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I #iER NS B3 R &b JR & JE & BE 7
A

- 1 TN 2 : 3 R 1,
E #H, IRRS BLHEES, T OB, g2

CHTdb Al K2 2 b, AL E 0710005 2TdbAl KA Bl 32 e, TAbfRE 0710005 b qe b K2 %
WSR2 B, WAL E 071000)

4

B OE. b H ORI PR I O s A IR 22 5. 10 A1 1S mmol - LT AR REUN
(NaHSO5), LAWK a2 EABEE 04 4. 8. 12 A1 16 d MERERRZE R, A IRSRR 2h 5
iw (NO;) FITHRRIC )RS (Nitrate reductase, NR) #&PE, [RIMIE H A G &SRR R WS HL
£ F KW, 10 mmol - L™ NaHSO; AbHHJi5 12 d IRV 55 o 5235, 5% AT EG, I NOs (5 B FEAIG 44.85%,
NR 3P4 51.26%, Ak R EEF B m s i M 8 5 4R m b &R (P BAEeR
(CE)v AR (Vona) s PSITIRM] & F20% (Q) Al KL FAL ISR (ETRyw). HHILULHT,
Xif FISE I T NaHSOs, — 7Tl fE — @ B RE 4R o NR 3 1E, frsh B &R L, FRKNOL 2
Bl i mifiets i@t 42 mn PS I AR A D AR R N, (A FIRCR, Wl e 2R g
AN bR E AR IS R AL .

KEEIR: (28 NaHSOs: AHERHRICI: &gt A
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Effects of Sodium Bisulfite on Nitrate Reduction and Photosynthetic
Capacity in the Leaves of Non-heading Chinese Cabbage

HUO Jie', WANG Jun-ling’, XUE Zhan-jun’, WANG Mei', and GAO Zhi-kui""

('College of Horticulture, Agricultural University of Hebei, Baoding, Hebei 071000, China; *College of Life Sciences,
Agricultural University of Hebei, Baoding, Hebei 071000, China; *College of Resources and Environment Science,
Agricultural University of Hebei, Baoding, Hebei 071000, China)

Abstract: The effects of sodium bisulfite (NaHSO;) on nitrate reduction and photosynthetic
capacity were studied in the leaves of non-heading Chinese cabbage. It had been investigated the
impact of 0 (control), 2 (S2), 5 (S5), 10 (S10) and 15 (S15) mmol - L™ NaHSOj; concentrations on
plant biomass, nitrate content, nitrate reductive (NR) activity and photosynthetic capacity after spraying
for 0, 4, 8, 12, 16 d in the 5 leaves stage of non-heading Chinese cabbage seedling. With the application
of different NaHSOj; concentrations, the significant concentration effect and time effect were observed on
plant biomass, NO; content and NR activity in the leaves. However, the most significant effect was

presented for the 12th day of S10 treatment comparing with control, in which not only did the NO3™ content

Wk HMA: 2011 - 11-10; f&E HEP: 2012-03 - 12
BEWMB: MILARBSEEIRITE (11220701D, 11220711)
* JWAFE{E# Author for correspondence (E-mail: gaozhikui2005@163.com)
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decrease by 44.85% and NR activity increase by 51.26%, but also the plant height and shoot dry weight
distinctly increase. Moreover, the NaHSOj; dramatically increased net photosynthetic rate (P,) ,
carboxylation efficiency (CE) , maximal carboxylation rate (V pa) > primary quantum efficiency of PSII
(Q)and maximal electron transport rate (ETR,;,,)in leaves. Thereby, the NaHSO; stimulated NR activity
firstly, then drove assimilation of nitrate, and reduced nitrate accumulation finally; On the other hand,
the positive action of NaHSOj; for anabolic metabolism of nitrogen was triggered by more production of
carbon skeleton and energy supply mainly due to promotion of photosynthetic carbon assimilation
efficiency, which improved by the increase of PSII electronic transmission ability and carboxylation
reaction rate.
Key words: non-heading Chinese cabbage; NaHSOs; nitrate reduction; photosynthetic capacity;

nitrogen-sulfur metabolism

PR U ORI SRR, AR, WO E R GRWIER 25, 1982). — N A, Hxt
TS BB 3 A AN P 3 il NOy” BARBIARAR R (Z24x & 45, 2004), 1t S IAHAS
REBERF (Boink & Speijers, 2001) FERIEE, AR TR RN SR . E A 4ME ]
R A B 25 A TR ISR FRIE NOy” SRR I T AT 15 2 4 (Blom & Lampe, 1983 ; Babik & Elkner,
2002; FIE4R 4%, 2003; VLAZBE 4%, 2004; SLEG 5%, 2011). BAEskimfdbRol ks i 202 B akss
AR SIS S AT SO MARE NOSTIE SR A BENT, SRR FRIC NOy SR I BF S AT T — 8 il (AR
M A, 2007; EAYE G, 2009), FEREME NOs & & 1 [ IRR0E h SRR TG AL AR, ¥
WA A HEIR . B SRR R A o

MY R Z [FIAC R 35 [ ALt FR A0 A8, AH B0 (Tabe et al., 2002; Wirtz et al., 2004;
FAR %, 2009), —SeRFS R FHEEHRE (B, BRIES MFB, R R
FREGRAC L RE T S B . R4 4%, 2007), [FIRHMEEE C - N ik, bt &l
R (P2t 25, 2007). MW SO~ MRS ATt BT RIFR 2B KR A 4 (3 s A5be 21— 5 (A
M Gagl 5%, 2007).

KEWFFLEY], FIH NaHSO; AbBAERR, fig W F (L HOGEEM . Zelitch (1966) Fl sk 2R 4%
(1981) #Ri&, NaHSO; nJ it HDGIFIR (L RE G A4, iS85 TiA ) NaHSO; il 3 i ATP
BER, (R A B RR AL S NG S SRR LTG0 OG5 R BRI I BRI, PR Mt arae s GRSER
4N, 1987; Wang etal., 2000; Wang & Shen, 2002), {H SO:> T2 B AT NOy I [RIALAR i
PHEAE A HRE, NaHSO; MAEYIAN N - C - S Phii Qs i A it 5.

A7 H A 25 4 U 4 A A R T o e s A R ) B o s AR @ A2 DN i, JE i i
W% TAN [F) < P 1) NaHSO5 6 S i, MR NOs RAW ISR, Hli 50 #1 NaHSO5 X
FI S NOy B Ji S Ak (R Ak SO REWR ORI T fig (52 me, BRR R 25 A1 LR R0 35 04 s TR A 1) A=
HAEAL LS, A N - SARBIAH GRS, HlE s gk NOy BB S, FemBEZ R HACE
PEAEBES AR .

QY VR SRS DARES

1.1 MR HEAE
R AT AL A K 2E H G = 8T . b S WA AT R A FI Y “EE 80 T80 (32 i 50 44
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Bl T 2011 4F 2 H R4 R, WA . R0+ FON R+, AFE 129 g em” , AHUT 21.60
g kg, BARA 72.80 mg - kg, HAkEE 121.8 mg - kg, WAL 188.51 mg - kg, A AH 18.2 mg - kg,
pH 1H 7.4.

T 2011 4E 3 H 15 H AR K48 T — 00 K325 7 S T 49 S5 0% 225410 A1 15 mmol - L™
NaHSOs, Wi A 0 . /MXR 5 m?, B 3 K.

MAEALIESS 04 44 8. 12 Fl 16 d HUFE, et &, M NOsy & mAAHIRIE IR B (NR)
WP, RISESE M R IR B S ER e S8, S WEY h 3 IREH .
1.2 HEHEKIEFANE

YR E : AR R (A SRR, Rk, ZJG1E 105 C N4 30 min, %

60 CHHT, WILT R, WEEL 3K, BEFEIE.
A NOs & NRIFMEIE S HAEE 4 (20000 (17575,

1.3 XZESHRINE

il CIRAS-2 #5006 A MR AR SE (PP Systems, e [E) @ A it &t (P FIi
1] CO WJE (Cpo I CIRAS-2 Yaf REN H h#% e &4 & e Rl CO, W

TEALFRS 0. 4. 8. 12 116 d, BEEIGIRA 1000 pmol - m?-s™, JEJEH 25 °C, CO,WEH (360 +
10D pmol - mol™ HHUSE M i &R (P,

RS 12d, fEBCEIRE R 25 °C, JBHA 1000 pmol - m™2- s 4F R, BiE COL WREAR S A
0. 20. 60. 100. 150. 200. 300. 400. 500. 700. 900. 1100 I 1300 umol - mol™, Wll5E M}
et CO M4 (P, - Co

HGAEE KRG P, - G N &gl aa Rt %, RN CO, Ak (CE). Ml Arrhenius XUf5]
#k: (Farquhar & von Caemmerer, 1982) K15 1/P, - 1/C; Wi N I [RIH BH k5 1/P, il i #ih 4 B 4
1/Vemaxo

14 RXSEHBNE

K8 E WALZ A 74277 ) MINI-IMAGING-PAM, 37 H-4¢ Z32 S E I E « Bk A e
B IE Y. 30 min, PRI AERR R IR R IJE e B 2k, 7F Imaging-PAM 10 BV 1 2 1 11 g 14
PAR j 0. 20. 40. 75. 133. 204. 248. 297. 370. 455. 580. 725. 922 F11 175 pmol - m™> - s’
JEHRBEE R, FHAR R F] R 20 so PS IR 20K Q A ETR JaMa M I 28 IR 4a /L%, Bk
B T AL I ETRmax A ETR JGIA N #2511 ETR f5t K AE

2 R

2.1 NaHSO; x B3kttt &4 Y= B9S2

TS S AN [R) AR B2 1) NaHSOs, 75 HT 0T Sk e A b 3505 5 6 (1453 M o Ak B i DR 00 1) A
Ko, BB . B2 1 F S, 10 115 mmol - L™ NaHSOs AbBH &, i 4 2 i 7] (1 4 K B i 3%
PR SR IR S A 3T B . 5 mmol - L™ NaHSO; 4B 5 12 d Hoth 3615t & ] B3, 16d
I 2B B s e (R 2% 5 1T0 2 mmol - L' NaHSOs 4B 16 d BEWT B3 w1 FISE IR i, (HX b _F 36
T 5 T L R



672 W 2 % 39 ¥

#1 NaHSO; hEARFERME (X) WARKSIG EHTRENKM
Table 1 Effects of NaHSO; on plant height and shoot dry weight of non-heading Chinese cabbage in different treatment days

NaHSOs/ PkFi/em  Plant height b F#8TWide/g  Dry weight of shoot
(mmol-L")  0d 4d 8d 12d 16d 0d 4d 8d 12d 16d
0 (XFHE 10.23 a 11.10a 12.77b 15.80 b 1743 ¢ 0.136 a 0.332a 0.685 a 0.819b 1.384 c¢d
Control)
2 10.23 a 11.17 a 13.13ab 1583 b 18.00 b 0.136 a 0.334a 0.707 a 0.824 b 1.367d
5 10.23 a 11.03 a 1297 ab  15.67b 1793 b 0.136 a 0.347 a 0.709 a 0.924 a 1.449 be
10 1023 a 11.57 a 13.50ab 1720 a 1893 a 0.136 a 0.344 a 0.705 a 0.975a 1.513 ab
15 10.23 a 11.83 a 13.73 a 17.53 a 19.30 a 0.136 a 0.342 a 0.715a 1.002 a 1.550 a

T BUHJG av by ¢ RN ZEFIE 5% EE KT R

Note: Values followed by a, b, c¢ mean significance at 5% level between varieties. The same below.

2.2 NaHSO; X H3EM K EEREL & & 51 NR JETERI SR

bt -V FE IR NaHSO5 Wit A 215 KA AE K, AR A NOs I SR AR RILSE BRI 7t
AR A, NRA WIRILH e @G PR SRR (B 1), WS 4 ~ 8 d, &ALBX NOy % &
HITNR WP 5204 St Wi J 12 d, 10 mmol - L™ NaHSOs 4b (#2335 51 2.5 A1 15 mmol - L™
NaHSO; #b3, - NO5 & 5 EE o R AT 44.85%, NRFHPE LA IR 5 51.26%. Wi 16 d I, 2.
51110 mmol - L™ NaHSO; AL FHf#IIH: i NOy 2 5 NR W P24k 52 B8 % BRI /K, 1117 15 mmol - L™
NaHSO; 4b % 12 ~ 16 d, M NOy & & I = T4 . SR W& B B 1) NaHSOs g fE— e 2%
Ferm S NROETE, AR £ 0 28, {H NaHSOs &5t 7 (15 mmol - L™ WIZEHLH I i
SRR £k BRI o

—=—0 X Control —0O— 2mmol-L7 —a— 5mmol -L?

—0— 10 mmol - L* —&— 15 mmol - L*
2400
B o, )
(0] —_ <
- 2000 T
® o | CS
£ = 1600 ¥ %, B
i 5 o 8
41 2 1200 e
& 8 s
E = M E
_,:LE Z 400 = g
= 0 I I I | 0 ! ! ! |
0 4 8 12 16 0 4 8 12 16
bR % /d Treatment days bR SL/d Treatment days

B 1 NaHSO;4hHExiBRH FHELE & B NR EHHTM
Fig. 1 Effects of NaHSOj; on nitrate content and activity of nitrate reductase in leaves of
non-heading Chinese cabbage

2.3 NaHSO; M AZEMHEAEREE (P, BN

A 2 WA, 0 S T AN [ 9K NaHSOs Ab B, Y REAE— @ R B3 Py i 10
mmol - L™ NaHSO; A B4 12.d, X P, (5 3, LLXt IR 46.20%. AN, (128 P, 1
BEANONAE 2 ~ 10 mmol - L™ ¥ EFE P, 8L HH BEVR I (s in img g n o ads, (R K (15
mmol - L), 7EANERIN] (AbFRJE 4 ~ 8 d) ENFHLH W2 sy, (HALFES 12 ~ 16 d, BiInsk
V] BA, X R W] NaHSOs AEFE— @ FEFE L4 Rt B b &R, (EAFIRIE N NaHSO; &b
R 2 T HE W S DA R 2 AR [ 28 o
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—m— 0 XfJ8 Control 10 mmol -L*
25.0 — —0— 2 mmol -L? ——15 mmol - L1
% —&— 5mmol -L* a
S ;
@ <
g5
s &
£E
< :
=]
]
o 3
RE}
&
10.0 ! . ‘ ‘
0 4 8 12 16

RhFERHEL/d Treatment days

B2 NaHSO;Ab¥E3f A3 FHEE&EE (P) KRN
Fig. 2 Effects of NaHSOj3; on net photosynthetic rate (P,) in leaves of non-heading Chinese cabbage

2.4 NaHSO; 3 EEM F#UME (CE) MREABUIEE (Vi) SIS0

NaHSO; #3512 d, ¥JRE W E e m 38 1) CE F Vemay, (B 3D, HUERIH 2 35 (P9 BE RN
CE Fl Vimax IIIINIAE 2 ~ 10 mmol - L™ 3 i B 1y 30 tﬂrﬁﬁ/&ﬁmi‘bu G IR, T 15
mmol - L™ NaHSOs &b B L bk i) % R M. 2L, 10 mmol - L™ NaHSO5 4B (1) 5% #5: 4 5k 25
LA, CE Rl Vemex 23 0B 35 T 26.85%A1 32.76%. & W[ W% — 2 R FE 1) NaHSO;
WA —E R AR S ) CE Al Vemaw B Vemax FISE IR CE 56 4 B & .

2.5 NaHSO; XA PSII B 715 e RIS I

I 4 TN, ASFEIHREE ) NaHSOs AL 35 12 d, FI2EM A PS I A JEAIE 7208 Q Al KHL 1
fE 16 TH 2 ETR e A WA WALy, FLBE NaHSOs B2 (3G 0, 48 v 20 3 AL HE S8 35 n s BRI i 3
o, 10 mmol - L' NaHSOs AR R 540 5 0 B3, 433 HEt IR 2 27.87% K11 44.54%; 2 mmol - L™
NaHSO; 4bFE{# Q F1 ETRumax 23 B4 151 7.56%A1 30.27%, 5 mmol - L NaHSO; 23 54 & 21.07%F1

33.63%, 1fj 15 mmol - L NaHSO; #2751 7.66% 1 11.81%. £ Q Fl ETR ax & 20N A — B |-
23 NaHSO; AL PR B i hnm 890, (5 [FIAE2S 52 31 =ik 2 NaHSOs R4l
0.30 Wmcz (7, 030 - Mo []ETR,, - 80
- 100 a
- b b a Cc :;
%W ¢ —9 % : 260,
5 g s &
: g0 © = 3
s o %0 z 40 E
% -1 70 é ?, :ﬁ
E 3 h o
© Jeo & 3 05
50 L1 0
0 2 5 10 15 0 2 5 10 15

NaHSO,/ (mmol - L")

B3 NaHSO:;&:HEIF 12d WEARH K #LEE (CE)
MBABUEE (Vena) KRN
Fig. 3 Effects of NaHSO; on carboxylation efficiency
(CE) and maximal carboxylation rate (V¢max) in leaves
of non-heading Chinese cabbage

NaHSO,/ (mmol - L")

B4 NaHSO;4EJF 12 d MERMH A PSTREFHE (Q)
MBEXBEFEIBEE (ETRm) HFME
Fig. 4 Effects of NaHSO; on primary quantum efficiency of
PSII (Q) and maximal electron transport rate (ETRmax)
in leaves of non-heading Chinese cabbage
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— WA K, BEERER AR R R FE 45 NOs” >NO, »NHy > A A MiE > B A B —>=2 LB —HE A
JRESLISFE (Bob etal., 20000, BT HEA I E A R A A LAREEKIC R (Bob etal., 2000; Tabe
etal,, 2002; Wirtz et al., 2004), —8i{u6 45 HL5L B JtifR Ge4& Mk bk NR i PR AR = ML, (H
2Kl s, AR AT in e, R NR 06, AT R Z A AR 2R T R
A 2, 2007). AHFST R I NaHSO; e /E— & FE 8 L3 m NR 3G, PR NOs 1 2,
R T NOy —NOy AR L R . H 1 NR O SRS RS OC BN, 425 NG s R4 HERE, Tk
HPRIEJE M (Nitrite reductase, NiR) VG PEZE AT NR 3G, CLEE G NOy SRS 4L 2 5,
MIARIE T NOy ) R A FE IR 34T (Bob et al., 2000). {H NaHSOs /&0 e e, &k
P IEIR S 28 SRR In) 2 o ) A A BRI e A R — B AT

TERH IR R A R RS FE s NOy —NO, [k FE AR 78 I I TR 40 9 40 i S 2B 4714, DL NOy
S s, A 45 R ) NADH 18 G EE40K NOSIE J5h NO,y', 2 Ji NO, #is #4644, £E NiR
(FE R R R SR R AEUR B 1 B JRAS Fdx) 1B HL AR 50N NHy . NHy > B R G- B2
PRI R Ll o - MR RN KD A MR AR, AL LR (Bob et al., 2000). A
NO, —»NH, B AL — B 2R L FEAE M 2R P AT . [, JeA BRI R 1) Rubisco #IR
44 RuBP fil CO,, fiEALIRAIL RN o AL, BRA RS 5O E A I R AR B2 1 L BRI AR 1 (FeS).
Rieske G MR EUE R H (Fd) 55, S 500G W FI4LS, (CUE T s v i [R4E ) ATP il
NADPH (Bobetal., 2000).

AHH ST I NaHSO; 5, NaHSOs RES4E iy 12 1 () Rubisco FRALTEE (& 3D, MM
TEREEA BRI (B 2D, X4 AR NH, -2 ke — 2 208 16 J5 R A3 A B A 78 45 1 %k
T RN, Q A ETRumax (B 4) MWEIEIN, KM NaHSO; &l g R i R H &k (Fd
HER, S5 eE TS R B, $Em PSTT A6 RE ), HE M A2 20 Hd I [H) 4L
PEAULTE 7 2 I RE AL

R, AWFFTH NaHSO; —J7 i H %M NR e, hrsh B EZ R, PRI NOs I B A,
Jy—J7 A g & NaHSO; Aefig 32 5 PS 11 HL AL 8 RE ) MR SOV I 5, T E 0 & ik [ 4k, 7E6%
BAEFRE AN, RS T ZARM IR i k. b, ARFFUEKRIN, B Tl NaHSOs [
WG N, NaHSOs X RBERGETE . B ZE R Re AL R M R I N R Ll B 225w 5 2
mmol - L™ NaHSO; 4bFEAHEL, 5 mmol - L' NaHSO; A% 5 & 25 2 = (A S 19 NR 3EPERT Q, AT
R Eh Bt 2B B 15 10 mmol - L NaHSO; MIZEHLH AR = T NRA 1 Q, [AI P,. CE.
Vemax B ETRumax 150 25 38 I8 NaHSO; 7E#E— 04 m A 1 %6 Fl Rubisco HALTH I K2 PSTI M 1A%
A 710 £ FE AR E S B8 TR ) A o

SeFAERE S P R IR SRR SRR, RBLHMRIRIE (2~ 10 mmol - L) R NaHSO; # ¥ 1
IS BB, T IR (15 mmol - LY fEACRE B Z2ME (& D). X5 ET AW
T =R PR 22K X R B AR P Y, CR =4 55, 2007) — 8. (HARFF IR ZK P L
FRA B EI N, X2 A el fam &8 2 (Singh, 1995), JRoli S EES AR
A RAFHRANT

KAWL KRB, 15 mmol - L' NaHSO; AL BE (38 i 5, ACHAI] (4. 8 d) XFZEffmt
NO3 [ Z RN AT 10 mmol - L' NaHSOs 4B TE W 5 25 5, (HBHALFH S I 1] (O FEK: (124 16 d)
JlH AR NOs I B8 (K 1. X TTAE S5 w5 K 15 mmol - L NaHSO; 4bF 5 &8 i (12 d)
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FEIn) N - C - S ARSI ¢, DA FEREE (138 R e A B8 P, ST A BEA) A 2 25 184 in HL 4k Jis
KIEREEFRE (B 2) %, nl&, 15 mmol - L' NaHSO; 4bFE 5 12, 16 d [ A58 FiA e 5
10 mmol - L™ AL (K 1), XA EHAMEYIY P, W2 8IN4 54k EY RN E T2
BRI OG, MAFR VL

BEAh, 72 ~ 10 mmol - L™ NaHSO; 4bHE Ji 53 HY FRAR AR £h S A I 1) 2% S E R v, H B AL 2
J& 16 d PR B I ACE (B 1D 33X ] 585 I W8 it £ 2 1177 PR 1) NaHSO; B A5 AR5 4E
RPN AN BRI EE N - C - S Pl 55, RN BRI TIAR R AT SRR SRR 2 1 i L 3is, [
e AR BRI ELS: (B 2). A7 RMLBAT Rtk — 2B 05T
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