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AWt 72 0 54 AE HE (Areca catechu L.) & + Jz 18 il Z (Arecoline) ¥f 18 55 1% (Pomacea
canaliculata Larmark) 3 5 - I 58 FH i £6 (Cyprinus carpio L.)AY4h sk oMt fa gt -
eSS HE R ERAE REUR - (EE T (R S1296 hriy B0 (LCso) F295%E
JEIRE (LCos) 77 7 £588.24 52163.76 mg/L » FEMFTET-7KHZEHUIHY L Cso 52 L Cos 77 i1l F512.37
F223.31 mg/L - FEREZEATLCs0 52 LCos 73 71 550.17 520.52 mg/L - FHRSFG AR R s st 5 » it
FHAEMITE T3 K 16 kg/0.1 ha 1B 220.24 kg/0.1 ha » ¥ 1EF5IRH 7625 77 1 £591.8 5:96.8%
BTSSR > FEREHE TS 196 hrify30% 2L SE - (LCao) K2 LCso%3 1] £526.04 523069
mg/L - A& KR ZE V)L Ca0 52 L Cs0 73 731 59.29 52 11.0 mg/L » #&HFZEHY L Ca0 f2 L Cs077
A1 5525.73 5:30.49 mg/L « [fl] H. » &SRR AL 2 (G B A IS B TR - 1B R A
SR RE - ATRETE Ry VB E AR IR -

BASEEE : IERDIT - MR - 1REEIE - @ Bk
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ME T (Areca catechu L.)ZFEME T (Arecaceae) Y i k& A » 43 AR FAENFE ~ EIJE ~ BB ~ &0
AL~ &fif ~ ZRE - FBRPEEE R BB TN MR D) Ry E ML E BAVLSRIEY) o MBS BT 1 R UH IS
VIR B EE R ik > BA(RHENAL - PEBRZF A8 ~ ARSI - Ui - BB R A FE I S EEAO -
TERTE &2 & 2 EEY) —AEY > &Y aE DUEREZ (Arecoline) & & A ERZYE S
7.5 mg » HR RIEME R i (Arecaidine) - FAFEZY)E (51.5 mg @0 > WEIEEREHERZ
& (muscarinic receptor) » ¥ A RS HELT BB H A 2D - i H > AEHRIE Y IR T ER
K BEFE Y # B 42 (Lymnaea acuminata) 5 7 1Y% B2 4 (14.19)

5 25 1% (Pomacea canaliculata Larmark) iz 17> e 5 M 65 F #2081 e S A Fi AR S 1 A%
Kl > 19794 5| #E 2B B TH - B EZE R ATEHE - /F e FHIBE - 19804 A K
BfE > BEPENESEZE - MH > SNSEREHZE KEEYSHEEHEERN -
ERESES EERER > WEEEEENHEEIET  SHBIERKERRZS > E5EM
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oMt IE AR ~ = - BB - FE - HIJE ~ JERPERE ~ B - JEERE E R R U A A e R
REREEN > 2 > PEERME - HA - g - W - BEGEE - R oo B it —{%
702 o {RFIFIZES 0T &AL (<20%)  FII TR AR - HAERK > REREBE > =2HE
FREMPIMD G FE - EREEN KRN E LS8R - il RAEE - 19820 5L E
i 3t 16 55 30 G WIS AE A — HAVE /KR 610 » Hige SR K A KB EY) » W80 %) ~ it -
A~ AL~ FUH M ER FEEE Y E . HACR BB KEKEEMEZENAEHY) > I
HREERRIEREENEE - 2E1986F 5T ERHE T » wFIBE B /KT E F 503,009
EITIRL D) > FRERE Z [MEH(L > EEBGEHEE R LA BIBRTER ZBA S
¥rEE50.7(27LO -

{BE2 ST ) % £ B (metaldehyde) & i 72 #2 (niclosamide) » 2 & B35 i FH 17> 7K e HH 18 S5 42
AR IR > Al AEEUR N EEE]90% L EHIBERR Y « A > B LB BRI K PRI R
RV o B E N AR SN A s - HeBEZ NG EHRENRE 4 &Rt EEE
£ FAEHEEREEE G - Kt BAKBERENEYEEMSUEMERT INEREZ
FIRFZE () o 25k By %5 (Camellia oleifra Abel )FETHEHE B THYEE » & &8~14% EE
(saponin) » #% 2 R IE A 7K HIE S IRRYPE 5 R0 - 77K & F M e /K A4 fa s e i = 1Yy
M REGS29 [FRE IO RIEREET ARSI " RSl REEM , - T AR
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B TR B &5 1T - SE % R REE+ » SMNBURVIBCE R Z B iR T - Se DUkt
FE70°CHZ )48 hr » FF DU AR IR IE R R - 1F Ry IEARDAE - R elBs A0k} - FE il iR 17K 22
St - SolE PRI AR T8 2R 50 g > M AZE#H/K500 ml » DLEEHEHE 1 25 G F£ 24 hr > 483
M Whatmanig %808 IR LU2 SREZ R % (Alpha 1-4, Chaist Co.) -40°C/% HEZ k24 hr > =15
F5.25 gLl B2 EY) > ME LR 1510.5% » /K ZEEIEEE Y -20°CH5 F - MR EREE
Sigmaz\ 5] HY 7 ik Arecoline hydrobromide °
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By R ITREA SN2 L2EK » K083 4915 comZ EHEIRE A - HEE AR - 15
TR - ZORE 25 B S AR 22 55 Rt A R JE i [ 5 71 5% 10.0~750.0~ 2.0~250.0 520.1~5.0 mg/L»
B Re(ERE - AW - WIRMH AN IRIERIEM - AR 1% 24 ~ 48 ~ 72296 hr& 8122 K &0
PRIRIE SR 2 G (R FE - DI BN ~ DIART-Hir th 12 R RARHTE A 2 ff AR
INBEARHIBTIE T M ST BEIE T3 o FI| F S 8t (Probit) 2 & 20 i AR W0k B 12 A Bds - SFE(E 71
JEH 7 LCs0f LCos °
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AEHEREEN RGK R RREKT 2EEET(RCBD) » /Na st HfE6.25 m? »
B EAZ > /N BN R DS 60 em P BRUR AR R B © B/ NE R i 25 7= 472.0 cmAY 1R SR R
FE MR T-#) R 77 7l 556.0 ~ 8.05210.0 kg/0.1 hapa ¥ » DI H R B - HEAEE 70 7l #£170.24 ~
0.32}20.40 kg/0.1 hafi B » DA B - 73 A2 24 ~ 485296 hr& & 1K - DA Tigfata
FIZWERE - SHTRESLC RAENESEBENE  WRE ADER - BRFEETER - HREEN
R SFIE T Bl A/ INE o B A3 (%)=(1-F B I i 5% 1% 7 05 84 B 1 it 4% 12 5 12 85)x 100 © &4
BB 1T S B o 7 (analysis of variance, ANOVA) » ‘& 455 2 P-value<0.05H% » #E—4 D%
/INEEZE 1 72 B (Fisher’s least significant difference, LSD)LL#R 2% 5 BH U] S H91H -
M-~ sl
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EREEL2.0 cm&BIIE % (H1E H AL LUS S S F 4R A 45 mo/LDL E o SLKLUBEESE B EER
i )8) 7 i f& (Cyprinus carpio L., Common carp) « #&SfET-ip AR ~ FEBETE 7K 25 B R A A
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B B FEHYLCs0 FRUAEFFIRATYLCos » 1F RyalAli A [FelBa bt B 2 248 thi H IR
AR -

— EEBRISSHAE

TERBTE 1) K PR 3148 hrisf 1R 5308 2 LCsofz LCos57 /31l F5143.73 5. 241.89 mg/L - f&fFFE T-/K
MHZEHY) 2 LCsof LCos Y Il F527.135¢54.61 mg/L - TEHEZ 2 LCso L Cos 7T 5l £50.42 52 1.3 mg/L
() - MRS T4 KR 296 hriff1EF42 2 L Cso L Cos#3 7] 588.24 52 163.76 mg/L - f&ffET-
K ZE Y 2 LCso0 2 LCos %7 Il £512.37 5223.31 mg/L » 112 2 LCso 2 LCos %7 51l £50.17 }2.0.52
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5.0 mg/LHYFERE 22 BE BE 30 minf% - 18 35 URAY % 4 (tentacle) IE 1 VG &) - {BTEIFIIG LR & AVIE
1 (& —B) © 5.0 mg/LAYIERE R B 16 hrik - 18&5 1R 1A {E L8y - H A JE (muscular foot) B &
FERRSMNEE (Bl —C ~ D) » MM B > £\ BO0RE Z MR T8 K ~ R T K 2 ) RAERE R
Ja 1R Z AR IR IR A e BRI BE R ER &2 -

F— - EE TR - ERE O ZEE) S AR R BREEIE 2 50% k2 95%E SRR
Table 1. The 50% and 95% lethal concentrations of the powder and crude water extract of betel nut, and
arecoline against the golden apple snail, Pomacea canaliculata

Treatments LCs” (mg/L) LCos* (mg/L)

48 hr 96 hr 48 hr 96 hr
Powder of betel nut 143.73 88.24 241.89 163.76
Crude water extract of betel nut 27.13 12.37 54.61 23.31
Arecoline 0.42 0.17 1.3 0.52

L LCsois the lethal concentration (mg/L) that kills 50% of the snails.
2 L Ces is the lethal concentration (mg/L) that kills 95% of the snails.

B — ~ B ZE R R SR A BIRREER - B. 5.0 mg/L f&FZEpEHE 30 min 1% - tRSIR5
IRHHERAITENEGE YIS ~ C. D. 5.0 mg/L HEHEZREHL 16 hr 1% - 1&SR RN e IBINEE HoR &
1TEhAE

Fig. 1. Responses of Pomaeca canaliculata treated with arceoline. A. untreated control, B. after 30 min
arecoline (5.0 mg/L) treatment, the movement of P. canaliculata slowly, C. and D. after 16 hr
arecoline (5.0 mg/L) treatment, the muscular foot of P. canaliculata was exposed outside of the
shells and failed to move.
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FHFEPG Gt RER - 1B T 15 K6 - 8 ~ 16 kg/0.1 haliR H4H4€24 hrig - 1&FHFIEAYTF
TEEE CEEE (N BB 4896 hriR EE1% » 6 ~ 8 ~ 16 kg/0.1 hajiE B 4H Y S 17 B R H 47 Al By
4.7~ 43~ 1.7% > ¥ 520.78 - KHMETIEFE TR F77.3 ~ 79.2/91.8% (£ ) - BUREFA
B 7K i 1] 160 kgfBRB R #5 oK » 483896 hrig ¥ 0 R F IR0 /A 2R A 2 90% A | - HEf2£0.32 ~
0.40 kg/0.1 hapz #4H 4524 hri% - tRFIZAV A E R E CAEZ (RPN BIE4H 5 4896 hrz#i1% > 0.24
0.32 ~ 0.40 kg/0.1 hajg FRAH Y I E 12 o7 3 £50.7 ~ 1.3 ~ 1.0% » HIRH H21.76& - &KiRE
G277 7 F596.8 ~ 94.05295.5% (& ) - &HE KA I & - BUR/KHIEH2.4 kg/hall b
HIMERT 2 - ¥R IR A (B RA AR -

R A EEIEAERE R R AR R A RS IE L a5ER
Table 2. Field control efficiency of the powder of betel nut and arecoline against the golden apple snail,
Pomacea canaliculata at different doses

No. Survival P. canaliculata Control rate (%)
Treatments Doses
24 hr 48 hr 96 hr 96 hr

6 kg/0.1 ha 21.7 a* 16.7b 47D 77.3
Powder of 8 kg/0.1 ha 20.7 a 12.3b 4.3b 79.2
betel nut 16 kg/0.1 ha 20.7 a 9.7a 1.7a 91.8

Untreated control 24.7b 24.7 ¢ 20.7¢ -

0.24 kg/0.1 ha 22.3ab 10.0b 0.7a 96.8

. 0.32 kg/0.1 ha 18.3a 27a 13a 94.0

Arecoline

0.40 kg/0.1 ha 16.0 a 23a 10a 95.5

Untreated control 24.0b 23.7¢c 21.7b -

*Mean within each column by the same letter are not significantly different at the 5% level according to LSD.

= R"REMHE

FERBFE T3 R AR P 96 hrifffilll 5 27 L Cao J2 LCso%7 7ill £526.04 5230.69 mg/L » &ML T /K KHEE
HU¥7) 2 LCs0 /2 LCs0%7 1 £%9.29 5 11.0 mg/L » #EAf 2 LCso sz LCs077 1l £525.73 5230.49 mg/L (%
=) o BURERE TR ~ AR B R I N B A E N o £ 30% A
BOOERE PR LL9S% (A FIRESEIRE - 5 FIERE 1 R - MR T /O 20U S AB I 2 5 A
FHLEGRE R 550.159 ~ 0.3995:49.481 (F=VU) » 1M 2 AHE AR AR T R R AB MR 7K
FEHAR &S L 2GR BURNER ZHRE A B8R -



26 iR RS ST A s — I —H]

= MBI R ~ HERDE /KR 2 R AERE 22 96 hr il f 7 30% k2 S0%EILIRE
Table 3. The 30% and 50% lethal concentrations of 96 hr of the powder and crude water extract of betel
nut, and arecoline against the common carp, Cyprinus carpio

Treatments LCg! LCs? Conc. used
mg/L mg/L mg/L
Powder of betel nut 26.04 30.69 5~200
Crude water extract of betel nut 9.29 11.0 2~100
Arecoline 25.73 30.49 5~200

1 LCsois the lethal concentration (mg/L) that kills 30% of the fishes.
2 LCso s the lethal concentration (mg/L) that kills 50% of the fishes.

VU ~ T~ R EY) S R 2 L e A B
Table 4. Comparison of the safety factors of fish toxicity with the powder and crude water extract of betel
nut, and arecoline

Treatments Safety factor!
Powder of betel nut 0.159
Crude water extract of betel nut 0.399
Arecoline 49.481

1 The safety factor corresponds to the ratio between the 30% fish toxicity to the common carp and the 95% lethal
concentration to the golden apple snail. The higher safety coefficient represented the little effect on the ecological
environment.
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FEMPRE T8 R ~ FEREAE 7K 22 HU Y BB D 22 5 1@ S5 18 HY L.Cso (96 hr) 73 il 55 88.24 ~ 12.37
J%20.17 mg/L > LCos (96 hr)53 51l #%163.76 ~ 23.315.0.52 mg/L (¥ —) » BR3FEM L A 1E 1S
EABRRE A Bk R AR+ ACH ZE Y LCso (96 hr) 43 il A 1ERE Z 1Y
519.15772.8f% > LCos (96 hr)43 B R A8 RE 2 117314.9 F 44.84% » BERIEMD £ 2 ME MR T B A 7L 18
VEMERYEE R Y o FEREZ BN 55— R /K B 8 B 12 (Lymnaea acuminata)fyLCso (96 hr) 5
0.14 mg/L > a0 Ry e tEili i+ T B E A RIEEMEATE 7 9 o 1 H > R [E 2R B AR fE - 4%
WK ZERT% > A1 15500.64~2.2 mg/gEZ Y EE AIIERE 2 (1) -

Morallo-Rejesus 5z Punzalan O i 9 12 7% W2 B b #7735 14 40 8 > R 48 hra] 35 5¢.80~100%
T IR0 L HY 2290 & (K72 200 mo/L & JIF & =55 14 (very high toxicity, VHT) ~ >200~1,000 mg/L
F s (high toxicity, HT) ~ >1,000~5,000 mg/L % o1 5 M: (moderate toxicity, MT) - 1R F it
IR ME I o FERETE Tk R S A A A - 7KK 25 AU Y L Cos (48 hr) 771l F5241.89 52 54.61 mg/L
HWIRSIE 08 NS KIEE &EME - 68 E FHAKIT 6 1855 12 A HE ) M A R0 48 B RS o Bl st
(Azadirachta indica) i - # & (Nicotiana tabacum)ZE ~ Z /T #k (Nerium indicum)# ~ /K& f7
(Pongamia pinnata);fi ~ E (Zingiber officinale)ff & Kz B EHH (Piper nigrum)fi T 22 Y 1B =
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B2 BE 48 hrify LCso fz LCoo%7 /51 £5365 2624 ~ 2052375 ~ 17952341 ~ 512 5,804 - 485}, 767 ~ 202
J2359 mg/L @V o BB AE T 1 SR A 3 M L A P M DR T

FH B a st Bn gl R B - MR T/ R i A & 160 kg/half 7 1835 184 (B £ /6 5%
(F2) - EAttEYE BARRIETERTEM - 404+ L (Calotropis gigantean)# 5 Jiti FH & 200 kg/ha
BNES IR B HENER A > F &% (Derris elliptica) /YR ~ + — FER5 & (Phytolacca dodecandra)
HY A% 5 R B S 5 1k (Azadirachta indica) BV fE - » 37318 55 1R 577 6 8 A 20 HH Rt FH & 57 7t By
90 + 2052100 kg/ha 20 o BTRAEMETE - AR 7S 7K H 69t A & B EC A A Wy e A AR AT -

HYIMEEM R KISaEZEEY) B THERRZIN S 8 HE/KELEYHIH
P o R AR 3 R ~ AR - ZKORH 25 U B A AR 22 ¥ 6 696 hriy LCso77 1] £530.69 ~ 11.0 52.30.49
mo/L (R=) - BEINMHEET 2 " BESKEYFHE TR ERERERE |, » BEHRKA
S F4ELCso (96 hr){H /1 7210~100 mg/L FES M ~ /M HY1~10 mg/L P EH M - =1 mg/LE
FME® - BURTERTE T K - S /KM 2 EY) AR 2 K Y B HE N & #E M - M
B A T B R i £ Y L Cs0 (96 hr) £50.14 mg/L @9 > FEREE M FABRDZ Y A H R e iR - 2
A B 2 B¢ %2 BT % /& (Oreochromis niloticus, Oreochromis mykiss) K B fiff % (Lepomis
macrochirus)fJLCso (96 hr)43 Al 5562 ~ 75510 mg/L » H SIS ZBEE R A - RE A
(Tilapia mossambicus) ~ #\ H £ (Chanos chanos)4f] & ~ i i (Penaues monodon, Metapenaues ensis)
FRPAEFHEED EREMEM MENZENEFEESNELE - 2RER&EEHNE
ZERA A SR 7% 24 8 (Anabas testudineus, Climbing perch)fYLCso (48 hr) £33 mg/L ©?® -

15 30% f8 55 1 BUSE RS B LA 95 % 1R 5 IR B IR T AF Ry P AL B E M RIEM R H i sE 2 &
2HE - EL2GRASERZEMHNREARBNEZE D/ - BHEFHR - EEK
FH ZE B B AR 22 1 22 4 (% 805> 71 550,159 ~ 0.399 5749.481 (F2 ) » HE 1~ HE M 25 AH 8 A B M fd
T R ABROE T /O ZE Y BRI AR BB Ry & & - B HERE 1 SR DT /6 2 (L2 EERIAE b »
B LI 6% ~ B 2 80% n] R ML il ~ i 52 #R 70% v R MRS Bl 2 2 5 8y il 5 >28.5~>14.3
J20.15 ® > 151 2 BH BRI e R 709 AR MR B IR IR T 8 0N - RN EYIERIRE M b
B R T A 2 T 2By A1) F50.3352.0.025 O BEORAEMR R K AB R TE T /KM 25 B e FLE
FeEFR Ry a BN EMRE ) RS R e -

e ~ BT KHZE Y B Z PN ES B B A RN - BEEFEAR
HE TR ESOKEE Y EE - BEIE R - B E T KOEZEI Y22 GE8RE - 3
BILFA B S B ORI 22 2 R BUEAR T - iR A /KIS 2 BRI AR RE AV RERE » B sk (F R t@
SR IEEM o B IIER R BV 22 2 (R B0S iR 50 85 70% ] R M B R HoAt i Py ME A iR & A
T EL 7 7 B 8% A R B VA R S IR Y RS SR 2 b -
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Evaluation of Areca catechu L. Nut and Arecoline
against the Golden Apple Snail, Pomacea
canaliculata Lamarck and Fish Toxicity to
Common Carp (Cyprinus carpio L.)?

Chung-Ta Liao?

ABSTRACT

In this study, the powder of betel nut (Areca catechu L.), crude water extract of betel
nut and arecoline were used to test the acute toxicity of the golden apple snail (Pomacea
canaliculata Lamarck), field control efficiency, and the fish toxicity using young common
carp (Cyprinus carpio L.). The half lethal concentration (LCso) and 95% lethal
concentration (LCos) of the powder of betel nut in P. canaliculata were 88.24 mg/L and
163.76 mg/L, the LCso and LCos of the crude water extract of betel nut were 12.37 mg/L
and 23.31 mg/L, and the LCso and LCos of arecoline were 0.17 mg/L and 0.52 mg/L at 96
hr post-treatment, respectively. Percentages of field control efficiency against snails of the
betel nut powder (16 kg/0.1ha) and arecoline (0.24 kg/0.1ha) were 91.8 and 96.8%,
respectively. The fish toxicity of the betel nut powder to common carp were 26.04 mg/L
and 30.37 mg/L for LCzo and LCso, the LC3zo and LCso were 9.29 mg/L and 11.0 mg/L for
water extract of betel nut, and 25.73 mg/L and 30.49 mg/L for arecoline at 96 hr post-
treatment, respectively. The safety factors (LCzo of fish / LCos of snail) were calculated and
compared with the existing molluscicides and materials, arecoline with a higher safety
factor could be a potential molluscicide against the snails.

Key words: Areca catechu, arecoline, Pomacea canaliculata, Cyprinus carpio,
toxicity
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