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Abstract Methyl salicylate is an organic compound produced by potato and other plants in 
response to insect herbivory. In other studies the compound has been shown to be attractive to 
numerous predatory arthropods. Experiments were conducted in Virginia to evaluate methyl 
salicylate lures for attracting natural enemies in potato plots to manage populations of Leptino-
tarsa decemlineata (Say). Abundance of predatory arthropods and L. decemlineata life stages 
were measured in plots treated with and without 90 day, 5 g slow-release packets of methyl 
salicylate (95% methyl salicylate [Predalure™]). Mortality of L. decemlineata eggs and small 
larvae was estimated by calculating the difference in numbers of individuals recruited to subse-
quent stages using a stage-specific life table approach. Methyl salicylate treatment had no im-
pact on predator recruitment or mortality of L. decemlineata eggs and small larvae, compared 
with nontreated plots. Cumulative mortality of L. decemlineata ranged from 87.9 - 89.2% in 2010 
and from 81.9 - 94.8% in 2011. The dominant arthropod predators observed on potatoes in-
cluded Hippodamia convergens Guerin-Meneville, Coccinella septempunctata L., and Perillus 
bioculatus (F.). 

Keywords Leptinotarsa decemlineata, potato, population dynamics, methyl salicylate, natural 
enemies 

Methyl salicylate, also referred to as oil of wintergreen, is an herbivore-induced 
plant volatile compound. Several studies have shown that methyl salicylate has the 
potential to attract beneficial insects such as anthocorids (Drukker et al. 2000), geo-
corids, syrphids, chrysopids, and coccinellids (James 2003, James and Price 2004), 
as well as predatory mites (Dicke et al. 1990). This has led to the development of 
a commercially-available synthetic methyl salicylate lure, Predalure™ (AgBio Inc., 
Westminster, CO), to enhance biological control in gardens and crops by aiding in the 
recruitment of natural enemies. Methyl salicylate also has been shown to have a 
repellent effect on pest insects such as aphids (Glinwood and Pettersson 2000, 
Mallinger et al. 2011). Dickens (2000, 2006) found that methyl salicylate is one com-
pound of a blend of potato plant volatiles that is attractive to Colorado potato beetle, 
Leptinotarsa decemlineata (Say) (Coleoptera: Chrysomelidae). Thus, it is not known 
what effect Predalure could have in potato IPM systems. 

Leptinotarsa decemlineata is one of the most important insect pests of potato 
(Solanum tuberosum L.) in North America and Europe (Hare 1990, Alyokhin 2009). 

1 Received 09 April, 2013; accepted for publication 28 May 2013. 
Corresponding author (email: awimer@vt.edu). 
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Uncontrolled populations can completely defoliate potato potentially leading to a total 
loss of tuber production (Hare 1980). Widespread insecticide resistance problems 
over the past 50 years have created a strong interest in the development of integrated 
pest management approaches for this insect (Cassagrande 1987, Alyokhin et al. 
2008, Alyokhin 2009). 

Leptinotarsa decemlineata has many important natural enemies that can reduce 
population levels (Weber 2013). These include the predaceous ground beetle Lebia 
grandis Henz (Coleoptera: Carabidae) and several species of Coccinellidae as well as 
a few parasitoids including Edovum puttleri Grissell. Research has shown that mortal-
ity of L decemlineata from natural enemies can be quite high. For example, the preda-
cious lady beetle Coleomegilla maculata De Geer can cause up to 37.8% mortality in 
the first generation of L. decemlineata eggs and an additional 58.1% mortality of eggs 
in the second generation (Hazzard et al. 1991, Alyokhin 2008). In addition, inundated 
releases of the predatory stink bugs, Perillus bioculatus (F.) (Hemiptera: Pentatomi-
dae) and Podisus maculiventris (Say) (Hemiptera: Pentatomidae), reduced beetle 
densities by 62% and decreased defoliation of potato by 86% (Biever and Chauvin 
1992, Hough-Goldstein and McPherson 1996, Alyokhin 2008). Moreover, the parasitic 
wasp E. puttleri can parasitize up to 91% of L. decemlineata egg masses on eggplant 
and up to 50% of egg masses on potato (Lashomb et al. 1987, Ruberson et al. 1991, 
Van Driesche et al. 1991, Alyokhin 2008). However, most natural enemies of L. de-
cemlineata typically do not sufficiently reduce densities to an acceptable level of con-
trol (Hare 1990), forcing growers to rely on insecticides or other means of control. 

Using a chemical such as methyl salicylate to attract natural enemies into areas 
where the L. decemlineata is present could contribute to control of the pest by adopt-
ing an IPM approach. Methyl salicylate has the potential to protect and enhance natu-
ral enemies whereas at the same time reducing the number of insecticide applications 
needed within a field. Thus, potato plots inundated with methyl salicylate (via Pred-
alure™ (=95% methyl salicylate)) could influence L. decemlineata population dynam-
ics by attracting or repelling adults, and by attracting natural arthropod predators that 
may consume L decemlineata eggs and larvae. Because research has shown methyl 
salicylate to be attractive to natural enemies, but also has a component of volatiles 
attractive to L. decemlineata, the impact of using this lure is unknown. The purpose 
of this study, therefore, was to determine the effect of methyl salicylate (Predalure) on 
L. decemlineata population dynamics. 

Materials and Methods 

Field plots. The experiment was arranged in a randomized complete block design 
in 2 fields at the Virginia Tech Eastern Shore Agricultural Research and Extension 
Center (ESAREC) located in Painter, VA, during the 2010 and 2011 growing seasons. 
Experimental plots of 'Superior' potatoes were planted on 25 March 2010 and 13 April 
2011 in rows spaced 0.9 m apart with plants seeded ^0.28 m within rows. Potatoes 
were established and maintained using standard agricultural procedures including 
fertilizer, herbicide, and fungicide applications according to the commercial vegetable 
guidelines for Virginia (Wilson et al. 2012); no insecticides were applied to experimen-
tal plots. Four replicate blocks were used in each experiment with each block assigned 
a treated plot containing methyl salicylate release packets and an untreated plot with-
out methyl salicylate release packets. Plots were established as 4 planted rows of 
potato ^3.7 m wide and 7.6 m long and separated by a minimum of 10 m of bare 
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ground. Mean weekly temperatures were calculated from weather data collected dur-
ing each test (Table 1). 

Methyl sal icylate appl icat ion. The experiments were setup on 23 April and 
10 May 2010 and on 3 May 2011 when the potato plants were <0.5 m and had not yet 
bloomed and /_. decemlineata adults had just begun to colonize the field. In each of 
the experiments, treated plots of potato received two 90 d, 5 g slow-release packets 
of Predalure (95% methyl salicylate). For the treated plots, methyl salicylate release 
packets were fastened with binder clips to wooden stakes 25 cm above the ground 
and were placed every 2 m in the middle of the plot. 

Sampling L. decemlineata and arthropod predators. Plots were sampled every 
2 - 5 d after the experiment began. All L. decemlineata egg masses, small larvae 
(instars 1 and 2), large larvae (instars 3 and 4), and adults were counted from 10 
randomly-selected plants in each plot. The average number of eggs per egg mass 
was determined by counting the number of eggs in 10 randomly-selected egg masses. 
The average number of eggs per egg mass multiplied by the number of egg masses 
was used to calculate the total number of eggs in each of the treated and untreated 
plots at each sampling. 

Visual counts of all predatory arthropods were recorded every 3 - 7 d from 10 ran-
domly selected plants in each plot. In 2010, predators were collected and returned to 
the laboratory for identification. In 2011, predators were identified during sampling 
based on experience from the previous year, but were not removed from plots. Para-
sitoids were not detected through visual counts and, because L. decemlineata egg 
masses were not collected, the impact of parasitoids on L. decemlineata mortality was 
not assessed. 

Data analysis. The seasonal dynamics of /_. decemlineata populations in the 2 
treatments was assessed visually by plotting the numbers in each life stage against 
accumulated degree-day (DD). Degree days were calculated using the Wisconsin 
model developed by Delahaut (1997), which assumes a minimum developmental tem-
perature threshold of 11°C for L. decemlineatea. We then analyzed the data on the 
numbers of eggs, small larvae, large larvae, and adults collected in each treatment in 
each year using the Kiritani-Nakasyji-Manly (KNM) method for multicohort data (Kiritani 
and Naksuji 1967, Manly 1976, Young and Young 1998). The KNM method provided 
estimates of the area under the population curve (AUC) for each life stage, which 

Table 1. Mean weekly temperatures (°C) recorded in Painter VA, 2010 and 2011. 

Week 2010* 2011** 

1 16.1 16.6 

2 23.9 17.8 

3 17.8 20.9 

4 18.1 26.2 

5 22.2 23.9 

6 25.3 26.7 

* Trial set up on 23-Apr., weekly temperature recordings start the day after trial set-up. 
** Trial set up on 3-May, weekly temperature recordings start the day after trial set-up. 
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represents the cumulative sum of individuals collected for each stage; the analysis 
also provided estimates of the numbers entering and dying in each stage. 

The data on the mean number of individuals entering and mean number dying in 
each life stage under each treatment in each year were examined using a chi-square 
test of homogeneity of distributions (Ott and Longnecker 2001) with the effect of year 
as a blocking factor tested using the Cochran-Mantel-Haenszel test. The null hy-
pothesis for the homogeneity test is that of no difference in the distributions with re-
spect to the proportion of individuals in each life stage between treatments (Ott and 
Longnecker 2001). When the test indicated that the null hypothesis was rejected 
(P< 0.05), we conducted individual tests of the proportions of individuals in each life 
stage to determine which stage or stages were responsible for the observed differ-
ence in the population distributions between the treatments. All statistical analyses 
were conducted using JMP 10 (SAS 2013). 

The data on predators collected within the treatment plots were pooled across 
block and year for each treatment. From these data, we calculated the relative abun-
dances of each taxa and the Shannon-Weiner index of diversity as a measure of 
community structure in each treatment (Krebs 1998, Dively 2005). A significant differ-
ence in the estimated Shannon-Weiner indices for the 2 treatments was determined 
using a permutation/randomization approach as described in Manly (1997). 

Resul ts 

Leptinotarsa decemlineata populations. The seasonal dynamics of L. decemlin-
eata life stages with respect to DD are shown in Fig. 1. Stage-specific population lev-
els were higher in 2011 compared with 2010 (Fig. 1; Table 2). In 2010, peak oviposition 
of L. decemlineata occurred between 10 and 19 May and the peak number of small 
larvae occurred between 14 May and 7 June (Fig. 1a, b). In 2011, peak oviposition 
occurred between 10 and 23 May and peak small larvae populations were observed 
between 21 May and 1 June (Fig. 1c, d). 

The results of the multicohort analysis of the data with the KNM method are pre-
sented in Table 2. The homogeneity analysis showed that there was a significant dif-
ference in the distribution of the proportions of individuals entering each life stage ( x 2 = 
746.58, df = 3, P < .0001; Table 2; Fig. 2A). There was also a significant difference 
between the distributions after blocking for year ( x 2 = 724.65, df = 1, P < .0001). Indi-
vidual analysis of each of the life stages showed that overall the proportion of indi-
viduals entering the egg stage was significantly higher in untreated plots compared 
with the methyl salicylate -treated plots ( x 2 =262.47, df = 1, P < 0.0001). However, a 
significantly greater proportion of small larvae ( x 2 =4.559, df = 1, P = 0.0327), large 
larvae ( x 2 = 162.87, df = 1, P < 0.0001), and adults ( x 2 = 15.25, df = 1, P < 0.0001) 
entered the respective stages in the methyl salicylate -treated plots. 

The analysis also showed that there was a significant difference between the treat-
ments in the distribution of the proportions of individuals dying within the immature 
stages ( x 2 = 731.18, df = 2, P < 0.0001; Fig. 2B). A significantly greater proportion of 
individuals died within the egg ( x 2 = 918.11, df = 1, P < 0.0001) and small larval ( x 2 = 
73.49, df = 1, P < 0.0001) stages in untreated plots compared with methyl salicylate 
-treated plots. 

Natural enemy abundance. In both years, the 3 most abundant predatory insects 
found in potato plots were the convergent lady beetle, Hippodamia convergens 
Guerin-Meneville (Coleoptera: Coccinellidae), seven-spotted lady beetle, Coccinella 
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Fig. 1. Mean number of Leptinotarsa decemlineata eggs, small larvae, and large 
larvae per ten plants per plot (n = 8) in A) untreated potatoes in 2010, B) 
potatoes treated with methyl salicylate in 2010, C) untreated potatoes in 
2011, and D) potatoes treated with methyl salicylate in 2011 in Painter, VA. 

septempunctata L. (Coleoptera: Coccinellidae), and the two-spotted stink bug, 
P bioculatus (Fig. 3). Other arthropod predators observed in low numbers included 
P. maculiventris, L. grandis, C. maculata, Harmonia axyridis (Pallas) (Coleoptera: 
Coccinellidae), chrysopid eggs, various spiders, and predatory mites. The latter 3 
groups were not identified to species. The permutation/randomization analysis showed 
that there was no significant difference ( P = 0.331) in the Shannon-Weiner index for 
the predatory species collected in untreated (1.567) and methyl salicylate -treated 
(1.598) potato plots. 

Discuss ion 

Our experiments showed the cumulative mortality for L. decemlineata based on 
the egg and small larvae mortalities ranged from 81.9 - 94.8%, which is similar to the 
cumulative mortality of 91.2% reported by Cappaert et al. (1991b), who observed 
L. decemlineata populations on a native host plant in Mexico. Mena-Covarrubias et al. 
(1996) also reported a cumulative mortality of L. decemlineata eggs and small larvae 
ranging from 82 - 99% on horse nettle in Michigan. 

Arthropod predators likely play a significant role in early-stage mortality of L. de-
cemlineata (Weber 2013). In a study evaluating natural enemies of L. decemlineata in 
Mexico, Cappaert et al. (1991a) observed that over half of the insect natural enemies 
within their field site consisted of Pentatomidae, Carabidae, and Coccinellidae. We 
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Table 2. Results of the mult icohort analysis with the Kiritani-Nakasuji-Manly 
method for data on Leptinotarsa decemlineata col lected in potato plots 
at Painter, VA. 

Year Treatment* Stage AUC** 
Mean Number 
Entering Stage 

Mean Number 
Dying in Stage 

2010 Untreated Egg 40702.8 7638.2 5580.9 

Small Larva 10887.1 2057.3 1131.4 

Large Larva 6789.6 925.9 

Adult 1428.6 172.6 

2010 Treated Egg 42501.6 9627.2 7003.5 

Small Larva 11836.2 2623.8 1582.0 

Large Larva 5536.9 1041.8 

Adult 2022.1 234.8 

2011 Untreated Egg 76453.9 18837.5 13000.7 

Small Larva 23457.8 5836.8 4864.9 

Large Larva 13437.1 971.9 

Adult 2313.6 150.0 

2011 Treated Egg 74615.5 11832.3 6177.9 

Small Larva 21965.5 5654.4 3511.6 

Large Larva 13329.3 2142.8 

Adult 2983.0 244.1 

* Treated plots received two 90 d, 5 g slow-release packets of Predalure (95% methyl salicylate). 
** AUC is the mean area under the stage frequency curves for 4 replicates (blocks). 

also primarily observed those same 3 families and some of the same species in Vir-
ginia. Heimpel and Hough-Goldstein (1992) observed a similar composition of preda-
tors in Delaware potato fields, compared with the predators we observed in VA. 
Researchers found C. maculata, Chrysoperla carnea (Stephens) (Neuroptera: Chrysop-
idae), L. grandis, P. maculiventris, and P bioculatus associated with L decemlineata. In 
our study, the 3 most abundant natural enemies observed were H. convergens, C. sep-
tempunctata and P. bioculatus. As previously mentioned, P bioculatus can reduce 
L. decemlineata populations in potato, specifically when L. decemlineata populations 
are low (Tamaki and Butt 1978). Research has shown that H. convergens is associated 
with L. decemlineata populations in Mexico (Cappaert et al. 1991b) and feeds on L. 
decemlineata eggs (Cappaert et al. 1991a, Hough-Goldstein et al. 1993). 

Although C. septempunctata was one of the most abundant predators detected in 
this trial, findings from other researchers indicate that this predator may not particu-
larly feed on L. decemlineata. Snyder and Clevenger (2004) examined the survivorship 
of 4 Coccinellidae, 2 native species H. convergens and Coccinella transversoguttata 
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Fig. 2. Percentage of eggs, small larvae, large larvae, and adults in untreated 
and methyl salicylate-treated plots of potato at Painter, VA; (A) Percent-
age of total number entering each life stage (B) Percentage of total num-
ber dying within each life stage. 

Brown (Coleoptera: Coccinellidae), and 2 exotic species C. septempunctata and H. 
axyridis when fed diets of the aphid Myzus persicae Sulzer, or L. decemlineata eggs, 
or a mixed diet of both. Results indicated that C. septempunctata had the highest 
survivorship compared with the other Coccinellidae species when fed the mixed diet. 
However, all 4 Coccinellidae species in this study had a significantly higher survivor-
ship when fed M. persicae versus L. decemlineata eggs or a mix (Snyder and 
Clevenger 2004). Additional research has shown that C. septempunctata does not 
readily feed on L. decemlineata larvae or eggs (Heimpel and Hough-Goldstein 1992). 
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Fig. 3. Ar thropod predators collected per 10 plants in potato plots with and 
without release packets of methyl salicylate in Painter, VA. 

Thus, L. decemlineata egg and larval populations incur a tremendous amount of 
natural mortality and yet L. decemlineata remains a major pest of potato year after 
year. In our plots, over 50% of the potato foliage was consumed by L. decemlineata. 
The resilience of L. decemlineata has caused a heavy reliance on chemical control 
(Kuhar et al. 2013) and has created a cycle of continuously developing new insecti-
cides with novel modes of action that are effective for a few years before L. decemlin-
eata develops resistance and new chemistries are needed for their control (Alyokhin 
2009). The high level of natural mortality should be taken into consideration when 
selecting an insecticide or deciding whether a spray is warranted. Methods to further 
enhance natural mortality could reduce that reliance on chemical control. 

Use of chemical attractants to recruit natural enemies is one approach to do just 
that. Results from our experiments indicated that methyl salicylate release packets 
(Predalure) increased the number of L. decemlineata adults in treated plots. These 
results indicate methyl salicylate had attractant properties to L. decemlineata. As 
mentioned earlier, Dickens (2000, 2006) reported methyl salicylate to be a component 
of plant kairamones attractive to L. decemlineata. Our results also showed signifi-
cantly greater mortality in the egg and small larvae stages in the untreated plots 
compared with the treated plots. There was also no effect of treatment on the abun-
dance of arthropod predators. Although methyl salicylate did not significantly impact 
L. decemlineata cumulative mortality or increase the number of natural enemies within 
plots in this study, research evaluating the use of volatile compounds should not be 
abandoned for the management of L. decemlineata. 

Synthetic or naturally-derived volatile compounds with attractant properties to natu-
ral enemies can play an important role in biological control of pests. Mallinger et al. 
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(2011) investigated the effects of methyl salicylate lures in organic soybean fields. Re-
searchers found methyl salicylate treated plots had significantly less soybean aphids 
and significantly greater numbers of syrphid flies (Diptera: Syrphidae) and green lace-
wings adjacent to methyl salicylate lures compared with nontreated plots. When methyl 
salicylate lures were included in exclusion cage studies researchers saw no difference 
in numbers or population growth rates for soybean aphids (Mallinger et al. 2011). James 
and Price (2004) showed that slow-release methyl salicylate increased the number of 
natural enemies including Chrysopa nigricornis Burmeister (Neuroptera: Chrysopidae), 
Hemerobius sp., Deraeocoris brevis (Uhler) (Hemiptera: Miridae), Stethorus punctum 
picipes Casey (Coleoptera: Coccinellidae), and Orius tristicolor (White) (Hemiptera: An-
thocoridae), and 4 insect families (Syrphidae, Braconidae, Empididae, and Sarcophag-
idae) in hop yards and grapes. Both of these crops naturally produce methyl salicylate 
upon herbivory (James and Price 2004). The interaction between plants and natural 
enemies is a complex relationship dependent on numerous factors. 

Research by McCormick et al. (2012) describes the relationship between herbivore-
induced plant volatiles and natural enemy responses as very specific and dependent on 
dose, blend of the volatiles produced, duration of release, and the type of predator receiv-
ing the signal. Research indicates a greater utilization of plant volatiles for specialist pred-
ators compared with generalist predators (McCormick et al. 2012). It is important to note 
that herbivore natural enemies are not exposed to just a single plant volatile compound in 
nature; but rather a mix of compounds produced by a plant in response to herbivory. For 
example, the predatory mite Phytoseiulus persimilis Athias-Henriot was attracted to 
methyl salicylate, one of 5 major herbivore-induced compounds of lima bean, Phaseolus 
lunatus L., but when presented with a blend of all the major herbivore-induced volatiles 
produced by lima bean there was a greater attraction compared with just methyl salicylate 
(Van Wijk et al. 2008,2011).Therefore, incorporating a mixture of plant volatiles for attract-
ing herbivore natural enemies may be more successful than just a single compound. 

Plants produce a number of volatile compounds with the sole purpose of indirect 
defense, usually in the form of attracting predaceous insects and arthropods to disrupt 
the herbivorous insects feeding on these plants. Leptinotarsa decemlineata has many 
natural enemies that feed on its different life stages; manipulating this natural cycle to 
control L. decemlineata populations during oviposition and as eggs hatch could be an 
effective biological control strategy within an IPM program. However, from this research 
and the results found in other experiments it appears methyl salicylate alone may not be 
a useful tool for attracting predatory insects into L. decemlineata infested potato fields. 
Future research should focus on determining the different volatiles, concentrations of 
those volatiles, timing of when to apply, and ratios of the different volatile blends, that 
could be used to attract natural enemies of L. decemlineata in a potato field. Additional 
research should also determine which predators primarily feed on L. decemlineata and 
how each volatile as well as mixtures impact predator-prey interactions including type of 
damage and species specific volatile combinations. 
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