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Abstract This study estimates the efficacy of an attract-

and-kill (A&K) technique to control the horse chestnut leaf

miner, Cameraria ohridella Deschka and Dimic (Lepidop-

tera, Gracillariidae), an invasive insect pest of the horse

chestnut, Aesculus hippocastanum L. (Hippocastanaceae).

The A&K formulation was dispensed as 50 ll droplets of

paste-like matrix, containing C. ohridella sex pheromone,

(8E,10Z)-tetradeca-8,10-dienal (85% ? pure; 0.16% w/w)

and a fast acting contact toxicant, pyrocides (94% pure; 6%

w/w), applied directly to the bark of the trees. It was tested in

2003 at rates of 30 and 45 droplets/tree at the Ostrobramska

site and at rates of 30, 60 and 90 droplets/tree at the Woloska

site in Warsaw, Poland, for the first insect generation. A set of

untreated plots (0 droplets/tree) was established at each site

as well. The treatment efficacy was estimated using two

indices: (1) moth catches in pheromone traps and (2) the

number of mines per leaf. Trap catches were significantly

higher in the untreated plots than in the treated plots

regardless of the application rate in all sites. However, there

were no significant differences in leaf damage amongst all

plots on each site. At the ‘‘Lazienki Krolewskie’’ park the

attractiveness of two types of pheromone sources were

compared: traps were baited with rubber septum lures or with

A&K droplets. The catches of C. ohridella in traps baited

with lures were lower than captures in A&K droplet-baited

traps, but the difference was not significant. Possible reasons

for the low efficacy of the A&K method in management of

C. ohridella and reducing leaf damage are discussed.
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Introduction

The horse chestnut leaf miner, Cameraria ohridella, is a

new invasive pest of the horse chestnut, Aesculus hippo-

castanum in Europe. The origin of this insect is not known.

It was first observed in Macedonia in 1984 (Deschka and

Dimic 1986), and has spread over large areas of Europe. In

Poland it appeared in 1998 and infested horse chestnut

trees throughout the country within a few years. With

usually three generations per year, a population can reach

high densities within 2 to 3 years from establishment on

new sites. As a result of feeding activity of the mining

larvae, leaves of horse chestnut trees wither and drop in

early summer. High infestations cause a second flowering

that results in fewer fruits and seeds per fruit than expected;

however, it appears there is no direct risk of tree die-back

(Heitland 2006; Nardini et al. 2004; Raimondo et al. 2003).

Rapid spread and population increase of C. ohridella is

favored by a low effectiveness of natural enemies (Grab-

enweger 2004; Grabenweger et al. 2005a, b). Many

research groups have been working to develop methods of

C. ohridella management (Freise and Heitland 2003;

Kehrli et al. 2005; Lehmann 2003). The most effective

methods so far are based on leaf litter removal (Gilbert

et al. 2003; Grabenweger 2001; Kehrli and Bacher 2003;

Pavan et al. 2003) and chemical control by spraying horse

chestnut trees with chemical insecticides (Šefrová 2001) or
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the application of systemic insecticides (Gargani et al.

2002; Lohrer et al. 2003).

In 1999 Svatoš et al. (1999) identified the pheromone of

C. ohridella as (8E,10Z)-tetradeca-8,10-dienal (hereinafter

8E10Z-14:Ald). Later Hoskovec et al. (2000) described its

synthesis and Francke et al. (2002) conducted the studies

that confirmed pheromone structure, synthesis and biolog-

ical activity. Since that time various semiochemical-based

control techniques such as mass trapping, including female

mass trapping, mating disruption and autoconfusion have

been tested (Harand and Schmolling 2006; Kindl et al.

2004; Siekmann et al. 2006b; Svatoš et al. 2009; Wolfgang

et al. 2004) using the C. ohridella pheromone or kairo-

mone. Their efficacy appeared to be rather low in high-

density populations and thus may only be appropriate as a

part of an integrated pest management system.

An attract-and-kill (A&K) technology is a novel

approach for protecting A. hippocastanum against C. oh-

ridella. It is intended to suppress the male moth population

by attracting them with sex pheromone to an insecticide-

treated gel formulation, thus killing them and consequently

preventing mating. There were the only studies testing

A&K so far conducted by Siekmann et al. (2006a). The

‘‘Last Call HCLM’’ formulation applied at a very low

dosage of 1–5 droplet/tree in semi-field conditions caused

no effect on leaf damage by C. ohridella.

This article presents the results of the experiments

aiming to estimate the efficacy of A&K formulation at

much higher dosages (30–90 droplets per tree) against

C. ohridella in urban conditions.

Materials and methods

Experimental sites

The studies were conducted on horse chestnut trees growing

along the Ostrobramska and Woloska Streets in Warsaw,

Poland (hereafter called the Ostrobramska and Woloska

sites, respectively). Trees were 7–9-m tall at Ostrobramska

site and 10–13-m tall at Woloska site. The experiment with

traps containing lures or A&K droplets was conducted in

the ‘‘Lazienki Krolewskie’’ Park in Warsaw.

Materials

The attract-and-kill (A&K) formulation consists of a paste-

like matrix containing a C. ohridella sex pheromone, 8E10Z-

14:Ald (85% ? pure; 0.16% w/w; IPM Tech, Inc, Portland,

OR, USA) and a fast acting contact toxicant, pyrocides (94%

pure; 6% w/w; Valent Biosciences, Libertyville, IL, USA).

93.84% of the A&K formulation consisted of UV-stabilizers,

antioxidants, stickers and thickeners. The A&K formulation

was dispensed as 50 ll droplets directly to the bark of the

trees.

Populations of C. ohridella were monitored using green

delta traps (IPM Tech, Inc., Portland, OR, USA) baited

with lures. Trap lures were grey rubber septa (West Phar-

maceutical, Pittsburgh, Pennsylvania, USA) impregnated

with 0.05 mg of sex pheromone plus 3% of BHT.

Experiments with application rates

The experiment was set up at both Ostrobramska and

Woloska sites on 30 April 2003, which is for the first

generation of C. ohridella. A&K droplets were applied

uniformly, 20–30 cm apart, on stems and branches in the

lower parts of 20–30-year old trees at a height of 1.7–4.0 m

above the ground.

At the Ostrobramska site, the A&K formulation was

applied at the rates of 0 (untreated), 30, and 45 droplets/tree

(three experimental units) in three replicates (plots) on

5–10 trees per plot on both sides of the street (the scheme is

shown on Fig. 1). At the Woloska site, the treated trees

were located along one side of the street, and the droplets

were applied at 0, 30, 60, and 90 droplets/tree (four

experimental units) in three replicates (plots) with five trees

per plot.

Treatment efficacy

Treatment efficacy was estimated using two methods:

(1) Trap catch: We used 45 sticky delta traps at the

Ostrobramska site and 60 traps at the Woloska site (five

traps per plot). The traps were installed on 30 April and

checked on 12 and 20 May at the former site and on 13

and 20 May at the latter site. Each time the traps were

checked, the sticky inserts were replaced with new

ones. Trap saturation was not observed in any case.

(2) Leaf damage (number of mines per leaf): On 1 July,

at the end of the flight period of the first insect

generation, four leaves were sampled from five trees

in four (E, W, N and S) directions (80 leaves per plot)

at the Ostrobramska site. At the Woloska site, four

leaves from three inner trees (48 leaves per plot) in

each cardinal direction were sampled. Mines were

counted in the laboratory, and mean numbers of

mines per leaf were calculated.

Experiment with lures and A&K droplets

On 12 May 2003, sticky delta traps baited with septa lures or

A&K droplets loaded with 0.05 and 0.08 mg of sex phero-

mone, respectively, were installed in 8 replicates in 80-year

old horse chestnut trees along a road in the ‘‘Lazienki
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Krolewskie’’ park. Trees were about 20-m tall, and traps were

hung 6–8 m above the ground (at the bottom of the crown).

The traps were removed on 20 May and moths counted.

Data analysis

Counts of moths in the pheromone traps and numbers of

mines/leaf in the A&K experiments were analysed using

one-way ANOVA (a = 0.05) followed by Fisher’s LSD

test. Mean numbers of moths/trap and mean numbers of

mines/leaf in each plot were used for analysis. Data were

ln-transformed: x0 ¼ ln x to correct for heterogeneity of

variances. Catches of moths in traps with lures or A&K

droplets were compared using the t-test after transforma-

tion: x0 ¼ x
1000

� �3
: Statistical analyses were performed

using Statistica 7.1 (StatSoft Inc. 2005).

Results

Trap catches in A&K testing experiment

The mean numbers of C. ohridella moths caught in the

untreated plots were 49.0 and 67.6 moths/trap at the

Ostrobramska and Woloska sites, respectively (Fig. 2). In

the plots treated with different A&K application rates mean

numbers of moths varied between 4.5 and 6.1 moths/trap at

the Ostrobramska site and between 6.7 and 9.9 moths/trap

at the Wołoska site. ANOVA revealed a marginally sig-

nificant difference between trap catches in the untreated

and treated plots, regardless of the application dose, with

lower catches in latter ones. However, there were no

significant differences amongst the treated plots on each site.

Leaf damage in A&K testing experiment

There were no significant differences in mean numbers of

mines per leaf amongst the plots at both Ostrobramska and

Woloska sites. Leaf damage level at the Ostrobramska site

was from 2.4 ± 1.75 (mean ± SD) to 2.7 ± 1.19 mines/

leaf, and it varied between 4.8 ± 1.78 and 6.8 ± 4.67

mines/leaf at the Woloska site.

Attractiveness of lure and A&K droplet

The mean number of C. ohridella moths in traps baited

with rubber septa lures (1277.4 moths/trap) was lower but

not significantly different (t = 2.00 df = 14 P = 0.0650)
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Fig. 1 Scheme of tree and

treatment block location at the

Ostrobramska site, Warsaw,
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Fig. 2 Mean number of Cameraria ohridella male moths caught in

the delta traps in the untreated plots and plots treated with the attract-

and-kill formulation at different application rates at the Ostrobramska

(a) and Woloska (b) sites (30 April–20 May 2003). Moth counts with

the same letter above are not significantly different (a = 0.05,

ANOVA on ln-transformed data, vertical bars indicate ± SD)
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than the mean number of moths in traps baited with A&K

droplets (1459.3 moths/trap).

Discussion

In this article, we demonstrate the use of the A&K tech-

nique in an urban environment for management of C. oh-

ridella. Trap catches indicate that male populations were

either reduced or that males had difficulties in finding

pheromone traps in treated areas. A&K application caused

trap shut down, but the leaf damage level was not reduced.

There are several possible reasons for the low efficacy of

A&K method in the management of C. ohridella and fur-

ther reduction of leaf damage. One of the factors affecting

efficacy of A&K technology is the ability of a moth to find

and contact a single droplet. It depends on pheromone load

in the formulation and droplet density. The pheromone

release rate from trap lures should generally be much

higher than cumulative release rate of several females for

30 days. In contrast, pheromone content in an A&K droplet

should be slightly higher than monthly pheromone pro-

duction by a single female. The trap catch data in our

experiments suggest that pheromone load in the tested

experimental A&K formulation was too high. This may

cause disruption of male response to the pheromone source

at close range. Therefore, males may not have contacted

the droplet and been killed, thus the observed reductions in

trap captures may have resulted from a mating disruption

effect of the treatment.

The ability of male moths to find and contact a single

A&K droplet depends also on the formulation point source

density. It is supposed to be most effective, when the

droplet density is low and plums of pheromone are discrete.

Usually, A&K gel is applied in orchards or plantations at

rates from a few hundred to a few thousand droplets per ha

(Charmillot and Hofer 1997; Hofer and Brassel 1992;

Ioriatti and Angeli 2002; Sukovata et al. 2004; Weihman

and Liburd 2006). However, some studies revealed no

difference between formulations with and without insecti-

cides at either low or high droplet density (Curkovic and

Brunner 2007; Evenden and McLaughlin 2004; Sukovata

et al. 2004), suggesting that the mechanism of A&K action

is by disruption of male moth orientation, and not by

removal of males due to insecticide poisoning. Evenden

and McLaughlin (2004) showed that the effectiveness of an

attracticide would depend on the competition provided by

natural sources of pheromones. When placed in traps in

field cages, attracticide droplets were competitive with

calling females of Grapholita molesta at ratios of 1:2 and

1:4, whilst at the ratio 1:8 there was a significant reduction

in the proportion of males caught in the A&K droplet-

baited traps. In our study, the attracticide was applied at

very high rate of 30–90 droplets per tree assuming that the

density of droplets should be higher for dense pest popu-

lations. The lack of significant differences in leaf damage

between untreated and A&K treated plots could be due to

still too low droplet density. With thousands of C. ohridella

moths per tree, the 30–90 droplets per tree would translate

to 1:10 and higher ratios of droplets to calling females.

Besides, in high-density populations, males may be able to

find females by short-range search using visual or other

stimuli (Curkovic et al. 2006; Daterman 1972).

Other reasons for the low efficacy of A&K formulation

could be similar to those of mating disruption defined by

Casagrande and Jones (1997): (1) the target insect is

mobile and capable of dispersing locally over significant

distances or is migratory; (2) the areas treated are too small

or poorly isolated from surrounding crops with populations

of the target insect. In our studies, the treated and untreated

plots were very small and not isolated from each other;

thus, migration of moths was possible and gravid females

may have flown in from outside of the treated areas to lay

eggs. The problem of insect migration from untreated to

treated plots was also discussed by other researchers

(Ioriatti and Angeli 2002; Mazomenos et al. 2002). This

probably could be overcome by increasing treatment area

to cover the whole area of insect occurrence and/or by a

preceding decrease of population density (by insecticide

treatment) to a level appropriate for pheromone

application.

Some investigators suggest that height of trap location

has a significant effect on captures (Sarzynski and Liburd

2004; Thwaite and Madsen 1983) and consequently the

height of the A&K droplet application could also affect

treatment efficacy (Evenden and McLaughlin 2004). In our

studies, trees were 7–13-m tall and were treated only up to

a height of 4 m, including lower tree branches. Since the

C. ohridella moths of the first generation emerge from the

litter as an overwintering place, mate on the tree stem

below a crown, and lay eggs in the lower part of crowns

(personal observations), it was assumed that placement of

A&K droplets on tree stems up to the lower part of a crown

should be sufficient.

In the future, efficacy of A&K gel with lower phero-

mone concentrations and applied at different densities of

droplets per tree, treating the entire tree crown and trunk,

should be evaluated. The density of droplets should be high

enough to outcompete calling females, but still low enough

not to cause a camouflage. Also, experimental plots should

cover trees on entire city blocks that are well isolated from

other Cameraria infestations and not small groups of trees

in the same row.
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