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Effects of prevention and control of extracting solution from four invasive plants

on Achatina Fulica

XING Shuwen " , ZHU Hui, CHA Guangcai, WU Ronghao, CHEN Ping, PAN Han, LIN Yinfang
Department of Biology, Hanshan Normal University, Chaozhou 521041, China

Abstract: Botanical pesticides have many advantages, including high efficiency, low toxicity, and environment
friendliness. South China has large numbers of various invasive plants that are fast growing. Therefore, it is difficult to
effectively control the proliferation and spreading of the invasive populations. It has been shown that invasive plants typically
contain abundant secondary metabolites with strong physiological activities, such as terpenes, alkenes, lactones,
flavonoids, and volatile oils. Adequate research on invasive plants might promote the development, controlled growth, and
utilization of invasive plants as botanical pesticides, thereby converting the harm that they cause into significant economical
and ecological benefits. Achatina fulica, which originated in East Africa, is a Class I harmful alien organism according to
General Administration of Quality Supervision, Inspection and Quarantine of the People’s Republic of China ( AQSIQ).
Currently, A. fulica is widespread in South China and has shown strong reproductive ability and fast population diffusion,
causing severe damages to vegetables and crops, as well as the natural ecosystem. In this study, we collected wild A. fulica

and reared them in the lab. Further, the water extracts of four major invasive plants in southern China—Mikania micrantha ,
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Wedelia trilobata, Ipomoea cairica, and Lantana camara—were prepared and their individual contact toxicities on A. fulica
larvae and adults and inhibiting effects on egg development were compared. The comparison results were used to evaluate the
prevention and control effects of the 4 invasive plants on A. fulica, as part of the primary screening of snail-restricting
plants. The results showed the following: (1) Spraying 1.0 g/mL water extracts of Mikania micrantha and Wedelia trilobata
on Achatina Fulica has fastest killing effect, the snail contact killing times were 82 h and 118 h, respectively; Lantana
camara showed the longest killing time and effective time of snail contact killing. The order of snail killing effects of the 4
invasive plant water extracts is Mikania micrantha > Wedelia trilobata > Ipomoea cairica > Lantana camara. (2) The 1.0
g/mL water extracts showed highly significant contact-killing effects on snail larvae. However, more than twice lower contact
killing times of each treatment were noted on the adult snails than on the larvae. A sharp increasing trend was noted in the
number of dead larvae, whereas a relatively slower increasing trend was observed for the number of dead adults. (3) The
1.0, 1.5, and 2.0 g¢/mL. M. micrantha water extracts showed significantly different contact-killing effects on adult snails
(P < 0.05), where high-concentration M. micrantha water extract had short contact killing time—2.0 g/mL had the
shortest effective contact killing time of 78 h, which was equivalent to that of 10% metaldehyde and significantly less than
the 96 h with 1.5 g/mL and 130 h with 1.0 g/mL extract. (4) The egg development of A. fulica was highly sensitive to 1.0
g/mL water extracts of the 4 invasive plants, among which 1.0 g¢/mL M. micrantha water extract showed the best inhibiting
effect as high as 81.67% (P< 0.05). Further, 1.0 g/mL L. camara water exiract showed better inhibiting effect on the eggs
of A. fulica than of I. cairica, indicating that endogenous secondary compositions in the invasive plant extracts have different
prevention and control effects on animals at different development stages. The order of inhibiting effects of 1.0 g/mL water
extracts of the 4 invasive plants on A. fulica eggs in the order of the strongest to the weakest was as follows; M. micrantha >
W. trilobata > L. camara > I. cairica. In conclusion, all 4 invasive plants showed good contact killing and inhibiting effects
on the adult, larva, and egg of A. fulica. Thus, using invasive plants to prevent and control invasive animals is an

environment friendly measure for biological prevention and control and has great application prospects.
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¥ 2= I3 i 4= (Achatina fulica Bowditch ) SCFRAE Y K g 24, SR J&E 35 54 12 B (Achatinidae ) 35 34 12 &
(Achatina) , = ARAEMTRERAEIR FELG—F, WO AR, EREOOUL—F, FEMERET
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L FREAME SRS B ROl T A R T R BRSO, B A 2R R
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F AR 4 A SRR S Bk T EOT Ry AR E MR 2R AfR . TEAEAEETS | B RE 0 L 30 30 45 [ K 09 A= b
WA AT RAE Y E WARSCHRGE ™ BT, ERMLE =, EZOR 225 RI PG, RARPIR R %
U, (BAESARZGRERE  XEAMROl A S IR R A it R W R R AT S, 7E— e R ERRIR T BARAES R
GE AW ZREE R AR P B0H 38 ( Mikania micrantha)) |7 519135 ( Wedelia trilobata ) | FLJN4: i
(Ipomoea cairica) N B2} ( Lantana camara) FFFEY) R T BN, 2B RMX AT 12 AR EGE MG FE
TR AR RPN AR b X A S R ™ IR A e AR R, AR K
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HEATUREE SRR ESIE (LFARAB AR S AT 4 B AR AP K 52 U 68 2 5 3 R 2
AAE R BT A, AT A [a] AR AR A 7K B BBCRORT B 2 fik % RIOR B LB e 7 4 60 22 R e
A 7 L B R R 3 B B IR A X R AL 8 T, ST R A IR AR 25 T SR R AR S IR AR
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1 #MRERFE

1.1 kR

¥ 2= IS WA A (Achatina fulica Bowditch) , T4 J¥ (Ipomoea cairica) , S52F}( Lantana camara) , P4 315
W25 ( Wedelia trilobata) , 1% H 28 ( Mikania micrantha) .
1.2 FPREREE SRS

W= R AR R AR 2011 4F 7—8 A4y, TEI M VLA ER | 2 A0 2 bl A el o B v R A48 2 F 3 0 4
AR FEEBDIRB (R 1) o M AN ) A 55 -3 AL CR T E 3% TR B A8 AL — OB B e ) Il 5 4235 pH
ECRATBALENE ) o I g et ~ B B 2 IR 56 AR 3 | B INAE 6 SR 38 T D1 itad , AR 9 4 A 45
(F 1), RAGE A R MBI ZEHI SRR IRE N 25—35 C, {BJE 60%—85% ; +HEIR L 1E 40% /&
fi, pHAE R 5—7, 76 FIRFRAF T FRFH 8 2 T B0 ™ 01, DL PR A 2 R4 = B s 2 B R AR S 56
ZHE

B 00 R A Ml T BN Bl o 0 R B g S 067 L 3 5 P ol o 320 LB 5 2 el s 30 AR A
A RAE T e AV E AP s TEARTEE AR A P SRR R 3 (R 1) .
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Table 1 Ecological environment of sampling areas of Achatina fulica

- . LiRa S Gy
et ey friL VA
Localit Feological . . Organic carbon/ pH Number of snails/
ocaln cological environmen!
' ¢ (¢/ke) (A/m?)
Tz 9 S N B 0 b
Hells Vegetable fields jji e Y 731 0.38
==}
8 Sy 425 YL ST 1 R I T 25 7] 2
A Park f%ﬁﬁ(ﬁ«lﬂﬂmﬁi—,lm&ﬁ}ﬁ&/ S 17.99 6.45 L4
P
o R B b Arachi
KeBd Campus MR B, s B AE A ( Arachis 7.85 5.74 0.51
duranensis ) KL EE
e e WG LRA L, IR, AR
VT34 Riverside &,Eﬁﬁiﬁﬂz 16.87 7.82 0.92
G EPNES ) B, B AR, SRR T Ak
L e 30.68 7.48 —
Invaded area of Mikania micrantha v
i 35 A 124 R . b g e 2
MXRGURARL B3, IR R A 23.41 7.04 0.02
Invaded area of Wedelia trilobata
TRE AR N s .
EIAFL 3 WREE , 040 T 14.06 5.1 .
Invaded area of Ipomoea cairica
BB AR (EZS IR 10 it s/ LT AT I Y B = B | 25 44 705 .
Invaded area of Lantana camara S (Acacia confuse) ’ ’

— R B RERA

1.3 ARHIY K BEBOR 0 25

FH I HER AR OB T 4 189 TR BRI R 400 g, JiE T 2000 mL BEARHT, Al 2000 mL ZE 47K iR 15 h,
e NAEP)IR UL 2000 mL Fi 1.5 h, 238, FHRAERRE KA L 400 mL, EIF3 204 1.0g/mL 9 TR
SIARBOR , W ER 5, FIREATAS IR R 1.0 ¢/mL A9 THZ85F | S50 ML 4G Al B 24 K R IO, A4 )
FEJT:, 45 4 B AR RIVR B ) K SR EBOR
1.4 8= R AR FE T S bR

Xof W 2 I i 4% A B AR AR U, BERR 6 h A A AR A IRAE , SR BRI BRI Y, JRAM IR
ORI A  = B B IR A U, A S — gD, BEEK 1 IR/2 h, FFRFHRETE 60%—80% Z (8], HNTE 6 h
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JEATS G A A i SRR, BVRT S H e T
1.5 [FEIFREE 4 F AAZAE P /K SE GO 4 2 F 30 2 1 Bl 4 4

ik 6—7 AMIR)Z TG SHIE R MR A AR = TR 4 (R TR (250+10) g) 360 K, RHALSAL 6 41, FE4l
60 H, gm0 IV VANV, SRR H S T HAE 80em IR E Y, IREFREE 60%—80% , it
25—35 °C, 1 A2 X R, WEZ IR /KA O BRSESG: 5 T SEga Xt BREH | 155 10% VO 3R L1 (LA 6% 253K 0
RrFIECH]) ) 25 T IV VA VIZ Bk B R 28 hON 4 e | 7 S 0 4 Al B 481088 41, o0 i i ik
JER 1.0 g/mL 25 AP K S BUR ; 45 O IRZL TR /K 200 mL, SE5G2H 41X 200 mL K2 HUH, 430l 8 1
500 mL WEA7 B AERS 6 h BESARBEBUR — K, BRAME 2 mL, 30 min JGWEE, 7053057 24 48 .72 .96 120 142
h AT B B B AET R

WA A TG SR AT S A R (ke I ARIBZ ) R UL R S A TG B0 ) TR A 4 ] A2 B
W, HATIL, AN S ST W) TR (2 5 R IRFBIRIZE N, B2 53T L) 3 Fhig i,
1.6 [FIFREE 4 Fp AP KSR BORO & B WIHE 2= B0 48 (4 B 4 4

ik 3—4 MRZE TESIIER R LA = iR A (SR (50£10) ¢)360 H, REURIFE#:, WA
IC5E 1.0 g/mL 4 F ALY HE BT S 1AAE 2 I BGR 2 B3R A RCR , R B 3 IREXR
1.7 [FIREE 4 Fp AMZAED) KA BORT 8 2= TS R 4 B 9 2% 1 1 52

WA TR = | IE 5 e 43 i e 2= B 600 A, BEALF-3450 0 T V10 I VAV 5 41, A4 120 458, 4051
BT A 5—6 om JER LR IR, RSO 35/ 04000, BN S — 2R A R, PR 25—
35 C, B3 60%—85%., 1 1 M V4514 1.0 g¢/mL D F | HNE e | 5 55 070 88 gl H 24 4 Fb A 424
YK SRR 2, V X BRAL, BEIIE K, &6 h W 1k, BIR 2 mL, BRE 1 il 74, B8 3 Ik
G, AR AR B0 e R I G B
1.8 N[R)HR BE 4 H 2 K SR BB 48 2= 3 i 2 1 By

e 6—7 MUR)Z I B IE B R RS = D Ha i A (1R (250+5) g)360 H, BEALST 5 4, B4 60
B, agmsh T T DAV, HHET EHEN 80 cm BIMEL T, REFHEE N 60%9—80%, IiE 25—35
C, T IFIIT 43505 1.0,1.5 2.0 g/mL 8% H 457K $E ORI, TV B 10% PUSR LW, 56 h T 1 Ik, BIK
2 mL, 30 min J5WEE, JrBiC 5% 24 48 72 .96 120 h #1142 h A% shiB il LAET- B0, A0 3 REH
1.9 [FIMRFE 4 P AARAELI) K BRI 46 2 P 38 0 2 R A R S0 fh R 50 SR 1) HE 26

e AR - 240 H, B4 60 K, SEEG SR L, BERR 6 h WE 1.0 ¢/mL 4 FAR R AR YK $E 0K,
TE SRR A I E TN AR A PR T 07 58 5 SE 0 ik R iR i 4, AN 3 IRE X,
1.10  ZdEab g

KGR SPSS 16.0 H1#) One-way ANOVA ( Duncan) XJSZ5G 25 B 720 0] 22 2 L

2 #R

2.1 [AIFPUREE 4 Fl A ARAE /K B OO A 25 3 B 24 1) fh A RICR

PL1.0 g/mL S28PF R4 e m 4G BH 25 AR AP K BEBUR B 10% VU 3R 2,185 Vs T Ak B4 2 35
B R, 43 5AE 72 .24 24 60 h F160 h FF46 HIRFET, KK REALHEZE 7E 120 h PSR 50 100% , Tols 4= 4t
T2, DA 1.0 g/mL 2% H 48 11 R 35 887 1L 48 7K S B0 i 20 I R A B, 20 H 4 A BRAH 300 A s BRAE T A s E] A 60
h, BRGNS | e 20 A b PEZE SO A BRAE T AR ] R 24 h BOPR, A i AR il R A RO ) (R A
TRFET- R ATRIET- I 2] ) 4351k 82 h 1 118 h; SRTEAHLL , EZPhAb BEAH 5 28 T 46 Hh BB T i I 1]
8, 72 h' ) 7E 84—120 h Z[H], 4 Fh ARHIYI KSR BOR Y PE A IR S 63, Jf FLZE 84 h—108 h HifA],
2540 TR Y ik A RCRATAE 25 5 (P<0.05) o 10% V0 5R 2 BV TR IR AR 60 h J 52 BRs H hinska 34, i
N RAEP K B BORO i A fl RBCR S S2g HG ma # , ZRIRSLIR 25 3R, 1.0 o/mL 2% H 45 il R SE I B 45 7K
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FRIBOBOT A 1 il R BCR AR, ZEALIE 132 h Ji5, 20T 2 g 9 187 5L 2 7K B SO0 I 2 14 fioh 2% 28 AH 44 35 3]
100% ; 7EALFE 142 h J5,1.0 g/mL 4 o Fl By 281 7K B OO B 2 1Y) ik 2% 38 53 313K 3] 58.67% F1 33.33%
THE Pl RO 22 (£ 2) o 4 Pl AR /K S BB AR 2 11 3 i 24 ik % 00 5 555 U7 0 < 4 H 2 > 1
MGG > FON G Ip >}

2 1.0 g/mL 4 FNSEWKIRIEIE = DI R4 B LR
Table 2 The treatment effects of 1.0 g/mL water extracts of the 4 invasive plants on the adult A. fulica

e BRI A= FET I A AL
{i ] The individual number of adult snails death/ 2
Treatment - - S ” -
. T TR LA 4 2 WK XTI
L. camara L. cairica W. trilobata M. micrantha Metaldehyde Contrast
24 0.00+0.00¢ 1.67+0.58b 2.33+0.58a 0.00+0.00¢ 0.00+0.00¢ 60.00+0.00abe
48 0.00+0.00e 4.33+2.08d 4.00+1.00d 0.00+0.00e 0.00+0.00e 60.00+0.00ed
60 0.00+0.00h 9.00+3.00g 7.00+3.61g 4.00+2.65gh 23.33+2.52f 60.00+0.00hgf
72 0.67+1.16t 13.33+1.53k 13.67+2.08k 11.33+2.52k 37.33+1.53j 60.00+0.00tkj
84 10.67+2.52m 28.33+4.04x 20.00+2.00n 24.33+2.31xn 46.33+1.53z 60.00+0.00mxnz
96 17.33+2.08C 38.00+1.00B 27.00+2.00D 33.00+4.58E 53.67+2.08A 60.00+0.00ABCDE
108 22.00+1.00] 42.00+2.65H 41.33+5.03H 50.67+4.16G 59.00+1.00F 60.00+0.00GH]
120 28.00+1.00P 51.67+1.53Q 53.67+3.51KQ 56.00+1.00KQ 60.00+0.00K 60.00+0.00PQ
142 33.33+1.53W 58.67+1.53R 60.00+0.00R 60.00+0.00R 60.00+0.00R 60.00+£0.00W

K Duncan’s multiple range test Zb¥E 5%, A AR F-EE R EIREFR N b B B B B2 S (P<0.05;n=3)

2.2 [FIHREE 4 T ARAEYI KR OB % 5 46 2 O HE s 21 A4 fih R CR

FAL P BOR LRI A 18 h J5, 1.0 g/mL JoJN<G e Mg SE 097 B 4G /K SR BOR H Je R BURIRACR , 24 h s
4 P AR AR SR IBORE 0 e B 01 A7 A s SN b R AR . 7 24—48 b N, BCH 4 /K SR URUCR IR RCR 5
HE 3 LB ] R I 25 57 (P<0.05) 555 1.0 g/mL Sh#FEAN, Hofth 3 >4 BT X &y 1A i A= 1 fipk 5% 55k
R AR AL PREAR L, ARBRAYA RN AL 2 5L E L 1.0 g/ mL B EPRIR AR OB 4y A48 2 3 14 gl 4
RO AR KR R (R 3) o AR A R AT e 2, PUAGTEIR, ARAEYI/KIRBOR A Uitk ]
T P R

£3 1.0 g/mL 4 FINEEPKIZIE T B BIEIRE SRR AL IEH R

Table 3 The treatment effects of 1.0 g/mL water extracts of the 4 invasive plants on the larvae A. fulica

b PR ] 4R (LT 40 The individual number of larvae snails death/ 2
Treatment time/h P} L. camara HIREIE L. cairica M MY W. trilobata WH %4 M. micrantha
18 0.00£0.00h 1.33x1.53ab 2.33£1.53a 0.00=0.00b
24 26.67+4.51d 29.33:3.51cd 30.3322.52¢d 35.67+3.06¢
30 37.33+3.06f 43.33£5.69¢f 39.00+5.57f 48.67+2.08¢
36 41.67+2.52] 49.33+1.53h 42.332.31] 54.67+2.08g
42 45.00+2.00p 52.67+1.16q 50.00+2.00q 60.000.00k
48 50.33+2.08C 56.67+1.53B 56.33+1.16B 60.00£0.00A
54 55.67+1.53F 60.00£0.00E 60.00£0.00E 60.00£0.00E

2.3 [FIVREE 4 Bl AARAE P /K B8 OB X 4 2 H 36 Wi 4 B 35 152 i)

DL 1.0 g/mL 4 FlARAE Y /K S BOR AL BRI A= B, Bl 2 A BB (] A B, 45 Ab B ZH SR B SE 4t B =2 34
%, W 2 K, 4 R AR YK SR EURO B A B & B RS E 2R S 2R s, b
B 4d FFhR, A H 2 2F IR A4 AR e A B ) PR 22 5% (P<0.05) , ARS8 K, ZS N R4
Iy 2N R 23N 72.78% , T4 e AL PR i 28 O R AR 55360 43.06% , DR B Z A 56.94% , 1
FIZ A AE PR W 2F O R 5T 3R 25% , O R B G238 75% , 4T A5 Ak B B AR O B AR Fe R ]
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18.33% (3 4) , Ul & & IR =3k 81.67% . MEIREEFKE | 1.0 o/mL P14 HUR K b 4= OR300 1 550 R
T H R4 e BB, HE R AT BB SO 5 1 S 28 A (Lantadene A) S AR A2 4y X0 A= 00 Fe A 1
S ZLAFEERON , T T ORI A A i R T U SR 4 B AR A A K B BCR A- O0 % B AL
SRR ST R - 2 H 2 > T LI 4G > TP S NG T,

F4 1.0 g/mL 4 TN BEYKIRIEN B S BISIR4E L B HEM

Table 4 The effects of 1.0 g/mL water extracts of the 4 invasive plants on the development of A. fulica eggs
N[ A i) 4 B 2 B ) 1% 4K % Hatchability of snail eggs in Different time/%

b B ]

Treatment time /d ErT N T S L4 k4 ik A
L. camara I. cairica W. trilobata M. micrantha Water/control group
1 4.17+0.84bc 7.220.48h 5.83+0.84bc 3.33+0.84c¢ 15.83+3.34a
2 14.45£2.92¢ 12.50+1.67ef 9.72+ 0.96fg 7.22+2.10g 26.67+1.67d
3 19.72+0.96j 22.78+2.92j 12.78=1.74k 9.72+1.27k 34.45+2.92h
4 23.06+2.40q 25.00+1.67q 15.83+ 1.67z 11.67+0.84p 45.28+2.68x
5 28.89+0.96G 33.06+2.40F 18.06+1.27H 14.4420.96] 52.78+2.68E
6 33.61£1.27N 37.50+1.67L 20.55+0.48M 17.22+2.55P 62.78+2.10K
7 37.78+1.92B 40.00+1.44B 20.94x 0.68C 17.22+2.55D 70.56+1.93A
8 39.72+2.68R 43.06+2.68R 25.00+2.21S 18.33£2.50T 72.78+1.27Q

2.4 ARV A H A 7K BB BLRAE 2 PR WA 4 1 sk % 3k 2R

A 1.0.1.5.2.0 g/mL (3 H 4G40 B4 K 109 DU S 21 S0 21 b B AR IR 27, 1.0 g/mlL 7 H 45 3 BOR b
FHAHAE 42 h J5, WeAR IR BAE T M H B AL B2 TE 24 h 5, SR2RARIF IR B BSE T, JF HAE 42 h J5 Bl
fl AR, SRARFET RO RN, AL 78 h R, 2.0 o/ml 2 H AL FRLH F 109% VU 3R 2, 1 A B 2 ik 3% R E A
100%, 1.5 g/mL £ H 4G AL BRAH7E 96 h B fil 3% %35 100% , 17 1.0 g/mL 28k H 254 FEZHAE 132 h B A4 355 100%
AR (1), B, 1.5.2.0 o/mL AIARH 47K S B 2= B0 0% 24 ) il 2% 00 i % 2 B e e A
I TR 2 7K SR IBOR A R0 27 LA E S A PO SRBRVE T, 60 i A fk A R TRl Ase G, 7 2 T 38 1Y fik

70 -
—6—1.0g/mL

60 —A— 1.5g/mL
—8—2.0g/mL

0T —K— 10% % Z

40

30

20

fiili %% & The number of deaths / 1

1 1 1 J

1 1 1 1

6 12 18 24 30 36 42 48 54 60 66 72 78 84 90 96 102 108 114 120 126 132
AbPRIF ] Treatment time/h

1

1 1

Bl1 ARREHREFHER DR MR ER

Fig.1 The contact-killing effects of water extracts of Mikania micrantha on the adult Achatina fulica
2.5 [AIVREE 4 T AR AP K BEIOBON LR TN A4 5 28 5 AR HOR H A
M 2 R, AEMRRA RO TR A, 25 A0 B2 X DA RS A 5 24 fd 3% A A A RS A8 A R kA B 8 22 55

LR S A AR BE TR B R IR B, A A RS E T AR X R A, L 1.0 g/mL T
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Fig.2 The toxic effects to the larvae and adults of A. fulica by the extract from 4 invasive plants with the concentration of 1g/mL
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