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Abstract. Following the survey of the proposed and applied methods the wash-down procedure has
been evaluated to collect the pear psylla larvae (Cacopsylla pyri Linnaeus and C. pyricola Forster) in
order to establish their population density. To select the larvae the shoots or flowers should be
washed-down by water containing 1% detergent. To concentrate larvae, the detergent solution was
strained through filter paper. After that it is possible to count exactly the number of larvae by using
dissection microscope. By this way the total number of the developing larvae occurring in the
flowers or on the shoots could be established. By the application of this method, it is possible to
obtain real data about the absolute population density and its changes, as well as the susceptibility
or tolerance of the pear cultivars to pear psylla. The data provided by the wash-down method was

compared with the traditional limb beating method.
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Introduction

High psylla population densities in pear orch-
ards have been reported over many decades in
Europe, with the first outbreaks occurring in
the early 1950s in France (Bonnemaison &
Missonnier 1955, 1956). Psylla infestation is the
most important pest management problem of
pear-growing districts in Europe (Geoffrion
1984, Gobin et al. 2005, Jenser 1988, Pasqualini
et al. 2003, Erler 2004b).

Two Psylla species have caused severe
economic damage in pear orchards since the
beginning of commercial pear production.
While Cacopsylla pyri (Linneaus, 1758) is the
main pest in most of Europe (Berrada et al.
1996, Civolani & Pasqualini 2003, Erler et al.
2007, Jenser 1988), C. pyricola (Forster, 1848) is
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the most dangerous species in North America
(Alston & Murray 2007, Horton 1994, Horton et
al. 1992) and in Great Britain (Hodgson &
Mustafa 1984, Solomon et al. 1989). Mixed
populations of these species were reported
from The Netherlands (Trapman & Blommers
1992, Van der Blom et al. 1985). These two
species are almost equal in size and have
similar life strategies. The reasons of its high
population density and the possibilities of the
prevention of damage are studied since that
time. The development of control strategies,
effects of insecticides, causes of insecticide
resistance, role of the predators in population
dynamics, and the effect of phytotechnique
(Atger & Lemoine 1984, Brunner 1984, Pfeiffer
& Burts 1983, Westigard et al. 1980) were
investigated continuously, and the individual
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number or the changes of the population den-
sities have been established by the different
methods.

This paper presents a review of the
methods used for collecting pear psyllids. A
description of the wash-down method is
presented, along with a comparison with the
traditional limb-beating method.

Review of the methods for determining pear
psylla population density (Cacopsylla pyri and

C. pyricola)

Yellow sticky-board trap for pear psylla detection
was developed by Kaloostian and Yeomans in
1944 (Kaloostian 1961). This method was
examined and estimated by several authors
(Adams & Los 1989, Horton 1993, Kaloostian
1961, Krysan & Horton 1991, Brown et al
2009). Significant differences were established
by Adams and Los (1989) regarding the
effectiveness of yellow sticky traps placed at
different heights, orientations and quadrants of
pear trees. Hue and intensity of reflection
appear to be important for eliciting positive
reflection response by pear psylla adults to
visual traps. The greatest captures occurred for
hues with reflection peaks in the 520 to 600-nm
range of the spectrum (Adams et al. 1983).
Seasonality of the catch and flight activity of
pear psylla (C. pyricola) was observed by
several authors (Civolani & Pasqualini 2003,
Erler 2004b, Horton 1994, Krysan & Horton
1991), and diurnal difference was reported by
(Horton 1993). Intraorchard changes in distri-
bution associated with leaf fall were investi-
gated by Horton et al. (1993). Reduced catch
can be observed under cool weather conditions
(Horton 1994).

Limb beating or limb jarring to collect arthropod
specimens from trees and shrubs has been
known for a long time and in several varia-
tions. It is possible to take a high number of
samples and to establish the density of psylla
adults and other insects with these methods
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during a relatively short time. These can be
distinguished from methodological point of
view by the dimension of collecting tools,
which can be two- and three-dimensional.

Two-dimensional methods: beating tray methods.
The two-dimensional collecting tool is a textile

sheet stretched on a rectangular or round
frame, called beating tray or frappage. The
white textile-covered tray is held beneath a tree
limb, and the limb is hit three times with a
rubber hose. Dislodged psylla and other ani-
mals which fell on the tray are counted or
collected by aspirator immediately in the
orchard.

Authors used beating trays in large variety
of size and shape. Burts and Retan (1973)
developed the most widespread beating tray
type which is 45 x 45 cm (18 x 18 inch; area ~
0.2 m?) in size. This procedure was applied by
several authors (Burts & Brunner 1981, Daniel
& Wyss 2004, Deronzier 1984, Erler 2004b,
Horton 1994, 1993, 1994, Horton et al. 1992,
2008, Krysan & Horton 1991, Paulson & Akre
1992, Pfeiffer & Burts 1983, Stratopoulou &
Kapatos 1995, Westigard & Moffitt 1984).
Alston and co-workers (Alston & Murray 2007,
Alston & Reding 1998, 2003) published a pesti-
cide program against pear psylla for farming
practice: 0.2 adult psylla/tray was suggested as
treatment threshold under monitoring of psylla
population with Burts and Retan’s (1973)
beating tray method. Beating tray with 0.25 m?
area was used by several authors as well
(Deronzier 1984, Rieux & D'Arcier 1983, Rieux
etal. 1992, Trapman & Blommers 1992). Herard
(1985, 1986), Herard and Chen (1985), Miliczky
(2005) and Brown et al. (2009) applied 0.5 m?
tray in their surveys. Some researchers used
beating trays with unique size: Civolani and
Pasqualini (2003) used 55 cm x 25 cm (area ~
0.14 m?) frappage in Italy, Severin and co-
workers (1984) applied 40 cm x 40 cm (area
0.16 m?) sized one in France, while Santas
(1987) in Greece worked with 1 m x 1 m (area 1
m?) sized beating tray. The authenticity of the

North-West | Zool, 6, 2010



56

data provided by this type of method depends
considerably on weather condition. When
temperature increases, most of the adults fly
away (Deronzier & Atger 1980). Therefore it is
necessary to take the sample in the morning
(Deronzier & Atger 1980, Erler 2004b, Horton
1994).

beating umbrella
methods. Using three-dimensional limb beating
methods the dislodged insects fall into a
funnel-like structure instead of a flat sheet.
This funnel-like
“beating umbrella”. Due to its vertical exten-
sion, this method is much less temperature-
and wind-sensitive and much more suitable for

Three-dimensional _methods:

structure is often called

collecting fast moving or flying beneficial
organisms (e.g. spiders, pirate bugs) than the
two-dimensional methods mentioned above.
The amount of collected insects generally
makes necessary the laboratory process.
Steiner (1962) investigated the arthropod
populations occurring in the orchards, used a
plastic funnel with an aperture of 0.25 m?2
instead of textile umbrella. A glass vessel of
335 cm?® was used for gathering the specimens
at the bottom of the funnel. Fauvel et al. (1981)
used the same technique, they filled the
gathering vessel with a small amount of 70%
alcohol. Rieaux (1999) mentioned this method
above as “Fauvel’s funnel method”. Bouyjou et
al. (1984) used this technique for predator and
prey population density estimation in pear
orchards. Solomon et al. (1989) applied a gauze
funnel of 0.3 m? area and brushed down the
dislodged insects into a collecting jar. Winkler-
type umbrella is a textile funnel 70 cm in
diameter combined with a textile tube at its
bottom. The bottom of the textile tube can be
closed with a piece of string. Dislodged
animals can be collected directly into the textile
tube (ca. 15 cm in diameter) and then put into a
plastic bag until preparation. The tube can also
be combined with a colleting jar tied on it.
Winkler-type umbrella (without collecting jar)
was used by Bogya et al. (1999), Marko et al.
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(1995), Jenser et al. (2009) and the second
author of the present paper.

Both the application of the sticky board
traps and beating tray provide accurate infor-
mation about the changes of pear psylla popu-
lation density. A few of the authors provide
information on the correlation of catch data of
different collecting methods. Adams and Los
(1989) concluded that Lightning Yellow and
Arc Yellow sticky traps were more highly and
more consistently correlated with the occur-
rence of pear psylla eggs and nymphs on pear
spurs and sooty mold blemishing on fruit than
were counts obtained by beating tray. In the
investigations of Krysan and Horton (1991)
correlations between trap catches and beating
tray numbers tended to be non-significant,
while Horton (1994) found it to be significant.

The psylla eggs were counted on the shoots and
leaves using a binocular dissecting microscope
by Jenser (1988), Adams and Los (1989),
Stratopoulou and Kapatos (1995), Erler (2004c),
Erler and Cetin (2005, 2007) and Erler et al.
(2007). A few of the authors investigated and
counted both the eggs and larvae (Brunner
1984, Pasqualini et al. 2003, Scutareanu et al.
1999, Mar¢ic et al. 2009). Counting the eggs and
larvae on the shoots provides real data, but the
sample must be taken into the laboratory and it
is necessary to complete the counting within a
short time. At the same time this procedure is
rather time-consuming.

The corrugated cardboards could provide as
overwintering places for both the specimens of
pear psyllids and predators (Bogya 1995,
Bogya et al. 1999, Civolani & Pasqualini 2003,
Horton et al. 2002, Jenser 1988). The corrugated
cardboards of equal size should be placed at
least on the trunk of 25 trees of the same
cultivar. The corrugated cardboards must be
removed after the end of the falling of the
leaves, when the air-temperature is permanent-
ly under 0 °C. Before counting the collected
adults must be killed or refrigerated. The num-
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ber of the adults collected by the corrugated
cardboard might provide relatively appropri-
ate information about the density of the over-
wintering population (Jenser 1988). By using
this information it is possible to determine the
intensity of the application of the insecticides
in springtime. Our and V. Marké (pers. comm.)
experiments revealed that during the vegeta-
tional season only a few psylla larvae can be
found in the cardboards. Salticid and philodro-
mid spiders from the canopy and the herba-
ceous layer of the orchards had sheltered for
moulting and egg laying occasionally. Lace-
wings (Neuroptera) also used the cardboards
for transforming into a pupa.

The mite brushing machine or leaf brushing
machine developed by
McBurney (1943) is a technology that can
reduce the time required to obtain either
absolute counts or estimates of arthropods on
leaves from samples. Macmillan (2005) gives a
detailed description of this method: “All mite
brushing machines operate on the same
principle. Two rollers with overlapping soft
bristles counter-rotate. Plant leaves are passed
between the rollers and the direction of

Henderson and

rotation of the rollers sweeps the surface of the
leaf in a downward direction, knocking
material free from the leaf surface, including
arthropods”.
application and evaluation of this useful tool
see Macmillan (2005). The mite brushing
machine is suitable for removing psylla larvae
from their first-instar stage. The population
densities of psylla larvae were estimated with
this method by Westigard and Moffitt (1984),
Burts (1988) and Paulson and Akre (1992).
Investigating leaves of growing shoots (the
proximal leaf, the distal leaf and three leaves
from the middle), Burts (1988) reported that 0.3
larvae per leaf had produced detectable fruit
russet.

For further information in

Berlese funnel is a widespread technique for
extracting arthropods mainly from soil and
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litter samples. They work on the principle that
insects and other arthropods that normally live
in soil and litter will respond negatively to
light and heat. Therefore, a light source is used
to force the arthropods to move downward,
where they will fall into a funnel and then into
a container of ethanol. The Berlese funnel was
used by Stdubli and co-workers (1992) to
extract the larvae of C. pyri with good results.
Trapman and Blommers (1992) gathered 25
growing twigs per row for processing this
method in order to estimate the densities of
juvenile pear suckers and pirate bugs.

Organdy bags were used to provide rough
estimates of absolute pear psylla densities
(Horton 1994, Horton et al. 1993). Large
organdy bags (ca. 1 m long, 0.25 m in diameter)
open at one end were carefully dropped over
pear shoots. Bags were closed around the
shoots, and the shoots were clipped off at the
base of the bag. Samples were taken into the
laboratory and psylla specimens were counted.
This method is temperature sensitive, and
collections were made in the morning when
psylla adults were inactive.

Description of a new technique:
the wash-down method

Only few antecedents of the wash-down
method can be found to different animal
groups in the literature, but not for any psyllid
species. Jones and Prendergast (1937) worked
out a method of obtaining a density index of
citrus red mite, and it was also applied for
predatory mites and thrips (Boller 1984, Hill &
Schlamp 1984). For the examination four times
ten bunches/ 4 x 10 of flowers, sprouts or
shoots (10 cm long) should be sampled. Since
pear psylla species prefer to lay eggs on young,
succulent foliage, significant differences occur
in the density of the eggs and larvae on the
green shoots and on the shoots with terminal
bud (Basky 1978, Brunner 1984, Burts 1984, Fye
1982). According to our examinations inside
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the crown of the same trees, 80% of the eggs
were laid on the growing shoots (Jenser 1988).
Therefore, it is a basic requirement to take into
consideration the conditions of the sampled
shoots. On the other hand, the samples con-
taining both green shoots and terminals pro-
vide misleading results. In spring bunches of
flowers, following that, in late spring and
summer the green shoots (spurs), and in late
summer the terminals should be collected only.
The sampled flowers, green shoots and termi-
nals are put into tightly closed plastic bag and
so it is safely transferred to the laboratory. The
samples have to be stored in a refrigerator at 4
- 5 °C until the processing. In order to select
the larvae, the flowers, green shoots or
terminals are dipped in water containing 1% of
detergent, where they are soaked for 3 - 4
minutes. Afterwards, they should be shaken
strongly for 2 - 3 minutes to separate pear
psylla larvae from the surface of flowers,
leaves and sprouts. Since a part of the larvae
leave the sample material, it is necessary to
wash out the plastic bag, and this water should
be added to the water in the pot. To con-
centrate the larvae, the water has to be strained
through a filter-paper placed in a funnel. By
this way all the larvae occurring on the
flowers, leaves and sprouts concentrate on the
filter-paper. By the application of this method
we can establish the exact quantity of the
psylla larvae.

Material and methods

The pear orchard in the study was located in
Legyesbénye, in the northern part of Hungary. The
orchard is 20 ha in size and an IPM pesticide program
was applied (polysulfide, Vaseline® oil, abamectin,
diflubenzron). The investigations were carried out on
pear variety ‘Williams’ in the growing seasons of 2006
and 2007 on 6- to 7-year-old trees. The psylla samples
were taken biweekly. Two collecting methods were
applied: the new wash-down method and limb-beating
by Winkler-type umbrella. 20 branches were sampled in
5 repetition in every sampling date by Winkler-type
umbrella. Only one branch per tree was beaten at a given
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sampling because of the physical disturbance of other
limbs of a given tree. The sampling period of the wash-
down method has begun two weeks later and finished
earlier than that of the limb-beating method.

The correlation between mean densities of wash-
down and limb beating protocol samples was evaluated
by linear regression using Statistica 6 (2003) software.

Results and Discussion

Mean densities of psylla larvae caught by
wash-down method and mean densities of
psylla adults captured by limb beating showed
large variation in number during the 2 years
(Fig. 1). An extreme peak of psylla captures
occurred in the first part of May 2007 despite of
the application of the abamectin (Fig. 1B). The
possible reason of the inefficiency in abamectin
could be that the extremely cold weather (-2
°C; www.methu) might have inhibited its
effect. The sampling data of this date were
regarded as outlier, and therefore were exclud-
ed from the correlation analysis. Although
highly variable, wash-down method captures
showed positive significant correlation to limb
beating counts in each sampling year (Fig. 2).
The linear regression analysis of the captures
for these two methods showed robust fit (Fig.
2: 12 =0.7598 in 2006; 12 = 0.9153 in 2007).
Different types of limb-beating protocols
proved to be efficient tools of relative popu-
lation density monitoring (Bogya et al. 1999,
Civolani & Pasqualini 2003, Erler 2004b,
Horton et al. 1992, Markoé et al. 1995, Solomon
et al. 1989, Trapman & Blommers 1992). Pest
management programs routinely compare the
objective having develop an effective pest
monitoring system. Horton (1994) compared
beating tray data (Burts & Retan 1973) to the
data of an absolute density estimation method
(Organdy bag method, detailed previously),
and his results suggested that beat trays could
be used to estimate absolute densities. The
wash-down method ab ovo results absolute
density estimation. The linear regression of the
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Figure 1. Pear psylla mean densities in 2006 (A) and 2007 (B) in Legyesbénye, Hungary. The Y axis
is divided into 3 parts with different scale units due to the large variation in catches. Grey line

with grey squares = psylla larvae captur

ed by wash-down method; black line with black

squares = psylla adults captured by limb beating with Winkler-type umbrella.

wash down method and Winkler-type umb-
rella method revealed that the latter method is
also suitable to estimate absolute adult psylla
densities, similarly to Retan & Burts’s (1973)
beating tray method. This information can be
significant in the study of beneficial arthropods

on pear (and other tree orchard cultivars),
where the majority of predators feed on im-
mature stages on fruit pests.

The major advantages of the wash-down
method are the independence of the weather
conditions (temperature, wind, rain) and the
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daily rhythm of the examined psylla stages.
Since practically every larvae developing on
the flowers and shoots are extracted, the wash-
down method provides suitable data about the
pear psylla population density and its changes,
as well as about the effectiveness of the insecti-
cides. This method could also provide signi-
ficant data to judge the susceptibility or tole-
rance of the pear cultivars to pear psylla spe-
cies.
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