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Research of the rice brown planthopper (BPH) baseline susceptibility to a new insecticide was carried 
out in the wet season 2014 using BPH from East Java (Ngawi, Lamongan, and Banyuwangi districts) 
against triflumezopyrim and imidacloprid. Research design used topical application method with probit 
analysis by POLO-PC. The objective of the research was to determine rice brown BPH baseline 
susceptibility to the new insecticide. This research will help to monitor potential future susceptibility 
shifts in the Indonesian BPH population as a foundation for pest resistance management program. The 
results showed that the triflumezopyrim LD50 for BPH of East Java was 1.227-1.703 ng/g body weight. 
The LD50 of imidacloprid to BPH of East Java was 96.608-216.000 ng/g body weight. Response BPH from 
all sites to triflumezopyrim and imidacloprid were tend to decreased susceptibility with resistance ratio 
(RR) <3, this values between susceptibility (RR=1) and decreased susceptibility (RR > 3-5). 
Triflumezopyrim was a fantastic insecticide that provides a low LD50 and as well act as a resistance to 
BPH of all sites. This insecticide can be used to solve the problem resistance of BPH against the other 
insecticides.  
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INTRODUCTION  
 
The rice brown planthopper (BPH), Nilaparvata lugens 
(Stål) (Hemiptera: Delphacidae) is the most serious pests 
of rice throughout Asia, especially in Indonesia, the BPH 
is the famous pest. The outbreak rhythm of BPH occurred 
every 12 years, namely in 1986 to 1998, and 2010 
destroyed about 61,255,000; 115,484,000 and 
137,768,000 ha respectively. Although had the rhythm 
outbreak with little damage throughout the years.  

Control to the BPH by neonicotinoid and 
phenylpyrazole insecticides such as imidacloprid and 
fipronil have been used since the mid-1990s in many 
East   Asian   countries   and   Indochina.  In Vietnam and  
 
 
 
 
*Corresponding author. E-mail: baehakise@yahoo.co.id 

China, these insecticides are usually sprayed on rice 
fields. In any event, the population densities of BPH had 
been relatively low when these insecticides began to be 
used (Matsumura et al., 2009). According to the passage 
of time, the BPH controls by neonicotinoid (imidacloprid) 
become ineffective on the dosage recommendation, such 
situation is suspected that the pest has been resistant to 
insecticide. This issue comes from Vietnam, China and 
also from Indochina.  

Resistance may be defined as a heritable change in the 
sensitivity of a pest population that is reflected in the 
repeated failure of a product to achieve the expected 
level of control when used according to the label recom-
mendation for that pest species. There are some number 
of ways of insects can become resistant to insecticides 
have been discussed by IRAC (IRAC, http://www.irac-
online.org/about/ resistance/ mechanisms/).  
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Resistance development to imidacloprid in BPH may be 
closely associated with the long application of the 
chemical. Imidacloprid has been widely used since the 
early 1990s to control rice planthoppers in East Asia and 
Indochina. In China since the first introduction in the early 
1990s, imidacloprid has been an important chemical for 
controlling BPH (Liu et al., 2003). The topical LD50 values 
of imidacloprid for BPH were in the range 0.09–2 µg/g 
body weight from 1992 to 2003 in Vietnam, China and 
Japan (Matsumura et al., 2008). In 2003, however, the 
development of BPH resistance against neonicotinoids 
(mainly imidacloprid) was first observed in Thailand and 
has been found in other neighboring countries such as 
Vietnam, India, and China (Harris, 2006). This 
phenomenon indicated that initial imidacloprid-resistant 
genes might exist in the populations at a very low level. 
Continuous and dominant use of imidacloprid for up to 13 
years has allowed the resistant gene frequency to build 
up to a critical turning point.  

Especially for Indonesia, the information of the brown 
planthopper resistance to new insecticides and 
neonicotinoid are very little or almost no data for it. Based 
on what was discussed in the aforementioned, 
Entomological Society of Indonesia Bandung Branch and 
DuPont Crop Protection in the cooperation research to 
determined insecticide susceptibility of BPH that were 
collected from East Java. The objective of the research to 
determine rice BPH baseline susceptibility to new 
insecticide that will help to monitor the susceptibility shifts  

in the future of Indonesian BPH population in pest 
resistance management program. 
 
 
MATERIALS AND METHODS 
 
The research was carried out in Sukamandi, Subang, 
West Java in the wet season of 2014 at the laboratory of 
Indonesian Center for Rice Research (ICRR) with 
activities as follow: 
 
 
Equipment 
 
A hand micro-applicator Hamilton Repeating Applicator, 
PB600-1, Cat. No. 83700 (Figure 1) is equipped with a 
Hamilton Syringe, 1701RN, Cat. No. 7653-01with 10 µL 
capacity is completely with Needle, NR NDL 6/PK, Cat. 
No. 7762-01. The alternative syringe is Hamilton 701N 
with a blunt needle.  

The dispenser moves 1/50
th
 of the distance, therefore a 

syringe with a maximum volume of 10 µL will deliver 
10/50 = 0.2 µL. Each time the button is pushed, this 
equipment delivers droplet a 0.2 µL insecticide in acetone 
solution with a single push on the dispenser was applied 
topically to the dorsal surface of the insect thorax.  

 
 
 
 
Sites of BPH Collection in East Java 
 
The rice BPH were used to bioassay from laboratory as 
BPH biotype 3 and from East Java. BPH from East Java 
collected from Ngawi, Lamongan, and Banyuwangi 
district during the rice season 2014 when they are most 
prevalent. A description of each sampling site, including 
GPS coordinates (longitude and latitude) and the 
date/month of sampling, is to become part of the records. 
About 50 healthy unparasitized adult short-winged 
females or about 100 nymphs are collected from the field 
using a sweep net and the fresh planthoppers are 
transferred immediately to container with window circular 
and covered by nylon mesh of 2.5-5.0 liter in volume with 
rice seedlings.  
 
 
Rearing methods 
 
Rice BPH are reared in susceptible variety should be 
used Pelita I/1. In the laboratory or screen house the 
adult males and females planthopper (at 1:1 ratio) from 
tape ware are transferred into the oviposition (egg-laying) 
of clean circular or rectangular mylar cages. The 
oviposition cages are provided with 30 days old rice plant 
and cages should be prepared before BPH transferred.  

After one month reared and finished one generation, 
adult hoppers are removed from the oviposition cage and 
move to other 5 clean circular mylar cages with 30 days 
old rice plant. Each cage infested by 20 pairs of hopper. 
Three days after infestation, all of adult hopper removed 
and eggs that laid on rice stem were maintained up to 
adult hopper brachypterous females emergence. The 
Adult hopper brachypterous from generation one or more 
were used for bioassay.  
 
Bioassay 
 
a. Insecticides 
 
Two selected insecticides compounds for this bioassay 
namely triflumezopyrim and imidacloprid as a comparison 
standard. Recommended concentration treatments 
ranges of insecticides are listed below (Table 1), and 
each that ppm is made equivalent to µg/mL. For probit 
analysis, convert the ppm to dose (ng)/body weight (g) 
namely Dose (ng/g) = [(Dose (ppm)*amount applied 
(μL)/1,000)/weight of insect (g)]*1,000 (Heong et al., 
2011, 2013) 
 
 
b. Topical Application  
 
Make a stock solution in pure acetone (reagent grade or 
better) at 1,000 µg/mL (1.00 mg/mL) for each chemical  
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The micro syringe with a 

maximum volume of 10 µL. 

 

Each time the button (circle part) 

is pushed, the dispenser moves 

1/50
th
 of the distance.  Therefore, 

a syringe will deliver 10/50 = 0.2 

µL. 

Figure 1.   Equipment for topical insecticide application Hamilton Repeating Applicator, PB600-1, Cat. No. 
83700, equipped with a Hamilton Syringe, 1701RN, Cat. No. 7653-01, 10 µL capacity 

 
 
 

Table 1.  Five concentration of each insecticides. 

 

Compound/Code Concentrations (ppm) 

Triflumezopyrim Stock:  100.  Dilutions:  10, 2, 0.4, 0.08, 0.016 

Test:  dilutions, plus pure acetone 

Imidacloprid Stock:  1000.  Dilutions:  500, 100, 20, 4, 0.8 

Test:  dilutions, plus pure acetone  

 
 
 
tested. Use that stock solution to make serial dilutions 
(also in pure acetone) to create test solutions. For a 
dose-response assay intended to determine the LD50, five 
concentrations should be assayed (Table 1).  

BPH brachypterous (short-winged) females within 1-2 
days-old, are collected from the culture cages using an 
aspirator. They are confined into a vial with a wire-mesh 
screen. Ten insects are collected per vial and 
anaesthetized with carbon dioxide (CO2) for 10-15 
seconds to facilitate handling during treatment.  

The anaesthetized insects are transferred on a watch 
glass wrapped with gauze secured by a rubber band. 
Insecticide is applied topically with a Hamilton Repeating 
Dispenser (HRD) plus a 10-μL microsyringe. Apply 
0.0002 mL (0.2 µL) of each solution to the dorsal thorax 
of each of 10 adult females. Place the treated insects into 
a vial testing unit containing rice seedlings in order they 
can recover and/or feed. Treat 3 vials of insects for each 
treatment (30 females/treatment). The control treatment 
apply 0.0002 mL (0.2 µL) of pure acetone to the dorsal 
thorax of each of 10 adult females previously 
anaesthetized with carbon dioxide. The control treatment 
also with 3 vials of insects (30 adult females). Mortality 

was determined on 48 h after treatment for all 
insecticides. Biassay activity was determined on the 
average body weight for 30 insects of the overall tested 
populations. The vial testing unit with treated insects are 
placed in a controlled room with temperature of 24ºC and 
12 hours of light. 
 
 
Data collection  
 
The following data must be collected before and after 
treatment in each bioassay: (1) The weight of 30 insects 
from each batch of insects used for testing. This weight 
will be used to calculate the dose delivered, (2) the dose 
in ppm concentration of the insecticide must be convert to 
dose (ng/g), (3) the total number of insects treated in 
each replication, (4) total number of insects treated in all 
replications, (5) total number of dead insects observed in 
48 h after application of treatments and all replication, (6) 
the number of insects dead and moribund (considered as 
dead) in each treatment (chemical + concentration), and 
(7) % mortality = (total number of dead insects/ total 
number of insect treated) x100%. The dead insects 
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Table 2.  The LD50 values (ng/g) of BPH, biotype 3  population in the Sukamandi laboratory. 
 

Insecticide LD50 (ng/g) 

Fiducial Limit 95% 
(ng/g) Intercept Slope 

Natural 
response 

Heterogeneity 
g- 

value 
Lower Upper 

Triflumezopyrim 0.681 0.028 2.594 0.10156 0.608±0.154 0.134±0.062 0.03 0.247 

Imidacloprid 110.277 10.726 355.907 -1.1544 0.565±0.135 0.100±0.055 0.06 0.218 

 
 
 
included the moribund insects that were gotten after 15 
min and 30 min count the number of hoppers that are not 
able to climb onto the rice stem.  
 
 
Statistical analysis probit 
 
The statistical analysis probit was used for analyzing data 
from dose and quantal response experiments were 
developed by Finney (1971). Data that obtained from 
bioassays are generally in percent response in mortality 
at the corresponding concentrations. Mortality was 
corrected using Abbott formula (Abbott 1925) for each 
probit analysis. The control mortality (it is common 0-
20%) to expect a proportion of the insects in the control 
batches to die during the experiment due to natural 
causes or the control treatment with the solvent. Discard 
data if control shows mortality reading above 20% (IRAC, 
2009). To corrected the treatment mortality base on 
control mortality use Abbott formula as follow:  
 

 

          Po – Pc      
P =   -------------- × 100 
         100 – Pc 

 
 

 
where P is the corrected mortality, Po is the observed 
mortality, and Pc is the control mortality, all expressed in 
percentages. 

The relationship probits and log doses by a faster and 
more accurate program is by using a computer POLO 
software (Heong et al., 2013). The POLO software was 
further refined by LeOra software (2002). The Polo 
software can estimate the lethal doses values (LD50) in 
ng/g body weight and their 95% fiducial limits (FL) from a 
regression line between log dose to probits (a 
transformed percentage response) for each BPH topical 
application bioassay. Transformation of percent response 
to probits is available in table transformation of 
percentages to probits. The resistance ratio (RR) is 
calculated at the LD50 level as follow: 

 
 

  LD50 of BPH field population 
RR =     ------------------------------------------- 

  LD50 of BPH Laboratory population 

Insecticide resistance ratio are described using RRs (Lai 
et al., 2011) as follows: susceptibility (RR = 1), decreased 
susceptibility (RR = >3-5), low resistance (RR = >5-10), 
moderate resistance (RR = >10-40), high resistance (RR 
= >40-160), and very high resistance (RR >160). To 
facilitate understanding insecticide resistance ratio 
between RR= > 1-3 we given an explanation as insect 
response to insect was tend to decreased susceptibility. 
 
 
RESULTS AND DISCUSSIONS 
 
Susceptibility BPH Biotype 3 from Laboratory as BPH 
standard to insecticides 
 
Bioassay of BPH biotype 3 susceptibility to insecticides 
resulted the values for the regression line of 
triflumezopyrim was 0.10156 (intercept) and 0.608 
(slope) with their standard error (Table 2). The t-ratio of 
slope was 0.608/0.154 = 3.948 > 1.96, show that the 
regression was significant to indicate the treatment has 
effect to BPH from laboratory. The heterogeneity was 
0.03 <1, this indicate that data bioassay was fit for model 
probit regression to BPH from laboratory. In the other 
hand the natural response (natural dead insect) only 
0.134 less than 0.2 (or <20%), this is in accordance with 
the requirements of bioassay method. 

Topical LD50 of triflumezopyrim to BPH Biotype 3 was 
0.681 ng/g (ng insecticide/g BPH body weight) with 95% 
lower and upper fiducial limit were 0.028 and 2.594 ng/g. 
The value LD50 and confidence interval limit of 95% was 
acceptable as effective dose because g=0.247 less than 
0.4. 

The values for the regression line of imidacloprid was -
1.1544 (intercept) and 0.565 (slope) with their standard 
error (Table 2). The t-ratio of slope was 0.565/0.135 = 
4.185>1.96 that show significantly of regression, indicate 
the treatment has effect to BPH from laboratory. The 
heterogeneity was 0.06 <1, this indicated that data 
bioassay was fit for model probit regression to BPH from 
laboratory. In the other hand the natural response was 
0.100 less than 0.2 (or <20%), this is in accordance with 
the requirements of bioassay method. 

Topical LD50 of imidacloprid to BPH from laboratory 
was  110.277  ng/g  (ng insecticide/g BPH body  weight)  
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Figure 2. Relationship between log dose (ng/g)  and mortality probit of BPH 
biotype 3 laboratory.  

 
 
Table 3.  The LD50 values (ng/g) of BPH population collected from Ngawi-East Java in 2014 

 

Insecticide 
LD50 

(ng/g) 

Fiducial Limit 
95% (ng/g) Intercept Slope 

Natural 
response 

Heterogeneity 
g- 

value 
RR* 

Lower Upper 

Triflumezopyrim 1.227    0.139 3.674 -0.5772 0.658± 0.148    0.101± 0.055 0.14    0.195 1.802 

Imidacloprid 166.688    1.420 905.829 -0.8481 0.383± 0.128    0.135± 0.063 0.29    0.429 1.512 
 

*Remark: RR = Resistance ratio between BPH field population and BPH biotype 3 of laboratory.    LD50 triflumezopyrim  and imidacloprid  to BPH 
biotype 3  were 0.681 and 110.277 ng/g respectively 

 
 
with 95% lower and upper fiducial limit were 10.726 and 
355.907 ng/g. The value LD50 and confidence interval 
limit of 95% was acceptable as effective dose because 
g=0.218 less than 0.4. 

Another vital aspect of quantal data analysis is the 
testing of the hypotheses of BPH Biotype 3 from 
laboratory. The sameness of the slopes and intercepts of 
the each regression lines were rejected. This indicate the 
lines were significantly different (Figure 2). 
 
 
Susceptibility BPH population from Ngawi-East Java 
to insecticides 
 
The location of BPH adult collected from Paron-
Jurubang-Ngawi-East Java (village-sub district-district-
province) with 07.419743

o
 S latitude, 111.41346

o
 E 

longitude, and altitude was 45 m from sea level. BPH 
collected from Ciherang rice variety in November 2014 by 
sweeping net. 

The values for the regression line of triflumezopyrim, 
was   -0.5772  (intercept)  and  0.658  (slope)   with t heir  

standard error (Table 3). In case the t-ratio of slope was 
0.658/0.148 = 4.446 >1.96, show that the regression was 
significant, so this indicate the treatment has effect to 
BPH from Ngawi. The heterogeneity was 0.14 <1, this 
indicate that data bioassay is fit for model probit 
regression to BPH from Ngawi. In the other hand the 
natural response was 0.101 less than 0.2 (or <20%) 
accordance to the requirements of bioassay method.  

Topical LD50 of triflumezopyrim to BPH from Ngawi was 
1.227 ng/g with 95% lower and upper fiducial limit were 
0.139 and 3.674 ng/g. The value LD50 and confidence 
interval limit of 95% is acceptable as effective dose 
because g=0.195 less than 0.4. Response BPH from 
Ngawi to triflumezopyrim was tend to decreased 
susceptibility with RR = 1.802. 

The values for the regression line of imidacloprid was -
0.8481 (intercept) and 0.383 (slope) with their standard 
error (Table 3). In case the t-ratio of slope was 
0.383/0.128 = 2.992 >1.96, show that the regression was 
significant, so this indicate the treatment has effect to 
BPH from Ngawi. The heterogeneity was 0.29 <1, this 
indicate   that data  bioassay  was  fit  for  model  probit  
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Figure 3. Relationship between log dose (ng/g)  and mortality probit of BPH from Ngawi-East Java.  

 
 
 
 
regression to BPH from Ngawi. In the other hand the 
natural response was 0.135 less than 0.2 (or <20%) 
accordance to the requirements of bioassay method.  

Topical LD50 of Imidacloprid to BPH from Ngawi was 
166.688 ng/g with 95% lower and upper fiducial limit were 
1.420 and 905.829 ng/g. The value LD50 and confidence 
interval limit of 95% is unacceptable as effective dose 
because g=0.429 more than 0.4. and also response BPH 
from Ngawi to imidacloprid towards to decreased 
susceptibility with RR = 1.512.  

In the BPH from Ngawi-East Java, the hypothesis of 
equality tests the sameness of the slopes and intercepts 
of the each regression line were rejected. This indicate 
the regression line were significantly with the effect of 
increase dose to the increase of BPH mortality (Figure 3).  

On the other hand, the likelihood ratio (LR) test of 
parallelism shows that the slopes of the lines were 
similar, this indicate that insect responses to different 
insecticides have valid comparisons when the slopes of 
the regression lines are parallel. Table 3 presents the 
results of BPH from Ngawi where the probit lines are 
parallel between triflumezopyrim and imidacloprid. In this 
case, the potency resistance values can be considered 
valid. In addition, the heterogeneity of all two probit lines 
was low, indicating that the responses were uniform. The 
relative potency values BPH from Ngawi to 
triflumezopyrim was 0.84 (RR of triflumezopyrim/RR of 
imidacloprid) folded to imidacloprid. 

Susceptibility BPH population from Lamongan-East 
Java to insecticides 
 
BPH adult was collected from Dekat-Dekat-Lamongan-
East Java (village-sub District-District-Province) with 
07.12014

o
 S latitude, 112.44930

o
 E longitude, and 

altitude was 8 m from sea level. BPH nymph collected 
from Ciherang rice variety in January 2015 by sweeping 
net. 

The values for the regression line of triflumezopyrim 
was -0.1258 (intercept) and 0.796 (slope) with their 
standard error (Table 4). In case the t-ratio of slope was 
0.796/0.067 = 11.8806 > 1.96, show that the regression 
was significant, so this indicate the treatment has effect 
to BPH from Lamongan. Heterogeneity was 0.74 <1, this 
indicate that data bioassay is fit for model probit 
regression to BPH from Lamongan. In the other hand the 
natural response 0.067 less than 0.2 (or <20%) 
accordance to the requirements of bioassay method.  

Topical LD50 of triflumezopyrim to BPH from Lamongan 
was 1.443 ng/g with 95% lower and upper fiducial limit 
were 0.297 and 3.491 ng/g. The value LD50 and 
confidence interval limit of 95% is acceptable as effective 
dose because g=0.162 less than 0.4. Response BPH 
from Lamongan to triflumezopyrim towards to decreased 
susceptibility with RR = 2.12. 

The values for the regression line of imidacloprid was -
1.1696 (intercept) and 0.503  (slope)  with  their  standard  
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Table 4.  The LD50 values (ng/g) of  BPH population collected from Lamongan-East Java in 2014 
 

Insecticide 
LD50 

(ng/g) 

Fiducial Limit 
95% (ng/g) Intercept Slope 

Natural 
response 

Heterogeneity 
g- 

value 
RR* 

Lower Upper 

Triflumezopyrim 1.443 0.297 3.491 -0.1258 0.796±0.163 0.067±0.046 0.74 0.162 2.12 

Imidacloprid 216.000 19.605 752.712 -1.1696 0.503±0.130 0.102±0.056 0.25 0.257 1.96 
 

*Remark: RR = Resistance ratio between BPH field population and BPH biotype 3 of laboratory.    LD50 triflumezopyrim  and imidacloprid  to BPH 
biotype 3  were 0.681 and 110.277 ng/g respectively 
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Figure 4. Relationship between log dose (ng/g)  and mortality probit of BPH from 

Lamongan-East Java.  

 
 
error (Table 4). In case the t-ratio of slope was 
0.503/0.102 = 4.9313 > 1.96, show that the regression 
was significant, so this indicate the treatment has effect 
to BPH from Lamongan. Heterogeneity was 0.25 <1, this 
indicate that data bioassay was fit for model probit 
regression to BPH from Lamongan. In the other hand the 
natural response 0.102 less than 0.2 (or <20%) 
accordance to the requirements of bioassay method.  

Topical LD50 of imidacloprid to BPH from Lamongan 
was 216.000 ng/g with 95% lower and upper fiducial limit 
were 19.605 and 752.712 ng/g. The value LD50 and 
confidence interval limit of 95% is acceptable as effective 
dose because g=0.257 less than 0.4. Response BPH 
from Lamongan to imidacloprid towards to decreased 
susceptibility with RR = 1.96.  

In the BPH from Lamongan-East Java, the hypothesis 
of equality tests the sameness of the slopes and 
intercepts of the each regression line were rejected. This 
indicate the regression line were significantly the effect 
increase dose to the increase of BPH mortality (Figure 4).  

On the other hand, the likelihood ratio (LR) test of 
parallelism  shows  that  the  slopes  of   the   lines   were  

similar, this indicate that insect responses to different 
insecticides have valid comparisons when the slopes of 
the regression lines are parallel. Table 4 presents the 
results of BPH from Lamongan where the probit lines are 
parallel between triflumezopyrim and imidacloprid. In this 
case, the potency resistance values can be considered 
valid. In addition, the heterogeneity of all two probit lines 
was low, indicating that the responses were uniform. The 
relative potency values BPH from Lamongan to 
triflumezopyrim was 0.92 (RR of triflumezopyrim/RR of 
imidacloprid) folded to imidacloprid. 
 
 
Susceptibility BPH population from Banyuwangi-East 
Java to insecticides 
 
BPH adult was collected from Ciherang variety in 
November 2014 from Kemiri -Singojuruh –Banyuwangi-
East Java (village-sub district-district-province) with 
08.29701

o
 S latitude, 114.21707

o
 E longitude, and 

altitude of 208 m from sea level.  
The values for the  regression  line  of  triflumezopyrim  
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Table  5.  The LD50 values (ng/g) of BPH population collected from Banyuwangi-East  Java in 2014. 
 

Insecticide LD50 
(ng/g) 

Fiducial Limit 
95% (ng/g) 

Intercept Slope Natural 
response 

Heterogeneity g- 
value 

RR* 

Lower Upper 

Triflumezopyrim 1.703 0.016 8.512 -0.0912 0.394± 0.124 0.100± 0.055 0.06 0.378 2.50 
Imidacloprid 96.608 5.693 347.041 -1.0320 0.523± 0.135 0.102± 0.056 0.87 0.257 0.88 

 

*Remark: RR = Resistance ratio between BPH field population and BPH biotype 3 of laboratory.    LD50 triflumezopyrim  and imidacloprid  to BPH 

biotype 3  were 0.681 and 110.277 ng/g respectively 
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Figure 5. Relationship between log dose (ng/g)  and mortality probit of BPH from 
Banyuwangi-East Java.  

 
 
 
was -0.0912 (intercept) and 0.394 (slope) with their 
standard error (Table 5). In case the t-ratio of slope was 
0.394/0.124 = 3.177 > 1.96, show that the regression was 
significant, so this indicate the treatment has effect to 
BPH from Banyuwangi. Heterogeneity is 0.06 <1, this 
indicate that data bioassay was fit for model probit 
regression to BPH from Banyuwangi. In the other hand 
the natural response 0.100 less than 0.2 (or <20%) 
accordance to the requirements of bioassay method.  

Topical LD50 of triflumezopyrim to BPH from 
Banyuwangi was 1.703 ng/g with 95% lower and upper 
fiducial limit were 0.016 and 8.512 ng/g. The value LD50 

and confidence interval limit of 95% is acceptable as 
effective dose because g=0.378 less than 0.4. Response 
BPH from Banyuwangi to triflumezopyrim towards to 
decreased susceptibility with RR = 2.50. 

The values for the regression line of imidacloprid, was -
1.0320 (intercept) and 0.523 (slope) with their standard 
error (Table 5). In case the t-ratio of slope was 
0.523/0.135 = 3.874 >1.96, show that the regression was 
significant, so this indicate the  treatment  has  effect  to  

BPH from Banyuwangi. Heterogeneity was 0.87 <1, this 
indicate that data bioassay was fit for model probit 
regression to BPH from Banyuwangi. In the other hand 
the natural response 0.102 less than 0.2 (or <20%) 
accordance to the requirements of bioassay method.  

Topical LD50 of imidacloprid to BPH from Banyuwangi 
was 96.608 ng/g with 95% lower and upper fiducial limit 
were 5.693 and 347.041 ng/g. The value LD50 and 
confidence interval limit of 95% is acceptable as effective 
dose because g=0.257 less than 0.4. Response BPH 
from Banyuwangi to imidacloprid was susceptible with 
RR = 0.88.  

In the BPH from Banyuwangi -East Java, the 
hypothesis of equality tests the sameness of the slopes 
and intercepts of the each regression line were rejected. 
This indicate the regression line were significantly the 
effect increase dose to the increase of BPH mortality 
(Figure 5).  

On the other hand, the likelihood ratio (LR) test of 
parallelism shows that the slopes of the lines were 
similar, this  indicate  that  insect  responses  to  different  



 

 

 
 
 
 
insecticides have valid comparisons when the slopes of 
the regression lines are parallel. Table 5 presents the 
results of BPH from Banyuwangi where the probit lines 
are parallel between triflumezopyrim and imidacloprid. In 
this case, the potency resistance values can be 
considered valid. In addition, the heterogeneity of all two 
probit lines was low, indicating that the responses were 
uniform. The relative potency values BPH from 
Banyuwangi to triflumezopyrim was 0.53 (RR of 
triflumezopyrim/RR of imidacloprid) folded to 
imidacloprid. 

Since imidacloprid is efficacious at very low levels 
(nanogram and picogram), it can be applied at lower 
concentrations (e.g., 0.05–0.125 lb/acre or 55–140 g/ha) 
than other insecticides. The availability of imidacloprid 
and its favorable toxicity package as compared to other 
insecticides on the market in the 1990s allowed the EPA 
to replace more toxic insecticides including the 
acetylcholinesterase inhibitors, the organophosphorus 
compounds, and methylcarbamates 
(http://en.wikipedia.org/wiki/ Imidacloprid, base on 
sources CEPA, 2012 and EFSA 2008). 

Imidacloprid is a systemic chloronicotinyl pesticide, 
belonging to the class of neonicotinoid insecticides. It 
works by interfering with the transmission of nerve 
impulses in insects by binding irreversibly to specific 
insect nicotinic acetylcholine receptors 
(http://en.wikipedia.org/wiki/Imidacloprid). As a systemic 
pesticide, imidacloprid translocates or moves easily in the 
xylem of plants from the soil into the leaves, fruit, pollen, 
and nectar of a plant. Imidacloprid also exhibits excellent 
translaminar movement in plants and can penetrate the 
leaf cuticle and move readily into leaf tissue 
(http://en.wikipedia.org/wiki/Imidacloprid). The insecticide 
widely distribute in area rice production since 2000. 

The LD50-values for the BPH populations collected from 
East Java (Ngawi, Lamongan, and Banyuwangi) to 
imidacloprid, were 96.608-216.000 ng/g, with the 
resistance ratio were 0.88-1.96. This indicate that the 
BPH of East Java is still susceptible to imidacloprid. 

In the case of imidacloprid, the LD50 values for the BPH 
populations collected from East Asia (Japan, China, 
Taiwan) and Vietnam by Bliss’s probit method were 4.3–
24.2 μg/g (= 4,300-24,200 ng/g) and were remarkably 
larger than for populations collected from the Philippines 
(0.18–0.35 μg/g (= 180-350 ng/g) (Matsumura et al., 
2008). The East Asian and Vietnamese populations had 
significantly larger LD50-values (0.27–2.16 μg/g) for 
thiamethoxam than the Philippines ones (0.41–0.62 
μg/g). There was a significant positive relationship 
between the LD50-values of imidacloprid and 
thiamethoxam in all the Asian populations. In contrast to 
the two neonicotinoids (imidacloprid and thiamethoxam), 
all the Asian BPH populations had much smaller LD50-
values (0.06–0.65 μg/g) for fipronil and no difference  was  
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found among locations. In BPMC, the LD50-values were 
larger (>30 μg/g) in several Vietnamese and Philippines 
populations than those in other populations, but there 
was no significant difference among countries 
(Matsumura et al., 2008). 

Based on data from Matsumura et al. (2008), although 
the old data, but is still relevant to show the significantly 
gradient of LD50 BPH to imidacloprid in Japan, China, 
Taiwan and Vietnam were higher (4,300-24,200 ng/g) 
compared to the Philippines range between 180-350 
ng/g. LD50 BPH to imidacloprid in East Java-Indonesia 
was relatively low (96.608-216.000 ng/g) and not 
resistant, this is due to the use of imidacloprid in 
Indonesia did not fully replace other insecticides. It is 
clearly that incidence of insecticide resistance due to the 
frequent use of certain insecticides. LD50 BPH in the 
laboratory will rapidly decline, because it is not exposed 
to insecticides. The resistance ratio of imidacloprid 
decreased faster at F4 to F8, and it became stable at F10 
to F14. LD50 in F1 was 11.158 μg/g and LD50 in F10-F14 
was (0.203-0.202 μg/g (Yang et al., 2014). The 
resistance ratio to imidacloprid sharply declined with the 
succession of rearing generations without insecticides 
from 359.94-fold at F1 to 6.50-fold at F14 compared with 
the susceptible strain, but the resistance ratio to 
chlorpyrifos was from 9.90-fold at F1to 5.94-fold at F14 
(Yang et al., 2014). Wang et al. (2008) reported that BPH 
had been able to develop 1424-fold resistance to 
imidacloprid in the laboratory after the insect was 
selected with imidacloprid for 26 generations. 

LD50-values for the BPH populations collected from 
East Java (Ngawi, Lamongan, and Banyuwangi) to 
triflumezopyrim, were 1.227-1.703 ng/g, with the 
resistance ratio were 1.802-2.50. The BPH of East Java 
indicate is still susceptible to triflumezopyrim as a 
fantastic insecticide to provide a low LD50 and didn’t 
resistance to BPH. The relative potency values of 
triflumezopyrim to BPH from Ngawi, Lamongan and 
Banyuwangi were 0.84, 0.92, and 0.53 folded 
respectively compares to imidacloprid. In this case 
triflumezopyrim insecticide can be used to solve the BPH 
problem that was resistance against to the other 
insecticides. 
 
 
Conclusions 
 
The regression line of topical LD50 of triflumezopyrim and 
imidacloprid were significant and it indicated that the 
insecticides treatment have effect to BPH from 
Laboratory and BPH from the field of East Java. In the 
other hand Heterogeneities were less than of 1, this 
indicate that the data bioassay were fit for model probit 
regression to BPH from all sites. The LD50 for BPH of 
East Java to imidacloprid were 96.608-216.000 ng/g body  

http://en.wikipedia.org/wiki/Systemic_effect
http://en.wikipedia.org/w/index.php?title=Chloronicotinyl&action=edit&redlink=1
http://en.wikipedia.org/wiki/Pesticide
http://en.wikipedia.org/wiki/Neonicotinoid
http://en.wikipedia.org/wiki/Nicotinic_acetylcholine_receptors
http://en.wikipedia.org/w/index.php?title=Translocates&action=edit&redlink=1
http://en.wikipedia.org/wiki/Imidacloprid
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weight. The LD50 for BPH of East Java to triflumezopyrim 
were 1.227-1.703 ng/g body weight. Response BPH from 
all  sites  to  triflumezopyrim   and    imidacloprid  were 
susceptible with Resistance Ratio (RR) <3, 
triflumezopyrim was fantastic insecticide to provide a low 
LD50 and didn’t resistance to BPH almost of all sites. This 
insecticides can be used to solve the problem resistance 
of BPH against to the other insecticides.  
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