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Effects of NaHSO; on Photosynthesis and Reactive Oxygen and Nitrogen
Metabolism Enzyme Activity in Ginger Leaves

LI Hai-dong', ZHANG Yong-zheng', XU Kun"", and XIAO Jing’

("College of Horticulture Science and Engineering, Shandong Agricultural University/State Key Laboratory of Crop
Biology/Key Laboratory of Biology and Genetic Improvement of Horticultural Crops in Huanghuai Region, Ministry of
Agriculture, Tai’an, Shandong 271018, China; *Agrotechnical Station, Agricultural Bureau of Daiyue District, Tai’an,
Shandong 271000, China)

Abstract: Gas exchange, chlorophyll fluorescence, the Mehler reaction, and activities of nitrate
reductase, glutamine synthetase, and glutamate synthase were measured after addition of the photorespiration
inhibitor NaHSOj; in ginger leaves. According to our results, after 1 day of NaHSO; treatment, the net
photosynthetic rate increased by 19% compared with the control. The rate subsequently decreased and was
reduced by 17% compared with the control on day 6. Meanwhile, stomatal conductance and the
intercellular CO, concentration decreased. NaHSOj; treatment significantly decreased the F\/Fy,, @psis gps
and activities of nitrate reductase, glutamine synthetase and glutamate synthase, and increased NPQ, the
Mehler reaction, and H,O, concentration. These results show that carbon and nitrogen metabolism is
reduced when NaHSOj inhibits photorespiration in ginger leaves.
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C3 I aA AR AR R ROGIEIL, 6P o R A MU L e BB B LA =4y
22— (Decker, 1955) . RIULFNHDEITIR, £ LA F T R R BRI 2 13E & (Zelitch, 1974,
1992; Maurino & Peterhansel, 2010). WARIREH (NaHSO3) 1] LLE Ay — PP 250 (1) ' o7 I 41 i 751)
(Zelitch, 1966). HLER AT & T I NaHSO; fE/EY)IE = (4R 18 (A7 4m Flak HAd, 19885 &
FEFE AR, 2002), AZHEFONL, JeCZIE, EMEBOCE M IR A RISGE . BRI
(2011 MBS, AR GIPIRAMEI A B KR fG, Hom 7o & Z R B ; Takahashi &5 (2007)
MR TE R I, PURE TGP IR S AR AR [ ST S N A2 BH, YAl B B s #RIERESE (1995) KI,
W I B AR AR PR LUJS R AET L T B e SRR AN (1987) BFRUK
L, W At NaHSO; i 28 1 R AR LT 20%, 25 7 KNSR IC R 25 s
F/NFE A it NaHSO5 U F 1AL FHE R B#

ZAER—Fh C3 kY, OGP T DUREBOS DL RE, AMiti NaHSO; FHIErpil i, Sa4fln
(fehh 2, 2002), RUFNHDEIPIUS, ZEH06ReFH Aol DG REMIFERUR A T o8 . Hanf 224k,
W AR WARIE o ATRES: T ST T 6 W A7) NaHS O3 %) 32 M F 6 A4 F Al R e AR KGR 42 (1 5%
DU - YGIFIRAE 220t e A I AR R

QY VL SRS DARE

1.1 Rt

I T 2011 AR AR MY R 2 Pl 25 Bt AT o (ISRl SR RZE, 4 %R T E
%30 cm, & 50 cm RN, PARRVETS 13 10 A DCrD VE R B 580, 58 Hoagland 5 783, & B FR A
WEFR. 7 AP, f5EKE 3 ~ 4 MR, SHEREEEE 200 mg - L ) NaHSO5 % LG
W, LA 25 B8 A A IR R 3 WRIEA, B 40 7, BENLX 41HE),

1.2 REAHZE

VR ZE 25 RS 3 A RITIhREM, 0l TARERRT 0. 1. 3. 6 A9 d {9 11 B4 MsE A 563G
b, BRRIGE I E S 3 R R BRAS R AL B4 D DR ) AR A0 B SOy e 22 S, I INF 3402k FHAX
BRI E IR, JFHR IR BRI 11 I 25 A 6 ARG B A 960 pmol - m? - s,

KH PP-Systems 24 w] 4277 ] Ciras-1 45 0006 W& & G870 il g K< (21% O, 360
pmol - mol™' CO,) 55 ARSI (2% Oy, 360 pmol - mol™ CO) ZefF FHE T A A HE (P,
SALFRE (G Ml CO R (C) a2, I EASLRENE (L), BRRMEIER 3 .
THHEOGIPIRIR R Po= Py = Poy, I Poy AR THE B Py Py ARG T Pos

K Hansatech 2 7] 427 ¥ FMS-2 {5455 23 ) 58 6 G -y 2R 232 98 S 8. Rl e i
MR R S B, KRR e e NIEIE N 2, SEEP S B FMS-2 % . Ok 10 min
Jois MESCIERN R Fo's Fo JBBIELGENE F, o A2 2R H 3050 5 B A FMS-2 111
PR e e A EEHE N 15 min 5, FRBHEIDE (< 0.05 pmol - m™ - s™) JMEHIUHYE (F,),
PSR (12 000 pmol - m™ - s MER KN (Fo)o MIEMESHETE, SLhotihy
E Opgi= (Fy' - F,) /Fy' (Gentyetal.,, 1989) , T KIASARE F/Fn= (Fn-Fy) /Fn, Joib2#
WRAB qp= (Fy' - F) | (Fy - Fy) FHEEAL A K NPQ = Fo/Fy — 1.

KW J v BA Miyake A1 Yokota (20000 FIJ7ERATINE . %A Je (PSII) =PFD x @pgyx o 11
FME T Je (PSTD), Hdra=4x (P,+Ry) / (PFD x @psyp); #48R Ja=Je (PSII) - [Je (PCR) +Je
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(PCO) 1SN T Ja, 1M1 Je (PCR) +Je (PCO) = (P,+Ry) x (4C;+8I) / (G-I , H
TR NIEIFIRIE R, T oA COp #MEE Ao R A A 2D 20 Sl I e Aok 8RS 4 M (21%
0, 360 umol - mol™ CO,) 5 AMARA A (2% 0y, 360 pmol - mol™ CO,) 4R Ja Fil Ja*,
R AT R Y KRN, =Ja - Ja’.

FRRIE IR (NR) 3 PES OB SE (2002) HIJ79005E, 2B A 1 (GS) WETE3
BAESE (2008) HI7VEE, BEMRAEE (GOGAT) i5MES M Singh Al Srivastava (1986) ll%E,
WEME S =5 M Sairam Al Srivastava (2002) 1) 75v2%, i S8 AL ABEE I (CAT) S G ZAR5E (2002)
(5 00 5E

IR HE T DPS Hdls AP R Gi HEAT 90 M7, K] Duncan’s 3 52 0K 2 V530047 2 E MR (P < 0.05),

2 HiIR 5
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Fig. 2 Effects of NaHSO; on photosynthetic parameters in ginger leaves
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SR LT T 19%, (HRfGRIEILH FRREss, 2086 d I LXK T 17%, 9 d B A6 # T
76%. WAL (G MR CO M (C KASFLMRANE (L) 246 AR K, {H NaHSO; 4b#
IR G FREE AR, RACEE 9 d I ST IRIK) 68%, 1T Cy BAEALBEIIRT 6 d FFEEf&MK, {H 6d J5JT
T, EH 9 RN 81%. NaHSO; MBI 2EM: H Lo 78 BEANRIG L FE 1) 3% v -5t
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MBS, FoFpn B3 N, 2R NaHSO; ARBUINE T 220 RORIHIFR A . ook, SR s b et 2%
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Fig. 3 Effects of NaHSO; on fluorescence parameters in ginger leaves
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Fig.4 Effects of NaHSO; on Mehler reaction, H,O, contents of nitrogen metabolism in ginger leaves
and CAT activity in ginger leaves
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PRGN I — BRI N GRS D) 07 ), NaHSO; AF g #0i0'G E 1) Bt 24
dn, AT ARG (Zelitch, 1957), HEM/X G a ik A4 T A 2 A HLAK#E (Khan, 2007).
AR 25 FL W], NaHSO; AP 4] 7 220 7 (DGR PIOE A, TR A1 N %, $ous
ARG 1 ~3d A T 2&5m, B T U RE AN HDEITR 5 A S RDGRe, HHEm T
KNI o K SN A P AR A B AR B R, S PR AL S S N S 6 R 3 ™ ) A
(Chen et al., 2004a, 2004b), Hi& P4 b B LEME S50 00, 76 RS ALIF P 7 146 55 244 H (Zhang
et al.,, 2001; Desikan et al., 2003; Bright et al., 2006; She & Song, 2008), Kit, MWAJE LA,
K S5 B (1) 4 2 B i o] e AL R R A . A SALTE (G R RE, AL BERCh BRI
A IE R AT — N EEN R, A EHABRIE AT R NAEZOESE B SEPRafh 2%
(Dpsi) MGV R REL (g0 R R AR T BRI AL E T, T2kl NaHSO;
Jr 2 B CAT 3 Ve 52 T B, b0 ) 7 i A SRR 5 il 7 <AL X B (Yao et al., 2013).

A KA B 7% R A RE T 93 i T S BeAs T VR o 73/ S8 i FE v, NaHSO;
AEBRE O REAR LG, 22 Rt 2 I OR IR BE s = (1 4D, AHGE ISR A Brin e, R A
HUCS P A s S R = AR B, A BE A RO RS OEE P . fRIFEE (2002) AR 7ET 50
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8N BRI  S AT T ORI e iy, ZEREROL R REM BE Ty 35, (EASR I T A HI IS

JEIPIR 55 AR £ 1) [ DA B B 1 ST & A A S DI EE R (Wallsgrove et al., 1983; Novitskaya
etal., 2002), ARIGANHEDCIFR S, ZEM A AR J5 i G Vet 2 25 K. OGP n] i 4% NADH
I N K 52 M AE PR £ I8 L (Backhausen et al., 1998; Alberto et al., 2000; Abir et al., 2001), #&
FIT A P 1) GS/GOGAT (43 2 W 75 i/ 43 S BR A5 D A1 A 15 06 WP W ok 72 OB i1 NH,™
(Wallsgrove et al., 1983), JEIPHRAZ B4R T30 NH, ANREIEH R, B2 A A REMUR 32
1To AWFRERABIESE, GS/GOGAT i1 7 NaHSOs AL FE 5 2 2% B4k th & AR i %
B PPIRASANE T, B A B — B2 Bl5gm, R B e K E AR B R, Bl A
1) D1 S E GG 1 D1 AR F T il R FEZAER  (Pokorska & Romanowska, 2007).

g bprk, Wil NaHSOs, S o] fER 3 midob &, (IR I S EOK ) i N4 o8
T PEAECE BTSRRI B, BN 1 22 A GRS R F AL BRI BRI, NaHS O5
KIHAE B IEAR TS EH S, WGP AR R T2 i 4R SR - IR 21T . 48
M, T aEBAC 2 B2, NaHSO; A GIFIR R0 i 2 15 5 22 b i & Qi 2 BHL) R R
AT — 2T
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