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Molluscicidal efficacy of Nerium indicum cardiac glycosides on Pomacea

canaliculata and its effects on rice seedling

DAI Lingpeng" ™, LUO Weihua', WANG Wanxian®
1 School of Life and Environmental Science, Wenzhou University , Wenzhou 325035, China
2 School of Life Science, Hubei University, Wuhan 430062, China

Abstract: P. canaliculata is now a major rice pest in Asia. For snail management, it is therefore imperative to develop an
effective and practical method which is relatively safe to the non-target organisms and to the environment. Recently much
attention has been given to study the molluscicides from plants, because they might provide effective, locally produced,
biodegradable and environment-friendly approach for controlling snail. In this study, cardiac glycosides from the fresh
leaves of N. indicum were isolated and 100 g fresh leaves were found to contain 0. 0402 g cardiac glycosides. Molluscicidal
efficacy of Nerium indicum cardiac glycosides on P. canaliculata and its effects on rice seedlings were investigated under
laboratory conditions, in comparison with known molluscicides niclosamide. The results showed that the mortality of P.
canaliculata increased significantly with both increase in cardiac glycosides concentration and duration of saponins
treatment. An increase in cardiac glycosides concentration from 10 to 40 mg/L resulted in increased mortality of P.
canaliculata (from 20. 8 to 95.8% ) at 48 h, compared to the control group. It is worth noting that 50mg/L cardiac
glycosides exhibited 100% snail mortality at 48 h, which was comparable to that treated with 0. 156g/L niclosamide. Snail
mortality under saponins treatment was positively correlated with snail size. The molluscicidal efficacy of cardiac glycosides
on h<10 mm of P. canaliculata was the highest among them, reaching 73.3% treated with 40 mg/L cardiac glycosides for
24h. The most resistant snails corresponded to those having a size of 20 <h<30 mm, 26.7% mortality was recorded at 40

mg/L cardiac glycosides exposure for 24h. The remaining rate of rice seedlings was directly proportional to cardiac
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glycosides concentration. Cardiac glycosides at a concentration of 5 mg/L. had almost no effect on the remaining rate of rice
seedlings. An excess of cardiac glycosides ( =10mg/L.) caused a considerable increase in the amount of plants studied.
For instance, the remaining rate of rice seedlings increased 3.2-fold under 40mg/L cardiac glycosides treatment compared
to 10mg/L cardiac glycosides treatment at 48 h. The remaining rate of rice seedlings with cardiac glycosides was also
dependant on snail size. At 30 mg/L cardiac glycosides treatment, remaining rates at 24 h for A<10mm and 20 <h<30mm
snails were 88.9% and 53.3% , respectively. The effect of cardiac glycosides on the fresh weight of rice seedling was also
studied by the method of water culture. Growth of rice seedling depended on the cardiac glycosides concentration used.
Shoot fresh weight did not change significantly treated with 0 40 mg /L cardiac glycosides for 7 days. A significant decrease
was only detected after the plants exposed to the highest cardiac glycosides concentration (50mg/L) for 7 days. In contrast,
the roots suffered more severe than the shoots. Root fresh weight were not affected as cardiac glycosides concentration
increased from 0 to 30 mg/L, then decreased significantly as cardiac glycosides increased from 40 to 50 mg/L. When
exposure time extended to 14 d, the inhibition was weakened gradually and was significant only at 50 mg /L treatment for
root fresh weight. However, niclosamide completely inhibited seedling development. These data indicated that cardiac

glycosides could be an environmental friendly and effective molluscicide against P. canaliculata.

Key Words: P. canaliculata; N. indicum; cardiac glycosides; rice seedling; molluscicidal efficacy

87712 ( Pomacea canaliculata Lamarck ) 2 E ZZ P G R A0 B B HEAAZIRIE 1Y 16 T F R B9 SR YY)
Pz —, HEEEEEEEKREYL, AAO L= R AR K BIR L 225 502 B Al i5coh A s b By 6 4 75
BRI EEIL AN B AR EE, S AR Y DR, B R AR IR A B 4 A K I
FRBL R 4 7 [ 9 AN RIS AR GERI RV Y o B BLAE X 40 Fh 2l I SioA SR AE A Y B4R I 1) 2 P9 R MR TR
PN 2 25 SR Fe B, R AA7 ( Schima superba) | ¥ %2 ( Dioscorea zingiberensis) \187% [7] ( Macleaya cordata) 55 3 FhAEY)
PEBCYITEVREE N 100 mg/ L B, 12 A48 A7 1R 4) R 48 h, JET-% N 100% ;50 mg/ L B IR 72 h, SET- %Ny
98.28% LA I, BGHh R CHIGE T 4 Bl A A7 2 ) VR M B AR 0 R R ROR , 25 SRR W T4 T (Ipomoea
cairica) LRI NEFIRZERAE A 2 5 B, H 100% 22 3345 12 00 I (8] Sh 48 h 5 1Ak 27 4% 24 85 3k 07 3R
i, 100% 5 348 F MRS E 2 118h,, $EHUH Artemisia douglasiana B Vulgarone B XJ4# 712 24h 19 LC,,
A 30mol/ L, HKBERG W 5 N T4 Al KR 5 ) DU SR 2 BEAH ST dr T A 9T K B, B BT 22 ( Chenopodium
quinoa) ARG FFIR A RO A Y b E@%ﬁ{%%ﬁ:w]

JeAT Bk ( Nerium indicum Mill. ) W 4t 55 B8 K 5 /N 22 1R & 0] B 1k 6 % 3 B IR 043 %5 ( Tribolium
castameum) AR 3, JE AT Bk 4 bk 52 By sl LR | 25 0 A6 3R U X B PR R SR R ( Drosophila hydei) . K%
( Sitophilus oryzae) 2% 2% ( Callosobruchus chinensis) . V420 5 % ( Callosobruchus maculatus ) F1 — AL EE ( Chilo
suppressalis ) YA A EENY D e MR B B B AR R ET R RV

e S50 A B, T TR AR W RAT AR 1 KARVE T, it , A SGHE— 2D WG T I Wb 280k 2 i o3 2 7
X R AR BRI FEARRICR , JTE— LXK AR G i A DR AP VR T, S R e 28 AR5 (9 A ) A% B R e it R R Oy 2
IF KA HE KIS IS AR Y | I 4B KB BRI S E R
1 MBEFZE
1.1 SEEphE

HAAFIER FHR AN TTRR K H o JeATHT et iR RN A I, S0 ( DUIRSR 250/ L EC) Il H 5+
HwA,

1.2 RATHE R AR

Je ik B A HREGE T WA ik e ek BE TR, N 75% O BERE OGS SRS, 10

TN F R 70% —T75% SBENFAZE 70 CIRIR 12 h, #2503 W5 FBRE%H, W Fl 20/, T3 e Rk
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A Bl O Ab VR A DV, k2 s PRV TR P it A S PR A KAV, D8 D008 s SR A K IR TR
WA H,S SR G PG I8 R UTVE ; VAR USRS B T AT ) 4 ot s RSt XU Bl T AR A o, (545 31 e AT Bk 2
., M 100 g Hrétnt Hhkf 0. 0402 ¢ FATHE R,

1.3 UR[RIVR B A I B 2 O A 77 MR 118 2R ISR B R /K A &)y 1 A0 2R 1 5 Ml

IRk Fe 5,10 ,20 ,40mg/L Be il ;1 4 A [F] e B A0 B 1 b RV A AT 00, O R HERE AT T Y
0. 156/ L SAEMIE (/K AT K %t IR FEBAR A 35em AYEBELZE 40 AIMA 1000 ¢ LK E 7K
i 11 650 mL 75 A [m Ve JBE A b BV, (A AT 5 TR AR -2 2em,, SRJGTE RN IDRL B BEHLIA 10
AFEfE A 10—30mm , TSR 3d R AR, FIAE RN SR TP S 4 15 BRIk 4—Sem UK RESIE . B 1 b
3 ANEE RIS AR R 30 °C ., 4> BITEALFE 24 h F 48 h K A 45 A 08 1 FE T RR K RS 4 i B A
T,

1.4 JeA ik i AN [] /N 77 35 A8 28 B8R B T 7K RS &) v A0 S5 15 Wil

7 1.3 WBFGR AL b e ATk 2 B4 30 .40 50mg/ L e il 1 3 NI [l e B8 A6 3 1 b BV v A 78, )
0. 156/ L SGHEMIRE 7K B W TCTE K XTI, #E ELAR R 35em EDRMA 43 51] 1000 ¢ © KB 7K AR 1
1650 ml. 75 AR BE A AL PRV, (o 10 BT 2 KRB 24 2em,, SRJG RSB TR A0 OA 10 A5
& h<10mm,10 <h<20mm,20 </h<30mm,30 <h<40mm Fl h =40mm [ AFIZFEEE 15 BRIk E A 4—S5cm (1)
KRB, B ARE 3 AEE , ISR A 30 €, 43 7EALEE 24 h Tl 48 h A A iR 5 IR A FET- 5L
UKL B O AE TG 5
1.5 Jerik B Rk Rg &)y i e = Ay 5 il

2009 4F 4 H TR KRR 2 e f 7 525 Bk R R 5~ (IR 63) 48 3% W KA 10min J5 , FH IR 28K
UEEOR , FEN TAERE T (251) C F TR & . B Pl R JEHB EHA R 15em ¥R FH A b
[ , BeLh Hoagland 3537 , 76 A AROGIR N AT 3G 3% IR By 30—35°C , KL K 2 3 M, 7% 88 2Kk,
TEEAEN 15em IR0 500mL /Y Hoagland F5 3R, HIWCEBATAE [ e AR, HIAT AL TFLIF HIME 47 4 7K
FER ) B T80 8 AE RSB AR I AP 20 #k . KR4 K 20k & 4—Sem J5, I 284 10 ¥k, 40 30mA
500mL 7 30 .40 .50mg/L A Hoagland 5359, L) 0. 156/ L GG M e 1 /K 5 W RN JC 58T 7K it B, 44k
PHILTT 6 2 (3 AN EE X2 HWER) . 43 IHE 7d A1 14d YR, F Uk 28 18K gk T, PR R K 400 T 3 Tfi 7K
A3 R G REAE Y 43 AR AL S 43, 4 s L
1.6 it

SIS AE IR DA YR bR fE R 25 ( (Mean£SD) 3R, F SPSS12. 0 GEit - xr ik s 8 a2 T B R R 2253
HrF e/ IN 35 2535 (LSD) St & PEAG S, N ) - b R b B ) 22 57 1 3 ( P<0..05)

2 ZER551
2.1 N[ e O A A MR ) R MRS B X K R A I A7 T 23R P 52 T

R 1 s, B R BE B B (R G B AR ARIEAET R R BT E, R b B
20mg/L If, 48 h [AE HFIBIET R E K 75% , HAH M 10mg/L ZbFE 48 h 9 3. 6 1%, 40mg/L B ALH 48 h )5
KB R E, N 95.8%

MR 1B FTLUE AN R A B A BT K R 40 7 A2 16 R 3R W 2 R TR] eSS0 1 1)
Sme/L BHACER S X LA L TC W E 25 57 . YR AL BYR BT = 10me/ L B, 7K RE 20 1 19 A7 6 b i kA B
T I S R A0, U 40mg/ L R RALEE 48 h (AT SEAF RN 10me/L BALHE 48 h 19 3.2 fi5,

2.1 AN ] KIS ) 4 25 MR ) R MRS R T ot K R 4 A7 106 2R A 52

W% 2 PR, 76 2 808 KAR AR R ) R v B B P s O A A3 R 0 R KRG SRR IR RN 6, A
it PR e B 1 S i, SR RO FE R <10 mm AR I ) SRR e b, 40 mg/L SR AL FH 24h ()48 77 125E
T2REIA 73.3% . N h=40mm, 40 mg/L IRWACHE 24h 4R FFIESET R M h<10 mm 19 72.7% , T2

http ; //www. ecologica. cn



7 ] HORMG A5 A O A 7 R B9 R AR RO S X 7 R 40 1 ) 52 ) 1921

Xf 20 <h<30mm AU A BRI | 40 mg/L WAL BE 240 FOBET- AN h<10mm 8 36.4% , 4 50mg/L L
AL 48N B R[] K /N AR FF IR B FE T 3R AR IA 100% , HA R 5 16 L /K5 10mL SASMIRE A 7K 7 A 24 |

F1 FARREERMEFENSRAARREN KB EFERHZM

Table 1 Efficacy of different cardiac glycoside concentration against P. canaliculata and its effects on the remaining rates of rice seedlings

e Y EAER % TRAIRIET %/ %
Cardiac glycoside Remaining seedlings Dead P. canaliculata
concentration/ ( mg/L.) 24 h 48 h 24 h 48 h
0 0.0+0.0a 0.0+0.0a 0.0+0.0a 0.0+0.0a
5 0.0+0.0a 0.0+0.0a 0.0+0.0a 0.0+0.0a
10 46.7+5.8b 26.7+5.8b 0.0+0.0a 20.8+7.2b
20 73.3+5.8¢ 53.345. 8¢ 25.0+0.0b 75.0+12. 5¢
40 90.0+10.0d 83.3+5.8d 37.5+12.5¢ 95.8+7.2d
SAAHHINE Niclosamide 100.0+0. Oe 100.0+0. Oe 70.8+7.2d 100.0=0.0d

SRS 0. 1568/ SRS KT R EUEN 3 DR RFER 2, A — S B A R TR 22 57 B3 (P<0.05)

®2 BRXMAREXMN(GER) WEFBEHRERRREEM KBS EFEENIZN
Table 2 Efficacy of cardiac glycoside concentration against P. canaliculata of different sizes ( shell height) and its effects on the remaining rates

of rice seedlings

AR - Y HISEAT RS % P Y A
Cardiac glycoside ﬁﬁﬁzﬁi\: mm Remaining seedlings Dead P. canaliculata
concentration /(mg/L) U 24 h 48 h 24 h 48 h
0 h<10 0.00.0a 0.0+0. 0a 0.00.0a 0.0+0.0a
10<h<20 0.0%0.0a 0.00.0a 0.0%0.0a 0.0+0.0a
20<h<30 0.0%0.0a 0.0+0.0a 0.0+0. 0a 0.0+0.0a
30 <h<40 0.0%0.0a 0.00.0a 0.0+0.0a 0.00.0a
h=40 0.00.0a 0.0+0.0a 0.00.0a 0.0+0.0a
30 h<10 88.9+10.2¢ 66.70. 0c 66.7+5.8d 86.7+5. 8¢
10<h<20 66.7+6.7ab 55.6+10.2bc 33.3+5.8be 63.35.8b
20<h<30 53.36.7a 37.7+7.7a 20.0+0.0a 50.0+10.0a
30 <h<40 71.1+3.8b 46.76.7ab 26.7+5.8ab 66.7+5.8b
h=40 82.2+13.9hc 66.76.7c 40.0+10.0c 83.3+5. 8¢
40 h<10 100. 00. Oc 97.8+3. 8¢ 73.3+5. 8¢ 100.00. 0b
10<h<20 84.4+3.8ab 75.6+3.8b 36.7+11.5a 93.3+5.8ab
20<h<30 75.6+10.2a 60.0+6.7a 26.7+11.5a 86.7+5. 8a
30 <h<40 86.7+6.7h 73.3%6.7b 33.3+5.8a 93.3+11.5ab
h=40 100. 00. Oc 95.6+7.7c 53.315.3b 100.00. 0b
50 h<10 100.00. 0a 100.00. 0a 86.7+5.8d 100.00. 0a
10<h<20 100.020. 0a 100.00. 0a 66.7+5.8b 100.00. 0a
20<h<30 100.00. 0a 100.0+0. 0a 53.345.8a 100.0+0. 0a
30 <h<40 100.020. 0a 100.00. 0a 63.3+5.8ab 100.00. 0a
h=40 100.00. 0a 100.0+0. 0a 73.345. 8be 100.0+0. 0a
SAREAINE Niclosamide  h<10 100.0+0. 0a 100.00. 0a 83.3+5.8b 100.0+0. 0a
10<h<20 100.0+0. 0a 100.00. 0a 76.7+11.5ab 100.00. 0a
20<h<30 100.00. 0a 100.00. 0a 60.0+10.0a 100.00. 0a
30 <h<40 100.0+0. 0a 100. 00. 0a 70.0+10. 0ab 100.00. 0a
h=40 100.00. 0a 100.00. 0a 83.3+15.3b 100.00. 0a

SN 0. 1569/ 1 RSN AR R PRBUEDA 3 N EE AR AR IEZE , 7] — S B A R P RAUR 22 57 8.3 (P<0. 05)

F 2 AT UE 6 Rl — R AR B R U, R R R ISE F h<10mm 945 75 42 ) 7K R 400 v RO A7 16 3%
i, 40mg/L B aCAbH 48h (U4 A7 R 535 97. 8% , M XM 20 < h<30mm (4R 77 MR K R4l B A7 35
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LA, 40me/L BRALHE 48 h AN EAE AN 60.0% o G RALFRVE FF 15 50me/L i), 203 48h 1 /K A5
A RHE A 100% , HARUR 5 0. 1569/ L S RSMIE B9 /K S WA Y .
3.3 KR LI i S

AN TR B 1) 8 RO 7K 07 i AR i 2 il i Pl 1 (A) PR, 30mg/ L i R AR 7d 5, 7K A8 41 B AR
A 5% AR L C i3 22 5% (P>0.05) 5 40me/L B AL B 7d J5, /KFE 2l v AR AH X A 1 R I 35 AIK
TR (P<0.05), HARTB AW 5 7E SOme/L 19 2wk AL BT 3B 2 e Ik, UM X RE4H 1Y 62.9% , 1F
30mg/L 40mg/L AL H 14d J5 , b 304 8 53 R4 T i 2 22 57 (P>0.05) , LA 1E S0mg/L 2 ik
AEBR R FEE] 0. 17g, SX IR A9 22 ik ) T i /K- (P<0.05)

WE 1(B) fiR 7€ 30mg/L 40mg/L AL 7d J5 , i F3 B WA TR H 53 IR 0 B %
#25(P>0.05) A% 50mg/L AL BH5 X IRZ0 A0 22 53k 8 & 7K (P<0.05) , X FEA1AY 91. 0% , ThiAS[E ik
R AP 14d J5 , Hb BB AR W S X IR A L 3R B & £ 7 (P>0.05)

AN, 7E 0. 1569/ L ARSI K S IRAL BT KRS Ih A K AR A R BB 6 kst &8
EREFCRER

---e--7d —a— 14d

020 A 09 B
0.8 |-
0.7F 2 a a a
0.6
0.5
04 L
03 a a
02 ®roe e — b
0.1
0 | | | | 0 | | | 1

AR

Root fresh weight/g
(=]
)
T
I.ll o0
LS
B FR 4} F ER
Shoot fresh weight/g

T

BRAEHE Cardiac glycosides treatment/(mg/L)

Bl1 ERXKFELGEREM LRSS ERm

Fig. 1 Effect of cardiac glycoside concentrations on root and shoot fresh weight of rice seedlings

3 g

AR IR ZE R F M, Je ATk TR 4 A 1R 0 2% IR 5 e Bk B 2 TR G i 32 80 3y 2R RO A dd (3%
1,522) , Hrp 50mg/L i i 2 ik AL H 480 AYEIER K 100% , 5 0. 1569/ L SR IR T KRR ST 2 | 1
AT O A A A W O R AR, RV L ML i 5 0 — AR ST, (L 7 B 4 e Ak g |k
XTETHR A KA A BT BT, S ATHk sk mT ik 2 b A TR AR A AW Dt 1 JBiE ) 5 R e il T Tl %) 95 2
T 375 5 FL B 2 235 SR S, 40mg/ L Je T ib e ik FE AL B 24 h S5 ATIR AT AN MR I Ak, AT 0k, BiRifeme, M
TS, ZeRifRyS 2 ; AL BRI (] IE R 3 48h B, B A, N5 I L-F- AR Ak A0 MO G e R ok
PR NI REAIR T IR 2R BT, e T RE S B T IR g T

AR A IR R KAOR SRR KON, B 585 h<10mm Y18 75 58 1 R SR ROCR A, mhixs
20<h<30mm MIRIRRHCR e 22 (£ 2) . R, WA S AR R EF BB &, BlE iy iRk
25, AT TE SR P A G 1 AR A N LU B R B AT 2B S a5 i R g sk =, T X Gy 82 1)
BEPERROR, HR ARG BT, — e B 6 R T R S A D RE 2 i iR RO 2 s M 1 S
4 aae e R W Hm it — e,

TR AE S A7 15 R BE A iR B2 B 38 0T S 3 1 (3% 1,48 2) , B R A 3 i 7 A A A R DA T U A
FFIRBCEKFEA T 0, AR AR R AR B 240 (4R A7 IR0 TR AR, (H K ARG 4 i A7 6 R i e (3R
1), AT R i PR AR e B2 1 e TR (o i 7 R ) JAT HH G BA , DA T D20 1 %o 7K A 407 i LA P 38
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R AR KR I & RN A A B S IS LRSI, R R A KR R E B R AR
0 BRAR B, v 1 SR A B 7 A 7 R 4 R SR 4 14 2B W TS 5 2 A L R] SE G F) 144
I, KA A EARER M L5070 ) £ Wy e 52 S A0 ) 4 P 8 sl s | I ot b o A i 5 0 R A L 4
TR (F 1) ik 5 BV TR g O /KRR 4l Bk 25 B S A TS B 28 21— 805 ORI, 76 S K
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