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Abstract

To explore the effect of cucumber seedling photosynthesis on exogenous Spermidine (Spd) and
Chitosan (CTS) under salt stress as well as their interaction effect, using Jinyou No.1 (Cucumis sa-
tivus L.) as test materials under NaCl salt stress (200 mmol/1), adopting substrate cultivation and
setting 5 treatments (CK water, S1 NaCl, S2 NaCl + CTS, S3 NaCl + Spd, S4 NaCl + CTS + Spd), the ef-
fects of cucumber seedling under salt stress with exogenous CTS (150 mg/g) and Spd (150 mg/g)
about seedling growth, chlorophyll content, chlorophyll fluorescence parameters (PSII photo-
chemical efficiency) and so on were studied. Study showed that the treatments of exogenous CTS
and Spd relieved cucumber seedling injure under salt stress, whatever integrated treatments or
independent treatments. Exogenous CTS and Spd influenced chlorophyll fluorescence parameters
of cucumber seedlings under NaCl salt stress that could improve seedlings’ photochemical effi-
ciency. Effect of integrated treatment of Spd and CTS was greater than that of independent treat-
ment of chlorophyll fluorescence parameters. Chlorophyll content of integrated treatments was
obviously much more than that of independent treatments. All treatments enhanced cucumber
seedling salt tolerance, and persistent induction more than 9 days can be optimum. With inte-
grated treatments, increments of stem diameter, plant height, leaf area, the ground fresh weight,
and underground fresh weight were much more than those of cucumber seedling under salt stress,
respectively up to 27.64%, 20.59%, 26.76%, 39.24%, and 39.79%. What’s more, these increments
of integrated treatments were obviously much more than those of independent treatments. Sig-
nificant or extremely significant interaction of SA and CTS was observed as chlorophyll content
and chlorophyll fluorescence parameters.
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RV E T AME 5 B (Chitosan, CTS)FIAME A (Spermidine, Spd)AbExt & K4ELE/EH
KB, DL “HR15” (Cucumis sativus L)NRKAT R, 7E200 mmol/1 NaCIa %A T, RAERK S
Bk, WESHAB(CKIEK, S1Nacl, S2NaCl. CTS, S3 NaCl. Spd, S4 NaCl, CTS, Spd), WA T
150 mg/gHMEFTRFEM150 mg/g/MNE RGN B R H SF R TS H (PSIDEUEHRER) HER T E.
BEHREKESHRNEN. AR fENaCIZpBAT, TLikSpd. CTSHE BT RILFNET, M6k
ZRILWHE RS . SMNESpd, CTSEWNaCIZEpHE T B R HSRFESHZL, RRERPLHE
%%, NPQ. FOZENaCIZhHa FHAFT LA, MFm. Fv/Fm. Y(II). qPTEALIE T T F#%. #ENaCl
AT, Spd. CTSIEFELHENPQ. FOKFIE /M TFH—4bH, Fm. Fv/Fm. Y(II). qPHIREIEIS/INT
B—kb3, Spd. CTSHFENEEABEEREE. Spd. CTSHRELAEEZEREHGESE, ENaClEh
BETREERRTIE3037%, TERTHE—AHE, FAFEESFIRUEBREE. CTS. SpditF L
HERT, 22/ B, HER o R R E e B RRERE S 5 1£27.64%- 20.59%.
26.76%-+ 39.24%. 39.79%, MK EMHEFRTSpd. CTSHEJMARE ., HSpd. CTSTEZ:IME T ML
HEHZRESE, HERRNSEWREREERIREEER.
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1. 518

BOMR WIS F B —, BT R AR MR, HEEX, =R st
EEFEN, ROERHRSE, SR ERRAESTUL, SRR M5 N R, 8 R LA
PRI REEE I R o DRI G ] o AR AR 6 5 2 H 80t 2 JTCAE 7 o AR g R ) 3 T i

HEAERRFEF, NaCl #hFHRCN™E, Na'fl ClG R i B4 & H T2 i (7K 43 i de ) L es 15
N 5| FAE AR R e 25 AL IR 45 SR [1]-[4] o 1 8 SR AT 5 8 B 42 5 R I S A R 22 s Ak FhL A 2 ik 8 11 P
FHEN, 3544 (reactive oxygen species, ROS) K& 74, SFEMIMEN Ebiifs, FIEmSREME. et
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. EERARE. ZRER., LR, WNSBEYOCEEE T, sefegin, =2 inE. &
KB, H2FEHEMIET[5]-[8].

2R 3R BN 1 F R T AR AR L 5, BT FERE 't 6 45 K4 Ty 8 R 305 455 2 g 7
EEETH . Mgy ] I — @ R R b S s 5 e SR 52 . B 9T BH PSII X R B
(AR B AR ) A AN FE FE A R AN E [9] TEBRSEAEM )R L, IR R NaCl iha 7d J5, 2
MR AR TR R T AL R, MR PSI B3EME[10]-[12], 14 NaCl #FEERCRRS, %
RIA R (FVIFmM)ADGAL 28K R A(qP) i 35 B, I HLG S5 QAR ) HL 7 32 AR Jo A4 i A) EL 451 58 o
T2 PSS A RGP AR [13] . A S ER B XS BRAN [ 14] #K[15]. EoK[16]. FAA[L7]. FL[18].
HIE[10]. DUZEE[13)55 [ ZHE YA AE F B2 mm 35 o

VA% % (Spermidine, Spd) 7¢ 5 B (chitosan, CTS) & M8 7 Ht I [ W A5 S AR 0% JE A= 1030 455 S o ) s
BT, WELRGSFEDENIUSEE A4, SRR EEEYE, MInEE R &Ik AERE
Vs a, IR EHEYRBURTE . T S & BT ESE[19]-[24]. HEILHERT Spd. CTS 2 FifE 55 it
B F] REAFAE RS AR o 5T 1P 25 3 (]t R RELAD B 08 Al e R P08 B TR e P S 3R 93 02
77 1) AT FEAE B A ARE R WARTE . ik, AilEeBL “3A 157 3RO RL, #E5E Spd 5 CTS H[F 43
X NaCl #9385 I ot SR PR 2, DLBITRA P & X 3 i 2R Bl 3 I o G = S AR E LA
SRR K AT B ) AR FEALA .

2. MRS HE
2.1. ¥

PR AN AL 157, LRSS TR, R VT LT i NaCl A2 Hr4li(5F &4 58.5).
CTS &y Sigma A& /=5, BZBEE > 85%, 7= ihUiY: C3646. AMNEIVAHE Spd N Sigma A& 77, &
ERIR, 2R 0.925 g/ml, 4ifF >98%, ;F=iiRid: S2626.

22. Bk

2.2.1. ¥EFH*

I8 T 2013 4F 4~11 HAEZBURO RS20 S AT« PRk Riviisg . 55— UM 14 55 Ciliziz
B3 h, HZMELFRNIRE N 28°CRIEIRRE TR TS 24 he POk F —8Bunmh 7, HTRGEERE
JR(E®R. A, BERE =311 10 cm x 10 cm EIREKN, BT E AN TARREF:46H(ZRX-1000EC, #
PHARTTAX #8256 PR A m] il i) Wi T 75 97 . BE =M E 4 TR B A(23°C, 6 h). B(27°C, 4 h). C(25°C, 6
h)#1 D(20°C, 8 h) LABEfLR 2 iR P2, 48 A X B2 45 i HE 70% 75 45 o

222. S

TETAARES AN b, 56 2 JH IR, PR3 — 2%, FHZ8B/K (o 4 CK) AT CTS(150
mg/L). Spd(150 mg/g)i#t 175 FALEE, AT U3 X ARBE: SO: JE7K, S1: jE7/K +CTS, S2: {H7/K + Spd,
S3: JE/K + CTS + Spd, FVES2FEL 15 ml 7&K, FEARPR 2 cm b8 E NBHT YIRS 3d JEHME
AR IR A ST T DRI B AT R A U5, 2V R AN OV . XTI S R AR, BENLIX A
He7l, =REE, FAAHE/NX 30 P FHIE BT FE A ORRE S AR BN X PR — B

2.2.3. BB
s SF 3d 5, BT EMNE AL . HEE RGN AT A A B, Ik 5 ZHARFE: SO: JE/K(CK XTHE),
S1: NaCl, S2: NaCl + CTS, S3: NaCl + Spd, S4: NaCl + CTS + Spd, FE4WmHEbrkt, FIVESS 242218
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VEN 200 mmol/l NaCl (H 254 b 5 b R F A |, S8 >99.5%, M. AR)EW, HEkk 40 ml, 257K
N NS

2.2.4. MzE

ERHEJE 3. 64 9. 12d HUEE 2 Jy EIM, MRS E(SPAD ACllE) e ke s 3. 6. 9. 12d,
B R RR A TR0 BEE R 20 min J&, ZE R A PAM2100 1 9% e A (B B HEAT I E 5 24, B
FEWIAGE D IG(FO) B K=& (Fm). PSII KA 230 (FviFm), Jefb &7 =& (Y (1), Hesok
RN : KR E(OP) ARG K RBUNPQ) HIA S H Bh4 th: EhME S RS 20d, BEATHE
m S STEVRE . PAREAT AR, AT 3 IRE R .

2.3. WEsbE

5 R SAS A1) Duncan’s Hr &M ZE AT 7 = b M BB LR b, R SR H B
Microsoft Excel #4748 .

3. ZER55H
3.1 SMEIEFERR. FTIFEXS NaCl ZifE FEMAEH SRS KT

311 IMNRIERERR. TREX NaCl 2E TR/ SE YR B (FO)MR AT =8 (Fm)R I

FO AMIURRE 6= &, A& PSI A3 TS (17 6K, FO Fim s PSI S22 1 455 35 BN ] 01 2R
TEARSEI B KEERR ), FO FHm (e 1), 28 9 R, Sk B %R, 75 NaCl #inaF,
Jiti in#hJE Spd. CTS B R 2%AR FO (T, S2. S3. S4 A LT S1, FO F#ilE 4 1A 9.18%, 12.32%, 17.15%.
SR Spd. CTS FL[EACFR/E R BB KT F—Ab B, FIk, SME Spd B —AbBEEE 58 T 4R CTS B —A4b
B,

Fm N ROt 5, A& PSRN Ak T 58 4 R R 58 e . al R I PSII ) HL 715 i 1%
Blo FEW ARG RN 30 min JFINTS. EARSEG T, BEE SR E AR B RGN, Fm FRE(E 2), 289
K, HHGHAAEZES, 78 NaCl 38 , #ME Spd. CTS W2 Fm [ FF%, S2. S3. S4 #itk
T S1, Fm FHiE 55108 17.01%, 24.12%, 42.75%. K4S Spd. CTS [ 4bFE A BA oK T s —Ab 3,
I Spd H—4bHE 5 CTS B—Ab3 2 (A B2 5 .

3.1.2. IMNEIERERE. KR NaCl EhMmE TE/NSE PSH AL EFEYER(Fv/Fm)
MR UZETFEE(Y(1)HNENY

FVIFm & PSI f KOG 2R, HoR/INRBE T PSI S H 0 IR BE R B8 R (B K 3R,
B NS EOH R TR, 2RI 1) RAFFE bR . EACRI i BE A AL B[R] Fv/Fm 2R F%
fati(E 3), HAPTESE 9 Ri, AU N, 76 NaCl #hhia , Hinshg Spd. CTS 358 B 22
N Eags, He, Spd. CTS R ACHE F4IERH BAK T Spd. CTS H—AbEE, JitihnshJ& Spd 41RE g e T it
TnANJE CTS 41, S2, S3, S4 MLLT S1 FHIE 735N 18.42%, 21.73%, 32.59%. K HITE £hiE 4N Spd.
CTS St [ AL B AT 5 R4 Fu/Fm /KT8 — b B

SR EE T8 Y()IEMA %M T ZS RN, AZYF R AR, a5
TNESHEIE TR ERRE S, Lo E T2 (Y ()BEE NaCl 255 b B[] ) 8 K 2 8 ki
B 4), Hep, 6 RiGABELL, RN 9 RABRAZER. 16 NaCl e T, jJEimshgE Spd. CTS,
S2. S3. S4 AT LT, 5 S1 ML, EIRLEK YA)RITHIE 58 21.80%, 15.70%, 33.14%. F W
FEER M IE T AMJE Spd. CTS JE[EIALERAE FH R K T —4b 3, 1 MR CTS Fo— A BEAE A 2R K T4 Spd
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Figure 1. Effects on initial fluorescence (FO) of cucumber seedlings on exogenous Spd and CTS
treatment under NaCl salt stress
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Figure 2. Effects on maximal fluorescence (Fm) of cucumber seedlings on exogenous Spd and
CTS treatment under NaCl salt stress
[£] 2. 5hiE Spd. CTS xf NaCl Zhf#i8 T &N B F R ETLSH Fm BIS20

1 r aAbBaj adaA
T A
A bA cChAbA® A
0.8 1 ﬁ ¢ in bA cB CBa bB bBbB al 0 CK
iR dC T ;-E: T W
206 (i R Rt
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Figure 3. Effects on the maximum photochemical efficiency (Fv/Fm) of cucumber seedlings on
exogenous Spd and CTS treatment under NaCl salt stress
[ 3. 5hiE Spd. CTS XfEhAME FTEMAEM FHRRRASH Fv/Fm IS0
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Figure 4. Effects on the actual photochemical quantum yield (Y (11)) of cucumber seedlings on exogen-
ous Spd and CTS treatment under NaCl salt stress

4. 4hiE Spd. CTS Xf NaCl hfhie FEM4EMH FHEETOESH Y1)

B— R,

3.1.3. INEIERER:. FTEEEX NaCl #pME TERE XU FERERRE(P)

MIERALFEFERAB(INPQ) N F T

TR RIAZE R RIS ROR TG . Al 22 KRB T PsIl R LRI G BE
TG BT, AR K RBUR IR T Psll R RIS G BEABE B T8 v A% 38 17 LA A
P FER G RE IR 7o ANIRIEH, Jefb 22 K R E(gP) i NaCl #h 1 T &b B[] (1) 28 K 5 038 05
FaB (1 5), 59 RIS, FHALF FEYE, € NaCl HpHa~, #iinshE Spd. CTS, iR —abHif
S LA AL B RESE M Sh i T I R RS, L EALBER 5 ST AHEL, JHiERTIA 22.13%, 1M Spd. CTS
A H TR 5 S1AEL, THiEZHA 10.04%, 12.30%, F B Spd. CTS L[| 4bFH A B @A gP T
B3

5 qP A<, NPQ BE e i (B LK i 30 B TR (1 6). 25 9 RI, £ NaCl #h/Hpia T, HinshE
Spd. CTS, it —4bs, @RI FEALFSfE NPQ FHIE FRE, S2. S3. S4 WbF 5 S1AHLL, FEiR
53N 19.54%. 23.55%. 37.99%, 7E NaCl ZhhiE T, S4 Zffae /IR T S2. S3, KMHTE NaCl #h/ih
BN L FE A ERAE SR K T — b FE.

3.2. SMEIHERR. FTERPEX NaCl Z2ME FTRINGIEH SRS ERFIY

TEARSIG R, MRS EMA NP0, SHGHEEL, 6 RLVE, BHBCHHE, FIFE 9K,
FH BRI M IR B R R (1 7). 7E NaCl #h/ia T, HinshE Spd. CTS HIRELE M A e T~ 3% I
SRGEM T, S2. S3. S4 5 E S1 AHELTHE 7378 19.32%, 15.91%, 26.80%, FEHWIFE NaCl £
fiE R, 4N Spd. CTS JL[FACEE R4z &M INE K TH—403, SMNE CTS B — b B /E F &R i
T4 Spd B — 43,

3.3. SMNEIENERR . EEBEXS NaCl e TR IS ENRE KSR

H 7 1 AT41, 7 NaCl 2 T, Miim4hiE Spd. CTS J&, %8 R4 i KA —E et m. 78
NaCl £/, S2. S3. S4 AP PR, PR, blee 8 e T e J g S1. XA
K, b sS4 WK A, 4 IETE 27.64%. 20.59%. 26.76%. 39.24%. 39.79%, S2, S3{EZLHH, Kk
FEBEZES, EHEA, IR, NI E L B ZER; R Spd. CTS JL[RIAH AR

.
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4. Wig

R RI S R IS e (S B A MRS B EE, FIET S BTSN, TE
N T fRE XA AU, EEE PSIN IR LK e AWK e B3t 3 L. SR AATE TE A i T
WL I e S 3 BRI e A AR . R UOR R HEE B S IR R R RE, X =R IR A2 A e B ML 48
K3 Z. EXTEML BR. Hii. Fok. AU PR R, BMHAmR T Sk SHU, PSIL R
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Figure 5. Effects on the photochemical quenching coefficient (qP) of cucumber seedlings on ex-
ogenous Spd and CTS treatment under NaCl salt stress
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Figure 6. Effects on non-photochemical quenching coefficient (NPQ) of cucumber seedlings on exogenous
Spd and CTS treatment under NaCl salt stress
[ 6. 5MJE Spdy CTS 3fERMHME TRNLEM F MR RIS H NPQ HIFT

20 ) al
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Figure 7. Effects on Chlorophyll content of cucumber seedlings on exogenous Spd and CTS treatment under
NaCl salt stress
7. 5N Spd. CTS Xf NaCl #BMB TRNLEM FIHER S 209520
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Tablel. Effects on the morphology index of cucumber seedlings on exogenous Spd and CTS treatment under NaCl salt
stress

F< 1. Spd. CTS X2 /KELMME T 4B E kA KRR

LbFE ZEH (cm) ¥k (cm) T AR (cm?) b et 5 (g) T #B 4 5 ()
CK 0.541 cC 12.837 bB 48.977dC 7.955 cC 2.233cC
S1 0.474 dD 11.97dD 46.337 eD 6.713dC 1.993dD
S2 0.575bB 12.833 bB 53.453 bB 8.157 bB 2.357 cC
S3 0.582 bB 12.877 bB 49.993 cC 8.233 bB 2.293cC
S4 0.605 aA 14.435 aA 58.737 aA 9.347 aA 2.786 aA

E: PNEHFEERIR 0,01 K, KEFEERIR 0.05 K P
Note: lowercase letter indicated the significant difference at P = 0. 05 level, capital letters indicates the significant difference at P = 0. 01 level.
JSEFF L B2 A AN AR IR BSOS, BHAS G & i T A A R, WY AR PSSR AT EFE #0R [10]
[14]-[18] MHERFRIOCRIRMA STV & DI RER HE TB, NS R G R sl FE e it 1 -F
B REE, P FUEYCE A BROL UL R AEY) 58 Pa 0% & 1 EAEPRE[9].

ASLIRWT T RFR Y], 28 NaCl Ehhia s, BUNLEH F PSIN ARG & FO iR KPOL &
Fm £16F 44k, FO _EJH Fm TR, 220 PSI RIERC MR (FVIFm) SEFR 2 87 & Y ()
WIR T RE, UEHE PSI C2 B BRI A5 o 45 T AR SR B NaCl #1938 T, FO L THAT Fm 7R B W] PSII
SN G SRIE[25] [26]. DRIAERT NaCl & ia {5 R4t e FO _EFHAT Fm R R, B Fv/Fmy Y (1)
R ER A 3B PSR B HG TEFTEL. 1A Spd. CTS AbFE AT LA RUZ% B it bt PSIN B L& 14
05, G50 T B A (i S o 5 AR FER B, PSI N A0y 2R354 4 PSR H Gy AT 38 2 35 T PSIH
SR AN AT AT PIAR[27]-[30] o AIRIGHFTCL AL, Spd. CTS ALBLfS, EIRBNLIEH v FO T
Fm NEE, (H BT FEERIMREE AR . Spd. CTS LA AFRM F FO _ETHIEEZH N, HE Spd. CTS
PSR B B, T NaCl EE /38 T AREE B MR REROR, [FIRERT, JERAEET Fm R ERIERERUDN, HOON
F—KCFR, NaCl XFHEALA Fm MR EE SR . KU NaCl #aE T PSSRt 2k 3 A] BEBE AT wI38
R SCEAT G, XKARAR et iy FO Fhe. Fm N EE(ATEAMATTIE), 4 Spd. CTS 4bE
'~ NaCl ##ra T FO A RTFEAS. Fm A BTk @ (T il o 32 4k), (EIFBA B B —BUKF (A AT s 3%
HAELL).

FET R Z RN EE RN T, PSINRAE T B em (A .

AN R FE qP W LARIR PSHE OB Had R 7 AR R A AL, e 16 & A B R HhCe R T TSRS
JE. ASLIRHTFAFH, oP 1L NaCl Eh/lia TR, SIMRIRAT 7L —E[10]. XEWRAE LM 21 T 3R
4y A AR R BOIE B KI5 RO G P SO RO BT BORE L s/ R WAE NaCl i 26 1 T 5%
IR Z 2 T R PRI EIE R . iR Spdy CTS ALBET, EhEhE T RERLEm A gP & BJ, &
WAL PRZEAA 1 NaCl £h a5 R4 e, Spd CTS JLRIAREE T 1 I RCR B2 K —
Ab3E

NPQ R TN ARC A AR IR, St T LHCH WSO REF A B FERUIE R . A SRIGHT iR
W1, fEEL M IYIE] NPQ A BT %, By LHCH W' REIE I S BE R I R EE BTN oR, A i i i
PTG BRI A E VIR R, A B R A2 [9]. NaCl e s 8RB NPQ #imy, X Arfg
& B A0 TR B R v it e 228 B R B E A E AR BOIE TR R R T HETOE AR,
FEOBAAI AR 736 RE LLIRBE L S T ROt i e 15, BUEE YA N R K E R B h3E, SELE 8.
AN Spd. CTS ALHEH NaCl & Pria T B3 RAh i NPQ A WIS N B, WIS il SR REAE i

©,
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IR, SEBRGRERI A RCR B R, F T I RS Ll n . B 7R R 80, Spd. CTS L[RIAbEE R4
I NPQ T R MR B 625 K T B — A3, SR AHSL[RIAREE T i B SEBROG RERIH R K T8 — A B . AT A
WFZR, PSI R BIHOHRIA 2 T LHCNED St R E BB A4 BES PSIN 512 1[9]. B4, NaCl
EhppE pr SR A B R E H  PSI S HG ER / BE AR 2 1 5 LHCH BB PSR 0A oK, A1
TE— L.

M2k 2R EAE GBI ). S R IR AR TR 8T 1A RO AR AR, AT
PR RE AL AL N AR I RE A [31]-[33] . FEERIME T, 5 CK XTHRZAAHLL, MRS EIPE R, 4
J5 Spd. CTS BFIEm M4tk & &, H Spd. CTS JL[FEIALEE N4 R & RIS EE KT SA. CTS
B—Rb 3 (2 1),

TEYICE E i S EAE D S B 54, B B R IR A5 = B A, T AR 3 DL i
%, MHWRAEKZEE, (SRR, ALRMASRENT, HhiE FERnAKRESTRS CK
SHHBZLALL, B AT R %, TMAME Spd. CTS AbFE R, 4tk KM AIRFIIE T LA, 200 T EhM)
B RIGE, JEHAE Spd. CTS JE[MAHE T, BEHKTH—AH,

T ERPERINLS 1 S 4, FRA P IE— E TR 70 R e 0 R A7 3 1 £ S LB R S i AN 1 . 4b
J5 Spd. CTS St 2 4B (it 5 1 B35 RV - MLEIE 75— D 7L

EEWH
AW T3 [ Z R S PRI (2008BADCOBO02) 5 Bl

BE Tk (References)

[1] Zapata, P.J., Serrano, M., Pretel, M.T., et al. (2004) Polyamines and ethylene changes during germination of different
plant species under salinity. Plant Science, 167, 781-788.

[2] Vashisht, A.A. and Tuteja, N. (2006) Stress responsive DEAD-box helicases: A new pathway to engineer plant stress
tolerance. Journal of Photochemistry and Photobiology B, Biology, 84, 150-160.

[3] Mayak, S., Tirosh, T. and Glick, B.R. (2004) Plant growth-promoting bacteria confer resistance in tomato plants to salt
stress. Plant Physiology and Biochemistry, 42, 565-572.

[4] SpRfE, K%, Al-Aghabary, K., 45 (2004) 2575 Ca(NO,), A1l NaCl JiE Xt & i & E RIS, Y& 7550
F2IR 2, 188-191.
[6] RHaK, 5kTif, 2o, BCA, BEOTLL (2008) AeAEXT B NEEAE LA M P~ B 52, o2 5%7K, 3, 357-362.

[6] Agarwal, S., Sairam, R.K., Srivastava, G.C., et al. (2005) Changes in antioxidant enzymes activity and oxidative stress
by abscisic acid and salicylic acid in wheat genotypes. Biologia Plantarum, 49, 5412550.

[7]1 Kaur-Sawhney, R., Tiburcio, A.F., Altabella, T., et al. (2003) Polyamines in plants: An overview. Journal of Cell and
Molecular Biology, 2, 1-12.

[8] 2=, MRZL, 3EE{H (2013) HhEILAE OGS s a0 T se Nl s Sh vk KIFEm. A (E =k, 7, 1-7.
[0 FR&EW, arwel, BX % (2006) M2k Z WOCBN )% S KA HTs A B FEp KIS . 7l 27K, 1,
51-55.

[10] JHERHR, HRAAMK, ZRHEME, T3, SRES (2011) G AL 6E KM R ROLR W, 2 XK
ST, 3, 96-100.

[11] VrHERE, 95577, ARdkde, @i, skEXK (2007) /KBHERXS M ME T8R4 M SR KOS Hm. Aikta
IR, 2, 267-271.

[12] BRIEGE, RWE, 75, 2508, TR (2004) NaCl e s AN [F] i g I i A 4 45 25 58 e P A 0 804G
WIS, A7 [H] L F15, 11, 1754-1759.

[13] Bhivare, V.N. and Nimbalkar, J.D. (1974) Salt stress effects on growth and mineral nutrition of French beans. Plant
and Soil, 80, 91298.

[14] 3K, HR4kde, Sigs, W, skE, ZEHE (2013) FME ALA F1 Spd 3HKIR 5556 T BH G & 1E M FiA



SRR G S 7 SEREXS BRI A T 30 JIAN B 4R R PO S HI

[15]

[16]

[17]

[18]
[19]

[20]
[21]
[22]

[23]
[24]

[25]
[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

WRGINEEI. o [E 7L FF+, 11, 2298-2306.

5KACE, B/, BRAEE, FRZhIR (2011) NaCl Fhiexd 2 AN RS0 RS AR K i K 4R 3R 5O 2 5URR MR X 2 .
7 [# 1 F IR, 4, 189-193.

Mo, BRES, WAWE, WUTOR, JEOCE, WIBE, #h4k (2012) KIRMRIEXT FOKRLE e AR M. S AL A
FEIR, 1, 66-70.

MIRE, KK, EH, BUEE (2012) SME/KBEENT NaCl e T Fms b SRt m. #5553, 22,
35-40.

FIEE, TKEE (2012) AMEUK IS AL F SR SO RN, R4, 5, 29-31

FE, mop R, WU, sKIELE, T (2007) SMENERE O A T RO AR R, LA R

10, 1595-1599.

RAURE, RN, ks, 4 (2012) SMERE oS BRI A R BN E AR KAD S AE -SSR, JLA RN IR, 4,
835-840.

R, MK, FHER, skERI (2006) 5 EMEX TR 4 v sk 1) 0 [F AR SRR AR . AL IR, 3,
435-441.

Zhao, H., Wang, B.-C., Zhao, H.-C. and Wang, J.B. (2005) Stress stimulus induced resistance to Cladosporium cucu-
merinum in cucumber seeding. Colloids and Surfaces B: Biointerfaces, 44, 36-40.

XURER, ARBEP, FEA, 55 (2007) SERMELELRN 1 BB T k. 7[5 1 07K, 23, 377-381.

Gao B., Song, J. and Liu, J.P. (2010) Effects of salt stress on photosynthesis and ion accumulation patterns of suaeda
salsa under different habitats. Chinese Journal of Plant Ecology, 34, 671-677.

Rk (2012) Ja AN F TR AR R SO S HON SR 3 AR S B AR, K05, 2, 36-38.

Wang, B.C., Wang, J.B., Zhao, H.C. and Zhao, H. (2006) Stress induced plant resistance and enzyme activity varying
in cucumber. Colloids and Surfaces B: Biointerfaces, 48, 138-142.

BIOCHE, BAE, B, FHEIL, WAL (2006) SR A EEX S EIN RO SNV T E RO, A2
1R, 4, 7162-766.

TRIMZR, M, FRBRJT, PhE, 7KW (2011) il blhad T AMJRAE PR30 B AN v 6 5 1 Y B 4 3R 5% D' B BE M

Bk FR, 1, 179-184.

P, TR, JOSZEN (2006) il B0 N K MRS BRI Jy S 3 G R S8 SR A IR KIS, W7 A8 R,

3, 402.

N, BEZEN, IRFREE (2005) ZKAZER AN R BN D6 AU A a3 Iy o6 G LA T 3 BB I e . o 25
7%, 6, 1034-1038.

HKIELE, SRR, 7 (2007) AN O A SRS, Jed MR VOCS R, F[E G Z 7
Tt R PEFE L BRI L0 AT ZAE, w R R, 2007 4R 10 H 18 % 20 H.

TRELHE, ST, T/NE, R (2011) 3RS E XS HPE 0 AR T SR R G RO, LA
(ZALFHR), 5, 61-66.

FEREE, FRHESR, ML, Windn, Bk, WRENE, AW, B/NZE, iR (2012) ARIEAHERES X Hh b iE 5 4w
AERFDCEAE-IIFEN. 2L 71K #7R, 4, 38-41.

N>

X



	Effect of Exogenous Spermidine (Spd), Chitosan (CTS) on Chlorophyll Fluorescence Parameters of Cucumber Seedling under Salt Stress
	Abstract
	Keywords
	外源亚精胺、壳聚糖对盐胁迫下黄瓜幼苗叶绿素荧光参数的影响
	摘  要
	关键词
	1. 引言
	2. 材料与方法
	2.1. 材料
	2.2. 方法
	2.2.1. 培养
	2.2.2. 诱导
	2.2.3. 胁迫
	2.2.4. 测定

	2.3. 数据处理

	3. 结果与分析
	3.1. 外源亚精胺、壳聚糖对NaCl盐胁迫下黄瓜幼苗叶绿素荧光参数的影响
	3.1.1. 外源亚精胺、壳聚糖对NaCl盐胁迫下黄瓜幼苗初始荧光产量(F0)和最大荧光产量(Fm)的影响
	3.1.2. 外源亚精胺、壳聚糖对NaCl盐胁迫下黄瓜幼苗PSII最大光化学效率(Fv/Fm)和实际光化学量子产量(Y(II))的影响
	3.1.3. 外源亚精胺、壳聚糖对NaCl盐胁迫下黄瓜幼苗光化学淬灭系数(qP)和非光化学淬灭系数(NPQ)的影响

	3.2. 外源亚精胺、壳聚糖对NaCl盐胁迫下黄瓜幼苗叶绿素含量的影响
	3.3. 外源亚精胺、壳聚糖对NaCl盐胁迫下黄瓜幼苗植株生长的形态指标的影响

	4. 讨论
	基金项目
	参考文献 (References)

