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Introduction

This monothematic issue of Horticultural Science presents a set of works that bring together
some results of research carried out in the international research project ,,Maximizing Biological
Control in Integrated Pest Management of Pome Fruits" sponsored by Unite8 States Department
of Agriculture Grant No. 58-319R-3-02, in 1992-1994. This project was designed by a group of
scientists from Appalachian Fruit Research Station, Kearneysville, West Virginia, lead by Mark
W. Brown and integrated research activities at several applied laboratories of Central Europe, in
Poland, Hungary, Romania and Czech Republic. The works were partly funded from the United
States Department of Agriculture.

The project was aimed at research required for introducing Integrated Pest Management (IPM)
into the system of protection of apple orchards and comparing the efficiency of new technologies
with the classical system of chemical protection. The regional results of Central Europe were
compared with results obtained from central-eastern area of the United States of America. The
project in fact, started a new era of scientific collaboration between research workers from
Central Europe and their colleagues of the United States, a collaboration which was formerly
limited by political and material situation. The scientific collaboration and material help hastened
the development of IPM programmes of the participating Central European countries and also
revealed that the level of applied research in these states could approach the standards of US
science.

The project successfully started the transformation of production systems in Central European
participants. Already the initial results presented here indicate that introducing IPM is a progres-
sive and both economically acceptable and ecologically favourable technology for apple produc-
tion. Further results concerning changes of entomocenoses after introducing IPM programmes
will be published in the next future. Research projects in participating countries continue the works
so promissively started by this collaboration. Some of these projects include bi-lateral interna-
tional collaboration. Numerous formal and non-formal links between central European and US
scientists that participated in the project were established.

The workers participating in the project are partially indebted to the leading person and
designer of the research work, Mark W. Brown of the Appalachian Fruit Research Station, Kear-
neysville, West Virginia. We would like also commemorate our dear colleague Professor Tudorel
Baicu of the Research Institute of Plant Protection of Bucharest who deceased early after finishing
the project. The published contribution included in this volume is one of his last works and we
hope that the redaction did not endanger the valuable results presented in this work.

F. Kocourek, A. Honék

Uvod

Toto monotematické cislo je souborem praci, které vznikly na zdkladé FeSeni mezindrodniho
vyzkumného projektu ,,Maximalizace biologickych metod ochrany v systému integrované ochrany
Jddrovin® (Maximizing Biological Control in Integrated Pest Management of Pome Fruits) cds-
tecné sponzorovaného Ministerstvem zemédélstvi USA (United States Department of Agriculture,
grant ¢. 58-319R-3-02) a reSeného v letech 1992 aZ 1994. Tento projekt byl navrien pracovniky
vyzkumné stanice Appalachian Fruit Research Station, Kearneysville, West Virginia, USA, pod
vedenim dr. Marka W. Browna a podilela se na ném vyzkumnd pracovisté zemi stiedni Evropy —
Polska, Madarska, Rumunska a Ceské Republiky. _

Cilem reSeni projektu bylo zavedeni systému integrované ochrany v jabloriovych sadech a po-
rovndni této technologie s klasickou ochranou v riiznych regionech Evropy ve srovndni s podmin-
kami Zdpadni Virginie. ReSenim projektu byla zahdjena novd etapa spoluprdce mezi védci ze zemi _
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stredni Evropy a védci z USA. V priibéhu FeSeni se ukdzalo, Ze liroveri vyzkumu integrované ochra-
ny ovocnych sadii v uvedenych evropskych zemich je na srovnatelné iirovni s vyzkumem v USA.

JiZ dil¢i vysledky FeSeni ukdzaly, Ze zavedeni IPM v jablotiovych sadech je progresivni, Zivota-
schopnou a ekonomicky i ekologicky vyhodnou technologii péstovdni ovoce. Dalsi vysledky reSeni
projektu, prindSejici analyzy entomofauny sadit po zavedeni IPM, a poznatky zdkladntho vyzkumu
budou ddle publikovdny. Na FeSeni projektu ve ziicastnénych zemich navazuji dal§i ndrodni pro-
Jjekty, ve kterych je v Fadé pripadii pokracovdno v FeSeni dvoustrannymi projekty i neformdlni
spolupraci pracovist.

Resitelé projektu dékuji Ministerstvu zemédélstvi USA (USDA) za iniciativu a podporu pri
FeSeni projektu. Zvlastnim dikem jsou pak zavdzdni za pomoc a kordinaci dr. Marku W. Brownovi
z Appalachian Fruit Research Station, Kearneysville, West Virginia. Nase vzpominka patri profe-
soru Tudorelu Baicovi, ktery zemrel krdtce po ukonceni praci na reSeni projektu. Zde publikovand
studie je jednou z jeho poslednich praci. Vydavatelé doufaji, Ze redakce neovlivnila toto dilo
nepfFiznivym zpiisobem.

F. Kocourek, A. Honék
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ENHANCED BIOLOGICAL CONTROL IN APPLE
ORCHARDS USING GROUND COVERS AND SELECTIVE
INSECTICIDES: AN INTERNATIONAL STUDY"

ZVYSENA BIOLOGICKA OCHRANA V JABLONOVYCH SADECH
S POUZITIM PRIZEMNI VEGETACE A SELEKTIVNICH INSEKTICIDU:
MEZINARODNI STUDIE

M. W. Brown', E. Niemczyk’, T. Baicu®, K. Baldzs®, V. Jarosik’, G. Jenser®,
F. Kocourek5, R. Olszakz, A. Serboiu6, T. van der Zwet'

'us Department of Agriculture, Agricultural Research Service, Appalachian Fruit
Research Station, Kearneysville, West Virginia, USA

2 Department of Plant Protection, Research Institute of Pomology and Floriculture,
Skierniewice, Poland

3 Research Institute for Plant Protection, Academy of Agricultural and Forestry Sciences,
Bucharest, Romania

4 Plant Protection Institute, Hungarian Academy of Sciences, Budapest, Hungary

2 Department of Plant Protection, Research Institute for Crop Production, Praha-Ruzyné,
Czech Republic

8 Research Institute for Plant Protection, Fruit Tree Research Station, Voinesti, Romania

ABSTRACT: Conventional apple pest management was compared with the use of selective pesticides and ground cover
plantings in paired orchards in Poland, Czech Republic, Hungary, Romania and USA. Orchards, 0.5 to 5 ha, were managed
using similar experimental protocols with adaptations for local conditions. There was an increase in biological control at all
sites as a result of the experimental management. Some secondary pests were noted to be increasing in abundance due to the
reduced usage of broad spectrum pesticides. There was a slight reduction in yield and fruit quality in some plots, but careful
selection of ground covers and their management can overcome these reductions. Under the current economic realities of
orchard production these practices are not practical. Research continues and as more strict restrictions on pesticide use come
into being the use of ground covers and selective pesticides will be a viable alternative.

integrated pest management; apple; cooperative research; biological control; ecosystem management; selective insecticides;
scab resistant varieties

ABSTRAKT: V pirovych ovocnych sadech v Polsku, Ceské republice, Madarsku, Rumunsku a USA byla porovnivani
tradi¢ni ochrana proti jablofiovym $kidciim s pouzitim selektivnich pesticidi a vysadbou pfizemni vegetace. Sady o rozloze
0,5 aZ 5 ha byly fizeny podle obdobnych pokusnych plani pfizptsobenych mistnim podminkam. V disledku experimentalné
fizené ochrany doslo na vSech stanovistich ke zvyseni biologické ochrany. Bylo zjisténo, Ze se poCty nékterych sekundarnich
$kudca zvySovaly jako vysledek omezeného pouzivani Sirokospektrdlnich pesticidii. Na nékterych pozemcich doslo k mirnému
sniZzeni drody a kvality plodi, ale toto sniZeni lze vyrovnat peclivym vybérem pfizemni vegetace a jeji ochranou. Za dané
ckonomické reality produkce sadi nejsou tato opatfeni praktickd. Ve vyzkumu se pokratuje a se zavadénim pfisnéjSich
omezeni tykajicich se pouZivini pesticidi se stdva perspektivni variantou vyuZiti pfizemni vegetace a selektivnich herbicidi.

systém integrované ochrany; jablofi; vyzkumna spoluprice; biologickd ochrana; fizeni ekosystému; selektivni pesticidy;
odridy odolné proti strupovitosti

*  Partially supported by the US Department of Agriculture (Grant No. 58-319R-3-020).
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INTRODUCTION

In September 1991, the U. S. Department of Agri-
culture (USDA) convened a meeting of researchers
from the USA and the newly democratic countries of
Central and Eastern Europe to discuss a three-year co-
operative project to demonstrate integrated pest man-
agement in these countries. The goal was to transfer
technology to maximize biological control and mini-
mize use of pesticides in apple orchards. The justifica-
tion of the project was both economic development and
environmental concerns. A second meeting was con-
vened in Harpers Ferry, West Virginia, USA, in March
1992, to complete work plans for the cooperative pro-
ject. In November, 1992, a third meeting was held in
Pitesti, Romania, to discuss results of the first year’s
experiments and to coordinate work to be done in the
remaining two years of the project. The project was
funded with USDA/ICD and US/AID money with
matching funds from each participating country. Apple
orchards with ground cover plantings and pest manage-
ment using selective pesticides and a matching control
orchard with conventional practices were established in
Poland, Czech Republic, Hungary, Romania, and the
USA. Although the objective of the project was to dem-
onstrate IPM to private farmers in the region, this pro-
ject also provided a unique opportunity to replicate
a large-plot ecosystem manipulation experiment across
a north-south continental gradient (Poland-Romania)
and between continents (Europe and North America).

The importance of these studies lies in large scale
replication. To evaluate the effects of changes in man-
agement practices on the ecology of an agroecosystem,
research plots must be large enough to ensure that re-
sults are attributable to the change in management and
not to edge effects or transient influences. This size
requirement makes replication very difficult due to
limitations in available manpower, land, and monetary
resources. This project not only provided the resources
for each country to establish a research plot, but also
provided the mechanism to coordinate intra- and inter-
-regional replication. Details of the methodology were
not replicated exactly, so specific results cannot be con-
sidered as independently confirmed. However, the
overall philosophy of pest control using ground covers
and selective pesticides and a reliance on biological
control was replicated in five different countries in
Europe and North America and general conclusions re-
lating to that philosophy are validly replicated. In the
papers that follow, specific results from individual
studies are presented. This paper presents general con-
clusions based on the multinational replication. These
conclusions are based on discussions among the
authors when we met in March 1995 in Skierniewice,
Poland, to present our individual results and to compile
overall conclusions.

METHODS

Each country established paired orchards, 0.5 ha
minimum size for each orchard, to test the effect of
ground cover plantings and selective pesticides with
a control of conventional practices. Orchards were
monitored for three years to examine the effect of this
pest management strategy on pest populations, benefi-
cial organisms, pathogens and the economics of or-
chard production (yield, fruit quality, and cost of pro-
duction). Each European country conducted the study
on mature, fruit-bearing orchards. In the US, a large
orchard was not available so a new orchard was planted
to study pest management effects and ground covers
were established in a small orchard of 7 year-old trees
specifically to test horticultural aspects of ground
covers.

In mature orchards, at least 4 species of ground cov-
ers were planted in 1.5 m wide strips under the tree
canopy. Each ground cover strip was of one species,
a second species in the next strip and so on until each
species was used, this pattern was repeated with the
some order of ground covers throughout the orchard.
Alternating rows of ground cover maximized exposure
of each apple tree to the effects of each species of
ground cover plant. Species selection for the ground
covers varied from country to country to suit local con-
ditions and seed availability. The ground cover plants
were selected for flower production to supply nectar
and pollen for beneficial insects, or as a source of al-
ternate prey to keep beneficials in the orchard eco-
system.

The results presented in this paper are those results
that were consistent throughout all five replicates. Be-
cause each replicate was not identical, data cannot be
presented to support these results but will be published
by the individual cooperators. The results are based on
replicated trials with the same methodology and have,
therefore, been confirmed under the very different en-
vironmental conditions of the five cooperating coun-
tries.

RESULTS AND DISCUSSION

The use of selective insecticides and ground cover
plants in the orchard was a success in that all replicates
of this study showed an increase in biological control.
In particular, control of Panonychus ulmi with preda-
tors was achieved. In some cases the successful intro-
duction of the predator Typhlodromus pyri was made
to supplement native mite predators. Parasitism rates
on leafminers and leafrollers were also significantly
higher as a result of the experimental protocols.
Throughout the various projects, increases were noted
in parasitic Hymenoptera, predatory Heteroptera,
predatory mites, predators of aphids, and spiders.
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Economically, this philosophy of pest management
was not as successful as it was ecologically..Yields
from the experimental plots consistently were equal to
or slightly less than for the conventional orchards. Fruit
quality, as measured by incidence of injury and using
USDA fruit grading standards, was generally equal to
that of conventional plots. These yield results, when
combined with the added cost, in labor and money, of
establishing and maintaining the ground covers and the
generally more expensive selective pesticides, make
this philosophy of pest management currently infea-
sible. However, legislative and consumer pressures
could change the economics for this system to eventu-
ally be more cost effective than the conventional sys-
tem. Continued research to maximize the effectiveness
of selective pesticides and ground covers is needed to
provide satisfactory alternatives for the future.

One aspect of this experiment that was economically
successful was the use of apple scab (Venturia inae-
qualis) resistant cultivars. Eliminating the need for all
fungicides for scab control significantly reduced the
number of fungicide applications and the cost of fun-
gicides. Caution will have to be used when apple scab
resistant cultivars are used because many of the fungi-
cides used for scab also control diseases of secondary
importance, many of which are no longer familiar be-
cause of the effectiveness of modern fungicides. There
is also the problem of the scab fungus overcoming the
resistance and once again requiring numerous applica-
tions. Before scab resistant varieties can be planted to
a large extent, the reluctance of consumers to accept
these varieties must be overcome.

One objective of this project was to identify poten-
tial pest problems as a result of introducing new plant
species into the orchard system. Several insect pests
(Anthonomus pomorum, Dysaphis devecta, Stephanitis
pyri) have increased in the experimental orchards be-
cause of the reduced use of broad spectrum insecti-
cides. There were no pests that were observed to build
up in the ground cover plants and move into the trees,
but numerous predators were observed in both trees and
ground covers. One pest (Synanthedon myopaeformis)
was better controlled in the experimental orchard than
in the conventional because of the effectiveness of in-

sect growth regulators on this insect. In one orchard,
apple scab was much more serious in the experimental
orchard, but this was a result of using ground cover
species that grew too tall and created a habitat that had
optimal environmental conditions for the pathogen and
was protected from fungicides. Another orchard had
reduced tree vigor due to planting the ground covers
too close to the trees. These last two problems can
easily be remedied by better management and species
selection of ground cover plants.

CONCLUSIONS

Six conclusions were made based on the replicated
results of the cooperating research groups.

1. Biological control of insect pests was enhanced
by the use of selective pesticides and ground cover
plantings, mite control was especially noted but preda-
tion of aphids and parasitism of leafrollers and leafmin-
ers was also increased.

2. Secondary pests were not a problem but several
pests were observed to be building up in the experimen-
tal plots. Potentially, this is a serious problem and
shows the need for vigilant monitoring.

3. Economically, the use of ground covers is not
currently feasible but more research is being conducted
to refine management of ground covers and species
selection.

4. Selective pesticides were effective but costs are
generally higher and long term effectiveness is not
guaranteed.

5. The only adequate control of apple diseases with
reduced pesticide use at the current time is with the use
of disease resistant cultivars.

6. Fruit quality and yield are close to that attained
in conventional orchards. At the present time the envi-
ronmental and health benefits of using selective chemi-
cals and ground covers is not reflected in the economics
of orchard production and at present these new methods
can not be implemented.

Received: 96-05-16
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IMPACT OF GROUND COVER PLANTS ON PEST
MANAGEMENT IN WEST VIRGINIA, USA, APPLE
ORCHARDS"

VLIV PRIZEMNI VEGETACE NA OCHRANU PROTI SKUDCUM
V JABLONOVYCH SADECH V ZAPADNI VIRGINII, USA

M. W. Brown, T. van der Zwet, D. M. Glenn

US Department of Agriculture, Agricultural Research Service, Appalachian Fruit Research
Station, Kearneysyille, West Virginia, USA

ABSTRACT: Four ground cover species were found to have minimal effect on productivity in a study with mature apple
trees in West Virginia, USA. In a second study, two apple orchards were planted in 1992, to test the effects of diverse ground
cover plants on integrated pest management (IPM). The conventional orchard was managed according to standard commercial
practices and the IPM orchard was planted with Secale cereale and Trifolium pratense. The IPM orchard received a Bacillus
thuringiensis spray in May 1993, the conventional orchard had an application of azinphosmethyl. Fungicide applications were
similar for the two orchards. An introduction of branches from an unsprayed orchard enhanced biological control of Pano-
nychus ulmi. Adult parasitic hymenoptera were more abundant and diverse in the IPM orchard. Ground covers reduced the
vigor of the trees which resulted in much lower aphid populations than in the conventional orchard, thus reducing the number
of aphidophagous species. However, the beneficial community had similar diversities in both orchards, indicating more diverse
community of non-aphidophagous predators. The community of phytophagous insects in the IPM orchard was also more
diverse than in the conventional orchard, providing a more stable food source for predators. Of the diseases, only powdery
mildew showed a response with fewer mildew infections in the first year after planting in the orchard with ground covers.

apple; agroecosystem; integrated pest management; biological control; ground covers

ABSTRAKT: Béhem studia dospélych jabloni v Zapadni Virginii (USA) bylo zji§téno, Ze &tyfi druhy piizemni vegetace maji
zanedbatelny vliv na produktivitu. Pfi dalim studiu byly v roce 1992 vysazeny dva jabloflové sady za Géelem zkoumani vlivu
rostlin rznorodé piizemni vegetace na ochranu proti $kiidcim. V tradi¢nim sadu se hospodafilo podle standardnich komer-
¢nich praktik a sad s IPM (systém integrované ochrany) byl osazen druhy Secale cereale a Trifolium pratense. V sadu s IPM
byl v kvétnu 1993 aplikovin postiik obsahujici Bacillus thuringiensis, v tradi¢nim sadu azinphosmethyl. PouZiti fungicida
bylo v obou sadech obdobné. Vétve ze sadu bez postfiku zlepSily biologickou ochranu proti Panonychus ulmi. Dospélci
parazitnich blanokfidlych byly pocetnéjsi v sadu s IPM a vyskytovaly se zde ve vice druzich. Pfizemni vegetace sniZovala
vzrust stromu, coz vedlo k mnohem niZsim poctim msic ve srovnani s tradicnim sadem a sniZovalo pocet afidofagnich druhua.
Pfiznivé pusobici spolecenstvi vSak vykazovalo v obou sadech obdobnou diverzitu a naznacovalo rozmanitéjsi spolecenstvi
neafidofagnich predatorii. Spolecenstvi fytofagnich druhi hmyzu v sadu s IPM bylo rovnéZ rozmanitéjsi neZ v tradi¢nim sadu
a poskytovalo predatorim stabilngj$i zdroj potravy. Pokud se jednd o vyskyt chorob, v prvnim roce po vysadbé v sadu
s pfizemni vegetaci se objevilo pouze padli travni ve formé méné Cetnych infekei.

jabloii; agroekosystém; systém integrované ochrany; biologickd ochrana; piizemni vegetace

INTRODUCTION

Alternative pest control methods need to be devel-
oped to allow production of food and fiber with less
reliance on pesticides. One alternative is to encourage
more natural control of pest populations. Apple ecosys-
tems are endowed with a large and diverse community

of arthropods, including beneficial as well as phyto-
phagous species (Oatman etal., 1964; Horsburg
and Asquith, 1968; Mészaros, 1984). There
have been numerous reports of how orchard manage-
ment practices can affect the arthropod community
(LeRoux, 1960; Hull and Starner, 1983;
Brown and Adler, 1989). However, manipulations

* Partially supported by the US Department of Agriculture (Grant No. 58-319R-3-020).
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of the ecosystem specifically for the purpose of pest
management has been limited (Solomon, 1981;
Prokopy, 1994; Wyss, 1995). Although the dy-
namics of the arthropod community in the apple eco-
system are influenced by the surrounding habitat
(Szentkirdlyi and Kozar, 1991), modifications
in orchard management can impact community deve-
lopment (Brown and Welker, 1992).

In this study, we investigated methods of orchard
management that will enable more effective biological
control of arthropod pests. Increasing the plant diver-
sity of an orchard should enhance biological control by
providing alternative hosts, other food sources such as
nectar or poller, refugia, and more diverse habitats for
resting, mating or other niche requirements various
species may require (Bugg and Waddington,
1994). Use of selective pesticides, only when essential,
will protect the beneficial species that are attracted to
the diverse habitat (Niemczyk et al., 1990). Herein,
we document the development of the arthropod com-
munity in an apple orchard for the first three years after
planting, and the effects of increased ground cover di-
versity on that community.

An holistic approach to orchard management such
as this study has far-reaching effects beyond just ar-
thropod pest managment. Not only do ground covers
affect the arthropod community dynamics but also the
micro-organism community, including plant pathogens
and their antagonists (Andrews and Kenerley,
1978; Griffiths, 1981). Treatments also have im-
pact on horticultural properties such as growth and
yield. Planting of a ground cover may eliminate an
insect pest but if it promotes disease pressure or re-
duces yield, that practice would not be useful and
would not be implemented by farmers who must earn
a profit from their orchard ecosystem. Much research
is needed to define the optimal combination of prac-
tices that would be best for each apple production re-
gion.

MATERIALS AND METHODS

The first study was conducted to examine the effect
of ground cover plantings on yield of mature trees in
an established orchard and the effects of irrigation. The
orchard was planted in 1985 with spur red Delicious on
MM.107 rootstock at 2 x 8 m spacing. Plot size in this
study was considered to be too small to evaluate the
effects of treatments on the arthropod community and
disease incidence so only data on horticultural aspects
were taken. From 1985 through 1991, the orchard was
maintained with conventional disease and insect pro-
tection and a 2.5 m wide herbicide-treated vegetation-
free strip. In 1992, a split plot design, replicated four
times, was imposed with irrigation (none versus
45.5 liters/tree/day from late June through harvest) as
the main plot and ground cover treatment as the sub-
plot. Ground cover treatments were bare soil strip

2.5 m wide; bean, Phaseolus vulgaris, seeded at
1.1 kg/mz; buckwheat, Fagopyrum sagittatum, seeded
at 0.7 kg/m% dill, Anethum graveolens, seeded at
0.3 kg/m*; and sorghum, Sorghum bicolor, seeded at
0.9 kg/mz. The cover crops were seeded in the spring
of 1992 to 1994 into a 0.75 x 6.0 m strip under both
sides of the trees leaving a 1.0 m wide vegetation free
strip in the center of the tree row. Trunk diameter was
measured during the dormant season, leaf samples were
collected in July to sample leaf nitrogen, and yield data
were taken in September. Yield data are reported per
cross-sectional area of the tree trunk because size of the
trunk is an important determinant of potential yield
(Waring, 1920).

In a second study, two adjacent apple orchards were
planted in 1992. Three fourths of each orchard was
planted with Empire and Golden Delicious, the rest
with the apple scab resistant Liberty and Priscilla; all
were on M.7A rootstock planted at 5 x 3.5 m tree spac-
ing. One orchard (hereafter referred to as the conven-
tional orchard), 0.75 ha, was managed using conven-
tional management methods, the other orchard
(hereafter referred to as the IPM orchard), 0.89 ha,
received a diverse ground cover and selective insecti-
cides. The conventional orchard had a 2.5 m herbicide-
-treated bare soil strip under the trees with Kentucky-
31 fescue between rows. The IPM orchard had only
a 0.5 m bare strip of soil (herbicide-treated) under the
trees and a 1 m strip of mixed rye (Secale cereale) and
red clover (Trifolium pratense) on either side and Ken-
tucky-31 fescue between rows. Diameters of twenty
trees per cultivar from each orchard were measured
each year after the trees became dormant.

Arthropod pest management was not needed except
for mite treatment in 1992 and 1994 and gypsy moth
control in 1993. In 1992, Panonychus ulmi began to
cause visible injury. Bouquets of apple branches from
a mature unsprayed orchard were tied onto 4 trees in
the IPM orchard on July 17; the mites were left uncon-
trolled in the conventional orchard. A dormant oil
spray was applied to the conventional orchard in March
1994; no treatments were applied to the IPM orchard.
The conventional orchard received azinphosmethyl on
May 14, 1993, and the IPM orchard Bacillus thu-
ringiensis (Bt) also on May 14, reapplied on May 21
because of inadequate control due to heavy rain on the
night of May 14.

Monthly arthropod sampling was done with sweep
net of the ground cover and visual examination of the
tree. Sweep net samples were taken at 5 locations in
each orchard, sampling was not done within 3 days of
mowing. In 1992, tree sampling was done by examin-
ing two transects of 15 trees per orchard recording
aphids, leafhoppers, leafminers, spiders and other
predators. In 1993 and 1994, whole tree samples of
10 trees per orchard was conduced, recording all ar-
thropods detected. Analysis was with Shannon’s Index
of diversity for parasitic Hymenoptera (identified to
family level) in the sweep net samples, and for phyto-
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phagous and beneficial communities on the whole tree
samples. Comparisons between orchards were with
paired r-test using variance estimates from Hutche-
son (1970).

Apple disease control, only on the scab susceptible
cultivars, was identical in the IPM and conventional
orchards requiring applications of captan on 14 July
and 12 August, 1993. No other disease management
was implemented. Diseases were monitored by count-
ing the number of trees infested with apple scab (Ven-
turia inaequalis), fire blight (Erwinia amylovora) and
powdery mildew (Podosphaera leucotricha) in 1993.
In 1994, each tree was rated on a scale of 1 to 4
(1 meaning no infection, 4 meaning heavy infection)
and an average for each orchard and cultivar estimated.
Significance was tested with a chi-square analysis test
for association.

RESULTS AND DISCUSSION

The ground cover plants had no significant effect on
the yield of the mature orchard (Tab. I). The overall
effect of irrigation was not significant and data for ir-
rigated and non-irrigated were pooled. In 1992 and
1994 there were light crop loads on the trees and in
1993 a heavy crop load, none of the ground cover treat-
ments had a consistent effect on yield. Nitrogen con-
tent of the foliage from each treatment ranged from 2.4
to 2.6 per cent, indicating adequate levels of nitrogen
for tree vigor (Westwood, 1978).

Diversity of adult parasitic hymenoptera in the
ground cover was significantly greater (P < 0.01) in the
IPM orchard than in the conventional orchard (Fig. 1).
At all sample periods there were more families repre-
sented and more individuals in the IPM orchard. Al-
though these data are adults without host records, they
do indicate that there were more adult parasites forag-
ing in the more diverse ground cover than with conven-
tional management (Bugg and Waddington,
1994).

Introduction of apple branches from a mature un-
sprayed orchard in the IPM orchard was effective in
controlling mites (Fig. 2). Panonychus ulmi popula-
tions were initially lower in the IPM orchard but popu-
lation growth was slowed three weeks earlier in the
IPM orchard than in the conventional, which had no
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1. Diversity of adult parasitic Hymenoptera collected in ground
cover in the IPM and conventional orchards with sweep net sam-
pling. Open squares are from the IPM orchard and solid squares are
from the conventional orchard

mite control applied. Mite predators were not identified
on the bouquets of apple branches but the intent was to
introduce a mature mite predator community into the
IPM orchard to accelerate the establishment of a viable
mite control system (Strickler et al., 1987). The
earlier decrease in mite populations does indicate that
the predator introduction was succesful. Also, in 1993,
the mite predators Leptothrips mali (Thysanaptera:

I. Weight of harvested fruit per trunk cross-sectional area from mature apple trees with various ground covers planted under the tree canopy

Fruit weight in kg per cm? — trunk cross-sectional area

Ground cover

1992 1993 1994
Bare ground 0.18 0.61 0.15
Phaseolus vulgaris 0.14 0.58 0.14
Fagopyrum sagittatum 0.16 0.54 0.11
Anethum graveolens 0.12 0.61 0.09
Sorghum bicolor 0.10 0.52 0.16

ZAHRADNICTVI - HORT. SCI. (PRAGUE), 24, 1997 (2): 39-44



200
| Predator Introduction
150 \1/
2
©
Q 100
] .
=
50
0 g T T T T T T
10 20 30 40 50
Day after 30 June

2. Mite-day accumulation in the IPM orchard and conventional or-
chard in July and August, 1992. Mite predators were introduced on
bouquets of apple branches from an unsprayed orchard into the IPM
orchard on July 17, no mite control was conducted in the conven-
tional orchard

Phlaeothripidae) and Orius insidiosus (Hemiptera: An-
thocoridae) were found a month earlier in the IPM or-
chard than in the conventional orchard. Open squares
are from the IPM orchard and solid squares are from
the conventional orchard.

Aphis populations were also under a higher degree
of control in the IPM orchard than in the conventional
orchard (Fig. 3). The primary factor involved in con-
trolling aphids in the IPM orchard was reduced tree
vigor, not an increase of aphid predators. After three years
of growth, the trees in the IPM orchard had significantly
smaller trunk diameters (P < 0.05) than those in the con-
ventional orchard (Tab. II). Increased competition be-
tween apple and the ground cover plants did inhibit apple
tree growth which limited aphid populations.

In the first year (1992) the community of beneficials
had higher diversity in the IPM orchard, but overall
there was no significant difference (P > 0.10) between
the two communities (Fig. 4). Aphids generally com-
prise a large proportion of the prey for generalist preda-
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3. Aphid (Aphis spp.) colony days, estimated number of days per
tree there were aphid colonies present, in the IPM and conventional
orchards, 1992-1994. Open squares are from the IPM orchard and
solid squares are from the conventional orchard

tors, and as is shown in Fig. 3, the IPM orchard had
fewer aphids than the conventional orchard. Even
though aphid prey was less abudant, the IPM orchard
was able to support an equally diverse beneficial com-
munity. The dominant predators in the conventional
orchard were the more aphidophagous and acaro-
phagous groups such as chrysopids, cecidomyiids, O.
insidiosus and L. mali. In the IPM orchard the domi-

II. Annual growth in trunk cross-sectional area of various cultivars under conventional (bare soil) or IPM (Secale cereale and Trifolium

pratense) in a young orchard planted in 1992

42

Growth increases in cross-sectional area (cm?)
Cultivar 1993 1994
Conventional IPM Conventional IPM
Empire 6.7 2.9 14.2 7.4
Golden Delicious 6.3 3.1 13.7 9.2
Priscilla 7.9 33 133 8.7
Liberty 9.0 38 9.9 8.8
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4. Diversity of the beneficial community in the IPM and conven-
tional orchards, 1992-1994. Open squares are from the IPM orchard
and solid squares are from the conventional orchard

nant predators were spiders (Araneae), especially Sal-
ticids, and Forficula auricularia (Dermaptera: For-
ficulidae) in 1994.

The phytophagous community (1993 and 1994) was
slightly more diverse (0.10 > P > 0.05) in the IPM
orchard than in the conventional orchard (Fig. 5).
A more diverse phytophagous community is ecologi-
cally more desirable because there would be a greater
range of prey and therefore would support a more sta-
ble community of beneficials. In June, 1993, there was
a dramatic decrease in diversity in the conventional or-
chard after the azinphosmethyl application but not in
the IPM orchard following use of Bt (Fig. 5). The most
striking difference at this sample was a total lack of
lepidopterans in the conventional orchard. The elimina-
tion of one complete group of insects could have an
important depressing effect on the beneficial commu-
nity by removing prey for a significant portion of the
community.

Apple scab occurred with equal rates of infection in
both orchards. In 1993, 20 per cent of all scab succep-
tible cultivars had scab infections. In 1994, the infesta-
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5. Diversity of the phytophagous community in the IPM and con-
ventional orchards, 1993-1994. Open squares are from the TPM or-
chard and solid squares are from the conventional orchard

tion rating ranged from 1.3 to 2.5 with no differences
between conventional and IPM treatments. Powdery
mildew was only rated in 1993 and there was nearly
a two-fold higher infection rate (P < 0.10) in the con-
ventional orchard (2.8 per cent of the trees infected)
than in the IPM orchard (1.5 per cent of the trees in-
fected). This was a very light infection but reveals
a potential benefit in disease management due to the
use of ground covers that should be further investi-
gated. Fire blight was rare during the study but in 1994,
it was more prevalent in the conventional orchard
(a rating of 1.9 of versus 1.1 in the IPM orchard). The
higher infection in the conventional orchard is attribut-
able to the greater vigor in that orchard (Tab. II). In
1994, the only apple blossoms were on the cultivar
Liberty in the conventional orchard and blossoms are
the primary infection site of fire blight (van der Zwet
and Beer, 1995). Reducing fungicide applications
and relying on greater natural control of diseases may
not be practical under current conditions (Penrose,
1995), but this approach to disease management does
warrant further study.
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CONCLUSIONS

We have shown that increasing the plant diversity in
an orchard by planting a variety of ground cover spe-
cies under the trees does affect the arthropod commu-
nity. There were some very obvious effects but most of
the differences were very subtle and not easily ex-
plained. These studies will be continued to evaluate
further development of the arthropod community under
the two different management regimes. We have also
shown that ground cover plants may affect disease
management in the orchard, especially with powdery
mildew. Ground cover plants also have a direct effect
on growth and productivity of the apple trees. In the
young orchard, ground covers were planted too close
to the trees and reduced their vigor. The lower vigor
did inhibit aphid populations but a more serious effect
was to lower the yield potential of those trees. How-
ever, in the mature orchard there was no significant
effect on productivity of the trees showing that ground
covers can be managed so that they do not reduce crop
yield. The goal of future research is to optimize ground
cover species selection and management for pest
managment (both insect and disease) and horticultural
management.
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THE OCCURRENCE OF DIFFERENT GROUPS
OF PHYTOPHAGOUS AND PREDATORY MITES
ON APPLE PLOTS SPRAYED ACCORDING

TO DIFFERENT PROGRAMS"

VYSKYT RUZNYCH SKUPIN FYTOFAGNICH A DRAVYCH ROZTOCU
NA JABLONOVYCH PARCELACH S APLIKACI POSTRIKU PODLE
RUZNYCH PLANU

E. Niemczyk

Research Institute of Pomology and Floriculture, Skierniewice, Poland

ABSTRACT: In an apple orchard, six plots were sprayed according to different programs with selective or partially selective
insecticides and selective fungicides for 3 years. The occurrence of different groups of phytophagous (Tetranychidae, Erio-
phyidae) and predatory mites [Phytoseiidae and Zetzellia mali (Stigmaeidae)] were checked. It was found, that Typhlodromus
pyri introduced into the orchard, kept spider mite population at a very low level on all experimental plots. Of all tested
insecticides (pirimicarb, diflubenzuron, teflubenzuron, fenoxycarb, phosalone, fenitrothion) and Bacillus thuringiensis, only
fenitrothion distincly decreased the number of predatory mite — Typhlodromus pyri.

spider mites; Phytoseiidae; Typhlodromus pyri; Aculus schlechtendali; Zetzellia mali; apple orchards; selectivity of pesticides

ABSTRAKT: V jablofiovém sadu byly po dobu tii let aplikovany postiiky ve formé selektivnich nebo ¢asteéné selektivnich
insekticidi a selektivnich fungicidl na Sesti parceldch podle riznych plani. Ovéfoval se vyskyt rdznych skupin fytofdgnich
(Tetranychidae, Eriophyidae) a dravych roztocu [Phytoseiidae a Zetzellia mali (Stigmaeidae)). Bylo zjisténo, ze introdukce
Typhlodromus pyri do sadu udrZovala populaci svilusky na vSech pokusnych parcelich na velmi nizké drovni. Ze viech
ovéfovanych insekticida (pirimicarb, diflubenzuron, teflubenzuron, fenoxycarb, fosalon, fenitrothion), a pokud se jedna o Ba-
cillus thuringiensis, pouze fenitrothion vyrazné snizil pocet dravych roztocu, a to u Typhlodromus pyri.

svilusky; Phytoseiidae; Typhlodromus pyri; Aculus schlechtendali; Zetzellia mali; jablonové sady; pesticidy

INTRODUCTION

It is well known that predatory mites (Phytoseiidae)
are effective enemies of phytophagous mites (Panony-
chus ulmi Koch., Tetranychus urticae Koch.) occurring
on apple trees (Post, 1962; Collyer, 1964; Huf-
faker et al, 1969, 1970; Croft, 1975, 1976;
Oberhofer and Waldner, 1986; Zacharda,
1991). Therefore, several species of Phytoseiids (Ty-
phlodromus pyri Scheuten, Neoseiulus fallacis Gar-
man, Amblyseius potentille Garman, Metaseiulus occi-
dentalis Nesbitt, Amblyseius californicus McGregor)
are exploited on large scale in orchards in Europe,
USA, Canada and New Zeland (Hoyot, 1969;
Croft, 1975; Wearing et al.,, 1978; Gruys,
1982; Baillod, 1986; Blommers and Over-
mer, 1986; Oberhofer and Waldner, 1986;

S olomon, 1986). The positive results in exploitation
of Phytoseiids is largely due to the presence of resistant
or partially resistant strains of those predators to sev-
eral pesticides in many commercial orchards (Croft,
1976).

Zetzellia mali Ewing (Acari: Stigmaeidae) is an-
other predatory mite wide spread in apple orchards
(Croft,1975; Komlovszky and Jenser, 1992)
which is considered by some authors as an inefficient
predator (Santos, 1976) or inversely efficient preda-
tor of phytophagous mites on apple trees (Jenser et
al.,, 1992; Komlovszky and Jenser, 1992).
Both, Phytoseiids and Z. mali may feed not only on
spider mites (Tetranychidae) but also on rust mites
(Eriophyidae) and other so called omnivorous mite spe-
cies occurred on apple trees (Karg, 1982; Krop-
czynska, 1973).

*  Supported by US Department of Agriculture, (Grant No. 58-319R-3-023).
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The objective of this study, which is part of a large
scale investigation on integrated pest management
(IPM) were:

— to examine how different insecticide spray programs
recomended in IPM apple orchards influenced the
occurrence the different groups of mites, and

— to evaluate the effect of different insecticide spray
schedules on effectiveness of 7. pyri to spider mites
(P. ulmi, T. urticae) and apple rust mite (Aculus
schlechtendali). Special attention was paid on selec-
tivity in the field of phosalone and fenitrothion used
in Polish IPM apple orchards, to predatory mites
partially resistant to those chemicals.

MATERIAL AND METHODS
Experimental orchard and experimental design

The experiment was conducted in Central Poland in
a young (4-6 year old) apple orchard consisting of two
varieties (Lobo, Spartan) divided into 7 plots of about
0.5 ha each.

Six plots (1-6) differed one from another in the
ground cover system (flowering herbaceus plants,
planted on the edges of herbicide strips along the tree
rows), and — with exception of first year (1992) — the
pesticides used. Plot 7, treated as the check, was
sprayed as an ordinary commercial orchard (Tab. I).

In alleyways between the tree rows, the grass was
mowed several times a year.

Pesticide treatments

In the first year (1992) plots 1-6, treated as Inte-
grated Pest Management (IPM) plots, were sprayed
with the same selective (Bacillus thuringiensis, B.T.)
or partially selective (phosalone) insecticides and fungi-
cides (dithianon, dodine, bitertanol, captane) — Tab. L

In the second and third year the IPM plots were
sprayed with combinations of selective insecticides
(B.T., pirimicarb, diflubenzuron, phosalone, tefluben-
zuron, fenoxycarb) and broad spectrum insecticide — feni-
trothion (Tab. I). Beside that in June and July of the first
year (1992) predatory mites Typhlodromus pyri, partially
resistant to phosalone and fenitrothion, were introduced
on the apple trees grown on all six IPM plots. About 55
specimens were released every second tree.

T. pyri population used in experiment was orygi-
nated from an apple orchard at Chelcice (Czech Repub-
lic). Predators before introduction for over three years
were maintained continously in laboratory on bean
plants (Phaseolus vulgaris) infested with Tetranychus
urticae Koch. During that period, the predatory mites
lost its very high (4% mortality) resistance for feni-
trothion and phosalone (10% mortality). In the spring
1992, when 7. pyri was released in the orchard, the
mortality of predators tested in laboratory was near
80% for fenitrothion and 12% for phosalone.

The aim of different insecticide schedules applied on
different plots, was to choose the best IPM spray pro-
gram, highly effective in the control of pests (mainly
leaf rollers) and selective to predatory and parasitic
arthropods (mainly 7. pyri).

The two IPM plots (5 and 6) were always sprayed
with the same insecticides and pesticides, but flowering
plants were maintained only on plot 5. On plot 6, as in
check trees (plot 7), the soil was kept bare with the aid
of herbicides (glyfosphad). On IPM plots the economic
threshold level of the pests — with few exceptions —
were respected.

Mite counting

The numbers of phytophagous mites (P. wulmi, T.
urticae), apple rust mite (A. schlechtendali) and preda-
tory mites (Z. mali, T. pyri and other Phytoseiids) were
counted on the apple leaves under stereomicroscope at
weekly intervals. The samples of the leaves were taken
randomly from 10 selected trees (5 from Lobo cv. and
S5 from Spartan cv.) per plot. A computer program writ-
ten in Turbo Pascall allowed an instantaneous drawing
of a tree sample according to the uniform distribution.
From each tree, 10 leaves were collected. Thus each
plot was represented by 100 leaves.

The predators found on the leaves were preserved in
70% alcohol for further species identification.

RESULTS

Occurrence of spider mites (Panonychus ulmi Koch.,
Tetranychus urticae Koch.)

Spider mites found on apple leaves included fruit
tree red spider mite (P. ul/mi) and in much lower num-
bers, two spotted spider mite (7. urticae). They oc-
curred in high number during all 3 years only on check
trees sprayed with non selective insecticides (Tab. I,
Fig. 1: plot 7, 1992-1994).

On all IPM plots treated with selective or partially
selective insecticides, the spider mites appeared in low
amount and exceeded threshold level (3 mites/leaf be-
fore 15 July, 5-7 mites/leaf after 15 July) only on four
plots in the first year of investigations before introduc-
tion of 7. pyri (Fig. 1: plots 1-4, 1992).

Considering the occurrence of spider mites on all
IPM plots during three years, it was observed that
populations of this pest gradually decreased over the
years (with one exception: Fig.1: plot 2, 1993-1994).

It is worth to underline that in the first year of
observations (1992) number of spider mites found on
the leaves on all IPM plots was distincly higher than
number of Phytoseiids (Fig. 1). In second year of the
experiment (1993) the number of spider mites and
Phytoseiids on IPM plots were similar (Fig. 1: plots
1-5, 1993). In the last year (1994) spider mites were
distincly less numerous compared with Phytoseiids on
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L. Insecticide used in experimental orchard

Ne. 1992 1993 1994
of plot
phosalone pirimicarb pirimicarb 2x
1 IPM BT
phosalone pirimicarb fenitrothion
2 IPM B.T. pirimicarb
B.T.
phosalone diflubenzuron pirimicarb 2x
3 IPM B.T. teflubenzuron fenoxycarb
pirimicarb B.T.
phosalone phosalone phosalone
4 IPM B.T. diflubenzuron fenoxycarb
pirimicarb diflubenzuron
phosalone B.T. phosalone
5 IPM B.T. diflubenzuron pirimicarb
pirimicarb
phosalone B.T. phosalone
6 IPM B.T. diflubenzuron pirimicarb
pirimicarb
fenitrothion | diazinon 3x cypermetrine
diazinon fenthion deltametrine
7 Check fenthion pirimicarb fenitrothion
fenthion
phosalone

B.T. = Bucillus thuringiensis

all IPM plots (Fig. 1), except plot 2 (Fig. 1: plot 2,
1994).

In 1992, when IPM plots were sprayed only with
B.T. and phosalone, the spider mites were most numer-
ous in the begining of the season, especially on plots
1, 2 and 6 (Fig. 1). In the second year (1993), the
relatively high population of spider mites was observed
in July, especially on plot 5 (Fig. 1: plot 5, 1993)
sprayed with B.T. and pirimicarb. In the third year
(1994), distincly more mites were found on apple
leaves at the end of the season in July, August and
September only on plot 2 sprayed with fenitrothion
(Fig. 1: plot 2, 1994).

Occurrence of apple rust mite (Aculus schlechtendali Nal.)

Apple rust mite inhabited apple trees on all plots
during all three years. Its numbers varied according to
year and plot, but generally the population of that pest
was very low in the first year (1992) and low in the
next two years (1993, 1994) — Fig. 2. They rarely ex-
ceeded the estimated threshold level i.e. about 10-100
specimens per leaf at spring (Croft, 1995) and up to
400-500 specimens in summer (Graf — personal com-
munication) — Fig. 2. Differences between the number
of rust mites on IPM plots and check plot sprayed often
with broad spectrum insecticides were not found
(Fig. 2). The population of apple rust mites during the
spring (April, first half of March) and autumn (Septem-
ber), in all years was very low. In higher number this
species occurred usually from of May (1993) or end of
June (1994) to first days of August (Fig. 2).

In the second year (1993), A. schlechtendali was
most numerous on the trees in plots 1 and 2 sprayed

only with pirimicarb and on check trees (plot 7) treated
with diazinon, fenthion and pirimicarb. Conversely,
rust mites were in much lower numbers on plot 3
sprayed with diflubenzuron, teflubenzuron and pirimi-
carb and on plot 4 treated with diflubenzuron, phosa-
lone and pirimicarb (Fig. 2).

In the last year of experiment (1994), A. schlechten-
dali appeared in relatively high numbers on plot 2
sprayed with fenitrotion, pirimicarb and B.T. On that
plot the population of the predatory mite, 7. pyri, was
very low. On the other hand, the lowest rust mite popu-
lation was observed on check trees (plot 7) sprayed
with cypermetrine, deltametrine, fenitrothion, fenthion,
phosalone and lambda-cyhalotrine (Fig. 2).

Occurrence and effectiveness of Phytoseiids

Predatory mites (Phytoseiidae) occurring in the ex-
perimental apple orchard during first two years were
represented by 8 species: Typhlodromus pyri (Scheu-
ten), Phytoseiulus macropilis (Banks), Euseius fin-
landicus (Oudemans), Paraseiulus soleiger (Ribaga),
Neoseiulus fallacis (Garman), Metaseiulus occidentalis
(Nesbitt), Typhlodromus tiliarium (Oudemans), Am-
blyseius massei (Nesbitt). Of all those mentioned only
T. pyri was introduced on all IPM plots of the orchard.
The other seven species were native.

The T. pyri distinctly increased in population year
by year on all IPM plots. This trend was especially
evident in numerical relations between the amount of
the spider mites and Phytoseiids in successive years
(Fig. 1: plots 1, 3, 4. 5). The results indicated that
T. pyri was able to keep populations of P. ulmi and
T. urticae on all IPM plots at very low levels (usually
less or much less then 1 specimen per leaf) through the
second and third year after introduction (Fig. 1: plot
1-5). Only on check trees (plot 7), where selective in-
secticides were not used, the Phytoseiids appeared spo-
radically, and due to that, populations of spider mites
was high (up to 12 mobile stage per leaf) and exceeded
the threshold level (Fig. 1: plot 7, 1992-1994).

Occurrence Zetzellia mali (Ewing) in experimental
orchard

The predatory mite Zerzellia mali (Stigmaceidae) oc-
curred on all IPM plots but in very low numbers. This
predator was much less numerous than Phytoseiids dur-
ing all three years. On the other hand, Z. mali on check
trees (plot 7) sprayed with non-selective insecticides,
was more numerous in last two years (1993, 1994) than
T. pyri and other Phytoseiids (Fig. 1: plot 7, 1993-
1994).

DISCUSION

Based on these results one can state that predatory
mites of Phytoseiidae family, represented mainly by
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1. Occurrence of spider mites (P. ulmi, T. urticae), and predatory mites (Phytoseiidae, Zetzellia mali) on different plots in experimental apple orchard (Prusy 1992-1994)
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Typhlodromus pyri, exhibited very high effectiveness
against spider mites (P. ulmi, T. urticae) in the experi-
mental apple orchard on all IPM plots (with exception
in 1994) sprayed with selective pesticides.

The ability of Phytoseiid mites to keep spider mite
populations on a very low level agree with results pre-
sented in the very rich world literature summarized by
Collyer (1961), Huffaker et al. (1969, 1970)
and van de Vrie (1985).

It is difficult to estimate the effectiveness of Phyto-
seiids on apple rust mite (A. schlechtendali). From one
side one can say that such effectiveness does exist. The
highest number of A. schlechtendali in 1994 was noted
on plot 2, on which the T. pyri appeared in the lowest
number (Fig. 1, 2: plot 2, 1994) compared with other
IPM plots (Fig. 1, 2: plots 1,3-5, 1994).

From the other side, with increase the Phytoseiid

50

numbers on IPM plots during succesive years, rust
mites became more abundant (Fig. 1, 2).

It is not possible to estimate the efficacy of Z. mali
in controling spider mites and rust mites. This is be-
cause the sporadic occurrence of this predator on IPM
plots. On check trees Z. mali was more abundant, but
spider mites were also numerous. Rust mites in 1994
occurred on check trees in the lowest number compared
with IPM plots. But this fact probably was due to toxic
effect of used pesticides to A. schlechtendali on check
trees (Fig. 1, 2: plot 7, 1994). Z. mali, according to
Komlovszky and Jenser (1992), occurred in
high numbers may have kept the spider mites popula-
tion on low level in Hungarian apple orchards.

The collected data allow several conclusions and hy-
potheses concerning toxicity of different pesticide pro-
grams to Phytoseiids. All used fungicides (dithianon,
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dodine, bitertanol, captane) and all insecticides — ex-
cept one — (pirimicarb, diflubenzuron, teflubenzuron,
fenoxycarb, phosalone) as well as B.T., are known as
selective or partly selective (Croft, 1976; Gruys,
1980; Boller et al., 1989; Niemczyk et al,
1990; Niemczyk, 1995), do not affect, or only
slightly affect, the Phytoseiid populations in experi-
mental orchard (Fig. 1: plots 1-5, 1992-1994).

The information of special importance was the esti-
mation of selectivity to Phytoseiids to phosalone,
a broad spectrum insecticide often used in IPM or-
chards. The obtained data confirmed its selectivity to
Phytoseiids and especially to the resistant strain of
T. pyri introduced to the orchard.

This result was confirmed by several facts:

— B.T. and phosalone used in first year (1992) on all
plots allowed not only T. pyri to occurr but also two
other Phytoseiid species in relatively high numbers
(P. macropilis, E. finlandicus) — Fig. 1, plots 1-5.

— In the next two years (1993, 1994) Phytoseiids, re-
presented mainly by 7. pyri, appeared and increased
in number in succesive years on plot 4 sprayed also
with phosalone (Fig. 1: plot 3, 1993, 1994).

— In the third year (1994) T. pyri was also abundant
on plot 5 treated with phosalone and pirimicarb
(Fig. 1: plot 5, 1994).

On the other hand, fenitrothion, another very effec-
tive broad spectrum insecticide which can be applied
in some situations in IPM apple orchard in Poland, used
before bloom on plot 2 showed a very high toxic effect
to T. pyri selected for the resistance to that compound
(Tab. I, Fig. 1: plot 2, 1994).

This fact indicates that 7. pyri, partially resistant to
fenitrothion in laboratory (about 70% mortality), lost
that property in outdoor conditions after two years
without selection pressure.

It was also confirmed that 7. pyri is more tolerant to
pesticides than other Phytoseiid species (Gruys,
1982). T. pyri almost entirely displaced other predatory
mites on all IPM plots within two years.

Z. mali, the other predatory mite, was naturaly resis-
tant to several very toxic insecticides used on check
trees. This fact was also noted by other authors (Ko m -
lovszky and Jenser, 1992).

All above mentioned facts showed that — except
fenitrothion — the used pesticides not only protected
apple trees on IPM plots against diseases and insect
pests (Niemczyk etal, 1996), but also allowed the
predatory mite, T. pyri, to occur in high numbers,
which effectively kept the population of spider mite at
a very low level. It was, therefore, not necessary to
control them with chemicals.

The broad spectrum insecticides (Tab. I) used on the
check plot also effectively controlled insect pests, but
were very toxic to predatory mites of the Phytoseiidae
family. Because of that Phytoseiid mites occurred only
sporadicaly on the check plot and spider mites ex-
ceeded threshold level.

CONCLUSIONS

The predatory mite — Typhlodromus pyri Scheut. in-
troduced into an apple orchard occurred in relatively
high amount and kept spider mite populations repre-
sented mainly by Panonychus ulmi Koch and Tetrany-
chus urticae at a very low level on 6 plots sprayed with
selective of partialy selective fungicides and insecti-
cides.

Of all tested insecticides (pirimicarb diflubenzuron,
teflubenzuron, fenoxycarb, phosalone) and Bacillus
thuringiensis, only fenitrothion used before flowering
of apple trees, distincly decreased the number of T.
pyri, partially resistant to that compound.

The number of apple rust mite (Aculus schlechten-
dali Nal.) varied according to year and plot, but gener-
ally the population of that pest was very low or low.
However, it is difficult to judge wheather Phytoseiids
decreased the apple rust mite population.

Zetzellia mali (Ewing.) (Stigmaeidae), an native
predatory mite occurred on experimental plots sprayed
with selective insecticides on very low amount. Con-
versaly on check trees sprayed with non-selective in-
secticides this species was more numerous.
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INTEGRATED PEST MANAGEMENT IN APPLE
ORCHARDS - EXPERIMENTS IN ROMANIA®

INTEGROVANA OCHRANA PROTI SKUDCUM V JABLONOVYCH
SADECH - POKUSY V RUMUNSKU

T, Baicu', A. Serboiuz, G. Margarit', M. Stanculescu'

'Research Institute for Plant Protection Bucharest, Romania
2Research Fruit Tree Station, Dambovita, Dep. Voinesti, Romania

ABSTRACT: The experiment within the IPM (Integrated Pest Management) project was organized in 1992 at the Fruit Tree
Research Station Voinesti, in an orchard (26 years). The IPM system has been applied in a 2 ha orchard with Jonathan, Golden
Delicious and Red Delicious cultivars. A similar nearby orchard with the same area was used as a check (chemical supervised
control). To improve natural control we used sorghum (Sorghum bicolor), buckwheat (Fagopyrum esculentum), dill (Anethum
graveolens), vetch (Vicia spp.) in 1992, and coriander (Coriandrum sativum) in 1993. Comparison between the IPM plot and
the chemical supervised control plot. The number of beneficial organisms was much higher in the IPM plot. The key-problem
in these experiments was the control of apple scab and wooly aphid. In 1994 we planted a new orchard (some 2 ha), half
with cultivars resistant to apple scab and medium resistant to powdery mildew, Generos and Florina. In the young orchard
with resistant cultivars superiority of IPM was proved by a lower number of sprayings, smaller amounts of active ingredients
(3.12 kg/ha a.i. instead of 10.64) and a sustained activity of beneficial arthropods. Economic analysis in a large orchard with
varieties highly resistant to apple scab and good resistance to powdery mildew, evinced a possibility to reduce the number
of sprayings from 15.8 per season to 8, while their cost drops from 100% to 44.3%.

integrated pest management; supervised control; apple scab; woolly aphid; selective pesticides; ground cover; resistant
cultivars

ABSTRAKT: Pokus v rdmci projektu IPM (systém integrované ochrany) se uskuteénil v roce 1992 na Ovocnéiské vyzkumné
stanici ve Voinesti v jednom sadu (26 let). Systém IPM byl pouZit v sadu o rozloze 2 ha, kde se péstovaly odriidy Jonathan,
Golden Delicious a Red Delicious. Jako kontrola slouZil podobny sousedni sad o stejné rozloze (chemickd usmérnéna ochra-
na). Pro podporu vyskytu piirozenych nepfitel jsme v roce 1992 vyseli Cirok (Sorghum bicolor), pohanku (Fagopyrum
esculentum), kopr (Anethum graveolens), vikev (Vicia spp.) a v roce 1993 koriandr (Coriandrum sativum). Srovnani parcely
s IPM a parcely s chemickou usmérnénou ochranou ve starém sadu dopadlo ve prospéch IPM. Kvalita plodi byla mirn& vy3si
na parcele s usmérnénou chemickou ochranou. Pocet uZite¢nych organismia byl mnohem vyssi na parcele s IPM. Klicovym
problémem v téchto pokusech byla ochrana proti strupovitosti jabloni a vlnatce krvavé. V roce 1994 byl vysazen novy sad
(asi 2 ha). Na poloviné jeho plochy byly vysazeny odridy rezistentni proti strupovitosti jabloni a stfedné odolné proti padli
travnimu (Generos a Florina). V tomto sadu s rezistentnimi odridami byla prokazana duleZitost IPM na zdkladé niZsiho poctu
postiiki, men$iho mnoZstvi G¢inné latky (3,12 misto 10,64 kg/ha u.l.) a trvalé Cinnosti uZiteCnych ¢lenoved. Ekonomicka
analyza pro velky sad s odrudami vysoce odolnymi proti strupovitosti jabloni a s dobrou odolnosti proti padli travnimu
naznacila moZnost sniZeni potu postiikii za sezonu z 15,8 na 8,0 a pokles nakladi ze 100 na 44,3 %.

systém integrované ochrany; usmérnéna ochrana; strupovitost jabloni; vinatka krvavd; selektivni pesticidy: pfizemni vegetace;
rezistentni odrady

INTRODUCTION side, the market requirements for pome fruit quality are
extremely severe.

The increased numbers of sprayings led to enhanced

Pome fruit orchard has numerous pests, diseases and
orchards which call for a high number of sprayings and
a heavy load of pesticides per hectare. On the other

levels of multiple residues, built-up resistant form of
mites, fungi and insects, resurgence of some pests, de-
struction of some beneficial arthropods, etc.

*  FPartially supported by the US Department of Agriculture (Grant No. 58-319R-3-024) and Academy for Agricultural and Forestry Science,

Bucharest.

ZAHRADNICTVI - HORT. SCI. (PRAGUE), 24, 1997 (2): 53-62

53



To improve pome fruit protection it is important to
change some grower conceptions. Instead of weak
sprayings with different mixtures of pesticides, we
have to introduce a rational approach, based on inte-
grated pest and disease management.

To this end, maximizing biological control in inte-
grated pest management is extremely important.

Some of the existing books and papers (B aicu and
Savescu, 1986; Niemczyk, 1988; Anony-
mus, 1990; Freier et al., 1992; Brown et al.,
1992) deeply analysed these problems and offer differ-
ent answers.

The overall goal of the project was to develop meth-
ods of fruit production with less environmental and
food residues, without reducing fruit quality and yield.
To achieve this goal there were several objectives to be
met.

a) Create adapted ground cover to enhance and attract
beneficial insects.

b) Use selective pesticides.

c¢) Use pheromone traps and various methods for fore-
casting and warning.

Since the control of main pests and diseases with
specially conceived biological products was not possi-
ble, we chose an alternative improvement of activity of
beneficial arthropods (natural control), and later on in-
troduction of new varieties resistant to apple scab and
powdery mildew, thus avoiding fungicidal sprayings.

MATERIAL AND METHOD

The experiments have been conducted at the Re-
search Fruit Tree Station — Voinesti, and analysis and
identification of useful fauna at the Research Institute
for Plant Protection — Bucharest, in the period 1992-
1994.

Old orchard (1992-1994)

According to the programme established in Kearnsys-
ville, we have chosen an intensive orchard, two hectares
in size, for integrated pest and disease management, and
a two hectare plot for chemical supervised control.

The experiment has been organized on this plot in
1992 and 1993.

In 1994 we planted a new orchard (some 2 ha) with
young 2-year old trees grafted on M-106, using the
following apple scab resistant and powdery mildew
medium resistant varieties: Generos and Florina.

Other 1 hectare plot has been planted with Jonathan
and Golden Delicious, as a chemical control supervised
plot.

The goal of this experiment was to develop a system
of pest and disease integrated management with re-
duced numbers of chemical applications and maximiz-
ing the biological control.

To improve the natural control, some particular
crops have been selected, in order ot attract some zoo-

phages and to enhance their activity. To this end we
used sorghum (Sorghum bicolor) able to attract aphid
predators and lepidopterious species, buckwheat
(Fagopyrum esculentum), to attract adult parasites to
the blossoms, vetch (Vicia spp.) in 1992 and coriander
(Coriandrum sativum) in 1993, to attract zoophages in
summer.

The ground cover has been sown in one row for each
plant species, along the fruit tree row, on both sides.

Targeted pests (Associated issues)

Codling moth (Cydia pomonella). This pest has been
controlled with selective pesticides: Dimilin 25 DP (di-
flubenzuron) — 0.04% (1992) and Insegar 25 WP
(fenoxycarb 25%) — 0.05%. The period of sprayings
have been determined using sex pheromone traps (2 per
orchard), Trécé Sandoz in 1993 and Atrapom — IC Cluj
Napoca in 1992. The sum of active temperatures for
one generation was about 600 °C. In autumn we used
corrugated paper bands to estimate the overwintering
population.

Apple weevil (Anthonomus pomorum). Periodical
inspections during flowering showed low densities. No
treatment was needed.

Woolly apple aphid (Eriosoma lanigerum) was
found throughout the orchard at high densities and the
parasitization level by Aphelinus mali was low in 1992
and higher in 1993. Against this pest we used selective
pesticides Thionex 35 EC (endosulfan) 0.2% and a me-
dium selective insecticide for A. mali, Reldan 50 EC —
0.1% (chloropyriphos methyl).

San José scale (Quadraspidiotus perniciosus) was
noted in the check orchard, and at very low densities
in the IPM plot. No spraying was needed.

Leaf miners. Three pheromone traps have been
placed for each species: the pheromone trap Atrablanc
for Phyllonorycter blancardella, Atramal for Nepticula
malella and Atrascit for Leucoptera scitella. The num-
ber of captures was very low for N. malella and L.
scitella.

Mites (Panonchys ulmi, Tetranychus viennensis, T.
urticae) were controlled using selective acaricides:
Neoron 500 EC (bromopropylate) — 0.1% and Pegassus
(diafenthiuron) — 0.06% in 1992, and Torque 55 (fen-
butatin oxide) — 0.04% and Neoron 500 EC — 0.1%. As
an early ovicidal acaricide we used in 1993 Nissorun
(hexythiazox) — 0.06%.

Apple scab (Venturia inaequalis). Scab was con-
trolled through:

1. Forecasting, using methods elaborated in the pre-
vious years (Anonymus, 1979), also using a fo-
recasting station with leaf wetting sensor;

2. Proper use of selective fungicides with prolonged
period of action;

3. Use of suitable spraying methods and adequate
spray mixtures.

Powdery mildew (Podosphaera leucotricha). Ac-
cording to our warning method, the first spray has been
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applied at 5% twing infection on green tip. Pruning of
infected shoots and their removal from orchard was
used to control this disease.

Fire blight (Erwinia amylovora). This disease was
reported by Baicu et al. (1994), but in our experi-
mental plot was not noticed.

Weeds have been controlled through hand hoeing
along the tree rows.

The control plot of the same size had two peculiari-
ties: absence of ground cover with rey grass and spray-
ing was applied using our forecasting methods, not
simply as cover sprayings.

Comparison between the two systems, IPM and chemi-
cal supervised control, was difficult to be performed.

Climatic conditions were favourable to apple and
powdery mildew.

For the IPM experiment we choose the more selec-
tive fungicides, acaricides and insecticides available in
our country.

Fig. 1 gives a picture of sprayings distribution
throughout the season.

As a general remark the old orchard presented at the
start (1992) high levels of infestation and high levels
of infections.

Ground cover. Sampling methods. Pitfall traps. Five
pitfall traps within each ground cover type. Monitoring
was conducted for 2 days.

Net sweeping. Each sample comprised five sweeps
back and forth 3 times in a year.

Tree sampling. Leaf samples. Ten leaf clusters per
tree were removed and examined in field and labora-
tory for mites, beneficial insects and harmful pests.

Branch terminal counts. Ten terminals have been
examined for aphid infestation, aphid predators and
mildew.

Limb jaring. 30 branches per replication, one branch
per tree, have been jarred in 40 x 62 cm trays (0.25 m?).

Fruit evaluation. One thousand fruits were randomly
selected at harvest and examined for all defects, insects,
diseases and physiological discorders.

Pheromone traps; traps Trécé Sandoz (1992), Atrapom
(1993), Atrablanc, Atrascit and Atramal were weekly
counted and graphs have been plotted for each species.

Tree measurements, tree trunk diameter at 30 cm
above the soil surface have been measured on 25 trees
in the centre of each replication.

For plant and soil contents of N, P, Na, Ca, Mg, Fe,
Mn, Cu, and Zn was done by chemical analysis, using
C.LLA.F. methods.

For pesticide residues we used specific methods.
Content analysis for nitrate-nitrites was determined by
the ISO-method.

The newly planted orchard covered 1.9 ha. Half of
this area was planted with apple cultivars sensitive to

A A A
Il |

FEFF F F F

FF F

A
| |

| seiLocea pomi

[ FUSICLADIUM DENDRITICUM )

secondary infections I

| VENTURIA INAEQUALIS (primary infections) |

r PODOSPHAERA LEUCOTRICHA

[Pw 8L, I PHYLLONORYCTER BLANCARDELLAl
Gy G
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1. Period of species activity and sprayings — 1993
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. Monitoring of different pests — 1993 (S:C:P:P: Voinesti)

Anth Chei bia | Phyllonorycter| Nepticula | Leucoptera Cydia Panonychus | Tetranychus Aphis Dysaphi. Eri Quadraspidiot
o Pests pomorum brumate blancardella malella scitella pomonella ulmi urticae pomi plantaginea | lanigerum perniciosus
decade Nr. Nr. Nr. Nr. Nr. Fruit Mobile Mobile Nr. Nr. Nr. of Nr. of attacked
buds/tree leaf/tree mines/leaf mines/leaf mines/leaf nr. forms/leaf forms/leaf | schoots/tree | schoots/tree | colonies/tree fruit/tree
1 0 0 0 0 0 0 0 0 0 0 0 0
April 2 0 0 0 0 0 0 0 0 0 0 0 0
3 0 1.0 0 0 0 0 0 0 0 0 2 0
1 0 45 0 0 0 0 0 0 0 0 2 0
M 2 0 2.0 [1] 0 0 0 0 0 0 0 3 0
ay
3 0 0.3 0 0 0 0 0 0 0 0 33 0
4 0 0 0 0 0 0 0 0 0 0 3 0
1 0 0 0 0 0 0 0 1 1 0 3 0
3 2 0 0 0 0 0 0 0 2 1.3 0 4 0
une
3 0 0 0 0 0 0 0 3 1.5 0 4 0
4 0 0 0 0 0 0 0 3 25 0 4 0.5
1 0 0 0 0 0 0 - 4 - 0 4 0
2 0 0 0 0 0 0 3 5 - 0 3 0
July
3 0 0 0.2 0 0 0 - 10 - 0 5 0
4 0 0 0 0 0 0 4 15 3 0 4 0
1 0 0 0 0.1 0 0 - 9 2 0.3 2 0
A 2 0 0 0 0 0 0 - 6 0 0.5 3 0
ugust
3 0 0 0 0 0 0 5 0 0 2 0
4 0 0 0 0 0 0 - 7 0 0 35 0
1 0 0 0 0 0 0 2 3 0 0 955 1.5
September 2 0 0 0 0 0 0 1 3 0 0 7 45
3 0 0 0 0 0 0 - 2 0 0 9.3 6.0




scab and powdery mildew (supervised control) —
Jonathan and Golden Delicious, and the other half with
cultivars resistant to these diseases: Generos and
Florina, grafted on M-106 rootstocks (IPM plot).
After planting (end of April) we performed the new
soil management procedures:
— sowing rey grass (Lolium multiflorum) strips 1.2 m
wide, between rows;
— sowing 4 plant species attractive to some zoophages.
For another orchard 82 ha in size, with scab resistant
varieties, we performed a brief economic analysis
(1992-1993), comparing the results with those of sen-
sitive cultivars (supervised control).

RESULTS
Old orchard

In 1992, as a consequence of observations on the
development of pests and diseases, we applied
12 sprayings in the IPM plot. In the plot with chemical
supervised control we used sixteen sprayings with vari-
ous mixtures of fungicides, acaricides and insecticides.
Among these products there were some very toxic
(methamidophos and quinalphos). Most of insecticides
were not selective for zoophages.

Nissorun effectiveness against the winter eggs of
mites was too low, mortality afforded being slight. This
explains necessity for treatments against the mobile
forms in summer.

Tab. I shows evolution of different pest species, as
densities or attack levels. Density of P. ulmi justified
the number of sprayings likewise, evolution of E. lani-
gerum, in spite of its high parasitisation, required sev-
eral sprayings.

Apple scab and powdery mildew habe been recorded
several times.

In 1992 (Tab. II) the level of apple scab attack was
low in the IPM plot, but higher than that in the chemi-
cal supervised control. In 1993, the apple scab infection
level was high, this fact being not fully explained only
by the highly favourable weather conditions. We also
suspect Captadin 50 PU quality (its active ingredient
content).

Cover crops had an important, positive influence on
the soil arthropods, Lumbricidae and other animals.

The pitfall traps proved each year a high diversity.
The number of animals collected was higher in the IPM

II. Diseases observations, IPM — 1992

plot. The useful arthropods like Araneae, Staphyilini-
dae and Formicidae were more numerous.

Soil sampling performed in 1993 at 30 cm depth
(25 x 25 c¢m) gave similar results.

In all cases ground cover allowed to collect an im-
portant number of beneficial insects, superior to the
chemical supervised control. Dill (Anethum graveo-
lens) was the most useful plant for soil beneficial fauna.

Net sweeping collection showed a wide variety of
species. The number of insects by species was very
high on Coriandrum sativum and Lolium multiflorum.
On C. sativum there were large numbers of Chryso-
perla, Braconidae, Chalcididae and Empididae. On L.
multiflorum the number of Araneae, Braconidae, Chal-
cididae, Aphidae, Formicidae and Empididae was more
abundant than in other crops.

Comparing with the chemical supervised control
(weeds), in all cases the beneficial fauna was more
important.

Limb jarring performed in 1993 showed in all 5 pe-
riods of collecting aan important number of arthropods
in the IPM plot, the total numbers being almost double
than in the chemical supervised control plot (Tab. III).
The high number of mites collected proved then the
existing beneficial arthropods could not prevent their
multiplication in the IPM plot.

The fruit harvest per tree was not statistically differ-
ent, but its quality in the IPM plot was lower, due to
high apple scab level.

Leaf content of different nutrients revealed some
differences in the N content. Differences are not defi-
nite for other elements.

The soil residues are not important. The fruit pesti-
cide residue content (Tab. IV) is below the official
maximum residue levels.

Young orchard

In the experimental orchard, after the vegetation
start, we checked incidence (as %) every 10 days, as
well as intensity using 0-6 scale, in sensitive cultivars
Jonathan and Golden Delicious, as compared to resis-
tant ones Generos and Florina (Tab. V).

Generos and Florina were free from apple scab,
whilst Jonathan and Golden Delicious evinced a low
level of scab attack on leaves.

Powdery mildew (Podosphaera leucotricha). The
most sensitive cultivars proved to be Jonathan and

Venturia inaequalis Podosphaera leucotricha | Monilia fructigenasi Gloeosporium sp. | Apple mosaic
Period of disease leaves fruits leaves shoots attacked fruits attacked fruits | attacked leaves

(%) (%) (%) (%) (%) (%) per tree
July 1-10 17 12 13 0.5 0 0
August |-10 18.6 13.8 17.3 0.7 1.0 0
September 1-10 21 15 24 1.0 4.0 0.5
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I1I. Harmful and useful species — limb jarring (S.C.P.P. Voinesti)
2
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V. Diseases development (incidence and severity)

Sensitive cultivars Resistant cultivars
e (’jl;:’,ynS Venlu:(‘tl'(;n‘vcs), lis Podusphaera leucotricha Venm(rlt‘l: ;c::)quulix P(’d(’sp,';ft:golél)‘wlridm
period Jonathan Golden D. Jonathan Jonathan Generos Florina Generos Florina
I S I S I S I S I S 1 S I S I S
Jiitg 2 0 0 0 0 1.3 | 0 0 0 0 0 0 0 131
3 0 0 1 | 16 |1 1.0 | 1 0 0 0 0 0 20| 1
1 2.0 1 23 (1 25 [ 12 23 | 1 0 0 0 0 23 (1
July 2 35 | 12| 39| 2 30 | 1-2| 44 | 12 0 0 0|0 0 24 | 1-2
3 5.0 12| 90| 23 [ 33 | 1-2| 70 | 12| O 0 0 0 0 0 25| 1-2
1 6.3 2 22025 |60 | 12|72 ]| 1-2] 0 0 0 0 03 |1 3.0 [ 1-2
August 2 5.7 1-2 1233 | 2-5| 80 [ 1-=2| 76 | 1-3[ O 0 0 0 03 |1 S5 1-2
3 45 121250 | 2490 [ 1-2| 80 [ 1-3| O 0 0 0 05 |1 771 1-3
1 4.0 1-2 1255 2-3( 9.0 | 2 8.1 1-3] 0 0 0 0 08 [ 1-2| 88| 13
September 2 4.0 1 255 (23|90 | 2 8.1 1-3] 0 0 0 0 08 [ 1-2] 95| 2
3 4.0 | 245 2-3| 90 | 2 82 | 1I-3| 0 0 0 0 1.8 | 1-2]11.0] 2-3
October 1 - - 240 2-3| 90 | 2 82 |1 1-3] 0 0 0 0 1.8 | 1=2 |11 2-3

Florina. Fungicidal sprayings showed suitable effec-
tiveness against this pathogen.

Aphids (Aphis pomi) were the first pest insects no-
ticed in the new apple plantation. Effectiveness of Fer-
nos 50 DP was very high (98-100%), and this spraying
stopped the aphid evolution throughout the season.

Fernos 50 DP - 0.05% also proved to be selctive to
many zoophages.

Defoliators (Orgyia antiqua). In the Voinesti area
this insect develops only one generation per year.

Use of the sex pheromone Atraorg revealed that
O. antiqua can be harmful to a slight foliage of young
apple trees, therefore an application with Thionec
35 EC - 0.2% has been performed.

The European red mite (Panonychus ulmi). Monitor-
ing this pest at 10 days intervals proved a significant
development of this mite.

Leaf miners. Use of pheromone traps (3 traps per
species and plot) revealed occurrence of leaf miner spe-
cies: Phyllonorycter blancardella (Atrablanc), Stig-
mella malella (Atramal), and Leucoptera scitella
(Atrascit).

Ph. blancardella had 3 generations per year (April—
September).

S. malella and L. scitella captures were quite scarce,
these pests having no adverse effect on tree foliage.

Dasyneura mali. This aphid became obvious by the
end of August and in September, particularly on
Golden Delicious. In Jonathan, Generos and Florina its
occurrence was sporadical, no treatment being neces-
sary (Tab. VI).

San José scale (Quadraspidiotus perniciosus). Sys-
tematic survey of this pest assessed its absence.

Captures of soil surface fauna in September by pit-
fall traps showed a similar structure of invertebrate ani-
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mals in all plots. Dominance of harmful fauna was 1.5
(in Golden Delicious and Florina), and 2.5 in Jonathan
and Generous, compared to the beneficial fauna.

Beneficial fauna included 3 species found in the sen-
sitive cultivar plot (Golden Delicious and Jonathan),
and 6-7 species in the plot with resistant cultivars
(Generous and Florina). Differences were dependent on
the higher number of active ingredients applied to sen-
sitive pests.

Therefore we can conclude that the invertebrate
community on soil surface was not specific to apple
orchard, but resulted from the previous maize crop.

Ground cover. Net sweeping collections monthly
performed showed that introduction of attractive plants
considerably changed structure of insect species. Data
indicated that harmful fauna prevailed, mainly on ac-
count of Thysanoptera in Anethum graveolens. As for
Aphis fabae, and Lygus campestris densities, their per-
centages were higher, 37-47%, compared to beneficial
fauna.

Analysis of data also evinced that on Lolium multi-
florum and Vicia spp. we can find 21 and 20 species,
respectively, similarly to wild plants.

Only 14-16 species have been found on Anethum
graveolens, Sorghum bicolor and Fagopyrum esculentum.

Among these insects, the sucking species, such as
aphids, cicadids and heteropterous were prevalent. The
Agromyzids and Chrysomelids were also important.

Beneficial fauna was more abundant on Lolium mul-
tiflorum (22 species) and Vicia spp. (20 species). On
other attractive plant species, 14 beneficial insect spe-
cies have been identified.

There was a good relationship between aphids on
dill and the number of parasitic hymenopterous species.
The high numbers of cicadids and psyllids was corre-
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VI. Pests evolution (insects and mites)

Aphis ot Phyllnfun)'cter Nepticula Leu.cjupreru sznnyc_‘hu.c Orgyia Operophtera Du.r)'nc_ura
Month Ten fiays blancardella malella scitella ulmi antiqua brumata mali
period Nr. Nr. Nr. Nr. Nr. mobile Nr. of Nr. of Nr.
shoots/tree mines/leaf mines/leaf | mines/leaf | forms/leaf | leaves/tree | leaves/tree | leaves/tree
June 3 3 0 0 0 0 0 0.6 0
1 1-2 0 0 0 1 0 0 0
July 2 1.0 0.1 0 0 1-2 0 0 0
3 0.6 0.3 0 0 0 1-3 0 0.6-1.0
1 0 0.5 03 0 0 2-3 0 1-2
August 2 0 0.7 0.9 1.1 1-2 0 0 2
3 0 1.1 0 1.0 1-3 0 0 2-3
1 0 0.7 0 0 2 0 0 2-3
September 2 0 0 0 0 2 0 0 3-4
3 0 0 0 0 2-4 0 0 3-4
October 1 0 0 0 0 2-4 0 0 5.0

lated with high numbers of heteropterous species, and
coccinellids among predators.

Limb jarring (Tab. VII). In the IPM plot the total
number of arthropod species was lower than in the plot
treated with chemicals. The harmful fauna was higher
in the lot treated with chemicals supervised control.
The beneficial fauna was similar, excepting Florina
plot.

The beneficial arthropods (Aranea, Coccinellidae,
Hymenoptera) could potentially control the pests.

Chemical analysis. Soil samples have been analysed
for NO, and NOj3 content, as well as for some pesticide
residues.

The lowest residue content was detected for chlor-
pyrifos-methyl, followed by endosulfan, thyophanate-
-methyl and captan.

Pesticide residue contents of soil samples were con-
siderably lower than in leaves. Only endosulfan resi-
dues were close to values found in leaves. The maxi-
mum permissible level (MAL) for endosulfan soil
residues is 0.2 mg/kg. The endosulfan soil residues de-
tected were 9.54 times higher than the MAL.

The NO; and NOj3 soil contents proved that the soil
was neutral and its fertilization normal.

DISCUSSION

The experiments in the old orchard proved to be
only partially successful. Comparison between super-
vised chemical control and the proposed IPM system
revealed an opportunity to reduce pesticide consump-
tion; quality and quantity of yield was also different in
some varieties.

The orchard was too old (26 years), its high quantity
of fungal inoculum, great number of pests and its low
level of activity of beneficial arthropods did not allow
a quick and easy IPM implementation.
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According to our determinations we observed
a clear imporvement of beneficial arthropod activity. In
2 years the parasitism by Aphelinus mali considerably
imporved upon Eriosoma lanigerum. Probably, during
the next 2-3 years a balance will be reached.

In previous reports (Baggiolini and Fiaux,
1975; Metcalf and Luckman, 1975) comparison
between chemical control (sprayings being applied as
coverage), success of IPM was higher. Sztep by step
the chemical control improved, use of non-selective or
even very toxic compounds was removed, and use of
different warning and forecasting methods, this system
became more or less a supervised control.

Under these conditions comparison with IPM asks
more time to demonstrate superiority of new methods.

Using selective pesticides, improving the activity of
beneficial arthropods and other methods designed to
enhance non-chemical control, the IPM system will
gain more and more ground.

Evaluation if IPM efficiency is important at the farm
level. For the farmer profit is essential.

According to our data the lower number of applica-
tions, the lesser amount of active ingredient per hectare
for an equivalent yield evinced superiority of IPM sys-
tem in 1992. In 1993, quality and quantity of fruits was
lower in the IPM system.

Introduction of the new resistant cultivars Generos
and Florina, having qualities similar to Golden Deli-
cious and Jonathan, influenced strongly and favourably
the economic aspects of IPM system.

According to data from 1994 the number of chemi-
cal compounds used fell from 6 in the chemical super-
vised control plot, to 4 in the IPM plot. Consequently,
costs of pesticides used fell from 351,855 lei/year
(100%) to 135,855 lei(year (38.6%).

Analysis in the 82 ha orchard performed during the
last 5 years demonstrated an extremely efficient system
of production, even for the case of supervised chemical
control.
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VII. Harmful and benefical arthropodes captured by limb jarring in apple crops

Apple cultivars

Group and species Sensitive to diseases Resistent to diseases

Golden Jonathan Generous Florina

Harmful fauna

Class ARACHNIDA

Ord. ACARI

Fam. TETRANYCHIDAE

Panonychus ulmi Koch. - 48 21 11
Tetranychus urticae Koch. 14 - - 1
Ord. THYSANOPTERA 3 8 4 7
Ord. HOMOPTERA
Javesella pellucida F. 27 9 45 4
Fam. CICADIDAE 3 - 8 -
Aphis pomi De Geer. 92 104 35 24
Aphis fabae Scop. - - 3 &
Ord. LEPIDOPTERA
Phyllonorycter blancardella F. 10 9 5 5
Orgyia gonostigma L. 6 3 1 5
Fam. ITONIDIDAE 5 5 - 3
Fam. AGROMYZIDAE 4 12 6 7
3

Others ) I 20 8 12

Beneficial fauna

Class ARACHNOIDEA

Ord. ARANEA 102 80 46 89
Class INSECTA

Ord. NEUROPTERA

Chrysoperla carnea Steph. 1 - - 2
Ord. HETEROPTERA

Anthocoris nemorum L. | - 3 -
Orius vicinus Ribaut. 5 11 10 12
Ord. HYMENOPTERA

Inostemma contarinae Szel. - 2 - -
Superfam. CHALCIDOIDEA 10 21 6 7
Fam. FORMICIDAE 4 6 7 18

Ord. COLEOPTERA
Fam. CARABIDAE

Lebia humeralis Dej. - - 1 -
Fam. COCCINELLIDAE .

Coccinella 7 punctata L. 28 30 22 16
Hippodamia variegata Goese 6 11 3

Stethorus punctillum Weise. - 2 4 2
Fam. CANTHARIDAE

Cantharis fusca L. 2 2 5 5
Fam. SCIARIDAE 3 3 6 -
Fam. SCATOPSIDAE 3 6 14

Others
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CONCLUSION

1. Comparison between the IPM system and chemical
supervised control in the old orchard was favourable
to IPM. Quality of fruit was slightly superior in the
chemical supervised control plot.

2. The amount of beneficial fauna was much higher in
the IPM plot.

3. The key-problem of these experiments was the con-
trol of apple scab and woolly aphid.

4. In the young orchard with resistant cultivars superi-
ority of IPM was demonstrated by a low number of
sprayings, low quantity of active ingredient per hec-
tare (3.18 kg a.i./ha instead of 10.64 kg a.i./ha), as
well as a good activity of benefical arthropods.

5. The economic analysis of a large orchard with resis-
tant varieties to apple scab and powdery mildew
evinced a possibility to reduce the number of spray-
ings from 15.8/year to 8/year while their cost fell
from 100% to 44.3%.
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THE EFFECT OF AN INTEGRATED PEST MANAGEMENT
PROGRAM ON THE ARTHROPOD POPULATIONS
IN A HUNGARIAN APPLE ORCHARD"

VLIV PROGRAMU INTEGROVANE OCHRANY PROTI SKUDCUM
NA POPULACE CLENOVCU V JABLONOVEM SADU V MADARSKU

G. Jenserl, K. Balézs], Cs. Erdélyil, A. Haltrichz, F. Kozérl, V. Mark(’)z, V. Racz' 4
F. Samu'

'Plant Protection Institute Hungarian Academy of Sciences, Budapest, Hungary
2Um'versity of Horticultural and Food Industry, Budapest, Hungary

ABSTRACT: Comparative investigation on integrated pest management in an apple orchard was carried out for three years.
Significant changes in the structure of the phytophagous and zoophagous population communities have been observed. The
meaningful tendencies of this process are presented and discussed. Owing to the regular application of selective insecticides
the population density of the parasitoids and predators increased and at the same time the density of the leaf rollers (Archips
rosana, Pandemis heparana), leaf miners (Phyllonorycter blancardella, Ph. corylifoliella) and tetranychid mites (Panonychus
ulmi, Tetranychus urticae) decreased. The density of pear tingid (Stephanitis pyri) and San José scale (Quadraspidiotus
perniciosus) rose.

integrated pest management; apple orchard; phytophagous and zoophagous arthropods

ABSTRAKT: Srovnévaci $etfeni integrované ochrany proti $kudcim v jablofiovém sadu se provadglo tfi roky. Byly zjistény
vyznamné zmény spolecenstev fytofagnich a zoofagnich populaci. Jsou ptedloZeny a diskutovany vyznamné trendy tohoto
procesu. V dusledku pravidelné aplikace selektivnich insekticidi se zvySila pocetnost populaci parazitoidi a predétori,
a zdrovei vzrostly populace obalecovitych (Archips rosana, Pandemis heparana), klinénkovitych (Phyllonorycter blancar-
della, Ph. corylifoliella) a sviluskovitych (Panonychus ulmi).

systém integrované ochrany; jablofiovy sad; fytofdgni a zoofagni ¢lenovci

INTRODUCTION appeared frequently in these orchards. Apple clearwing
(Synanthedon myopaeformis Borkhausen) became a dan-
gerous pest in the last decades. This circumstance is
one of the reasons which indicates the necessity of the
development of an integrated pest mangement in Hun-
garian orchards, too.

The population communities of arthropod species
occurring in the different types of the Hungarian apple
orchards have been studied for 15 years, from 1976 on,
supported by the Hungarian Academy of Sciences
(Mészaros etal, 1984). During these investigations

Owing to the regular application of broad-spectrum
insecticides the abundance of the phytophagous arthro-
pod species has changed in Hungarian apple orchards.
The population density of some well known dangerous
pests decreased. At the same time, notwithstanding the
intensive use of organophosphorous insecticides, the
population of fruit red spider mite (Panonychus ulmi
Koch), some species of leaf miners mainly Leucoptera
malifoliella (Costa), Nepticula malella (Stainton),

Phyllonorycter blancardella (Fabricius), Ph. corylifo-
liella (Hawort) and leaf rollers mostly Adoxophyes
orana (Fischer von Réslerstamm), Archips rosana
(Linnaeus), A. podana (Scopoli) and Pandemis
heparana (Denis et Schiffermiiller) reached a very high
level. The codling moth (Cydia pomonella (Linneaus))

many significant data about the pests and beneficial
insects, their occurrence, population density, distribu-
tion, migration as well as their effectiveness have been
obtained. By reason of these experiences we had the
opportunity to carry out a comparative experiment on
integrated plant protection in one apple orchard. Sig-

*  Partially supported by the US Department of Agriculture (Grant No. 58-319R-3-022) and by the Hungarian Scientific Foundation OTKA (Project

No. 1436).
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nificant changes in the structure of the phytophagous and
zoophagous population communities have been observed
during this experiment. The meaningful tendencies of this
process are presented and discussed in this paper.

MATERIAL AND METHOD

The experiments were carried out in the apple or-
chard of the Experimental Station of the Research In-
stitute for Fruit-growing and Ornamentals situated at
Kecskemét-Szarkas. This orchard was planted in sandy
soil in 1981, the sorts of Idared, Jonagold and Mollis
Delicious are on rootstock M 4.

The examinations were carried out in three plots of
2 ha each:

1. treated with broad-spectrum insecticides, so-called
conventional plot (CONV),

2. treated with selective insecticides, so-called IPM
plot (IPM),

3. treated with selective insecticides sown with flowe-
ring plants, so-called IPM plot with flowering plants
(IPM/f1). This plot was sown in:

1992 Compositae: Calendula officinalis; Fabaceae:
Coronilla varia, Onobrychis vicii-
folia; Umbelliferae: Anethum gra-
veolens.

1993 Compositae: Calendula officinalis, Guizotia
abyssinica; Fabaceae: Astragalus
cicer, Coronilla varia, Lotus corni-
culatus, Onobrychis viciifolia, Tri-
folium resupinatum; Umbelliferae:
Anethum graveolens, Coriander sa-
tivum, Falcaria vulgaris.

1994 Compositae: Calendula officinalis, Carthamus
tinctorius, Centaurea cyanus, Echi-
nops ruthenicus, Taraxacum offici-
nale, Xeranthemum annuum; Faba-
ceae: Astragalus cicer, Coronilla
varia, Onobrychis viciifolia, Hyd-
rophyllaceae: Phacelia tanacetifo-
lia; Onagraceae: Oenothera bien-
nis; Scrophulariaceae: Verbascum
phlomoides; Umbelliferae: Anet-
hum graveolens, Carum carvi, Co-
riandrum sativum, Daucus carota
ssp. sativa, Falcaria vulgaris, Foe-
niculum vulgare, Pastinaca sativa,
Petroselinum crispum, Pimpinella
anisum.

Owing to the drought occurring in consecutive years
seed germination was insufficient, therefore the arthro-
pod species living on the different native plants were
also collected. The plants of native vegetation in the
IPM plot were the following: Amaranthaceae: Amaran-
thus chlorostachys, A. retroflexus, Chenopodiaceae:
Chenopodium album, Salsola kali; Compositae:
Achillea millefolium, Anthemis ruthenica, Erigeron ca-

nadensis, Senecio vernalis, S. vulgaris; Convulvu-
laceae: Convulvulus arvensis; Cruciferae: Sisymbrium
orientale, S. sophia; Fabaceae: Medicago minima, Vi-
cia villosa; Geraniaceae: Erodium cicutarium; Portula-
caceae: Portulaca oleracea; Zygophyllaceae: Tribulus
terrestris.

Since it was not practicable to establish a stand of
flowering plants in the rows of the trees complying
with the reqirements, we have sown them along the two
sides of the orchard in the third year.

Pesticides used in the IPM and conventional plots
are listed in Tabs. I-III. The active ingredients of in-
secticides and acaricides applied in the experimental
are: insecticides — acaricides: Bariumpoliszulfid = bar-
ium-polisulphid, Bi 58 EC = dimethoate, Danatox
50 EC = methylparathion, Decis 2,5 EC = del-
tamethrin, Dimecron 50 = phosphamidon, Dimilin
25 WP = diflubenzuron, Dipel = Bacillus thuringiensis,
Flibol E = trichlorfon, Insegar = fenoxycarb, Match =
lufenuron, Nevikén = sulphur + vaselinoil, Novenda =
dinitro-orto-cresol, Omite 57 E = propargite, Pirimor
50 DF = pirimicarb, Rospin 25 EC = chlorpropilate,
Torque 55 SC = fenbutatin oxide, Ultracid 40 WP =
methidathion.

Fungicides: Alto 100 SL = cyproconazole, Bayleton
25 WP = triadimefon, Buvicid K = folpet, Cuprosan
Super = zineb + copper, Delan = dithianon, Dithane
DG = mancozeb, Dithane M-45 = mancozeb, Kén 80
WP = sulphur, Kén 800 FW = sulphur, Merpan 50
WP = captan, Nimrdd 25 EC = bupirimate, Polyram
DF = metiram, Rézoxiklorid 50 = copper oxychloride,
Roccol 400 SC = copper oxychloride, Rubigan 12 EC =
fenarimol, Score 250 EC = difenoconazole, Thiovit S =
sulphur.

The presence of the arthropod species and their
population density as well as their population dynamics
were observed by the following methods.

Eleven sex pheromones were used for monitoring
the following Lepidoptera species: Adoxophyes orana
(Fischer von Roslerstamm), Archips rosana (Lin-
naeus), Grapholita lobarzewskii Nowicki, Cydia po-
monella (Linnacus), Leucoptera malifoliella (Costa),
Pandemis heparana (Denis et Schiffermiiller), P. cere-
sana (Hibner), Phyllonorycter blancardella (Fab-
ricius), Ph. corylifoliella (Hawort), Nepticula malella
(Stainton)), Synanthedon myopaeformis (Borkhausen).

The occurrence and the density of Quadraspidiotus
perniciosus (Comstock) and its parasitoid Encarsia
perniciosi Tower was studied by pheromone traps
(Smetnik, 1991; Hippe et al., 1995).

Ten shoots from 20 trees before blooming and 10 x
100 leaves after blooming were taken each in every plot
to establish the percentage of the leaves infested by the
caterpillar of the leaf roller or leaf miner species.
Parasitoids were reared continuously from the caterpil-
lars of Microlepidoptera in the laboratory.

The number of pupal skins (exuvia) of the apple
clearwing extracted from the bark was counted weekly
4 times of 5 trees in each treatment.
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I. Pesticides used in the experimental orchard (Kecskemét-Szarkds, Hungary, 1992)

Date OCI_‘;?,‘;:TOMI apple Dosis (%) IPM apple orchard Dosis (%)
12. 03. Novenda 1.5 Nevikén 2.7
09. 04. Cuprosan Super 0.5 Rézoxiklorid 50 0.4
4. O Dithane M-45 0.3 Merpan 50 WP 0.4

Kén 800 FW 0.6 Bayleton 25 WP 0.025
24, 04, Dithane M-45 0.3 Merpan 50 WP 0.4
Kén 800 FW 0.7 Bayleton 25 WP 0.025
29. 04 Alto 100 SL 0.05 Rubigan 12 EC 0.1
07. 05 Alto 100 S1 0.075 Rubigan 12 EC 0.1
Dimecron 50 0.125 Insegar 0.1
18, 05. Alto 100 SL 0.065 Rubigan 12 EC 0.1
Rubigan 12 EC 0.075
Omite 57 E 0.25 Pirimor 0.15
29. 05. Merpan 50 WP 0.3 Delan 0.06
Bayleton 25 WP 0.025 Bayleton 25 WP 0.025
Ultracid 40 WP 0.1 Insegar 0.1
Omite 57 E 0.2
08. 06. Bayleton 25 WP 0.025 Bayleton 25 WP 0.025
Dithane DG 0.3 Buvicid K 0.4
15906, Dithane DG 0.25 Merpan 50 WP 0.4
Bayleton 25 WP 0.025 Bayleton 25 WP 0.025
0508 Dithane DG 0.25 Merpan 50 WP 0.4
Bayleton 25 WP 0.025 Bayleton 25 WP 0.025
Dithane DG 0.25 Merpan 50 WP 0.4
02. 07. Bayleton 25 WP 0.025 Bayleton 25 WP 0.025
Danatox 50 EC 0.25 Dimilin 25 WP 0.075
Rospin 25 EC 0.45 Torque 55 SC 0.15
16. 07. Polyram DF 0.3 Merpan 50 WP 0.4
Kén 800 FW 0.375 Nimréd 25 EC 0.1
Rézoxiklorid 50 0.3 Merpan 50 WP 0.4
30. 07. Kén 800 FW 0.375 Nimr6d 25 EC 0.1
Flibol E 0.6 Dipel 0.16
Roccol 400 SC 0.25 Merpan 50 WP 0.4
10. 08. Kén 800 FW 0.375 Nimréd 25 EC 0.1
Danatox 50 EC 0.25 Dipel 0.16

insecticides, acaricides, fungicides

Leaves of 5 shoots were taken from 10 trees each in
every plot, and the micro-arthropod species, like phy-
tophagous and zoophagous mites, Thysanoptera etc.
were selected under microscope.

The aphids were investigated on 10 shoots (leaf
cluster) from 9 trees from each plot, as well as by
yellow traps.

Ten pitfall-traps were placed in each plot. Five traps
were placed on the space between two rows and 5 in
the rows of the trees. Five more traps were placed in
the edge bordering the orchard.

Limb beating was performed on one branch of 30
trees in each plot.

The samples were taken or traps were emptied or

controlled weekly from the middle of April until the

middle of October. The pheromone traps for Lepidop-
tera species were inspected weekly while for Q.
perniciosus and E. perniciosi fortnightly.

The infections of apple scab (Venturia inaequalis
(Cke.) Wint.) and powdery mildew (Podosphera leu-
cotricha .(Ell. et Ev.) Salm.) were evaluated on 1 000
shoots in each plot.

Fruit evaluation was carried out on two occasions
yearly. 4 x 50 fallen fruits at the end of August, and
4 x 200 fruits at harvesting were investigated in each
plot for recording the damage caused by C. pomonella,
leaf rollers and Q. perniciosus.
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I1. Pesticides used in the experimental orchard (Kecskemét-Szarkds, Hungary, 1993)

Date S;r;xgtionnl apple Dosis (%) IPM apple orchard Dosis (%)
31.03. Bériumpoliszulfid 3.75 Nevikén 4.0
20.04. Rézoxiklorid 50 WP 0.5 Rézoxiklorid 50 0.5
58.04: Dithane M-45 03 Score 250 EC 0.04
Kén 800 FW 0.6

05.05. Rubigan 12 EC 0.06 Score 250 EC 0.03
Dimecron 50 EC 0.1 Dimilin 25 WP 0.07

13.05. Dithane M-45 0.3 Score 250 EC 0.03
Bayleton 25 WP 0.03

20.05. Dithane M-45 0.3 Bayleton 25 WP 0.03
Bayleton 25 WP 0.03 Merpan 50 WP 0.3

5965: Dithane M-45 03 Bayleton 25 0.03
Bayleton 25 WP 0.03 Merpan 50 WP 0.3
Danatox 50 EC 0.25

03.06. Bayleton 25 WP 0.03 Bayleton 25 WP 0.03
Merpan 50 WP 0.3 Merpan 50 WP 0.3
Karbamid 0.5 Karbamid 0.5
Dimilin 25 WP 0.06 Dimilin 25 WP 0.06

13.06. Bayleton 25 WP 0.03 Bayleton 25 WP 0.03
Merpan 50 WP 0.25 Merpan 50 WP 0.25
Dimecron 50 0.1 Pirimor 50 DF 0.15

25.06. Bayleton 25 WP 0.03 Bayleton 25 0.03
Merpan 50 WP 0.25 Merpan 50 WP 0.25
Karbamid 0.5 Karbamid 0.5

08.07. Bayleton 25 WP 0.03 Bayleton 25 WP 0.03
Polyram DF 0.25 Merpan 50 WP 0.25
Dimilin 25 WP 0.06 Dimilin 25 WP 0.06

19.07. Merpan 50 WP 0.25 Merpan 50 WP 0.25
Bayleton 25 WP 0.03 Thiovit S 0.3
Danatox 50 EC 0.25 Dipel 0.16

30.07. Thiovit S 03 Merpan 50 WP 0.25
Rézoxiklorid 50 WP 0.25 Nimréd 25 EC 0.1
Dimilin 25 WP 0.06

10.08. Rézoxiklorid 50 WP 0.25
Kén 800 FW 0.4

insecticides, acaricides, fungicides

RESULTS
Heteroptera

Heteroptera were the most meaningful group among
the Arthropoda collected by beating from the apple
trees and by shaking from the herbaceous plants. Un-
ambiguous differences were established between the
indvidual numbers of Heteroptera species collected in
the conventional and in IPM plots. The number of the
species and the specimens were higher in the IPM plots
(Tab. IV). The specimens of pear tingid, Stephanitis
pyri (Fabricius) appeared in low number in 1992. Its
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density increased in the following year and it became
a significant pest in the third year after the cessation of
broad-spectrum insecticides in the IPM plots (Tab. V).
High numbers of Heteroptera specimens were collected
both from the apple trees and from the herbaceous
plants.

The most frequent Heteroptera species collected
from herbaceous plants were Nysius senecionis (Schil-
ling), Lygus rugulipennis Popius and Eurydema or-
natum (Linnaeus). Individuals of Heteroptera species
occurring in masses on flowering plants were found in
far less numbers on the apple trees, and none of them
was a pest. For the predacious species Calendula offi-
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II1. Pesticides used in the experimental orchard (Kecskemét-Szarkas, Hungary, 1994)

Date OC;';‘:‘:;“OM] apple Dosis (%) IPM apple orchard Dosis (%)
17.03. Novenda 1.5 Nevikén 4.25
30.03. Rézoxiklorid 50 0.5 Rézoxiklorid 50 0.5
Dithane M-45 0.3 Buvicid K 0.3
07.04. Bayleton 25 WP 0.03 Bayleton 25 WP 0.03
Pirimor 0.1
T, Dithane M-45 0.3 Buvicid K 0.3
Bayleton 25 WP 0.03 Bayleton 25 WP 0.03
28.04. Rubigan 12 EC 0.06 Rubigan 12 EC 0.08
Dithane DG 0.25 Buvicid K 0.3
04.05. Kén 80 WP 0.3 Bayleton 25 WP 0.03
Dimecron 50 EC 0.07 Dimilin 25 WP 0.05
55, Dithane DG 0.25 Buvicid K 03
Kén 80 WP 0.3 Bayleton 25 WP 0.03
Dithane DG 0.3 Buvicid K 0.3
18.05. Kén 80 WP 0.3 Bayleton 25 WP 0.03
Danatox 50 EC 0.18 Insegar 0.07
0106, Buvicid K 03 Buvicid K 0.3
Bayleton 25 WP 0.03 Bayleton 25 WP 0.03
Buvicid K 0.3 Buvicid K 0.3
08.06. Bayleton 25 WP 0.03 Bayleton 25 WP 0.03
Bi 58 EC 0.1
Dithane DG 0.2 Merpan 50 WP 0.3
18.06. Kén-Sera 03 Bayleton 25 WP 0.03
Pirimor 0.1
Buvicid F 0.25 Merpan 50 WP 0.3
01.07. Kén-Sera 03 Bayleton 25 WP 0.03
Dimilin 25 WP 0.05 Match 0.05
Rézoxiklorid 50 0.25 Rézoxiklorid 50 0.25
20.07. Bayleton 25 WP 0.03 Bayleton 25 WP 0.03
Kén-Sera 0.3
e Kén 800 FW T 03
Dimilin 25 WP 0.06 Match 0.05
Dithane DG 0.2 Merpan 50 WP 03
04.08. Kén-Sera 0.3 Dipel 0.13
Danatox 50 EC 0.2
27.08. Decis 2,5 EC 0.03 Dipel 0.13

insecticides, acaricides, fungicides

IV. The number of Heteroptera species and specimens collected
from apple trees in the conventional and IPM plots (Kecskemét-

V. Density of Stephanitis pyri adults and larvae (mean individual num-
ber of weekly sampling) — Kecskemét-Szarkas, Hungary, 1992-1994

Sy Mgy TN 1992 1993 1994 1994
Plot Numb?r of lndivil(Jlual Treatments April- April- April- August-
SPECIes nYbeL —October | —=October | —October | —October
Conventional 21 153 Conventional 0.1 2.1 6.8 6.1
Integrated 28 821 IPM 17.9 294 759.1 731.1
Integrated with flowers 33 996 [PM/flowers 6.3 167 500.7 488.0
SD5% 20.7
SD10% 11.6 417.0 N.S.
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VI. Changes in the densities of the aphid species (Kecskemét-Szarkds, Hungary, 1992-1994)

X 1992 1993 1994
Species conventional | IPM/flowers | IPM | conventional | IPM/flowers | IPM | conventional/flowers | IPM IPM
A. pomi 802 561 7422 6893 4 871 3986 2389 5741 5892
D. plantaginea 21 4 856 1 447 1 083 2741 1290 34 84 124
D. devecta 180 1 521 - 80 2 815 2 556 42 3854 | 4365
Total 1 003 6938 8 869 8 056 10 427 7 832 4265 9679 | 10381

VII. Number of males of the Quadraspidiotus perniciosus and the Encarsia perniciosi in pheromone traps (average number of insects/traps/in-

spections) — Kecskemét-Szarkas, Hungary, 1992-1994

Males Parasitoids
1992 1993 1994 average 1992 1993 1994 average
IPM (8 year) 10.8 9.25 16.9 12.3 3.1 1.8 12.8 9.2
IPM (3 year) 13.9 2.0 6.7 75 2.6 5.5 32 3.8
IPM/flowers (3 year) - 1.9 6.7 4.3 - 4.05 5.1 4.6
Conventional (8 year) 4.1 20 4.2 34 1.6 3.6 1.3 22
Conventional (3 year) - 1.5 55 35 - 295 3.4 28

cinalis, Erodium cicutarium, Onobrychis viciifolia and
Vicia villosa proved to be favourable microhabitats. No
predaceous Heteroptera species were found on Anet-
hum graveolens and Chenopodium album. Of the pre-
daceous Heteroptera species Orius niger frequently oc-
curred. The highest numbers were recorded in the
conventional plot associated with the population den-
sity of P. ulmi. When the number of tetranychid mites
decreased, the specimens of Orius niger disappeared
from the trees.

Homoptera
Aphids

At the beginning of the experiment four aphid spe-
cies, Aphis pomi (de Geer), Dysaphis plantaginea (Pas-
serini), D. devecta (Wallker) Rhopalosiphum insertum
Walker were present. Among them A. pomi was the do-
minant species. No significant difference was estab-
lished in its population density either in the conven-
tional and or in the IPM plots. The density of D.
plantaginea was low in the conventional plot and si-
multaneously high in the IPM plot. The density of D.
devecta was somewhat lower than the population level
of D. plantaginea.

In the second year A. pomi became the dominant
species in both plots. The density of D. plantaginea
was somewhat higher in the IPM plot. Significant dif-
ference has been found between the abundance of D.
devecta and D. plantaginea. The population level of D.
plantaginea increased in the conventional and de-
creased in the IPM plots. The population of D. devecta
increased and expanded in the IPM plot. At the same
time its number was negligible in the conventional plot.
D. plantaginea occurred seldom and in low density.
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In the third year the tendency of their population
dynamics became rather unambiguous. A. pomi re-
mained the dominant species. Its colonies were present
on the growing shoots and occasionally also damaged
the fruits. D. plantaginea occurred seldom and in low
density both in the IPM and in the conventional plots.
The population density of D. devecta increased con-
tinuously in the IPM plots (Tab. VI). The number of
the above-mentioned aphid species in the IPM plot
showed some variation, however, the tendency of their
population was the same. Eriosoma lanigerum (Haus-
mann) was present in low density in both plots. No
increase in its population density was observed.

Scale insects

The males of Quadraspidiotus perniciosus and its
parasitoid E. perniciosi were captured by sex-phero-
mone traps both in the conventional and the IPM plots.
The number of Q. perniciosus males was higher in the
IPM plots. At the same time it was impossible to find
infestation on the trees and the percentage of the in-
fested fruit was very low. In the neighbouring orchard
where selective insecticides were applied for 8 years
the density of Q. perniciosus and E. perniciosi was
higher (Tab. VII).

Coleoptera

A total of 2 597 phytophagous and zoophagous
Coleoptera specimens were collected by beating from
the canopy of the apple trees. The frequently occurring
phytophagous species were: Anthonomus pomorum
(Linnaeus), Peritelus familiaris Boheman, Anomala vi-
tis Fabricius and Scolytus rugulosus Ratzeberg. The
abundace of the phytophagous species was about 2.5
times higher in the IPM than in the conventional plots.
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VIIL. Changes in the abundance of Carabidae species in the apple orchard and in the edge of the plantation (Kecskemét-Szarkas, Hungary,

1992-1993)

Speciis 1992 1993

conventional IPM EDGE conventional IPM EDGE
H. flavescens 16 84 1 108 343 13
H. froelichi 43 191 7 158 284 14
C. ambiguus 12 46 32 113 245 199
C. erratus 1 1 61 21 9 155
Other Carabidae species 37 91 40 142 240 178
Total 109 413 141 542 1121 559

Anthonomus pomorum (Linnaeus) appeared in the sec-
ond year after the regular use of selective insecticides
in the IPM plot. Its abundance increased mostly in the
IPM plots where it reached the economic threshold.
The number of the other species was very low and their
abundance did not change significantly.

Among the zoophagous species Stethorus punctil-
lum Weise was dominant and occurred both in the con-
ventional and in the IPM plots. Its population density
in the first year was the highest in the IPM plot. Its
numbers decreased in the second year and was present
only in a few number in the third year, connected with
the abundance of P. ulmi.

By the pitfall-traps zoophagous Coloeptera species,
mainly Carabidae were caught in the orchard and at
the edges of the plantation. The dominant species were:
Harpalus flavescens (Piller et Mitterpacher), H.
froelichi Sturm, Calathus ambiguus Payk, C. erratus
C. R. Saklb. Quite similar Carabidae population com-
munities developed in the conventional and the IPM
plots. The abundance of the species as well as the spe-
cies richness were higher in the IPM than in the con-
ventional plot. In the latter the abundance of carabid
beetles was reduced occasionally by the effect of the
applied broad-spectrum insecticides (Tab. VIII).

The population community found at the edge of the
plantation reflected lower abundance and higher spe-
cies number. It was significantly different from the
population communities occurring in the IPM and the
conventional plots.

Lepidoptera

The occurrence of the Microlepidoptera species
Leucoptera malifoliella, Phyllonorycter blancardella,
Ph. corylifoliella, Cydia pomonella, Adoxophyes
orana, Archips rosana, Pandemis heparana, as well as
Synanthedon myopaeformis were observed by sex-
-pheromone traps and by examining the infested leaves.
Owing to the regular use of selective insecticides in the
IPM plots as well as the application of broad-spectrum
and from time to time of selective insecticides in the
conventional plot significant chages have been ob-
served in the population structure of the leaf miner, leaf
roller species and of their parasitoids. Cydia pomonella

was present in high density until harvesting being more
numerous in 1994.

In the first year of the experiment, in 1992 mass
swarming of leaf miner species (Ph. blancardella, Ph.
corylifoliella) was indicated by the pheromone traps,
and at the same time the larvae of summer fruit tortricid
(A. orana) were observed as dominant species on the
leaves. In the IPM plots the infestation of leaf rollers,
while in the conventional plot that of leaf miners, pre-
vailed. Therefore, chemical control was based on the
use of fenoxycarb (Insegar) in spring. Against codling
moth (C. pomonella) it was necessary to apply di-
flubenzuron (Dimilin) in summer. In the succeeding
year (1993) the population density of leaf miners, Ph.
blancardella and Ph. corylifoliella increased owing to
the dry and warm weather conditions. They became
dominant pests in the conventional plot, while the
parasitoids were able to keep their population level
under the economic threshold in the IPM plots. The
abundance of the leaf roller species decreased, and the
population level of codling moth (C. pomonella) re-
mained constant.

In the third year (1994), owing to the effect of IPM
technology the population level of the leaf miners be-
came low. The infestation of leaf rollers and leaf min-
ers was much higher in the conventional plot than in
the IPM ones. The density of codling moth was high in
this year again. In compliance with this circumstance
diflubenzuron (Dimilin), fenoxycarb (Insegar), luferon

‘(Match) and Bacillus thuringiensis (Dipel) were ap-

plied in the IPM plots. The changes in the abundance
of leaf miner as well as of leaf roller species are sum-
marized in the Tabs. IX and X.

Among the parasitoids reared from the larvae of leaf
miner species are important: Holcothorax testaceipes
Ratz., Sympiesis sericeicornis (Nees), S. gordius
(Wallk.), Tetrastichus ecus (Walk.), Pnigalio pectini-
cornis (L.), Chrysocharis pentheus Walk., Ch. or-
chestris Ratz, Neochrysocharis chlorogaster (Erd.)
Chalcidoidea, Pholetesor bicolor (Nees), Ph. circum-
scriptus (Nees) Braconidae. The frequent parasitoid
species reared from the larvae of leaf roller species
were: Colpoclypeus florus Walk., Dibrachus cavus
Walk. Chalcidoidea, Macrocentrus linearis (Nees), M.
pallipes (Nees) Braconidae.
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IX. Percentage of apple leaves infested by leaf miner species (Kec-
skemét-Szarkds, Hungary, 1992-1994)

X. Percentage of apple leaves infested by leaf roller species (Kec-
skemét-Szarkds, Hungary, 1992-1994)

Species Treatment 1992 | 1993 | 1994 Species Treatment 1992 | 1993 | 1994
IPM 0.20 1.1 0.06 IPM 370 | 0.03 | 0.04
Ph. blancardella IPM/flowers 0.18 1.8 | 0.05 Adoxophyes orana | 1PM/flowers 375 | 0.03 | 0.08
conventional 0.86 26 | 020 conventional 1.70 | 0.0 0.04
IPM 1.05 57 | 0.69 IPM 0.80 | 0.00 | 0.19
Ph. corylifoliella IPM/flowers 1.03 6.2 | 095 Archips rosana IPM/flowers 0.55 | 0.02 | 0.42
conventional 5.80 104 | 393 conventional 0.90 | 0.80 1.16
IPM 0.95 0.7 | 051 IPM 0.10 0.03 | 0.92
L. malifoliellu IPM/flowers 1.29 0.9 | 050 Pandemis heparana | [PM/flowers 0.00 | 0.15 | 0.90
conventional 0.84 22 1.92 conventional 0.00 | 0.00 | 0.90
IPM 2.20 75 | 1.26 IPM 4.60 | 0.06 | L.15
Leaf miners in total | [PM/flowers | 2.50 | 8.9 | 1.50 Leaf rollers in total | [PM/flowers 430 | 020 | 1.40
conventional 750 | 152 | 6.15 conventional 260 | 0.80 | 2.10

The majority of these species are able parasitize two
or three leaf miner or leaf roller species.

High population density of S. myopaeformis has
been observed in the orchard (Fig. 1). In one experi-
mental plot having received four years integrated plant
protection measures it was observed that both the num-
ber and distribution of S. myopaeformis adults collected
by sex-pheromone traps, differed significantly from the
one of a neighbouring plot that received conventional
plant protection, although their previous record was
identical. Similarly to the conventional one swarming
lasted longer than in the IPM plot and the number of

80

60

number/traps
P
o

trapped adults was significantly higher. It was assumed
that the differences can be attributed to some environ-
mentally friendly preparation applied in the IPM plot.

Arachnoidea
Acari

Three species of tetranychid mites, P. ulmi, Tetrany-
chus urticae, T. viennensis occurred in the experimental
orchard. Among them P. ulmi was the dominant spe-

1. Changes in the popula-
tion density of Synanthe-
don myopaeformis, Kec-
skemét-Szarkas (Hungary)
1992

g 2

conventional
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XI. Changes in the population densities of phytophagous and zoophagous mite species (Kecskemét-Szarkis, Hungary, 1992-1994)

Year Plot P. ulmi T. urticae T. viennensis | Phytoseiidae Z. mali Tydeidue
1992 conventional 6 944 34 0 0 123 0
B IPM 1 020 110 6 1 1 442 0
{993 conventional 82 92 0 10 3444 3
) IPM 0 42 0 940 4276 6
conventional 37 81 1 2 1187 2
1994
IPM 1 58 108 413 282 111

cies. Its population density was high at the beginning
of the experiment. Predacious mites did not occur at
this time in the plantation. Among them Zerzellia mali
(Ewing), a stigmaeid mite, appeared at first in the IPM
plot in June and in low numbers at the end of the
summer in the conventional plot.

In the second year of the experiment the population
density of Z. mali increased both in the conventional
and the IPM plots. It has become an effective regulat-
ing factor of the phytophagous mites. The population
reached its peak in the IPM plot in this year. The speci-
mens of the phytoseiid mites immigrated into both plots,
but in the conventional plots they were present only oc-
casionally and, in a few number. The population level of
the tetranychid mites decreased in both plots.

In the third year in the conventional plot the abun-
dance of Z. mali was low at the beginning of the vege-
tation period, but it increased at the end of summer.
Phytoseiid mites occurred seldom and in low number.
At the same time the population density of P. ulmi
decreased and 7. urticae and T. viennensis were present
in a low number. In the IPM plot the population density
of the phytoseiid mites increased and at the same time
the individual number of Z. mali went down. Tydeid
mites appeared and they were present in a relatively
high number (Tab. XI).

Araneae

During all sampling sessions in 1994 a total of 667
spiders were collected by beating the canopy and by
shaking herbaceous plants (Tab. XII). The most numer-
ous families were Thomisidae (53%) and Oxyopidae
(23%). Oxyopes heterophthalamus (Latreille) was the
most dominant spider species of the canopy level
(39%), and the second dominant species on the herba-
ceous plants. Crab spiders, on the other hand, were only
dominant in the herbaceous layer, while Salticidae oc-
curred predominantly in the canopy. .

Cluster analysis revealed that the spider family com-
position was highly similar in canopies of the various
of IPM plots. On the other hand the canopy fauna of
the conventional plot was somewhat different from
these, while the family composition of the herbaceous
plants was markedly different from that of the canopy
level in any of the plots. Oxyopidae represented a com-
mon element in both levels. Spiders of the herbaceous
plants were of different compositions, and there is little

evidence that by adding further plant species to the
herbaceous layer would increase the number of spiders
on the trees. Among the ground dwelling spiders, col-
lected by pittfal-traps, wolf-spider (Lycosidae) repre-
sented some 70% of the material (Tab. XIII).

Most of the species in the Clubionidae tamily were
collected by wrapped paper belt on the trunk of trees.
Among them the dominant species was Clubionia pal-
lidula.

Fruit evaluation

Upon fruit evaluation it was found that the damage
caused by codling moth was 0.1-5.0% in the IPM and
0.9-15.1% in the conventional, that caused by leaf roll-
ers 3.9-6.8% in the IPM and 3.5-16.6% in the conven-
tional plots (Tab. XIV). Only a few individuals of San
Jose scale were present (0.3-1.0%). No significant dif-
ference was established between the percentages of the
damaged fruits in the IPM and the conventional plots.

DISCUSSION AND CONCLUSIONS

According to the results of the ecosystem research
in the Hungarian apple orchard carried out for 15 years
(Mészaros et al.,, 1984) the phytophagous and zoo-
phagous arthropod species immigrate continuously into
the different type of the orchards. Their survival and
population dynamics as well as the interactions of their
populations are strongly influenced by the anthropo-
genic effect in the ecosystem of these agrobiotopes.
This process was observed in our experimental orchard,
too.

Owing to the regular monitoring of the plots in the
experimental orchard the type of the insecticides appli-
cable as well as the point of time of spraying were well
established both for the IPM and the conventional
plots. In compliance with these circumstances the con-
ditions of the survival of beneficial insects were more
advantageous than in the former so called conventional
orchards.

Phytophagous Heteroptera species found on the her-
baceous plants are harmless for the apple trees, at the
same time the predacious Heteroptera individuals are
able to survive on the flowering plants and they can
occasionally prey on the pests living on the apple trees.
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XII. List of spider species collected from apple trees and herb plants (Kecskemét-Szarkds, Hungary, 1994)
Family Taxon No. caught
Araneus sp. 2
Araneidae Araniella opistographa (Kulczynski) l
Argiope lobata (Pallas) 5
Cliblinldis Cheiracanthium effosum Herman |
Clubiona sp. |
Linyhiinae Meioneta rurestris (C.L. Koch) 4
Erigoninae Silometopus reussi (Thorell) 1
Gnaphosidae Zelotes sp. 1
Oxyopidue Oxyopes heterophthalamus (Latreille) 20
Philodromus aureolus (Clerck) 1
Philodromidae Philodromus cespitum (Walckenaer) 3
Tibellus oblongus (Walckenaer)
Carrhotus xanthogramma (Latreille) |
Eris falcata (Clerck) 56
Salticidae Pseudicus encarpatus (Walckenaer) 2
Salticidae x1 sp.n.? 1
Salticus quagga Miller 1
Salticus scenicus (Clerck) 2
Enoplognatha sp. 4
Steatoda albomaculata (de Geer) 1
Theridiidae Theridion impressum L. Koch 10
Theridion pinastri C.L. Koch 6
Theridion varians Hahn
Misumena vatia (Clerck) 4
Thomisidae Thomisus onostus Walckenaer 43
Xysticus kochi Thorell 1

Pear tingid (Stephanitis pyri) frequently occurred in the
orchards before the regular use of broad-spectrum in-
secticides (Balazs, 1966). Owing to the disuse of
broad-spectrum insecticides it appeared again and its
population density increased rapidly in the IPM plots.

XIII. Number of spiders caught by pitfall-traps (Kecskemét-Szarkas,
Hungary, 1992-1994)

Conventional IPM EDGE
1992 25 25 114
1993 27 23 75
1994 43 81 149

This process is in connection with the dry and warm
weather conditions of the past 2-3 years.

After the cessation of the use of broad-spectrum in-
secticides among the aphid species D. devecta and
A. pomi became significant pests in the IPM plots. Ow-
ing to the regular use of phosphorous insecticides the
aphid populations practically did not occur in the com-
mercial orchards. Among the aphid species recorded
from the Hungarian orchards (Szalay-Marzsé,
1969; Szalay-Marzsé and Andrasfalvy,
1970) Aphis pomi, Dysaphis devecta, D. plantaginea
and Ropalosiphum insertum appeared in the experi-
mental orchard, especially in the IPM plots. The grow-
ing shoots provide suitable conditions for the survival

XIV. Evaluation of the fruit at harvesting (Idared cv., Kecskemét-Szarkis, Hungary, 1992-1994)

1962 1993 1994
Pests IPM | IPM/flowers | conventional IPM | IPM/flowers |conventional | IPM | IPM/flowers |conventional
infestation (%)
Codling moth 0.1 1.0 0.9 2.0 1.8 5.5 35 5.0 15.1
Leaf rollers 5.4 39 35 5.0 6.8 9.5 10.5 11.9 16.1
San Jose scale 0.0 0.0 0.6 1.0 0.5 0.3 0.0 0.0 0.0
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and continuous propagation of A. pomi until the end of
summer. Therefore, the density of A. pomi individuals
immigrating into the orchard in the summer period in-
creases. From among the Dysaphis species, the density
of D. devecta population increased in the IPM plots.
The population of this species occurred formerly fre-
quently in the apple orchard (Szalay-Marzsé,
1969). Since the activity of aphidophagous predators
was weak in spring it was necessary to use insecticides
to prohibit the increase of the density of A. pomi and
D. devecta. Aphelinus mali could survive even in the
orchards regularly sprayed with broad-spectrum insec-
ticides living in the underground colonies of E. lanig-
erum on the roots and root collars of the sucker of
root-stock M 4, in the Hungarian orchard (Jenser,
1983). After the cessation of the use of broad-spectrum
insecticides it is to be expected that the populations of
A. mali are able to regulate the populations of E. lani-
gerum.

Quadraspidiotus perniciosus is one of the most im-
portant scale insect pests of apple all over the world
(Kosztarab and Kozar, 1988). In the orchards
regularly treated with broad-spectrum insecticides the
density of this pest is usually very low (Kozar and
Viktorin, 1978), while with less intensive chemical
control its density rapidly increased, as it was observed
in recent years in Hungary (V6r6s and Fiizi, 1994).
Therefore, it would be necessary to introduce selective
insecticides suitable for controling of Q. perniciosus in
the IPM program.

The codling moth (C. pomonella) was recorded as a
significant, common pest of apple for a long time past
from the Hungarian orchards (Jablonowski,
1912). Its damage became unimportant in the orchards
regularly treated with broad-spectrum insecticides.
However, its individuals immigrated permamently into
the orchards from the surroundings, and therefore it
was required to apply insecticides continuously against
it Jenser, 1984). On the occasion of the permament
use of selective insecticides it is necessary to consider
it as a potential pest. Its specimens were caught by the
sexpheromone traps and its damage increased also in
the our experimental orchard. Owing to long, dry and
hot summers its population density was relatively high
close before harvesting time, too. Therefore, it was nec-
essary to apply Bacillus thuringiensis insecticide
against it.

Numerous leaf roller species were recorded as pests
from the Hungarian apple orchards. Some of them
reached the economic threshold in the orchards treated
with broad-spectrum insecticides, too (Reichart,
1972). Populations of Adoxophyes orana, Archips
rosana and Pandemis heparana were observed in our
experimental orchard. Their density changed depending
on the insecticides used in the plots, on the effective-
ness of their parasitoids and on climatic factors
(Balazs, 1991, 1992a). According to the our investi-
gations the larvae of the leaf rollers were parasitized in
10-20%, only seldom in 27-30% (Jenser et al.,

1992), therefore, it is required to use some insecticides
against them from time to time in the IPM orchards,
t00.

Among the leaf miner species only Leucoptera mali-
foliella and Lyonetia clerkella (Linnacus) were re-
ported from the apple orchards (Jablonowski,
1912), but their serious damage was not observed for
long a time. A high population density of Phyllono-
rycter blancardella, Ph. corylifoliella and Leucoptera
malifoliella were recorded in the 1970s and the 1980s
in the Hungarian apple orchards treated with broad-
-spectrum insecticides. They caused serious damage
during these years, even while organophosphorous in-
secticides were used intesively (Balazs, 1983, 1989,
1991, 1992b). The application of diflubenzuron
(Dimilin) brought about suitable results, since it has an
effect against their eggs and larvae and at the same time
this insecticides save the Microhymenoptera parasi-
toids. The larvae of leaf miners were parasitized in
30-40%, occasionally in 80% (Jenser et al.,, 1992).
In the IPM plots of the experimental orchard the parasi-
toids were able to regulate the populations of leaf min-
ers after discontinuing the use of organophosphorous
insecticides. It was proved that the pest status of leaf
miners is exclusively the results of human intervention,
as characterized by the conventional treated orchards.

The mutual parasitoids of the larvae of Microlepi-
doptera species gain a real significance when different
pests replace each other within the same orchard. The
changes in the pest population structure are less fre-
quent under natural circumstances, but occur quite
often in agrobiotopes. If, as a result of a selective pes-
ticide, one given pest is effectively suppressed, its
place might be taken by another(s). The possibilities of
parasitoid replacement are: leaf roller to leaf roller; leaf
miner to leaf miner; leaf roller to leaf miner; leaf miner
to leaf roller (Balazs, 1997).

From the point of view of parasitoids the first two
possibilities are advantageous, because the species has
only to change over from one host to an other (e.g. in
case of leaf rollers Macrocentrus spp., in case of leaf
miners Pholetesor bicolor, Sympiesis spp., Pnigalio
spp. (Baldazs, 1983, 1989; Balazs et al., 1984).
This type of change resulted in 1992 in a high parasi-
tization of Adoxophyes orana never observed before. In
this case Macrocentrus linearis changed over from Ar-
chips rosana in the IPM orchard. The parasitoid de-
creased it in the 2nd generation to the economic thresh-
old and in the second year to a subdetection level
(Fig. 2).

When the change occurs between leaf roller and leaf
miner or leaf miner and leaf roller, the case is less
advantageous, because the parasitoid must first immi-
grate into the orchard and after that can they multiply.
It has been established that a 1-3% leaf infestation is
at least necessary for the parasitoids to survive. There
is an inverted ratio between leaf infection level and
parasitism. In the case of the IPM orchards the benefi-
cial effect of parasitoids against leaf miners becomes
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2. Adoxophyes orana parasitized by Braconidae species in the IPM orchard, Kecskemét-Szarkds (Hungary) 1993

very soon noticeable, within 1-3 years any control
measures become unnecessary (Baléds, 1992b).
Synanthedon myopaeformis has been regarded until
the 1960s in the whole of Europe as one of the secon-
dary pests of apple was trees weakened by other factors
(Reichart, 1958; Balds, 1966). It has become
a significant pest and this can be attributed to changes
in apple production technology (Chrestian and
Lavy, 1966). Intensive plantations were established,
rootstocks with low growing capacity were introduced
which resulted in the early death of young (3—4 years old)
trees under unfavourable environmental conditions.
Since the imagoes of S. myopaeformis swarm from
the end of June until the end of August Mikulés,
1973; Balazs etal., 1995; Khanh etal., 1995) and
its larvae live under the bark, despite of the frequent
application of broad-spectrum insecticides, its density
is high in the commercial orchards. The results with
Dimilin and especially with Match are significant, be-
cause S. myopaeformis fly in high numbers in July and
which coincide with the treatments against C. po-
monella, tortricids or leafminers. The evironmental safe
protection against S. myopaeformis can be incorporated
into the integrated control system of apple. By using
suitable forecasting methods the control measure can
be connected with treatments against the most impor-
tant lepidopterous pests of apple and in a given case
they do not even require a distinct treatment, only

a good choice of selective insecticides (Baladzs etal.,
1995).

The dominant phytophagous spider mite was
Panonychus ulmi in the experimental orchard and in the
commercial orchard. Owing to the effect of broad-spec-
trum insecticides and acaricides the population density
of the phytophagous tetranychid mites often remains
low for months. Owing to the low population density
of the phytophagous mites the food sources of preda-
tory mite are missing. This is one of the reasons for
which the predacious mites under certain conditions are
unable to survive in the commercial orchards, inde-
pendently from the use of pesticides.

Stethorus punctillum and Orius niger, known as ef-
fective predators of tetranychid mites (Berker, 1958),
appeared in the experimental orchard. Their population
level was higher in the conventional than in the IPM
plot, connected with the high population density of
P. ulmi. In compliance with the density of P. ulmi their
population level changed. When the population density
of tetranychid mites went down the specimens of
S. punctillum and O. niger disappeared from the orchard.
O. niger in the second year of the experiment was not
present in the orchard. The abundance of S. punctillum
decreased in the second year and only a few specimens
remained in the experimental orchard in the third year.

The opinion in the literature concerning the popula-
tion regulator effect of Zetzellia mali are dissimilar
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(Berker, 1958; Laing and Knop, 1983; San-
tos, 1976). According to the our former experiences
and the data of the present observations, after the ces-
sation of the use of broad-spectrum insecticides its
populations proved to be effective regulator factor of
tetranychid mites in the first and second years (Kom -
lowszky and Jenser, 1992). When the popula-
tions of Phytoseiidae species increase the density of

Z. mali decrease and it became one of the regulating

species of the phytophagous mites in the orchard.

The populations the Tydeidae species are significant
alternative food sources for the phytoseiid mites, which
can provide for the survival of their populations in the
orchards. The importance of the alternative prey to the
population dynamics of predaceous mite species was
emphasized by Karg (1972) and Santos (1976).

According to the data of our present experiment,
owing to the regular use of selective insecticides
a population community could develop which include
phytophagous and zoophagous species in low density
as well as the alternative food sources of the zoophagu-
ous species. In this community the population density
of tetranychid mites is low, their population dynamics
is well balanced, and the density of phytophagous spe-
cies does not increase to a high peak within a short
time.

Data about spiders in apple orchards are scattered
(Dondale etal. 1979; Hukusima and Kongo,
1962; Legner and Oatman, 1964; Mansour et
al.,, 1982; Altieri and Schmidt, 1986), with only
a few studies from Central Europe (Naton, 1976;
Samu and L6 vei, 1995). The present study demon-
strated that apple orchards have a relatively diverse spi-
der fauna. However, no significant difference was
found among the abundances of spiders in the canopies
of the differently treated plots. The additional treatment
of sown flowering plants in the rows did not cause any
significant change in the canopy spider fauna either. On
the other hand, the partial overlap between the spider
fauna of the two vegetation strata of the orchard might
be seen as an encouraging sign.

Owing to the regular use of selective insecticides,
we conclude:

— the population density of some key pests e.g. leaf
miners (P. blancardella, P. corylifoliella) decreased
below the economic level,

— the density of some dangerous pests as codling moth
was kept at low population level,

— many predators and parasitoid species appeared in
the orchard and they were able to regulate the popu-
lation dynamics of some pests as those tetranychid
mites (P. ulmi, T. urticae), leaf miners (Ph. blancar-
della, Ph. corylifoliella) and leaf rollers (A. orana),

— the individual number of a few arthropod species
increased, which proved to be alternative food sour-
ces for several beneficial arthropds,

— arthropod species which were known formerly as
pests, appeared again in the orchard, e.g. Stephanitis
pyri and Anthonomus pomorum.
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THE MANAGEMENT OF PANONYCHUS ULMI
AND TETRANYCHUS URTICAE POPULATIONS
BY TYPHLODROMUS PYRI PREDATOR MITES
IN APPLE ORCHARDS"

REGULACE SVILUSKY OVOCNE (PANONYCHUS ULMI) A SVILUSKY
CHMELOVE (TETRANYCHUS URTICAE) V JABLONOVYCH SADECH
POMOCI DRAVEHO ROZTOCE TYPHLODROMUS PYRI

F. Kocourek, S. Tlusta

Research Institute for Crop Production, Praha, Czech Republic

ABSTRACT: The efficiency of regulation of abundance of red spider mite (Panonychus ulmi) and two-spotted spider mite
Tetranychus urticae, by the predatory mite Typhlodromus pyri was investigated in a production apple orchards in central
Bohemia. A population of T. pyri resistant to organophosphorus insecticides was introduced. Spider mite populations were
kept below the threshold of economic damage in the first year after introduction but the effect was greater in P. ulmi than T.
urticae. The spider mite populations were less abundant on cv. Spartan where initial abundance of 7. pyri was greater than
in cv. Golden Delicious where initial predatory mite density was lower. Introduction of 7. pyri enabled to decrease the number
of pesticide applications. It is recommended for integrated pest management in apple orchards.

biological control; integrated pest management; introduction of predator mites; monitoring of pest; regulation of populations

ABSTRAKT: V komer¢nim jablofiovém sadu ve stfednich Cechach byla sledovdna ucinnost regulace svilusky ovocné
(Panonychus ulmi) a svilusky chmelové (Tetranychus urticae) po introdukci dravého roztoce Typhlodromus pyri. Introduko-
vana populace T. pyri, rezistentni k fadé organofosfati a dasich pesticidu, zajistila sniZeni populace svilusek pod ekonomicky
préh 3kodlivosti jiz v prvnim roce po introdukci. Regulace populace P. ulmi byla v prvnim roce u€inné&jsi nez T. urticae. Na
odradé Spartan, kde byla vy33i inicidlni popula¢ni hustota sviluSek neZ na odriidé Golden Delicious, byla regulace populace
sviluSek v prvnim roce pomalejdi. Introdukce T. pyri umoZiiuje vyloudit pouZivédni akaricidd v sadech a je zédkladem pro
zavedeni systému integrované ochrany. )

biologicka ochrana; systém integrované ochrany; introdukce dravych rozto¢l; monitoring $kuidei; regulace populaci

INTRODUCTION cal control of spider mites represents a major prerequi-
site for the introduction of integrated pest management

in fruit orchards.

Red spider mite (Panonychus ulmi) and two-spotted
spider mite (Tetranychus urticae) have become a great
problem in apple orchards with intensive production.
‘Their increased presence is closely associated with in-
tensive pesticide applications. Wide-spectrum insecti-
cides, and above all pyrethroids, destroy to a consider-
able extent populations of natural enemies of spider
mites. Spider mites can acquire high resistance to pes-
ticide preparations following their repeated applica-
tions. Overpropagation of spider mites in apple or-
chards is dependent on the degree of their resistance to
acaricides and on the intensity of the reduction of the
populations of their natural enemies. Efficient biologi-

At present, Typhlodromus pyri is widely used as
a natural predator to control phytophagous mites. This
predatory mite is commonly present in natural ecosys-
tems and in orchards without intensive insecticide ap-
plications. In the Czech Republic, the introduction of
T. pyri has been conducted on commercial basis for
several years. Predatory mites are more efficient in spi-
der mite control than insect predators. The develop-
ment of 7. pyri is synchronized with red spider mite
development. 7. pyri occurrence pattern is more even,
T. pyri is characterized by a relatively long life span
and, if necessary, it is able to switch to an alternative
food source (van de Vrie, 1973).

*  Partially supported by the US Department of Agriculture (Grant No. 58-319R-3-021).
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Studies conducted in New Zealand (Wearing et
al., 1978), the Netherlan8s (Gruys, 1982), and Great
Britain (Easterbook et al.,, 1985) showed that T.
pyri could reliably control P. ulmi and T. urticae popu-
lations at experimental localities. Efficient control of
spider mite population densities was also confirmed in
laboratory experiments and field trials (Nyrop,
1988). T. pyri introduction has also been realized with
good results for other cultured plants. T. pyri, as a bio-
logical pest control agent, also proved succesful in
vineyards (Hluchy, 1992), where its ability to sur-
vive the vineyard chemical treatment regime was util-
ized.

The aim of our study was to investigate the use of
T. pyri planted as a biological pest control agent in
a commercial apple orchard. Population dynamics of
P. ulmi and T. urticae spider mites, and of T. pyri
predator mite were monitored and compared at orchard
plots with intensive wide-spectrum pesticide applica-
tions and at plots with selective pesticide applications
after 7. pyri introduction.

MATERIAL AND METHODS

T. pyri efficiency in spider mite control was inves-
tigated in apple orchards at locality Blahotice (central
part of Bohemia) in 1990, 1991, and 1992 on Golden
Delicious and Spartan apple trees. 7. pyri was intro-
duced into a part of the orchard (10 hectares), as a bio-
logical pest control agent against spider mites, from the
farm ZD ChelCice, in autumn 1989 (further referred to
as ,,the biological control variant®). The process of bio-
logical control was regulated and monitored by a serv-
ice advisory system described by Pultar et al.
(1992).

Marked trees on which spider mite monitoring and
predatory mite monitoring was conducted were situated
in the central part of the apple orchard. T. pyri was not
introduced to the other parts of the apple orchard at
which chemical preparations continued to be applied as
previously (here referred to as ,the chemical control
variant®). A selected population of 7. pyri resistent to
several insecticides was introduced. A twig with ap-
proximately 20 T. pyri was put on each tree. Marked
apple trees on which spider mite monitoring and preda-
tory mite monitoring was conducted were situated in
the central part of orchard blocks with chemical con-
trol, at a distance of approximately 3 km from the bio-
logical control variant.

In 1990 and 1991, 10 leaves were collected from 10
marked trees (100 leaves in total) in regular (4-week)
intervals from each variant and from each apple vari-
ety. The sampling dates were as follows in 1990: May
29, June 25, July 25, August 27; and in 1991: May 23,
June 23, July 25, August 28. When preparing diagrams,
the following transformation was applied: y = log (n + 1).
For the two spider mite species, the numbers of mobile
stages and of eggs per leaf were counted, while only

the numbers of individuals per leaf were counted with
T. pyri. Winter counting checks of overwintering pests
were conducted in 1990, 1991, 1992, and 1993. The
occurrence rates of overwintering stages of leaf aphids,
of P. ulmi, of winter moth, of apple psylla, and of
larvae leafrollers moth were determined. Besides that,
two 0.20 m long 2- to 3-year-old twigs with blossom
buds were cut from 10 apple trees of each variety and
from both variants. The counts of overwintering stages of
various pests thus established at all twigs and shoots were
then related to a standard twig length of 1 m.

Before starting the experiment, both variants were
sprayed each year by pyrethroids (2-3 times against
codling moth and other pests) and acaricides (2-3 times
against spider mites). After starting the experiment
only phozalone was applied in biological control vari-
ant, against codling moth. In the chemical control vari-
ant, pyrethroids were applied in 1990 (2 times), while
phozalone and acaricides were applied in 1991-1993
(1-2 times each year).

RESULTS

Following autumn introduction of 7. pyri, initial P.
ulmi population density was determined in winter sea-
son according to egg counts (Tab. I). The initial popu-
lation density reached approximately 1 000 eggs per
meter of shoots in average. In the first growing season
following 7. pyri introduction (1990), the maximum
average P. ulmi occurrence rate in the chemical control
variant was 6.1 mobile individuals and 21.2 eggs per leaf
on Spartan trees (Fig. 1), while 2.4 mobile individuals and
9.7 eggs per leaf on Golden Delicious trees (Fig. 3). With
T. urticae, the corresponding figures were 80.6 mobile
individuals and 79.0 eggs per leaf on Spartan trees,
and 8.3 mobile individuals and 21.0 eggs on Golden
Delicious trees. Thus 7. urticae population density
was on Spartan trees six times as high than P. ulmi
population, with the difference being three-fold on
Golden Delicious trees. Spartan trees showed a five-
fold red spider mite infestation rate when compared
with Golden Delicious trees.

1. Average number of eggs P. ulmi per 1 m twig (winter control),
Blahotice 1990-1993

Cultivar Date Chemical | Biological
control control
Spartan - -
Golden Delicious 26. 1. 1990 876 1 088
Spartan 22. 1. 1991 2 005 875
Golden Delicious 22. 1. 1991 938 43
Spartan 24. 1. 1992 811 0
Golden Delicious 24. 1. 1992 617 0.8
Spartan 17.:3; 1993 54 12
Golden Delicious 17. 3. 1993 73 27
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Marked reductions in population densities of both
spider mites species were recorded in the orchard into
which T. pyri was introduced, already during the first
year. On Spartan trees (Fig. 2), maximum mean P. ulmi
population density reached 0.35 mobile individual and
1.76 egg per leaf, while maximum mean 7. urticae
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population density reached 6.5 mobile individuals and
4.3 eggs per leaf. T. pyri population density reached 1
individual in August (population density peak).

On Golden Delicious trees, efficient control of both
spider mite species took place already in the first grow-
ing season following 7. pyri introduction (Fig. 4).
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Maximum mean P. ulmi population density reached
0.05 mobile individual and 0.14 egg, while maximum
mean 7. urticae population density reached 0.07 mobile
individual and 0.11 egg. T. pyri population density was
0.4 individual per leaf.

T. pyri efficiency in P. ulmi management was con-
firmed by winter season egg counts (Tab. I). Egg fre-
quency on Spartan trees decreased by 20 per cent when
compared with the preceding year, and by 96 percent
on Golden Delicious trees. In contrast to this, egg fre-
quency on Spartan trees in the chemical control variant
doubled when compared with the preceding year, and
remained at approximately the same level at Golden
Delicious trees.

During the first growing season after 7. pyri intro-
duction, P. ulmi population on Spartan trees was suffi-
ciently controlled, while 7. urticae population was still
regulated to an insufficient level. But no economic
damage occurred, no bronzing symptoms developed.
No acaricide preparations had to be applied to control
red spider mites. By contrast, on Golden Delicious
trees, the populations of the two spider mites species
were efficiently controlled already in the first growing
season after 7. pyri introduction.

The occurrence rates in the chemical control variant
somewhat decreased in 1991 when compared with 1990
(Figs. 1 and 3), presumably owing to weather condi-
tions which were less favourable for spider mite devel-
opment. Maximum mean P. ulmi occurrence rates on
Spartan trees were 0.15 individual and 1.25 eggs per
leaf while 1.88 and 8.5, respectively, on Golden Deli-
cious trees. Maximum mean 7. urticae occurrence rates
on Spartan trees equalled 1.98 mobile individuals and
4.1 eggs per leaf, while 6.5 mobile individuals and 4.75
eggs on Golden Delicious trees. T. urticae occurrence
rates on Spartan trees were markedly reduced in 1991.
By contrast, 7. urticae occurrence rates on Golden De-
licious trees were reduced only to an insignificant ex-
tent in 1991. The mite population reduction was much
more profound on Spartan trees on which spider mites
reach higher population densities than on Golden Deli-
cious trees. In 1991, mean 7. pyri occurrence rate on
Spartan trees at the chemical control plot equalled 0.04
individual per leaf, while 0.13 individual on Golden
Delicious trees. This increase could be caused either by
revitalization of the autochthonous population of
T. pyri following exclusion of pyrethroid applications
from chemical control in 1991, or by immigration of
T. pyri from surrounding orchards where this species
was newly introduced.

In the orchard into which T. pyri was introduced,
efficient control of the two spider mite species was
recorded on both Spartan and Golden Delicious trees.
On Spartan trees (Fig. 2), the maximum mean T. urti-
cae occurrence rates reached 0.11 mobile individual
and 0.33 egg per leaf, while no P. ulmi individuals or
eggs could be found. 7. pyri mean occurrence rate on
Spartan trees was 0.25 individual per leaf. On Golden
Delicious trees (Fig. 4), the maximum mean P. ulmi

occurrence rate was 0.05 egg per leaf, and no 7. urticae
individual or egg could be detected. T. pyri population
density was 0.20 individual per leaf.

Egg counts conducted in the winter season following
the second growing season after 7. pyri introduction
demonstrated complete P. ulmi control on trees of both
varieties (Tab. I). On the other hand, egg counts on
trees at the chemical control plot were similar to those
recorded in the year of T. pyri introduction (1990 win-
ter season egg counts). Winter season egg counts re-
corded after the third growing season showed mild in-
creases in P. ulmi egg counts. The profound reduction
in spider mite population densities in the third growing
season after 7. pyri introduction also resulted in a re-
duction in T. pyri population density. Spider mite indi-
vidual and 7. pyri individual frequencies were as low
in the first half of that year (the 3rd year after 7. pyri
introduction) that the data recorded could not be quan-
tified. Thus observations in the orchard were discontin-
ued. This shows that spider mite population density
reduction also leads to T. pyri population density re-
duction. However, high 7. pyri population density also
allows local P. ulmi population increases as evidenced
by winter season egg counts conducted by us.

DISCUSSION

The results confirmed a good efficiency of T. pyri
in regulating spider mite populations in apple orchards.
The populations of P. ulmi and T. urticae were appar-
ently kept below the threshold of economic damage
even in the first year after introduction. Kneifl and
Kriourkova (1991) found a significant reduction of
population density of 7. pyri, on cv. Starkrimson, in the
second year after introduction. The results indicate that
acaricide treatments may be decreased in the first or
second year after introduction.

In cv. Spartan, initial abundance of spider mites was
higher and its decrease slower than in cv. Golden De-
licious. In both cultivars, P. ulmi abundance decreased
more than abundance of 7. urticae. In the second year
when populations of P. ulmi were small, populations of
T. urticae were more affected. The preference of T. pyri
for T. urticae was already demonstrated by Nyrop
(1988) who showed in laboratory experiments that
T. pyri altered its searching behaviour in response to
chemical stimuli associated. with P. ulmi but did not
respond similarly to stimuli from 7. urticae. Also
Dicke (1988) observed that 7. pyri preferred kairo-
mones of P. ulmi but under starvation it accepted also
the latter prey species.

In Central Europe, 7. pyri is probably the best mite
biocontrol agent available for integrated pest manage-
ment programmes in orchards (Solomon, 1975).
This species is most abundant of the 23 phytoseiid spe-
cies found in the orchards ot the Czech Republic
(Hluchy etal., 1990). However, in the past 20 years
its populations in production orchards were highly de-
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creased. Abundant populations however survived at Seasonal dynamics of 7. pyri populations in com-
some localities where organophosphorus insecticides mercial apple orchards is well known (Zacharda,
were used. These populations became highly resistant  1989). Our results are in good concert with previous
to a wide spectrum of insecticides. Similar occurence  findings. Commercial introductions of T. pyri into or-
of resistant T. pyri populations was demonstrated also  chards and wineyards started in mid 1980 (Zachar-
by Hadam et al. (1986). da, 1988; Pultar et al, 1988) and may become an
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integral part of integrated pest management pro-
grammes in apple orchards.

But it can be concluded that spider mite control by
T. pyri makes it possible, in a long term prospect, to
maintain spider mite population densities below the
economic threshold without any acaricide applications.
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