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SX IR R BEZER(P>0.05) . 40 mg/L =mEBEALTH M KI5 A Bk PGS & B BN TR (P <
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Effects of three insecticides on trehalose content and trehalase activity in
the brown planthopper, Nilaparvata Iugens ( Stal ) ( Homoptera:

Delphacidae )

ZHAO Ke-Fei, GE Lin-Quan, CHENG Yao, WU Jin-Cai*, YANG Guo-Qing ( College of Horticulture
and Plant Protection, Yangzhou University, Yangzhou, Jiangsu 225009, China)

Abstract: To understand the physiological mechanism of insecticide-induced enhancement of flight
capacity of the brown planthopper, Nilaparvata lugens (Stil), we examined the changes of trehalose
content and the trehalase activity in the 3rd and 5th instar nymphs and the adults of N. lugens under the
stress of sublethal dose of three insecticides (imidacloprid, triazophos and deltamethrin). The results
showed that the trehalose content and the trehalase activity in the 3rd instar nymphs treated with three
insecticides were not significantly different from those of the control (P >0.05). The trehalose content in
the 5th instar nymphs treated with 40 mg/L triazophos was significantly lower than that in the control
(P<0.05), decreased by 24% , while the trehalase activity in the Sth instar nymphs treated with 20 and
40 mg/L triazophos was significantly higher than that in the control (P <0.05) , increased by 100% and
129% , respectively. Compared to the controls, the trehalose content in brachypterous female and male
adults was significantly reduced in treatments of 10 mg/L imidacloprid, 20 and 40 mg/L triazophos, and
3 and 6 mg/L deltamethrin (P <0.05), decreased by 36% , 53% , 67% , 58% and 69% in female
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adults, and 59% , 71% , 65% , 710% and 77% in male adults, respectively. However, the trehalase
activity in brachypterous female and male adults was significantly increased in treatments of 40 mg/L
triazophos and 3 and 6 mg/L deltamethrin, compared to the controls (P <0.05), increased by 124% ,
100% and 88% in female adults, and 146% , 132% and 118% in male adults, respectively. The
trehalose content in macropterous female and male adults treated with 10 mg/L imidacloprid, 40 mg/L
triazophos and 3 mg/L deltamethrin was significantly lower than that in the control (P < 0.05),
decreased by 44% , 34% and 37% in female adults, and 48% , 54% and 43% in male adults,
respectively. However, the trehalase activity in macropterous female and male adults treated with 5 and
10 mg/L imidacloprid, was significantly higher than that in the control (P <0.05), increased by 170%
and 97% in female adults, and 317% and 300% in male adults, respectively. The results suggest that
the trehalase activity of N. lugens is increased by treatments of sublethal dose of the three insecticides,
while the trehalose content is reduced. The present work provides some valuable clues for understanding
the mechanism of insecticide-induced enhancement of flight capacity of the N. lugens.
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#% K E\ Nilaparvata lugens(Stal) (B3 H : K&
Bb) M KRG = X ) — Fh B 2 L IR B T R
1 (Dyck and Thomas, 1979) , FH4EEME BhZ= X7
WA i A8 X 2 18] #EAT R B fe F (R IR AR 4,
1979; Rosenberg and Magor, 1987; Riley et al.,
1994) , 7, B CEAEFENE T RERILY
TR X, £33 2 ~3 REMFERITHT
e S B i g, 2R R MK, BIKE
J&, Xt g Oy Bl RS X B (R B A A,
1979) , EAER, o REVERE &AW R K, IF
H=E 5 ma T K fE 7= 5 (R R L MR,
2006; A AR, 20065 XIZRAMZH, 2006) . A
HRERY, B CEARRKSIT AR REE S UM
R (FBAESE, 2003) , I H 400 B B 1T K 1 AL
Hup= B 3 RN (R AR AR, 1998) , XL
FIRWIT AT X8 CE R R AR # A .
BATRIERI PR K I, A HGR (Z M8k ik Skl
REAER) WBFLH &AL B AT LI 348 R E AT
BpIE] . TOATER BE B CAT R RS 3 $R 05 (Zhao er al.,
2011) , B A A ALHL G M ATERE

VEENE R —FPICIRENESS , BeFR o B IR
If4%E ( Thompson, 2003) , ¥ BAE G AT LIL — bkt 1
S FHFEROKRR 2 AR, AaEsgnR
W B B IE B A B 3 42 4t B & (Klowden,
2007) . 4Rizfha5 (1983 ) BER R UM KE AT 2
HobEEUR EERREIRM S, B LU TR P
B i DA R iR B B 15 M 5 AT RE I B IR R
WS T A& AL B 548 R EUAR N i A R
VB RRE TE AR AL, DIBIA T 348 R EFE SRR &

A HUR AR BRSO AR R RAT R Y AR BEAL IR AR
A o
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1.1 #hfkBAnRiE

SE L6 HR A R KRS S AP VLI Hb X R I AR
FIUERS 13 ClIFRE) o KFERNFH#E7E 60 cm x 100 cm x
200 cm By7KJEME T, FRREK B 6 i B A AR
FEEHRS (5535 em x HAR25 em) , WP R
RFE—3, KB, B4 0, B3k, EAR
KT RFRESENELRAE . 8 CEH P EK
FEPFR TR AL, SCHETRE CERE S RIRE 28 +
4CHFEEM 1412 10D 5 R E s, iz 5T
KA AEMI AL,

1.2 #R%

2.5% IRE S EC(M R A KHERAR A
F]) . 20% =g EC(HMKHFRMULARAA) .
10% nit H otk WP (MR ERARAF) -

1.3 MEZGA BRI

I F 4 QB BT R & (EDEE AT A, 2008;
Samer et al., 2009) , &R AR BFAEIT T PHAWE
B8 RE 3 A BRI B KR L, AR
—AHETE M (A2 | mm, J&7J7 310 kPa, i 300
mL/min) ff /N 55 25 (WL T T WSS 28 A FR A F])
435 ) 7K AE B 20 A 40 mg/L B = mEEE, 3 AN
6 mg/LAJIRESEGHE, 5 F1 10 mg/L [y nfk sk, X H
TKFEMEIGIE 7K o A% T A TR BE FRX HR A s 24 5 3
7100 mL/4f, Wi 1 K, A0 KXY ESR 3
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K, BAER— B AR (25C ~28C) AL (H
916 h) IR E ALK, BHFAZS 24 h f5, KA
(EFEXT B ) SR 4E 3 0 4R REA B 30 Sk 455 ff
s REIRERREES , SAEBEHREI LS
i B L BRI s AR R ECRL A RS,
B ERFNNS BT AR ERLE 1 d WA BB FI K3
R G EUMEAE AL R £ 30 SRS i A (R IR AR 4R,
2003) . DA FREBNME CEIYMAE - 70C &4
THEfFE

WA B BRCR AR BNy 10 k45 CEGIA
SHAR T, A 2 mL T8 i B BR 5% vh Wk (PBS,
0.02 mol/L, pH 5.8) , ZEVKIBRM T A5G,
10 000 g ¥R ESCHLES O 15 min, B b3 WS BN
T BERE RS I E . KRR I WEE - 70°C
FAFTORAT, JTEE 24 h Y TR & v b A 2R 1 o
HE R, BMEE A EES 3 K,

1.4 BEERIEHNE

TEEE S BRI E S %10 & (1989) M 5 4%
(2006 ) F) 712 3 m A G

HRA IS R EERBUA MR 200 pL #8 A 10 mL ik
B, A 200 pL 1% BRER K& W, F 90°C fin #4
10 min, JKIBAEIE, A 200 pL 30% SELEK
W, FRREAT I 10 min, PR EIEHIA S mL 2
30 (1 g B 500 mL 80% HYBRAR KW ) , fn#k
10 min, YK E1)E 7 BIFE 630 nm T A 722 40656
BEH = OD {8, I OD {55 g hE & & Z 1)
HIRRERFR o B AEE R BRE R 3 IR,

1.5 i ERNNE

VRS M i T 2 R R 05 55 (2006) By 5
B .

BRI KRR BUA M | mL, AIA 2 mL 53
BEFRAEYA IR (40 mmol/L) , 37°C /K 30 min, sk
2 ~ 3 min KRN, KR EIEBA 10 mL X
&, A3 mL BEF(S g3,5-"MEKBR. S g
SEA. 1 g KW 0.25 g KRN, EXE
500 mL) F 90 CHn# 5 min, 7KIBEHE A 40%
A UK G A FRERENK IR 1 mL, SRJ57E 550 nm
TR 722 43606 EETHINE OD, JF#fE OD {H 5% %
W& Z IR RLOC R o R AW A T B 7 0
VRGO VE T TR B I . b3 okt B
H3W. U MEBHEHEIBREEH, R
Bradford (1976) #7% D822 1 G-250 L il 2 R
[FIAb BT 4 G B 2R B i Y W T DL
mmol #jZjHE/L « mg pro + min FIN,

1.6 HEFEITSHH

B RE 3 W 5 WA R A P I R S R A
BamHE MR — R R 07 220 Fridk (R FIFIIE x &%
HRIAREE ) 5 #6  TUME AR HR  f A O H E
TR BRI 0 = R K 07 22 0 Mk (A8 Rl
AR x A RFIFIIE x REFIWRE) o PrA BHEEIFR
i SPSS B T Mo

2 HZRE5HM

2.1 FHFIFFECE 3 W05 BERERNEERE
SEMEEEREENIL

£ 13 R RIGEESEEIE _HE T £
FrR i, 48 REL 3 A A g s & B e R R
PR AR EE R IR A B 25 CRIEFIFE: F=
2.1, df=2,26, P=0.1550; ¥kpF: F=3.5, df=2,
26, P=0.0519); WG EHAORAREER
(FHmFIFZ: F=0.05, df =2, 26, P=0.9549; ¥k
. F=2.5,df=2,26, P=0.1128),

e WL 5 B H A P T R B R R B
PERE A BRIRR 2 RV B AR R B 3 AR (R 1) 6
195 BERGEESEBIE _FNEFE0TER
B, MEHEAL B CELS A RGBS ED
ERT =M (F=58,d =2, 26, P=
0.0116) , “F-¥{E tb =MeBEALBIEIN T 14% 5 F34F,
40 mg/L = MR BRAE KEL S 1A RS S &
BEETXIR(F=9.0, df=2, 26, P=0.002), %
YIE LE X FRREAR T 24% o X ifg M i 5 M 1 O 22
G307 7 =l Ak 3 2 T VR RS R N i b sk
FH(F=20.5, df=2, 26, P=0.0001), E¥{H HLiR
FUSE TR Fnt S bk b B 43 51 T 40% 1 93% 5 £
AR 20 140 mg/L =PREEANEE 5 KA S
W G RS M B = TR R (F =10.2, df =
2,26, P=0.0011), SE¥(E 4508 h0 T 100%
F1129% .,

2.2 FHFIXTE TR BER RFNE R RE R SR
EEMNFIN

e TR T AR P N S A R A
ARHGRFPIEFR HGAVRERART 2 (R2) . &
2 Hg B S R =R R 2R, 8 KE
AR EEST EEER TR (EK3),
EEMERKBRIEH T 57% ; ZE AR ER, HHE
WA B P 4 Y EME B R T R O I S R T = e
AR F G ERACEE, 341 bb = el A TR 34 i Ak B
SPAEINT 22% F125% 5 S AEBA G RN L E
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Table 1 Effects of three insecticides on trehalose content and trehalase activity in the 3rd and
5th instar nymphs of Nilaparvata lugens

R & i (mg/g) WFHORR R 7 [ mmol/ (L + mg pro + min) ]
A HFH YeFE (mg/L) Trehalose content Trehalase activity
Insecticide Concentration 3R 5 3 5

3rd instar nymph Sth instar nymph 3rd instar nymph Sth instar nymph
AL N 5 21.29+1.01 a 18.26 +0.99 ab 0.13+0.01 a 0.12+0.01 b
Imidacloprid 10 22.70 +0.57 a 16.50 +1.44 ab 0.16 +0.02 a 0.13+0.02 b
=Y 20 18.58 +0.46 a 15.72 +0.25 ab 0.13+0.02 a 0.28 +0.06 a
Triazophos 40 19.22 +2.63 a 14.81+0.15 b 0.17 +0.02 a 0.32+0.01 a
R 3 17.17 £0.63 a 18.92 +0.21 ab 0.16 +0.01 a 0.16 +0.08 b

Deltamethrin 6 23.21+2.22 a 18.74 +0.98 ab 0.13+0.03 a 0.23 +0.04 ab

75 7K % HR Control (water) 0 20.19+0.30 a 19.61 +0.93 a 0.16 +0.02 a 0.14 £0.03 b

R Bl R FHE + SD, [l —FI5R 5 AR K F 8RR TE 5% /K B BA B2 5 (PLSD i3 77 4:) 5 T e Data are mean +SD, and

those followed by different letters within the same column show significant difference at the 5% level by PLSD test. The same below.

P8R 10 me/L mt Hmk, 20 F140 mg/L =EREFI
3 716 me/L {RRAGERAL IR CEUE B ME R A A
MR S R E T X (R2), Hoxd B 23 5 e A1
T 36% , 53% , 67% , 58% F11 69% ; T 10 mg/L it
HUb, 40 mg/L =MEBEH 3 mg/L {RESHALH AR
SRME R R B S i R R TXIIR (R 2), Hox R
HIEAR T 44% , 34% M1 31% . 7351, ¥ REGHR x
AP | 15 CEGREY x % BRI | 2R HL5) b
e x A MG B e Z 1] BA B E R BAEH (R
3)o Blan, 6 mg/L 5T A M Ak 2 A 45 T ELJE 2 HE
B 10 mg/L A e ok 2 448 T B S M A L A
B S R EA R/IME (3R 2) , 5% BRAH L2501
FEAK T 220% F177% .

T R R A N N AR R ECE R
ARFIFREMR B RBERA R (FR2) o £
2 PR S R BOE = IR R T 22 0 A R WA AR R R
Je VR 12 R e VY S R R 9 S
(£3), o CEEATMER RIGRERE S REZERT
KR, SFIE MR T 42% 5 ZEI
BN, 3 ik BRI AL B A L, Rtk H o Ak B G
TR AR AR A OB S i B R T = BRIV R
SIBRAL T, SFIIME b = MR BN IR U AG BE AL BE 235
HT 16% 1 17% 5 A0 B G B 2 H LR
2B 5 A1 10 mg/L A HLmk, 20 F140 mg/L =mEakFI
3 16 mg/L TR A5 R Ak B A48 K S S e R L A
PSR S R B ER T X IR (R 2) , 205 Huxt R
FEAR T 44% , 59% , T1% , 65% , 70% F1 77% ; 10
mg/L A BBk | 40 mg/L =MEBEF 3 mg/L JRIFAGER

Ab PR S B R T R A R T R (R
2), HXTHEA> HIREAR T 48% , 54% F143% . 535b,
SRR A B EWWZEER(F3), #l, 6
mg/L YR 35 Fe Ak P 1) 45 3 70 4 ¢ AU AR R 5 20
mg/ L = Ml A f K 50 70 48 T U B MR g R
HAAR/NME(FER2), LWTBASHTRET 330%
F118%
2.3 FHFIXTE CEBER RFNE R RE R SR
i 1 R R

4 vl R RIS PR BE 7 25 0 H R IR U
FRE . Vi BE S 5 e T P S M o g S W B
o Z55RIAb B 2 3G N T 48 T BB R U R B S
P, JUHCGRBE N T R AR R A S M (R
5). ARG EEBIEHA REER, B LA KA
UM R RV SR T PR B TR (£ 5), P
W RN T 21% . & 4B S FHH R
L R 40 mg/L =B K 3 16 mg/L R
FAE TR Ak P 4 T T S TR M o R R B 1
ERTXB(ERL), 5B EHT 124%,
100% 71 88% ; 40 mg/L =Me#k. 6 mg/L R & % fig
F15 110 mg/L Ntk HpbAh B 4 50 750 M Bl HR T A
AR ER TXR(ER4Y), 2 EES T
267% , 175% , 317% F1300% . A4k, I EHWE
AR ERENZEAEH(RS) . FERAH
A, 40 mg/L = MR A f 48 T TN S S M R SR AN
5 mg/L N H Bk Ak L 4 48 LK S o AR P g
VERGIE R A B RME (R 4) , 55X B b4 3138 m
T 124% F1317%
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Table 2 Effects of three insecticides on trehalose content in adult female and male of Nilaparvata lugens
WHE AR M R 5 B (mg/g) T P MR 5 B (me/g)
2R YEFE (mg/L) Trehalose content in female adult Trehalose content in male adult
Insecticide Concentration LSyl K LAY K
Brachypterous Macropterous Brachypterous Macropterous
it Ha ok 5 10.18 +1.38 ab 6.47 £0.63 ab 11.13 £0.29 b 8.25+0.70 ab
Imidacloprid 10 8.06 +0.71 be 3.67 +0.29 ¢ 8.23 +0.45 be 5.64+1.35b
= 20 5.91 £0.93 be 5.28 £0.27 abe 5.75+0.47 ¢ 6.86+1.14 ab
Triazophos 40 4.21£0.21 ¢ 4.30 £0.56 be 6.98 £0.64 be 5.01£1.01b
HE 3 5.28+0.43 ¢ 4.08 £0.50 ¢ 5.94+0.89 ¢ 6.27£0.34 b
Deltamethrin 6 3.91+0.13 ¢ 4.68 £0.29 abe 4.63+£0.97 ¢ 7.33+£0.53 ab
157K X BB Control ( water) 0 12.57 £1.10 a 6.51+0.42 a 19.96 £1.25 a 10.94 +0.6 a

F3 RAFLEENE CEERRMERRENESERESEFTESW

Table 3 Analysis of variance of trehalose content in adult female and male of Nilaparvata lugens treated with insecticides

S S L o Y T R M i
¥ Trehalose content of female adult Trehalose content of male adult
Variance source
HHE df F {f F- value P {f P- value HHE df F (& F- value P {§ P- value

A 1 82.3 0.0001 1 68.6 0.0001
B 2 7.0 0.0003 2 5.9 0.0062
C 2 71.1 0.0001 2 201.3 0.0001
AxB 2 6.5 2 4.1 0.0258
AxC 2 21.0 0.0001 2 48.1 0.0001
BxC 4 3.7 0.0129 4 2.9 0.0348
AxBxC 4 2.1 0.1072 4 2.3 0.0789

A %A Wing polymorphism; B: Z Hi 7] Insecticide; C; Y& & Concentration. F[f] The same below.

AP F EZ4T BN, BT ARRFIERE
Ab, RHEGAFE | AR H R 7 R B Y
e S S Y R R T (3R 5) o 48 R I AU A
BRGSO A, SR K
RIS T 116% ; S0 A A FHRWZHE LR
9 10 mg/L Mt A0k, 40 mg/L =MEBEFT 3 F16 mg/L
TS A4 T Ak P P 4 R 3 7 e 0 L Y R S
BEBTWR(ER4L), 25N EEL T 150%,
146% , 132% F1118% ; 5 F1 10 mg/L i, Ha phkAh 2 ()
KRR R Vg B R TS B R TR (R 4),
SISt HRE T 170% F197% o A%, J5 &5
BRSIREFERZENZLEEMRERS) . Hilm,
40 mg/L = memi b 23 48t EJE S Ak B RN 5 mg/ L
bt ER bR A Py 4 R R S e A L A A T W TS
BAERKE(R4S), SXHEM LS NEMT 146%
F170%

3 itig

Vi SR B LI 9 B R A R R R B L R
(Wyatt, 1967) , ‘& HHR B SARAE R 5 B S A KA
REHFHHEEIERE EZMWIEM (Clegg and Evans,
1961 ; Candy and Kilby, 1962) , Vb7 B AR
EERE, AABEHEBRET — KR 1 5Pl
Wi 2 o3 F W AR (Wyatt, 1967) , FATHBFSE
SRR MEAk, = mREE R VR AE ER AL B X8 K
B\ S WA L R AR B AR P T R RN
B TSR B MR . RN R R AL HAE
TREVE ELAR PV O R TR, TV R
TEVEI s , PRIV MR R T DL K A 1 S AR
HGE, WEUGMERRES, WIOKMRARE MR, A BUEIA
ML, EPEEFTAE (2008 ) B FT R B ML HL bk . =kl
FVR B TR 3 Fp % AL 0 BT 57 A 2 48 R ELA
PRI MRS & i 25 R T IR, X AT BB -5 g S
TG SR K
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Table 4 Effects of three insecticides on trehalase activity in adult female and male of Nilaparvata lugens
A G PR B R Tl S, M e AR O
2 YR (mg/L) Trehalase activity in female adult Trehalase activity in male adult
Insecticide Concentration [ mmol/ (L + mg pro * min) ] [mmol/(L + mg pro * min) ]
43 A Brachypterous KA Macropterous 4G %! Brachypterous K3 %! Macropterous
ik H bk 5 0.18 £0.03 ¢ 0.50+0.08 a 0.70 0. 08 be 0.81+0.10 a
Imidacloprid 10 0.20+0.03 ¢ 0.48+0.11 a 1.40+0.32 a 0.59 +0.03 ab
= 20 0.25 +0.05 be 0.22 +0.01 be 0.85 +0.16 abe 0.42 +0.09 be
Triazophos 40 0.38+0.03 a 0.44 +0.04 a 1.38+0.35 a 0.55+0.08 be
TRE IS 3 0.34 +0.06 ab 0.31 +0.10 abe 1.30 £0.17 a 0.36 +0.06 be
Deltamethrin 6 0.32 +0.04 ab 0.33+0.04 ab 1.22 +0.09 ab 0.31+0.03 ¢
& 7K X} BB Control (water) 0 0.17 £0.02 ¢ 0.12+0.02 ¢ 0.56 £0.13 ¢ 0.30+0.12 ¢

RS RHFIAIEE S SRR R ANGERL R iR R M T E ST

Table 5 Analysis of variance of trehalase activity in adult female and male Nilaparvata lugens treated with insecticides

‘ L Y SR M SR
SRR Trehalase activity in female adult Trehalase activity in male adult
Variance source
HHE df F {H F- value P {H P- value HHE 4 F {f F- value P {§ P- value

A 1 12.2 0.0013 1 150.7 0.0001
B 2 0.2 0.7827 2 0.7 0.5229
C 2 72.5 0.0001 2 45.4 0.0001
AxB 2 20.1 0.0001 2 7.1 0.0026
AxC 2 11.6 0.0001 2 18.2 0.0001
BxC 4 4.9 0.0031 4 2.9 0.0321
AxBxC 4 5.5 0.0014 4 5.4 0.0016

o R EUR AR W b X — oz B B A A 1 A (2
BAES:, 1979;Riley et al., 1994) , KITRESIHU5R TS
HHIT AT RHBEVIMR, AR RIE RE T
B R A AR TR Y BN R (4R 13 5 5,
1983) . AT LE KR, 18 LA LI EKH
S B A RS AR, 8% AL 3R AR N Y
TG EEMERGTS T S0 A L AR, B RS R R
= TR, VLB RETE 1 BN B A K AR T e fl
BT BENE . TR AR B AU R A e R
A S5RETR%EL, 258800, —FE, 4B
RPN b L R AR A AR, MR ER AL
HENE; 53—, 4R AR P b A AR S
REET, fEREER AR AR, 75,
A B GT 3% B YR8 T A A P 2R T e ] S O
1A PRV B R B R [ (Alaoui et al., 1994) , # K&l
HEREERETZ | R HB 0w Wet, BPkE
2 -4 d WRATRE I B (PRAETESE, 1984) , ARSLLES
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