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E: RA T AATRIKR LT T ik, AF 5 AE-L49(SNP, NOAK) TR AL 22 3 K587 (B-10°C/ R 6°C) Wi T 44K
B du At V9 5 An b b S A AR — 5 % N(Cucumis sativus)$h et B ik et R R R A F X R T
FRAAHA 0, KT T NOKTIKIE M8 T IRt K K R Il (PSID) /R A1 AL F RS 694k 37 B2, AR T
NOR AP # RNPSIUR #1 A0 53 RO 69 4F A AUBE IR AL P2 0 1R 4. 2 R &I 5 w5 40k, KRt Em—5°
KA AR(OEC) MG A2 E . KRBT ZRQ I8 R ik F B b, FAE R HIEA £, NORFR ST
I8 A T 7 At 35N 69 R K AL S 2B (FJF,). EFRAFEREY,). Ao wFititik £2(ETR). %
1R %5 (qp), BEHAKT PSIL Q89 BT B A(1—qy), 323 T FL ¥ 3l 3049 b F 4534 3| QA B 89 3%
F(P). BT SBMARAE T O TR ET T (V) KRR (PSHAE B F ZARGEREE S (Pro)-
B P s B B (RC/CS,). PSIPT 4k Z 5 FAF A B o SAAR A B9 L (ypo)s A MR AEFEE(PLps), [FAK T 4
FRLF w3 8 H BEBA(ABS/RC) 345 R 8 6 48 ZAEH(DI/RC). B ¥ SR K X Mk R (M), ALK
FLF 3 #9845 % (ET/RC). KAB & JAR 8948R ST 8 KW, BARIB24 /s #h—5 69 I T R (V). 148
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ik F B RARELPQIE S T 6988 ), 1EQ Hik HA BALIRA, ALt & FAE IR A AT, ANOX 2k —5 494k
A EHRE,

KHEIR: NG, — BTG IRIE; ikt R EA R AFFH AT H L

1% JIN(Cucumis sativus) & 4 1 BEiE BT 1Y 322
BRI —, BT E A BURRY . BRAER
EAb oy B =EAHFE & EIBKEAE, §
PO AR AZBH, 10 ™ = e = 5 A 5 (Puyau-
bertfliBaudouin 2014). K1, #ff 78 & JICH 2 1),
P TN BL A8 77, 2510 R 250 it 2% AR 1K
TR I 43 35, x2S B LA B 3L

RIRAF 2 3 80E Y 2 Fi AR B R AL &
BRI R A IR A 55 i UK 1) A= 2
i 22 —(BilskafSowinski 2010). IR AL IR ALY
Je A PR, FRAREG R (Liud2015;
Hao%52016; Yang452016), GLAERIERME DS
LTI AE 38 52 B DA R 98 e r= s AR A S . PR
LR WICTH BN ) FHHARNE NN YL &L
TS Z IR P LEFR bR, A8 LG v A b ) W AD BT 9
MR R ARIR . Jel. K. 3. ERE 7%
(YangZ$2018; Khoshbakht252018) 454k, LA K #4)
AKKRE AR BAEYCE REGDEE R4S
(PSD). Y& RS (PSINIFZMA A ALAL, A B T8

B Y6 E WL 3245 1 #6 A7 (Murchie flLawson 2013).
H Strasser®5(1994) LA P 5 1) B 5 9 a0 o ik 222
S FE AR Re AN LAY B DK, TIP3 #r 45 LA
JZ R, X BT VE AT DAE DG S LA K A
W AR OB B AT K AR 4> 1 AR, AR ARk
BT ] B Re I A% DL A PSTIMIPSIH) SR A1 %2
A R B LT3 A5 L . Force5(2003) 4] H
JIP3# & A TG N R PSILTh fE 52 R4, 545,
FTEREH T AT 2Rt KB EYE
52 (Khoshbakht452018)
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42013), HEFHTHEHMAERKKEE. Z5HEMM
B A5 PPIE E 1) A2 B ) B (Fancy %6201 7; Jian%%
2015). ZhaoZ:(2009)Ht 70 &I, $FE I+ (Arabidopsis
thaliana) WIENOF= 4 SARIR YL IEAH G, R H
TEA PR R, NOA 5 v T 38 11 bt 55 74 JBE
B REDR )k, gk T 1S s AR v 1, AT AR SRNOXT
IR T YA R G i TR 2, (HAHIG
T B I N NOZE fif 2 TN 4)) 1 ' & MU 52 45 7 B %
PSR AL IE JFUARAS B 70 A HE

RN TANRGE @I AT TSR 7w % B i BUR /ST
IS5 S WrPii7 A= S WA £ v N A 17 SE R Ny
JRAEGE B I 32 RS PSR IE JFAR A,
Ff3d i AMJE R N O {44 i 1 44 (sodium nitroprus-
side, SNP)KHT FENOXS 8 R4 1t & R G HI RS
1EH, @I B TR PR R R4 G & R4
RS, BUHIR A T AR IR X 38 R4 6 & R4t
(145 T ML S AE IS R HNO I R ML -

1 RS

L1 iR # R 54018

M LR A UR B T(Cucumis sativus L)
Pl 5 (L AR FE Pl A B A =) A A 8 5
JR A AR — 5 OREBERHE B R 7T . 156
FINOAL 1A SNPI F Sigma /s &, 5% W H {4 [F Flor-
agard’/A #] .

TREG T-20184F:3~6 H 78 £ 1] T K7 A # B
o SR g s AR B o B URR A SR N A i
Fi(Percival, SEE)F 34T . PRIEFFRIEHE. KN —
TR 55°CIR M20 min, EIHIZHE6 h57E
28°CIAEIRAR PN B REHE 224 ho B R 2E— A Fl
TRET724LICHE, BEAL UKL, SARFE N AERRIRE N
E28°C/%18°C, YRR 100 pmol-m™s™, J¢: & 1
14 0/10 ho 5P 1584 R T I 2 N 245 2k i
(B A2 ) (EA120 mm, &
110 mm), &R, BEBS N TSR KRR BN E
26°C/14 h, $718°C/10 h, Y HE5E 300 pmol-m™s™,
AR B T5%/ 1 70%. T 22117 dj5 &ka4 dFe—
X Hoagland & FR M (1), FER50 mL. Frgii K%
IO B, 3 HCRE SE — BRI AT T 48K,
Iy AL, R 248k, LB ES6IR, THRK LT

10:003E 4T AR AL T1, EHF P -5 055 i 2818 K
T2, “EHFIY 5 15555200 wmol-L™' SNP; T3, “H4L—
TR K T4, B 5 BEE200 pmol L7
SNP.

W22 dfE, 3R E10:00%) LA
R RRFEAT IR IR AL B B (10£1)°C/14 h, K
(6£1)°C/10 h, SEHEIRE100 pmol-m™s™, HHXE &
BT5%/MLT0%, 3 MIAEARIR 24148 5 X AR 5 —
J BT A S HR AR I 5 o SR FH B 25 5 A Bl ML
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HL T2 R QM A RS (1-g,)« A T4
IHIH R (ETR).
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2 7% SchanskerZ5(2003) ) /7 122 308 A 24 5, F
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0 Q BIIPSTA I ¥ B F-4£ 1 (RE/RC) - B H
DB JE(RC/CS,) s SN H o dti 3R 1) L 4% 35 3 Q,
PUGHIRCR(P) RN H ORI Ysse T o7
(U RS TC AN N LS R (B S) eI
HCEVEH IR R (o)~ HLT HIHR LT3R Qp
146 B PSTA i HL ¥ 32 AR R E 2R ()« PSIA by HL ¥
SIS RE 1 (Vo) T TERESR EL(PLygs)
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Fig.1 Effect of NO on F,/F, in cucumber seedlings under chilling stress
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Fig.2 Effect of NO on chlorophyll fluorescence parameters in cucumber seedlings under chilling stress
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Fig.3 Effect of NO on rapid chlorophyll fluorescence induction kinetic curves in cucumber seedlings under chilling stress
AFIC: fik#724 h; BRID: {1548 h.
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T . 1624 hJE, T3RIRC/CS, 5 TT1 20%, (K
48 hfa & 2 AU IKIE24 hET2 5 TIAHLEL
RC/CS ¥ m=E# B &, (K48 hjg Gl Frisi /b,
{EAMRAREG R (RIR24 hj5 T4 5T3H ELRC/CS, 1 I
B %, KIR48 h)5 SRS N (&5).
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6] 5 A B S5 2 5 IR 24 WS T2 1 W, HL T 1R 48
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B2, AR TIAIT3 M P, 2 17 3% 1 B i 22
S, AKIR24 hg, T200 P BT 18 N, T4R T334,
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S5TIA EL iR &, K748 h/g BIE S/ (K548
hJi5, TAHIPLyps 5 T3AH HE A FO I IR, fIKiR48 h/5 3
W26 /IMEL 22 SR SR B S5 (5)
2.2.5 XtF,. F,B950m

FEARIR24H148 hm, TIMT3MF, 2 58008 5
T, T2HIF EARIE24 b5 FEAE5%, E1KiH48 h
Je BEAR7%; 5T, T4MF EARIE24 hg PR
6.4%, TEARIR48 W5 4159.3%., ST, T3HIF,
EGHR24 hF R m, KR4S hE ZRT K, 5
TUAR b, T2HIF, 7R IR24 hiG 8 h110.8%, K548 h
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Tn hn e &, AKIR48 hE s iEns AR N (E5) .
NOFREA R AL St B IO 7 P05 R 0 96
TR, $hnF,, MAKIR48 hjG, ¥ JNIH A 3241 ™ &,
NOSX AL 5 S5 W 00 5K P26 1R 5 1 58 AT 1Y

SOW .

3 Wi

TP e 0 38 SR AS [R] (1) 97 AL A Sfe X A=
YIAEAEA Vi, TEREY) 2 2 P E iy, fe i aE R
AT, FE 7 A IS 5 (Wang®52015; £
i35 552016) . PSILiE A 2 A R ik s fU sk 11 21
53, BRIUER = PSILR JE AT A 5 R S ORAF G S L
T BT 42 A Y AR L it 52 1% (Wang %5201 64,
b). MHERFRRINCTE T8 2P S S ik
I EE FECEERE BRES, KA H
FIPSTIRZ BRI . PSIIRZ Bt B K 't & LT
T (X#E%5:2014; WangZ$2016a, b; ZhengZ52015).

R IEAEF/F s gp N EE, 1-gp BT, R
38 BRI P SIS 73 2R3 5545 5 (Demmig 55 1987),
PSTIJse 37 HCaitl i FELAT 73 B AT BR A6k 27 IO,
7 AR B BOR B 19855 (van KootenFSnel 1990),
YRR Re R 1, S BUEYOG AR RN
RE 1855 . T AMENO R H& S It il ae 38 I (%
PMAEEE2011). K (Zea mays) (FT757552017)4)
(RIF/Fy, PRFEI FPSIIEL a1 I 6 A 2 3 R R
PR, MR REEQ012)HF L K IINOW] LA A% i
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IS AR A2 T P PSS HH O i B 1) 43 5 o AR
FORIL, PR TG 2 S HR B
FATRI a3, SNPTIAL B 838 ik 2 AR I % 3 M4
HPSIII 3, $EPSILE N 0y JR I 27 2 B
SR, TR B A 35 TSR H G (RO e R D, 345
Fatr HLF IR 34, AT 512 Y T i

PRI 2 2R O 3 3 ) 5 i AN 5 PSIT
W SRR R RO, LA 0%, T H SRR A
T R AR SR R B B R O, TIPS
REA% 73 AT P ST B B2 A SR AIE 1) 728 4k LA S A 4 1
FEME 5 3 R B & A H (Strassers$2004) . it Y
PRE SR PO S 1 & £ IO, T, 1L
PAH, A E AR b ad, FEPSIMHAA S 57 H O
WA E & 1R (oxygen-evolving complex, OEC)*Z F|
P, ik R R TE R A I TR] e b7, 7ET
M2 AT S (5 5252016). HEERTOLFES
TR K S TS, LS AIIPAH 43 5 OEC,
Q.. JH1KRE (plastoquinone, PQ)AIPSIHE, -2 441
R S 4% SR I8 IR A (1238 J5 M PQ R /38 JFR
) A F(Lazar 2006), O 5 AP & M 4 B £ AEY)
PSIL B H 0y A= 8T TR R 46 2 P, FIPSTLI B
AR R A IR, . F, S P ST RE 5 4/ 35 24
RAE ML, o U8 B P ST B A0 il B B AT 3 2k
T, TF e — /M SR NS4, BB Ty
A LR (LS AR ) 32 45315 0d), Bl i A e
SRR IOCHIRAIR . S AR E IR gk 52 (Paunov
2:2018)0 FRATHIRF T R, AR IR it X 2R ¥4
FlEAR — 5 MOECZ MR 74, HQAQuMHL
T AR R, PQIEZ T IR IR, Q. R
Pt N EAIRZS . AMENOJE, 205l 5 % E T
IKALFEAREL, PR R SRR R F, LA R IPAR T /51, F, (B
iKiR24 hjE RIS 7) . Ky TR FEAK, NOFH
1T R A B T AR 24 b R —
Viv VilITt L, UEEINOREA U M 3 PSR B H
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Effect of exogenous nitric oxide on primary photochemical reaction
and photosynthetic activity of photosystem II in cucumber seedlings
under chilling stress

WU Pei, CUI Jin-Xia', YANG Zhi-Feng, ZHANG Wen-Bo

Department of Horticulture, College of Agronomy, Shihezi University, Xinjiang Production and Construction Corps
Key Laboratory of Special Fruits and Vegetables Cultivation Physiology and Germplasm Resources Utilization, Shihezi,
Xinjiang 832000, China

Abstract: The effect of sodium nitroprusside (SNP, a donor of NO) pretreatment on rapid chlorophyll fluores-
cence kinetic curves and chlorophyll fluorescence parameters of cucumber (Cucumis sativus) cold-sensitive
cultivar ‘Jinyan No. 4’ and cold-tolerant cultivar ‘Jingyou No. 1’ seedlings under chilling (10°C/6°C, day/night)
stress was studied. The protective effect of nitric oxide (NO) on the primary photochemical reaction of photo-
system II (PSII) in cucumber leaves under chilling stress was discussed, providing a theoretical basis for the
mechanism of NO protecting PSII primary photochemical reaction of cucumber at chilling stress. The results
show that compare to ‘Jinyan No. 4’, there is less inhibition on the degree of damage of oxygen decomposition
complex (OEC), the reduction rate of secondary electron acceptor Q, and the inhibition of electron transport ef-
ficiency on ‘Jinyou No. 1°. Pretreating with SNP of cucumber before chilling stress could significantly increase
maximal photochemical efficiency (F,/F,,), actual photochemical efficiency (Y},), photosynthetic electron trans-
port rate (ETR) and photochemical quenching coefficient (g,), significantly reduced the redox state of Q, (1—
qp), improved probability that a trapped exciton moves an electron into the electron transport chain beyond Q,
(¥,), quantum yield for electron transport from Q, to plastoquinone (¥;,), quantum yield for reduction of end
electron acceptors at the PSI acceptor side (¥,), density of active PSII reaction centers (RC/CS,), probability
that PSII chlorophyll molecule functions as RC (yy¢) and performance index of PSII based on absorption (Pl,s),
and reduced absorption flux per RC corresponding directly to its apparent antenna size-ratio between chloro-
phyll in antenna and chlorophyll in RC (ABS/RC), dissipated energy flux per RC at the initial moment of the
measurement (DI /RC), approximated initial slope of the fluorescent transient (M,), electron transport flux from
Q, to plastoquinone per RC (ET,/RC), K-phase accounts for the relative variable fluorescence of J-phase (W)
and relatively variable fluorescence of J-phase (V) and I-phase (V) of ‘Jinyou No. 1" under chilling stress for 24
h. It indicates that exogenous NO can effectively protect the oxygen release complex (OEC) in cucumber seed-
lings, and improve the electron transfer rate of Q, to Qg and the ability of plastoquinone to accept electrons. In
consequence, Q, can quickly enter the oxidation state and promote the smooth transfer of electrons. The effect
of NO on ‘Jinyou No. 1’ is more significant.

Key words: cucumber seedling; nitric oxide; chilling; rapid chlorophyll fluorescence induction kinetic curve
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