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Effects of exogenous nitric oxide on photosynthetic characteristics of
tomato seedlings under NaCl stress
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Abstract: The effects of sodium nitropprusside (SNP, an exogenous nitric oxide donor) on photosynthesis — light re-
sponse curve and CO, response curve in seedlings of tomato( Lycopersicon esculentum Mill. )were investigated under 100
mmol/L NaCl stress condition. The results showed that net photosynthetic rate (Pn), transpiration rate (Tr) and stomatal
conductance (Gs) were significanily increased, intercellular CO, concentration (Ci) were markedly decreased, light satu-
ration point (LSP), photosynthetic rate at light saturation point, apparent quantum yield (AQY), CO, saturation point
(CSP), carboxylation efficiency (CE) and maximum RuBP regeneration rate were markedly increased, light compensa-
tion point (LCP), CO, compensation point (CCP) were significantly decreased by the treatment of exogenous nitric oxide
under NaCl stress. In addition, the chlorophyll contents were significantly enhanced. The above resuls indicated that ex-
ogenous nitric oxide donor (SNP) could improve photosynthesis of tomato seedlings under NaCl stress and increase salt
tolerance of plants.
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— &4k & (Nitric oxide, NO)B—F ) Z AT
EMERNOSEEES T, B R - EEA (Reac-
tive nitrogen species, RNS), 1 %) 4 Py i@ 1 B4 F0 4k
B &2 4 N0, NO XA E RIPEER
RPN, — 5 T, ¥R NO A VR NP AL FIXT 07
% ROS HAERIEA, MRS ERNELBEN
moFek, AT R A BRPERC, B—Fm, BkE
NO5 O, HEEAABKEN ST A LMRAREF
(-O0NO) , EHE &R FIHEE RAF BREEMN T
AL 75 B8 (HOONO) , i K A= K4y F M4 5 1)
fe AEEEREY ., BRI EEES T NO X
YR KBRS F E ST, W E T
Y6 VERXTEA Co, BMARIAR A XIRE . A
WFSE 347 T A NO XF NaCl 38 T 19 38 96 4 B %
A 1E X Co, BMIR LA XM RESENE W,
BRI NO ZmEMEE BEBLAERABIE,
1 MRS
1.1 RBEHE

R LT RVBIZBEZ B GSW7430 &
BB ZENHIT, HHRFE R ( Lycopersicon esculen-
tum Mill.) S FH 5 Y7 3 2560, i _E 1B TR L B4 Bi iR
i,

MPRERBTEREY, BAMEELR. 44
HEE 4~5 F BB, Phik A K —BUN AR UEE AR
HWEFES,BRT 0 LERET, HEERN 3 cm By
WIRBE BRI %7, B AN, &
FEFR 8 B, 174 WE H AR E R ET TG 1
FARBRBR 112 EEERB, WEE 4dEBik—KE
FW. BEFERIZBHRABIIRE 24 h ELEHES,
LAERREA 6 ~7 K Erbad, W F 4 2T 4 Rk
P: 1) CK, 172 HAE K EFHFH]; 2) CK + 0.1
mmol/L SNP; 3) CK + 100 mmol/L NaCl; 4)CK + 0.1
mmol/L SNP + 100 mmol/L NaCl, 4t 8 ¥k,3 Ik
BEE ERENENHES . CHEBENGRELESR

R SNP B BCE : NO A& RS 44 (Sodium
nitropprusside, SNP, 1§ B L E K H/AF), &S
7K BE il 100 mmol/L BB ,4 CREF, AR &I E
KRR EHITHRRE
1.2 WEMBEF*

AFEE T d FRRAFG T, 3% BUE ¥R B I O 0
T4 3 ~4 0, FIH L1- 6400 641 (EE LI - COR

NFEATE) 43 1B CO, AT 6 R R i £
M Co, B RN E, SMABELR 3 K, BF
BiE,

JG& 1B R 6w B #2200 8 : 7E CO, MK B (1400 +
10) pmol/mol, I & ( 25 + 1) C, # X8 F 40% ~
50% , =6 E R AR 5 ( PAR) B B 1500,
1200, 1000, 800, 600-, 400+, 300+ 200+ 150+ 100. 80 50
pmol/ (m®+ ) 44 F , W ¥ b A # 2R ( Pn) , ZE i
R (Tr) , LT (Gs) F ML 18] CO, ¥ FE (Ci) & B3,
MR RN y=a+blox Fl y= ax® + bx + ¢ F &
(x ALEERERS ,y MR EHER) BE, Rk
#ME S (LCP) 5% #1 5% (LSP), PAR £ 0 — 200
pmol/(m®+ s) 78 BBl P9 38 1 4k 4 [B] 9 5k Pn- PAR Hfj£%
IR, B RWE FRE(AQY) .

JtEEF CO, M B B £8 1 % : B2 P4 PAR 4371
TR TE B R ML, IR (25 £ 1)C, MHXHE B
40%—~50% , CO, ¥& & 15 B 8 £ 1 16001500 1200,
1000, 800, 600, 400, 300, 200, 180, 150. 100 80. 50
pmol/mol, Pn Xt CO, N k7 y = a? +bx+ec
HRE( xR COME,y BELEER) UG, R
CO, 1R R (CSP) . CO, #MZ S (CCP) WMl e S MR 2R
B B g ogr B, BB Co, WA 0 — 200
pemol/mol 3 FE] P 38 7 4k 4 IF1 3 5K Pn-Ci Bl 28 47 46 4
R AR R (CE) . CO, WA Pn B N
RuBP £ K@ R0,

HEZSBHWES T Amon 17 1:10,3 Kk
BEH.

R B SPSS & 4 X F KA
Duncan’s FIE W EEHITEZELE .

2 EREOH

2.1 5ME NO Xt NaCl BpiE TEMGEH X EE
FA e B2 S 850 R W

1 1 Pn-PAR HIZR W] A1, 7 — € B BB A 38
SHPAR)VEE W, F4hE 4 MARAEA & A
HE(PHBIBEEAEMH AR, SR G
F(Pn)BRKMERE, BELCRBENIE N, Pn 2 TR
#E#, F— PAR &4 ,4 MAFELH Po WAL
34 k CK + SNP > CK > CK + SNP + NaCl > CK + Na-
Cl,

K1 ®FWL,4 AR EP P Tr.Gs i Ci fE
PAR BIAEMLE I . 5 CK(CK 5 CK + SNP A9 Ci g4k
EAE G )M, NaCl 330 40 3 (CK + NaCl) #9 Po.
Tr.Gs ¥FEAK, B A Ci FH&; SNP ALEE(CK + SNP +
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Fig.1 Effect of exogenous nitric oxide on responses of Pn, Tr, Gs and Ci in leaves of tomato seedlings under NaCl stress

NaCl) B ZE R B M8 T FAMLE A # PnTr.Gs,
fi Ci A%

REER(F1)EH, S5 CK M, 100 mmol/L
NaCl 378 40 38 (CK + NaCl) B, Y64 1 25 (1SP) (&A1&,
HFME 5 (LCP) FH 5 5 SNP 4L B (CK + SNP + NaCl) &
ERBE LA THEMSE T Y LSP, 6 LCP BEfK.
LCP i , LSP /& , Ut B R 3 40 ) FH L RE o

EWE TFRE(AQY) AT LUIEH I Bt & HLg 56
APLEEM AL, Bob A fE A P Ob R i KRR
— R R, NaCl Bl AR (CK + NaCl) ) AQY &

ZELTF CK,BILT 45.37%; 5 CK + NaCl #5 L, SNP
AbFE(CK + NaCl + SNP) B ZE R S HF M RUE
FHE,

4 A AR b B AN S v R O N A AR
Ak $#H CK + SNP > CK > CK + SNP + NaCl > CK
+NaCl(F 1), 5 CK M I, NaCl 37 4b BT (CK +
NaCDRI B A A S RRETHRBE, BRKT
54.71% ; SNP ZbPE(CK + SNP + NaCl) B E R & b
ETFEMGET RS EE,

F1 5ME NO 3f NaCl B8 T & #i4) &M LCP.LSP 71 AQY IR NT
Table 1 Effect of exogenous nitric oxide on LCP, LSP and AQY in leaves of tomato seedlings under NaCl stress

A EE
Trﬁzji " [ymolif:lz's)] [pmolf(srl;'s)] Photosynthetic rate at LSP %M%Qi‘%(ﬁ
[CO, pmol/(mz's)]
CK 36.00+8.21 ¢ 1210.00 + 200.56 a 15.81£0.23 a 0.0313 £ 0.0009 a
CK + SNP 36.03+7.23 ¢ 1270.00 + 183.24 a 17.53+£0.86 & 0.0296 +0.0010 a
CK + NaCl 46.46 +1.20 a 985.71+25.96 ¢ 7.16£0.17 ¢ 0.0171 £0.0002 ¢
CK + SNP + NaCl 40.99+4.00 b 1078.56 + 54.68 b 8.84+0.22 b 0.0233 +0.0006 b

¥ AFAIBEARFRRRERE 5% BEKFE, TR,

Note: Different letters within the same column indicate significant difference at 5% level and the same symbol is used for-other tables.
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2.2 4MIE NO X NaCl BriB TEM LA EH F CO,
W) B 2 ¥ B % I

F2FH,5 CKHH,100 mmol/L NaCl .7 4b
FEET (CK + NaCl) , CO, #1#1 g1 (CSP) FEAK, CO, #ME
F.(CCP)F 7 ; SNP 4h P (CK + SNP + NaCl) B E#£ 5
BMET HFRSE MY H M CSP, f CCP Bk, CCP
AR, CSP R & , A R FHEEM.

RACE (CE) BB I WL 1E 1L 49 RuBP 3RALEE Y
BEIEEY, NaCl #0402 (CK + NaCl) 7 4 B
A CE B CK BRR T 37.10%; T SNP 4b B (CK

+ NaCl + SNP) kb CK + NaCl 4bBRHA B3R5,

4 IR Ak 28 2 50 4D B oE B A9 RuBP B R B4
RS CK + SNP > CK > CK + SNP + NaCl >
CK + NaCl(3% 2), 5 CK # kb, NaCl 50 4b #E B (CK
+NaCD A RuBP R K AR EE THREE  BEKT
64.46% ; SNP 4b¥H (CK + SNP + NaCl) i 2 $2 & £ i
BT BT RuBP AT ARERK,

SNP B3k &b 8 i (CK + SNP), CSP.CE 5 CK #d
HERBEES; T RuBP B KFAEERKS CK
M BERE, CCP BEBRK,

£ 2 5ME NO X NaCl BhiB FTEM 4 & H F CCP.CSP.CE 71 RuBP 8 A B £ E R

Table 2 Effect of exogenous nitric oxide on CCP, CSP, CE and maximum RuBP regeneration rate in leaves of

tomato seedlings under NaCl stress

sh3m CO, #ME R CO, MR BRUBFE RuBP %ﬁﬁ$ﬁ$
Treatment CCP CSP CE Max RuBP regeneration rate
(gmol/mol ) (prmol/mol ) {mol/(m?-s)] (€O, pmol/(m?+s) ]
CK 51.91+4.86 ¢ 2005.0+210.0 a 0.0407 £ 0.0038 a 38.07£2.92b
CK + SNP 37.63+3.34 d 2265.0+213.2 a 0.0408 +0.0029 a 49.61 +3.81 a
CK + NaCl 78.50+6.27 a 1393.8 £+ 123.6 ¢ 0.0256 = 0.0023 ¢ 13.53x1.26d
CK + SNP + NaCl 64.19+6.35b 1675.0 £ 158.9 b 0.0391 £ 0.0041 b 26.28+2.03 ¢

2.3 SMENO X NaCl B THEROBEHFHEE
S ERRNE

100 mmol/L NaCl Bt £b¥8 (CK + NaCl) B¢, T Ak
HEMHAHRE(a+ D) FRNER a FEMMHR
EbSEBHEBEZERT CK, ML CKABETHRT
41.97% \47.53% F1 25.20% , 5 CK + NaCl #f kb,
SNP 4b B (CK + NaCl + SNP) ¥ B ERE TH R K (a
+hEREMHEE  FEMMEE D F&; T SNP
B AL PERT (CK + SNP) M4t R (a+ b) & B %R
AaHBMMZEDEES CKTHBER(ER3),

£ 3 SME NO X NaCl BB TEMSEMH
HEEXSEBHMXIE(mg/g, FW)
Table 3 Effect of exogenous nitric oxide on the chlorophyll

contents in leaves of tomato seedlings under NaCl stress

- WEE  HEKa  WERD
Treatment (a+ D) & & i
Chl. a+b Chl. a Chl. b
CK 3.29+0.30a 2.47+0.17a 0.82x0.12 a
CK + SNP 3.29+0.30a 2.47+0.18a 0.81+0.12 a
CK + NaCl 1.91£0.04 ¢c 1.30+0.03¢ 0.61+0.02 ¢

CK + SNP+ NaC12.60+0.03b 1.86+0.07b 0.74%0.04 b

3 i

HEEAREYERANEENRETE, ©HR
BXTFHEYERK CEAERSIEREEST0EE
¥, B TR RS R AR D HI TR A K R
R/ AR, WA T, 5 8- A
HEHREBRBWEYE SRR, FEFHTRAN
T4 26 B FLBR T R I 40U B ISR R
BB AES BRI, Ci B G TR, R
LERREEN; CiARMCs TRMIESAEER
BFER, KRBT, NaClBE)E 7 d, B Hish
A Gs FEE,CGFE(E 1), S bt 3E K LR F)
BHAHEERE, SNPAHEBE T HME THMSE
M F Pn.Tr F1 Gs BT [ 18 B, R BA SN UE NO 4b 2 41
FT RGBS TR EFTEHRER
B A E R, Iy ELIBRE, SNP A B 7 M A
B Te BT R Ci I ARRBRER A&, XM
AREEHLA—B,

ABrFE R, NaCl 38 T, F A4 ¥ A LeP,
CCPHBERF, LSPOEMHE A Y& H & (Pn) . AQY,
RuPB Bt K EAEE R CE ¥ BERMK(E1.%£2),
LSP BB fi it Pn T F& 306 B R /K SCHE 36 1Y 48 5 3K
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RIFEAL, FTRE R 2B 3E $ 3T Rubisco HY (MRS
B5RIRXEFA R E ISR T MRl
CSP . CO, fufifd Pn FREULEA B FLR S
FRER MR B I T, TR LB RES
H.D1 B RBBEF 1(CF1) F & A
SRR AQY MR, BWINRSEAEET R
M4IUS) 5 CE i PR 7T BB 2519538 5 3 RuBPCase 1%
PEFEAR , T B R AR R &M%, B 4 CE 55 RuBPCase
EHEEEA XU, SNP AL BIRE T M8 F ISP,
MR YA B F  AQY.CSP.RuBP & K B4 # % &
CE,P&{% T LCP Ml CCP(F 1.5 2), B SNP 4 H 12
BT EMOBE AR, NEME T HEEL K
BUMREE T RPER.

MR BT AR AN AL BER
s R AR MR EWEIRTZREN
PR NaCl BEE SR M @ REE OGS, MY S E S
f# . Downton Z 1 L WHRMH G R EBIEMKETI
BEBXAEEFERMFEFEA, AFRERY, HHa
THRESE T, EMAE NO A B FAEBHBMN
HABREHHSREE (R, AT EREHE
TEHMYEREWHREERE —EWRFEH,
NOREHEENIENEARFEEFTEEE K
BETHEREYERIBPHEEER, ARt —
2B
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