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Abstract The susceptibility of Sogaiellafurcijera female adults on N22 to malathion increased as feeding time pro- 
longed, while the day change of susceptibility to isopmarb showed a inverse tendency. The activities of esterase and 
carboxylesterase were induced significantly after on N22 for one day, and then declined. 'Ihe non-susceptible level of 
adults to insecticides and enzyme activities seemed to be heightened after feeding on ASW, a variety resistant to Ni- 
lap- lugens. The total phenol content in rice leaf sheath was the highest in N22, and could be regaded as one of 
the factors, which caused chages in susceptibility of S . jimijira to insecticide after feeding different rice varieties. It 
was recommended that suitable insecticides and planthopper resistant varieties should be coordinately used in practice 90 
that they contribute more effects respectively. 
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1 INTRODUCI'ION 

The white backed planthopper ( WSPH) , So- 
gateZla~cij2ru (Horvtith) , has become one of the 
most devastating insect pests in rice in many Asian 
countries, particularly in areas where varieties of 
resistant to the brown planthopper( BPH) , Nilupur- 
vats lugens ( StAl) have been grown( Heinrichs and 
Rapusas 1983). Outbreaks of WBPH could lead to 
severe hopperburn and yield loss of the rice crop if 
no effective control is achieved. Control of this pest 
has mainly depended on the application of chemical 
insecticides, however recent surveys of insecticide 
susceptibility of WBPH revealed that organophos- 
phorus and carbamate resistances have present since 
the first half of the 1980's in China( Chao et ul.  
1987, Mao and Liang 1992, Wang et d . 1996, 
Yao et al . 2000) and Japan (Endo et d . 1988a, 
Hosoda 1989, Hirai 1994). The resistance mecha- 
nism of planthoppers, WBPH, BPH and the smaller 
brown planthopper, Laodephux striatellus, to or- 

ganophosphorus insecticides predominantly involved 
the increase of in both quantity and activity of ester- 
ases (ESTs) or carboxylesterases ( CaEs) which re- 
lated to gene amplification ( Ozaki 1969, Hama and 
H o d  1983, Miyata et al .  1983, Sun et ul.  
1984, Small and Hemingway 2000, Yao 2001 ) , 
and the resistance to carbarnates involved the sus- 
ceptibility decrease of acetylcholinesterase ( A C E )  
(Chung and Sun 1983, Hama 1983, Hama and 
H o d  1983; Endo et ul . 1988b, Yao, 2001 ) . 
Glutathione Stransferases (GSTs) also probably in- 
volved in p y r e h i d  resistance in N .  lugens (Hem- 
ingway 2000) though GSTs and monoxygenases were 
once considered to be not important in the resis- 
tance of planthopper to insecticides (Chung and Sun 
1983, Hama and Hosoda 1983, Miyata et u l .  
1983, Hung et d . 1990). 

Varietal resistance has been considered to be 
the most promising strategy in the integrated man- 
agement of this pest. More than 40 000 rice variet- 
ies from the germplasms collected by the Interna- 
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tional Rice Research Institute ( IRRI) have been 
screened for resistance to WBPH and about 300 
were found to be resistant (Heinrichs and Rapusas 
1983). Unfortunately, there are few reports of har- 
monious control with host plant resistance and in- 
secticides on WBPH, though Heinrichs et al. 
( 1984) determined the susceptibility to insecticides 
of BPH and WBPH when reared on rice varieties 
with different levels of resistance. Herein we de- 
scribed the results of our study on changes in insec- 
ticide susceptibility and the activities of some relat- 
ed enzymes of WBPH adults after feeding on three 
different rice varieties. 

2 M A T E ~ A N D M E T H O ~  

2.1 Treatment of insects 
Newly emerged female adults of WBPH, which 

were reared on rice seedling of TNl (susceptible 
variety for 3 generations in the insectary at (26 * 
1)  “c with a photoperiod of 16: 8 h( L: D) were ran- 
domly divided into three groups, which were re- 
spectively reared with rice seedling (60 days after 
transplanting) of different varieties, i . e .  , N22 
( moderately resistant to WBPH) , ASD7 ( moderately 
resistant to BPH) and TN1 (susceptible) . For each 
group, 600 adults were tested. On the lst, 3rd and 
5th day after treatment, about 200 adults were sam- 
pled from their respective varieties and used for bio- 
assays and enzyme assays. 

2.2 Bioassays 
LDm values were determined by a topical ap- 

plication method. The insecticides, malathion ( or- 
ganophosphate, 94.5 % purity ) , and isoprocarb 
( carbamate , 98 % purity) were dissolved in acetone 
with a series of concentrations (5 grades) , respec- 
tively. Female adults were anesthetized with carbon 
dioxide, and then a 0.25 pL dose of insecticide so- 
lution with a certain concentration was applied to 
the dorsal thorax by a microappplicator (made by 
Shanghai Institute of Entomology, Chinese Academy 
of Science), Control insects were treated with ace- 
tone. Each treatment was replicated three times and 
consisted of 60 adults per replication. Treated fe- 
males were kept in a glass tube with rice seedlings 

(TN1) at ( 2 6 i  1)T in a photoperiod of 16:8 h(L 
: D) . Mortality was recorded after 24 h.  LDB val- 
ues were calculated by Software DPS@ (Tang and 
Feng 1997). 

2.3 Enzyme preparation 
An individual adult was homogenized in a 

glass homogenizer with 100 pL of 0.0067 moVL 
phosphate buffer (pH7.2), and centrifuged at 750 
g for 10 min. The Supernatant was used as the 
source of the enzyme. 

2.4 Enzyme assays 
EST activity was determined according to the 

colorimetric method of Hama and Hosoda( 1983). 
Enzyme preparation (5 4) and 3 mL of the phos- 
phate buffer were added to a test tube and pre-incu- 
bated at 37T ,  and then 1 mL a-naphthyl acetate 
with 3 x moVL was added and incubated for 
10 min. The reaction was stopped by adding 1 mL of 
mixture solution of 1 % Fast blue B and 5% SDS by 
the ratio of 2 : 5. The absorbance was determined at 
600 nm. 

For the measurement of CaE activity, the 
phosphate buffer in the reaction system was added 
eserine ( find concentration 10 - mol/L) previous- 
ly. Other steps were same as the measurement of 
the esterase activity. 

GST activity was determined by the colorimet- 
ric method of Booth et al. (1961) and Habig et 
al . ( 1974) . The enzyme preparation ( 20 &) , 
2.76 mL of 0.1 mol/L phosphate buffer, pH7.5, 
0.2 mL of 0.001 mol/L GSH and 20 pL of 0.1 moll 
L CDNB was added. The changes in absorbance at 
340 nm within 5 minutes were recorded. 

A C E  activity was determined by the colorime- 
tric method of Gao( 1987). The enzyme preparation 
(20 4) , 0.9 mL of 0.1 mol/L phosphate buffer, 
pH7.5, and 100 ,uL of 5 x mol/L acetylthio- 
choline iodide incubated for 20 min at 37T, and 
then 1 mL the following solution was added to stop 
the reaction. The solution consisted if 12.4 mg DT- 
NB, 120 mL of 96% ethanol and 80 mL H20 in 
0.1 moVL phosphate buffer ( pH7.5 ) , in a total 
volume of 250 mL. The absorbance at 412 nm was 
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measured. 
Alkaline phosphatase (ALP) and acid phos- 

phatase ( ACP) activities were measured with d i d -  
um phenyl phosphate as the substrate. The enzyme 
preparation (0.1 mL), 0.5 mL of buffer and 0.5 mL 
of 0.01 moYL substrate incubated for 30 min at 
3 7 T ,  then 1 mL alkaline solution, 0.5 mL 6 g/L 4- 
amino-antipyrine and 0.5 mL 24 g/L potassium feni- 
cyanide was mixed in turn and the absorbance at 520 
nm was measured. The buffer, 0.1 moYL carbonate 
buffer (pH 10.0) and alkaline solution (mixture of 
0.5 mol/L NaOH and 0.5 mol/L NaHC@ by the ratio 
of 2:3) was used to measure ALP activity, while 0.1 
mol/L citrate buffer and the mixime of 0.5 mol/L 
NaOH and 0.5 mol/L NaHCO3 by the rate of 1 : 1 was 
used to measure ACP activity. 

Protein determinations were by the method of 
Bradford ( 1976 ) using bovine serum albumin as 
standard. 

2.5 Total phenol content assays 
The total phenol content in rice leaf sheath was 

measured by the method of Han et d. (1993). The 

leaf sheath of rice seedling (60 days after transplant- 
ing) was homogenized and incubated for 30 min at 
8OT, then use Folin method (Swain and Hillis 
1959) to determine the absorbance at 700 nm. 

3 RSULTS 

3.1 Bioassays for malathion and hprocarb 
LDm of female adults on three varieties to mal- 

athion showed that the susceptibilities of WBPH on 
N22 and ASD7 were little higher though their differ- 
ences were not significant (Table 1 ) .  The day 
changes in susceptibility of female adults to malathi- 
on seemed to show the tendency of increase and 
then decrease. The ID, for N22 was about 52.7% 
those of WBPH onTN1 for 1 day, about 91.0% for 
3 days, and 61.3% for 5 days. The value of LDm 
of WBPH on different varieties to isoprocarb seemed 
contrary to those to malathion, which the suscepti- 
bility of female adults on N22 and ASD7 were low- 
a, and decreased with feeding time. The LD, of 
WBPH on N22 for 3 days response to isoprocarb was 
about 2.7-fold significantly higher than on "41. 

Table 1 Comparison of insecticidal susceptibility of S . furcifera female adults feeding on different rice varieties. 

Feeding 
Insecticides Varieties 

time( d) 
LD-P line 

Malathion 1 TN1 

N22 
3 TN1 

N22 
5 TN1 

N22 

Asw 

Asw 

Asw 

Isop~arb 1 TN1 
Asw 
N22 

3 TN1 

N22 
5 TN1 

Asw 

Asw 

Y = - 3.9608 + 3.3053~ 
Y = 0.1797 + 1.9567~ 
Y =  -0.9493+2.4173~ 
Y =  -1.6543+2.4053~ 
Y = - 4.7382 + 3.5366~ 
Y = - 0.7633 + 2.2150~ 
Y = - 1 .7730 + 2 .4883 x 

Y =  -1.0835+2.3207~ 
Y =  -30.985+15.186~ 
Y = 1.4209 + 2.0610~ 
Y = 0.7734 + 2.2380~ 
Y = - 3.0360 + 4.1578~ 
Y =  -4.0075+5.5372~ 
Y = 1.7797 + 1.6389~ 
Y =  -1.31%+3.0585~ 
Y = 0.2310 + 2.1778~ 
Y = - 0.1656 + 2.4037.2 

0.0902 
0.0491 
0.0475 
0.0714 
0.0877 
0.0650 
0.0613 
0.8800 
0.0376 
0.0095 
0.0144 
0.0165 
0.0066 
0.0152 
0.0179 
0.0258 
0.0221 

0.0069 - 0.1183 0.7%(3) 
0.0024-0.0997 2.0%(3) 
0.0285-0.0794 4.181(3) 
0.0408 -0.1248 1.049(3) 
0.0679-0.1135 0.116(3) 
0.0441 -0.0956 4.519(3) 
0.0362-0.1039 0.898(3) 
0.0545-0.1420 2.728(3) 
0.0141 -0.1005 O.OOO(2) 
0.0059 -0.0173 0.911(3) 
0.0094 - 0.0223 2.255(3) 
0.0128 - 0.0212 0.093(2) 
0.0051 -0.0085 7.213(3) 
0.0085 - 0.0272 0.297(2) 
0.0117 - 0.0275 0.605(2) 
0.0165-0.0403 7.027(3) 
0.0141 -0.0348 5.241(2) 
0.0141 -0.0299 0.051(2) 

1.424 f 0.243 
1.481 i 0.097 
1.521k0.109 
1.554k0.353 
1.698 i0.219 
1.539 i0.234 
1.535 i 0.116 
1.698 f0.075 
1 358 i 0.126 
1.428 i 0.218 
1.338 f 0.118 
1 .299 i 0.130 
1.5%i0.378 
1.516 f 0.0% 
1.623 k0.339 
1 .500 f 0.148 
1.590 k 0.128 
1 305 i 0.127 
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3.2 Enzymesassays 
The different rice varieties fed by WBPH fe- 

male adults could obviously affect the activities of 
some enzymes, i. e .  EST, CaE and GST( Fig. 1). 
EST activity and its day change were much different 
after feeding on different varieties. The EST activity 
of WBPH on TN1 seemed to be lower than on N22 
and ASD7, which decreased with the increase of 
feeding time. After feeding on N22 for 1 day, EST 
activity was induced si&icantly, and then de- 
creased with time. The EST activity on ASD7 was 

higher significantly than on TN1 since feeding 3 
days, which appeared a high peak on 3rd &y. The 
Ca.E activity and its day change of WBPH on differ- 
ent varieties showed similar tendency with those in 
EST though the CaE activities was no si&icant 
difference on 5th day. The GST activities of WBPH 
on N22 and ASD7 were sigmfkantly higher than on 
TN1. The day changes in GST activities on N22 
and ASD7 showed a same tendency, increased first- 
ly and then decreased, whereas the activity on TN1 
decreased with feeding time. 

OTNl EdASD7 mN22 
4.0 

3.0 
10.0 

8.0 
6.0 2.0 

4.0 
I .o 

2.0 
0.0 0.0 

a AChE 4.Q 0.3 
n .a 

0.2 

0.1 

0.0 0 

6.0 
-8.0 1 

aft ACP 
bB 

,t 2.0 

1.0 

0.0 - 
1 3 5 1 5 

Feedingtknc (d) 
3 

F&. 1 Activity comparison of some enzyme in S . jiuc$ra female adults feeding on different rice varieties. 

There were no marked differences in A C E  ac- 
tiyities and their day changes of WBPH on different 
rice varieties, except by 5th day, the activities of 

on N22 and ASD7 were significantly higher than 
that on TN1. The impacts of rice varieties on ALP 
of WJ3PH seemed to be small, whereas the varieties 
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N22 and ASD7 appeared to have great effects on 
ACP activities especially in later feeding period. 

3.3 Total phenol content assays 
The total phenol content in the leaf sheathes of 

TNl , N22 and ASD7 (60 dyas after transplanting) 
were 0.0428 * 0.0002, 0.0533 * 0.0042 and 
0.0373 * 0.0003 mg/g ( fresh weight ) , respective- 
ly. ANOVA indicated a significant difference among 
different varieties ( F = 33.49, df = 8, P < 
0.01). 

4 DISCUSSION 

The effects of host plant or allelochemicals on 
the susceptibility to insecticides and detoxication 
enzymes of many insects, such as Spoabpteru erida- 
nia (Brattsten and Wilkinson 1977) , S . fiusperdu 
(Yu et d . 1982), Peridrom suucia (Berry et d . 
1980) , Hel icmpz  zeu (Muehleisen et a!. 1989) , 
Helwthis virescens ( Abd-Elghafar et d . 1989), 
Melanoplus sunguinipes ( Hinks and S p m  1989) ; 
Mjmu persicue (Mohamad et d. 1989), Bemisia 
tabaci ( Omer et d . 1993 ) , Diabroticu virgz$ru 
(Siegfried and Mullin 1989), Leptinotursu decem- 
lineutu (Ghidiu et d . 1990) and Tetrunychus m i -  
cue (Gould et d. 1982) were reported. After feed- 
ing on Merent host plants, the insecticide suscep- 
tibility of insect pests would decrease, increase or 
perform no marked change. Different rice varieties 
fed by WBPH adults also could affect the suscepti- 
bility level to insecticides. The susceptibilities of 
WBPH on N22 or ASD7 to malathion ( a  kind of or- 
ganophosphate) , and isoprocarb ( a  kind of carbam- 
ate) were much different, which susceptibility to 
malathion showed a increase tendency while inve- 
rsely to isoprocarb. The changes in susceptibility to 
malathion were similar with those reported by Hein- 
rich et d . (1984), but inversely to isoprocarb. It 
suggested that effects of different varieties on the 
susceptibilities of WBPH to different types of insec- 
ticide were much different. The activities of 
enzymes related to insecticide resistance of WBPH 
on different varieties changed simultaneously. The 
activities of EST and CaE of WBPH on N22 for 1 
day induced significantly, but decreased following 

with feeding time increased, which indicated that 
host plant shift could impact greatly on the enzyme 
system of WBPH. 

In general, the changes in susceptibility of in- 
sect feeding different host plants to insecticides were 
related to the activation or inhibition of insect de- 
toxifjing enzymes induced by plant allelochemicals 
(Yu 1982, Tan and Guo 1996, Gao et d. 1997). 
As an allelochemical, phenol exits greatly in insect- 
resistant varieties of rice and wheat (Pathak and 
Khush 1977 Chen et al. 1997). Our results also 

showed a similar tendency which a high content of 
total phenol in N22, the variety of mid-resistant to 
WBPH . Correlation analysis between the contents of 
total phenol in different varieties and the suscepti- 
bility of WBPH on different varieties suggested that 
there was a high sigmfkant negative relationship to 
malathion susceptibility ( r = - 0.574, df = 9, P 
c 0.01) , and a positive relationship to isopmarb 
susceptibility ( r  = 0.126, df = 9, P > 0.05), 
which were probably related to the changes in activ- 
ities of enzymes of WBPH induced by feeding N22 
and ASD7. 

The results of this study indicated that the 
most importance is compatible usage of suitable 
types of insecticides and planthopper resistant vari- 
eties in practice. Thus, both fewer applications of 
special insecticide and higher mortality of WBPH on 
resistant varieties would cause insecticide resistance 
to develop at a slower rate than on susceptible vari- 
eties. 
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