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SR A5 AR AL TR xS B S E T R INAEAR A 3B A (A5 1 RS2 MR

WARANE R 22 ZR e 5 TRESE B, (E W E 2 R S0 %, (AR FR 4271018

FEEE: 4 T RSN IR LA A (spermidine, Spd)*d35 )N B F4F A 6925 AL, vA E A 53 IN(Cucumis sativus) 4 3%
#, 2 F A0, 10. 25. 50. 75. 100. 125 pmol-L "4y Spdiz & # 47 F4L 22, 10 mmol-L™" 443t J 3K ¥ 8 (p-hy-
droxybenzoic acid, PHBA)z &3t # KAt T4 B HAE A . K30 45 R & 9: A 10, 25. 50. 75. 100 umol-L"#)Spd
AL 22 NAY T, 34 8 R ) F2 5 4% fF PHBA M8 3t BEAR A K 69 49 )45 JF1, 229 50 umol- L 49 Spd 42 M 2 R 4F. 50
umol L™ 49 Spd 2 & 4 f# 7 PHBA WAt & JNAT F S0 Bl A BRAR T 30 BALBE A AR B E P a9 47 B4 A, &
1& T BEAR P O3 89 7 A 32 % . H,0,% A =& (malondialdehyde, MDA)#) 4%, 32 5 IEAR e 578 . 394N RSpd
T 462 18 1T AR B I8 Ao (R0 09 9 ARSI B M AT NS A2 P i e il BRI R A%
R B AR R 1 R 0 3R AR AR IR AL T #7649 5 ik, B AT A4 Spd%E fEPHBA A 7 W 324 T — 69 3810 2 al.

XKHEIE): N, B FAFA; PHBA; Spd; 42 fi4E

5 JIN(Cucumis sativus) &3 E N K5 %2 H5E 5
PEVIZ —, WA BRI 7 v 32 B RS T 2R (B J
BUEE2017) 0 AH T RCH AR B A 0 T 4 5%
HNAETR R F G, PO OEMEI RS, &
ERAG KA E, KB A2 2 EYh . &
PERERG & A b A 7 v () — F s I R, s il
L ER A AR SR R E R R . WF TR B,
EEAERERG I R AR B A AR R i 51 B 21k
F (autotoxicity) & K 25 A J<(BR 37 A 252010).

B #AE 2 A0 e A ) — Fhe R A O 2K,
X E S AGEAE R, R ks . Ak g
fil s AR AR 22U I B ORI S B, TR E &
PR R FEEM . R, B
YR T E R MIREAEY), B AN . X
HORHIR . WEERR . KPR, AR RY i
KRB BN, gt Y R EEH, MHIR
A, IR, SBUEY A EAERERG (Yu
1999) . By IR Jo 3t 2 A D R TR 240 ML £ 5 RS A2 A
B W STEAEER TR . FIEREREY
FR A R AR Z RS, IR0 E 5
W5 RS R R (BuZ%2016; BuZs2017). # K
R 7 W) 1) B B o N R R R R
(p-hydroxybenzoic acid, PHBA)ZE [ RS W) i, 1% L
YRR B 22 W]t s TG AR R g, 40 2 AR

Ko WFFRFRY, PHBA & 2 #1785 & (Lim%
2002) MR F AE K (Fh 5 75552016)

Z ARG AR P AR I — R R AR
PRTE VL 2 RN & B, L4 8 i (Putrescine,
Put). V¥ % (Spermidine, Spd)FlAf % (Spermine,
Spm). % & 5 A 4 306 K5 P A e 1 B D) AF G, X AR
Vg s h i B PR AR, A Spddf AR A M e
[ RN 235 . Paul%E(2017) B 53 B3, HISpd
A AL BEIKFE(Oryza sativa) %)) i e i 2 22 fif t 35
3 3k R SR A T, PR b . ANV N Spd
FermA E I T EYR BT AR B S, R R
P - (malondialdehyde, MDA)#15d 451k £ (H,0,)
B, REEYRPTR TE(Wangd52018) . i A
(2014)FSpdiz s A =M-(Trifolium repens)F--, KN,
B IENE T IR B T P, I T e K
PG iR RN 2 B AR, S A R i A A A
ARKRARER . SR INSpdig A B iE = EY
X} I (Zhou 5201 6) AL IR (DiaoZE 20 15) i b,
R fiff il S5 Fp JE G AL 1 R T . R A )
Mrigon 7 Mg Spdidiid 45 5+ R A R E AR
ik, Pem 7 E = R B (LigE2016).
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E7E SURTISE B A (/LTI O
YERMLE O A 1 20l (B2 /MR SpdZE i B
BEH B e ROE B> o AR DL KON,
W5t 10 mmol- L™ f{yPHBA A K #MESpd X # IR
WA B A N AH G B 14 B 52 e, AR Spd x5 /I
H B E I M 500 S AR BEATL, 00 A Spd TE 2% fif
BTN R RS v 1) N S it — 5 i B A

1 R57HEE

11 #iX# R 5305 it

RIS T AR ARME R 2 b 2S5 = kAT .
5 JN(Cucumis sativus L) SR N B4 5,

SpdZZ fiE PHB A B8 e i i ik - B Pk,
Ji B 3 B 5% B IR SR AN VTH B2 min, 57K
Vs . 0 E o A GE K AR B, CK)ATALEE
4H(H 10 mmol-L'fyPHBAALLFE), Kb ¥ 2H 174
(T1~T7) Spdik & /3 5140, 10, 25, 50, 75.
100, 125 umol-L"'., 7E28°CIH IR /K 4R H1IZ 8 h,
28°CHALES FR A G AL 216 hy 10 mmol L™ )
PHBAKL#, PRk 45 —FU i B f 73 E T B
9 e ¥E IR, FEE20KM 1, FhT NE2)Z 08
g5, Fhv BEILZE, A8 iR 4R B IR I IS
mL PHBAV (R LF AT AT I03 mL, #2247 f5 2
mL); B AE28° CHA L TR PG AL B, 72 hf5HX
FEDTE AH R HE B RN ACBEE ST 3K

SpdZZ i PHBA B 56 e v+ B Ak 1, F
Ji B 3 B 5% B IR SRR AN VTH BE2 min, 57K
Besi. 435I H0RIS0 pmol-L™ iy Spdili 4T Fil kb 324
h (AT R )5, POEss—8ureE a7 10
mmol- L' fPHBABEAT AL FE . 56 15 B X IECK (75
JKALFE), 10 mmol-L”' PHBA. 50 pumol-L" Spd. 10
mmol-L"' PHBA+50 pmol-L" SpdPU/~ib3H, 28°C4H:
MG TR I AL 3, 72 WS HURE BN bR E 3R
1.2 MEFFZE
1.2.1 & KIERNE

W ML B TN i, R B R R AR 1 = AR
K AMARK(>0.1 cm), GeitMIAR 254, 1008k 1k
FREff e, 4B EE3IK.
1.2.2 SEMBESIE M E

TN RIS 1 0 5 R 3,5- A K MR T GBX

THANEE1998), SEill & S Ve K B 1, SRJE1E70°C T
In#415 min, S0 B-TE R B, € oa-TE R BRETE . 2
VE R I 5 - R I M 2 22 R B-UE B B
PE o S 1 FH B B SRR A — o I TR) P A R
F IR RN, A mg g (FW) min'.

1.2.3 FRHEREMNE

fil 2 14 )i B (nitrate reductase, NR)YE Pl & 2
ZRAHANEF(1998) 77 4, FFINRAFENO,IE [ ik
INO, Sfififi [ ST il B 3, -5 a-ZE Z R T
ALY, T-540 nm &bl & WO R .

KA A U (glutamine synthetase, GS)i
PRI 5 2% Hauslers5(1994) /7. HIEGSHEILL
RARTY A B, 3 y- B A5 7 2 e
IR, TRV N 5808 s 4 B4 G Y 1E540
nm A RIS, FH 255 P AR iR SRR R GS
T

Z 8 Groat#llVance (1982) 17 V2 & 75 & 2
& g (glutamate synthase, GOGAT) &1 . [ WAk
%4: 0.05 mL 0.1 mol-L" a-[F /X —F&. 0.1 mL 10
mmol-L"' KCIl. 0.2 mL 3 mmol-L"' NADH#10.5 mL
fifEi, 0.4 mL 20 mmol-L" L-23 2 Bk i Ji 5h S v,
T340 nm N E WAE
124 BHIELEE

G Wy et 2 B BowlingZ5(1997) 1) Jy ¥ IA4E
B LAZRIRKELL g L' G Iy i ekl Kb 272
hi B B TN Gk 7 72 15 min, H RZK e 2
ANKR A, AR EAT R I
1.2.5 ;&S (reactive oxygen species, ROS)5MDA
2ENE

O, 4 B8 R 58 2 i Patterson® (1984) 1) J7
%, FIHO; R 5 R B, A RUINO, 5 2 J: 2R
PR Fl o- 2% 11 s AR BSR40 €8 AR B Gk, 2 R E
530 nmyE AR L B R /INAT R IR O5 2 &
H,0, % &l & Z Bt A% (1998) 1 7%, FIH
H,0, 5 Wi FREK A B IR K 52 6 W o A Ve CE B R h
WA, 410 nmi KR IEBROGEE . MDA S & E
K BRAC L HE %2 2 15 (WangZ52010), 4351 F-600.
532, 450 nm [ E TR
1.2.6 InELEGTEMENE

Fi A B L 2 I Mishra (2006) 75 1 o
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H20.5 g3 JINEAR A3 mL 50 mmol- L™ i & 2% h i
(pH=7.8)VKIBHIEE, 4°C, 12 000xg 25 .0>20 min, i
TR BSR4 A A B AL B (superoxide dis-
mutase, SOD)i% P4l 52 2 1 Stewart Fl1Bewley (1980)
(771, LLAHINBT A 534 )R 50% T 75 i & 9 I
WM ELAL(U), U mg! (FW)ER. &80y
(peroxidase, POD)y& M| 52 2 i Shah fINahakpam
(2012)fy77 1%, Mo I A BUAR Y S AL VLI E 470 nm ik
W FE A8 Ak, LAAE S B N 512470 nmP Y B2 AR
AT f A LA B 1 B A7 (U), FHU-mg™ (FW)3
INo 1 E A (catalase, CAT) V& P i€ i Patra
(1978771, HRAECAT 3 i H,O, 18 S5 I VR
T (A 0) BE S B IS TR] T BEAIS, 11 S 14, DL
By 51 LI FE VR D LI A LIS P EAL (),
U -mg" (FW)%£ . IR i ER L A L) (aseor-
bate peroxidase, APX)i P il & 2 M Xia % (2009) 1)
712, MR APXAE AL PUIR ML ER (ascorbic acid, AsA)
(TR, W 5E 290 nm I IR ' FE (1) B A 1 SR e 12k,
Flumol-mg” (FW)-min" %R,
1.3 G50

K FExcel 2007 FISTSTH A 3E 47 HH 5 4 b
AN 2 1 22 S 40 (P<0.05), e i3s3 R
BB AE R .

2 SLIEAR

2.1 ARIRESpdAbIEXPHBARE T &R 41 A%
RE KRR
H & 1A 41, 10~100 pmol- L™ [ Spd A i 3 42

fiE PHBAXT 3% AR R AE K 4l E L, HF BAN R
JESpd I & filt S A7 AE 2 57, Hoh Spdik % 50
umol- L i 22 AR R Fc b, B 3 TR EAR K . ]
FRA AR i A A i £ = 4 PHB A 38 R 43 31l 184
B 7 180.9%. 348.7%. 79.6%%155.4% (P<0.05)
(F1). 1125 wmol-L'f¥)Spd I EE T firif R . X
WiBIS0 pmol L™ [ Spd & i 35 LA PHB A [P it X 3
TR A K A o
2.2 Spd4IEXTPHBARME T &/N4E F e
B E M RS20

B B LR] 0, 1B AR AR A i Spd X B I
SAVE R B o= E Ky Il B-E K g T MR O R 3
M. PHBAJWME TS VEREE . a-VE X B AN B-UE ¥ Bl
TG PR R K T XS I At Spd U fFPHBA e T
BT S TE R B o- R Bl AN BV A S 1 4
IR 737.2%. 30.0%%H137.9% (P<0.05). #H,
Spd AT LAZE fifr PHB AT e B 75 1 (1 3k VR FH
2.3 Spd4IEXTPHBA/ME T 5N AER h ZAK 151 Bl
SEMERST

m 27 %, PHBAKN L 2 #) T GS.
GOGATHINRFE 1, JHipie it in Spd Wl 48 A 1t g
T 1 LB 25 T 20 3 R 1 32.61%. 55.27%F
23.99% (P<0.05). # WISpdfit S PHBAX & A
AT 1 (A AR F
2.4 Spd4LIESTPHBARNE T & INARR FE M A S2 00

Y BR BAE T2, & W R T 2 B AR T (4
MR, 5@ IMDNALE &, 55 O, TG4 Ee
BEL LE Gtk i N4 B P, RT3 R 2 £ R B Ok 5 )

1 AR SMESpd Xt PHBA A N 3 JI 4l B A= K 5

Table 1 Effects of exogenous Spd at different concentrations on growth of cucumber seedlings under PHBA stress

Vogiii TARK/em MR /em AR £/ A~ e F /g
CK 2.80+0.12° 12.6+0.23° 14.9+0.8° 1.76+0.05°
Tl 0.42+0.08° 1.60+0.22° 5.4+0.9¢ 0.99+0.05°
T2 0.70£0.16° 2.84+0.50° 6.0£1.0° 1.02+0.02¢
T3 0.68+0.13¢ 3.68+0.40° 7.4+1.1° 1.05+0.03¢
T4 1.18+0.04° 7.18+0.49 9.4+0.2° 1.54+0.10°
T5 0.98+0.08° 2.3240.42° 5.8+1.3¢ 1.13+0.06°
T6 0.54+0.09° 2.20+0.34° 6.2+0.8° 0.98+0.07°
T7 0.48+0.08° 0.94+0.15* 3.440.6° 0.8620.05°

pmol-L™, T5: 75 pmol-L™", T6: 100 pmol-L", T7: 125 pmol-L". /A~ [A] 5= Rk 7 &b B 6] 2 5 L 2 (P<0.05), F[Al.
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Fig.1 Effects of Spd on total amylase (A), a-amylase (B) and f-amylase (C) activities in cucumber cotyledon under PHBA stress
CK: %7K b3, Spd: 50 umol-L' Spd4b#E, PHBA: 10 mmol-L"' PHBA/%:#, PHBA+Spd: 10 mmol-L" PHBA+50 umol-L" Spd4t# ., T K[F .
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Fig.2 Effects of Spd on the activities of nitrogen metabolizing enzymes GS (A), GOGAT (B) and NR (C) in cucumber seedlings

under PHBA stress

SEARM 5G4 . B EI3E G, ALBET2 hE, Spdih  RAREINANESpd)E, IR AR E CUEPHBAR A, 4
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2.5 Spd4IZ2STPHBARME T&/NEIRFINE L EE
JIHIFZ M

Spdib T, O; 74 i MDA & 5 CKAH
EE oW R AR (E14-AHIC), H,O, & &4 BT ETH(E
4-B); PHBAJiE FEO; /=A% . H,0,AIMDA
B E RN, WrE A Spd 3 BRAR T AR
br, BPHBAJWE 5 I BEAK 1732.17%. 20.65%.
26.04% (P<0.05). 7 WISpdfe A SHh AL A 5]
FIROSLA KX MDA % &, ok /b A0 4% 55 DA R Mg ik
AR

K5 7~, PHBAAL# EK 7 SOD. POD,
CATHIAPX i 8 A i 1A 3% 1%, 17 A I Spd I 42
i 1 e T PUE AR s, HiSOD. POD. CAT
FIAPX M A3 = 1 38.49%. 33.76%. 25.58%
F119.48% (P<0.05). F*BI4MFESpdREHS 2% fPHBA
XA B AR o
3 g

Pl R R R B TG, Had BEAMY
MY MR H B R —, R
BoRESERNE L. arn s &3, PHBAXT
B IRR R S R o IR AR B AR K B 2 2 i
ER, M. AR AE B S A BE b R 52 21 5 ) (P
PIHEE2016). AT T, ASFVKFERSMESpd Rl LA
H RS PHBA iy 8 0 35 I 47 7 R AR 28 K ) )
1EH, 1X 5 SpdREHIl 2 B 4 HE A D% (Liug52002)

H P A50 pmol-L Spdr) 22 AR 3 B i if, X 5% I
BLEE(2014) H Spd R A4 18 6] 1 = -1 &
I HY ) Spdifk B — .

TERE P71 R 3 R R ) — b e R, T
W R RN Gy AR AT, SN 7 vk B 1 FH T K
RN T HIBESRPIOL, R Fh B R A4 AR e it
BN ARG, AR, Spd R B SH# | PHBAXS
TP o R Bl PR R B P T SE AR
G LigE2014)F 70 th & BH, AMJESpditi it 75 5
TER IR A SO I, B b R e
TR, DRV N AR SROE . SRE RN R A A AL,
NAEKSRERE R . AP RRY, SpdRgidid i
e R A O A IR R, R AR BT
P, (R R A A IS I (Dud§2017).
YR N IFINRZNO,IE J5 NH, (1 B iy, 2
BRI PR B ; GSATGOGAT M 4B 1 1 1
NH, BT [Ffb, X LeRELER YR ISCR FH Zoc R i
P B EEEN . RBEEQ013)WH LKW, Spd
i R GS, GOGATLL K NRIFE 1, #2874
NH,'[FIGFI 28, G AR AR Shamupia S 3 2R
AL, AR F R B I IE R RE 7)o X 5 AR
B FE 45 B — 80 Spdid ik i EUA R VS 1,
T R ORI, ZERE B E T ZAR T, A
M ZZfAPHBA e ot 58 SRy i AE K il 7

TYITE 32 B i i 27~ A2 1 2 (ROS, X4
T G, BN AR S S g . ASBIE TR, A

K3 SpdxfPHBAME N B JIMAR I ) 52 R
Fig.3 Effects of Spd on cucumber embryo root activity under PHBA stress
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Fig.4 Effects of Spd on the contents of O; (A), H,O, (B) and MDA (C) under PHBA stress
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Fig.5 Effects of Spd on SOD (A), POD (B), CAT (C) and APX (D) enzyme activities of cucumber embryo root under PHBA stress

PRI INSpd i 2 &M% T tHPHBA 5|2 JROSFIMDA
TEIMER, FBIK 7S 0 E(E4), B 7
B PR R E Y, IS FRIRE A BIROS, H

JoliE B Rl i b A RE 1 (E15) . A iR
B, Spdr] LA/ 3H, 0,15 54 m #h e T 5 TR R 1

FUEARE J(WuZ2018) . Spdifs S 1 &t A AL BT
P — 77 TH AT g A& F T 2 i LA OR S N 215
SHIER, (& ThRe R A mI & 55— 7, ZH&nT
FIHIRN ARG A EE (B 5 P, 8 mRNARIEE A 5 1

[k (Alcazarg$2010; Gill&52010). Sang%5(2017)fH
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FERIL, HHIESpdRE (e Bt -5 4 B OR3P AR A AR 5% B
FIRIERIA, B m B o sl iyt . Xl Re 2
SN Spd AR B T4l P IAAR RIS E T (1 9C8E

3 b prik, PHBAJME /] S8 TR A2
M SRR T SR B TR R ROSACH
KA. AMIRAS NS pd RT3 I 4 i 1k SIS B RE
T3~ YERFRC R ek B, AR AR R
JRPRAR A A ARSI
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Effect of exogenous spermidine treatment on physiological and

biochemical characteristics of the cucumber radicles under autotoxicity

SUN Shasha, HAN Yaping, YAN Yanyan, GONG Biao, SHI Qinghua’

College of Horticulture Science and Engineering, Shandong Agricultural University, State Key Laboratory of Crop Biology,
Taian, Shandong 271018, China

Abstract: In order to elucidate the mitigation mechanism of exogenous spermidine (Spd) on cucumber autotox-
icity, ‘Jinyan No.4’ cucumber was used as experimental materials. Spd solution of 0, 10, 25, 50, 75, 100 and
125 pmol-L™" were used to pretreat cucumber seeds before 10 mmol-L" p-hydroxybenzoic acid (PHBA) was
treated. The results showed that pretreatment of cucumber seeds with 10, 25, 50, 75 and 100 pmol-L" Spd
could alleviate the inhibition of PHBA stress on radical growth in varying degrees, among which 50 pmol-L"
Spd had the best alleviation effect. Spd of 50 pmol-L™ significantly alleviated the inhibition of PHBA stress on
amylase in seeds, the antioxidant enzymes and nitrogen metabolic enzymes in cucumber radicles, decreased the
production rate of O;, the content of H,0, and MDA in radical, increased the survival rate of radical cells. It in-
dicated that exogenous Spd could reduce the stress of autotoxic substances on cucumber germination by reduc-
ing oxidative stress and promoting starch decomposition and transformation. The results provide a new method
to alleviate the vegetable succession cropping obstacle caused by autotoxicity, and provide a theoretical basis
for Spd to alleviate PHBA stress.
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