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BN, 2&EF, 44, ki, Bnk, 52"

"R AN K2R R 2R 5 LR B A A2 T 5% B S 25 ARV B S v (X ) AR AR ) 2 5 b o ) ) B
AR = /11 AR RO B RE P B R BT R, 1L AR 2R 22271018

BTN A SRS TR, (LR 45257091

WE: VL EMR3 T #FHIN(Cucumis sativus) A% 41, =t & "% 365540 S(H,S) R AR A AL 40 (NaHS) . H,SA&- R 47 4] 7
AEK TBR(AOA). FHIRFRA#EL(HT)RZE B T K B), FF 5 H, SRS T 3N 40w L AAF A Fedt Bl £
Gt ot 45 R A KBMMA A, FING G T K 49 1 RH,S 5 L-/D-F bk 2B L 37 B (L/DCD)E He b ik 7+
5, 46 hiE &k, MAMKRMAR R K, FR G 6 A B (MDA)SE. BFR5REEL)FLS T
F 3G An, NaHSAL 22 6438 i@ Bl B s T 21 B8, mAOAFHTA I e) 53108 £ R REZ, (KR T &R G694
Fhik B (P). AILFE(G). ARMBEET). KT ALK (PSI)E R A F 3 E (Do) Fo B T PSIIR X AL
FRE(FJF,), VABRAZLBANE-1,5- — 5% B AL EE(RuBPCase) Ao 45 - 1,6- — 55 B4 Be B (FBPase) & 4 12 41 &K, feL 1)
COLRE(C)Fadntb % R(F )T 5. Hatmeiatk, NaHS4 3¢9 P,. G,. T.. RuBPCasefrFBPasei& 4, vA &
Doy A7 F JF 3855, CAF K, MAOAFHTA 2 i) Ak XA S, KoBEERAR ALK S 53R E /T
BF. MAMKRMAN LR, FINGH 691 B BE(POD)E MR #138 hn, A8 BALH) B ALEE(SOD). it A
LA (CAT). I3k dn 8L i RAC A BE(APX) Ao Bk H KT R BE(GR)E P, VA BAE R A 5B AR (GSH) Ar 43R 2
BR(AsA) S & 4aHt 5, BHE1%. NaHSZA 2 #SOD. POD. CAT. APXAGR/E M AGSHA=ASAS 39 B & T+
BB AOAFHTA B 9K T3 B R G R £ F AT, Bt T I, H,SZ KR8 55, JMRH,ST @ iR 2158
F AP ) 3G 5% N G A,

KA B A IR IE; RdrH); E MR RAEA; BN

T JN(Cucumis sativus) g T BUEFEY, SR
677 HOGIR = 8 N DL AR 3 v F, X FF R
2 B RIE e, P ERWE NN AEKKE .
FEEAMEL BT BT LA, WA 22 AR A, 4ERFISIER
NEURAAEBE T RE, 2 TR AR R . Bk
Z(hydrogen sulfide, H,S) &1 JLAE & 1 24 P I
MWAEE S ST, BEREEYERKE X HEE
VPR v 8 R 4 AR (BE ERE20116; SRPY
5552016). Hif ABFFEER M, H,SZ 51051 fLig3s)
(B E552012), ReB e MR & & (Jiass
2015), REZERK g /K SR i F2 w10 AR 3 3
(Shen%2015). JinZ:(2011) & B, 5 i a] {44
FA T4 A T L-/D->F e Z R Mt 37 i (L-/D-cysteine de-
sulthydrase, L/DCD)i& M T+ 1, HyS7r= A= 38 18 i
HMIEH,S AT L N Fy (R ALIT R, FRAR A8 s i 2,
PR EEYN T R BB S5 R FUUE S, T
B E b 9 (sodium hydrosulfide, NaHS; H,Sfit44) ]
2P T T e R 2 B B A AR 1, R
BB TR R R, AT G2 At HL A o 4
5, YR HON T B 38 () 52 14 (ShigF2013) . #h /)

18N H,S AT I I G 56 T A 4 A B 0 ) R
Jlg i Ak, ZEHE I K /Na S, Xty ik i i
KL K MR FE BT ] (Laid52014). Li%E
(2012) 56 45 R R W], SHENaHS il 5 & A N IR
H,S/KF I3 s, 4K 15 S AR 0 T A, X i 4
PERTE R SEN RS BERTYR. SEM
ARG, KRB S B VISP H#ESE2016) . T4
SRAJE 78 A I, NaHS T4 P2 AT A5 AR I T HE P ) Bt 4
PRSI ANEE A 5 5E ) 1 98 (Luos52015), Ju %
R A A TR - 1,5 - — W PR AL Bl /0 SR B (ribulose
1,5-bisphosphate carboxylase/oxygenase, Rubisco)if
P4 5 (Chen52011). 5856 T NaHS AL B RE(L E K
T Rk 2k B A 1K (light harvesting complex, LHC)
EIF RS (photosystem 11, PSID), 5 R4l

fs  2017-11-10 f&E  2018-03-02
BE EFEARBIEIES(31572170). 1 RKE HRBL A
& (ZR2015CMO005) . th R4 B R = ML £ AR Ak &R
AL T(SDAIT-05-10) . “X— it 7% #h % 4 (SY-
L2017YSTD06).
* B WAEH (axz@sdau.edu.cn).
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(photosystem I, PSI)Z5 4, M9/ PSIIZ3 B 1
RBE, G fiFP SIL) i BE Ak J5 A i) 45 35 (B vk vk
MIEG#E2014). SR, A RH,SXHKH F 5 TO6E L
R DRAP AL ] B 5 P R DL Rl . ASHIE 9 DL AR 3
5 AR, BT AMEH, SRR T 5 R4
HEH APTEL RGN, BAEFRIGE TH,S
TR TOG G DIRE N, JE i —4 7 #H,S
FERE AR AW E i AR A BRI A 4

1 RS

L1 iR 5581

TS T-20 164 7 1L 2R AR MY K 22 el 25 52 5 vl g
1To BHRAE N(Cucumis sativus L.) “FA35 T H
REETE T . NaHS. 2 %3 2. B2 (aminooxy
acetic acid, AOA; H,S& M) KL (hy-
potaurine, HT; H,S& B3 7)) H Sigma A & . 10)]
16 H3EM T 10 cmx10 em’& 725k, BT HOBRSE
Wo FGFRKMR: B8 &% & (photon flux density,
PFD) [ 3418 21480 umol-m™-s™, B/ <IN H L)
23.5°C/16.5°C. #hii&&E —mt—0n (11 H18H)
By 44, 43 % 1.0 mmol-L' NaHS. 0.8
mmol-L" AOA. 0.15 mmol-L" HT (¥i & iR 5K i 5
T& ER ) AN 25 B 1 K O BRI 4 v 4 bk, B3R
MK, HESE3 d, RG] 5 & R E Y R
GXZADE I B F2 M (T WL R A A ) ) P AT KR
Ab3E . AbFR A N B/ RS 8°C/5°C, PFD 100
pumol-m™-s™, YE W12 h/12 h, 435 TAKIE M E
0. 1. 3AI5 dICFEIE, REALIR B A 3~50k, BT
BIA.
1.2 MEFE
1.2.1 H,SEEFL/DCD;EM

H,S & & [ & 2 I Sekiyas:(1982) () V. F &
Wk, Wi iE. HLO.1 ghrfEThaent Jr, iIAN0.9 mL
¥4 1120 mmol-L™" Tris-HCIZZ i (pH 8.0), Hf &
ARG B, B ETE WA . WA B RN
WS BT A AR BTSRRI N, AN 100 pL
30 mmol-L" FeCl, (& F1.2 mol-L"" HCI)A1100 pL
20 mmol-L™" N,N-— B 3E-%f % — & (3% 7.2 mol-L"
HC 5, A3 HNERIE S 4, 37°CF [ M30 min, Jl]
SE670 nmiE K NG . L/DCDE P % Riemen-
schneide=#(2005) £ 7 2 5 o

1.2.2 A& (malondialdehyde, MDA)& &, HfZ
&R (electrolyte leakage, EL)F/4 E 153

Z WX A AN 45 5 (201 5) O BRAC B LE 2 R B
350 MDA % & FIDDB-303A% f1 5 R4y (1
HEREE R EACER AT IRA 7)) I E _EACE2 i R
FE, OB §h(2015) 7751 HEEL; A T
T 5 B 55 (1998) ) 7 1R 5E o
123 SHZiEsH

F Ciras-324 A4 (9% [ PP-Systems A ] )il 72
PFD 4600 pmol-m™s™". CO,#E350~360 uL-L".
M- (25+1)°C R 31 R RE (M L EER 2 7 FEJT i)
R EHZE(P,) RALFE(G,). MRICO MK L
(CYFNZERE T A(T,), PFD. COK AT 73 5] H
HAEACHI AT EIE . M E A COL MR R G A B
e B A
1.2.4 HERETRBH

B F G 30 min, FHFMS-27 3 1) -4 &
i YGAX (FE [E Hansatech 24 7] ) 52 I 3& B PSTTEx
RIIG(F,) ATARDIG(F,) WIIRTOG(F,), LLAAE
FI96 400 pmol-m™ s R IEAD(F) T
UEPIE(F,) s BRFEI(FL) AR IG(F, )R
W24, ZDemmig-AdamsfllAdams (1996) A&
FMS-2 I 2 3R 5O T % Z 5 =
SR AR R A W IE BT PSTLER KOG 22 2%
(FJF)=(F—F,)/F n; PSIISEFRIGAL 2 2 (Dpsy)=
(F,-F)/F, .
1.2.5 SEBEEM

K% BE-1,5- W R AL (ribulose-1,5-bis-
phosphate carboxylase, RuBPCase)yf P i)l 52 2
HRuBPCaseid il & ( LA 22 MR AR A
AP UL A BRE-1,6- B ER R (fructose-
1,6-bisphosphatase, FBPase)if ' Z i Rao M Terry
(1989 H J7 VM 3E , I 42 HE M I 55 (2015) 77 2 05 0
B
1.2.6 MEALERS

K NG DY M s Ji v 0 R AR A0 ) Ak g
(superoxide dismutase, SOD)i& P4, PAFIHI Hatbid Ji
50% 9 1B PE B A7 FH A R By v I g i Ak
Yl (peroxidase, POD)E 14, PAT minpy470 nmif £
W (A 470) BB 7 50 ARG € Bk i
12 1oL S8 AL W (ascorbate peroxidase, APX)VE1E, PL1
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min N 4,00 R R R ARG 452015), S
ChancefIMaechly (1995)f) 77 2 & 1 U4k ALl
(catalase, CAT)i% %, PA1 minNA,, L RIR; #%
FoyerfiHalliwell (1976) )77k & 4 It H KL 5
fiff(glutathione reductase, GR)i& 14, PA1 miny 45,028
R B MH B (glutathione, GSH)FIHLA ML 12
(ascorbic acid, AsA) & &S Wang25(2004) J5 1%
ME
1.3 R

FMicrosoft Excel b FEE i F1E K], FIDPS#X
A% s 14T B R 3R 7 22 40 #r, i F Duncant
B0t o 35 1 22 5 (P<0.05) 4T Z E LL AL, K
B 3k )V S E AR e 2, AH [R] B da I
(AN F] /N 7 B s A 3 ) 22 7 f2. 25 (P<0.05).

2 SENEER

2.1 MEEENaHSIHER TE/NSEHSEER
L/DCDE RIS

M T-AT] LLE H, Bl A5 I IR P 38 1 (8] f) 8
K, AR Ab BB TR %)y P i I H,S 25 5 20320 38 o,
4586 hfg T F%; S5xF A LG, NaHSARBEH,S & &
B, MAOARHTAREE K. IR T 5 R4h
FILCDMDCDE M 5H,S AL 5 AH L, NaHS AL
T () 55 v T R, T AOAFIHT b B 1y B A T
Xof fi Bl 5 0k HE 22 S AN 2 (BT 1-BAIC) . HH LR SE,
L/DCDfEAL & i H,S 2 I 18 15 5, #HH,S
A BT AR 5] 2 T H,SFIL/DCD _E .
2.2 MHEBENaHSI{KETERLEMDAS
2. ELFSE RS

ME2-AF H, AGIER T &AL 3 5 R4 MDA
T EB W R, (ANaHSAEE 5 FF sl B RN T
XTHE, TTAOAFIHTAR BRI SX e 2 R AR 3 . ik
TN & AL B N 4h 1 (I ELIZWT TH . i 45 ok (5
d)ff, NaHSALH EL E Xt AR 11.74N & 4 £, T
AOAFITHTAb B 1) 34 5 6} B 22 7 A 2 25 (K12-B) .
IGIR N B34 B 1A F 48 BB & H S ELAH A,
R e b TRk, ¥ T FR B0B R, NaHSALBE 1) 46 2%
IR R, AOAFIHT Ab 34 1 s vy X6 FE 35055 % 1
ERAEE(E2-C). LA T B 1 mmol L™
NaHS A & 2 4 15 30 NI i i v 14, AOAFIHT R4
THNaHS X 8 JIV 74 14 (1155 5 o

A —e— NaHS —a— AOA
20r ——HT  —— X
=
= 15F
‘TPD <.
,B 3
g 10F
=
]
&E 05k
o
0 1 1 1 1 1 J
0 2 4 6 8 10 12
B 25 —e— NaHS —=— AOA
.—'S —a— HT —— XHE
g
~ 20}
=
=
- 15 |
50
3
E 104
#
o5t
o)
Q
'_] 0 1 1 1 1 1 J
0 2 4 6 8 10 12
C

DCD#% t#:/nmol- g (FW)-min!

Jop 3ELER [8] /R

Pl TR iENaH S X IE T 38 R4
H,S % i X L/DCD3 14 11 51
Fig.1 Effect of foliar spray with NaHS on H,S content and
L/DCD activities in cucumber seedlings under chilling stress

AN 7 BERR R R R Jds 18] 22 57 2. 35 (P<0.05), T Al

2.3 MEBENaHSIHER TR EEERRN
20
2.3.1 JWEEZHSHAIFN

FI3-AFK B, %A B3 TR 4 1 1R P 35 il 2 A T
o LB T ) S K T B A, (E NaHLS Ak 38 11 B AR i 5
ANT S R T AOAFIHT &b B 11 P& A M B K T 5%
T8 il g5 A, NaHSH P, b X I8 5134.1%, 1M
AOAFTHT A2 143 591 B X} FEAK 25.0%127.3% .
GHT S 5P AL, (HNaHSAFE G AT,
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ENaHS E AOA

16 FHT mPyist
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70F EHT 0O % i
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Fig.2 Effect of foliar spray with NaHS on the MDA content,
EL and chilling injury index of cucumber seedlings
under chilling stress

B 35 = TR, T AOAFTHT AL B %2 5 0 IE 22 5
AR ZE(E3-BRID). Gk &% 5P R, NaHS

2 FAKEBZ-C)o mI W, R E T 3 R4 P,
FEALC 11 32 5 DR R AR LR i), P T 158 i NaHS 7]
PAZZ AT 0T 3 T4 B G S AR I 52
2.3.2 WHRERRLSERIF N

K4-A 5K, f£600 pmol-m™-s™ Y6 T i R4 1
1) D B8 5 ALK iR PBIR AL IST TA] ) SE A 1717 PR AEC, NaHS Ak
P B B 53 /N T R, T AOAFITHT AL 22 (1)

B I 58 B S KT . IR B 1 di, X R

AOAFTHT A FE [ F/F, 55 2 AR, TiNaHS &b (1)
BUASK; Z G S AFRIF JF 52 AR, FEARIE
FE A7 LANaHS A # ) 50N, AOAFTHTALFE A B2 K o

JiriEs disf, NaHSACEEFF /F, LE Xt I8 5 74.9%, 1
AOAFTHT AL HE 1) 43 51 L X HEAS. 7% F119.1% (K]
4-B), RIE N & AH I F # T T, NaHSAEE )

Enh e 22 TR B3 (K4-C) . 1] WL, 8°C/5°CAR IR
18 2% 3 TGy 1 (P PSIL B H 0 52 21 B B A% 55, 1
HMIENaHS A 22 AR G0, AT 3 58 3 JTCH)
HHES), FEEDGHER AR
2.3.3 kA RS

] 5- AFNB 73 5l 2 A et o 18 i AR B a8 5 3 dilll
SE I R4y RuBPCase fIFBPasef . M
AT LAE H, Wia A ab B A 22 e AN 2 2 Wi JENaHS

AOAFTHT [ AR R FE W 5 K 54 /8 . K3 N FB-
Paseidi ¥t 5 RuBPCase ) 22 (L A FE A — 2, i3
disf, NaHS4b 3 () FBPase i 4 b xf 18 55,7 %, 1M
AOAFIHT &b B (1) 43 51l b X} BEAK 7.7 % F18.6%
2.4 MEBENaHSIHERE TRALSEMENRS
E0p=A
2.4.1 SMENEEEMEEIT

IR B YT, 3R &l B i SODYE 1 &
JillF e, 3 dfE PRIk R R(El6-A). 5 X HEAR L, NaHS
Ab PR ) SODYE LR =1, 1TTAOAFIHTAL#E AR {6 A
Ko AKIE T 5 K4 T PODYE £ 1% 7 7T 5 (K1 6-B),
Tt & LANaHSAb 38 %K, AOAFIHTAREE [ 5
TR ZE A2 . (RIRMHEYI, CATIS PR T
&, 21 dJfE T TR, Priagh R, NaHSAbE (1)
CATIE M EL X B 5518.5%, MAOARMIHTAL 1) 5
Xof 18 2 S AN B 2 (&16-C) . KR N APXAIGRYE 14
W8 5% ETHE T RE& % (E6-DHE), rid 45 R,
NaHS#b ] () APXHIGRIFE 143 i1l EE AT 7748.6% Al
43.5%, AOARIHTALEE I 5 X R 2 R AN 3
2.4.2 FGSHAASAE 2RI

MET7-AF H, IR A1 A, 3R A
IGSH &/ KR E T 1, 2 J5 B B A%, NaHS b2
FIa 2 T 0 IR . e 45 R N, NaHS 43 I GSH
B Lot R 168.0%, 1 AOAFITHT A FE 11 55 %6} 1
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A 120 —e— NaHS —=— AOA
—a— HT —— X[
10.0 Rl
= 80
E
S 6.0 F
£
=
& 40+
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700
_ 600
=
3 500
S
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B 200

——NaHS —&—AOA
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D 5.0 —e— NaHS —=— AOA
' —a— HT —— ST HR
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Jop 3L B} ] /d

I3 i e NaH S IR T 38 AN B AR A He S B i i

Fig.3 Effect of foliar spray with NaHS on gas exchange parameters in cucumber seedlings under chilling stress

ZERARE. KRBV, BRLE A AsA
FREWEE S, H3 dJFP0UE T %, NaHSA
B2 = TR, T AOAFIHT AL B i) 15 %f B 25 F AN
K(EI7-B). AT, #MEH,S AL 5 i e i R S5t
T T B E PR AR, AT % AR ARG IR 3 5]k 1
A E
3 Wig

TR N BIH,S £ Bhl i DR 3 5% s 45 7= A
— ZL/DCDAiEAL - B & R (Cys) FE il AE il H,S . T
FRl iR R FINH,; — 270 AR R 3638 I B (1 7 R
SO,  H #:38 JFURH,S; = il i Fr ik S i
H,S (PapenbrockZ5:2007), H A L/DCDig 4% 2 4
WIRH,STE R £ B iR R . ARG 45 R, KR
JEE T, B4 E A T H,S AIL/DCDYE P 35 H
I, 4806 h J5 T R %, RTH,S 2GR e
7% . NaHSTEN A A 1 N H,S 1) it & (Wang
2012), BEykyk Rl 2820 14)H A [F & il &4
AbPEAKFE, I AT NaHSALHE A Ja 55 /KRG a4,
e RH, ST AR E T2 KN . AR,

T T 5% e A )94 28 X NaH S 24 7] 412 o8 28 S 40 1 T ¥4
PE, {(HPL1.0 mmol- L™ ¥ Ab B f) 55k SR 5 if (Bl A
H11), Bk, FI1.0 mmol-L' NaHS{E AH,SHE&. Ay
T HEBRNaHS HAth 7= M (Na' %) [ 520, 43531 F1 0.8
mmol-L" AOAF10.15 mmol-L" HT i &b #E 2 /K %))
By, S5, i NaHS AT 5 TUH i H,S
o EML/DCDEME B 2 Tt (Bl 1), MDA Z & AIEL
B E AR (E2-ARIB), HHAOAFMHTHiAHE 5,
H,S% . L/DCDiEME. ELAMIMDA S &% 55X #
ZERAEZE, KYINaHSE S 9 N A 1R H,S K&
FEVEH, X5 BLuK oK ARG 82 (20 14) 0 i 45 R — 2,
H it —PAEsL T L/DCDI& 42 42 5 I PN YR H, ST 1%
) F B &ET .

H,S R T2t & 4E F O F /b & A0 LR,
Chen®5(2011) &% 3, H,SREGINJE M43 5 &, X
AR SR AR 2 1, B2 R AR FIPSIDE L 22 0K,
B 5 RuBPR A B IE VE S K /N IR R R 3R X,
Bof AR ' P R R B P o BT A 9 HL, Sl 3o 1 5 Ru-
biscoyi P 5 3 K Ik K S AL S E ik 52
MBS AR . FEY A B ST AR
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Fig.4 Effect of foliar spray with NaHS on chlorophyll

fluorescence parameters in cucumber seedlings
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M NaHS [ AOA
B i

@ HT

o XEL I [ /d

I A2 FE R A B B ) AR B AR, IR 3 ]
IR G0N O 0T BRI R FH R B AR, AT 5
P, T B, CO,FIMLAZEH, 715 3 B A ik B ik I,
DAL B A 7E 5506 2 = AR i T RE, Xk
RAPERNE . AW RRY, 5XTRAL, 1K
I N NaHSFil kb 3 55 K4 & /7 11 P,» RuBPCase
FFBPaseiif 1% & F,/F, 4 5, MF AR, Ui B NaHS
PE w7 T Sl i 0 B e 4 R, ik
BTN HRIE G, 1X 0] §E 2 H, S35 2N
i ¥4 1 ) 2 L

AR IR AR KT, AR R 24
PR, (B TAAER RN PU A R S, X EeiEE
A LG B, ARG LA (B UK UK TR
#2014); M HEMEGRE. KR, 3. E&RE
)N, PUEMN RS2 B, 0] fe 3 BUE (05
HIH,0,2) 1 B (Foyers51994), S=#4(2013)H 5%
KB, 200 pmol- L™ FIH,S ] & 2 {2 3 2k 1 A1 fit
POD. SODMICAT &%, FFKMDA® &, M2z fE
5ER ' P JE G K 7 A gk BRI AT . Komye-
yevAF(2001) 45 FER W, Ap4Er f hod & R IA -S4k
PLAEALEESOD. GR. APXILA, Befs 4w Hout ot
REFIFI R, e REE i 1 TR I8l e, T ke
RS RN . BOEIRATRIL, (K
T8 T AR, S A 1) B R 4y 1 vl S B4
AN RGIE R 2 G PR, 22 MR A% I X 41 i 1)
A (WusiE2016; J8 7 LE52016). A iK%
SE IR BRI R BRI A MDA S &= R
8, W BA TR P 1 E R A E M R AR
£ S5xFHEAE L, NaHSTACHE MDA 7 12 B R4

B 400, W NaHS B AOA
CHT OxXE
7, 300F ar
o
#_{
g1 200}
[
8
=
= 100
0 A

o XEL I [ /d

K5 T il NaHS X IGIR T 35 R4 15 RuBPCase FIFBPaseyd PE (1 52 1

Fig.5 Effect of foliar spray with NaHS on the RuBPCase and FBPase activities in cucumber seedlings under chilling stress
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Fig.6 Effect of foliar spray with NaHS on antioxidant enzyme activities in cucumber seedlings under chilling stress
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Effect of foliar spray with NaHS on GSH and AsA contents in cucumber seedlings under chilling stress
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ik, SOD. POD. CAT. APX. GRIE & E T,
Ui B AMEH, S D 1 KIHR T I UK BE AR R, 1
SRR ) A R T S TS BR R T, TR T
AW B A -
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Hydrogen sulfide promotes chilling tolerance of cucumber seedlings by
alleviating low-temperature photoinhibition

ZHOU Chao-Fan', WU Chun-Tao?, LI Dan-Dan', ZHANG Xiao-Wei', BI Huan-Gai', Al Xi-Zhen"

!College of Horticulture Science and Engineering, Shandong Agricultural University/State Key Laboratory of Crop
Biology/Key Laboratory of Horticultural Crop Biology and Germplasm Innovation in Huanghuai Region of Agriculture
Ministry/Collaborative Innovation Center of Shandong Province with High Quality and Efficient Production of Fruit and
Vegetable, Taian, Shandong 271018, China

*College of Biological and Ecological Engineering, Dongying Vocational Institute, Dongying, Shandong 257091, China

Abstract: We investigated the response of hydrogen sulfide (H,S) to chilling stress in ‘Jinyou 3’ cucumber (Cu-
cumis sativus) seedlings. Simultaneously, we researched the effect of foliar spray with sodium hydrosulfide
(NaHS, the donor of H,S), aminooxy acetic acid (AOA, H,S inhibitor) and hypotaurine (HT, H,S scavenger) on
the photosynthesis and antioxidant system in cucumber seedlings, using deionized water-treated seedlings as
the control. We found that the H,S content and L-/D-cysteine desulthydrase (L/DCD) activities increased during
the first 4 or 6 h of chilling stress, but subsequently decreased. We also noticed that the malondialdehyde
(MDA) content, electrolyte leakage (EL) and chilling injury index increased with chilling stress days.
NaHS-treated seedlings decreased MDA content, EL and chilling injury index under chilling stress. However,
there were no significant differences in the above parameters among the seedlings treated with AOA, HT and
the control. Chilling stress led to a decrease in net photosynthetic rate (P,), stomatal conductance (G,), transpi-
ration rate (7}), actual photochemical efficiency of PSII (@) and maximum photochemical efficiency of PSII
in darkness (F,/F ), while an increase in intercellular CO, concentration (C;) and initial fluorescence (F,). Chill-
ing stress also caused a decrease in activities of ribulose-1,5-bisphosphate carboxylase (RuBPCase) and fruc-
tose-1,6-bisphosphatase (FBPase). NaHS-treated seedlings showed higher P,, G, T,, ®py, F,/F,, and activities
of RuBPCase and FBPase, whereas lower C; and F, compared with the control under chilling stress. No signifi-
cant differences were found in the gas exchange, activities of photosynthetic enzymes and fluorescence parame-
ters between AOA or HT treatment and the control. The peroxidase (POD) activity in cucumber seedlings in-
creased gradually during chilling stress days. The activities of superoxide dismutase (SOD), catalase (CAT),
ascorbate peroxidase (APX) and glutathione reductase (GR), as well as the contents of reduced glutathione
(GSH) and ascorbic acid (AsA) increased in the early days of chilling stress, but subsequently decreased. Com-
pared with the control, NaHS-treated seedlings revealed a significant increase in activities of SOD, POD, CAT,
APX and GR, and the contents of GSH and AsA. However, there were no significant differences in them among
treatments of AOA, HT and the control. These data suggest that H,S is induced by chilling stress, and exoge-
nous H,S alleviates photoinhibition and stimulates the chilling tolerance in cucumber seedlings.

Key words: hydrogen sulfide; chilling stress; photoinhibition; reactive oxygen; photosynthesis; cucumber
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