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Management of Resistance to Imidacloprid in Colorado 
Potato Beetles in the Northeastern U.S.  

 
Galen P. Dively, Department of Entomology, 4112 Plant Sciences Bldg.  
University of Maryland, College Park, MD 20742, email galen@umd.edu 

 
Colorado potato beetle (CPB) is capable of causing complete defoliation and crop loss in potatoes if left 
untreated. Due to the heavy reliance on chemical control, as well as its adaptive nature, CPB has 
developed resistance to virtually all classes of insecticides. Resistance in populations in the Northeast 
reached critical levels in the early 1990’s when potato growers ran out of control options. This all 
changed in 1995 with the introduction of imidacloprid, a highly effective insecticide belonging to a new 
class called neonicotinoids. Due to its systemic and novel mode of action, in-furrow/seed treatments 
(Admire, Admire Pro) and foliar applications (Provado) of imidacloprid has been used extensively on 
potatoes, resulting in continuous exposure of adults and larvae throughout the growing season. This heavy 
selection pressure has led to shifts towards resistance, which will continue unless resistance management 
practices are implemented.  
 
Baseline susceptibility. Establishment of baseline susceptibility levels in CPB populations is an essential 
first step in resistance management. A baseline response provides a reference for detecting shifts in 
susceptibility following commercial use, so that early stages of resistance can be detected. This allows 
growers to switch to insecticides with different modes of action or implement other resistance 
management practices before field control fails. From 1995 to 1998, 134 populations of CPB from 
different potato farms in the U.S., Canada, and Europe were assayed to determine baseline levels of 
susceptibility to imidacloprid. Susceptibility of each population was determined by exposing first instar 
larvae to a potato-based agar diet containing a series of imidacloprid concentrations and a control to 
obtain a concentration-mortality response. Parts per million was expressed as grams of active ingredient 
per ml of water. An average 50% lethal concentration of 0.4 ppm was derived from CPB populations that 
were never exposed to imidacloprid. Long Island populations were consistently the least susceptible with 
LC50s averaging around 4 ppm, yet soil treatments of Admire were still effective enough to achieve 
economic control. Much of this tolerance was already present due to pre-existing resistance mechanisms 
selected by the historically heavy use of insecticides on Long Island populations. From the baseline data, 
a LC50 exceeding 4 ppm would indicate early stages of resistance development, whereas a LC50 exceeding 
8 ppm would definitely represent a significant shift towards resistance.  
 
Follow-up monitoring. Continued monitoring was conducted during 2001-06 to detect shifts in CPB 
susceptibility to imidacloprid. Overwintered or summer beetles were collected partly on the basis of 
availability, while others were collected from farms reporting control failures or reduced residual activity 
of imidacloprid. Responses of larvae exposed to diet bioassays estimated the 50% lethal concentrations.  
Bioassays were also performed on selected populations to examine possible cross-resistance relationships 
with other insecticides. 
 
 
 



Fig. 1 shows the range in susceptibility responses to imidacloprid in 51 CPB populations from potato 
production areas of the U.S. and Canada in 2006. LC50 levels ranged from 0.17 to 6.81 ppm (40-fold 
difference) and are plotted with respect to the field efficacy reported by the grower. The majority of 
populations with LC50 values exceeding 4 ppm were collected from farms where growers reported either 
fair or poor performance of imidacloprid. The most resistant populations were collected in Delaware, 
Long Island, and Maine. New populations with significant levels of imidacloprid resistance were detected 

for the first time in Pennsylvania, Michigan, Quebec, and Ontario.  
Figure 1.  Range in LC50 responses of Colorado potato beetle populations to imidacloprid with respect to 
the field efficacy reported by the grower. 2006.  

 
Trends in management practices and imidacloprid susceptibility over time. Fig. 2 summarizes 
changes in CPB susceptibility to imidacloprid that have taken place in different production areas of the 
U.S. and Canada since 1995. Potato growers in Delaware have extensively used soil and foliar treatments 
of imidacloprid and have not been able to rotate fields far enough away to reduce population pressure. As 
a result, CPB populations have become increasingly more resistant to imidacloprid. Many growers 
switched to thiamethoxam in 2003, which probably has exacerbated the resistance problem due to cross-
resistance (see below), but are now rotating modes of action with spinosad (Spintor) and novafluron 
(Rimon). Resistance levels have leveled off somewhat. One population on a farm at Little Creek is still 
the most resistant one assayed thus far and the grower also has reported poor control with thiamethoxam.  
 
For the first nine years of imidacloprid use, susceptibility did not changed significantly on the Eastern 
Shore of Maryland due to strict crop rotation and the use of perimeter barriers which created untreated 
refuges for susceptible beetles. This application practice was discontinued in 2003 when growers 
switched to whole-field soil applications of thiamethoxam, after which there has been a definite shift 
upward in LC50 values. Populations on Virginia’s Eastern Shore are still susceptible to imidacloprid and 
this is partly attributed to crop rotation, use of insecticides with different modes of action, and temporal 
refuges afforded by the area’s tomato crop. In this area, most tomato transplants are treated with reduced 
rates of imidacloprid to control overwintered adults, and thus summer adults are generally exposed to 



non-selective levels of the insecticide on the more mature plants. Since potatoes are harvested by early 
July, the tomato crop serves as a refuge for summer adults and a place for gene mixing to occur.  
 
On Long Island, CPB showed insensitivity to imidacloprid from the onset due to a general predisposition 
to resist toxic actions of all insecticides. After the first three years of soil applications, early season 
control could still be achieved with imidacloprid but its residual activity had been significantly reduced. 
Realizing the urgent need for resistance management, Long Island growers started to shift away from soil 
treatments in 1998 and began using foliar treatments of abamectin (Agri-Mek), cryocide, and spinosad to 
alternate modes of actions. Moreover, thiamethoxam is prohibited on Long Island, so growers could not 
switch to this insecticide, which has undoubtedly helped to slow resistance development. Neonicotinoid 
resistance on Long Island appears to be under control and may be reverting.  
 
In New England, repeated use of imidacloprid has been a common practice on most potato farms, 
particular in the Connecticut River Valley and Maine. High levels of imidacloprid resistance were 
detected in the Fryeburg area in southern Maine in 2003. Populations in this area continue to be resistant, 
despite the fact that no neonicotinoids has been used for three consecutive seasons. Although most 
populations in central Maine are still susceptible, bioassays in 2005 and 2006 revealed significant levels 
of resistance in six farms where growers reported poor performance of imidacloprid.  
 
Imidacloprid is still generally effective against CPB populations in the North Central states and Canadian 
provinces. However, some growers in Michigan, Minnesota, Ontario, and Quebec have reported reduced 
control, and populations collected from these farms exhibited LC50  levels above the baseline range. In the 
Northwest, where CPB is not a consistent major pest, use of imidacloprid has been minimal and thus 
populations remain very susceptible to imidacloprid.   
 

Figure 2.  Trends in CPB susceptibility to imidacloprid in production areas of the U.S. and 
Canada since 1995. Average LC50s during 1995 to 1998 are based on representative populations collected 
from each production area, whereas estimates of susceptibility obtained in 2001 through 2006 are biased 



towards populations from farms reporting reduced field efficacy of imidacloprid. Bars marked with an 
asterisk indicate that the average overestimates the level of susceptibility for that production area. A New 
Jersey laboratory colony was used as a reference population and its response to imidacloprid was not 
significantly different over the years of testing, indicating that the bioassay readings were consistent.   
 
Cross-resistance relationships. Thiamethoxam became commercially available in 2003 as an alternative 
to imidacloprid and formulated in comparable soil (Platinum), seed (Cruiser), and foliar (Actara) 
products. Other neonicotinoids, acetamiprid (Assail) and dinotefuran (Venom) are now labeled on 
potatoes for CPB control, and future registrations of clothianidin could exert additional selection pressure 
and result in further development of resistance to this class. To examine cross-resistance, 51 populations 
assayed for imidacloprid were also tested for thiamethoxam during 2004-06. LC50 levels for 
thiamethoxam ranged from 0.06 to 1.76 ppm and showed a strong positive association with the 50% 
lethal concentrations of imidacloprid (r = 0.78, p < 0.001). Clearly, these insecticides exhibit cross-
resistance because they have similar modes of action. On a per active ingredient basis, bioassay responses 
indicate that thiamethoxam is about 4-5 times more toxic to CPB than imidacloprid. Assuming that these 
responses reflect relative toxicity of in-furrow applications, thiamethoxam may exert even greater 
selective pressure for neonicotinoid resistance, when growers switch to this product because labeled rates 
are only 60% lower than the field rates of imidacloprid. Bioassay responses of CPB populations to 
acetamiprid also matched closely the lethal levels for imidacloprid, suggesting cross-resistance between 
these two neonicotinoids.  
 
Spinosad (Spintor) is used as an alternative mode of action to rotate with the neonicotinoids. To track 
susceptibility to this insecticide and examine possible cross-resistance with neonicotinoids, 77 
populations were assayed for both spinosad and imidacloprid during 2004-06. Of the 31 populations that 
had no prior exposure to spinosad, bioassay responses showed no evidence of any consistent positive 
association with levels of susceptibility to imidacloprid. Most growers still report good field efficacy with 
spinosad on farms where it has been previously used. However, several populations collected from farms 
reporting fair control exhibited LC50 levels 2.5 times above the baseline level, indicating early stages of 
resistance development to spinosad. 
 
Metaflumizone is a new chemical class of insecticides developed by BASF. It should be commercially 
available as Alverde for the 2007 season and will be an excellent alternative mode of action to rotate with 
neonicotinoids. This foliar insecticide is very effective against CPB and industry studies indicate no 
known cross resistance with other classes. In 2006, 26 populations ranging in susceptibility to 
imidacloprid were assayed to establish a baseline response to metaflumizone. LC50 levels ranged from 
0.43 to 1.31 ppm but these responses were not statistically different among populations. A noteworthy 
trend is that the imidacloprid-resistant populations were less sensitive to metaflumizone, suggesting 
possible cross-resistance. However, this may be due to a general predisposition effect, so further studies 
are needed to substantiate conclusively that a physiologically-based relationship exists.  
 
Resistance management practices. The following practices are recommended to minimize selection 
pressure on CPB and conserve susceptible individuals: 1) Rotate fields as far away as possible from last 
year’s field sites. This practice increases the time required for overwintered beetles to colonize fields, 
encourages genetic mixing between beetles from different fields, and lowered population densities. It is 
particularly important to rotate away from where resistant populations have been detected; 2) Avoid using 
a neonicotinoid at planting time or as a seed treatment on farms where early resistance to this class has 
been detected. If a neonicotinoid is not used at planting, foliar neonicotinoid products should only be used 
on one generation of CPB larvae during the crop season; 3) Establish a perimeter barrier in rotated fields 
by applying a neonicotinoid at planting to end sections of the middle rows (usually the first 100 feet from 
the field edge) and to a number of rows running the length of the field along each side. Because of CPB=s 



habit of colonizing field edges primarily by walking, this zone of treated rows around the entire perimeter 
kills beetles before they move into the field. This practice creates an untreated area in the middle of the 
field, which reduces the amount of systemic insecticide used, and serves as a refuge for susceptible 
beetles to develop without selection pressure. Operationally, this can be done by placing flags to mark the 
inner boundary of the perimeter barrier and then shutting off the in-furrow insecticide applicator on the 
planter each time the tractor enters the flagged area; 4) Scout fields, use economic thresholds, and rotate 
treatments of foliar insecticides with different modes of action. Alternating treatments of Spintor, Rimon, 
Agri-Mek, or Alverde (if registered in 2007) can be used early in the growing season to manage first 
generation larvae, allowing the opportunity to use neonicotinoids late in the season for second generation 
beetles and aphids. Keep in mind that rotating different neonicotinoid products does not help slow 
resistance; and 5) Plan crop and insecticide rotation schemes in cooperation with neighboring potato 
growers to reduce population build-up of resistant insects at the community level.  

 



 
 

 
The Michigan Experience with  

Managing Colorado Potato Beetle 
 

Edward J. Grafius 
Department of Entomology 
Michigan State University 
East Lansing MI  48824 

grafius@msu.edu 
 
Colorado potato beetle is recognized worldwide for its ability to develop resistance to insecticides.  Potato 
growers in Michigan experienced especially severe problems from 1990-1995, when beetles were 
resistant to nearly all registered insecticides.  The industry was experiencing $8 to $14 million per year in 
control costs and crop losses during this period.  The first neonicotinoid insecticide, Admire 
(imidacloprid), was registered in 1995 and was used by nearly all growers.  Control costs dropped to less 
than $3 million per year and crop losses were near zero in 1995 and in the years since.  Other 
neonicotinoid insecticides have been labeled since 1995, including Provado (imidacloprid), Platinum and 
Cruiser (thiamethoxam), and Assail (acetamiprid).  Agri-Mek (abamectin) and SpinTor (spinosad) are 
non-neonicotinoid insecticides that have been registered since 1995 and are effective, but the industry 
relies almost entirely on neonicotinoid insecticides for potato beetle control.   
 
Unfortunately, the Colorado potato beetle has shown the ability to become resistant to neonicotinoid 
insecticides.  The first resistance to imidacloprid appeared on Long Island NY in 1997 and resistance has 
become common throughout the northeastern US.  The first resistance to imidacloprid in Michigan was 
found in 2004.  Since 2004, imidacloprid resistance has appeared in additional fields adjacent to the 
original site.  In 2006, imidacloprid resistance increased at the original site and resistant beetles appeared 
in other locations 10-15 miles from the original location.  Low levels of resistance to thiamethoxam are 
also present when beetles are resistant to imidacloprid.   
 
In order to keep the usefulness of neonicotinoid insecticides such as Admire and Platinum, growers need 
to use effective resistance management practices.  The best tool for managing Colorado potato beetle and 
insecticide resistance is crop rotation.  Having fields at least 1/4 mile apart forces beetles to fly to the new 
location – many don’t find the new field and those that do may arrive several weeks later than if fields 
were side-by-side.  Late arrival means overwintered beetles have less time to feed and lay eggs and there 
will be fewer first generation larvae and summer adults.  Growers should also be careful to never use 
more than one neonicotinoid application per season.  For example, if Admire is used at planting, do not 
use foliar sprays of Provado, Actara, Assail, or other neonicotinoids. In addition, careful scouting of fields 
can identify fields where beetle problems are beginning to occur and where beetles should be tested for 
neonicotinoid resistance.  This is a free service offered by Michigan State University. 
 
Managing Colorado potato beetles resistant to neonicotinoid insecticides is difficult but Michigan 
growers are learning how to deal with resistance problems.  Crop rotation is again a key, wherever 
possible.  If fields are in a side-by-side rotation, a trap crop of 4-6 rows of potatoes along the border of 
last year’s field will attract beetles emerging from overwintering.  This small area of potatoes will be less 
expensive to spray with non-neonicotinoid insecticides than spraying a whole field.  Destroy the trap crop 
with tillage before larvae mature.  Careful scouting of the trap crop and the potato crop will determine 
when to most effectively and economically apply foliar insecticides.  SpinTor and Agri-Mek are non-
neonicotinoid insecticides that are effective.  A new foliar insecticide, BAS 320, may be registered in 
time for use during the 2007 growing season. 



 
 
 
 
 
 

Nutrient Management for Potatoes 
 

Darryl Warncke 
Department of Crop and Soil Sciences 

Michigan State University 
 
Potatoes have high nutrient requirements, accumulating 33 lbs nitrogen (N), 13 lbs phosphate (P2O5) and 
63 lbs potassium (K2O) in each 100 cwt of tubers.  Without soil test information these numbers can be 
used as guides for nutrient applications.  The root system of most potato varieties is shallow and limited 
in the volume of soil that it explores.  Placement and timing of nutrient applications is critical to good 
growth, development and yields of potato vines and tubers.  At planting fertilizer containing up to 60 
pounds of N, all the needed phosphate and up to 100 pounds of K2O per acre should be applied in bands 
2 inches to each side and 2 inches below the tuber piece depth.  Placement of P in bands is important 
because the potato root system is rather inefficient in utilizing phosphorus distributed throughout the soil.  
Also, P fertilizer when added to soil is converted to forms that slowly available.   Broadcast applications 
are not very effective and enhance the risk of P loss into surface waters with runoff water.  Phosphorus 
recommendations based on soil test values are designed to buildup low P soils, maintain soil P near 150 
ppm and draw down high P soils (Table 1).   
 
Even though potatoes have a high potassium requirement, applying high rates of potassium have been 
associated with lower specific gravity of tubers.  Broadcast and incorporation of potash prior to planting 
is best for applying high rates.  Fall application of potassium on sandy soils is not recommended because 
significant leaching of K can occur.  When a double fertilizer band is used (one on each side of the tuber 
piece), up to 100 lbs K2O per acre can be applied.  If only a single band is use limit the K2O rate to 60 lbs 
K2O per acre.  The recommended amount of K depends on the soil level and the soil texture.  K 
application guidelines are presented in Table 2.   
 
Table 1.  P recommendation guidelines for potatoes. 
        
  Soil Test  Potential Yield (cwt)  
     ppm  400   500  600  
   -    lbs P2O5 /acre   - 
 
       40  227*  240*  253* 
       80   52m   65 m   78 m 
     120   52 m   65 m   78 m 
     160   42d   52d   62d 
     200    0    0    0  
     * buildup  m maintenance     d drawdown 
  
 
 
 
 



Table 2.  Potassium recommendation guidelines for potatoes. 
            
     Yield Goal (cwt /acre)     
    350          /  450         /  550   
  Soil Test\  CEC- 4           8      12    /   4 8 12    /  4  8 12  
       ppm 
 
         80  194 257 300 204 267 300 214 277 300 
       100  189 252 300 189 252 300 194 257 300 
       120  142 189 236 189 252 300 189 252 300 
       140     0     0    0  47  63  79 142 189 236 
       160     0    0    0     /   0   0   0    /    0    0    0  
   Maintenance  300 cwt = 189 lbs K2O; 400 cwt = 252 lbs K2O; 500 cwt = 315 lbs K2O. 
   Recommendation is capped at 300 lbs K2O /acre. 
 
Nitrogen has a large impact on potato growth and tuber yield.  In soil systems N is quite mobile.  
Regardless of the form applied, N is converted into the nitrate form which is subject to loss by leaching or 
denitrification (conversion to nitrous oxide).  Applying N at multiple times improves availability for 
uptake and minimizes risk of loss.  Having adequate N available early in the growing season is important 
for good vegetative growth prior to tuber set and bulking.  A general guide for N application is to apply 
one-third at planting or emergence, one-third at hilling and one-third broadcast and/or irrigated in during 
tuber sizing.  Nitrogen applications should be completed prior to July 15.  Later applications will not be 
as effectively and may increase the risk of groundwater contamination.  Total N recommendations are 
presented in Table 2.  For long season varieties increase these amounts by 40 lbs N per acre.  
 
Table 3.  N recommendation guidelines for potatoes. 
        
Potential Yield  Suggested N Rate   
      cwt /acre           lbs N /acre 
 
 300   150 
 350   165 
 400   180 
 450   195 
 500   210 
 550   225 
 600   250 
        
For long season varieties add 40 lbs N /acre.   
 
Available calcium is general adequate in most soils except those that are quite sandy or very acid.  Even 
when adequate calcium is available in the soil, tuber calcium levels may be margin and result in internal 
brown spot (IBS) under hot dry soil conditions.  When soil test calcium levels are less than 350 ppm, 
addition of calcium in gypsum or lime (if pH is acid) may improve calcium uptake.  In one research study 
in-row gypsum applied at 500 lbs per acre was to reduce, but not eliminate the incidence of IBS, and had 
no effect on other tuber quality aspects.   Potatoes are quite responsive to magnesium (Mg), especially in 
sandy soils.  High rates of K may induce a Mg deficiency.  When the soil test is less than 40 ppm, apply 
10 to 20 lbs Mg per acre in the band fertilizer or broadcast at least 50 lbs per acre.  Magnesium sulfate or 
potassium-magnesium sulfate are good sources.  If a deficiency is detected during the season, include 1 to 
2 lbs actual magnesium per acre in a foliar spray.   
 



Potatoes grown on muck soils or lake-bed soils are likely to benefit from including manganese in the band 
fertilizer (2 lbs Mn per acre as manganese sulfate), especially if the soil pH is above 6.2.  Including 1 lb 
Mn per acre in foliar sprays will greatly benefit potatoes grown on these soils.  On sandy loams and 
similar soils manganese application has not been of benefit.  Deficiencies of boron, copper and zinc are 
uncommon in potatoes grown in Michigan.  Soil test and plant tissue analysis can help determine whether 
or not these and other nutrients may be needed.   
 
For more information see the following MSU bulletins. 
 
E-0486. Secondary and Micronutrients for vegetables and field crops. 
E-0498. Sampling soils for fertilizer and lime recommendations.   
E-2220. Potato fertilizer recommendations. 
E-2779. Nitrogen management for Michigan Potatoes. 
E 2934. Nutrient recommendations for vegetable crops in Michigan.   
 




