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HE . H AN A @A Hlicium verum iZ 3 & 37 & % & & Sogatella furcifera B AT | = 97 L F &
FRERGH A, FENAREET A TR, AX 22 R AEG KGR
AJS, MENAGHFZRERTOF CANFRER, FUETERE S EUAREETH YA,
R A BB, OF CRAENAYFIE R =R TRk A 226 KA LR e
57 FHRAR B F IRV, E I B A EARAG 6 31.5% A2 40.2%, EANF @A ETK . AT
PRI LR O KA EEZT LR E R EBEAK, 5 5L A 21869 59.61% Fe
48.71%, NAEMAETIK A FIRZRTOF CAALIFH A REE, 72h B PRELC, S
714 0.59 uL/mL A= 0.46 pL/mL. 2 #r\ /A A2 38k 2 @ 3 & 20 SR AL s BS B AR LA k) E
A PR E 2 # A 1.33 uL/mL A= 1.13 uL/mL, AN 8 A P L8 F & 4T A RS F &
EVRY R, AR AR RF EFA TwIAEGEG T A HRENE.
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Effects of star anise Illicium verum extracts on feeding and ovipositional selectivity of
white-backed rice planthopper Sogatella furcifera and their insecticidal activities
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(1. School of Agricultural and Food Sciences, Zhejiang A&F University, Hangzhou 311300, Zhejiang Province, China;
2. Yuezhou Provincial Grain Reserve Depot, Shaoxing 312000, Zhejiang Province, China)

Abstract: The n-hexane and dichloromethane extracts of /llicium verum powder were obtained, and
their toxicities against white-backed rice planthopper Sogatella furcifera and effects on its feeding and
ovipositional selectivity were investigated. The results showed that the numbers of S. furcifera choosing
to feed and lay eggs on rice treated with n-hexane and dichloromethane extracts of star anise were both
decreased, compared with on the control, and the number of eggs on rice plants treated with n-hexane
and dichloromethane extracts was only 31.5% and 40.2% of that on the control, respectively. The
amount of honeydew secreted by S. furcifera feeding on rice treated with n-hexane and dichloromethane
extracts of star anise was also highly significantly reduced, only 59.61% and 48.71% of that on the con-
trol, respectively. The two extracts showed a satisfactory insecticidal activity to S. furcifera, with a half
lethal concentration (LC,,)) of 0.59 pL/mL and 0.46 pL/mL, respectively, 72 h after treatment. Both ex-
tracts had an inhibitory activity towards acetylcholinesterase of S. furcifera, with a half inhibition con-

centration of 1.33 pL/mL and 1.13 pL/mL, respectively. It indicated that there were some bioactive
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substances in star anise for behavior regulation and insecticidal activity against S. furcifera, displaying a

potential value for the prevention and control of S. furcifera in the field.

Key words: /llicium verum; Sogatella furcifera; biological activity; acetylcholinesterase

M KHE Sogatella furcifera J&- V.M # X it 3 2
2 — (FREEIASE, 2000) , SURERE KRG BE SRR 40
95 B9 SR B (AR AIRE R 4, 2011) , HZF i
FAL B I 75 58 7 5, X KR A8 77 3 A R 0 3
(Wang et al.,2017) . Hij, 2 EHEBRFE €
A FE 2 55 R b | R 45 (] s 25 A G
2020) . b HUR BB TEAR RRR B b REA 25 il
T CEE  H RIS A 2 S BRI
BIARCR R, 3 2t in (B 45, 2020)

FE IR A AR e PR RN R =, Al
BHL 1 3% 4iE 2% 3 1 Bt 25 1% (Polatoglu et al., 2017) , H
I E A [ N A R BRI i R, B
IR B R F S (5K 2% 5 ,2015) o\ Hlicium
verum =R EREA W rh 2 okt e BE 2y i
INT AT 2 (#iAR, 2018) 7RISR E T
HAE R IIRA 25 B ik R 2 . Blist 54
(2014)M3X T /\ A 15 BT IR A %8 Tribolium cas-
taneum AU FEZRIE M, A LR 7% 24 h RS IESE T
RENA] K] 1009%; Kim et al. (2016) X545 F Hos /A
FA TR ARG I 24 h N X EEH S8 Drosophila suzukii 1)
FEZRALT AR IR B 80%; Jr R AF (2017)BFFE A B\
61 T R T B0 A R 3 5[] 35 90 min; Shin et
al.(2013) A HX 4 (245 &0 Leptotrombidium pal-
lidum 1) 250 5K 3k ] 8] % 5 7] 35 167 min; Devi &
Devi(2013) K /A im0 21 d kG
Sitophilus oryzae [NFET 35 80% LA I, %} Je AR ZFH
FEAMHIVEH 5 Zhou et al. (2016) 85 T /\ S 1 F Y H
B TR RN MBS U R BR T Myzus persicae
AR fluh A% 1 M, A8 T2 3R 5300 O 68.93% . 89.95% I
74.46% , H. X} £ 19 AE Bk B B (acetyl cholinesterase,
AchE) A HIVER

HAT, AT 2T/ M N HR R A
RORAY R . W0 Li et al. (2020) A 7 /\ A 1) A SR
SR 3 e A (91.32%) | d-FY A I
(2.0%) FIFLE N (2.0%) 5 TRDUITAE (1996) XF /\ f T
TR TR ZR 7R PP O Tl v £ s
J 3T 7 I8 (98.229% ) , H W B i il (5.59% ) F107
R (1.69%) o HRDUIT A (1996) WFFE s 45 R 4 W]
W e e AN T e N SR 9 L ) = W
TS EKRGES. zeamais PRI s #0 HA B0 1Y

AEEME 6 KRG R B I AR 2 D AT R
2L A UL L PR 2 Ky, ERRMBET R
15 91.11%. Shahriari et al. (2018) #F5¢ & ¥ iz 2 [Hi
T 6 s HR VAR K IR Ephestia kuehniella 2)] HL AchE A
B E I HIAE R, S0 p e B A 0.49 uL/mL., HAT,
KF/NMAEAF T AT CECE BB 58 A
B,

ABRGEH T /N IE C e, A iR 4
R, W T 3K 2 PR RO 1S UM Bl L 2%
TGO KB AchE #IHIAE T, DL Hed T X
2 PR VR AL B AR J5 X T U B R R A
GURE L B AR, LUK R T 6
LR O B R R+
1 MR 57*

1.1 ##

PR ) S B AT T, I, KRR
FhA TNT, o EK AT T (i K A%
REFEREME RS, B 2 10 em BARRF T 25 L 8K}
P, BRI (28+2) °C OBJE 16 L:8 D AHXE
JE 70%~80% )i % A T/K 3G (EAEPRSE,2018) . £
45 d KRR K & 4~s 1S BR 25/ BE T PR RS
F% 2 HAE 8 cm /5 10 em A ERARH K E 3 d A H
TIREHAs . [ CECHCR B RO B
A&y, TR (2842)°C DGJEI] 16 L: 8 D AHXE A
70%~80% HJ N TG H 7K Fe d B TN 47 1 4]
72, FME 4 dJ A R T

TR AR+ 5, 5 - (2-fil§ HARHR) (5,5
dithiobis- ( 2-nitrobenzoic acid) ,DTNB)  #ifL a7/ 2.
M6k AH B (acetylthiocholine iodide, ATChI) , 3¢ [ Sig-
ma 23 A 5 HABIR A = A4l . AL104 1R
-, Fii -+ Mettler Toledo 23 7] ; RXZ & g N T340
T FGALES) s Motic XU H #8542 78 Bl 5l
£E A BN 7 5 UV-4802H 22 4h ] WL AR 6T,
JeA (b ) A FRZS 7] s Multiskan Spectrum 425
BEBAR Y, PR R B (P ED A FRA ] 596 £L
UV fifprt , 5 E Corning 24w .

1.2 A&
121 N w FR PR &
%8 Rasheed et al.(2018) J7 ¥ k47 /\ i 15 12
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P2 o /RS R, PRI g By R 2
250 mL 2Z U, fin A 40 mL 1F & b8 % H R A
30°C N TAMA . AU IR GRS, 90 d S
PIEC PRI A 2 )220 A0 L 08, W LA 8 000 g
2500 10 min, ¥ FIERE 25 2 40 mL, BRI\ f i
B SR ST 7 O o | il = il K | AN S e e
iR . FT1s 2 BRI 53 Al 44 R /\ A Tl
IECREIR BRI S P e IR B
122 FRAMFEHAEHILREN T

PR —F 2 KA 30 #RAICA 200 mL 3¢
B A BOKFERE SRR KRR 2, KA s
23 MR Yoshida et al. (1976) 7 i AT EC ] . 2 Fh
NS T IR P AR o 0312 5,
0.625.1.25.2.5 uL/mL, DA% 1E O sk & ke h
XTHE . B 0.5 mL /\ A T 7 12 B2 VR 38 A0 Wi 7E 7K
W b, TR XU X 2 min, 7 A AL RS S
RREEA 20 3% 175 REUME RS AL . 20 A 38 2 A O
FJF AR R 4L %, Bk CEl ki . Ab B S 24
48 .72 h ARG 45 b HL Y 1 15 RECIR A FISE T
A8, B BB A Aol N A AT hRifE , THER5E
TORMBEFE T2, ARG EE A FE T3 il i
DPS 18.10 >R FHRE SR AB o3 A 2 4R A5 0] U5 5 72 K
PHOCHRE LC, . BMWERSPMEE ., LT %=
FET B U< 100% ; BEIEFE T 3= (b FEFE T
RN MIET-Z)/(1-RF IRFET- 3 ) x100%
1.2.3  AChE & W B 3 Fph) ok ) 2

103K 7 QEUHE R A B T B0 T U
ABA, A pH 7.0.1 mol/L PBS Z& i 1 mL , 7K
BRI SIHAE 4°C 10 800 g B0 15 min, B
B RIS, 25

TE B A5 B P oim A 0.5, 0.25.,0.125,0.062 5,
0.031 25 mg/mL A4 ML 1 10 pL, LA AH KE
HLEG 10 pL, A PBS Z& i 10 L AE XS R Fm
A% D58 i G-250 % 190 pL, 7E 595 nm 1<~
MEWEREE ODH, A 3k, LIAE & M1 R 5
JEE AR A A A5 OD RN AL bk il £ Ao il £k
FERE S ODIEARASRERN S T R R o

Z: M4 Ellman et al. (1961) J5 10 52 AChE 7% 4,
# 0.01 mol/L ATChI 20 pL. 0.012 5 mol/L DTNB
144 pL KB 10 pL (LA AZEHE 1Y 0.1 mol/L PBS
YEXTRR) AR 4 uL, #23% 38215 EL100 pL
A AL E L, TN 30C AT,
L 30 s A [alBE , 7£ 412 nm 4biE 5% 20 min P4 OD {i
Ao AR\ A DA R B VR B 1 R 0,0.625

1.25.2.5 pL/mL, BN EAH 2D 6N TR, SR
B A (2016) il 3 14 2 235 AChE {1 14 K 41 4l
R MRS TR IR H A B A5 A B R i
DPS 18.10 F4 LI 4B 43 B vk A5 [ )= J7 2 B4
il e BE 1C 0
124  G#H IR Fo = Ik B

PePEA KRS FEA—FY 2 MK AT , TR %% 2 W)
BEZE 1 em 24, FHE 8 em, HAR 4 cm /) 5] {7 B 155 25
P2 oKFE L, S RES) 0 A0 48 MBS/ IML . TE
2R FIRTREEE 4 0.25 pL/mL B /\ Ff T 7 R e W
50 uLYEARFRA , ) — A ZEFF LSS E Okt sk — 51
BB/ A 3 XU 1S min Ji5 , [) B B8 25 9 43 AL 153k
PRON UM R, FH 4K DY B B8 T
S 1.2.4.8.12.24 .48 h WELTF0 7% 2 ZHAb Bk
FE L% BB 48 h)EBY T A CEUREFRALAK
FEZEFE AN BRI T G ie 5ok 250
opE . R 6 IRES .
125 aF K Ao wERETN L

VEHUAE K 45 d 22 A KRS, 7 I B KRG 25 FF 3
T 1~2 em AL 51943k 0.25 pL/mL /\ ff 1 75 1F & b
S T B IR 4R U 50 pL , R BEZH 4 HAH 1 1A B
P, B AL 15 min e A HLR S K o BN R
4 cmx3.5 cm 1A B NS E TKRTER 1 em
DL A B 1 S YU FR 3 h i
TREUE R, AN ERE A 10 k. IR T T A
Z— RV R4S T, 24 h R 4e b iy
TR, PR RS T a2 PR B 25 R o 2
e i
1.3 RS

IR HE R 1 DPS 18.10 8k (4F 47 48340 #r s
2 MREARTE] SR FH Student” s ¢ 56 3647 22 7 i 251k
K5, 34~ e LA FREAZ 8] 2R ] One-Way ANOVA 43
Mr, H Duncan FGB &M 25 k1 725 55 BB A

2 BER55H

2.1 2\ AEERREALEFEE YEANETE

2 Ff )\ A A IR AR A X (VA Bk A Bk
AR, HAR S A EEv b PR B 2 IEAR G (R 1),
S\ IE CBER R AL FE 24 hiF,0.312 5 pL/mL Ab
PR A AT RER IEAE TR N 2.22%, i & 1k J3 1
INHAG IEAE T B W A0, WeE 2.5 pL/mL AbFE T,
7Y KA IESET- %k 88.89% ; /\ i [l & IF. C. 4e i
PEWLAL T 48 h 1 72 h B, [ Bl 25 VA B 48 A% 1E 5
ToRB W

N A A B S TRC7E 24 48 172 h il
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QbR FE G IR ESE T S e (£ 1D, N\
£ P e AL P 24 hiF,0.312 5 pL/mL
M12.5 pL/mL ARHL R {3 REVE IESET- 25 5 8

19.08% F11100.00%, ‘. 2 =5 T AH R IR B 1E & b=
PERALFRA B IEAET %R . S5 2 b\ M al &
RO TS R A3 G HA WO

F1 M\ AEEFRRENEE CENRREGE

Table 1 Insecticidal activity of star anise extracts to Sogatella furcifera

FSF ] WL IEEER IR IESL TR TR BRI RS LT R
Time/h Concentration/(uL/mL) Mortality of n-hexane extract/% Mortality of dichloromethane extract/%

24 03125 2224222 ¢ 19.08+6.30 ¢’
0.6250 44.44+5.88 b 47.6242.38 be
1.2500 80.00+3.85 a 73.81£15.61 b
2.500 0 88.89+2.22 a 100.00:£0.00 a"

48 03125 4.44+2.22d 30.95+4.76 ¢’
0.6250 53.33+£3.85¢ 52.3842.39 be
1.250 0 82.2244.44 b 78.57£14.87 b
2.5000 95.56+2.22 a 100.00£0.00 a

72 03125 8.89+4.44 d 38.10+4.76 ¢
0.6250 62.22+4.44 ¢ 59.524+2.39 be
1.2500 86.67+3.85b 80.95+15.61 ab
2.500 0 100.00£0.00 a 100.00+0.00 a

PR AR DR . S [R)/INE SRR () A 18] [ of 24 590 AN ] B2 22 1] 28 Duncan P72 022 TE K50 1E P<0.05 7K
P22 5 L3 5 I [RI [E) AN [ 24 AR ) e B2 2 1] 22 Student” s ¢ P96 G 56 7E P<0.05 7K P22 5 i % . Data are mean+SE. Dif-
ferent lowercase letters in the same column indicate significant difference among different concentrations of the same agent at P<

0.05 level by Duncan’s new multiple range test. * indicates significant difference among different agents at the same concentration

at P<0.05 level by Student’s ¢ test.

2 Fofr A T 7 TR B VR A LCo BN 8] 0 32 K i
REAIS o A5 HsF (][RI FR SR R AL R R Y LC,, B0 B 3
ZES(F22), 24 48 F172 h, A M Il H4 LC,, 4
S [a] s ) A5 0E O BEIR BRI LC, 19 80.2% . 75.0%
1 78.0% , 1hi W — G HH Jo ¥ 108 V0 940 3% SRR SR s o

H4 24 48 F172 h iy 2 P2 I 2 1 1 Il )= 7 R ARl e
AT FRGEG , 45 570 %M 24 h(F=0.014,P=0.91) .
48 h(F=0.18,P=0.68) Fll 72 h(F=4.63,P=0.098) , 3%
B 2 B2 BRI AL B ) Rl A T PR R TC 25 57

®2 2F\AEE HERARNE LC,

Table 2 LC,,values of star anise extracts under different exposure durations

Qb3 e LC,(95% EAF X [A]) RIrE mYEpsp WEILE R
Treatment Time/h LC,, (CI,;) /(uL/mL) b Regression equation Goodness of fit

FO LR 24 0.81(0.68-0.95) 7.83 1=5.30+3.27x 0.91
N-hexane extract 48 0.72(0.60-0.85) 7.97 y=5.46+3.23x 0.91

72 0.59(0.48-0.69) 3.11 y=5.94+4.18x 0.92
— A R 24 0.65(0.57-0.78) 3.07 y=5.57+3.10x 0.82
Dichloromethane extract 48 0.54(0.40-0.67) 3.14 y=5.72+2.71x 0.80

72 0.46(0.31-0.59) 2.84 y=5.84+2.49x 0.79

2.2 2RI B ¢ E AchE & 1430
AT IE O e A A B RO (1Rl
() AchE i VX B AT M AR AT, HER 2 30T b i
JERUNE, B AchE 110 i 23 i 122 4 Y e J3E 1) - 5 1 ik
EROIN(F3) o IE O % i BRI ) bk B Sk
1.33 uL/mL, J& S P g BT il e BE 1Y) 118 %
(F4) (MR TC I 2 22 5 (F=2.33,P=0.27) .
2.3 2FNRIREXT AT CEUEN R RIS IR R RN
S\ T IE OB iR R A — S e 12 B TR T

T REVH SR (E 1-AFIB) s 4bBR4~48 h 5, 7E/\
FATH 7 1E C eI SR A KRS FBCE A 7Y R EER
AR I D T R A R X IR Y 23.8%~
55.6% (&l 1-A) 5 1 /\ A i A — 58 W e 2 B8 W A 8
KA B A CEVEEMN L h TG E DT
Xob HR, AN Ry o PR 32.3% , iZ a3 FE 4 & 12 h(K]
1-B).

XA E, (A I /U A L O e
S ot P WAL B KRG L B 7 B 0 ) Sk X R
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31.5% f140.2% , B EL TR (E 1-CHID) ., £ K LEER™,
BT REE ) FAE AR L A T iR S R A H )
%3 25\ AEE DR B K E AchE BN =

Table 3 Inhibition rates of AchE in Sogatella furcifera with two extracts

17353 IEC e RAR M TR RPN H R
Concentration/( uL/mL) Inhibition rate by n-hexane extract/% Inhibition rate by dichloromethane extract/%

0.000 8.00+5.46 ¢ 4.65+2.71d

0.625 31.26+10.52 b 35.2842.77 ¢

1.250 48.30+6.44 b 57.14£5.29 b

2.500 72.46+1.64 a 76.44+1.60 a

BB PR e R o[RBT/ INE 5B R ) b 24500 AN [R] e B2 A BRIE] 22 Duncan PR = M 22 5K 50 7E P<0.05 7K
PR W E . Data are meantSE. Different lowercase letters in the same column indicate significant difference among different con-

centrations of the same agent at P<0.05 level by Duncan’s new multiple range test.

R4 27/\AEEIRRK AChE M iR E

Table 4 IC,,values of star anise extracts against AChE

pis kIR (95% BE X)) RI7E mYEp¥ WA R
Treatment I1C;,(Clys) (uL/mL) x Regression equation Goodness of fit
1EC e $E N-hexane extract 1.33(1.12-1.61) 0.75 y=4.72+2.21x 0.98
AW iR L Dichloromethane extract 1.13(0.88-1.39) 0.24 y=4.91+1.69x 0.99
207 A 204 B
—0- Xt CK —O- %R CK
- 16 o FECRER 6] o SETERBRIEN
= N-hexane exract Dichloromethane extract
i 2 -
&2 12+ - 12 4 e M w
%’l § 8 T 8 *% ;
# o 7 |
=]
Z 4 4
O T T T T T T T 1 O T T T T T T T 1
1 2 4 8 10 12 24 48 1 2 4 8 10 12 24 48
AbPERFTE] Time/ h
1004 C 1004 D
&k %
& 754 T 75 T
K 1
=]
Z 501 50 1
]
&
N 254 25 -
0 . 0 .
Pupii IECERRH Pupii ZE PR
CK N-hexane extract CK Dichloromethane extract
Kb F Treatment

A B: NARIAFIECKE . SR 11 CEUREFT NN ; C, D: A& IEC K . AP iR
WA CEUZIITT M52, A-B: Effects of N-hexane and dichloromethane extracts on feeding behavior of S. fir-
cifera; C-D: effects of N-hexane and dichloromethane extracts on egg-laying behavior of S. furcifera.
1 \AEERERY BT CENRF~PIT ARG
Fig. 1 Effects of star anise extracts on the feeding and ovipositional behavior of Sogatella furcifera
T BE R T bR R R R RO A A PR 28 Student” s ¢ 0 55 B5 K56 78 P<0.05 il P<0.01 K V-2 5 5% . Data

are mean+SE. * and ** indicate significant differences between different treatments at £<0.05 and P<0.01 levels by Student’s ¢ test.
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24 2HMRBERIMNELT CASWDERESHHI

B BE KRG A P Y UM i P34 2 3
1.53 mg, 76 /\ 1 i & 1F O e . 5 B B B TR Ak B K
PR A TS 00 A 28 R 1 W 2>, 453l
A g o BE Y 59.619% H1 48.71% , H. 5 %f BR [] 21 77 45
WS R 2P PR AL B T B A
TREUERE .

g
=)
)

9
L
—

=)
'
*

o
W

g
=)

R E Weight of honeydew/mg

A KRR U
CK N-hexane extract Dichloromethane
extract
JbF Treatment
B2 N\NAEEREEN AT CENRENHNMm
Fig. 2 Effects of star anise extracts on the honeydew content of
Sogatella furcifera

Fe B A S B R DR o TR 2 51| 3 b 3L A
Xf R4 (8] £ Student” s £ 40 2546 45 7E P<0.05 F1 P<0.01 K-
2253 1. % . Data are mean+SE. * and ** indicate significant
difference between different treatments at P<0.05 and P<0.01

levels, respectively, by Student’s # test.
3 Wit

FURT, 38 7 R K 28 AR IRE RMEE i im 7
R YA T 1 DR v S BBOR B TE P o (45
2016), T2H NG H , EXHEM & BoR B . A
PRIRR A B B Y 2R A R 1Y
AR, SRR, oW B BIN T 20, 451
W\ AT A IR OB S BRI 1 KL
Y RA A Ol v, S B SR W A HL T M
TIEC KRB, rTRER LT P TG PR 70 & i b
225 A SRR AT PR o A 2E 5. AR DT
(1996) S54IIE /AR TH kT IR 25 25 1F T XS IR
el HUH AT SR A A S AR TE R AR 78 50 me/L |
T AR AU 24 h NP R IESE TR ik
100%; % (2019 ) IRX B 4550 W7, /\ A 11 7 A7 il
SRR AR A 2 He o SR I H 3 v A AR5 1 L 48 h AR
TEFET-ZGRF] T 80% LA 1o Rtk /\ A il 7 rh 1 4%
BTG RTREELAT )R, X6 LG 2 1 R
A H A H A A BHARCR .

AChE J2 B HUMR Ny pft 22 4% S (0 B2 I, mT LA
AR i 24 A PP 223 0 TR AR, DT PR 22
ML FIIE R T, EFH1(2009) & I FR 0
XF KRG HL ACE i P LA B8 (0 4 il 7 5 44
TR P K b 0B Y47 il X BB0HE T L Culex quin-
quefasciatus ] AChE 4 B 5 3 il 6 1 | 4b PR 5 2066
JFE M0 AChE i P 3 BRI T 4.01% F15.92% ., AWt
FERI, /AT 2 PR RO (175 CE AChE 4R
ELA SR FUIN IR , ACKE 7] BB & /\ S 1Hi 7 ¥ $ Tk
ANHEPERSERRREZ — . RIS — i 4
T3 50 B R SE /A T A 2 iR B TRAT 35080 P
HETBVEH T AChE,

ol |87 O N 3 WA SR 1 DO =
15 QAU AT BRI R UM BV R o i A 2
KRG, A CEURA SR RAET R . ARIFFT S Xt
e 2 SRR AR AR H R A i AN LRI 9 2
A B R S, T v RO TR AR R A ORI X K
e R G Bl s R0 Y B Uk 24 S Al A AS PR BE AR
PrEA EEE L
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