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ABSTRACT. Colorado potato beetle (Leptinotarsa decemlineata Say) is the leading insect pest of potato (Solanum tuberosum 
L.) in northern latitudes. Host plant resistance is an important tool in an integrated pest management program for 
controlling insect pests. Field studies were conducted to compare natural host plant resistance mechanisms (glandular 
trichomes and Solanum chacoense Bitter-derived resistance), engineered [Bacillus thuringiensis (Bt) Berliner Bt-cry3A], 
and combined (glandular trichomes + Bt-cry3A and S. chacoense-derived resistance + Bt-cry3A transgenic potato lines) 
sources of resistance for control of colorado potato beetle. Six different potato clones representing fi ve different host 
plant resistance mechanisms were evaluated for 2 years in a fi eld situation under natural colorado potato beetle pres-
sure in Michigan and New York, and in a no-choice fi eld cage study in Michigan. In the fi eld studies, the S. chacoense-
derived resistance line, Bt-cry3A transgenic, and combined resistance lines were effective in controlling defoliation by 
colorado potato beetle adults and larvae. Effectively no feeding was observed in the Bt-cry3A transgenic lines. The 
glandular trichome line suffered less defoliation than the susceptible control, but had greater defoliation than the Bt-
cry3A transgenic lines and the S. chacoense-derived resistance line. In the no-choice cage study, the Bt-cry3A transgenic 
lines and the combined resistance lines were effective in controlling feeding by colorado potato beetle adults and larvae 
with no defoliation observed. The S. chacoense-derived resistance line and the glandular trichome line suffered less 
defoliation than the susceptible control. Based on the results of the fi eld trials and no-choice fi eld cage studies, these 
host plant resistance mechanisms could be used to develop potato varieties for use in a resistance management program 
for control of colorado potato beetle.

The colorado potato beetle is the most serious insect pest of 
potatoes throughout the eastern and north central United States and 
Canada. Control of the colorado potato beetle has relied almost 
entirely on pesticides for over 125 years (Casagrande, 1987). 
Throughout its history, the colorado potato beetle has shown the 
ability to adapt to every insecticide used for its control (Bishop 
and Grafi us, 1996). Currently, it has developed resistance to 41 
insecticides, including organophosphates, carbamates, organo-
chlorines, pyrethroids, hydrogen cyanide, and more recently the 
neonicotinoids imidacloprid and thiamethoxam (Byrne et al., 2004; 
Georgiou and Lagunes-Tejeda, 1991; Whalon et al., 2004).

Host plant resistance is a central component of a practical long-
term solution for controlling the colorado potato beetle in potato. 
No potato varieties resistant to colorado potato beetle are cur-
rently available. Glandular trichomes and leptine glycoalkaloids 
are two of the most thoroughly investigated natural insect host 
plant resistance mechanisms available in potato. The glandular tri-
chomes of the wild Bolivian potato, Solanum berthaultii Hawkes, 
confer resistance to at least ten major insect pests, including the 
colorado potato beetle (Tingey, 1991). The presence of Type A 
and B trichomes in S. berthaultii leads to entrapment and death of 
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small-bodied insects and reduces developmental time, survival, 
and oviposition of colorado potato beetle (Yencho and Tingey, 
1994). However, in a no-choice situation, colorado potato beetle 
rapidly adapted to S. berthaultii (Groden and Casagrande, 1986). 
NYL235-4, the glandular trichome clone evaluated in this study, 
is the result of a series of backcrosses from S. berthaultii, with 
reported resistance to colorado potato beetle (Plaisted et al., 1992). 
Leptine glycoalkaloids have been defi ned as effective natural 
resistance mechanisms of potato against colorado potato beetle, 
but are found in only a few accessions of S. chacoense (Sinden 
et al., 1986a, 1986b). The North Dakota State University breed-
ing line ND5873-15 (ND4382-19 x ʻChipetaʼ) evaluated in this 
study has shown resistance to colorado potato beetle in the fi eld, 
derived from S. chacoense (Lorenzen et al., 2001).

The insecticidal proteins produced by Bt target specifi c orders 
of insects and have no known toxicity to mammals or birds (Lavrik 
et al., 1995). Bacillus thuringiensis subsp. tenebrionis produces 
the Cry3A δ-endotoxin, which is toxic to Coleoptera, including 
colorado potato beetle (Krieg et al., 1983). Bt-transgenic potatoes 
have been developed for resistance to colorado potato beetle and 
potato tuberworm (Phthorimaea operculella Zeller) (Douches 
et al., 1998; Perlak et al., 1993; Sutton et al., 1992). Coombs 
et al. (2002) transformed potato clones that have natural host 
plant resistance mechanisms (glandular trichomes and leptine 
glycoalkaloids) with a synthetic Bt-cry3A gene. 
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Use of combined resistance mechanisms in a single variety 
has been suggested as a strategy for delaying the development of 
insect adaptation to host plant resistance mechanisms, especially 
Bt (Cooper et al., 2004; Gould, 1998; McGaughey et al., 1998; 
Tabashnik, 1994). The colorado potato beetle has demonstrated 
the ability to develop resistance to Bt Cry3A in the lab (Whalon 
et al., 1993) and to glandular trichome-based resistance (Groden 
and Casagrande, 1986). Our strategy was to combine in potato 
genotypes, different sources of natural and engineered host plant 
resistance mechanisms. These natural host plant resistance mecha-
nisms, combined with engineered Bt-transgenic resistance, should 
increase the durability and effi cacy of host plant resistance to the 
colorado potato beetle. The objective of this study was to evaluate 
various natural, engineered, and combined host plant resistance 
mechanisms in potato to control colorado potato beetle and reduce 
defoliation in the fi eld and in 8-m3 screen cages. 

Materials and Methods

Six different potato clones representing fi ve different host 
plant resistance mechanisms were evaluated in this study (Table 
1). Nontransgenic potato clones included: NYL235-4 with glan-
dular trichomes (Plaisted et al., 1992); ND5873-15 with fi eld 
resistance to colorado potato beetle (provided by Drs. R. Novy 
and J. Lorenzen at North Dakota State Univ.); and ʻNorwis  ̓
(susceptible control).

The Bt-cry3A (coleopteran specifi c) gene used for transforma-
tion of the transgenic potato lines in this study was supplied by 
Dr. J. Kemp at New Mexico State Univ. (Sutton et al., 1992). The 
constitutive ocs3mas promoter (Ni et al., 1995) was used to express 
Bt-cry3A and the Bt-cry3A transgenic potato lines were generated 
using Agrobacterium tumefaciens Smith and Townsend-mediated 
transformation (Coombs et al., 2002): The Bt-cry3A transgenic 
clones containing single or combined resistance factors (ND5c3.1, 
NYLc3.3, and NORc3.8) used in this study were developed in 
our lab (Table 1). 

Bt-Cry3A concentration in the foliage of the three Bt-cry3A-
transgenic lines was determined using a Bt-Cry3A ELISA kit 
(Agdia, Elkhart, Ind.). Leaf samples (three to four leaves down 
from the top of the plant) were collected from 60-d-old fi eld-
grown plants in the cage study. Samples (75 mg) were placed 
in Agdia tissue homogenizer envelopes and placed at –80 °C. 
Samples were homogenized in 20 μL of the extraction buffer and 
then diluted 1:500. ELISA was done using 100 μL of this 1:500 
dilution according to the manufacturerʼs instruction. Absorbance 
of the ELISA plates were measured at 405 nm after a 30 min 
incubation period.

The fi eld trials were conducted in 2000 and in 2001 at the 
Michigan State Univ. Montcalm Research Farm in Entrican, 
Michigan, and the Cornell Univ. Long Island Horticultural Re-
search and Extension Center in Riverhead, N.Y. The Michigan 
fi eld location was chosen for its history of high levels of natural 
colorado potato beetle infestation. The colorado potato beetle 
population at the Montcalm Research Farm in Entrican, Mich., 
is known to be resistant to most insecticides, including organo-
chlorines, organophosphates, carbamates and pyrethroids, similar 
to most populations present in commercial potatoes in Michigan 
(Bishop et al., 2001; Ioannidis et al., 1991). The experiment was 
replicated in Long Island, N.Y., to evaluate the performance of 
the host plant resistance clones against colorado potato beetle 
populations with high levels of resistance to most insecticides 
including imidacloprid (Zhao et al., 2000). The Michigan and New 
York research sites have been maintained and used for various 
colorado potato beetle fi eld research since the 1970s and 1950s, 
respectively (e.g., Grafi us and Blakeslee, 1978; Noling et al., 
1984; Roberts et al., 1981).

Potato seed tubers were obtained from fi eld-grown tissue 
culture transplants. The experimental design of the fi eld study 
was a randomized complete-block design with four replications 
of 10 plants each. Treatment plots (2.5 m long, 25 cm within-row 
spacing between plants) were planted between rows of a suscep-
tible guard (ʻSnowden  ̓in Michigan and ʻNorwis  ̓in New York) 
(86 cm spacing between rows) to maintain an even distribution 
of colorado potato beetles across fi eld plots. Observations were 
recorded on a weekly basis for a visual estimation of percent 
defoliation by colorado potato beetles and the numbers of egg 
masses, larvae, and adults per plant. Data were collected until 
vine senescence or until defoliation levels reached 100% on the 
susceptible clone. 

A no-choice fi eld cage study was conducted in 2002 at Michigan 
State Univ., East Lansing. A no-choice study was important because 
it more closely models a commercial fi eld situation where only 
one variety would likely be grown and adults would not have a 
choice for feeding or egg laying. For example, in our fi eld trials, 
each treatment row was adjacent to a row of susceptible potatoes 
(ʻSnowden  ̓in Michigan, ʻNorwis  ̓in New York). Females may 
avoid ovipositing on a less-preferred line in a varietal trial; the 
potato line may have few larvae and appear resistant. However, 
in a no-choice situation (e.g., a commercial potato fi eld) the less-
preferred variety may be perfectly acceptable for oviposition, 
larval survival and development.

Plots in cages were two rows by fi ve plants (86 cm between 
rows, 25 cm between plants in a row), with three replications 

Table 1.  Host plant resistant potato clones (natural, engineered and combined) evaluated against colorado potato

beetles (CPB) in choice field studies (Michigan and New York) and a cage no-choice field study (Michigan).

Potato clone Host plant resistance mechanism Construct
z

Source
y

Parent clone

ND5873-15 CPB-resistant (S. chacoense-derived) None-NT NDSU NA
x

NYL235-4 Glandular trichomes None-NT Cornell NA

‘Norwis’ Susceptible control None-NT NA NA

ND5c3.1 CPB resistant (S. chacoense-derived) + Bt-cry3A ocs3mas/cry3A MSU ND5873-15

NYLc3.3 Glandular trichomes + Bt-cry3A ocs3mas/cry3A MSU NYL235-4

NORc3.8 Bt-cry3A ocs3mas/cry3A MSU ‘Norwis’
z
Transgene construct information: ocs3mas: trimer octopine synthase and mannopine activator and promoter;

cry3A: Bt-cry3A is a coleopteran-specific insecticidal crystal; None-NT = nontransgenic potato line.
y
Source of plant material:  NDSU = North Dakota State University, Fargo; Cornell = Cornell Univ., Ithaca, N.Y.;

MSU = Michigan State Univ., East Lansing.
x
Not applicable.
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per treatment (18 cages). Screen cages, 8 m3 (2 × 2 × 2 m), were 
constructed over the fi eld-grown plants, 7 d prior to adding colo-
rado potato beetle adults to the cage. Newly emerged, fi rst fi eld 
generation adults (summer adults) were collected from the MSU 
Montcalm Research Farm, Entrican, Mich., and 50 adults were 
placed in the center of each cage on 15 July 2002. Percentage 
defoliation by colorado potato beetles were visually estimated 
and the number of egg masses, instars, and adults per plant were 
conducted weekly.

Percentage defoliation data were used to calculate the area 
under the defoliation curve (AUDC), similar to calculation of the 
area under the disease progress curve (Shaner and Finney, 1977). 
AUDC for a specifi c plot was divided by the maximum possible 
AUDC (e.g., 3300 if 100% defoliation was present from initial 
observation of defoliation through 33 d), converting the value to 
relative AUDC (RAUDC). RAUDC values provide a season-long 
value of defoliation over time.

All life stage data (egg masses, instars, and adults) were 
analyzed as the seasonal mean number of individuals per plant. 
Seasonal mean number of colorado potato beetles per plant was 
calculated by dividing the cumulative number of egg masses, in-
stars, or adults per plant by the number of observational dates.

Data were combined across years within each fi eld trial loca-
tion following confi rmation of homogeneity of variances using 
the F0Max test (Kuehl, 1994). Data were analyzed as randomized 
complete-block designs using SAS general linear model proce-
dure for analysis of variance (SAS, 2001). Mean comparisons 
were conducted using Fisherʼs least signifi cant difference (α = 
0.05).

Results

Bt-Cry3A CONCENTRATION IN FOLIAGE. The mean Bt-cry3A 
concentrations for NORc3.8, NYLc3.3, and ND5c3.1 lines were 
5.5 ng·mL–1, 12.1 ng·mL–1, and 26.7 ng·mL–1, respectively. The 
Bt concentration for ND5c3.1 was signifi cantly higher than for 
NYLc3.3 and NORc3.8. 

DEFOLIATION IN FIELD TRIALS. In the fi eld trials, defoliation was 
greater for ̒ Norwis  ̓(susceptible clone) and NYL235-4 (glandular 
trichome clone) in New York and Michigan than for the other 
clones (Fig. 1). By the end of the observational period, maximum 
defoliation was nearly 100% on ʻNorwis  ̓in New York in 2000 
and 2001 and in Michigan in 2001; and 60% in Michigan in 2000. 
Over 80% and 95% defoliation were observed on NYL235-4 in 
New York, and 47% and 71% in Michigan. Defoliation in fi eld 
trials for all Bt clones was very low (RAUDC < 5). The defoliation 
of the combined resistance clones, ND5c3.1 and NYLc3.3, were 
not different from the Bt-only clone NORc3.8 and ND5873-15 
at the Michigan site, but both had signifi cantly less defoliation 
than ND5873-15 at the New York site. The RAUDC for the Bt-
expressing clone, NORc3.8, was not signifi cantly different from 
the RAUDC for ND5873-15. The S. chacoense-derived resistance 
clone (ND5873-15) had signifi cantly lower RAUDC values than 
NYL235-4 at both Michigan and New York sites. The greater 
defoliation and signifi cant difference of the combined resistance 
clones may be attributed to greater colorado potato beetle pressure 
in New York comnpared to Michigan. This difference may also 
result from the genetic differences between the Michigan and 
New York colorado potato beetle populations, including known 
differences in pesticide resistance levels.

DEFOLIATION IN NO-CHOICE FIELD CAGE TRIAL. Figure 2 shows 
RAUDC values for the host plant resistance clones in the no-choice 

cage study. The defoliation pattern for the no-choice study was 
similar to the choice fi eld studies, except for the consumption 
on the two natural host plant resistance clones NYL235-4 and 
ND5873-15. In the cages, ʻNorwis  ̓defoliation (RAUDC = 50) 
was greater than NYL235-4 (RAUDC = 15), and the defoliation 
for ND5873-15 (RAUDC = 33) was intermediate between the 
two, but not different from either (LSD0.05 = 21, P > 0.001). The 
surprisingly high defoliation on ND5873-15 in the cages compared 
to the resistance observed in the fi eld was due to extensive clip-
ping of the petioles by the adult beetles soon after introduction 
to the cages. Regrowth on ND5873-15 occurred after the adults 
died (Fig. 5). The Bt-lines (alone and combined) had very low 
RAUDC values (RAUDC range of 0.4–0.5), but values were not 
signifi cantly different from the RAUDC for NYL235-4.

COLORADO POTATO BEETLE LIFE STAGES: CHOICE FIELD AND 
NO-CHOICE CAGE FIELD STUDIES. In the choice fi eld studies in 
New York and Michigan, the numbers of egg masses were not 
signifi cantly different between the six clones (data not shown) 
and no patterns were observed. ND5873-15 had signifi cantly 
less small larvae than ʻNorwis  ̓and NYL235-4, while the three 
Bt-lines had less than ND5873-15 (data not shown). The results 
for the number of large larvae paralleled that of the small larvae. 
The cumulative number of large larvae per plant separated into 
two groups (Fig. 3). Higher numbers (2.4–3.0 larvae/plant) were 
found on ̒ Norwis  ̓and NYL235-4, with lower numbers (0.0–1.2 
larvae/plant) occurred on ND5873-15 and the three Bt-lines. Some 
of the large larvae found on the Bt-lines likely moved from the 
adjacent susceptible guard rows. In comparison, in the no-choice 
cage study, the cumulative number of large larvae per plant was 
highest for ̒ Norwis  ̓(>10 per plant), followed by NYL235-4 (>6 
per plant) and ND5873-15 (>1 per plant) (Fig. 4). No large larvae 
were observed on any of the three Bt-lines.

Discussion

Colorado potato beetles have been a major defoliating pest 
of potato for years in the United States. Opportunities exist to 
incorporate host plant resistance in cultivated potato, including 
glandular trichomes (Tingey, 1991), leptine glycoalkaloids (Sinden 
et al., 1986b), uncharacterized natural resistance factors (Sikinyi 
et al., 1997), Bt Cry proteins (Sutton et al., 1992), vegetative in-
secticidal proteins (VIPs) (Estruch et al., 1996), avidin (Markwick 
et al., 2001), lectins (Gatehouse et al., 1993), and others. The 
host plant resistance mechanisms that have been incorporated in 
advanced cultivated potato germplasm are Bt (Perlak et al., 1993), 
glandular trichomes (Plaisted et al., 1992), and S. chacoense-de-
rived resistance factors (Lorenzen et al., 2001). Incorporation of 
different host plant resistance mechanisms in combination will 
assist in deploying an integrated pest management program for 
colorado potato beetle in potato (Cooper et al., 2004).

Effectiveness of resistance factors in the NewYork trials was 
especially interesting because this beetle population expresses 
high levels of resistance to all synthetic insecticides including the 
newest group, the neonicotinoids (Zhao et al., 2000). At least one 
glycoalkaloid found in potatoes, chaconine, has been shown to 
act as a cholinesterase inhibitor like many insecticides (Wierenga 
and Hollingworth, 1993). Thus, we had hypothesized that the 
resistance derived from S. chacoense (ND5873-15) might not be 
effective against New York colorado potato beetles. In this case, 
at least, insecticide resistance does not seem to impart signifi cant 
tolerance to S. chacoense-derived resistance. However, there is 
still the possibility that colorado potato beetles could rapidly adapt 
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Fig. 1. Colorado potato beetle defoliation [relative area under the defoliation curve (RAUDC) values] of potato host plant resistant clones in a choice fi eld study 
for Michigan (Choice Mich.) and New York (Choice N.Y.) (2000–01). Data within each location with the same letter designation are not signifi cantly different as 
determined by Fisherʼs LSD (α = 0.05). Error bars represent ± SE.
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Fig. 2. Colorado potato beetle defoliation [relative area under the defoliation curve (RAUDC) values] of potato host plant resistant clones in a cage no-choice fi eld study 
in Michigan (2002). Data with the same letter designation are not signifi cantly different as determined by Fisherʼs LSD (α = 0.05). Error bars represent ± SE.
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to this new source of resistance, like they have been shown to 
rapidly adapt to glandular trichome-based resistance (Groden and 
Casagrande, 1986). Combining sources of host plant resistance 
seems especially prudent for this highly adaptable insect.

In the New York and Michigan fi eld tests in 2000 and 2001, 
colorado potato beetle adults did not demonstrate strong prefer-
ence; they were found on all clones irregardless of host plant 
resistance mechanism (data not shown). However, although the 
same numbers of adults were placed on all clones in the no-choice 
cage trial, there were signifi cantly fewer adults counted at later 
dates and delayed egg-laying on the Bt-expressing clones. These 
translated to fewer larvae and subsequently less defoliation by 
larvae and adults. No large larvae were counted on these Bt-
expressing clones.

To further investigate colorado potato beetle behavior on these 
host plant resistance clones, adults were placed into no-choice 
cage trials. Based upon defoliation data, the ranking of the two 
natural resistance lines (NYL235-4 and ND5873-15) reversed 
between fi eld and cage trials (Figs. 1 and 2). In the cage trials, 
relatively greater defoliation was observed on ND5873-15 than 
in the fi eld trials. In detached-leaf bioassays in the laboratory, 
Douches et al. (2001) and Coombs et al. (2003) observed no 
difference in defoliation between cultivated potato varieties and 
NYL235-4. Collecting life stage data along with defoliation was 
also valuable in assessing the effi cacy and comparing various 
host plant resistance mechanisms and colorado potato beetle 
behavior. This switch in ranking of the natural resistance lines 
between fi eld and cage trials was not observed when seasonal 
mean number of large larvae per plant was measured (Figs. 3 
and 4). In subsequent experiments, we have removed preference 
behavior of colorado potato beetle adults as a factor by placing 

egg masses directly onto plants in no-choice cage trials (D.S. 
Douches, unpublished data,). 

We could not distinguish between the Bt-cry3A clone and 
Bt + natural resistance combined clones in either the choice or 
no-choice fi eld trials because of the strong effect of Bt alone. 
This inability to distinguish between the lines was also found 
in detached-leaf bioassays (Coombs et al., 2003). However, in 
detached-leaf bioassays we could differentiate between Bt trans-
genic clones and Bt + leptines using third and fourth instars of 
a laboratory-selected Bt-resistant colorado potato beetle strain 
(Cooper et al., 2004). 

Potato clones
NORc3.8 (Bt-cry3A). The Bt-cry3A engineered resistance 

line was resistant to feeding at both locations. Interestingly, the 
foliar Bt-Cry3A level in this clone (5.5 ng·mL–1) was the lowest 
expression level that was tested in the fi eld. This level was 10-fold 
lower than the commercially released ʻAtlantic NewLeaf  ̓(data 
not shown). Despite the lower Bt level in this clone, defoliation 
was signifi cantly less than defoliation on ND5873-15 or NYL235-
4. Bt-cry3A alone is an effective tool in controlling feeding by 
colorado potato beetle; however, resistance management strategies 
are required for Bt to continue to be a viable option in the future 
(McGaughey and Whalon, 1992). 

NYLc3.3 (GLANDULAR TRICHOMES + Bt-cry3A). In the fi eld 
studies, the glandular trichome line NYL235-4 did not effectively 
control feeding by colorado potato beetles over the course of the 
season, therefore the resistance exhibited by NYLc3.3 is most 
likely due to Bt-cry3A. The foliar Bt-Cry3A level is twice as high 
as NORc3.8 (12.2 ng·mL–1). The glandular trichome + Bt-cry3A 
resistance combination may provide more broad-spectrum insect 
control than Bt-cry3A alone, where the Bt-cry3A confers strong 

0

20

40

60

80

100

0 5 10 15 20 25 30

Time elapsed after 19 July 2002 (d)

D
ef

o
lia

ti
o

n
 (

%
)

NORWIS (NO)

ND5873-15 (ND)

NYL235-4 (L2)

NO8.8

ND8.01

L28.3

NORWIS (susceptible)
ND5873-15 (S.chc- derived)
NYL235-4 (glandular trichomes)
NORc3.8 (Bt-cry3A )
ND5c3.1 (Bt-cry3A+S.chc -derived)
NYLc3.3 (Bt-cry3A +glandular trichomes)

Potato Clones:

Fig. 5. Colorado potato beetle defoliation (percent per plant over time) of potato host plant resistant clones in a cage no-choice fi eld study in Michigan (2002).
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resistance to colorado potato beetle and the glandular trichomes 
would be effective against other insect pests, including green 
peach aphid (Myzus persicae Sulzer) and potato leaf hopper 
(Empoasca fabae Harris) (Tingey, 1991).

ND5c3.1 (S. CHACOENSE-DERIVED RESISTANCE + Bt-cry3A). 
The ND5873-15 + Bt-cry3A clone ND5c3.1 was very effective 
in controlling feeding by colorado potato beetle in this study, al-
though defoliation was not signifi cantly different from defoliation 
of Bt-cry3A alone (NORc3.8). In both the choice and no-choice 
trials, virtually no feeding was observed on ND5c3.1. This is 
similar to observations by Cooper et al. (2004) where little to no 
feeding was observed on Bt-cry3A + leptines. This combination 
of resistance factors should provide an effective and more durable 
control of colorado potato beetle than either factor alone.

‘NORWIS’ (SUSCEPTIBLE). Colorado potato beetle pressure 
was greater at the New York site than at the Michigan site. This 
is seen with both the RAUDC values and the mean number of 
individuals for the susceptible control ̒ Norwisʼ. We consider the 
survival, development, and defoliation of colorado potato beetles 
on ʻNorwis  ̓in both the choice and no-choice fi eld trials to be 
similar to other susceptible clones (ʻRusset Burbankʼ, ʻSpuntaʼ, 
ʻYukon Goldʼ).

NYL235-4 (GLANDULAR TRICHOMES). The glandular trichome 
clone alone did have signifi cantly less feeding than the susceptible 
control in all trials; however, defoliation was signifi cantly greater 
than defoliation of the Bt-cry3A transgenic clones. These results 
do not refl ect the deterrence properties of NYL235-4, which are 
quite strong earlier in the season when other susceptible plants 
are available nearby in a choice situation (data not shown). A 
component of NYL235-4ʼs resistance may also be due to low 
levels of undefi ned foliar glycoalkaloids (6.0 mg·g–1 dry weight) 
(D.S. Douches, unpublished data). Yencho et al. (1998) identi-
fi ed a quantitative trait locus (QTL) that may be contributing 
increased glycoalkaloid levels from the S. berthaultii-introgressed 
germplasm. The observed deterrence in NYL235-4 seems less 
effective later in the season when second generation adult pressure 
is higher and alternative susceptible plants are already defoliated. 
This line was also observed to resist natural potato leaf hopper 
infestation in our trials (unpublished data). Egg-laying and the 
subsequent number of larvae on this clone were signifi cantly lower 
than susceptible ʻNorwis  ̓in the no-choice cage trial.

ND5873-15 (S. CHACOENSE-DERIVED RESISTANCE). The S. 
chacoense-derived resistance clone continued to demonstrate 
strong resistance and deterrence at both choice fi eld locations. 
Resistance to defoliation in this line remained constant throughout 
the season. In the no-choice cage trial, defoliation ratings were 
initially infl ated due to severe clipping of the foliage soon after 
introducing the adults.

We originally evaluated the North Dakota State Univ. breed-
ing line ND5873-15 (ND4382-19 x ʻChipetaʼ) for reported fi eld 
resistance to colorado potato beetle in North Dakota trials (J.H. 
Lorenzen and R. Novy, personal communication). In earlier 
choice fi eld trials in Michigan, ND5873-15 demonstrated strong 
fi eld resistance to defoliation by colorado potato beetle (Coombs 
et al., 2003). Low levels of leptine (5.4 mg·g–1 dry weight) and 
higher total glycoalkaloids (10.5 mg·g–1 dry weight, compared to 
4.0 mg·g–1 dry weight of ʻRusset Burbankʼ) have been identifi ed 
in the ND5873-15 clone (D.S. Douches, unpublished data). The 
resistance of this clone is most likely derived from S. chacoense 
(Lorenzen et al., 2001), although there may be other resistance 
factors in addition to glycoalkaloids. Sagredo et al. (2001) re-
ported a major quantitative trait locus (QTL) different from lep-

tine content that explained resistance to defoliation by colorado 
potato beetles; however, the main resistance factor in this clone 
remains uncharacterized.

Each host plant resistance mechanism evaluated in this study 
has its strengths and weaknesses. Combining host plant resistance 
mechanisms offers opportunities to construct and deploy a more 
durable potato variety. If the colorado potato beetle is going to be 
successfully controlled, an integrated approach for management 
is needed to incorporate durable host plant resistance, cultural 
practices, and chemical control. Our potato breeding philosophy 
and continued strategy is to combine various natural and engi-
neered resistance sources to develop more effective and durable 
host plant resistance. Combining natural host plant resistance 
mechanisms with B-cry3A, together with integrated management 
techniques, should enhance the effi cacy, and more importantly, 
the sustainability of control of the colorado potato beetle.
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