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ABSTRACT

The series of experiments on codling moth (Cydia pomonella L.) control using mating disruption
method were conducted in three experimental orchards during 2006-2010 growing seasons. The efficacy
of two commercial pheromone preparations: Ecodian CP and Isomate CTT, in comparison to pesticides
Calypso 480 SC and Appeal 04 PA, was evaluated on the base of percentage of damaged fruits, number
of caterpillars collected during their migration for overwintering in bands of corrugated cardboard placed
on tree trunk and number of moths caught in pheromone traps. Two thousands dispensers of Ecodian CP
were used twice a season (at 6-week interval) on the area of 1 ha of the orchard. Five hundred of Isomate
CTT dispensers were applied once a season on 1 ha of the orchard. In all the experiments, application of
mating disruption method significantly reduced the level of apple damage; the control efficacy (calculated
according to Abbott’s formula) ranged from 54.2% to 95.8%. The efficacy of chemical control ranged
from 58.5% to 93.0%. The lower efficacy of mating disruption method was noticed in orchards with high
codling moth population. The treatments also affected the number of caterpillars caught in bands of cor-
rugated cardboard placed on tree trunk. In experiments where the codling moth was not controlled, the
number of caterpillars per a band varied from 0.2 to 11.9 whereas in these where the pest was controlled

chemically or by mating disruption method, their number varied from 1.4 to 2.8 specimens.
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INTRODUCTION

Codling moth is a major pest of apple trees in
many regions. The climatic conditions in recent
years favour the large number not only of codling
moth (Cydia pomonella L.) but also of other pests
such as leaf rollers (Torticidae) in apple orchards.
The raise of economic importance of this group of
pests was observed in Poland since 2000 (Ptucien-
nik and Olszak 2006, 2010). In order to obtain
fruits without any damage, there is a need to apply
six or more chemical treatments in commercial
orchards in a season. Some insecticides are used
even more frequently, creating high risk of select-
ing resistant pest population. It has been confirmed
by data presented in the literature on the resistance
of the European codling moth population to or-
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ganophosphorus compounds, synthetic pyrethroids
and insect growth regulators (Charmillot and Pas-
quier 2002, loriatti et al. 2003; Reyes et al. 2007).
It is therefore necessary to seek for alternative
methods limiting the codling moth population,
among others application of female sex pheromone
to decrease population density by mating disrup-
tion technique. This method is based on deploying
a large number of dispensers with synthetic female
pheromone in the orchard. Gradually released
pheromone affects males’ sexual behaviour by
making difficult precise location of the females for
mating. Eggs laid by females are unfertile and the
next generation is less numerous (Welter et al.
2005; Verhaeghe 2005; Helsen and Polfliet 2004).
In Poland, the effectiveness of mating disruption
method using Ecodian CP was evaluated in 2005-
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2007 by Wozniak et al. (2008). The aim of ex-
periments presented, conducted during 2006-2010,
was to evaluate the effectiveness of codling moth
control using mating disruption method under cli-
matic conditions of Poland and to compare it to the
efficacy of chemical treatments. Three orchards
varying in pressure of codling moth were selected
for comparison.

MATERIAL AND METHODS

The research was carried out in the experi-
mental orchards of the Institute of Pomology and
Floriculture (presently Research Institute of Horti-
culture) in Skierniewice, and in Dabrowice near
Skierniewice (Central Poland) as well as in the
commercial orchard in Milobadz (Northern Po-
land). In Dabrowice, the experiment has been con-
ducted in two sectors: one with ‘Jonagold’ trees
planted in 1995, and second with ‘Ligol’ trees
planted in 1996. The orchard in Skierniewice con-
sisted of trees planted in 1971 (cv. ‘Wealthy’) and
in Mitobadz of trees planted in 1987 (cv. ‘Idared’).
Selected parts of the orchard area of 1-2 hectares
were divided into three blocks. They were used as
plots of the following experimental treatments:

1. Codling moth control by mating disruption
method using pheromone products: Ecodian CP
(active ingredient: 97% (E,E)-8,10-dodecadien-
1-ol,) produced by ISAGRO ltaly, was applied
in seasons 2006-2008 and Isomate CTT (active
ingredients: 53% (E,E)-8,10-dodecadien-1-ol,+
30% dodecanol + 6% tetradecanol), produced
byShin-Etsu Chemical Co., Ltd., was applied in
years 2009-2010;

2. Chemical codling moth control with insecticide
Calypso 480 SC (thiacloprid) applied 2 or 3
times a season during the mass flight of codling
moth, or Appeal 04 PA (active ingredients: 0.1%
codlemone + 4% cyfluthrin) applied two times
per season (“Attract and Kill” mode of action);

3. Control plots, where no pest control was ap-
plied.

There were three experiments using Ecodian
CP and five using Isomate CTT. Ecodian CP was
applied twice a season, first, when the first codling
moth specimens were detected in the pheromone

traps, and second 6 weeks later. Each time 2000
dispensers were distributed on the area of 1 ha.
Isomate CTT was applied once a season at a time
when first codling moths appeared, in the number
of 500 dispensers on 1 ha plot. In each plot phero-
mone traps were placed on tree canopy for moni-
toring the moth activity as well as bands of corru-
gated cardboard on tree trunk to trap the caterpil-
lars coming down to the underneath of tree for
overwintering (10 bands/plot).

To evaluate the efficacy of methods of codling
moth control the following observations were made:
(@) the number of fruits damaged by codling moth
(1-2 assessments in the season); (b) the number of
caterpillars collected in bands of corrugated card-
board and (c) the number of males caught in the
pheromone traps, which was monitored throughout
the whole codling moth flight season (3-3.5
months).

The final assessment of codling moth control
efficacy in experiments with Ecodian CP was
based on percentage of apples damaged by cater-
pillars at fruit harvest. A sample consisted of 2100
fruits collected from each of the experimental plots
(300 fruits from each plot x 7 replicates). For ex-
periments using Isomate CTT the assessments of
fruit damaged by the 1% and the 2" caterpillar gen-
eration were made on the basis of 25 fruits col-
lected in the second half of July from randomly
chosen 20 apple trees (500 fruits from each ex-
perimental plot). The results were evaluated statis-
tically using analysis of variance, which was car-
ried out on data transformed according to Bliss’
function. The significance of differences between
means of particular experimental treatments was
estimated using Newman-Keuls test at a 5% sig-
nificance level. Effectiveness of the moth control
was calculated according to Abbott’s formula: (A-
B)/A (in %), where A and B are numbers of dam-
aged fruits from treated and untreated plots, re-
spectively.

RESULTS AND DISCUSSION

In each experiment, the application of mating
disruption method to codling moth control resulted
in a significant reduction in the number of apple
fruits damaged by caterpillars and the efficacy of
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pest control ranged from 54.2% to 95.8% (Tab. 1
and 2). On chemically controlled plots, the efficacy
ranged from 58.5% to 93.0%.

In the experiments I, Il and I, where
Ecodian CP was used for codling moth control by
mating disruption method, the effectiveness of
treatments ranged from 62.1% to 81.2% (Table 1).
High efficacy has been obtained in experiments |
and Il (Table 1), where the population of the pest
in the orchards was low, the number of pest-
damaged fruits on untreated plots ranged from 3.1%
and 4.1%. In that case, the number of pest-damaged
fruits was below the economic damage threshold
(<1%). The results obtained with Ecodian CP treat-
ments were significantly better than in plots, where
Appeal 04 PA (Experiment 1) or Calypso 480 SC
(Experiment 111) were used. Unsatisfactory results —
effectiveness 62.1% — were obtained in Experiment
Il where the population of the pest in the orchard
was high — on untreated plots, the level of pest-
damaged fruits reached 9.8%.

In the experiments where Isomate CTT was
used for codling moth control by mating disruption
method (I-V, Table 2), the effectiveness of treat-
ments ranged from 54.2% to 95.8%. Similarly as in
the experiments with Ecodian CP, low efficacy
was obtained in the orchards where the population
of the pests was high (Experiment I, IV and V,
Table 2). On untreated plots, the number of pest-
damaged fruits ranged from 5.8% to 8.4%. These
experiments did not give satisfactory results; the
number of pest-damaged fruits was above the eco-
nomic damage threshold (>1%). No positive effect
of codling moth control at sites with higher pest
population was also noted by other researchers
(Mansour and Mohamad 2001; Wozniak et al.
2008). Low efficacy of pest control using mating
disruption method in Experiment V could also be
affected by the specific conditions in the orchard
consisted of old, tall trees with extensive canopies.
In orchards where the presence of pests was lower
(Experiment 11, 111, Table 2), the number of pest-
damaged fruits on untreated plots ranged from
1.8% to 4.8% and the effectiveness of codling
moth control with Isomate CTT produced good
results (number of damaged fruits was below 1%),
comparable to the plots with chemical insecticide

treatment. The results of codling moth control with
both, Ecodian CP and Isomate CTT, were similar
and proved to produce satisfactory results in or-
chards with low pest population.

In the control plots (no protection) the
pheromone traps were also present in order to
monitor the number of caught males, which varied
from 102 to 311 per a trap and season (Table 1 &
2). However, in parts of the orchards where cod-
ling moth population was controlled by mating
disruption method with Ecodian CP or Isomate
CTT, none or just single males were found in
pheromone traps. The only exception was the Ex-
periment | (2006, Table 1), where after 5 weeks
from the date of Ecodian CP application, the vast
number of codling moth was noted. This was the
signal for the second application of the Ecodian
CP, which resulted in the reduction of caught
males and the final efficacy of the pest control in
this experiment reached 81.2%. Similar results
were also obtained in Slovenia, where there was a
need for re-application of Ecodian CM (after 50
days) in experiments on the control of peach moth
Laspeyresia molesta (Rot 2008). However, accord-
ing to Angeli et al. (2007) Ecodian CP VP sex
pheromone dispensers were active during the entire
vegetation period. Low efficacy of codling moth
control was obtained in the Experiment I (2009,
Table 2), where Isomate CTT was applied only
once and during the season over 25 males were
found in the pheromone traps, and the efficacy of
treatment was 54.2%. It was also found that despite
the fact that no males were caught in pheromone
traps, caterpillars of codling moth damaged the
fruits, which may indicate that the attractiveness of
natural female pheromones was higher than the
attractiveness of synthetic compounds.

The number of caterpillars caught in bands of
corrugated cardboard on tree trunks depended on the
method applied for pest control. The average num-
ber of caterpillars collected in a band on one tree in
untreated plots varied between 0.2 and 11.9 (Table 1
& 2), whilst in the plots where pest was controlled
by chemicals pesticides and mating disruption tech-
nigue the maximum number of caterpillars per one
tree was, on average, 1.4 and 2.8, respectively.
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Table 1. Efficacy of Ecodian CP in codling moth (Cydia pomonella L.) control (%) on apple trees

Treatments

Damaged fruits
at harvest (%)

Efficacy (%)

Mean number

of caterpillars

of mot

per a band/ tree

Number
hs/ trap/season

Experiment | - 2006

Dabrowice, ‘Jonagold’ cv.

Untreated 4.1 c** - 1.5 102
Ecodian CP — 2 x* 0.8a 81.2 0.2 51
Appeal 04 PA — 2 x 1.2b 70.3 0.7 42
Experiment Il - 2008 Dabrowice, ‘Ligol’ cv.
Untreated 9.8¢c - 11.9 311
Ecodian CP — 2 x 3.7Db 62.1 2.8 3
Calypso 480 SC — 2 x 2.2a 77.1 1.4 lack of data
Experiment 11l - 2008 Dabrowice, ‘Jonagold’ cv.
Untreated 31lc - 1.4 247
Ecodian CP — 2 x 0.7a 76.9 0.1 0
Calypso 480 SC - 2 x 1.3b 58.5 0.5 228

* number of treatments

**Means in columns marked by the same letter are not significantly different according to Newman—Keuls test (p=5%)

Table 2. Efficacy of Isomate CTT in codling moth (Cydia pomonella L.) control on apple trees

1% generation 2" generation Mean number
Damaged . Damaged . of caterpillars Number of
Treatments . Efficacy . Efficacy moths
fruits at (%) fruits at %) per a Jtraplseason
harvest (%) harvest (%) band/tree

Experiment | - 2009  Dabrowice, ‘Ligol’ cv.
Untreated 4.2 c** - 58¢c - 2.4 244
Isomate CTT - 1x* 14b 66.7 2.7hb 54.2 1.2 25
Calypso 480 SC - 2x 0.0a 100.0 04a 93.0 0.0 180
Experiment Il - 2009  Dabrowice, ‘Jonagold’ cv.
Untreated 42¢c - 48¢c - 2.4 184
Isomate CTT - 1x 06D 85.7 0.2a 95.8 0.5 0
Calypso 480 SC - 2x 00a 100.0 0.8a 83.3 0.6 87
Experiment I11 - 2009  Mitobadz, ‘Idared’ cv.
Untreated lack of data - 18b - lack of data 193
Isomate CTT - 1x lack of data  lack of data 0.3a 84.4 lack of data 1
Calypso 480 SC - 2x  lack of data  lack of data 0.8a 88.9 lack of data 59
Experiment IV - 2010  Dabrowice, ‘Jonagold’ cv.
Untreated 8.2¢c 84c - 5.2 231
Isomate CTT - 1x 3.2b 61.0 29b 65.4 2.1 0
Calypso 480 SC-3x 1l6a 80.5 09a 88.8 0.4 lack of data
Experiment V - 2010  Skierniewice, ‘Wealthy’ cv.
Untreated 6.2¢c - 6.0c - 0.2 228
Isomate CTT - 1x 3.0b 51.6 2.7b 54.2 0.0 lack of data
Calypso 480 SC - 2x 12a 80.6 0.8a 86.4 0.0 lack of data

* ** for explanations see Table 1.
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Only in the Experiment VIII, despite of the
high codling moth population density, the number
of caterpillars in bands was low (average of 0.2
caterpillars per a tree at untreated plot). This could
be due to the old age of trees in the experimental
orchard. Cracks in the bark on the trunks of old trees
create good conditions for caterpillars to find places
for overwintering before they reach the bands.

The presented results show that the mating dis-
ruption method can be used as an alternative for
reducing the codling moth population as well as the
level of fruits damage in apple orchards managed
both in the integrated and organic production sys-
tems. It is in fact a method completely safe for bene-
ficial fauna and the surrounding environment. How-
ever, when using this method of control in the
commercial orchards with high pest population, in
order to produce fruits without any damage, the
accurate monitoring of the pest is required, and, if
necessary, supplementary treatments with biological
or chemical products should be applied (Benvenuto
and Totis 2009; Vreysen et al. 2010). Mating dis-
ruption technique is also an alternative for codling
moth control in orchards, where the pest resistance
to insecticides was already noted or to prevent the
selection of resistant strains due to frequent treat-
ments with synthetic pesticides (Charmillot and
Pasquier 2002; loriatti et al. 2002; Sauphanor et al.
2002). This method is less suitable in orchards com-
prising old apple trees, which grow in a conven-
tional manner (large row spacing and large trees
with high crowns in a row). In such conditions, it is
impossible to obtain a uniform cloud of odour and
the male disorientation is not sufficient. Another
limitation of widespread use of mating disruption
technique in orchards is also the high cost of prod-
ucts and the need for manual application of dispens-
ers. However, replacement of manual application by
production and use of the product as capsules for
orchard spraying could reduce the cost of treatment
(Kovanci et al. 2010; Witzgall et al. 2008).

CONCLUSIONS

1. The control of codling moth by mating disrup-
tion technique using Ecodian CP and Isomate
CTT pheromone preparations reduced the num-

ber of damaged fruits by 54.2% to 95.8% in
comparison to untreated plots.

2. Low effectiveness of codling moth control using
Ecodian CP or Isomate CTT was obtained in or-
chards with high population density of the pest.
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