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ABSTRACT
The brown planthopper, Nilaparvata lugens (Stål), caused severe yield losses in rice production in many 

Asian countries. Chemical control is the key component of the integrated pest management tool to control 
rice brown planthopper (BPH). However, reduced toxicity of insecticides against this pest has been reported. 
We investigated the BPH mortality rate and the evolution of insecticide resistance in BPH collected from 
Bangladesh to commonly used insecticides by the rice-stem dipping method. Both the BPH laboratory strain 
and field populations were used in this study. The mortality rate of the Gazipur field population ranges from 
15% to 80%, after exposure to imidacloprid in different concentrations. The highest mortality was found in 
response to dinotefuran followed by chlorpyrifos and etofenprox. The mortality rate increased after the time 
of exposure in relation to the increased concentrations of the insecticides. Additionally, the selected BPH 
strain shows a higher level of resistance to imidacloprid (resistance ratio = 179.45-fold), while other field 
populations show low to moderate levels of resistance. Increased detoxification enzyme activity, cytochrome 
P450 monooxygenase, was found in imidacloprid-resistant BPH. This study provides important information 
regarding the reduced toxicities of frequently used insecticides to control BPH.
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INTRODUCTION
Rice is a major cereal crop around the globe after wheat. However, the production 

of rice faces constraints by several factors such as floods, drought, weeds, pests, 
and diseases (Balasubramanian, Sie, Hijmans, & Otsuka, 2007; Haque et al., 2021). 
Diseases like bacterial blight, blast, and destructive pests like brown planthopper (BPH), 
stem borer, and green leafhopper hampering rice production in many Asian countries 
(Seck, Diagne, Mohanty, & Wopereis, 2012). Among them the BPH (Nilaparvata 
lugens Stål) is considered a key rice pest that caused significant yield losses in major 
rice-growing areas, such as China, Vietnam, Thailand, Japan, Korea, India, Bangladesh, 
and the Philippines (Hereward et al, 2020; Nguyen et al, 2021). The sap-sucking nature 
of the pest caused the complete drying of the rice plants, widely known as ‘hopper-burn’ 
(Datta et al, 2021a). Chemical control is the primary pest management strategy to 
manage this pest. The key chemical insecticides used to control BPH are neonicotinoids, 
pyrethroids, carbamates, organophosphates, and insect growth regulators (Fujii et al, 
2020; Datta & Banik, 2021). However, the toxicity against BPH has been reduced and 
the pest also evolved low to high levels of resistance to commonly used insecticides 
(Datta et al, 2021b). According to Arthropod Pesticide Resistance Database BPH evolved 
resistance to 33 active ingredients of insecticides (APRD, 2021). Neonicotinoids are 
the principal group of insecticides for BPH control followed by pyrethroids, carbamates, 
and organophosphates (Matsuda, Ihara, & Sattelle, 2020). Islam et al (2009) mentioned 
the first ‘hopper-burn’ in rice fields of Bangladesh in 1976 and an outbreak of BPH was 
reported in 1983. Although, chemical insecticide is widely used to control rice pests 
including BPH in Bangladesh, very limited studies have been carried out to monitor the 
toxicities of insecticides commonly used in this region. Therefore, this study aimed to 
investigate the mortality rates of BPH in response to common insecticides, the toxicities 
of different insecticides, and the metabolic mechanism that evolved in BPH.

MATERIALS AND METHODS

Insect
A total of four BPH strains were used in this study. Two field populations were collected 

from the rice fields of Gazipur and Dinajpur, and two laboratory strains (one susceptible 
and one resistant selected strain) of BPH were reared for several generations. The 
susceptible strain (Sus) was reared in the laboratory without exposure to any insecticides, 
in contrast, the resistance selected strain was reared with exposure to imidacloprid for 
eight generations. All of the collected insects were reared on susceptible rice variety, 
BR3, in a controlled environment (16/8 hour light/dark photoperiod).

Insecticides
Details of insecticides tested against brown planthopper were shown in Table 1. 

The commercial-grade insecticide was directly dissolved in water in a series of five to 
seven concentrations (mg/L). Water solution without any chemicals was considered 
as the control. 
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Table 1. Insecticides and their classifications used to monitor mortality rates.

Insecticide group Insecticides Purity Classification1 Source

Neonicotinoids
Imidacloprid 20% SC

4A
Auto Crop Care Ltd., Bangladesh

Dinotefuran 20% SC ACI Formalities Ltd., Bangladesh

Organophosphate Chlorpyrifos 22% SC 1B Auto Crop Care Ltd., Bangladesh

Pyrethroids Etofenprox 30% EC 3A New Agro industries Ltd., Bangladesh

1Classification has been done by Insecticide resistance action committee (IRAC)

Bioassay
The biological assay of the rice-stem dipping method was performed with the 

fourth-instar nymphs of BPH. Rice plants at the tillering stage were used in monitoring 
mortality rates and detecting levels of resistance. Rice plants were washed thoroughly 
and then kept to dry. These rice stems are then dipped into an insecticide solution for 
up to 30 seconds and let dry. For each replicate, twenty-five nymphs of BPH were 
transferred onto a plastic bottle containing the treated rice plant by a homemade 
aspiration device. There were at least three replications for each concentration. 
Mortality rates of one field population (Gazipur) were assessed after 48, 72, and 96 
hours (hr) of insecticide treatments. The nymphs were considered as dead if they 
were unable to move after gentle pushing with a soft brush. 

Enzymatic assay
Biochemical assays were done to measure enzyme activities in the 

imidacloprid-resistant BPH strain. The activities of cytochrome P450 monooxygenase 
(P450) were determined according to the previously described method with the minor 
modification (Asperen, 1962). The protein concentration of all the enzyme solutions 
was determined by the Bradford method (Bradford, 1976). 

Statistical analysis
Abbott’s formula was used to correct the percent mortality rate of treated BPH 

(Abbott, 1925). The program DPS software (Data Processing System, version v15.10) 
was used for probit analysis to determine LC50 (median lethal concentration) value. The 
resistance ratio (RR) was calculated by dividing the LC50 value of a field population by the 
corresponding LC50 value of susceptible BPH strain. The resistance ratio was classified 
as: RR>100-fold as a high resistance level, 10<RR<100-fold as a moderate resistance 
level, 5<RR<10-fold as a low resistance level, and RR<5-fold as susceptibility.

RESULTS

Mortality rates of BPH to different insecticides
Mortality rates of the BPH field population (Gazipur) to imidacloprid, dinotefuran, 

chlorpyrifos, and etofenprox, in 48, 72, and 96 hr of insecticide application have been 
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presented in Fig. 1. The mortality rates of BPH when exposing to the insecticides 
increased with the time of treatment. The highest mortality rate was found in BPH 
exposed to dinotefuran after 96 hr of insecticide application followed by imidacloprid, 
chlorpyrifos, and etofenprox. In all four insecticides exposure, the mortality rate was 
significantly higher in the highest insecticide concentration and after 96 hr of insecticide 
application.
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Fig 1. Mortality rates of Gazipur BPH field population after the application of insecticides, (A) imidacloprid, 
(B) dinotefuran, (C) chlorpyrifos, (D) etofenprox, at different doses.

Relative toxicity of different insecticides against BPH
The LC50 values of laboratory susceptible BPH strain to imidacloprid, dinotefuran, 

chlorpyrifos, and etofenprox were 1.54, 0.98, 1.25, and 9.37, respectively. The LC50 
values of laboratory susceptible BPH strain were used as a baseline to calculate the 
resistance ratio of BPH (Table 2). The BPH strain, selected with imidacloprid for eight 
generations, showed a higher level of resistance to imidacloprid (RR = 179.45-fold), 
followed by dinotefuran (RR = 22.93-fold) and etofenprox (RR = 15.06-fold). The Gazipur 
field population showed low to moderate levels of resistance to different insecticides, 
with the lowest resistance to chlorpyrifos (6.31-fold), and a moderate resistance to 
imidacloprid (63.42-fold). Additionally, the Dinajpur BPH field population showed low 
levels of RR to etofenprox (8.53-fold), chlorpyrifos (9.30-fold), and dinotefuran (9.70-fold), 
while a moderate level of resistance to imidacloprid (87.12-fold) (Table 2).
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Table 2. Toxicity of different insecticides to lab strain and field collected BPH population.

Strains Insecticides Slope±SE LC50 RR

Lab1

Imidacloprid 1.29±0.17 1.54 1

Dinotefuran 2.21±0.20 0.98 1

Chlorpyrifos 1.77±0.19 1.25 1

Etofenprox 1.89±0.15 9.37 1

Selection2

Imidacloprid 2.42±0.30 276.36 179.45

Dinotefuran 2.44±0.21 22.47 22.93

Etofenprox 2.08±0.19 141.09 15.06

Field - Gazipur

Imidacloprid 2.12±0.25 97.67 63.42

Dinotefuran 1.79±0.24 13.34 13.61

Chlorpyrifos 1.02±0.20 7.89 6.31

Etofenprox 1.78±0.30 82.67 8.82

Field - Dinajpur

Imidacloprid 2.39±0.32 134.17 87.12

Dinotefuran 1.40±0.24 9.51 9.70

Chlorpyrifos 1.52±0.30 11.62 9.3

Etofenprox 1.43±0.20 79.89 8.53

1reared for more than 15 generations in controlled environment without any contact to insecticides
2BPH strain selected with imidacloprid for eight generations

Enzymatic activity of resistant BPH
Metabolic enzyme activity of P450 in imidacloprid-resistant BPH strain has been 

measured and compared with laboratory susceptible strain (Fig. 2). More than double 
fold increase (2.14-fold increase) in P450 activity in BPH resistant strain has been 
found compared to susceptible strain.
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Fig. 2. Relative activity of P450 enzyme in imidacloprid-resistant BPH compared to laboratory susceptible 
BPH strain. Significant difference was indicated by asterisks above the error bar determined by 
student t-test (P < 0.05).
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DISCUSSION
Currently, chemical control is considered as the key measure to manage major crop 

pests including BPH, small brown planthopper, stem borer, rice bugs, etc (Sparks & 
Lorsbach, 2017; Datta et al, 2021a). However, continuous and heavy use of chemical 
insecticides caused reduced toxicities of commonly used insecticides against BPH. 
Neonicotinoids became the more efficient and popular insecticides to control brown 
planthopper across the rice-producing countries in Asia (Ihara & Matsuda, 2018). 
Particularly, in Bangladesh more farmers are using neonicotinoids, insect growth 
regulators, and combinations of different insecticides to control BPH despite their reduced 
toxicity (Datta et al, 2021a). However, an increasing trend of resistance to commonly 
used insecticides was recently reported, which is worrying for other rice-producing 
countries (Khan, Kaleem-Ullah, Siddiqui, & Ali, 2020; Chakrabarty et al, 2022). In this 
study, we determined the mortality rates of BPH after exposure to insecticides (48, 72, 
and 96 hr of exposure), and also toxicities of insecticides and the metabolic enzyme 
activities have been measured. Our previous study showed low to extremely high levels 
of resistance has been evolved in BPH collected from three locations in Bangladesh. 
Therefore, in this study, we have collected BPH field populations that are different from 
previous locations. The mortality rates of BPH increased with time after exposure to 
insecticides, which is also related to the concentration of insecticides (Fig. 1). Banks, 
Banks, Joyner, & Stark (2008) presented a model with time-varying mortality rates with 
the levels of insecticide exposure. The mortality rates increased with the time after 
exposure but the rates may decline or stable after a certain period of time. There might 
be different reasons for the dissimilar mortality rates of BPH. One reason might be 
due to the mode of action and the other is the susceptibility of the pest to insecticides.

Extremely high levels of resistance to imidacloprid, and moderate resistance to 
dinotefuran had evolved in BPH collected from Bangladesh in 2020 (Datta et al, 2021a). 
The development of insecticide resistance to neonicotinoids in BPH has also been 
reported across Asian countries (Ding et al, 2013; Sanada-Morimura et al, 2019). In our 
investigation, we also found that BPH developed low to moderate levels of resistance 
to chlorpyrifos, etofenprox, dinotefuran, and imidacloprid (Table 2). The BPH has the 
potential to develop a higher level of resistance when constantly exposed to certain 
insecticides, for instance, we found a high level of resistance in BPH to imidacloprid 
after selection for several generations. Resistance in BPH to chlorpyrifos increased 
after selection for a particular period of time and the resistance ratio was significantly 
higher in resistant BPH strain (Lu et al, 2017). 

Many studies identified metabolic resistance mechanism, increased detoxification 
enzyme, as the main mechanism that contributes to resistance development in 
BPH. Increased enzyme activities of P450, GST, and EST were found responsible 
for resistance development in BPH (Datta & Banik 2021). We found increased 
activities of P450 in imidacloprid resistant-BPH. This indicates that enhancement of 
P450 activity may contribute to imidacloprid resistance development in BPH. This 
result agrees with the previously reported data where P450 was suggested as the 
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key detoxification enzyme (Datta et al, 2021a). However, we did not investigate the 
molecular mechanisms and the candidate genes that encoded enzymatic activities 
involved in resistance development in BPH. Further studies are required to understand 
the molecular mechanism involved in resistant BPH strains.

Our data indicated that mortality rates increased as the exposure time and 
concentration of insecticides increased. There are also possibilities of rapid resistance 
development in BPH. To assess the mechanisms, we measured the metabolic enzyme 
activities and found enhanced P450 activity in imidacloprid-resistant BPH. This study 
outlines the importance of regular monitoring that is required to understand the trend of 
reduced toxicities. The finding will assist in future studies to understand the molecular 
mechanism of resistance development.
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