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Abstract 
 

 Colorado potato beetle (CPB, Leptinotarsa decemlineata Say) resistance is one of the limiting 
factors in potato production in some regions of Serbia. Imidacloprid is first introduced neonicotinoid 
insecticide in use for effective CPB control. Introduction of such insecticides with novel mode of action 
and physicochemical properties, demands investigations on resistance risks and management tactics. 
Primary candidates for cross resistance are insecticides acting on same target sites (such as bensultap, 
with CPB resistance reported), although other cross resistance patterns between apparently unrelated 
insecticides are not uncommon. Results of the investigations presented in this paper refers to the 
resistance of CPB adults to 3 insecticides - imidacloprid, bensultap and cypermethrin, most commonly 
used by farmers in recent years. First generation adults from nine field populations in first and four 
representative populations in second year of investigation were tested by topical application. 
Resistance ratios for bensultap ranged from 1.0 to 645.3 (LD50 from 0.04 – 25.81 μg/insect). 
Cypermethrin resistance ratios ranged from 1.0 to 60.0 (LD50 from 0.02 – 2.05 μg/insect). Imidacloprid 
resistance ratio was from 1.0 to 82.9 (LD50 from 0.0039 – 0.0323 ng/insect). Based on our results there 
was no correlation between resistance levels for bensultap and imidacloprid. Although LD50 values for 
imidacloprid were very low, significant resistance ratios obtained in these investigations, together with 
threads of cross-resistance and importance of conserving field efficacy of neonicotinoids, strongly 
recommands systematic resistance monitoring as important resistance management tool. 

 
Keywords: : Colorado potato beetle, resistance, toxicity, bensultap, cypemethrin, imidacloprid.  
 
Introduction  

 
Colorado potato beetle (CPB, Leptinotarsa decemlineata Say) (Coleoptera: 

Chrysomelidae) causes great losses in tuber yields by defoliation caused by larval feeding in 2 
consecutive generations. Potato plants can tolerate light to moderate defoliation but without 
control major to complete crop loss is common. Management of CPB is mainly based on 
chemical control which influences on multiple spatial and temporal scales its colonization and 
invasion process [4]. 

The majority of the potato protection programmes requires the reduction of the CPB 
population at the beginning and in the middle of the growing season, while the pest higher 
abundance is tolerated at the end of the growing season. In Serbia, potato is treated by 
insecticides 3-4 times per year with the purpose of providing the expected yield [17]. 

Colorado potato beetle expresses extraordinary adaptability to effects of toxicants of 
different chemical groups by the development of various levels of resistance to all groups of 
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insecticides applied in its control all over the range of its distribution in North America, 
Europe, Asia Minor, Iran, central Asian and western China [3, 10, 12, 13, 14, 16, 17, 19, 22, 
26, 28,]. 

Developing of resistance to insecticides significantly increases the potato production 
costs, affects environmental contamination and disturbance of equilibrium in biocenosis. The 
development of a series of mechanisms of resistance - reduced permeability, increased 
metabolism of insecticides, changes in susceptibility of the sites of action and behaviour [3, 
16, 22], make control of this pest difficult. Resistance levels vary greatly among different 
populations and between beetle life stages [5, 8, 15, 23]. Resistance mechanisms are 
sometimes highly diverse even within a relatively narrow geographical area. These findings 
can be effectively used in management programs and Resistance Potential prediction when 
new compounds are introduced [7]. After imidacloprid other neonicotinoids belonging to the 
same mode of action group were introduced and their rotation with each other is not 
recommended [2, 12]. 

Costs of resistance to imidacloprid are significant in the Colorado potato beetle. 
Reduced fitness among resistant versus susceptible individuals slows resistance evolution and 
makes it easier to manage. A loss of resistance costs could indicate novel adaptations or 
mutations contributing to resistance [5].  

The first quantitative data on resistance to insecticides (DDT) in Serbia were obtained 
in 1969. Succeeding studies determined highly variable resistance to organophosphoric 
insecticides, carbamates and pyrethroids in many locations [15, 17, 23]. Significant variability 
in levels of susceptibility (or resistance) exists in geographically distinct CPB populations. In 
some populations resistance is attributed to cross or multi resistance to DDT and other 
organochlorine compounds. Certain CPB populations developed significant levels of 
resistance to all studied insecticides. Level of resistance was correlated with the history of the 
application of insecticides. Due to high reliance on chemical control and problems which are 
raised there is a need for alternative methods of CPB control as well as it is in other infested 
regions [6].  

Due to faster development of resistant CPB populations resistance monitoring became 
more important [18]. Therefore, we wanted to establish baseline levels of resistance for 
monitoring of 9 geographically distinct CPB populations on 3 widely used insecticides a.i. but 
with different history of use in the field. 
 
Materials and methods 
 

Adults of both sexes of the first CPB generation were used in the study. Test insects 
collected in fields were transferred to a laboratory in which they were kept at the temperature 
of 5-8oC. When the trial was set up, insects were kept in the micro climate chamber (Danfoss, 
EKH 20) under control conditions: t=26±1oC, RH=60% and 16:8 (L:D) photoperiod. Test 
insects were collected in locations that cover the majority of the country (Dobanovci, Majur, 
Malošište, Rečka, Orid, Požarevac, Ruma, Toljevac and Vršac). As there was no normal 
susceptible strain, populations collected in the locations Orid and Toljevac showing 
exceptional susceptibility were considered as the referent populations. In the following year, 
four representative populations (Dobanovci, Majur, Rečka, and Toljevac) were observed.   
 Toxicity of bensultap, cypermethrin and imidacloprid belonging to the most 
important chemical groups (nereistoxins, pyrethroids and neonicotinoids, respectively) used 
in CPB control was studied. Commercial preparation used in our research were: Bancol 50 
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WP (with 49.89% a.i.); cypermethrin (technical grade with 95,39% a.i.), Confidor 200 SL 
(190.56 g L-1 a.i.). 
 Technical grades were provided by the Department of Phytopharmacy of the Institute 
for Plant Protection and Environment, Belgrade, and the determination of the a.i. content of 
the grades and commercial preparations was performed there. 
 Toxicity to CPB was assessed by a method of topical application. A 1-μl droplet of 
acetone solution was administered to the ventral sternum between coxae with a Socorex micro 
litre pipette. Ten insects each were treated and placed into Petri dishes. The precision of the 
micro litre pipette at the calibration was 0.1 μl. The check insects were treated with acetone. 
 The mortality was registered daily during 96 h, with food addition, and the data on 
dead insects were used for the further calculations. The observed mortality data were 
corrected for control mortality using Abbott's formula. Regression lines (ld - p), values of 
LD50 with 95% fiduccial limits/confidence intervals, were estimated by the probit analysis 
using the computer programme. Four-replicate experiments with the use of at least five 
concentrations of the insecticide were set up. The results were expressed in μg active 
substance per insect. Resistance ratios (RR) were determined by the comparison of LD50 
values of each population with LD50 values of reference populations. Beside the comparison 
among LD50 values, the comparison of their intervals is also very important. 
 
Results and Discussions 
 
 Values of LD50 for bensultap (Table 1.) show the significant difference in 
susceptibility of CPB adults over 9 studied locations. 
  
Table 1. Bensultap toxicity to adults of Leptinotarsa decemlineata Say. 
 

Rank 
(group) Locality (Population) Regression 

slope (b) 
LD50 (μg / insect) 

(95% CL) 
Resistance 
ratio (RR) 

    1st year   
Toljevac 0,68 0,04  (0,01 – 0,08) 1,00 
Orid 1,02 0,08  (0,05  - 0,12) 2,00 
Požarevac 0,81 0,15  (0,08 – 0,27) 3,75 

I 
group 

Malošište 0,39 0,28  (0,10 – 1,53) 7,00 
Majur 1,07 0,46  (0,29 – 0,70) 11,50 II 

group Dobanovci 0,85 1,53  (0,91 – 2,61) 38,25 
Ruma 0,63 6,37  (3,13  - 13,75) 159,25 
Rečka 0,78 9,36  (5,45 - 17,35) 234,00 III 

group Vršac 0,89 25,81 (14,55 - 51,92) 645,25 
  2nd year 

I group Toljevac 0,61 0,06 (0,02 - 0,12) 1,00 
Dobanovci 0,76 0,61 (0,34 - 1,11) 10,17 II 

group Majur 1,38 0,71 (0,50 - 0,99) 11,83 
III group Rečka 0,94 4,30 (2,26 - 7,05) 75,67 

  
 Based on the LD50 overlapping intervals the highest susceptibility was detected in the 
insects in the locations of Toljevac, Orid and Požarevac. The populations in Malošište and 
Majur showed a somewhat lower susceptibility. A significant degree of resistance to 
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bensultap was characteristic for the population in Dobanovci, and especially for populations 
in Ruma, Rečka and Vršac. 

The highest slope was detected in the populations Majur (1.07) an Orid (1.02), while 
the lowest one was found in the population Malošište (0.39).  

The population Dobanovci is characterised by the existence of two plateaus - the first, 
i.e. the second plateau occurred at the 10- (0.0385 – 0.385 μg/insect), i.e. 5-fold (7,7061-
38,5305 μg/insect) dose increase, respectively. Plateaus in the population Rečka occurred at 
the 5-fold (7,7061-38,5305 μg/insect) and 2-fold dose increase  (0.0193 – 0.0385 μg/insect). 
On the other hand, plateau in the population Požarevac occurred at the 10-fold dose increase 
(3,8530 -38,5305 μg/insect). 
 During the second year of investigation, the significant differences in respect to 
susceptibility to bensultap were confirmed by the resistance ratios that ranged from 10.17 to 
75.67. The population Toljevac showed the highest susceptibility and its LD50 interval did not 
overlap intervals of other populations.  
 The populations Dobanovci and Majur had 10-fold higher resistance and had mutually 
overlapping LD50 intervals, hence they can be classified into the same group. The population 
Rečka had the highest degree of resistance and significantly differed from others. The 
regression slopes significantly varied over observed populations. The populations Toljevac, 
Dobanovci and Rečka had a lower slope, while the population Majur had a higher slope 
(1.39). The lower slopes were a result of both, the existence of plateaus at 10 fold dose 
increase in the populations Toljevac (0.3853 – 3.8530 μg/insect, with corrected mortalities of 
80.00% and 82.50%, respectively) and Dobanovci (0.0193 – 0.1927 μg/insect, with corrected 
mortalities of 22.50% and 25.00%, respectively), and the presence of the saddle-point in the 
population Rečka at 10-fold doses increase (0.7706 – 3.8530 – 7.7061 μg/insect, with 
corrected mortalities of 44.74%, 34.21% and 39.47%, respectively).  

Regarding LD50 values, it could be possible to rank populations on possibility for ‘’in 
field’’ use of bensultap. Ranking is done based on 95% CI (confidence intervals) overlapping 
among populations. Bensultap could be effective in CPB control only in populations Toljevac, 
Orid, Malošište and Požarevac, eg. in populations with LD50 lower than 0.30 μg/insect.   
 Concerning susceptibility of CPB adults from different locations to cypermethrin 
(Table 2.), the clearly expressed differences among populations exist.  
 The populations Toljevac and Malošište were the most susceptible, while the 
susceptibility of the populations Orid and Požarevac was somewhat lower. LD50 intervals of 
these populations overlapped, furthermore confirming their similarity. The populations Ruma 
and Rečka had lower susceptibility, as well as, equal values of LD50 and almost identical 
intervals and slopes of regression. Populations Majur and Dobanovci, and especially Vršac, 
had a highest resistance to cypermethrin.  

The LD50 intervals were narrow in all populations. Slopes did not differ much from 
one another, except in the population Majur in which the slope was significantly higher 
(2.30). The lowest slope was detected in the population Malošište. The slopes varied from 
0.75 to 1.00 in all other populations and were very similar. A saddle-point (the 2-fold dose 
increase: 0,0189 - 0,0378 μg/insect) and a plateau (the 5-fold dose increase: 0,3775 - 1,8877 
μg/insect) occurred in the population Dobanovci and Orid (the 10-fold dose increase: 0.0378- 
0,3775 μg/insect).  
 Moreover, toxicity of cypermethrin to CPB adults significantly differed among 
observed field populations during the subsequent year of investigation. The susceptibility of 
populations Toljevac and Rečka was the most pronounced, while their LD50 intervals 
overlapped to a great extent. Based on the comparison of LD50 intervals, the populations 
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Dobanovci and Majur were significantly more resistant (7.14 and 29.29, respectively). The 
upper limits of LD50 in these two populations did not significantly differed, while their lower 
limits of LD50 were almost identical, hence in respect to resistance to cypermethrin these 
populations could be classified into the same group.  
 
Table 2. Cypermethrin toxicity to adults of Leptinotarsa decemlineata Say. 
 

Rank (group) Locality (Population) Regression 
slope (b) 

LD50 (μg / insect) 
(95% CL) 

Resistance 
ratio (RR) 

   1st year  
Toljevac 0.75 0.02 (0.01 – 0.04) 1.00 
Malošište 0.64 0.02 (0.001 – 0.06) 1.00 
Orid 0.85 0.04 (0.03 – 0.08) 2.00 

I 
group 

Požarevac 0.89 0.09  (0.05 – 0.15) 4.50 
Rečka 0.94 0.25  (0.15 – 0.42) 12.50 II 

group Ruma 1.00 0.25  (0.15 – 0.41) 12.50 
Majur 2.30 0.80  (0.60 – 1.13) 40.00 
Dobanovci 0.87 0.72  (0.43 – 1.22) 43.50 III 

group Vršac 0.99 1.20  (0.71 – 2.11) 60.00 
  2nd year 

Toljevac 0.96 0.07 (0.04 – 0.12) 1.00 I 
group Rečka 1.26 0.11 (0.05 – 0.17) 1.57 

Dobanovci 1.29 1.90 (1.35 – 2.63) 27.14 III 
group Majur 1.29 2.05 (1.36 – 3.21) 29.29 

 
 The regression slope was the lowest (0.96), i.e. highest (1.29) in the populations 
Toljevac and Rečka, respectively. The identical slopes (1.29) were found in the populations 
Dobanovci and Majur, while populations Dobanovci and Rečka were characterised by one 
plateau at the 5-fold dose increase (0.0378 – 0.1888 and 0.7550 – 3.7752 μg/insect, 
respectively).  

If we use ranking of LD50 values for cypermethrin, there is wider possibility for its 
use, comparing to bensultap. Cypermethrin use will not be suitable for CPB control in 
populations with LD50 higher than 0.70 μg/insect. Out of nine investigated localities, 
cypermethin could be effective for use in six localities. 

Very low values of LD50 indicated very high toxicity of imidacloprid to CPB (Table 
3), hence values for this insecticide were expressed in μg per insect. The LD50 values 
themselves differed indicating that there was a certain degree of resistance to this insecticide. 
 The populations Orid, Toljevac, Požarevac and Rečka were the most susceptible, 
hence they could be classified into the same group due to overlapping of the LD50 intervals. 
These populations can be considered generally susceptible to imidacloprid, taking into 
account not only the LD50 values, but also relatively higher slopes and therefore they can be 
used as reference populations (particularly populations Požarevac and Orid) in establishing 
the initial susceptibility and monitoring the further development of resistance. The 
populations Ruma, Rečka and Majur were over 10-20-fold more resistant to imidacloprid than 
the population Orid. The highest resistance was detected in the populations Dobanovci and 
Vršac. Significantly higher LD50 values in populations which were less susceptible to other 
groups of insecticides suggest the presence of a mechanism of resistance to this insecticide. 
The lowest values were obtained in the population Malošište (0.58), and the highest values in 
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the population Požarevac (2.32), that ranked second by its susceptibility. The more significant 
presence of saddle-points was characteristic for the population Majur at the 10-fold higher 
doses (0.0476 – 0.476 ng/insect), as well as, for the population Ruma (0.2382 – 2.3820 
μg/insect). At such increases of doses, a plateau each was detected in the populations 
Malošište and Vršac.    
 
Table 3. Imidacloprid toxicity to adults of Leptinotarsa decemlineata Say. 
 

Rank 
(group) Locality (Population) Regression 

slope (b) 
LD50 (μg / insect) 

(95% CL) 
Resistance 
ratio (RR) 

   1st year  
Orid 1.46 0.39 (0.14 – 0.66) 1.00 
Toljevac 0.93 0.61 (0.31 – 1.02) 1.56 
Požarevac 2.32 0.61 (0.44 – 0.83) 1.56 

I 
group 

Malošište 0.58 0.63 (0.19 – 1.34) 1.62 
Ruma 1.16 3.49 (2.33 – 5.48) 10.10 
Rečka 1.14 5.52 (3.63 – 9.10) 14.15 II 

group Majur 0.75 8.28 (4.86 – 16.20) 21.23 
Dobanovci 0.89 28.30 (16.20 – 65.30) 72.56 III 

group Vršac 0.89 32.33 (18.70 - 66.30) 82.90 
  2nd year 

Toljevac 0.81 0.62 (0.34 – 1.08) 1.00 I 
group Rečka 0.85 0.88 (0.29 – 1.66) 1.42 

Majur 0.89 16.40 (10.11 – 25.98) 26.45 III 
group Dobanovci 0.88 22.60 (14.39 – 38.62) 36.45 

 
Toxicity of imidacloprid significantly varied over observed populations during the 

second year of investigation. CPB individuals of the population Toljevac were 26.45- and 
36.45-fold more susceptible than individuals of the populations Majur and Dobanovci, 
respectively,  which was in accordance with results gained in the previous year. 

The regression slopes did not significantly differ and varied from 0.81 to 0.89 and 
were similar to values obtained in the previous year. The most resistant population Dobanovci 
was characterised by a saddle-point at the 20-fold dose increase (0.0476 – 0.9528 μg/insect). 
This was also characteristic for the population Majur (at the double dose increase, from 4.764 
to 9.528 μg/insect) and Rečka (at the 4-fold dose increase: 11.91 – 47.64 μg/insect).  

There are 3 separate groups of populations regarding LD50 values for imidacloprid, 
too. Use of this insecticide is very effective, but careful selection of rotating insecticides and 
lower number of applications with imidacloprid could be of importance for management of 
CPB populations Dobanovci, Majur and Vrsac. 

In our paper obtained results point out to a significant level of resistance of the 
majority of observed populations (Vršac, Ruma, Dobanovci, Rečka, Malošište) to insecticides 
applied for a longer period of time (bensultap, cypermethrin) but also to resistance of some 
populations (Vršac, Dobanovci, Majur, Ruma) to imidacloprid, neonicotinoid of the first 
generation, a group of insecticides introduced into practice during late 90`s. The highest level 
of overall resistance was detected in the populations Vršac, Ruma, Dobanovci, Rečka and 
Majur, while the lowest level of resistance was found in the populations Toljevac, Orid, and 
in case of cypermethrin, in the population Malošište. Such results were expected as CPB 
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resistance has been observed for a long period. Based on results of our earlier studies [17], we 
can now have a clear picture of CPB susceptability levels for nine investigated populations. 

We noticed variations among RR between two investigated years. Our samples of 
CPB adults were taken from the same field, but within two years of investigations, variations 
in LD50 values were noticeable. It can be explained by mixing of populations with different 
susceptibility levels [4] due to a lot of small neighbouring potato fields with different history 
of insecticide use and therefore different resistance profiles. In addition, insecticide use during 
the season at investigated fields changed resistance levels within the populations.  
 
Resistance of adults to bensultap 

 
The following populations are singled out for their resistance to bensultap: Vršac 

(645.3 times), Rečka (234.0 times), Ruma (159.3 times) and Dobanovci (38.3 times), which 
was also confirmed in the subsequent year of investigation. The moderate resistance was 
determined in the populations Majur (11.3 times) and Malošište (7.0 times). The populations 
Toljevac (1.0 time), Orid (2.0 times) and Požarevac (3.8 times) showed extremely high 
susceptibility. In the subsequent year, resistance of the populations Rečka (75.7 times), 
Dobanovci (10.7 times) and Majur (12.5 times), as well as, susceptibility of the population 
Toljevac (1.0) were confirmed. The values of LD50 (μg per insect) ranged from 0.04 to 25.81.  

Similar values for bensultap (0.02-14.51 μg per insect) were obtained by [15]. The 
same authors established the reduction of resistance in some populations, such as the 
populations Dobanovci (0.61-1.53 μg per insect) and Rečka (4.3-9.36 μg per insect) in this 
study. The regression slopes varied from 0.16 to 1.38, similar to results obtained by 
previously mentioned authors (0.62-2.02). 
 
Resistance of adults to cypermethrin 
  

According to its toxicity, cypermethrin, an active substance, ranking second in our 
study, has history of resistance in Serbia [15]. The populations Vršac, Dobanovci and Majur 
expressed high resistance (60.0, 43.5 and 40.0 times, respectively), while Rečka (12.5 times) 
and Ruma (12.5 times) showed moderate resistance. Susceptibility to this pyrethroid was 
expressed by the populations Požarevac (4.5 times), Orid (2.0 times) and especially Toljevac 
(1.0) and Malošište (1.0). The values of LD50 ranged from 0.02 − 1.20 μg per insect. A high 
level of resistance was determined in the populations Majur (29.3 times) and Dobanovci (27.1 
times), while the population Rečka (1.6 times) was less resistant than the population Toljevac. 
The increase of LD50 (0.02-0.07 μg per insect) was established in the population Toljevac in 
the subsequent year of investigation.  

The values of LD50 for CPB adults presented by [15] amounted to 0.12-10.22 μg per 
insect. According to the same authors, the regression slopes ranged from 0.38 to 1.51. The 
corresponding values in the present study amounted to 0.64-2.29 (1st year) and 0.96-1.29 (2nd 
year). Values gained in the two-year study are in accordance with the results obtained by 
other authors, in respect to both, toxicity of cypermethrin in relation to other active 
substances, and values of LD50.  
 
Resistance of adults to imidacloprid 

 
First, among several neonicotinoids, introduced into CPB management in ‘90s, 

imidacloprid effecivelly controled pests resistant to conventional insecticides dominating the 
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markets at that time [9]. Neonicotinoids greatly reduced the need to spray insecticides for 
Colorado Potato Beetle control [21].  

Toxicity of imidacloprid, in this study, varied over studied populations. The 
differences in susceptibility of CPB populations were extremely pronounced. Individuals of 
the populations Vršac (RR 82.9 times) and Dobanovci (72.6 times) with overlapping LD50 
intervals were the most resistant. Populations Majur (21.2 times), Rečka (14.2 times) and 
Ruma (10.1 times) were somewhat more susceptible, while the most susceptible group 
consisted of the following populations: Malošište, Požarevac, Toljevac and Orid (RR 
approximately 1). Slopes were very different and varied from 0.58 to 2.32, while LD50 ranged 
from 0.39 to 32.33 (μg per insect).  

In the subsequent year, the individuals of the populations Dobanovci and Majur were 
significantly more resistant (RR 36.5 and 26.5, respectively) than the population Toljevac, 
while a certain reduction in resistance was detected in the population Rečka. Resistance of the 
population Dobanovci showed a particular stability: LD50 ranged from 28.3 μg per insect (1st 
year) to 22.6 μg per insect (2nd year), while the regression slope was insignificantly changed. 
A double increase of LD50 in the population Majur (8.28 in the 1st year and 16.40 μg per 
insect in the 2nd year), as well as, a slight increase of the regression slope were observed. 
Furthermore, the LD50 values were stable and the regression slope was slightly increased in 
the population Toljevac. It is interesting to mention that a certain increase, i.e. decrease of 
resistance in the populations Majur, i.e. Rečka, respectively, was observed, especially when it 
is considered that test insects for these two locations were collected in the same field during 
both years. 

Differences in susceptibility of CPB populations to imidacloprid were not registered 
only in this study, but in the studies carried out by other authors [1, 2, 12], hence the 
occurrence and the development of resistance of field populations in Serbia can be discussed. 
Based on the comparison of results on RR obtained in our country (1.6-82.9 times in the 1st 
year and 1.4-36.5 times in the 2nd year) and in the state of Michigan, USA (RR 29 times, [14] 
and RR 100  times, [25] it can be concluded that the level of resistance was similar. Recent 
data obtained from the Long Island CPB population showed 309-fold resistance to 
imidacloprid compared to standard susceptible beetles [12].   

Like the naturally occurring alkaloid -nicotine, all neonicotinoids act selectively on the 
insect central nervous system as agonists of the post-synaptic nicotinic acetylcholine 
receptors, their molecular target site [24]. Taking into account that imidacloprid is a newer 
compound in this region, it can be considered that some of already existing mechanisms of 
resistance were involved in resistance to the group of neonicotinoids. [25] have already 
proved the synergic effects of piperonyl butoxide (PBO) and S, S, S-tributyl 
phosphorotrithioate on adults and only PBO on larvae. Effects of these synergists directly 
point out to mechanisms of resistance of CPB to imidacloprid - metabolic oxidase- (PBO) and 
hydrolyse-based detoxification. Since synergists did not completely eliminate resistance, it is 
considered that there are some additional mechanisms of resistance. Imidacloprid-resistant 
beetles from Long Island, New York showed a reduction in resistance from 300-fold without 
PBO treatment to 108-fold with PBO treatment [12]. Besides that, nerve recording suggested 
that insensitivity at the target site may be one of the mechanisms of beetle resistance to 
imidacloprid [20]. In vivo distribution and metabolism studies using [14C] imidacloprid 
suggested that the tolerance observed in a resistant population from Long Island, New York 
was primarily due to increased excretion of the parent compound [14]. Other authors [24] 
agree that some cases of resistance appeared to be unconnected with imidacloprid use, and 
was probably a consequence of cross-resistance from chemical classes of insecticides used 
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earlier. Imidacloprid is systemic insecticide of high efficiency however in field conditions its 
uneven distribution within potato plants could result in differential concentrations, which may 
result in different mortality of CPB of varying susceptibility and can influence the resistance 
development [27]. 

In our study, Imidacloprid is the most toxic compound causing mortality of 50% in 
observed populations at the dosage rate of 0.39-32.33 μg a.i. per insect. Less toxic was 
cypermethrin with LD50 = 0.02 – 2.05 μg/insect and finaly, bensultap caused 50% mortalities 
in amounts of 0.04 – 25.81 μg/insect. Therefore based on results obtained following ranking 
could be set: imidacloprid > cypermethrin > endosulphan > bensultap > chlorpyrifos > 
carbosulfan.  
 
Properties of populations in relation to adult resistance 

 
Determined levels of resistance to bensultap clearly highlighted the difference among 

observed populations. Recent studies state that there is no cross resistance between bensultap 
and imidacloprid [11, 14]. Neither could these correlations be established in our country. It 
was recorded that the populations most susceptible to bensultap were also the most 
susceptible to imidacloprid. This cannot be applied for the populations resistant to bensultap, 
and especially to the population Rečka, which is extremely resistant to this insecticide (RR 
234.0 time in the 1st year and 75.8 times in the 2nd year), and far less resistant to bensultap 
(RR 14.2, i.e. 9.1 times in relation to the population Toljevac in the 1st year and 1.4 times in 
the 2nd year). 

If the increased oxidase-based detoxification is considered a key mechanism of 
resistance to pyrethroids and modified hydrolytic detoxification to organophosphates, it is 
interesting to compare differences in susceptibility of populations to cypermethrin and 
chlorpyrifos on one hand and imidacloprid on the other hand from the aspect of established 
synergism of PBO and S, S, S-tributyl phosphorotrithioate [25]. The sequence (descending) of 
populations significantly resistant to cypermethrin was as follows: Vršac, Dobanovci, Majur, 
Rečka and Ruma, then to chlorpyrifos were: Dobanovci, Vršac, Majur, Malošište, Ruma, and 
Negotin. The sequence (descending) of populations resistant to imidacloprid was as follows: 
Vršac, Dobanovci, Majur, Rečka and Ruma. The correlation in resistance of populations to 
these three insecticides can be observed from this sequences, then values of RR and 
classification into groups based on LD50 intervals. The detail comparison shows that the 
correlation in resistance was the highest between cypermethrin and imidacloprid and that this 
resistance, occurred as a result of modified oxidative metabolism, is a decisive for resistance 
to imidacloprid. The modification of hydrolytic metabolism in adults within a population 
affects, to a smaller extent, resistance to neonicotinoids.  

Results on the level of resistance in individuals in the location Toljevac to chlorpyrifos 
and carbosulfan [17] indicate to the fact that beside the same mode of action, the mode of 
resistance to these compounds is different, which is not so rare.  

Studies with adults show no cross-resistance between bensultap and imidacloprid 
according to the mode of action of the most related insecticides. Furthermore, results globally 
obtained were confirmed - there is a certain and significant level of resistance of field 
populations to imidacloprid, depending on the previous presence of resistance to pyrethroids 
(cypermethrin) to a greater extent and to organophosphates (chlorpyrifos) to a smaller extent.  

 
Conclusions 
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Due to fast development of resistant CPB populations to applied insecticides, 
resistance monitoring is important. In this paper we established levels of resistance for 9 
geographically distinct CPB populations on 3 widely used insecticides a.i. but with different 
history of use in the field. 

Results of the investigations refer to the resistance of CPB adults to imidacloprid, 
bensultap and cypermethrin, most commonly used by farmers in recent years. Resistance 
ratios for bensultap ranged from 1.0 to 645.3 (LD50 from 0.04 – 25.81 μg/insect). 
Cypermethrin resistance ratios ranged from 1.0 to 60.0 (LD50 from 0.02 – 2.05 μg/insect). 
Imidacloprid resistance ratio was from 1.0 to 82.9 (LD50 from 0.0039 – 0.0323 μg/insect). 
Based on our results there was no correlation between resistance levels for bensultap and 
imidacloprid. Correlations of resistance among these populations for imidacloprid and 
cypermethrin strongly suggest the common mode of resistance – enhanced oxidative 
metabilism.  

 
Acknowledgments 
  
The research was supported through project III No 46008 Ministry of science and 
technological development Serbia. 
 
References 
 
1. 1.  A. ALYOKHIN, G. DIVELY, M. PATTERSON, D. ROGERS, M. MAHONEY, J. WOLLAM, 

Susceptibility of    imidacloprid-resistant Colorado potato beetles to non-neonicotinoid insecticides in the 
laboratory and field trials. American Journal of Potato Research,  83, (6), 485–494 (2006).   

2. A. ALYOKHIN, G. DIVELY, M. PATTERSON, C. CASTALDO, D. ROGERS, M. MAHONEY, J. 
WOLLAM, Resistance and cross-resistance to imidacloprid and thiamethoxam in the Colorado potato beetle 
Leptinotarsa decemlineata. Pest Management Science, 63, (1), 32–41 (2007).  

3. A. ALYOKHIN, M. BAKER, D. MOTA-SANCHEZ, G. DIVELY, E. GRAFIUS, Colorado Potato Beetle 
Resistance to Insecticides. American Journal of Potato Research, 85, (6), 395–413 (2008).  

4. M.B.BAKER, D.N. FERRO, A.H. PORTER, Invasions on large and small scales: management of a well-
established crop pest, the Colorado potato beetle Biological Invasions, 3, (3), 295–306 (2001).   

5. M.B. BAKER, A. ALYOKHIN, A.H. PORTER, D.N. FERRO, S.R. DASTUR, N. GALAL, Persistence and 
inheritance of costs of resistance to imidacloprid in Colorado potato beetle. Journal of Economic 
Entomology, 100, (6), 1871–1879 (2007). 

6. G. BOITEAU, Insect Pest Control on Potato: Harmonization of Alternative and Conventional Control 
Methods. American Journal of Potato Research, 87, (5), 412–419 (2010). 

7. G.C. CUTLER, J.H. TOLMAN, C.D. SCOTT-DUPREE, C.R. HARRIS, Resistance potential of Colorado 
potato beetle (Coleoptera: Chrysomelidae) to novaluron. Journal of Economic Entomology, 98, (5), 1685-
1693 (2005). 

8. 8.   G.C. CUTLER, C.D. SCOTT-DUPREE, J.H. TOLMAN, C.R. HARRIS, Field efficacy of novaluron for 
control   of Colorado potato beetle (Coleoptera: Chrysomelidae) on potato. Crop Protection, 26, (5), 760–
767 (2007). 

9. A. ELBERT, M. HAAS, B. SPRINGER, W. THIELERT, R. NAUEN, Applied aspects of neonicotinoid 
uses in crop protection. Pest Management Science, 64, (11), 1099–1105 (2008). 

10. M. MOHAMMADI SHARIF, M.J. HEJAZI, A. MOHAMMADI, M.R. RASHIDI, Resistance status of the 
Colorado potato beetle, Leptinotarsa decemlineata, to endosulfan in East Azarbaijan and Ardabil provinces 
of Iran.  Journal Insect Science, 7, (31), 1-7 (2007).  

11. D. MOTA – SANCHEZ, M. WHALON, E. GRAFIUS, R. HOLLINGWORTH, Resistance of Colorado 
Potato Beetle to Imidacloprid. Resistant Pest Management Newsletter, 11, (1), 31 - 34 (2000). 

12. D. MOTA-SANCHEZ, R.M. HOLLINGWORTH, E.J. GRAFIUS, D.D. MOYER, Resistance and cross-
resistance to neonicotinoid insecticides and spinosad in the Colorado potato beetle, Leptinotarsa 
decemlineata (Say) (Coleoptera : Chrysomelidae). Pest Management  Science, 62, (1), 30–37 (2006). 

13. R. NAUEN, I. DENHOLM, Resistance of insect pests to neonicotinoid insecticides: Current status and 
future prospects. Archives of Insect Biochemistry and Physiology, 58, (4) , 200-215 (2005). 



Resistance of Colorado potato beetle (Coleoptera: Chrysomelidae) to  
neonicotinoids, pyrethroids and nereistoxins in Serbia 

 

Romanian Biotechnological Letters, Vol. 17, No. 5, 2012 7609 

14. E. OLSON, G. DIVELY, J. NELSON, Baseline Susceptibility to Imidacloprid and Cross Resistance 
Patterns in Colorado Potato Beetle (Coleoptera: Chrysomelidae) Populations. Journal of Economic 
Entomology, 93, (2), 447 - 458 (2000). 

15. I. PERIĆ, N. MILOŠEVSKI, P. KLJAJIĆ, Insecticide susceptibility of the Colorado potato beetle in vicinity 
of Belgrade. Acta Horticulturae, 462: 983-990 (1997). 

16. A.A. POURMIRZA, Local variation in susceptibility of Colorado potato beetle (Coleoptera: 
Chrysomelidae) to insecticide. Journal of Economic Entomology , 98, (6), 2176–2180 (2005). 

17. S. STANKOVIĆ, A. ZABEL, M. KOSTIĆ, B. MANOJLOVIĆ, S. RAJKOVIĆ, Colorado potato beetle 
(Leptinotarsa decemlineata (Say)) resistance to organophosphates and carbamates in Serbia. Journal 
Pesticide Science. 77, (1), 11-15 (2004). 

18. S. STANKOVIĆ, A. ZABEL, M. KOSTIĆ, M. ŠESTOVIĆ, Comparative analysis of Colorado potato beetle 
(Leptinotarsa decemlineata Say) resistance monitoring methods. Pesticides. 18, (3), 159-175 (2003). 

19. G.L. SUKHORUCHENKO, V.I. DOLZHENKO, Problems of resistance development in arthropod pests of 
agricultural crops in Russia. EPPO Bulletin, 38, (1), 119–126 (2008).  

20. J.G. TAN, V. SALGADO, R.M. HOLLINGWORTH, Neural actions of imidacloprid and their involvement 
in resistance in the Colorado potato beetle, Leptinotarsa decemlineata (Say). Pest Management Science, 64, 
(1), 37–47 (2008).  

21. P. VANDERZAAG, Toward Sustainable Potato Production: Experience with Alternative Methods of Pest 
and Disease Control on a Commercial Potato Farm. American Journal of Potato Research, 87, (5), 428–433 
(2010). 

22. JIANG WEI-HUA, WANG  ZHI-TIAN,  XIONG  MAN-HUI,  LU  WEI-PING, LIU  PING, GUO  WEN-
CHAO, LI GUO-QING, Insecticide Resistance Status of Colorado Potato Beetle (Coleoptera: 
Chrysomelidae) Adults in Northern Xinjiang Uygur Autonomous Region. Journal of Economic Entomology.  
103, (4), 1365-1371 (2010). 

23. A. ZABEL, M. KOSTIĆ, I. SIVČEV, M. DRAGANIĆ, D. INÐJIC, Susceptibility of the Colorado Potato 
Beetle (Leptinotarsa decemlineata SAY, Coleoptera: Chrysomelidae) to applied insecticides in the Republic 
of Serbia. Acta Hort. (ISHS), 462: 397-404 (1997). 

24. P. JESCHKE, R. NAUEN, Neonicotinoids-from zero to hero in insecticide chemistry. Pest Management 
Science, 64, (11), 1084-1098 (2008). 

25. J.Z. ZHAO, B.A. BISHOP, E.J. GRAFIUS, Inheritance and Synergism of Resistance to Imidacloprid in the 
Colorado Potato Beetle (Coleoptera: Chrysomelidae). Journal of Economic Entomology, 93, (5): 1508 - 
1514 (2000).  

26. T. ZICHOVÁ, F. KOCOUREK, J. SALAVA, K. NADOVÁ, J. STARÁ, Detection of organophosphate and 
pyrethroid resistance alleles in Czech Leptinotarsa decemlineata (Coleoptera: Chrysomelidae) populations 
by molecular methods. Pest Management Science, 66, (8), 853–860 (2010).  

27. E.R. OLSON, G.P. DIVELY, J.O. NELSON, Bioassay Determination of the Distribution of Imidacloprid in 
Potato Plants: Implications to Resistance Development. Journal of Economic Entomology, 97, (2), 614-620 
(2004). 

28. C. NORONHA, G.M.  DUKE, J.M. CHINN, M.S. GOETTEL, Differential susceptibility to insecticides by 
Leptinotarsa decemlineata [Coleoptera: Chrysomelidae] populations from western Canada. Phytoprotection, 
82, (3), 113-121 (2001). 

 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


