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WREEBE (20 mg/L) ALIR TSI FIRG R, [R) Bt {2 i P9 8 (MDA ) B 7= A= 5 TCAME B AT JIE TR 7R IR 7 i b 38
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Effects of exogenous phosphorus on antioxidant enzyme system of emer-
gent plants under arsenic stress
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Abstract: To investigate the effects of exogenous phosphorus (P) input on the antioxidant enzyme system of Typha
angustifolia L. under arsenic (As) stress, the antioxidant enzyme activities of typha were measured at 0 mg/kg, 150 mg/kg
and 600 mg/kg As levels after 0 mg/L, 2 mg/L and 20 mg/L of exogenous P input. The results showed that the fresh
weight of typha was increased under the treatment of low mass concentration P (2 mg/1L.) and low content As (150 mg/kg) .
Exogenous P input stimulated the increase of superoxide dismutase (SOD) and catalase ( CAT) activities, inhibited gluta-
thione ( GSH) activity, and accelerated the inhibition of high mass concentration P (20 mg/L) and malondialdehyde
(MDA) production in As-free sediment habitats.In the absence of exogenous P input, low content As stimulated the in-

crease of SOD activity and MDA content in typha leaves,

7S B H9:2019-04-17 and high content As (600 mg/kg) inhibited the activities
HETE . BX A RRSE 4T H (21767027 31760245 ) ; = B4 i of CAT and GSH. Treatment of low mass concentration ex-
FHILRRBF ST 2155 H (2018FB044) ogenous P is beneficial to the improvement of antioxidant
EHEBN K K(1993-) , & TR, Bl 0F5 4, MR enzymes in typha under As stress. Exogenous P increased
WESELESBENIFI, (E-mail) 1094762024 @ qq. the activity of antioxidant enzymes of typha under As stress
com in sediment, but the stimulating effect was limited. Typha

BHAEE X 2R, (E-mail) henrryliul008@ 163.com had more growth advantages than other ferns and bryo-
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phytes. Therefore, typha had great potential for repairing double-risk wetlands with phosphorus eutrophication and arsenic

pollution.
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B R T BE e IS4 sE T AW 40 Py
FEAE—ENEANINT MG 24 0 B AL 40 i 9 ROS 1)
PR NG BRAL T —Fh AT X ML B FR P A
LB RS Y P ALl R 50 3 E AL A Ak 1k
fiti(SOD) A H Ik ( GSH) Flid %84k AUl ( CAT) | &
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VIEE, o — 7 1, BE ARI R G T E AR
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JE A AT DA 3 R I SRR = SOD RN CAT %1%, [
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1.1 R

HEFE Y F W ( Typha angustifolia L.) 722 4F 4,
T T AR K R A B, A T R VR
Kl giiny . o E RV LT W AR AT
LR VAR TS HAR IR R T 5
B o0 An gL SE SRR I B R Z 51 F H
T g R A R B R WA
T AE A WA S 0, IR e A i T v B AR —
H KB RL T,

TR0 A A 1 4 P AR A DT, g
KRN LTI FRTRE N 7. 73, VR E N 6. 49 mg/L,
AL R LA 169.22 mv, HL SR S 36.67
ps/cm, BT S B 5,06 mg/ke, BB S & 187,79
mg/kg,

1.2 KEE

TG AE VY MO K2 KR 5 TR G R AT
KHCE SR, @i WS Na, HAsO, - 7H,0 A9 728
BT L 0T A1 As 75 Y 8 3R BT, 3 06 B AR O
mg/kg ((Ase ). 150 mg/k g ((Asyy, ). 600 mg/kg
(Asg) 3 FIBEEE As V5 LT (LA As™ 1), FEK
HA KH,PO, , % 0 mg/L(P ) .2 mg/L (P,) .20
mg/L (P,y) 3 DNANFEIKFAMERE (LA P IT) /2429
FPAS ] & g5 Y IR IR e . BRET .

(1) EHERE SR L A SR AT, B 405 i 60
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H i , {7 FH R (0 3R 20 VB A A A W A e,
A 15 kg T+ #1 10 L 04 KH, PO, Ay #M A
7K, IS % BN [F] 7% 2 i Na, HAsO, + 7H,0
TG, IR EEBIR , 7R 5, =k 3 M H
R85,

(2)2018 4% 4 H 18 HE AL A il , 76 M Hu AR 4125
B AERIFE R A 6 AR T4 I X E R
% E IR Z KA, K% 60 d )5, U
K RAFIF35]— S A ik 126 B bRl 2 |, 1 1)
R A T ARES
1.3 kIR EHE
1.3.1 BpdR a4 BRE A4 . T 2018 426 H
18 H AR I 7, B AR IO &8 i) LA
M KRR I B a5 3 BT 4 CHRm A,
FALFREL 0. 1 g BE0 B FHA R T, A 0. 05
mol/ LAV WETR 22 R (pH="7.8) 5 ml FI/bi A7 5
W VKIS , 2138 J5 FH 0. 05 mol/ LI ¥ iR 28 mhifk
(pH fH 7.8) 5 ml #h ik, I 2 2.0 %, 10 000
t/min 4 °C 5.0 15 min, b5 W BRI A BERL £ BOR , K
BB IR 4 CHRmURTE MEN &,
132 #HEAMKZ%EBEZRMNZ  SOD, CAT .GSH,
MDA FH &R R A 5 %3k 5 B A BR A 7l AR ™
(R3] S AL B, i FH AR G R ( ) A8 A R A
B AP Multiskan FC U BERR AR
1.4 HESH

RIS {# ] Canoco for Windows 4. 5 F1 SPSS
19. 0 475347, 22 Orgin 2018 5218,

2 ERE550r

2.1 SMEREXTEHENE TEHEEHREN RN

FH 2% 1 ] B W I e VR B 3, A v L
ISR, S i IO A 5 e S A, 2 me/ L AN
RAL AT S AT o 10 5 T o 5 i 5 i 5
PR TN, 78 b L 3 AR S e o e e W T S
FEAR , 5 7MNEBE G AFRPEA IR, 150 mg/kg Ji T A AL
P2 A il 6 O A e
22 MNEBWMAMNEEHHRRENERSENET

Fe 2 I, MR B A S, SOD 6 M 7E P, Ak
/NG R R P B T B E ST P b B,
CAT THEAE P, A P AbBEIHE P b PRI 240 v, 12
iy R R it A/ Y IO A R g b 5 2 el o v
JEANE B AG GSH 1 Mg i A%, 5% i 22 57 i

R AR SIS SBTRE v BE IR, 50
HEAH L, MDA FR 24 P A F/INIE T B | P, A 37 B
P ER R,

F1 SMNEBIEPNE TEFEVEHRENTN
Table 1 Effects of exogenous phosphorus on biomass of typha un-

der arsenic stress

7 il A Wy e A (g, FW)
i B3 R
Pex Ascx 215.10+50.13e 351.12+43.21d

sl

Asiso 480.69+45.36d 831.51+48.51b

Asgo 403.14+65.23d 374.04+25.36d

P, Ascg 605.13+£62.14b 359.76+59.63d

Asyso 878.76+69.21a 1 441.32+89.52a

Asgoo 636.36+65.20b 398.76+31.25d

Py Asck 500.40+59.21¢ 197.64+26.21f

Asso 530.47+23.14b 489.67+31.25¢

Asgoo 516.28+52.14¢ 215.22+25.14e

Pog Py Py 20 B 268 P B ¥ N 0 mg/L. 2 mg/L.20 mg/L,
Ascy As s Asge 20 R A F N 0 mg/kg, 150 mg/kg, 600
mg/kg, AE/INGFREFIR 0.05 KR/KFE 2R EE,

x2 BHENENRERIMNEBREREEMOEN
Table 2 Changes of antioxidant system in typha with the increase

of exogenous phosphorus mass concentration

*E‘/'ﬂ? P(IK PZ PZU

SOD(U/g,FW) 56.99+3.22b  51.03+2.36¢c 83.03+5.21a
CAT(U/g,FW) 2.55+0.58¢ 4.09£0.71b  8.63+0.44a
GSH(pg/g,FW) 46.78+2.08a  27.17+1.70b 13.97+1.50c
MDA (nmol/g,FW) 2.99+0.65a 1.67+0.28¢  2.48+0.39b

P Py Pog AR PP IR IE N 0 mg/1.2 mg/L.20 mg/L, AN
[A/NG FREFIR 0.05 KK F 27 8%,

2.3 WEMEXNEEHRRELERSENZM

% 3 WA PR R GAEA R A A T AR
k. SOD FHVETE 2 Rl IR BA kLB Al BT 2
FRVER AL IR SOD 1H I W75 T Asqy, As 5o &b
FRAN Asgoo LB SOD 1HHEHL As oy 7351 b Tt 231. 76%
14, 11% ;2 FETRFHALTE T CAT iHHH B EH T
Asgy s GSH TEHETE As oo A FREF | T, Asg, 40 B JEE
TR, Asgo A0 HREE As T B 16.93%, 8 & K T
Asc s MDA SR TE 2 AU VA 38 A 3 AW 1
Th, As o IO BT As g b P MDA BREFHEEL Asyy 530l
T 111, 7190 372, 58% ,2 R e i b B R 7
HH MDA SR BEET Asqeo
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Table 3 Changes of antioxidant system in typha under As stress

ity Asck As 50 Asgoo
SOD(U/g,FW) 56.99+£3.22¢ 173.55+8.21b 190.46+6.34a
CAT(U/g,FW) 2.55+0.58¢ 8.46+0.78a 2.91+0.61b
GSH( pg/g,FW) 46.78+2.08b  98.95+4.05a  38.86+1.52c
MDA (nmol/g,FW) 2.99+0.65¢ 6.33+0.78b  14.33x1.32a

Asck Asyso « Asgy 7 B TR A 8N 0 mg/kg, 150 mg/kg., 600
mg/kg, ANRVNEGFHEFRIR 0.05 KBk FEREE,

2.4 SMNEBSEAEEMNE TEEMHFREKBEER
5:ab=A1|

1 IR A NI Bl A AS ) A 36 T 3
RYUAAL R R m AR fb g, R 1a Bl 1b
FIE e m] 124 A0 IR Bl o vk B 30K (2 mg/L) B,
A A R JEMALEE R 150 mg/kg) S
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400
350
300
250
200

al
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SODIEE (Ulg, FW)
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0

GSHYEME: (ng/g, FW)

0 2
AR BT BE (mg/L)

20

O Aseo
Ascg VA8 5o +Asg MBI R As>* &N 0 mg/kg 150 mg/kg 600 mg/kg,
B 1 SMNEBESAMAEEE TEETFREUBRENZIN

B As _;

P ia (JEE e AL BER 600 mg/kg) XF SOD & 175
SR AR A AR A A X CAT 1SR
PRI RIVE R, e B i A AR 2 CAT W&
PERYERED  BME T GSH G XTSMIE B4 A (4 0 7
5 CAT AHIA], 5 AR T i Wk B 40055 (20 mg/L)
F S A A2 E T SOD  CAT Fl GSH {6 4 Y
P, B A SIS T SOD  CAT 1 GSH %1,
AL 1d AT RAAS ] 3 5 G I A Ak 2L it A1 Ul o
TR N T MDA & R SRR S T, 4
G 3 PR R G BEE A AR A, D6 AR T v
JEE A MR A I T A B RO, BRAK T A
T A PR R I S A R B A 3 P 0 B a4
AR FH A7 T R I B A T 08 555 5 o I VR A1 R
W A AL MDA 55 it 34 0, 7 3 40 M 32 21 5 4R
PR EEF IR AEDIHT R GEALRRIRZE
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Fig.1 Effects of exogenous phosphorus input on antioxidant enzyme system in typha leaves under different arsenic stress

25 MNEBIRRRMMESEEHRFRELER
S ZISFRIBIHE K ES T

2% 4 AT I A 38 B, SRR 5 SOD
FI CAT TEPETE 0.01 K5 /K VA7 7E 35 1EAH G B Ak
TR R R RN XS SOD F1 CAT 5445 1E 1) 4384
[ A AN 5 GSH 3% 14 Fil MDA L2 8 7E 0. 05 4
65 K SF- 12 P R G, B A VR T o A R G
GSH &A1 MDA FLZ E A MHI1EH

] 2 S SRS A B BE A A A
ARG5S IR B AU Je i 38 2 [ A 56t RDA
IYMTEE . UANIE B A S AR R I AR i R Uk
JE5 SOD Frig it W 3 AR AHEL As Ab B, KT
A IS T AN T R T S CAT 3 Y IE A
KRFR SR T HMERE W B 5 SOD 1% ) GSH
TR SR OGO R IR Ve A JiE 5 GSH Al CAT
PR BEMASE, 5 MDA & 20 B EAE,
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AHEE P AL FE AN TR S TR e i A R S
SOD FEPERI B IEA OO A ek T i Je fif i e e
5 CAT .GSH 15 PER A ko

F4 SHMNEBRIKRHBMESEFRHFREUBRESIERNEX

f:3
Table 4 Correlation between exogenous phosphorus and arsenic
stress in sediment and antioxidant enzymes of typha leav-

es

SOD CAT GSH MDA
P(Ascy) 0.97 0.96 ** -0.60* -0.61"
As (P, 0.77* -0.57" -0.71* 0.96 **

P FIRIMEREAL B 5 As FTR VSRR I8 Ab B P oy FIR B BT 1 MR L
0 mg/LXTHR, Asc B As i H 0 mg/kgXf il * 3R Pearson H15¢
A (VU ) 0.05 6556 /K - 8 E HHIE, ** F/R Pearson AH G PR 50
(M) 0.01 Ky 37K F- i ARG

0.8
SOD
GSH
ICAT,
MDA
P

-0.4 A

-0.4 1.0

B2 SMNEBRIKEBPESEHEHFMENBRESERE
XS

Fig.2 Correlation analysis between exogenous phosphorus and
arsenic stress in sediment and antioxidant enzymes in

typha leaves

3 3

— R PR AR S P AR S B E TR X AR
AT TR AR X e bl 30 7 A o 7388 2 B
T 1) LA e M A A A
FHUE il o o A X v U b 3R 1 Al
IRV IS el SN e a0 SERA AN i R 7/ L N R
A A R R i SR AR AR W R AR AR A R
T A58 73 290 L ) P2 R i o 200 M A LA AR AR 9
AL PR R GRS A Y A P ) — P
SR B AL, 7 7 A A 0 R P A 40 A

NI NADPH %A fL#25 7= /E ROS, BRI NADPH %4k
PR & i £ ROSP  SOD 4Nl
PEEIE BRI AR R A —Fh P L, A T
S5 R ALE B N 5E 15 5 T R S 1SR SOD i
PE AR R AL (03 N 7, BT LA i 36 5 ) 348 o ol
W7 A R SOD WEYE BT, — O R A A
FERR VR G TS T 6 S AL 40 3 B 1 2 B
FBLH , 55— 5 AR B T RS Je A 25 St ) 38 0 ) 75 3
AR A T T AE ) I B A S o 1G0T R 38 R
JRIEP30T  CAT il T B 40 e A Ak AR v e A Y
H, 0, , FEAE ) 110 386 5% Jolp 36 577 60 R0 255 R 4% 1) s 40 440
LA 18 S A P 55 45 T A 4 AR
GSH & 1 P9 385 38 A7 5 1) — i 2 2538 R ) I
SEEEMPUAAT R e — AR b
BT BE A o0 i ), A i e i CAT i GSH
TR 2 BT & JE B A & 3, T SOD i 7 FN
MDA & —H 2 I &, 55ME H,0, 8~
B AR R R G A — B A A
GSH IEMERT CAT 3% P % 5 iy 36 3 F80U8K, 117 SOD
PEXR & B (150 mg/kg) BHEABUR, & & &
[ (600 mg/kg) WriE AL HE T, GSH Fl CAT 15
FI|—5E FREE I E], T SOD f 2 2 45 e v s ok
BRI RE I AW N, R W SOD e il ikt
e RS g E T EEAEN, BERER &
AR AN 30 I - MDA &5 — BT, Ui 7 il
PR PR i AR AR B R, X v e R T i AL R
o SR DI WY SIER i) 1 D (5 == 7%
(AN (2 me/L) AL BER , SOD 36 M) R R8I 2
mg/ LAY HMIE B A G RE S 75 1l 2B 5538 TR O, 9
BT A A ROS 15 FE 35 AR SN JE I R
TR AW N B & BT E R (20 mg/L) B, A
T ) GSH IS MEAR SR FFEE T 19, Ua BH o o7 da vk i
HMEBERIR T B P A R G B A, OF B
T ANEBE AT SOD F1 CAT S AH T Pp8 M i i 2]
PHVERRY . B MDA 2 i B A IR W o vk
JEREINSEREARG TH S, 45 A 3 Pt &k R G R bR
(75 Ak, d R 5 2t R R VR B B AT B3 T A i
AEFRIRDL , AR T il AR Y B i AR B (A
i PP 240 6 S g 3 A P 3 555 R St R
559 5 e Jo e VAR B A1 R B i AL BRI MDA F 2
TR 2 A0 EE, MDA B RREE N, Jf H 2
JE B RT— B BEIER , 18 B L s A 4 40 i 37 31 0 AR Ak
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BEFE IR AEDIHY RGALRRIRZE

FE YA B 4 b aE 3 8 R R 237 A2 ROS 1
TRV 25 77 A ph T R MR A S e I R 2 A AR
AR ZEL , AT 225 WA 0 00 T 9 A DA 5T
SERFH | m KO B KR SRR AT B TR
AR B T K RSP R BE TG 1, DA R A
BRAE ST iR 06 b 2 A1 VR B R R BN 2
mg/L JE VR & A 600 mg/ kgt DL K AN E i B &
WEEFEHIH 20 mg/L JIEIRHS 84 150 mg/kght,
SOD .CAT .GSH 1MW I = T P Ab3 ) LA A3 2
AR KA BR ROS 87, B AIAR W) & 5 1 % oT
R WX - 0h i 12 3 10 SR AR b B DL —
0T R X 8 0 s R v T ) R A U
R AT BE 2T A AR 4 X R A O WA, sk 2
PR 0 8 81 0 84 o A0 VR T v R T DA K
R kA Y AR R0 i W, e A B LA T AR B
ZMA SR As HEE . SH— I, — s A& B
P v (LB KT 1T AR v g b 1) A o sk
FRT I A 23 1) 52 e 5 4% B 2T A e ket /K e ) 2
LT R I R R AR T 4R T R KO 2 8
B 4 A B AR, B R U 7
B i SN TRV B Ol 20 me/L IS TR AH
9 600 mg/ kgt , SOD . CAT .GSH 3 R S 1L Mt % 1
HRFEPLH R, CAT T GSH 5% B FAK T P AL H,
i MDA BRIt KT P, H H AL B E R,
FEH i A IS YA R 3E R, WS B R A 20
mg/ L WANIEBE ™A T X B e B E A e, X
R S R TP B I BV e, TR S E U S5
A ORZ 5 - 8 A A A7 553 19 5 4 ) ol JEC 90 T
PR i T i RO HE TR A R i, o = e
ol ) ) TRt S =2 e e 7 IR
TR SR, R e ALK R TR 3
R E SR, M R - BREA KA
PRSP R — S A A PR R K A R
i A J5 AR CAT .GSH 36 PE W &K T P LB, SOD
LR R TR Tl 600 mg/ kg3 R, AR 0t 1 vk
JER 20 mg/L ARFRT B B T RE, (B4 B2 S T
P ALER LI HAE BN SOD B A LS &R
Gkt BRI

SE
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