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ABSTRACT
The biological control of some key orchard pests achieved within an 
Integrated Fruit Production (IFP) apple block was assessed. Insecticide 
sprays were used to manipulate the numbers of natural enemies. Treatments 
included applications of the broad-spectrum insecticide carbaryl, a 
selective insecticide programme (IFP) and a control (no insecticides). Plots 
treated with carbaryl became heavily infested with woolly apple aphid and 
European red mite. However, carbaryl sprays did not completely prevent 
lacewings, ladybirds and the woolly apple aphid parasitoid Aphelinus mali
subsequently moving into the plots in response to the high host populations. 
Numbers of some natural enemies were reduced in the carbaryl treatment 
and the trees were damaged by mites and woolly apple aphids. The 
selective and no-insecticide programmes did not disrupt natural enemies 
and pest levels in trees and fruit were similar and acceptable. 
Keywords: biological control, natural enemies, insecticide sprays, apple, 
integrated fruit production.

INTRODUCTION

developed to address increasing consumer concern over pesticide residues in food, and 

biological control, complemented by a reduction in pesticide use and the adoption of more 

key orchard pests such as European red mite (Panonychus ulmi
woolly apple aphid (Eriosoma lanigerum
1996), apple leafcurling midge (Dasineura mali

The aim of the current study was to demonstrate the ability of natural enemies to 
control arthropod pests in an IFP insecticide programme, and to compare these results 
with those where a broad-spectrum insecticide, carbaryl, was used in an attempt to 
disrupt natural enemies. 

METHODS

of arthropod pests and natural enemies for the last four seasons. 
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trees (controls) were not treated with insecticide. The whole trial block received an 

The two carbaryl-treated plots were set up adjacent to each other in the centre of the 

of natural enemies originating from the other treatments. 

branch of individual trees three times with a padded piece of metal pipe. Sampling was 

tree in each plot to catch insects. The traps were checked and replaced weekly, using a 
binocular microscope to help identify and count trapped insects. One hundred growing 

respectively from each plot). Leaves were brushed with the aid of a mite brushing machine 
(Leedom Engineering, California) and the numbers of active ERM and Typhlodromus 
pyri

black irrigation tubing, were taped to branches (one tube per tree) to monitor earwigs 

RESULTS AND DISCUSSION
WAA, ERM and ALCM were the main arthropod pests recorded. Key natural enemies 

recorded from beating tray samples and yellow sticky traps were Aphelinus mali (WAA 
egg parasitoid), Sejanus albisignata (a mirid bug predator of mites and ALCM eggs), 
lacewings (aphid predators), Platygaster demades (ALCM egg parasitoid) and Anystis sp. 
(a predatory mite). Other incidental natural enemies recorded in all treatments included 
Anagrus Trichogramma spp. (egg 
parasitoids of leafroller and noctuid moths), Stethorus  (a ladybird predator of 
ERM and other tetranychid mites), spiders and Encarsia spp. (parasitoids of armoured 
scale insects and other Coccoidea). 

and monitoring results from both beating trays and sticky traps indicated that A. mali
was suppressed in the carbaryl treatment, allowing much higher levels of WAA shoot 
infestation to develop than in the IFP and control treatments (Figs 1 & 2). Carbaryl is 

A. mali

higher numbers of A. mali and lacewings moving into the carbaryl-treated plots during 
the season in response to the increasing WAA population (Fig. 2). WAA was not affected 
by the insecticide. Earwigs, which are WAA predators, were recovered from three diet 

bugs (Reduviidae) and damsel bugs (Nabidae), which can feed on small insects including 
aphids, were more common in the IFP and control treatments (data not shown). The 
generalist predatory mite, Anystis sp., was more common in beating tray samples in the 
unsprayed control treatment that in either sprayed treatment (Fig. 1).
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FIGURE 1: Mean number per beating tray sample (values plotted on square 
root scale) of four natural enemies, (a) Aphelinus mali; (b) Sejanus
albisignata; (c) Lacewing and (d) Anystis sp., and the mean percentage 
of apple shoots infested with (e) woolly apple aphid and (f) apple 
leafcurling midge. Values presented are means for the Integrated 
Fruit Production (IFP), carbaryl and no insecticide treatments on 
three dates. Error bars indicate standard errors of means. 
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WAA pressure from the heavily infested carbaryl treatment probably increased infestation 
levels in the IFP and control treatments. Leafroller and other pest damage on fruit was 

The beating tray results indicated that the higher numbers of Sejanus albisignata in 

ALCM shoot infestation in these treatments compared with the carbaryl treatment at this 
time (Fig. 1). However, sticky trap catches showed that continued carbaryl applications 
did not prevent movement of the predatory bug or the ALCM egg parasitoid Platygaster
demades into carbaryl-treated plots later in the season (Fig. 2).

FIGURE 2: The number of natural enemies, (a) Platygaster demades; (b) Aphelinus 
mali; (c) Lacewing and (d) Sejanus albisignata, per trap per day 
caught in sticky traps between September 2007 and April 2008. 
Values presented are means for the Integrated Fruit Production (IFP), 
carbaryl and no insecticide treatments. 
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treatments respectively. The carbaryl treatment had an unfavourable pest to predator 
mite (Typhlodromus pyri
treatments. The high mite population in the carbaryl treatment attracted small numbers 
of the ERM ladybird predator Stethorus , which was not totally excluded by the 
disruptive insecticide (data not shown). 

The relatively small size of the trial plots, the mobility of some of the natural enemies 
monitored and the inability of carbaryl to exclude them totally from treated plots makes 

against leafrollers and codling moth, but not against WAA, ERM or ALCM, which were the 
key pests monitored. Results indicate that the natural enemies in the IFP programme were 
not noticeably disrupted and were able to provide effective control of key orchard pests. 

Although IFP growers may apply a single application of carbaryl for fruit thinning 
or of diazinon for WAA control to some apple blocks within their orchards, such use 
of a broad spectrum but low persistence insecticide is likely to cause only a temporary 

of insect pests is an important aspect of IFP, which thus provides a more sustainable 
production system for orchardists. 
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