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The development of integrated control programmes that
are based on the compatible use of biological and chemical
methods has gained increasing attention by research scien-
tists in many parts of the world. Studying the side effects of
pesticides on natural enemies is particularly important when
beneficial organisms are used as biological control agents.

The present contribution discusses the development and im-
plementation of bioclogical and integrated control in Germany
F.R. and other European countries as well as work on testing
the side effects of pesticides on beneficial organisms carried
out by the International Organization for Biological Control.

Development of biological control programmes

A successful biological control programme requires the
cooperation between research institutions, natural enemies
producers, extcnstion service and growers. The production of
beneficial organisms has to be based on scientific knowlege,
require adequate funding and facilities. Proper housing and
adequate equipments are needed for establishing of a success-
ful mass rearing.

Ettective mass rearing systems to produce the necessary
quantities of the natural enemy species with defined qualities
for field releases should be developed. Production techniques
that insure the preservation of the genetic structure of the
population and that prevent any deterioration in the natural
attributes of the beneficial organism are required. Beside
monitoring efficacy in the field, laboratory methods to detect
any changes in the characteristics of the parasite in the rearing
should be made available. Suttable location for the rearing
near the area where the natural enemies is to be used and close
to principal roads, public transportation, or an airport should
be chosen. This will speed transportation of insects and en-
large the area of use. To increase effectiveness, natural ene-
mies should be applied at a low pest population, at the begin-
ning of the occurrence of the pest in the field. Adeguate
monitoring systems are therefore needed. Cool storage and
transportation of parasites and predators should be carefully
studied. Economic thresholds should be used and chemical
treatments should be limited to a minimum. The advantages
of using natural enemies in pest management, compared to
chemical pesticides include: (1) No toxic residues on plants
and soil, {2) application without complicated equipments, {3)
pests do not acquire resistance, (4} effective if appropriately
developed and used, (5) harmless to natural enemies of pests,

(6} can be produced locally in non chemical producing coun-

tries.

Interest 1in the use of parasites and predators to control
agricultural pests has rapidly increased world wide in the last
few years. Research in this field has intensified and the num-
ber of producers has increased rapidly. Whereas nc commer-
cial producers for natural enemies were available in Germany
F.R. before 1980, 11 were established since then and are
operatmg successfully at the present time. In 1991, Trichog-
ramma evanescens has been used to control the European
corn borer Ostrinia nubilalis on an area of about 4400 ha,
Trichogramma dendrolimi to control the Codling moth Adox-
ophyes orana, the summer fruit tortrix moth Adoxophyes
orana on an area of ca. 15 ha. The use of natural enemies to
control pests in “e greenhouse has increased from 10 ha in

1980 to 200 ha in 1990.
The use of beneficial arthropods in the greenhouse

The most important pests that occur on greenhouse crops in
Europe are: Spider mite Tetranychus urticae, Glasshouse
whitefly Trialeurodes vaporariorum, cotton whitefly Bemisia
tabaci, Aphids (several species), Western flower thrips Frank-
liniella occidentalis, Onion thnips Thrips tabaci, Leatminers
Liriomyza spp., caterpillars (several species), Mealybugs
(Pseudococcidae) and fungus diseases. Natural enemies and/
or selective pesticides to control most of these pests are avail-
able and should be used in integrated control programmes.

Today, natural enemies are being regularly used in more
than 23 countries to control pests in the greenhouse. The area
treated with the different beneficial organisms in 1988 were
estimated to be: 5750.6 for Phytoseiulus persimilis (5398.2
cucumber, 213.4 tomato, 52.6 sweet pepper, 86.4
ornamentals}, 3303.9 for Encarsia formosa (2301.7 tomato,
929.8 cucumber, 25.3 sweet pepper, 47.1 ornamentals), 268.4



for Amblyseius spp. (132.8 cucumber, 135.6 sweet pepper),
110 for Aphidoletes aphidimyza (103.2 vegetables, 7
ornamentals), 35 for Aphidius marricaria (vegetables) and
490.2 for leafminer parasites on tomato (17). Relevant n-
formation from Germapy F.R. were published (2) and on the
use of resistant P. persimilis (16).

Integrated control programmes that combine natural ene-
mies and the use of pesticides were developed in many coun-
tries, the following is an example: On tomato, the whitefhies
T. vaporariorum and B. tabaci are controlled by releasing E.
formosa (mostly 2 treatments), leafminerswith Dacnusa sibir-
ica or Diglvphus isaea, spider mites 7. urticae with P. persimi-
lis, aphids with the insecticide pirimicarb, lepidopterae pests
with Bacillus thuringiensis or with trichogramma spp.. The
fungus disecases mildew, Botrytis, Sclerotinia are controlled
by fungicides such as chlorthalonil, vinclozolin, benomyl,
carbendazim, bupirimat, iprodion, procymidon, dichiof-
tuanid (the last is toxic to E. formosa).

The following IPM programme has been developed for
cucumber: The spider mite T. urticare is controlled by releas-
mg P. persimilis (1 or 2 treatments), whiteflies with E.
formosa (4 treatments), the two thrips species with
Amblyseius spp. (every 2 weeks) and Jor with dichlorvos or
pyrazophos treatments, lepidopterae pests with B. thuringien-
sis or with Trichogramma spp.,aphids with A. aphidimyza,
Aphidius matricaria, Chrysoperla carnea or with the fungicide
pirimicarb. The fungus diseases mildew, Mycosphaerelia,
Botrytis are controlled by fungicides such as vinclozolin, 1pro-
dion, dichlofluanid chlorthaionil, procymidon, bitertanol.,
fenarimol, bupirimat (dichlefluanid is toxic to E. formosa and
bupirimart is toxic to Amblyseius).

Selective pesticides

Selective pesticides that control pests without adversely
affecting its natural enemies can successfully be mntegrated
with biclogical control methods.

Chemicals that remain in toxic form as residues on the
foliage for only a short time after application can also be
considered usefu) in many cases. The Working Group «Pesti-
cides and Beneficial Organisms» of the Interantional Orga-
nization for Biological Control (IOBC), West Palaearctic
Regional Section (WPRS), was formed in 1974 and consisting
today of 67 members, has therefore steadily increased its
activities to: (1) Develop standard methods (laboratory, semi-
field and field) to test the side effects of pesticides on beneh-
cial organisms according to internationally approved princi-
ples; {2) Organize joint programmes to test the side effects of
pesticides on natural enemies of pests; (3) Establish a net of
testing taboratories for beneficial organisms in the IOBC
member countries to continuously use and update the
methods; {(4) Advice on the choice of selective pesticides for
use in integrated control programmes. Some of the activities
and collective experimental work conducted by members of
theWorking Group in the last few years has been summarized
in a multi-author publications: (1,9, 10, 17,12, 13, 14)involv-
ing 7. 14,22 21,20, 72, and 14 authors respectively. Informa-

tion on the effect of pesticides on greenhouse natural enemies
were published by Hassan & Qomen (4). Data gained by this
working group are already being use:d by extension servicesin
different European countries.

The use of internationally approved standard methods will
not only allow the exchange of results from one country to
another and make the collective presentation of results with
different beneficial organisms possible, but will also save the
cost of the repeated testing in different countries. Laboratory,
semi-field and field test methods are theretore being de-
veloped with standard characteristics. Guide-lines for tasting
the side effects of pesticides on 14 beneficial arthropods in the
laboratory, three tests in semi-field and two tests in the held
were completed, approved by the ad-hoc Review Communt-
tce of the working group and published (15). The publication
of about 20 more standard methods is in preparation.

Study by this Working Group showed that a large number
of fungicides, herbicides and insecticides are selective to im-
portant natural enemies of major pests. These should be
recommended for use in integrated control programmes.
Among the 102 preparations tested till now, the following
compounds were found to be harmless or to have relatively
low toxicity and/or limited persistence to nearly all the benefi-
cial organisms tested and are therefore recommended for use
in 1ntegrated control programmes:

(1) The insecticides/ acaricides Apollo SOSC (clofente-
zine), Azomate (benzoximate), Cesar S.L. (hexythiazox),
Dimilin (diflubenzuron), Dipel (Bacillus thuringiensis),
Kelthane (dicofol). Pirimor Granulat (pirimicarb), Shell Tor
que (fenbutation oxide). Spruzit-Nova-flissig (pyretbrmm
and piperonylbutoxide}, Tedion V 18 (tetradifon);

(2) The fungicides Raycor (bitertanol), Bayleton
{triadimefon), Daconil 500 {chlorothalonil), Delan fhissig
(dithianon), Derosal {(carbendazim), Dithane Ultra (man-
cozeb), Impact (flutriafol), Nimrod (bupirimate), Plondrel
{ditalimfos), Pomarsol forte (thiram), Ronilan (vinclozolin),
Rovral PM. Vitigran (copper-oxychlor);

(3) The herbicides Ally (metsulfuron-methyl), Betanal
(phenmedipham), Illoxan{diclofop-methyl}, Kerb 50 W
(propyzamid}. Luxan 2,4,-12 amine (2,4-4 aminesalt), Semer-
on (desmetryn);

(5) and the plant growth regulators Cycocel Extra (chlor.
mequat), Dirigol-M (alpha naphthyl-acetamid), Rhodotix
(naphthyl acetic acid).

Chrysoperla carnea to control aphids

Experiments has shown that C. carnea can be effectively
used to control Myzus persicae on several crops. An artificial
diet for rearing the larvae and adults has been developed
(Hassan and Hagen 1978) and 1s commercially used by one
company since 1990 to mass produce this predator Releases
on sweet pepper and eggplant has shown that when applied
at a predator/pray ratio of 1:5 a virtual total elimination &f
aphid population is achieved (5.6.9).



Trichogramma to control lepidopterous pests

The release of mass produced egg parasites of the genus
Trichogramma to control lepidopterous pests has gained in-
creasing attention in the fast few years. Over 18 million ha are
annually treated with 7Trichogramma species 1n 16 countries.
About 18 different species of this egg parasite are being used
to control pests on corn, sugar-cane, rice, soybean, cotton,
sugar-beet, vegetables and pine. A survey on the global use of
Trichogramma was recently summarized 1n «Irichogramma
News» (8).

It is generally known that most Trichogranuna species show

strong preference to certain host(s), crop(s) and climatic con-
ditions. Before field releases be undertaken a suitable
Trichogramma strain of known qualities should be chosen.
The effectiveness of Trichogramma n the field largely de-
pends on its searching behavior (habitat location, host loca-
tion), host preference (recognition, acceptance) and toler-
ance of environmental conditions. While searching behavior
ought to be tested in the presence of plants, in semi-field or
field experiments, host preference as well as host suitability
may successfully be tested in the laboratory. Efforts are being
made to select suibable Trichogramma strains and increase
the use of this parasite to control pests of greehouse crops.
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