 T AR
TR MR Spd AL X FEAIG ROS A9 BB, g2 41
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Table 2 Effects of Spd on producing O; rate, content of MDA and H,0,, electrolyte leakage in pumpkin seedlings under osmotic stress

AR WL S B R/ %

07 FEAHR/ (nmol* g™ min 1) H,0, &/ (nmol-g~1) MDA & & /(nmol-g~")

T}Zﬁfi y 05 productive rate H,0, content MDA content Electrolyte leakage

HLZ Root A Leaves HLZ Root A Leaves LR Root A Leaves MR Root A Leaves
CKI  1.37%0.10e  1.58£0.03¢ 12.77£0.09¢ 17.81£0.71d  4.53%0.03  5.32%0.07¢ 18.34%1.33¢ 15.56% I.l4e
CK2  4.26£0.21a  3.59£0.06a 38.45:2.36a 35.17£3.12a  11.4720.16a  9.72£0.09 47.46+3.17a 31.69+2.06a
TI 3.97:0.11a  3.25:0.04b 40.2322.38a 36.84%1.75a  10.66+0.51a  8.90£0.23b 45.53+3.0la 30.05+2.30a
) 2.84£0.04b  2.66+0.07c 29.56+1.68b 25.272.24b  8.79:1.03b  6.67£0.05d 29.88+1.89h 24.78%1.93c
3 1.86£0.03d  2.01£0.08d 20.39%1.47c 22.35£2.07c  6.48+0.31d 6.39+0.20d 23.49+1.79d 21.55+0.93d
T4 2.2940.14c  2.4320.10cd 21.18£0.89 22.19%1.49¢  7.59£0.35c 7.28+0.15c 26.91£2.24c 26.37+1.09h

2.3 SN Spd XFiEERE T B4 &R R P EE
E TR

W 3 fzs &35 38 10 e TR S - e FIAR &R
1) SOD ¥ 1 ¥ W 25 38, 3 o te xR T
56.04% .63.94% (P < 0.05),S0D & 7425 1k /& ROS
P75 S T {6l i JIRGJ) 1 A R RS Ny 923 3 33 5 7
A TR N SR 1 5 POD 17 M ZEAR 2R A b i A8 A A
[F], 3505 ik 30 2 3 FE IR T i 7 POD 3 1, B 3R

59.19% (P < 0.05) , {HAR R B 1% S0k D 6.52% , IF:
RZFNBEZ W (P >0.05); CAT Fl APX {14 2 8
AR fb R 1B B e AL 3, AR i CAT 35 P
S RET 28.20% .31.87% , i APX T M43 il 42
1 102.33% .72.55% , VLW AE e I N A P ) AR 40
Bl SOD . APX K45 115 BR ROS, LAFHEAH FH 3 )
BB EEEN .

&3 SME Spd XS EMME TR B R AHR P ERE R IE
Table 3 Effects of Spd on activities of SOD,POD, CAT and APX in root-leaves of pumpkin seedlings under osmotic stress

SoD it/ (U-g™1)

POD ?ﬁ‘@/(U'g_]'min_])

CAT 3& 1 /(U-g™ ' *min~") APX 36t/ (U g™l min~1)

Trgji " SOD activity POD activity CAT activity APX activity

A Root M} Leaves A Root - Leaves A Root - Leaves HRZ& Root M} Leaves
CK1 72.25+3.88¢ 58.63+1.92¢ 23.47+0.76d 39.57+2.02¢ 3.05+0.03¢c 3.86+0.11d  0.43+0.03f 1.02+0.05d
CK2  112.74+4.03d 96.12+£2.37d 21.94+1.34d 16.15+0.77¢ 2.19+0.08d 2.63+0.05¢  0.87+0.05¢ 1.76+0.37c
T1 117.86+5.21d 108.59+2.84d 21.33+1.02d 29.43+1.38d 3.17+0.24c  4.88+0.23¢  1.51+0.12d 2.85+0.10b
T2 172.39+5.75b 141.33+3.09b 79.88+2.79¢ 66.77+2.58a 6.39+0.33b  8.21+1.18a  2.53+0.30c 3.96+0.57a
T3 225.67+7.33a 175.67+4.33a 112.09+3.87a 64.68+2.03a 8.24+0.85a 11.34+0.99a  4.76+0.26a 4.22+0.18a
T4 144.33+3.97¢ 113.46+2.72¢ 85.20+2.53b 57.87+1.97b  7.61+0.34b 12.55+1.36b  3.04+0.83b 2.69+0.13b

HNBAR TR Spd A HUS , % K& 1 AR 2R AN
M 4 B IS R A R A B AR, BE Spd ik EE
L MR L SOD JEPELE 0.9 mmol - L~ Spd Ab B 1k F)
BORMH, B m TR, A BB B e 19 2.00.1.83
%5 POD 15 PEIGAE 43 3] BLAE 0.9 F10.6 mmol - 17!
Spd AbFH - F B B Spd ¥ FE AR TR/, AR
Z M Spd # K 0.6 mmol - L™ ' T4 T .25 v T
Fs CAT WEMEAR (Al 2250k B AR 3 BT AN TR,
W B 1 B S R AR R AR L APX TG R AR B
B Spd W 126 ¥ 1 R ST T G BRI AR L A, ik
KABF A HFAE 0.9 mmol + L= Spd AbFH, 3 51 %5 ot
FRBEIN T 11.07 1% 4. 14 f5 . PRI EIE P 2R fh 3R
7,0.9 mmol-L~' Spd 4bFR, AT 75 & FILIE /K4 1
FERIE T B AR B M BN, 5 AE PR T BR ROS 1Y BE

J1o (BFEAL PR BN, BRI CAT 3% Ty Re2l ot
A1 ,1.2 mmol - L™ Spd AbHf 5 S 15 2% T R, ik
BH AR R4 1 S 0 e BRI, 4 68 2 By A B T 174 [
(BT, A2 3 UM L 45 F RN Tl e A 0 35
2.4 SMNR Spd XHEEMIE TR EIRE ASA -
GSH fEIR L AL 490 R B9 #2 0ie

ASA SZAELE TP 40 e ST RA SR A 1 /N F 4t
AR, BE AT DAE A 8 B R A SR S i AT 3 A2 Ak
SR B e PR AR R 39 58 e g 7 AR 1 ROS, i AT L)
B FHUIR MR - 75 b6 H KA1 (ASA - GSH) 5 B
H, 0, , A B AT S A 36 ot A 40 T i S 8405 0 i 1
1 0], BB M E T, AR R ASA & & H BT R
46.01% , 755 B 3% ; DHA X HEIE N T 5.76 £, ik
LS, SN Spd MBS AR S TIRA
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BN U0 B 2 R B fe AE 8 e N R iR
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R R ) 2 R B B 34 0 2 T R, LB AL PR
TN 2 2 HE R 1 R 3R 2 SE R S T AR A B
0.9 mmol- L' Spd Ab BRI 55 o 1 35, it il B9 A
EIR S REEBEMA A 54.19% . PN

CK2 TI T2 T3 T4

CK1 CK2 TI T2 T3 T4
4k ¥ Treament

JK (GSSG) M3/ T 96.31% (P < 0.05);0.6.0.9
mmol* L™ Spd Ab B, GSH 7 #4371 L Fh8 T2 T
2.25.2.41 f%, GSSG W & & B 2 JBir 38 119 81. 46 % il
69.95% ; 35 % Wy 30 4b P GSH/GSSG He XiF IR T [
72.05% ,GSH/GSSG HUAE Bl Spd Ak B ¥ B i K S 7t
JEi R ,0.9 mmol - L.~ " Spd ik 2| 4b #l i KAE, IL 5 R
R, ULHIANIR Spd 7E ASA — GSH GHA H A L o] 354 1
V5 GSH 3, 38> GSSG A, 25 T ASA -
GSH fE¥RH GSH 1 GSSG &5 i I 15 o

ASA/DHA
D = N W AR K

CKIl CK2 TI T2 T3 T4
Ak B Treament Ak B Treament

GSH/GSSG

CKl CK2 TI T2 T3 T4
4b P Treament

SN Spd X5 iE BB T E /AR & ASA.DHA,GSH.GSSG 22 & ASA/DHA F1 GSH/GSSG B 24
Effects of exogenous Spd on ASA,DHA,GSH,GSSG contents and ASA/DHA and GSH/GSSG ratios of pumpkin roots under osmotic stress

HIRE R A 2 2 5N s iR, B & a
WEE, M AR A S R IE TR, 0.6.0.9
mmol- L™" Spd Ab B, F (1 5T & it 4390 Lb B i 38
T 61.47% .48.52% (P <0.01), Htt&EM, & H
FIE Y Spd AL FE, AT 5 2E 10 i R I 7 a] i 1 A
TR N A Z RHE FIREFENZ
JHie , 55 M P L e 2 1 T 2z [) DR R ey 5 ] T AR
JiT R A sl AR 1 e BT A

&4 MR Spd XEEMHE TEIKM A ERATYRESEHFIT

Table 4  Effects of PEG and exogenous Spd on organic osmoregulation substance in leaves of pumpkin seedlings

AR/ (ng-g™!)

AL P I AR/ (mgrg™") AR/ (mgeg™") MEmR/ (pgeg™")

Treatment Free amino acid Soluble sugar Proline Soluble protein
CK1 4.58+0.24d 29.38 + 3.26f 178.51 £ 1.08d 76.24 £ 8.55a
CK2 12.53 £0.07a 42.69 +3.87e 482.76 £ 1.35¢ 40.46 +5.71f
T1 11.44+£0.21a 63.58+4.11c¢ 508.63 +1.77c 47.87 +2.69e
T2 9.06+0.30b 78.61+2.19a 729.75+1.81b 65.33+5.53b
T3 6.79+0.41cd 72.94 +3.51b 848.37 +0.98a 60.09 +7.24¢
T4 7.08+0.28¢ 48.66 +2.88d 789.68 + 1.46b 55.37+4.79d
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AR R EE B E IR YR, hia S 80T
PERE S 2T o Spd #5403 43 51 b 38 306 358 14
T 48.93% .84.14% .70.86% .13.98% , 1t W 75 30 4%
,0.6.0.9 mmol+ L= Spd Ab P 13 X 5 1 1 5 ik
il /K- AR B OB E R R AR R Al
BT R PRE T A0S A4 A Y 1E 6T,
Py T R R R R E IR R T . A
PR RE A R N EZ B &R Y T, IR YA
Vil . YA 2 5 E A T, A EEOK AR
AR KA . 3 4 IR, 15 5 kb P g S
F 2R 25 B EE X IR T 140.18% (P < 0.05) . 4
Jiti Spd J& AN IR R FE A T Il 2R & = i 4 5, 0. 6.
0.9.1.2 mmol+ L~" Spd &b FH, i 4 B2 & =t 3 Bl ik 5]
IR 4.08.4.75.4. 42 1%, th FIiEREZEH
T 5T AN L e JC R AR S AL A,
AR GREST, KA & A5 T A B F
YRR 3B R R B B KT, A T e NS
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A o B e SRR AT 1% ) o, R PR P M A LA
FF R, 35 TR, 0.9 mmol - L' Spd
WER S TBEME TR AR POD, CAT Fl
APX 761E, Ao CAT Wi E R E R TRA, X 5
2PN 23R Fof o B RT — PCR % AR HT Spd X7k
S3IE R A A 3 R 5 B A R, R B AMR
Spd F1E T H =M1 A 5 SOD,POD, CAT , APX & [
(IR A CAT S TE K 4 38 T 4 2R+
T RACE IR BB A R — 3

ASA SBHUEAAL R G N F PR,
fES5A M H0, 76 APX AUfiEAL N b4 RO, H &
TS E AL B ST LR (MDHA ) , MDHA 4k 4%
Al A U S PTIR IMLER (DHA) , 1 H,0, 7E GSH 2
B T R1A JE ) (NADPH) F94E I F 38 )54 1,0,
M fERE Hy0, A7, ASA W] L DHA F1 MDHA
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I [FI2 30 DHA &&= 1T Al ASA/DHA HWER T
K. SR Spd Zff T2 EMA T B IRZI AR R ASA
EEA TR, A% T DHA & 42,0.9 mmol - L™k &
(1) Spd ZEFE T A Ab A =1 1Y) ASA/DHA LU fi, #F—2
VLH , Spd i 52 B 5 WA T GSH — ASA R
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GSH/GSSG. E\AEH 8, GSH/GSSG ] E A g Y



55 4 3]

RIBLLAF SNV RSB 2 W8 T R NS i BT A AR 55 A URR P PR 261

(G50 WA G R 1 2208 (B B D LA
SEAR LR B % EAT 2 . fE ASA - GSH g
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