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Many beneficial insects depend on floral resources during their adult
state. Flowering herbs can play an important role in providing these
resources and thereby enhancing biological control. We implemented
five flower species (Centaurea cyanus, Fagopyrum esculentum, Lobularia
maritima, Thymus serphyllum, Sinapis alba), associated with the presence
of predatory bugs, in a pear orchard in order to improve the biological
control of the pear psylla Cacopsylla pyri. Beating samples and twig
samples were taken to follow the density of predatory bugs and pear
psylla.
Despite poor development of the flowers we could demonstrate higher
densities of Anthocoris nemoralis in pear trees close to the flowers as
compared to pear trees with adjacent grass strips. Higher bug density
did not translate into lower pear psylla density. Pear psylla density
dropped in both treatments when density of the specialist Anthocoris
nemoralis increased.
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Many beneficial insects, like for example hoverflies (MacLeod 1999) and para-
sitoids (Leius 1960, Syme 1975, Heimpel et al. 1997) depend during their adult
stage on food for maintenance, dispersal and reproduction. Establishing flower-
ing field margins to enhance the availability of nectar and pollen-rich plants for
beneficial insects is therefore promoted as an important element of agro-ecosys-
tem diversification programs. Besides beneficial insects also herbivores can prof-
it from herbal vegetation (Gruys 1982, Alford 1984, Romeis et al. 2005). In order
to optimise the impact of flowering herbs on pest control the attached vegetation
should consist of plants that mainly, if not exclusively, promote the perform-
ance of natural enemies without supporting the pest species (Baggen & Gurr
1998).

Predatory bugs show higher abundance close
to flower strips in pear orchards
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Research on functional biodiversity concentrates mainly on flowering field
margins in annual cropping systems. In the present study we apply the concept
of ‘biodiversity made to measure’ to a perennial cropping system in order to
improve the biological control of the pear psylla Cacopsylla pyri. This pest species
causes severe problems in pear orchards. Control with insecticides often fails
due to development of resistance in the pest. In addition, insecticide application
strongly affects important natural enemies of the pear psylla, allowing pest
recovery shortly after spraying.

We chose five plants (Centaurea cyanus, Fagopyrum esculentum, Lobularia mar-
itima, Sinapis alba, Thymus serphyllum) known to harbour increased numbers of
predatory bugs like Anthocoris sp. and Orius sp. (Solomon 1989, Helsen, internal
report, 2002). We implemented these flowering herbs in a pear orchard in order
to increase the presence of predatory bugs and consequently improve the biolog-
ical control of the pear psylla. Beating samples and twig samples were taken to
follow the density of the predatory bugs and the pear psylla.

MATERIAL AND METHODS

Experimental setup
The experiment was carried out in a modern, eight year old pear orchard, plant-
ed with the cultivars Conference and Doyenné du Comice. Planting distance
was 1.2 m within the row and 3.5 m between the rows. The soil under the trees
was kept free of vegetation by herbicide application. The rows were separated by
1.5 m wide grass alleys.

In this pear orchard we selected six experimental plots, each three pear rows
wide and 10 pear trees long. The distance between the experimental plots was
about 15 m within the rows and 8 m between the rows. The grass strips between
and next to the three pear rows in the experimental plots were either left
unchanged as control treatment (grass) or changed into bare soil and conse-
quently planted with the flowering herbs (flower treatment). At the beginning
of May the plants were either sown directly (F. esculentum, C. cyanus, S. alba) or
planted (T. serphyllum May 4th, L. maritima June 5th). Due to bad germination of
C. cyanus we had to replant this species with plants grown in the greenhouse.
The grass in the control treatment and the remaining orchard was mown on a
regular base. During 2006 no insecticides or fungicides were applied.

Monitoring insects
Two different techniques were used to determine the density of predatory bugs
and pear psylla. With beating samples we collected larger larval stages and
adults of predatory bugs, while twig samples were used to collect larval stages of
psylla and smaller predatory bug larvae.

For the beating samples a net (appr. 0.25 m2 surface) with attached plastic bag
was held under a branch of the pear tree. The branch was hit with a rubber stick,
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causing mobile insects to fall into the plastic bag. The samples were placed in a
freezer and later on checked for the presence of predatory bugs.

For the twig samples, we cut 3 x 20 twigs (appr. 20 cm long) per experimen-
tal plot on each sampling date. After being cut, the twigs were transported to the
laboratory and placed in the jar of a Berlese funnel installation (Harris 1971). By
placing a light source above the jar, insects present on the twigs were forced to
move downwards through a funnel into a plastic pot filled with alcohol. Samples
were checked for larvae of pear psylla and for predatory bugs.

The data were analysed using a Linear Mixed Model procedure (Genstat).
The Wald test was applied to test the fixed effects ‘treatment’ and ‘week’.

RESULTS
In the beating samples we found significantly more Anthocoris larvae in trees
neighboured by flowering herbs as compared to trees neighboured by grass strips
(Fig. 1a). As there were hardly any A. nemorum adults found in the orchard and
the appearance of A. nemoralis adults in week 28 corresponds well with the high
density of the larvae in week 27, we can assume that the larvae were of A.
nemoralis.

In week 28, when adult density was highest, we observed more A. nemoralis
adults in trees adjacent to flower plots as compared to trees neighboured by grass
strips (Fig. 1b). Due to low sample size and high variation this difference was not
significant.

When analysing the twig samples we found neither for A. nemoralis larvae
(Fig. 2a) nor for pear psylla larvae (Fig. 2b) a difference in density between the
treatments. Overall density of the pear psylla was low in 2006. Densities were
highest in week 24 and 25, decreased in week 26 and reached extremely low lev-
els in week 28 and 29. The density of A. nemoralis larvae increased over the first
three weeks, dropped sharply in week 27 and stayed low in week 28 and 29.
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Figure 1. Average number (+ s.e.) of individuals of Anthocoris sp. larvae (a) and A.
nemoralis adults (b) on pear trees neighboured by grass strips (Control, white bars) and
by flower strips (grey bars) (Beating samples, each consisting of 40 beats).



DISCUSSION
Due to late preparation of the soil and unfortunate weather conditions early in
the season we had to face a bad establishment of the flower plots. Flowers in
bloom covered only a small fraction of the flower plot area. Taking this into
account it is surprising that these few flowers still had an effect on the density
of predatory bugs. In contrast to our expectations we did not find increased
numbers of A. nemorum and Orius sp., generalist species associated with flowers
(Solomon et al. 1989). Instead, the specialist A. nemoralis was more abundant in
pear trees adjacent to flowering herbs. This species is known to respond to high
pear psylla densities (Drukker et al. 1995) and is mainly associated with shrubs
and trees (Horton 1997, Shaltiel & Coll 2004).

The larvae of A. nemoralis are restricted in their mobility as they cannot fly.
An increased density of bug larvae therefore indicates that females of the previ-
ous generation were either more numerous, more fertile or they stayed or lived
longer in trees close to flowering herbs. To our knowledge this is the first
demonstration that floral resources affect the performance of A. nemoralis.

The difference in predatory bug density found in twig samples did not result
in different pest densities in the flower and control treatment. Most probably the
difference in predator density was not extreme enough to affect the pear psylla
density. This assumption gets support by the fact that, in the twig samples, we
could not demonstrate differences in predatory bug densities between the treat-
ments.

In the experimental orchard no insecticides were applied during the season.
The decline in pear psylla density in week 27 in the entire orchard corresponds
well with the increased density of A. nemoralis. This observation is in line with
earlier findings by van der Blom et al. (1985), Solomon et al. (1989) and Trapman
& Blommers (1992) that underline the importance of this predator as a curative
natural enemy of the pear psylla.
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Figure 2. Average number (+ s.e.) of individuals of Pear psylla larvae (a) and Anthocoris
sp. larvae on pear trees neighboured by grass strips (control, white bars) and by flower
strips (grey bars) (Twig samples of 20 twigs extracted using Berlese funnels).



Despite poor development of the floral vegetation we could demonstrate an
increase in A. nemoralis density due to the flowers. These finding ask for further
investigation to unravel the mechanisms involved and to investigate the effects
of higher flower densities on predator and pest development.
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