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NaHSO, i 3 4 b 7 9 B 0y R 52 77 & f i BT, 48
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YE X T4 18 P2 A% NaHSO, 7566 1F I b i 28 AL

E€WH . SUNAPHOHRISUH (BRSSO 2021 ] — 8 453 ) 5 8 5 FE AT A& 730 & TR 0T H (2016 YFC0502602) 5 [ 58 A A8 2 2k 4 11 H

(U1612441) ,

F—IEBEEN: FhI(1997-) , &, W LR A, FENFHYAERASWIIR . E-mail: 1055971600@ qq. com.
* BWAEE : RUTA(1966-) , 55  BESE 5L, 2N F I Re A= 252/ A W) M 3R AL 22 B9 58 . E-mail : wuyanyou@ mail. gyig. ac. cn.



%1

25 TR A A R B A A O 4 2 AR A 11 70 ek 2R 111

il B —E Ry,

¥ B ( Broussonetia papyrifera ) J& — Fp & Bl 7%
MR Tz oA T H AR R M K
BN S W 7 R A VAR e = A & 7 I N 73
P S A AR I S BT el bR g 1k DL B A BB
S AR B 2 — DO Ah R X R Y
W L AR SR RE T 7 v R R e A X B, B Al
KA SO, 5 Ye g 11", — B2 H W5 T
B Ay Bl bR 2 A6 #% Bl 7R SO, Bk 3B R Y A B K
Frpkt R BRI, NaHSO, [FFE 1 b 40 IR 7 R 1 —
Fofr ) XRG04 01 B A B 2% 7 A B R I B2 e A R L
ol o PR, AR ST LR A S 258 4 R, BE 5T A TR
i NaHSO, 76 # #4065 A 3 9 1/ - PL ), 72
BB NaHSO, ¢ 4 ¥k B 45 [ /9 [W) B, 0 2 58 &
P A A K 19 d A NaHSO, & B2, I T O 42 i Rl
A7 DR RO A 2SR B A D 1 R A K
oy A6 A1 B AR B

1R

1.1 #MEHEFES4E

S T I R 2 AR TR 2 g B AR AR b 2 &
HE AR E W E S LR E LRI K E i
F1(N 32°117, E 119°27") , FR—4F A i ok A L5
T VLN R E T ARG a7, &
FEMREAEESESAHILENE R RS
FC T T B, IR 172 A 2% IR IR e E S A kL

B 30 RIFMH AL, F HJR 9: 00~ 10: 00 [1]
LR I T 43 B W 01,25 .10,20 .50 mmol/L 14
BRR SR (BB A 3 ), A4 50 mL
3 VIR R T s L K 4 ST S em 3R PTG A
R 1 UK, 2L w7 K
1.2 EHRNE
1.2.1 &R #Fagm

TG Y R AR 9: 00 ~ 12: 00, U I AE B 45
3 4 o8 A R IF I (AR BE bEER — R AR
) Al AR SOE A B E RS L1-6400XT ( LI-
COR Inc. , Lincoln, NE, USA) #k 47 1 22 #r it )
FE BB FEE N 500 wmol/s, MR A 30+2 °C, I 5E
R R o G A MR Co, WkIE RILRE
R HRECA S AR S Fv T B R
M E A 3 O D S 1 h £k B 3
AR M A 400 pmol/s, i 3T N B 4T G TR
(02B-LED) ¥ il 6 & A 28 55 ( PAR) 1K/ (O

FREEE A .1 5001 000, 800,600,400 300,250,
200,150,100 .50 wmol/s) , 5 — %Akt i) 1oz ph 2%
I, g G IR B4 1 000 wmol/s, il it CO, /NI
P AL AR A ) AR Bl vk BE KN (€O, MR BE R
W& K :1500.1 2001 000,800,600 ,400 350,300,
250,200,100 .50 pmol/mol) , M % P Ff i 7 il £& 3
K H Zh R T

A TG me 1 it £ R T B 2 AR B AR Rt 2k
BEA

I + Amax - /(I + Amax)’ — 4kIAmax
v 2k B
R, (1)

L, Py REOGE HE (pmol/(m®-5) ) 51 HEH
AR (pmol/(m’ - s)); o K KM & T 8K
(wmol/pmol ) , BI St e Jif ft &L 7 1= 0 B 19 &} 3
Amax 4 CO, — &, G A EE 0 F | K&t &
B (pumol/ (m?+s) ) 5k A AR 3Ry 245 il 72 3 A i
L BUEL0,1] R, A IEIF I3 2 (wmol/ (m*+s) ) .

AR Ak e e 1 1 4 SR FH A9 2 D A XL
il e A

CEBmaxC,
=—————— -R, (2)
CEC, + Bmax

X, CE MHYEAERXT co, mpfiZsE ¢, =0
A AL B co, mi R il £k A9 0 B &L R LR b
WHRARCR ¢, LRl CO, ¥ ((umol/mol) ; Bmax
R — 5, CO, A E I B 1Y fie RO A R
(pmol/(m® +s)); R, A & I 3 % ((wmol/(m” -
$)) o

ST H6/C0, ma R il 2k R P O R0 0 AR Y
T,

R,=R-R,;P =P ,+R;S =R /P, (3)

X, R, KOG A (umol/ (m®+s) ) s Py Fl P,
PAHIDE S D = VA 87 31 | i o S NN EORE (5 ey
R (wmol/(m’ +s)) MR A #ZE (wmol/(m” -
s)) S, REREIL & SO A Z L BRI RE I 473 4
1.2.2 g ERAESHa N

T - 19: 00 ~21: 00 [a] f# FH & il =X ¢ K 9%
6% % 85 IMAGING-PAM ( Heinz WALZ Gmbh ) i
FFE . ERATHF M EYE (/N F 0.5 pmol/(m®+s))
W Hgta oot F, M K20 F,, R85 5
FTIFEAE S (340 wmol/(m® - s)) I 44 i 4 BG4
min , 5 2¢ YA AR A2, 4T FF 400 F ik of 5% (2 800 pmol/
(m*+s)) BT R KFE F,° F PSR KL

N
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SRR F/F, E, RTU LS, R85 A8t
B PS I EBR A RCE vy PSR M AE B AR 1
AT P28 Y, RIDGE HL T AL R ETR 55 7%
HSH
1.2.3 ke eixbEone

95% 1) £ T %t it R i AT B R 4 AT 72306
A LG 606 BE 1 4 S HE 665,649 470 nm I E
WO PR MR a MR D HE MEREM
R,
1.3 BESITESH

i Excel 2010 B F 58118 55 %4k , SPSS 16. 0
B DEAT A AR R A D) R 22 5 I8 3 M4 AT, Origin 8. 0
HAERE
2 HR500
2.1 A[ERE NaHSO, & il BT 56 /5 X4 # &t I 75¢

BSHHE M

WmE 1 s, 5 XA A, 1T mmol/L NaHSO,
ORI R T O A R AL T
B, T it 5 A BV 32 ) 184 0, O A R AL
DA% 75 W 3l R B (E 3B Wi AR . b 2.5 mmol/L

NaHSO, b ¥ F &£ HOLA S B G X RA Z 7 AR
# Mi7E 50 mmol/L NaHSO, &b B T B i 4 6 &
A SALT R DL S 75 T R A (3 3K T X R
H, P8 1 mmol/L NaHSO, HE W8 IR 3 1 W /D6 &
PR, T 224 vk B3 38 o 31— 2 B R e U0 2 0 o O A
YEHT,
2.2 AERE NaHSO, QB THH&EXE-HT

Rz £ Fn = S804k B Ml Iz gh 2% 4R 4

i 3 AR LA O 2R A AL LA 1 i A - ot i
i 2k 5 1 Al XU 2B AL R 1o B - — A Ak ik il
LA RE R BIEE T 0.99 LI b, 56 B X 5 Fh
AT R 6% 358 - 1 4L G 1 Y RO 5 B AR i 1Y
AL E B

M & 2a AT, AS[EIR BE NaHSO, Ab B 25 52 i #4)
B 5 6 A i e ma B B 7RG A A R0 D
T 200 wmol/ (m?+s) W, P Fifi 25 Y65 B 3% i i 1
T AT AL B E] P ARk 22 BN B 7R 6 A A AL
SR T 200 pmol/ ( m’ - s) B, 50 mmol/L
NaHSO, AbBEF Y P, (HE X AL T 2818, H 29Ok
5 15 B EH NS (LSP) B RY Py, B A T X R4 15
B 50 mmol/L Y NaHSO, B 1 #4 B4 B4 Ol 1 A A5

a,b,c,d Fm P H bR AR AL P<0.05 I 225 3%
Bl L RTRIAEE NaHSO, XA R Jr ot R (Py) VUL F I (6,) M) Z S AR BE (C,) R 3 (£) A 52 )

Fig. 1 Effects of different concentration of NaHSO, on net photosynthetic rate, stomatal conductance,

intercellular carbon dioxide concentration and transpiration rate in Broussonetia papyrifera leaves
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MHETHEMER, SXTRAMIL, 1 M 2 mmol/L [
NaHSO, Fifi % 5% (9 38 i, P, #2 F 4P, i B9 1 A
2 mmol/L Y NaHSO, & & T 658,

CK=0 mmol/L NaHSO;,1=1 mmol/L NaHSO;,2=2 mmol/L
NaHSO;,5=5 mmol/L NaHSO,,20=20 mmol/L NaHSO,,
50=50 mmol/L NaHSO,

Bl 2 AFEHE NaHSO, 4b BT 285 BRI & 5
AR 5 01— Dl L i 2R () RO - AL R
Wil 57 1l £ (b)

Fig.2 Net photosynthesis-light response curve (a) and net
photosynthesis-carbon dioxide curve (b) of Broussonetia
papyrifera after model fitting under treatment with different

concentration of NAHSO,

1P 2b Al 0, AR NaHSO, Ab B2 5% i #4)
L AR D B = A DA U P { = R
W /NTF 400 wmol/mol B}, P, Bl 5 — 48 Ak Bk Uk i
(R 38 A B T, Y R R MR E R T 600
pwmol/mol B, P, A& F+- 3B J 2% . 55 X B2 AR L,
1 F12 mmol/L A NaHSO, 4bFH F SRR P, (505,
HAE 1 mmol/L iy NaHSO, 4b B~ P, fH fie i, 1M 5
mmol/L NaHSO, X2 T (1) P, E 78 A 5] — S Ak filk
JETF ¥ 5 IR 2 5 O W3 Bl A A B vk R Y 3
1,50 mmol/L NaHSO, &b R H# nf B iy P, {8
BN IR i E R AIR . X UEHH 1 mmol/L & — NI At
W AR T E S T 1 mmol/L #RA U H M LA fiE
JIF R,

2.3 AERE NaHSO, & & B i /5 xF i ot
AINESHN M

H13e 1 AT %0, B NaHSO, b FR ¥k B /Y 54 , 4
B F 1 B KO A BE 1 (Amax ) B BLH G TR S R
A e, Hof 1.2 mmol/L NaHSO, 4k B R fY
Amax B0 LA BT B, (0 22 R | 2 1 20
50 mmol/L NaHSO, &b # 1) Amax 43 il 4 %F B 20
FETRET 7.25%H161.50% ;1 mmol/L NaHSO, fii {4
B R 2RO TR0 (o) B0 IR I 35 1 T
18.97% ,1fii 50 mmol/L NaHSO, b3 T HY o NI 45 %
MEZH AN T 50% ., 45 Ve B NaHSO, &b 3 44
F 6 AR A (LSP) ¥ 76 W 3 25 5, 1 20 mmol/L
NaHSO, &b 3T By HME S LCP W B0 IR2H 25 T
F 7 76.08% ., BLAb, AN[EHEE NaHSO, /KB & 52
Wl ¥ A A i R AR R AL AR (CE) . Ho
mmol/L NaHSO, ffi CE {H & X} M4 W 234 jm 1T
59.14% ,50 mmol/L NaHSO, Wi CE & W] 5 % F %
T 75.27% ; ¥ W B Y NaHSO, Ab BRI 548 v 1 o p
M B Cco, #h £ 5 (CCP), 20 Fl 50 mmol/L
NaHSO, 4b B F (4 CCP {8 4 ) 5 X B8 4 3% Jn 1
34.58% 1 109.91% ,

i &1 3 AT, B B A PR BE B L R, e T
JEREAR, R, 5 R, BYZEALEEAR — 2, Hoh 1 mmol/L
NaHSO, 2L 3R R, F1 R, {8 73 5l 50 R4 . 25
T 36.68% F1 35. 76% ; R, {8 W] % #F &A% , Hh 50
mmol/L NaHSO, b ¥ T /Y R, {3 %] Bl 2 1 35 B AIK
T 58.87% ;1M S, {632 #i 15N, 50 mmol/L NaHSO,
LB S, (BN B AR B Z N T 49. 54%
2.4 WEHEARERE NaHSO, &k xt it B &

BEAENEMN

F 3R 2 A] A1, IRV B 9 NaHSO, (1.2 mmol/L)
Mt b B S SRR AR AR S R B A L 22 R OR
3 MTBEE AL PV B B 3G, iR a IR B
RSB G R F o I B 3 TR, HAE
W EE (20,50 mmol/L) i I 2 S AR AH
2.5 WEMEAERE NaHSO, i& it X B8 it B 3¢ 3¢

SHM R

f & 3 A, NaHSO, 76 % ¥ B LA K v 45 ik
ST £ TS S RO B B 22 S OR 3 A
1 W BE (20,50 mmol/L) ) NaHSO, AbBEF Y, {H M
F/F GBS IRH B EFEK, Y, ,, (EF F, (B ]
RN, Y, B )k AR LR RN AR S,



114 ok 5 O 2022 4E

F1 FERE NaHSO, R IE THMHLESH

Table 1 Photosynthetic parameters of Broussonetia papyrifera under treatment with different concentrations of NaHSO,

e CK 1 mmol/L 2 mmol/L 5 mmol/L 20 mmol/L 50 mmol/L
Amax 21.09+0. 70ab 23.94+1.05a 23.97+0.22a 21.64+2. 12ab 19.56+0. 99b 8.12+0.41c

a 0. 058+0. 00b 0.069+0.07a 0.067+0. 00a 0.059+0. 00b 0.050+0. 00c 0.029+0.00 d
CE 0.093+0.01b 0. 148+0. 00a 0.150+0.01a 0.110+0. 02b 0.053+0.01c 0.023+0.01c¢
Bmax 57.37+1.33a 59.53+0.52a 56.11+0. 82a 66. 08+0. 38a 74.59+1.67a 33.31£19.27a
LSP 537.08+38. 96a 495.35+39. 86a 532.92+12. 46a 525. 64+60. 32a 550.72+93.95a 499.94+25.32a
LCP 16.70+0. 76ab 19. 88+0. 15a 17.30=+1. 55ab 10.96+2. 55b 10. 05+3. 29b 13.93+1. 14ab
CSP 1 081.74+128. 62b 980. 88+43. 71b 977.44+18.75b 1199.13£19.91b 1794.05+57.27b 2 273.36+152.39a
ccp 86.35+2. 46¢ 77.55+0. 54¢ 75.52+2.09¢ 83.45+0. 49¢ 116. 21+0. 74b 181.26+17.47a

T 2 R — AT A R A 3 R AN [R] A B[R] 77 76 B8 3% 1 25 5 (P<0. 05) , BEAME R R M AR HE IR 28 . Amax § 6 A - 0w B il 28 09 e KOE &l ;0 £
WA FROR 5 CE WIHR R AL SR s Bmax 06 A — S0 A0 05 0 15 1 28 1 5 KOG A8 ; LSP YRR 55 LCP A3 £ €SP — S AL BRA I i 5 CCP R
TR B A2 A

X IR 5 b B ) (9 88 35 28 R 5 3R0R , + IR P<0.05, #x KR P<0.01; R, I IFIR 3
R, BV R G AR P, SOGE R S, eI 0 A
B3 AFHE NaHSO, AL 3T F B 1 6 I 1 AH 56 2 5
Fig.3 Photorespiration related parameters of Broussonetia papyrifera under treatment with different

concentrations of NaHSO,

20.50 mmol/L ) NaHSO, AL LR ETR {H 4 51 8 4 3 it
ML /D T 16. 57% Fl 24. 00% , 1 & b 3 240 5 % wie
MM TR E S B VR BRI T AR A K BT A AL, 2
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Table 2 Effects of different concentration of NAHSO, solution on photosynthetic pigment content in

Broussonetia papyrifera leaves

NaHSO; 47 L% a 4% b M4 E ath M4 E a/b ESVE S
CK 1.775+0. 032a 0.590+0. 034ab 2.365+0.051ab 3.027+0. 163a 0.409+ 0.013a
1 mmol/L 1.691+0.031a 0. 524+0. 022ab 2.280+0. 051be 2.878+0. 063ab 0.335+0. 028abc
2 mmol/L 1.807+0. 050a 0.662+0. 040a 2.518+0. 024a 2.563+0. 200ab 0.394+0. 005ab
5 mmol/L 1.486+0. 052b 0.566+0. 017ab 2.084+0.067cd 2.485+0. 044ab 0.322+0.011bc
10 mmol/L 1.458+0.070b 0.555+0. 038b 2.006+0. 096de 2.674£0. 148ab 0.332+0. 008abc
20 mmol/L 1.246+0. 049¢ 0.519+0. 053b 1.742+0. 101f 2.550+0. 199ab 0.313+0. 009¢
50 mmol/L 1.285+0.019¢ 0.541+0. 054b 1.826+0. 037ef 2.429+0.273b 0.326+0. 053bc

T A — A [6) 7 B 2 78 A [6] Ak B 8] A7 76 35 1 25 5 (P<0. 05) , B E R R P B (I e b vl 5 22

Table 3 Effects of different concentration of NAHSO, solution on fluorescence parameters in Broussonetia papyrifera leaves

%3 RERE NaHSO, IR A 35 500

Yrg

Y\()

ETR

NaHSO, Ak F, F./F, Yy

CK 0.110+0.002¢  0.768+0.008a  0.459+0.003a
1 mmol/L 0.1120.002¢  0.770x0.005a  0.447+0.013a
2 mmol/L 0.113+0.002¢  0.749+0.004a  0.460+0.010a
5 mmol/L 0.118£0.002bc  0.738+0.007a  0.439+0.015a
10 mmol/L 0.111£0.005¢  0.746x0.009a  0.467+0.014a
20 mmol/L 0.134x0.013ab  0.629+0.067b  0.379+0.042b
50 mmol/L 0.14120.010a  0.609+0.045b  0.349+0.014b

0.319+0.012b
0.322+0.013b
0.324+0.015b
0.333+0.021b
0.324+0.019b
0.353+0. 009ab
0.386+0.010a

0.219+0. 219ab
0.231+0. 014ab
0.216+0. 006ab
0.228+0. 010ab
0.206+0. 004b
0.269+0. 039a
0.266+0. 023ab

25.811+0. 165a
25.174+0. 741ab
26.628+1.293a
24.694+0. 824ab
25.489+0. 184a
21.534+2.579bc
19.617+0. 794c¢

TE <[] — 5 AN Tl 1) 32 78 AN () Ak B[] 7 76 8 3 PR 22 5% (P<0. 05) , B NME SRR VB E bR B 22 . Fo FIIRTEG; Fo/Fm PS T B KOG AL 223808

Yy SEPROCA AR TR Yy, R RE R R B B T Yy, R

JRAPE R SERE T T 6 I I R O IR AR R
] AR A A R B TR A R A
A WTE Y, — 7 I, R AT DL R R A 0 bR
A EE R DA B Ry A AR i AR B A R 4 7
SeB e &8 E FRALAE Y . Aliyev #F 581" 3
B, 7 i D R/ 2 i RuBP ¥ 16 i Al RuBP il 45
it 06 1 349 1 A S R RN IR e AR R RO
E FH RO WP W 58 B 347 02 PR TIE /N 22 i 7 0 2 A% 1
Z—. Guo %V 5% F W], KWk A NaHSO, Wit
HEAG T R J , ATP 7= 5t 34, S 40 il 7R 4% 1ok
AR T FER S, AR P, 1 mmol/L 1 NaHSO,
A FEAR B I I T DA SR i R A R [ 2 4
I GIF IR E S, RAS I BT, B IR R S
B T FE L B AR R A — R AKCE S LR
W0 7550 & 1F b & #2528 BBV D, T #E o 80 1Y
JERE, PR A HIL A DA ] 42 b A B 1 4 R
FER R Ko T oy — 5 T, GRS FEOR A
A= ATP, B b 7 AR 4 — B i ) B A o 2 o
BEHTBH —DHEMEHEER, AR, A
NaHSO, ¥ 12 5 S, Z Wi n , /£ 10 ~ 50 mmol/
LAk BESE R A S, (380 BRAH W 35 4 v B
Fb 491 1 S W T 5 AR R R R A, I e S
HRFEAR

RERAEH; ETR M FAE 30K

WL SR W 0 P B Ak A R+ 4t BE A
R XA A A . B R VT K b BE AT LA
FHL T A BT UUIE : SO +3H,0 +4e” =S+ 60H"
(E=-0.66) ;t0] LI 2R & B F2F BB R 4 . SO3 +
H,0-2e <=SO0> +2H" (E=+0.2), i 76 ¥ {4
WA R R R T B TR e LA O et RN R At A
Yy A 0 A FH A Bl R v B B S T T LA OB
M BEAT PR RN A B0 RN, Wei 552 BFIE R
i, 1 =AY NaHSO, ﬂ%;ﬁﬁf&%(Chlamydomonas
reinhardtii) PS 1 32 PR ™= A= 1 8 58 B &5 1 ) b7, 3
SEIR SRS DI 3306 S0 AL il (Hase) , 7= 2 AE 1 i
FHTT . Golan % WESE & B NaHSO, 1k —Flig
Ji ) B 40 B 7 2 W Ak Bl (PPO) IS L A
55,1 mmol/L A NaHSO, 4bH R A4 4% - A 4 %
ARET I AR T, BB BLHEI , NaHSO, 76 3k A 1E
M4 0F T T HEA — & M R, v aE 5 06 R
SIS U8 /0 5 R A 9 S ke 4 4 45 AT i) 4
S A P27 A2 35 e B KPS — T A R
RO R, B LGE i S 2 K
S 7 S AS ) IS W, DT A A A R X
— S REFR R AR R A L R R 4 i o T B gk
FOr R A VR F 32 2040 1 40 8 45 405 38 58 DL &
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ARG R, R R A SRR i e AR i
7 AE A A A 9 BB, 2 6 40 i 7K P D) R B A A 4 K
- I Y, AR S 4E REW 24 NaHSO,
WHERTF S mmol/L i, M4 R & w1 B T B, HAE
HWRFE Sy 20 50 mmol/L B A I () P, G, DL K
E B 5 X BRZHAR L 2 35 AR, 2 R 2 A i AT
G AVE T LT 0 43, Fo & & iy 3G im0 b 2 B
B2 5 WV HL ) X Y R I W B AR RUR T T
UL, NaHSO, ¥ B i 23 5 ke i 4% 3% 19 40 i AL )
138 3 S 2R WIS e Ak O RE RO B AR 32
FNH0H] AR 38R AR AR A A 1 A B )
UNEE 1T G B SR A W AR 5 i A Y 4 a2
Fgmy, F ik R, WERAL,

W5 28 5¢ Ol S BRI A Ay R I AR ) 32 i 3 15
FERE AR AR . F, R ERETE G, & PS TT R
58 A FF U B 90 77 i, A AL il R U i L
B R /F, BT R B RO R T R R
T AT b F N e Y AR
20,50 mmol/L NaHSO, ZbBEF | F, &34 i F /
F, WERM, B, F 3 ge 2R R PSR
IO HR 0 A7 B MR BTk G T L Liittge 451 B 5Y
FEWT, — 28 VB 1 A TR AR Ak A W W] RE T B R
F ORI B, i R S0 % M 2 B, T DB & co, [E
FE DL ES TR S5 R Lin 2500 BF 5T K B KRG 40
B0 R ep 0 PR AR S B NaH SO, Ab B 3 1 18
A 2 o eI, o A HSO, AUE A A
Al T EL AT DA S 300 1 S0 7 2 X S S Ak
JOTE A P A4 N Tk A0 2R TR B, RO A PR
BRI A E, PSR KA F /s
F, (B AE AR T R TR T R 33 45 3 4%
TFR &8 ERMESY . SIS W E NaHSO, s 2
S EAE T AR IE R R TIRE, PSR
TGO e = s S (T i 1155 i M LV | o 2 7

Yy JHTOLR LS BRI RE & Y, AIHABIEGIE
FRER Y, , B Y +Y,,,+Y,, =1 R AHRT
b # ETR F 2 e iy 2 PS 11 s iy ol i i F
Bid i Y, AR B 5T 45 R R W, 20, 50 mmol/L
NaHSO, #b ¥~ ETR & 3 FEAK, vV, W 3% FEAK, M
Yoo TR G0, X U0 W] 155 I BE (9 NaHSO, X 44
MR AR T EaE IR BE AT T HOG A AR A A R
HFGE R AL 2B & 55 PS TR oA
BEIE W #2065l F & BB, T 2L
S B PR A i I v NaHSO, e
AP o6 & T 53 32 BH, S BOL I El e = A,
HEW A T 28 ik 3k T80 ' B T 6 B0 43 5 3 o PR K
LK 0 5 4l 3R 1 e Re 3% Ak o #A e L Y, (B
Y {E A

4 258

I T 56 5t AN () € B B NaHSO, 15 W% #6 4 A
AR R MICEEMAIER . 1 mmol/L N
R BEEERWRERE, YIKEKRKTS
mmol/L B 0] 25 300 61 2Ot & 5 1, i 78 Wk 2 o
20 mmol/L W}, 23 X AH ) 3 B W38, DA T 52 1 AE )
EWERER ., R4 BHLH AT A8 & Rk
FE B NaHSO, #F A P 1K N, A2 {1 % & 3 5 F ok
W I 3 % [ AL B 7E S BEA AR AR R F TR ok
WP R % 0 FE L RO RE RO A AR E AR
I 755 W FE 9 NaHSO, A B B — & 1 & 4k 1, W)
B AT DU S 7 A 0 M R, 6O A AL DL K4S B
0 A 2% 77 A B A0 RS AT R A AE X R a8
0P F MW IE W 0 A B RE Z B, ROk
R B T B T O IR TR AR 4 32 B 8 8 B LA
—EM AR PE T, S BT Ok I R E ] Y 3
I ABE s L B O R TR I 2 T AR OGS
W, ot A R AL,

2 X X W

[1] D’Amore T, Taranto A D, Berardi G, et al. Sulfites in meat; Occurrence, activity, toxicity, regulation, and detection. A comprehensive review

[J]. Comprehensive Reviews in Food Science and Food Safety, 2020, 19(5) : 2701-2720.

[2] Taylor S L, Higley N A, Bush R K. Sulfites in foods: Uses, analytical methods, residues, fate, exposure assessment, metabolism, toxicity, and

hypersensitivity[ J]. Advances in Food Research, 1986, 30. 1-76.

[3] BRBEM, XL M, 55 BARMBUE NaHSO, R 200 L3 R A A (1], )RR RHE, 2012, 39(8) :46-48,56.

[4] Meng Z Q, Zhang L Z. Cytogenetic damage induced in human lymphocytes by sodium bisulfite[ J]. Mutation Research/Genetic Toxicology and

Environmental Mutagenesis, 1992, 298(2) . 63-69.

[5] Rawal R, Pundir C S. Development of electrochemical sulfite biosensor based on SO _/PBNPs/PPY modified Au electrode[ J]. Biochemical En-

gineering Journal, 2013, 71.30-37.

[6] Kang T, Wu H D, Lu BY, et al. Low concentrations of glycine inhibit photorespiration and enhance the net rate of photosynthesis in Caragana



5513 2 P YR A L R TR B X A RS Ol A TR P G ) ek 2R 117

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

korshinskii[ J]. Photosynthetica, 2018,56(2) :512-519.

PRI, T et HEAR I, 45 NaHSO, AT XS 5 A F K 0T SRS RGOS BN [J]. B #4l%,2017,31(2) :379-385.

Busch FA. Photorespiration in the context of Rubisco biochemistry, CO, diffusion and metabolism[ J]. The Plant Journal, 2020, 101(4) :919-
939.

Queval G, Foyer C H. Redox regulation of photosynthetic gene expression [ J]. Philosophical Transactions of the Royal Society B: Biological Sci-
ences, 2012, 367.3475-3485.

TR, B, X SRRl R RS S B (1] AR B, 2020, 10:104-105.

Tian C H, Chen Y Y, Guo Y Q, et al. Effect of Broussonetia papyrifera silage on the serum indicators, hindgut parameters and fecal bacterial
community of Holstein heifers[ J]. AMB Express, 2020, 10(1) :197.

BIET, 1 BT, BT . AN R 75 G S 1 R A Rl xR R R A R AR SRR D iR S 0] dE T B 2 ,2012(11) 1 69-72.

PN S A T 38 X B AR A R e S R [ 0] LD AR AR R ( B AR ) L2015, 46(2) :168-172.

F B OEEEIXEH CO, ma WA R A B e R e[ )] . A A= 5% 41,2010, 34(6) :727-740.

VA BERR IR IR A — b I E R T GRS A A [P R E . 2016105277715,2016-07-06.

Erede LR R B AL S OB S R [ ML bR A ECR A, 2015 131-133.

Ramana S, Ghildiyal M C. Contribution of leaf photosynthesis towards seed yield in Brassica species[ J]. Journal of Agronomy and Crop Science,
1997, 178(3) : 185-187.

Sunil B, Saini D, Bapatla R B, et al. Photorespiration is complemented by cyclic electron flow and the alternative oxidase pathway to optimize
photosynthesis and protect against abiotic stress[ J]. Photosynthesis Research, 2019, 139(1-3) :67-69.

Aliyev J A. Photosynthesis, photorespiration and productivity of wheat and soybean genotypes[J]. Physiologia Plantarum, 2012, 145(3) :369-
383.

Guo Y P, Hu M J, Zhou H F, et al. Low concentrations of NaHSO, increase photosynthesis, biomass, and attenuate photoinhibition in Satsuma
mandarin ( Citrus unshiu Marc. ) plants[J]. Photosynthetica, 2006, 44(3) :333-337.

Wei L, Li X, Fan B, et al. A stepwise NaHSO, addition mode greatly improves H, photoproduction in Chlamydomonas reinhardii[ J]. Frontiers
in Plant Science, 2018, 9.:1532.

Golan A, Whitaker J R. Effect of ascorbic acid, sodium bisulfite, and thiol compounds on mushroom polyphenol oxidase[ J]. Journal of Agricul-
tural and Food Chemistry, 1984, 32(5) :1003-1009.

Yarmolinsky D, Brychkova G, Fluhr R, et al. Sulfite reductase protects plants against sulfite toxicity[ J]. Plant Physiol. 2013, 161(2) :725
-743.

Brychkova G, Grishkevich V, Fluhr R, et al. An essential role for tomato sulfite oxidase and enzymes of the sulfite network in maintaining leaf
sulfite homeostasis[ J]. Plant Physiology, 2013, 161(1) :148-164.

Masuda T. Recent overview of the Mg branch of the tetrapyrrole biosynthesis leading to chlorophylls[ J]. Photosynthesis Research, 2008, 96(2) .
121-143.

TRANEE, L B S R b 8 T BN R G R SO R RIAR R PR B PR [ ] ROl 2R 2020, 29(8) 1134142,

U AR, T o, AR RIR A X A B R RO SR RO B[ )] PO R AR 2019, 40(5) :67-73.

PEET AL FE 0 F5 M, A I IO T Ak B X2 W A I R R AR SRR R R [ )] AR, 2020, 46(2) :280-289.
Liittge U, Osmond C B, Ball E, et al. Bisulfite compounds as metabolic inhibitors: Nonspecific effects on membranes[ J]. Plant Cell Physiol,
1972, 13(3) :505-514.

Lin Z F, Liu N, Chen S W, et al. Bisulfite (HSO;) hydroponics induced oxidative stress and its effect on nutrient element compositions in rice
seedlings[ J]. Botanical Studies, 2011, 52:173-181.

BIRESS PG 45 08, BP0, A5, TR T S M 30 X BRI AR M S R POESBF /F ) M2 [ 1], B A 2% 5 R AR 2, 2018, 37
(12) :5421-5428.

Xiang F, Zhou Q, Tian X R, et al. Leaf morphology and PS Il chlorophyll fluorescence parameters in leaves of Sinosenecio jishouensis in different
habitats[ J]. Acta Ecologica Sinica, 2014, 34(2) :337-344.

Hu H, Wang LH, Wang Q Q, et al. Photosynthesis, chlorophyll fluorescence characteristics and chlorophyll content of soybean seedlings under
combined stress of bisphenol A and cadmium[ J]. Environmental Toxicology and Chemistry, 2014, 33(11) :2455-2462.

BRI ML AR A, S B XK LA B SR R O RV AR RS2 [ T]. A= 352 42, 2010(19) :5280~-5288.



118 ok 5 O 2022 4F

Dose Effect of Sodium Bisulfite on Photosynthetic Physiological
Characteristics of Broussonetia papyrifera

LI Zhongying' , WU Yanyou’, XING Deke', XIE Jinjin', DUAN Rongrong' , CHEN Tian'
(1. Key Laboratory of Modern Agricultural Equipment and Technology, Ministry of Education, Institute of Agricultural
Engineering, Jiangsu University, Zhenjiang 212013, China; 2. State Key Laboratory of Environmental Geochemistry,

Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 550081, China)

Abstract: Sodium bisulfite (NaHSO,) is a widely used photosynthetic promoter, which has a certain promoting effect on crop yield.
However, if NaHSO, exceeds a certain dose, it may cause excessive sulfur content in crops and soil, which will cause great harm to hu-
man and agricultural ecological environment. In this study, Broussonetia papyrifera were used as experimental materials and seven
NaHSO, concentration gradients (i.e., 0, 1, 2, 5, 10, 20, 50 mmol/L) were simultaneously sprayed on the leaf surface of different
seedlings separately. The photosynthetic parameters, fluorescence parameters and chlorophyll content of the leaves under different con-
centrations were analyzed. The results showed that the 1 mmol/L NaHSO, treatment was clearly conducive to the net photosynthetic rate
(Py), stomatal conductance ( G,) and photorespiration rate (R, ). Chlorophyll content decreased significantly under 5 mmol/L
NaHSO, treatment. Under the treatment of NaHSO, exceeding 20 mmol/L, the P, G , dark respiration rate (R,), photorespiration
rate (R,), chlorophyll content, actual photochemical quantum yield (Y ) and electron transport rate (ETR) showed significant de-
creases, while the initial fluorescence (F,), quantum yield of regulated energy dissipation (Y,,,) and photorespiration portion (S,)
significantly increased. These results indicate that low concentrations of NaHSO, increases the P and R, under the condition that S, is
basically unchanged, while high concentration of NaHSO, can cause stress to plants, resulting in a decrease in photorespiration share.
A higher proportion of S, consumes photosynthetic products, and the P, decreases.

Key words: Broussonetia papyrifera; sodium bisulfite; photosynthesis; photorespiration; chlorophyll fluorescence



