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ABSTRACT

Frequent outbreaks and widespread transmission of rice black-streaked dwarf virus by 
Sogatella furcifera (Horváth) (Hemiptera: Delphacidae) have aggravated yield losses of rice 
in eastern China. The use of insecticides for suppression of the vector has been a fundamen-
tal approach to prevent epidemics of the virus disease. However, the status of insecticide 
resistance in S. furcifera has not been examined recently in China. In this study, dose re-
sponses of S. furcifera to buprofezin, imidacloprid, thiamethoxam, chlorpyrifos and pymetro-
zine were evaluated. Most populations in eastern China have developed moderate resistance 
to buprofezin (up to 25-fold). Approximately 32% of field populations exhibited moderate 
resistance to imidacloprid, while other field populations showed minor changes (7.6-fold) 
in their susceptibility to this insecticide. Low variation of susceptibility to thiamethoxam 
(<6-fold) was observed among field populations, and no obvious resistance to this product 
was observed. Obvious variation (10.2-fold) of susceptibility to chlorpyrifos existed in field 
populations of which 8% displayed moderate resistance, and 32% exhibited low level resis-
tance. Most populations (72%) were susceptible to pymetrozine, and relatively low variation 
of susceptibility to it was detected among the field populations of S. furcifera. Frequent and 
extensive use of buprofezin had driven the rapid development of resistance, and buprofezin 
resistance is widespread in the field populations of S. furcifera in China. To prevent further 
development of the resistance, use of buprofezin should be limited and rotated with alterna-
tive insecticides with different modes of action.

Key Words: whitebacked planthopper, insecticide resistance, buprofezin, imidacloprid, thia-
methoxam, chlorpyrifos, pymetrozine

RESUMEN

Los frecuentes brotes y la transmisión generalizada del virus del enanismo de rayas negras 
del arroz por Sogatella furcifera (Horváth) (Hemiptera: Delphacidae) han agravado la pér-
dida de la producción de arroz en el este de China. El uso de insecticidas para la supresión 
del vector ha sido un enfoque fundamental para prevenir las epidemias de esta enfermedad 
viral. Sin embargo, el estado de resistencia a los insecticidas por S. furcifera recientemente 
no se ha examinado en China. En este estudio, se evaluaron la respuesta de S. furcifera a 
las dosis de buprofezin, imidacloprid, tiametoxam, clorpirifos y pimetrozina. La mayoría 
de las poblaciones en el este de China han desarrollado una resistencia moderada a bupro-
fezin (hasta 25 veces). Aproximadamente el 32% de las poblaciones de campo mostraron 
resistencia moderada a imidacloprid, mientras que otras poblaciones de campo mostraron 
cambios menores (7.6 veces) en su susceptibilidad a este insecticida. Se observó una baja 
variación de susceptibilidad al tiametoxam (<6 veces) en las poblaciones de campo, y no se 
observó resistencia obvia a este producto. Si existió una obvia variación (10.2 veces) en la 
susceptibilidad a clorpirifos en poblaciones de campo de las cuales 8% mostraron resistencia 
moderada y el 32% mostraron resistencia de bajo nivel. La mayoría de las poblaciones (72%) 
fueron sensibles a la pimetrozina, y una variación relativamente bajo de la susceptibilidad 
a la que se detectó entre las poblaciones de campo de S. furcifera. El uso frecuente y extenso 
de buprofezin ha causado el rápido desarrollo de resistencia, y la resistencia al buprofezin 
está muy extendido en las poblaciones de campo de S. furcifera en China. Para evitar el de-
sarrollo de la resistencia, el uso de buprofezin debe ser limitado y alternado con insecticidas 
con diferentes modos de acción.

Palabras Clave: saltahojas de espalda blanca, resistencia a los insecticidas, buprofezin, imi-
dacloprid, tiametoxam, clorpirifos, pimetrozina
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The whitebacked planthopper (WBPH), Soga-
tella furcifera (Horváth) (Hemiptera: Delphaci-
dae), and brown planthopper (BPH), Nilaparvata 
lugens Stål (Hemiptera: Delphacidae), are the most 
economically important insect pests on rice crops in 
Asian countries, and they cause serious damage by 
feeding and oviposition in rice stems. Both species 
are well known for their long-distance migratory 
behavior. Each year WBPH starts migration earlier 
than BPH. The migration of WBPH occurs mainly 
when rice is in the seedling and tillering stages, 
while that of BPH mainly occurs during the booting 
and heading stages. The use of insecticide sprays 
has been the primary method for planthopper con-
trol in most areas of China (Heong & Hardy 2009).

During the last 30 yr, the insecticides used to 
control rice planthopper changed greatly because of 
advent of new chemicals and development of insec-
ticide resistance in target insects. At present, fre-
quently used insecticides are buprofezin, thiameth-
oxam, pymetrozine, imidacloprid and chlorpyrifos. 
Buprofezin, an insect growth regulator (Asia et al. 
1985), was introduced in China to control planthop-
per on rice in the late 1980s (Gao et al. 1987), and 
then became the main chemical for planthopper 
control until early 1990s. The registration of imida-
cloprid on rice in 1991 led to it challenging the domi-
nant position of buprofezin, and buprofezin finally 
dropped out of planthopper control in China. Imi-
dacloprid, then, played the leading role in control 
of rice planthopper until 2005. The development of 
high level resistance to imidacloprid by BPH led to 
its control failures in 2005 in China, which forced 
a change in the insecticides used for planthopper 
control (Wang et al. 2008a). Use of buprofezin in rice 
fields resurged, and chlorpyrifos, thiamethoxam 
and fipronil were recommended as replacements for 
imidacloprid. Fipronil was banned in 2009 because 
of high environmental risks (Nillos et al. 2009; Zhao 
et al. 2012) and pymetrozine then took the leading 
position in rice planthopper control.

Insecticide selection pressure reportedly is the 
major force driving the evolution of resistance in 
BPH (Nagata 2002; Wang et al. 2008; Liu et al. 
2003). Fewer research investigations have been 
conducted on insecticide resistance in WBPH than 
on BPH (Nagata et al. 2002; Ling et al. 2009). In 
recent years, outbreaks of the WBPH damaged 
rice plants during their early stages, and the dam-
age was aggravated by the pandemic of southern 
rice black-streaked dwarf virus (SRBSDV), which 
is transmitted by WBPH. Thus the insect and the 
disease caused heavy yield losses of rice through-
out China, northern Vietnam, and Japan (Zhou et 
al. 2008; Li et al. 2012). Suppression of the WBPH 
vector population by frequent applications of insec-
ticides to the earlier stages of rice (Guo et al 2010) 
was the only method to prevent virus disease epi-
demics, especially when a virus-resistant cultivar 
was lacking. In this study field populations of WB-
PH from 9 provinces, which represent the main rice 

growing areas in south China, were collected and 
susceptibilities to frequent-used insecticides were 
assayed.

MATERIALS AND METHODS

Insects

A laboratory reference strain (Lab-NN) of WBPH 
was collected from rice field in Nanning (Guangxi, 
China) in 2006 and reared on rice in the laboratory 
for 5 yr (over 50 generations) without exposure to 
with any insecticide. Twenty five field samples of 
WBPH were collected from 20 counties (or cities) in 
9 provinces of China in 2010 and 2011 (Table 1, Fig. 
1). Approximately 600 adults or nymphs were col-
lected from each site, and maintained on 10-d old 
rice seedlings cultured in plastic boxes (12 × 17 × 
38 cm) under laboratory conditions at 27 ± 1 °C and 
16:8 h L:D. The field-collected insects were mass 
mated, and the third-instar nymphs were used for 
bioassays.

Insecticides

Technical grade insecticides, except pymetrozine, 
were used in this study. Buprofezin (98.1%), chlor-
pyrifos (97%), thiamethoxam (97.2%), imidacloprid 
(95.8%), and pymetrozine (25%WP) were supplied 
by Changlong Chemical Industrial Group Co. Ltd. 
(Jiangsu, China), Nantong Jiangshan Agrochemi-
cal Co. Ltd. (Jiangsu, China), Syngenta Investment 
Co. Ltd. (Shanghai, China), Weiyuan Hebei Agro-
chemical Co. Ltd. (Hebei, China), and Anpon Elec-
trochemical Co. Ltd (Jiangsu, China), respectively.

Bioassay

The dose-responses of WBPH to different in-
secticides were measured using the rice-stem dip-
ping method (Zhuang & Shen 2000). Rice plants at 
the tillering to booting stages were obtained and 
washed thoroughly. The basal 10 cm of the stems 
were cut and air dried to remove excess water. 
Three rice stems were grouped and dipped into 
the appropriate insecticide solution for 30 s. Three 
replicates were used per dose of each of 5-6 differ-
ent doses of each chemical; and distilled water only 
was used as the control. After the rice stems had 
been dipped, they were air dried. The rice roots 
were wrapped in moistened cotton. The treated rice 
stems were then placed into a 500 mL plastic cup. 
Fifteen third-instar nymphs of S. furcifera were in-
troduced into each plastic cup. The treated insects 
were maintained at 27 ± 1 °C and 16:8 h L:D. 
Mortality was recorded after 48 h for chlorpyrifos, 
96 h for thiamethoxam and imidacloprid, and 120 
h for pymetrozine and buprofezin. The nymphs 
were considered dead if they failed to move when 
gently prodded with a fine bristle.
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Data Analysis

Lethal concentration values (LC50) and their 
95% fiducial limits (FL) were estimated using 
POLO-Plus program (Version 2.0) (LeOra Soft-
ware 2008). A significant difference between LC50 
values was indicated by non-overlapping 95% fi-
ducial limits (FL). Resistance factors (RF) were 
estimated at the LC50 level as RF = LC50 of field 
populations/LC50 of Lab-NN population. Insecti-
cide resistance levels were described using RFs 
(Lai et al. 2011) as follows: susceptibility (RF = 
1), decreased susceptibility (RF = 3-5), low resis-
tance (RF = 5-10), moderate resistance (RF = 10-
40), high resistance (RF = 40-160), and very high 
resistance (RF > 160).

RESULTS

Toxicities of Insecticides to the Susceptible Laboratory 
Reference Strain of S. furcifera.

The reference strain (Lab-NN) was collected 
at Nanning (Ref. no. 2 in Fig. 1) in 2006 and 

maintained in laboratory for 5 yr (>50 genera-
tions) without contact with any insecticides. 
The LC50 values of imidacloprid, thiamethoxam, 
buprofezin, chlorpyrifos and pymetrozine in 
Lab-NN strain of S. furcifera were 0.109, 0.096, 
0.044, 0.236 and 0.478 mg/L, respectively (Ta-
ble 2). The Lab-NN strain had become 9.3-fold 
more susceptible to chlorpyrifos than the pop-
ulation from which it had been derived. The 
Lab-NN strain had also become slightly but not 
significantly more susceptible to imidacloprid, 
thiamethoxam and buprofezin than the original 
population. In this study Lab-NN was taken as 
the reference strain for resistance evaluation.

Buprofezin Susceptibility of Sogatella furcifera

The toxicities of buprofezin on S. furcifera 
from different geographic areas were evaluated in 
2010 and 2011 (Table 2). The LC50 values of field 
populations varied from 0.068 mg/L in Nanning 
to 1.135 mg/L in Hejiang. Obvious variations of 
tolerance (up to 16.7-fold between the Nanning 
and Hejiang populations) existed among the field 

TABLE 1. LOCATIONS, SAMPLING DATES AND INSECT STAGES OF SOGATELLA FURCIFERA COLLECTED IN 2010 AND 2011 
FOR COMPARING THE SUSCEPTIBILITIES TO VARIOUS INSECTICIDES OF FIELD POPULATIONS OF 9 PROVINCES TO 
THE LAB NN REFERENCE STRAIN ESTABLISHED IN 2006 FROM A NANNING, GUANGXI PROVINCE POPULATION.

Map ref. no Location Collection date Coordinates Insect stage

1 Jinping, Yunnan Jun, 2011 N 22.77° E 103.24° Nymph
2 Nanning, Guangxi Apr, 2010 N 22.84° E 108.25° Adult
2 Nanning, Guangxi Jun, 2011 N 22.84° E 108.25° Nymph, adult
3 Cangyuan, Yunnan Jun, 2011 N 23.15° E 99.24° Adult
4 Funing, Yunnan May, 2011 N 23.62° E 105.6° Adult
5 Eshan, Yunnan Jul, 2011 N 24.16° E 102.38° Nymph
6 Shizong, Yunnan, Jun, 2011 N 24.85° E 103.97° Nymph
7 Guilin, Guangxi Jun, 2010 N 25.28° E 110.29° Adult
8 Minqing, Fujian Aug, 2011 N 26.22° E 118.86° Nymph
9 Gulin, Sichuan Jul, 2010 N 28.04° E 105.82° Nymph, adult
9 Gulin, Sichuan Jun, 2011 N 28.04° E 105.82° Nymph, adult
10 Xuyong, Sichuan Jul, 2010 N 28.15° E 105.44° Nymph, adult
10 Xuyong, Sichuan Jun, 2011 N 28.15° E 105.44° Nymph, adult
11 Changsha, Hunan Aug, 2011 N 28.18° E 113.07° Nymph
12 Naxi, Sichuan Aug, 2010 N 28.77° E 105.40° Nymph, adult
12 Naxi, Sichuan Jul, 2011 N 28.77° E 105.40° Nymph, adult
13 Hejiang, Sichuan Jun, 2011 N 28.81° E 105.82° Nymph, adult
14 Jiangyang, Sichuan Jul, 2010 N 28.87° E 105.43° Nymph, adult
14 Jiangyang, Sichuan Jul, 2011 N 28.87° E 105.43° Nymph, adult
15 Jinhua, Zhejiang Aug, 2011 N 29.07° E 119.65° Nymph, adult
16 Qianshan, Anhui Sep, 2011 N 30.63° E 116.58° Nymph
17 Fengxian,Shanghai Sep, 2010 N 30.92° E 121.48° Nymph
18 Gaochun, Jiangsu Aug, 2011 N 31.33° E 118.89° Nymph, adult
19 Yixing, Jiangsu Aug, 2011 N 31.34° E 119.78° Nymph
20 Jiangpu, Jiangsu Aug, 2010 N 32.03° E 118.87° Adult

aThe LC50 values are expressed as mg ai/L.
bResistance factor = LC50 of field population/LC50 of Lab-NN strain.
NA: Not assayed.
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populations assayed. Compared with the suscep-
tible strain 21 of 25 field populations (84%) had 
developed moderate resistance to buprofezin. Two 
populations from Minqing and Changsha showed 
low resistant to this chemical, i.e., 5.2-fold and 
6.7-fold, respectively. The population from Nan-
ning was the only one that was susceptible in 
2010 and 2011. No significant differences of sus-
ceptibilities were observed in populations from 
the same locations between 2010 and 2011. These 
data revealed widespread resistance to buprofezin 
in the field populations of S. furcifera in China.

Imidacloprid Susceptibility of Sogatella furcifera

A total of 25 field populations collected from 9 
provinces were assayed in 2010 and 2011 for their 
susceptibility to imidacloprid (Table 2). LC50 val-
ues of field populations ranged from 0.216 in Nan-
ning to 1.635 mg/L in Qianshan. Narrow variation 
of susceptibility (7.6-fold between the Nanning 
and Qianshan populations) existed among the 

field populations from different geographic areas. 
Eighty-eight percent of the field populations were 
more tolerant than the susceptible strain. Two 
populations from Nanning and Naxi showed sen-
sitivity to imidacloprid similar to the susceptible 
strain. Seven of 25 assayed populations (28%), 
from Hejiang, Guilin, Jiangpu, Yixing, Minqing, 
Changsha and Qianshan, showed moderate re-
sistance to imidacloprid. Ten populations (40%) 
exhibited low level resistance to this insecticide. 
Other populations (32%) remained susceptible.

Thiamethoxam Susceptibility of Sogatella furcifera

The toxicity (LC50 values) of thiamethoxam 
against S. furcifera was in the range of 0.141 in 
Shizong and 0.813 mg/L in Cangyuan (Table 2), 
narrow variation of susceptibility (< 6-fold be-
tween the Shizong and Cangyuan populations) 
was observed among the 25 field populations. 
Compared with the LC50 of laboratory reference 
strain (0.096 mg/L) 7 of 25 field populations (28%) 

Fig. 1. Sampling sites of Sogatella furcifera in rice fields of southern China in 2010 and 2011.
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exhibited low level resistance to thiamethoxam. 
Other populations (72%) remained sensitive to 
this insecticide.

Chlorpyrifos Susceptibility of Sogatella furcifera

All of the populations assayed were less sensi-
tive to chlorpyrifos than the laboratory reference 
strain (Table 2). The LC50 values of field popu-
lations ranged from 0.530 mg/L in Fengxian to 
5.409 mg/L in Eshan, an obvious variation of sus-
ceptibility (10.2-fold between the Fengxian and 
Eshan populations) among the field populations. 
Two populations from Cangyuan and Eshan of 
Yunnan province showed moderate resistance 
to chlorpyrifos, while other 8 populations (32%) 
displayed low level of resistance. Most of the re-
maining populations (60%) were susceptible to 
chlorpyrifos.

Pymetrozine susceptibility of Sogatella furcifera

According to the LC50 values of field popula-
tions (0.706-4.308 mg/L), all of the field popula-
tions exhibited similar sensitivity to pymetrozine 
(Table 2). Minor variations (<5-fold between the 
Fengxian and Jiangpu populations) of sensitiv-
ity were observed. Results indicated that most of 
field populations (72%) were susceptible to pyme-
trozine, and only 7 populations (28%) showed low 
level of tolerance.

DISCUSSION

The severe feeding damage caused by S. fur-
cifera and the associated virus epidemic signi-
fied unsatisfactory chemical control of this plan-
thopper. To evaluate insecticide toxicity, 2 assay 
methods (topical application and the rice stem 
dipping method) have been commonly used. Topi-
cal application assay probably could not reflect 
the toxicity of several insecticides. For example 
topical application is inappropriate to evaluate 
the toxicity of pymetrozine, because its mode of 
action is as an antifeedant (Harrewijn 1997; He et 
al. 2011). Thus the stem dipping method may be 
superior to topical application for analyzing the 
dose-response of pymetrozine. Similarly, the stem 
dipping method was suitable for any insecticides 
with stomach toxicity, such as buprofezin (Wang 
et al. 2008b). In 2009, the China Ministry of Ag-
riculture issued an industrial standard for moni-
toring rice planthopper resistance to insecticide 
(Lin et al. 2011), and recently the stem dipping 
method was adopted for monitoring of planthop-
per resistance to insecticides (Wang et al. 2008a, 
2009; Ling et al. 2009). However, baseline data of 
insecticide toxicity against S. furcifera have not 
yet been established. Only few studies reported 
the variation of insecticide susceptibility for field 

populations of S. furcifera in local areas, such 
as from Guangxi (Ling et al. 2009) and Zhejiang 
province (Yao et al. 2002). It was difficult to ana-
lyze the situation, especially the trend in the de-
velopment of insecticide resistance by S. furcifera 
because of the absence of baseline data. After 5 
years of culture in the laboratory, the strain col-
lected from Nanning in 2006 was designated as 
Lab-NN. During this period the Lab-NN strain 
had become more susceptible to frequently used 
insecticides, and therefore it could be used as a 
susceptible reference strain for resistance moni-
toring (Bo et al. 2008).

Compared with reference strain Lab-NN, most 
of the field populations, except from Nanning, had 
significantly higher LC

50 values for buprofezin. 
Moderate resistance of buprofezin had developed 
in 84% of field populations. A similar scenario of 
buprofezin resistance was also presented by N. 
lugens (Lin et al. 2011). In 2006 and 2007 the bu-
profezin susceptibilities of WBPH were assayed 
in our laboratory, and no resistance was observed 
at that time; thus the resistance must have 
evolved in the most recent 4 yr. No resistance to 
buprofezin was recorded in the BPH before 2004 
(Wang et al. 2008b), however in 2010 high lev-
els of resistance to this chemical were detected 
in most rice growing areas of China and Vietnam 
(Lin et al. 2011). The flare up of resistance to bu-
profezin by WBPH and BPH may be caused by its 
increased application in rice fields as a result of 
the development of extremely high resistance to 
imidacloprid by BPH since 2005 (Gorman et al. 
2008; Wang et al. 2008a).

Imidacloprid and thiamethoxam are neonicoti-
noid insecticides, which act as competitive inhibi-
tors on the nicotinic acetylcholine receptors in the 
central nervous system. Their systemic properties 
and long residual activity make them ideal insecti-
cides against sucking insects. Widespread and in-
tensive application of imidacloprid for more than 
10 yr drove the rapid development of resistance by 
BPH and caused its control failure in 2005. High 
level resistances to imidacloprid by BPH have been 
reported by many researchers since then (Liu et al. 
2004, 2005; Liang et al. 2007; Gorman et al. 2008; 
Matsumura et al. 2008; Wang et al. 2008a, 2009; 
Matsumura & Sanada-Morimura 2010; Lin et al. 
2011). The development of resistance to certain 
insecticides in response to their long application 
history may also be seen in other insects (Denholm 
et al. 2002; Whalon et al. 2008; Sparks et al. 2012). 
By contrast, WBPH resistance to imidacloprid was 
not obvious, and our research demonstrated that 
most WBPH populations from different regions 
remained sensitive to this chemical. The differ-
ential development of imidacloprid resistance by 
BPH and WBPH is an example of species specific-
ity in the evolution of resistance. Matsumura et al 
(2008) revealed the species-specific development of 
resistance to imidacloprid and fipronil in BPH and 
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WBPH, respectively. The good efficacy on WBPH 
but poor efficacy on BPH of imidacloprid products 
at the present time illustrates the differential 
resistance development of these 2 species of rice 
planthopper. Although the regulatory authority 
partially suspended imidacloprid use against N. 
lugens in China, it can be used for WBPH control 
in the early stage of rice. Resistance to thiameth-
oxam was also not observed in field populations 
of WBPH, and the less than 6-fold difference of 
susceptibility among field populations probably 
reflects the variation of geographic environments, 
growing conditions and rice cultivation practices. A 
positive correlation between LC50 values of imida-
cloprid and thiamethoxam was not observed (data 
not shown).

Chlorpyrifos was the main insecticide for con-
trol of Asiatic rice stem borer (Chilo suppressalis 
[Walker]; Crambidae) and rice leaf-folder (Cnaph-
alocrocis medinalis [Guinée]; Crambidae) in Chi-
na for yr (He et al. 2008; Zheng et al. 2011), and 
was also intensively used to control the rice plan-
thopper. Fukuda & Nagata (1969) reported great 
differences in susceptibility to organophosphorus 
insecticides among geographic populations of 
WBPH. High levels resistance to malathion and 
fenitrothion were observed in Zhejiang, China 
during 1987-1991 (Mao & Liang 1992). These re-
sistances remained high during 1989-1993 (Liang 
& Mao 1996), and declined after 1997 (Yao et al. 
2000, 2002). According to our research there was 
10.2-fold variation of susceptibility to chlorpyri-
fos among field populations of WBPH, 2 popula-
tions (Cangyuan and Eshan) displayed moderate 
resistance to chlorpyrifos, and most populations 
(60%) remained sensitive. The populations with 
resistance were located mainly in Yunnan and the 
Guangxi Autonomous Region of China, and this 
is where the WBPH sources for the rice growing 
areas of the Yangtse River Basin are located. Con-
siderable resistance was also discovered in field 
populations of C. suppressalis in China (He et al. 
2008).

Pymetrozine, a pyridine azomethine com-
pound, is a selective insecticide against plant-
sucking insects, such as aphids, whiteflies, leaf-
hoppers and planthopper (Maienfisch 2007). 
Pymetrozine has a novel mode of action against 
sucking pests in that it disrupts feeding behavior 
and causes insects to die of starvation (Harrewijn 
1997; Foster et al. 2002; He et al. 2011). The mode 
of action of pymetrozine may be linked to the sig-
naling pathway of serotonin (Kaufmann et al. 
2004), which is vastly different from the modes of 
action of organophosphates, carbamates, neonic-
otinoids and other nerve poisons. However, high 
resistance had been detected in Bemisia tabaci 
Gennadius (Aleyrodidae) (Gorman et al. 2010; 
Rao et al. 2012) and Trialeurodes vaporariorum 
Westwood (Aleyrodidae) (Karatolos et al. 2010), 
and cross-resistance between neonicotinoids 

and pymetrozine was found in these 2 species of 
whitefly. It was believed that over-expression of a 
cytochrome-P450 dependent monoxygenase con-
ferred cross-resistance between neonicotinoids 
and pymetrozine (Gorman et al. 2010). Since 
2009 pymetrozine has been the priority insecti-
cide to control WBPH in order to prevent virus 
diseases vectored by it (Guo et al. 2010). Our re-
search showed that field populations of WBPH 
have remained susceptible to this insecticide, and 
we found no obvious resistance to it. Pymetrozine 
resistance in BPH populations also was not dis-
covered by our team.

The devastation caused by the virus transmit-
ted by the WBPH drew the attention of the Ag-
ricultural Administration on WBPH control. In 
order to ensure the harvest of grain (rice) crop lo-
cal authorities provided funding and subsidies to 
rice growers for the chemical control of WBPH. In 
2011 the subsidized insecticides were exclusively 
formulations containing pymetrozine in several 
provinces, such as Jiangsu, Jiangxi and Anhui. 
Pymetrozine had been used against the rice pl-
anthopper only for a short time, and WBPH has 
remained susceptible to this insecticide. Never-
theless, the continued exclusive application of 
just one chemical along the migratory channels 
of WBPH in China will undoubtedly accelerate 
the evolution of resistance. The extremely high 
resistance of BPH to imidacloprid in Northeast 
Asia was a lesson of concerning the inevitable 
disastrous consequences flowing from the ex-
clusive use over many years of imidacloprid to 
combat migratory BPH populations. In order to 
prevent or delay the development of pymetrozine 
resistance by the WBPH, the policy of exclusive 
reliance on a single type of insecticide should be 
replaced with a policy of using insecticides with 
different modes of action in a rotational use pat-
tern. It is particularly important to avoiding the 
exclusive use of the same type of insecticide in 
emigration and immigration areas during the 
migratory periods of the same year. In the prov-
inces of Guangdong, Guangxi and Yunnan, which 
are the sources of the WPBH for more northerly 
provinces of China, during May and Jun when the 
WBPH heavily damages the early stage of rice, 
pymetrozine or neonicotinoid insecticides such as 
imidacloprid and thiamethoxam could be used. 
By Jun and Jul the main areas for BWPH control 
have moved to the provinces of Sichuan, Chongq-
ing, Hunan and Fujian, where chlorpyrifos could 
be suggested for WBPH control. Then during Aug, 
when Zhejiang, Jiangsu and Anhui have become 
the main theater of WBPH control, buprofezin 
and isoprocarb could be suggested. Finally in Sep-
tember, when the BPH has become the primary 
planthopper in the rice growing areas of China, 
the application of pymetrozine could be suggested 
for BPH control. The above sequence of applica-
tion of different insecticides along the WBPH mi-
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gration channel in a yr could disrupt the selective 
pressure of each insecticide on planthoppers and 
thereby delay or prevent the assembly of genes 
for resistance against each of the insecticides. 
Moreover, the sequence of insecticide application 
could be adjusted according to changes in insec-
ticide susceptibilities of WBPH and BPH; and to 
make this possible, the monitoring of insecticide 
resistance over wider areas of rice production 
should be strengthened.

ACKNOWLEDGMENTS

The authors thank colleagues of Plant Protection 
Stations of the 20 counties listed in Table 1 for collect-
ing and transporting insect samples. The authors also 
thank Dr. Yu Cheng Zhu for editing the English manu-
script. This research was supported by Agro-Industry 
R&D Special Fund of China (200903051).

REFERENCES CITED

ASIA, T., KAJIHARA, O., FUKADA, M., AND MACKAWA, S. 
1985. Studies on mode of action of buprofezin, II. Effects 
on reproduction of the brown planthopper, Nilaparvata 
lugens (Stål). Appl. Entomol. Zool. 20: 111-117.

BO, X. P., GAO, C. F., LI, S. Y., WANG, Y. H., YU, L., YAN, 
X., SHEN, J. L., YAN, J., TAO, L. M., AND LIU, X. 2008. 
Laboratory screening for alternatives of highly toxic 
insecticides and the risk evaluation of buprofezin re-
sistance by Sogatella furcifera (Stål). Jiangsu Agric. 
Sci. 5: 91-95.

DENHOLM, I., DEVINE, G. J., AND WILLIAMSON, M. S. 2002. 
Insecticide resistance on the move. Science 297: 2222-
2223.

FOSTER, S. P., DENHOLM, I., AND THOMPSON, R. 2002. 
Bioassay and field-simulator studies of the efficacy 
of pymetrozine against peach-potato aphids, Myzus 
persicae (Hemiptera: Aphididae), possessing different 
mechanisms of insecticide resistance. Pest Mgt. Sci. 
58: 805-810.

FUKUDA, H., AND NAGATA, T. 1969. Selective toxicity of 
several insecticides on three planthoppers. Japanese 
J. Appl. Entomol. Zool. 13: 142-149.

GAO, H. H., WANG, Y. C., TAN, F. J., AND YOU, Z. P. 1987. 
Studies on the sensitivity level of the brown planthop-
per, Nilaparvata lugens (Stål), to insecticides. J. Nan-
jing Agric. Univ. 4: 65-71.

GORMAN, K., LIU, Z., DENHOLM, I., BRÜGGEN, K-U., AND 
NAUEN, R. 2008. Neonicotinoid resistance in rice 
brown planthopper, Nilaparvata lugens. Pest Mgt. Sci. 
64: 1122-1125.

GORMAN, K., SLATER, R., BLANDE, J. D., CLARKE, A., 
WREN, J., MCCAFFERY, A., AND DENHOLM, I. 2010. 
Cross-resistance relationships between neonicotinoids 
and pymetrozine in Bemisia tabaci (Hemiptera: Aley-
rodidae). Pest Mgt. Sci. 66: 1186-1190.

GUO, R., ZHOU, G. H., AND ZHANG, X. G. 2010. The oc-
currence and control strategy of southern rice black-
streaked dwarf virus disease. China Plant Prot. 30: 
17-20.

HARREWIJN, P. 1997. Pymetrozine, a fast-acting and se-
lective inhibitor of aphid feeding. in-situ studies with 
electronic monitoring of feeding behaviour. Pestic. Sci. 
49: 130-140.

HE, Y.P., CHEN, L., CHEN, J., ZHANG, J., CHEN, L., SHEN, 
J., AND ZHU, Y. C. 2011. Electrical penetration graph 
evidence that pymetrozine toxicity to the rice brown 
planthopper is by inhibition of phloem feeding. Pest 
Mgt. Sci. 67: 483-491.

HE, Y. P., GAO, C. F., CHEN, W. M., HUANG, L. Q., ZHOU, 
W. J., LIU, X. G., SHEN, J. L., AND ZHU, Y. C. 2008. 
Comparison of dose responses and resistance ratios in 
four populations of the rice stem borer, Chilo suppres-
salis (Lepidoptera: Pyralidae), to 20 insecticides. Pest 
Mgt. Sci. 64: 308-315.

HEONG, K. L., AND HARDY, B. 2009. Planthoppers: New 
threats to the sustainability of intensive rice produc-
tion systems in Asia. Los Baños (Philippines): Interna-
tional Rice Research Institute. 470 pp.

KARATOLOS, N., DENHOLM, I., WILLIAMSON, M., NAUEN, 
R., AND GORMAN, K. 2010. Incidence and character-
ization of resistance to neonicotinoid insecticides and 
pymetrozine in the greenhouse whitefly, Trialeurodes 
vaporariorum Westwood (Hemiptera: Aleyrodidae). 
Pest Mgt. Sci. 66: 1304-1307.

KAUFMANN, L., SCHQRMANN, F., YIALLOURSA, M., HAR-
REWIJN, P., AND KAYSER, H. 2004. The serotonergic 
system is involved in feeding inhibition by pymetro-
zine. Comparative studies on a locust (Locusta migra-
toria) and an aphid (Myzus persicae). Comp. Biochem. 
Physiol. 138C: 469-483.

LAI, T., LI, J., AND SU, J. 2011. Monitoring of beet army-
worm Spodoptera exigua (Lepidoptera: Noctuidae) 
resistance to chlorantraniliprole in China. Pestic. Bio-
chem. Physiol. 101: 198-205.

LEORA SOFTWARE. 2008. Polo-Plus, A user guide to probit 
or logit analysis. LeOra Software, Berkeley, CA.

LI, Y-Z., CAO, Y., ZHOU, Q., GUO, H-M., AND OU, G-C. 2012. 
The efficiency of southern rice black-streaked dwarf vi-
rus transmission by the vector Sogatella furcifera to 
different host plant species. J. Integ. Agric. 11:621-627.

LIANG, G. M., LI, Y. P., AND GUO, J. C. 2007. Rice plan-
thopper occurrence and resistance management in 
Thailand and Vietnam in recent years. China Plant 
Prot. 27: 44-45

LIANG, T., AND MAO, L. 1996. Studies on the monitoring of 
insecticide resistance of rice planthoppers. Entomol. J. 
East China 5: 89-93.

LING, Y., HUANG, F-K., LONG, L-P., ZHONG, Y., YIN, W-B., 
HUANG, S.S., AND WU, B-Q. 2011. Studies on the pes-
ticide resistant of Nilaparvata lugens (Stål) in China 
and Vietnam. Chin. J. Appl. Entomol. 48: 1374-1380.

LING, Y., FAN, G-X., AND LONG, L-P. 2009. Determination 
on susceptibility of different Sogatella furcifera popu-
lations to insecticides in different areas of Guangxi. 
Guangxi Agric. Sci. 40: 847-849.

LIU, Z. W., HAN, Z. J., WANG, Y. C., AND ZHANG, H. W. 
2004. Effect of temperature on population growth of 
susceptible and resistant strains of Nilaparvata lugens 
to imidacloprid. Chinese Bull. Entomol. 40: 47-50.

LIU, Z. W., HAN, Z. J., WANG, Y. C., ZHANG, L. C., ZHANG, 
H. W., AND LIU, C. J. 2003. Selection for imidacloprid 
resistance in Nilaparvata lugens (Stål): cross-resis-
tance patterns and possible mechanisms. Pest Mgt. 
Sci. 59: 1355–1359.

LIU, Z. W., WILLIAMSON, M. S., LANSDELL, S. J., DEN-
HOLM, I., HAN, Z. J., AND MILLAR, N. S. 2005. A nico-
tinic acetylcholine receptor mutation conferring target 
site resistance to imidacloprid in Nilaparvata lugens 
(brown planthopper). Proc. Natl. Acad. Sci. USA 102: 
8420-8425.

Downloaded From: https://bioone.org/journals/Florida-Entomologist on 09 May 2024
Terms of Use: https://bioone.org/terms-of-use



956 Florida Entomologist 96(3) September 2013

MAIENFISCH, P. 2007. Selective feeding clockers (pyme-
trozine, flonicamid), in modern crop protection com-
pounds pp. 1089-1102 In W. Krämer and U. Schirmer 
[eds.], Wiley-VCH Verlag GmbH & Co KGaA, Wein-
heim, Germany.

MAO, L., AND LIANG, T. 1992. Monitoring the susceptibil-
ity of the whitebacked planthopper and brown plan-
thopper to thirteen insecticides. Chinese J. Rice Sci. 
6: 70-76.

MATSUMURA, M., AND SANADA-MORIMURA, S. 2010. Re-
cent status of insecticide resistance in Asian rice plan-
thoppers. JARQ 44: 225-230.

MATSUMURA, M., TAKEUCHI, H., SATOH, M., SANADA-
MORIMURA, S., OTUKA, A., WATANABE, T., AND THANH, 
D. 2008. Species-specific insecticide resistance to 
imidacloprid and fipronil in the rice planthoppers 
Nilaparvata lugens and Sogatella furcifera in east and 
southeast Asia. Pest Mgt. Sci. 64: 1115-1121.

NAGATA, T., KAMIMURO, T., WANG, Y. C., HAN, S. G., AND 
NOR, N. M. 2002. Recent status of insecticide resis-
tance of long-distance migrating rice planthoppers 
monitoring in Japan, China and Malaysia. J. Asia-
Pacific Entomol. 5: 113-116.

NAGATA, T. 2002. Monitoring on insecticide resistance of 
the brown planthopper and the white backed plan-
thopper in Asia. J. Asia-Pacific Entomol. 5: 103-111.

NILLOS, M. G., LIN, K., GAN, J., BONDARENKO, S., AND 
SCHLENK, D. 2009. Enantioselctivity in fipronil aquatic 
toxicity and degradation. Environ. Toxicol. Chem. 28: 
1825-1833.

RAO, Q., XU, Y-H., LUO, C., ZHANG, H-Y., JONES, C. M., 
DEVINE, G. J., GORMAN, K., AND DENHOLM, I. 2012. 
Characterisation of neonicotinoid and pymetrozine 
resistance in strains of Bemisia tabaci (Hemiptera: 
Aleyrodidae) from Chinese J. Integ. Agric. 11: 321-
326.

SPARKS, T. C., DRIPPS, J. E., WATSON, G. B., AND PAROON-
AGIAN, D. 2012. Resistance and cross-resistance to the 
spinosyns -A review and analysis. Pestic. Biochem. 
Physiol. 102: 1-10.

WANG, Y., CHEN, J., ZHU, Y. C., MA, C., HUANG, Y., AND 
SHEN, J. 2008a. Susceptibility to neonicotinoids and 
risk of resistance development in the brown planthop-

per, Nilaparvata lugens (Stål) (Homoptera: Delphaci-
dae). Pest Mgt. Sci. 64: 1278-1284.

WANG, Y. H., GAO, C., XU, Z., ZHU, Y. C., ZHANG, J., LI, 
W., DAI, D., LIN, Y., ZHOU, W., AND SHEN, J. 2008b. 
Buprofezin susceptibility survey, resistance selection 
and preliminary determination of the resistance 
mechanism in Nilaparvata lugens (Homoptera: Del-
phacidae). Pest Mgt. Sci. 64: 1050-1056.

WANG, Y. H., WU, S. G., ZHU, Y. C., CHEN, J., LIU, F. Y., 
ZHAO, X. P., WANG, Q., LI, Z., BO, X. P., AND SHEN, 
J. L. 2009. Dynamics of imidacloprid resistance and 
cross-resistance in the brown planthopper, Nilapar-
vata lugens. Entomol. Exp. Appl. 131: 20-29.

WHALON, M. E., MOTA-SANCHEZ, D., AND HOLLING-
WORTH, R. M. 2008. Global pesticide resistance in 
arthropods. CAB International, Oxfordshire , UK.

YAO, H., JIANG, C., YE, G., AND CHENG, J. 2002. Insec-
ticide resistance of different populations of white-
backed planthopper, Sogatella furcifera (Horváth) 
(Homoptera: Delphacidae). Chinese J. Appl. Ecol. 
13: 101-105.

YAO, H-W., YE, G., AND CHENG, J. 2000. Insecticide re-
sistance in different populations of the whitebacked 
planthopper. Chinese J. Rice Sci. 14: 183-184.

ZHANG, H. M., YANG, J., CHEN, J. P., AND ADAMS, M. 
J. 2008. A black-streaked dwarf disease on rice in 
China is caused by a novel fijivirus. Arch. Virol. 153: 
1893-1898.

ZHAO, X., WU, C., WANG, Y., CANG, T., AND CHEN, L. 
2012. Assessment of toxicity risk of insecticides used 
in rice ecosystem on Trichogramma japonicum, an 
egg parasitoid of rice lepidopterans. J. Econ. Ento-
mol. 105: 92-101.

ZHENG, X., REN, X., AND SU, J. 2011. Insecticide Suscep-
tibility of Cnaphalocrocis medinalis (Lepidoptera: 
Pyralidae) in China. J. Econ. Entomol. 104: 653-658.

ZHOU, G. H., WEN, J. J., CAI, D. J., LI, P., XU, D .L., AND 
ZHANG, S. G. 2008. Southern rice black-streak dwarf 
virus: A new proposed Fijivirus species in the family 
Reoviridae. Chinese Sci. Bull. 53: 3677-3685.

ZHUANG, Y. L., AND SHEN, J. L. 2000. A method for 
monitoring of resistance to buprofezin in the brown 
planthopper. J. Nanjing Agric. Univ. 23: 114-117.

Downloaded From: https://bioone.org/journals/Florida-Entomologist on 09 May 2024
Terms of Use: https://bioone.org/terms-of-use


