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Abstract: [Objective] To explore the acute toxic effect of glyphosate on Pomacea canaliculata under the
combined pollution of glyphosate and H,O,. [Method] Using the hydrostatic biological test method, adult
Pomacea canaliculata with uniform growth in the field were collected, and exposed to water with different

concentrations of glyphosate and similar to the average concentration of H,O, (50 umol-L™) in precipitation of
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Guangzhou. The influences of glyphosate on some water quality indexes of P. canaliculata habitat and acute
toxic effects of P. canaliculata under oxidative deposition conditions were studied. [Result] For the water
quality index, oxidation-reduction potential (ORP) increased with the increase of exposure time, from 330 mV to
about 540 mV; The change of pH with the increase of exposure time increased or decreased under different
treatments, and finally maintained between 7.0 and 8.5; The concentration of dissolved oxygen (DO) was
between 8.5 and 16.0 mg-L™, and there was no obvious variation trend. The three water quality indexes above
were within the range that the growth of P. canaliculata could adapt to. Acute toxicity tests indicated that
glyphosate had low toxicity to P. canaliculata, and the 50% lethal concentration (LCsg) in 48 h was 133.479
mg-L™" with or without H,O, deposition. The anti-oxidative stress enzymes of superoxide dismutase (SOD) and
catalase (CAT), as well as energy metabolism-related enzymes of amylase (AMS) and lipase (LPS) in P.
canaliculata were firstly up-regulated, then suppressed, and finally adapted to up-regulation. It showed that in
the process of poisoning, P. canaliculata could slowly adapt to the stress environment and continuously improve
its stress resistance, so that it could survive normally in this stress. [Conclusion] Under the condition of
oxidative deposition, the acute toxic effect of glyphosate on P. canaliculata is low, and the activities of the four
related typical enzymes are generally up-regulated. It is ineffective and unrealistic to try to inhibit P.

canaliculata through herbicide weeding at the same time.

43 %
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#7748 Pomacea canaliculata 97 7=+ 5§ 3
V. Ly 3 ] 3 4 ) — Bl oK R KRR, SR e E 2
2N Gastropoda i #2 £} Ampullariidae 15 7 12 J&
Pomacea WIEKARZNN o 45 75 08 A2 2508 BV 5, 2
FEIRH, & — PRt ys g, o An 2 BN A,
B LA I U A ) B, 5 0
AW 2 YR, B 5 Do 3R K A PR RO AR SR
RAM 2 —, A2 ST 7R B VI b T D) 3 X Rl
(1) — P = A E A, R 3R B KRR SR A e i
BT R O T R A R AR L A
H Echinostoma revolutum R~ M & [@ 28 H
Angiostrongylus cantonensis W 8] 15 == A1 H Ath 95
[N Ra S S O A NS NG N A D Wy A S PO e ot
TN AR 75 W AR WL A 27 8 B R it 9, R
Baa e b A P2 L AR RS 22 I NARBE R, A8k R4 2
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70 FARHIBI A B T FF: 1t (1) —Ffr oy A% 5 204 ) 1%
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TR AR EE SN 725 100 £55, 1 5 80
I (0 A2 7 RS AN B G I ) — A 2 R DR
B e ok ) ) B R A 4 % EG o b T R A i 3
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IR S5 HR 38 B T A R R BE RS 4 S se i o b ok,
OB AN R EC 7 % 1 2 K AR AR 3 A R &V
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Ja, BEH B IZE & E (RT) Be 8 #i 2 o Bk H
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PEREVERS MR 1, 25 R R H B B 5 08 15
B Ho2x 1 35 H) 3L £ 1 PR RS 1) 95 7% - Santadino
SRR I, FEH B A R A 2 B
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H OB A AP B AT T BEFE . Le Du-
Carrée 551" AIFF0 T PREEAH IR B H 1Bl A FL 3 [+
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Wi, &5 RG] B e TR B — AR UL R ) K F
BEVE IR s B B G . Wee SR 20507
1%, BBk Allonychiurus kimi %5 T 5 H B+,
VA FOL F1 A F2 = AR B ER 1 R0, 45 51 2
7~ 2P B RN R E (Concentration for 50% of
maximal effect, ECsg) 737l 9 572.5. 274.8 1 59.8
mg-kg ‘o SR, FATHT IR 0 R I, AR HIA LK
FR) e Bt T 8 7 MR ) A AN AT 7 A B T AR
ST S 2 — E R B B A A AL R F, 2R3 R
XoJ A 75 R R (1) AL 4B S B A DL SO i A
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BRI B RIEZFE IR A fem R 2%, JF LA
AMASETE A R BACERYE . Tk, RE
L HEAT PR BRSP4 R R D
i it SO, A NO, HIHRIAT 2 4 R4 %6,
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1 MR5HEE
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#z1 TRELETRFIZEKEENIEREL (ORP) BT

Table 1 Change of oxidation-reduction potential (ORP) for Pomacea canaliculata water habitat under different treatments

P B/ (mg-L™) ¢(H,0,)/(umol-L™)

ORP/mV

Glyphosate concentration

24 h

48 h

72h

96 h

0(CK) 0 342.66+2.50bc
20 0 358.63+0.86bc
40 0 352.00+11.65bc
80 0 357.93+1.40bc
100 0 330.23+4.91¢
20 50 383.43+11.64ab
40 50 366.7042.10bc
80 50 351.5045.40bc
100 50 365.10+1.35bc
0 50 424.70+43.78a

379.53+4.49b
389.80+1.19b
380.16+7.96b
389.76+3.75b
372.53+3.67b
415.06+17.82ab
393.66+3.39b
375.90+4.34b
395.26+3.96b
453.63+37.78a

397.10+1.11ef
409.06+4.74def
390.40+9.08f
406.00+4.30def
410.03+4.60df
455.36+20.72bc
393.66+3.39b
434.40+16.26¢d
470.26£10.82b
512.93+13.59a

464.90+5.02cd
471.90+6.91bcd
462.70+11.63cd
464.16£3.73cd
452.00+3.06¢
486.90+12.03bc
479.76+4.52bcd
487.50+6.81bc
497.10+£1.94b
540.16+19.38a

V)& b 3 AT 39 AR 1R, n=3; R 5| KB )G 09 R B N B 4k AL 221 £ F B % (P<0.05, Duncan’si%)

1) Data are means + standard deviations, n=3; Different lowercase letters in the same column indicate significant differences

among different treatments (P < 0.05, Duncan’s method)

2.1.2 RACITUHE A T 34 2 48 & KR P s
fREMFrn  AN[F R ERIT AR (DO) A2k
2 Fon. HIFR 2 AIAL, BOMECHBEE R, X
H % 100 mg-L" ZH 9% fiff 40 bl 22 B 1 (] 15 0 2 30
B fEa %, 117 20, 40 A1 80 mg- L' ZH I [ i [A) 284
T _EFbs 2430 Hy0, B, Bk Hy0, FH i f ik
5% 80 11 100 mg-L" ZH ¥ fiff 42 I 2 5% I [A] 4 Im i &
B, 1M 20 F1 40 mg-L™' ZHI 2 ETbEH . [F—x=H
B B IR RS, 20 mg- L' R 8UE Hy0, A TE
fEERAZE R AR E; 40 mg- L' A EE H,0, 4
HHAFAEREZER, 80 mg L' FAHBL H0, kb3
YHAE 48 h I AAAE 2 35 22 e, FOAR N [A) 22 e AN S 3
100 mg- L™ FE BT Hy0, A FRALLE 24, 48 A1 72 h

WAFEEEER, 96 h N LREER.

2.1.3  AARELEM T EH B4R F B KR P
pH ¥ & HEAFIR/KAE S pH B INE 3 iR
M 3 ATAn, B BEAE T, M4 (CK)
pH [ 2 5 I [A) 38 b 2L SE 38 0 5 N RE R E S, K
RACHEH pH B 5 FE 0 B nm B AEm
H,0, i}, ¥l H,O, 2 pH [ %% % i 18] 458 in i~ %,
H AR AL PR pH Bt 2 F7 1) A i Bt [F—EH
B R SR BT, 20 mg LT R A UL H,0, A TE
48 h i pH 775 2 3% % 5, 48 72 F1 96 h i pH &
WEER, 40 mg L' NG H,0, 2 FE A4 7E 24,
48 F1 72 h IS} pH fA7E 235 2 7, 96 h I’ pH L3
#5580 mg'L' A HyO, AEBEAHALAE 24 h
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Table 2 Change of dissolved oxygen (DO) content for Pomacea canaliculata water habitat under different treatments

p(EH B/ (mg- L™

p(DO)/(mg-L™)

¢(H,0,)/(umol-L™)

Glyphosate concentration 24 h 48 h 72h 96 h

0(CK) 0 15.75+0.77a 15.11+0.59a 14.46+1.21a 11.45£1.15ab
20 0 9.08+0.35bc 9.35+0.30de 9.85+0.31cde 10.74+0.44ab

40 0 6.15+0.49¢ 7.08+0.08e 7.37+0.07¢ 8.03+0.33b
80 0 8.91+1.57bc 9.54+1.21cde 10.45+0.34bcd 11.94+1.05ab
100 0 15.80+1.88a 14.58+1.05a 12.97+0.87ab 11.88+1.86ab

20 50 12.25+1.66ab 12.55+1.43abed 12.69+1.42abc 13.11+1.59a

40 50 12.70+1.95ab 12.77+1.88abc 13.10+1.42ab 13.53+0.81a
80 50 13.71£1.70ab 13.41£1.22ab 11.52+1.05abed 10.32+2.45ab

100 50 9.50+0.37bc 9.31£0.29de 8.91+0.14de 8.50+0.10b
0 50 12.81+2.38ab 10.84+0.84bcd 10.71+0.65bcd 10.34+0.96ab

D) & P B A T AR IR, n=3; RS HBEH R R

F kAL ] £ 57 2 (P<0.05, Duncan’si%)

1) Data are means + standard deviations, n=3; Different lowercase letters in the same column indicate significant differences

among different treatments (P < 0.05, Duncan’s method)

R3 NELETEFIZKE pH B9

Table3 Change of pH for Pomacea canaliculata water habitat under different treatments

mg-L"! H
Gl;;ii‘tiﬁc)(/);cfmrat)ion e(H,0)/(umol Ly 24 h 48 h : 72h 96 h

0(CK) 0 7.49+0.03b 7.86+0.09b 8.29+0.10a 7.23£0.09a
20 0 5.81+0.12d 6.13+0.06¢ 7.32+0.19¢cd 8.04+0.43a
40 0 5.70+0.19d 6.25+0.09¢ 6.78+0.08d 7.66+0.88a
80 0 5.61+0.15d 6.95+0.03cd 7.22+0.06¢cd 7.90+0.66a
100 0 6.05+0.63cd 6.65+0.35de 7.15+0.17cd 8.38+0.19a
20 50 6.05+0.63cd 7.28+0.38bcd 7.64+0.24abc 7.94+0.57a
40 50 7.2440.00b 7.49+0.06bc 7.62+0.17abc 7.88+0.39a
80 50 6.78+0.17bc 7.08+0.06¢cd 7.54+0.26bc 8.01+0.50a
100 50 5.36+0.04d 6.30£0.25¢ 7.54+0.17bc 8.14+0.32a
0 50 9.30+0.08a 8.88+0.22a 8.134+0.39ab 7.53+0.59a

D) AP B A T AR IR, n=3; FI 91385 09 R Bl A B B AR AL 32 4] £ 5% 2 3% (P<0.05, Duncan’s )

1) Data are means + standard deviations, n=3; Different lowercase letters in the same column indicate significant differences

among different treatments (P < 0.05, Duncan’s method)

I pH f74E B ¥ 25, 100 mg L' AT H0, Ab
FRAHLEAT— B W] pH 2 AN B35 .
22 SWMEEFGTEEENEHBRNASMSS
Mia Rz
AT I 25 T A 75 M8 BH B 0 Sk B
M) 824 P G St B 1 2 AT VR AN, LRIG g5 Rk
B AR H BRI T, BB H,0, JLFEfE

FHBIAS BEB0AR 77 MR A0 A0 T o 7 S5t i TRV 100
mg L™ FHBEGHR, A 508 H,0,, AR
BRISIE S AL R ZH Ak B oK, WA R 96 h Jim i A 41
B B SE FL T . B B R T [ 3G I, SRS
A IR AR FF AR AN BRI R . {2 96 h J5 &4
WREE MIFET R /N T 35%, Ut BIAR A 8R4 I H,0,
LA REE B A% A P AT A e A K A A



72 Hepg Ll K5 224k (https:/xuebao.scau.edu.cn/zr/hnny_zr/home)

43 %

AT TR, X5 O Ol 4R A3 180 bR 5 i AR S
P 5 TS P R (R — B BB R R R
Th AR A R R AR IR, SET- S A £,
2 H AR IR R IR SR 5e 7 IR,
RN B i o

A 77 0B B B S M R BRIk
(LCsp) I 4 Fion . SR BT 2 VP
TS E U YR K A B PSR R 40 o R (LA 96 h 1
LCso 1 NRI AR #E): LCso<<0.1 mg L' Nl F,
0.1< LC5<1.0 mg-L ' N&#, 1.0<LC5,<10.0
mg L' AFE, LCs>10.0 mg- L™ MEFY. AL
SRR, SRS IMALR N HyO, B, BEH B 48 h
) LCso ¥JoN 133.479 mg- L', NAKFE. HHBELH
BT Y 3 22 I BR B F RN 22—, 4 A5 0T JH oy 1 )
SEF VAR, X T EE 5 AR A IR A B P o
P
23 SUTMEEHTEHRNEEFIE SOD,

AMS. CAT 71 LPS f5E M A0

A2 B S U 96 h G HAE 75 IR AT
W1 E , E AR DR T o B AR 77 R SOD.
AMS. CAT. LPS BiG R M UIR 5 fin. fERR
I H,0, B, 96 h JE4E A 24K N AMS 5 14 Bl 45 5 H
B A< P55 1) T v A W LI B B BE; T SOD.
CAT. LPS JHFMELE 20, 40 mg-L " B H i i A0 Xt
CK 5 i Ft i, 3] 80 mg-L ™" HH B 23— & 1)
NS, 100 mg L FLH BT CAT i 1% 3F Fi At

®4 BEHBXRFEOFHILRE (LCs)
Table 4 The 50% lethal concentration (LCs,) of glyphosate

to Pomacea canaliculata mgL"

o HH BE+H,0, 2H
Glyphosate+H,0, Glyphosate

24 460.568 145.723

48 133.479 133.479

72 88.614 56.803

96 50.540 36.043

&, HE AL 2 S AR 3% . CAT I SOD &4
Yotk o AR, E AR PR A 2 AR
H 38, AR I 3 3T H S5 E. ar, &
R PEE B A 2 ONAR T R A R S T S B
Js T FANEL 5SS IR, ERES AR
T MRS 15 I T Ak A B B A W B i piadi vk, AR
Z BT R AR AT, IX AT BB AR AR RN AR IS RE A LA
IR REEEME R . 70 Hy0, I, 96 h &
FEFFUEAA N () AMS FIl LPS 35 14 76 Bpphd S A0 A 4
B, 1 SOD 1 CAT 3G 4 7F 100 mg L' F
JHE+H,0, 4 SOD. CAT 3 1t Bt 2 5 H Bk F
FE R ES. FAEH. 5SS E;
AMS VP B B B A L T S, H
K AL R 2 AN R 2 LPS WS PEAE 20 mg- L' I EE
CK =2 30%, FififaBE A N, ) 100 mg L™ K
N R EES, (A HIEW R4 CK H e, Ui

%5 TREIHESIRE FESEM T

Table 5 Effects of different treatments on activities of various enzymes for Pomacea canaliculata

pCEH B (mg- L) c(H,0,)/  SODVEYE/(Umg") AMSHFHME/(Umg") CATVEYE/(Umg") LPSIEEAU-g")

Glyphosate concentration  (umol-L™) SOD activity AMS activity CAT activity LPS activity
0(CK) 0 8.73+0.83a 0.02+0.01a 4.63+0.44b 27.90+2.29a

20 0 9.04+1.32a 0.07+0.04a 3.00+0.60b 57.65+14.64a

40 0 11.8942.39a 0.05+0.01a 3.64+1.30b 55.12+12.31a

80 0 11.2940.89a 0.02+0.01a 2.05+0.74b 55.34+19.01a

100 0 10.70+1.75a 0.03+0.00a 2.89+1.00b 35.53+11.34a

20 50 11.67+0.73a 0.04+0.02a 5.99+0.55ab 36.42+15.28a

40 50 13.104+3.03a 0.09+0.03a 5.20+1.87ab 34.12+10.39a

80 50 9.36+1.68a 0.12+0.05a 2.15+0.29b 30.57+13.33a

100 50 14.2442.39a 0.16+0.05a 8.85+2.97a 32.26+£14.90a

0 50 13.8842.36a 0.17+0.13a 2.55+0.76b 60.04+17.07a

V)& P 3035 A T AR IR, n=3; FI 3 4486 69 R BN B F 8 A = A B 1) £ F 22 (P<0.05, Duncan’si%)

1) Data are means + standard deviations, n=3; Different lowercase letters in the same column indicate significant differences

among different treatments (P < 0.05, Duncan’s method)
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