
Application of commerical biological control is expensive

for the grower. An important incentive for the use of biolo-
gical control in glasshouses has been that the costs of natural

enemies have been lower than that of chemical pest control.

Ramakers (21) estimated costs (agent and labour) for che-

mical and biological pest control in 1.980. At that time che-

mical control of whitefly was twice as expensive as biological

control with the parasite E. formosa. Currently, chemical

control of. T. urticae is almost twice as expensive as biological

control with predatory mites (13). A comparison for costs of
biological control and chemical control of other pests in
given by (L2,13). Wardlow (26) states that biological control

of pests in tomato and cucumber is one fifth to one third that

of chemical control in the U.K. Ramakers (22) concludes

that even the biological control programmes where quite a
number of different natural enemies are used (e.g. cucum-

ber) , are not more expensive than chemical control program-

mes. Ramakers gives the following figures for the costs of
biological control in the Netherlands: 0.25 US fmzfyear for
tomato (4 natural enemies), 0.55 US fm2fyear for sweet

pepper (6 natural enemies) and 0.75 US fm2fyear for
cucumber (9 natural enemies). The trade in beneficial

arthropods amounts to 20 million US in the Netherlands in

t990.

Biological control is now so common in the main crops

(tomato, cucumber and sweet pepper) that it is sometimes

hard to make an estimate for pure chemical control costs.

Pratical use of biological control develops vety slowly

This criticism has already been disputed above. The de-

velopments in use of natural enemies over the period 1970-

1988 are given in table 3. The total area now under biological

control amounts to L4,000 hectares, and represents circa

45 Vo of. the present potential area for biological control. The

method is applied mainly in vegetables, although recently

many activities have been additionaly directed in developing

biological control for ornamental crops. Table L and 3 show

that after the initial phase when only P. persimilis and E.

formosa were used, the natural enemy market has consider-

ably diversified. Today, biological control of whitefly and

spider mite is applied in more than 20 countries out of the

total 35 countries that have glasshouses.

Vital Considerations Before Starting with Biolo-
gical Control

Good research alone does not guarantee application

of non-chemical control methods. Based on my experience
of the past 20 years, I have formulated some points to consid-
er before starting research in biological pest control; they
might help to prevent ivory tower work and frustration.

Acceptance of biological confrol and integnted pest rfloo-

agement as the official confrol sfrategt of the county should
be the firlrit goal of biological contol workers. The most

important stimulus for an increase in use of biological control
is the acceptance by governments of IPM as the main control
strategy. If governmental bodies do not support implementa-

tion of IPM, activities of researchers should first and only be

directed at a change of the policy at high levels. A change in

policy should not only be expressed on paper, but has to be

materialized in research, education and extension.

Without long-term planning of reseerch end appliation,
biological control programmes are doomd to fail.

It is an essential prerequisite that all participants -including

extension workers and farmers - in an IPM project are re-

ceptive for new developments and are willing to implement

them. A goal-oriented, long-term planning of crop protec-

tion is necessary to base IPM development work on. With a

good planning, existing alternative methods can be used to

realize a gradual improvement of crop protection. The appli-

cability of new methods should be tested within the econo-

mic constraints of the farmer, to demonstrate and verify that

these methods will not impair financial returns and will prob-

ably be beneficial, in the long-terffi, to society as a whole.

Introduction of biological confrol demands a good advis-

ory seryice. At the introduction of the first biological control

agent in a crop, special attention should be paid to extension:

the growers have to rediscover the way biological control

works and learn to rely on it. For extension workers the

problem is that proper guidance of biological control de-

mands considerable entomological knowledge and under-

standing. The phase of the initial implementation of biologic-

al control is often neglected. Experience in the Netherlands

has shown that the amount of application of IPM is strongly

related to the activity and attitude of extension personnel. If
governmental extension services are weak, biological control

will have no chance, unless the producer of natural enemies

has well trained extension personnel and is willing to invest

in guidance. For glasshouse growers a period of one or two
years suffices to obtain additional knowledge of, and insight

in biological control.

Acceptance of biological control as a serious control tech-

nologr necessitates good public relations and education.

Although researchers often do not like to invest time in writ-
ing articles that are not for scientific publications, it is essen-

tial to do so. Publications in the public press, radio and

television programmes are usually more helpful in gaining

acceptance for biological control than pure scientific articles.

The teachnig of crop protection should drastically change at

all levels (from vocational schools to university). Presently

essentially purelv technical information is taught on how to
spray and with what chemicals. This should partly be re-

placed with information on other forms of pest control, espe-

cially biologrcal control.

In the Netherlands such changes have occurred already

and discussions with young growers have undergone a posi-

tive change over the past decade: it is no longer a matter of
trying to convince them to use biological control, it is more a

matter of being able to appropriately satisfy them with natu-

ral enemies for new pests. Integration of natural enemies and

(selective) chemical control is a normal procedure nowadays.

The role of the consumer should be etrploited to the be,

nefit of biological confroL The consumer is generally very
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receptive to information on and use of pest control not in-
volving chemical pesticides. He is even willing to pay more
for non-sprayed produce. Problems with residues on food,
accidents with pesticides at production sites and environmen-
tal pollution have resulted in a strong awareness of side-
effects involved in the use of chemical pesticides. Those
working in the field of IPM should now positively interfere
with the present attitude of the consumer which is that any
reduction in chemical treatments is considered an improve-
ment. A serious problem is that the consumer has no direct
influence on the production and sale of pesticide free crops.
It is the middle man who determines crop quality. Their
standards are by no means influenced by the consumer, and
their selection criteria result in an overuse of pesticides. It
would be to the benefit of farmers and the general public if
the last group could have more influence on pesticide-poor
or-free production, e.g. by introducing a protected sales-

mark for food produced under IPM.

Information on biological and integrated control should be
provided in the same books and pamphlets of the state aduis-
ory seruice which contain information on chemical control.

The first Dutch guide for pest control (The Crop Protection
Guide issuded by the Advisory Service and Plant Protection
Service (both from the Ministry of Agriculture) published in
1968 provided no information on biological control. In the
1981 volume (eight's edition) the first information on biolo-
gical control was included, more than ten years after the use

of P. persimilis. The 1989 volume, consisting of 589 pages,
has 7 pages with information on biological control, including
lists of which pesticides can safely be used in combination
with specific natural enemies. (This is all in sharp contrast
with the contents of the first book written by a'Dutch author-
Ritzema Bos - on pest control <Pest and Benefical Organ-
isms>, in 1891: of the 876 pages only 3 had inforamtion on
chemical control).

Reliable production of good quality natural enemies
shoultl be guaranteed. Ihe past 30 years have been characte-
ized by the appearance and disappearance of natural enemy
producers. Only a few producers active in the L970's are still
in the market. The market has somewhat stablized and be-
sides many small, rather amateuristic producers, less than 5
large facilities are available providing qualitatively reliable
material. The number of beneficials produced at these large
production sites is often more than 5-10 million per agent per
week ( 16). The rise and fall of so many producers resulted in
a negative marketability for biological control.

The background of producers is rather diverse. Rearing of
natural enemies can be a full-time or part-time activity of
glasshouse grolvers. The),' can be reared by companies re-
lated to the glasshouse industn like seed companies and
producers of fertilizers. In some cases production was started
by a research group with governmenral support and later
continued as a private endeavour. The narural enem\- pro-
ducers mainly rear predators and parasites. onll' a fes' deal
with microbial agents like nematdes. entomoparhogenic
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fungi, bacteria or viruses. The chemical industries are in-
terested primarily in production of microbials and it is ex-

pected that all activities in this area will soon be exclusively
the domain of the pesticide industry.

The large natural enemy producers can now be considered
as professionals, with research facilities, application of quali-
ty control, an international distribution network, P-R activi-
ties and an advisory service. They are well respected for their
work and their market will certainly increase with the in-
creasing demand for unsprayed food and the growing pesti-
cide resistance problem.

Quarantine and inspection services should be improved to

prevent unintentional imports of pest insects. During the
past decade numerous pest insects have been imported into
Europe (see elsewhere in this paper for examples). The ini-
tial chemical control programmes developed to eradicate
these pests usually failed, but the spray frequencies advised

were so high that each time a new pest was imported, the
biological control of other pests was put at risk. The creation
of a database with information on potential invaders and
methods to control these organisms might help to prevent
panic reactions aimed at eradiction.

Adaptetion of export requirements to m*e biological
control po*sible. Current export requirements are often un-
realistic. They result in overuse of pesticides, with the addi-
tional risks of a fast development of resistance, high residue
levels and health risks. More realistic requirements should
be designed. The first priority should be to change the crite-
rion that products should be without signs of damz5a, to that
of products having no living pest insects.

Specific Advantages of Biological Control in
Greenhouses

After having heard all these obstactes for biological
control one might start to wonder why there are still growers
using this method.

There are, of course, the general advantages of biological
control such as reduced exposure of producer and applier to
toxic pesticides, the lack of residues on the marketed product
and the extremely low risk of environmental pollution.
These are, however, not of particular concern for the grow-

er. More impotant is that specific reasons exist that make
growers working in greenhouses to prefer biological control:
(a) with biological control there are no phytotoxic effects

on young plants, and premature abortion of flowers and

fruit does not occur.

(b) Release of natural enemies takes less time and is more
pleasant than applying chemicals in humid and wann
greenhouses.

(c) Release of natural enemies usually occurs shortly after
the planting period when the grower has plenty of time
to check for successful development of natural enemies,

thereafter the system is reliable for months with only
occasional checks; chemical control requires continuous
attentlon.

(d) Chemical control of some of the key pests is difficult or



impossible because of pesticide resistance.

(e) With biological control there is rio safety period be-

tween application and harvesting fruit; with chemical

control one has to wait several days before harvesting is

allowed again.

(0 Biological control is cheaper than chemical control.

Biological Control in Greenhouses: A Success?

Due to earlier mentioned resistance problems we were

forced to look for other pest control methods than chemical
control. Intensive cooperation between researchers. exten-
sion workers, producers of natural enemies and growers has

led to considerable success both in research and application
of biological control. This cooperative effort has led in the

past 20 years to introduction of 14 natural enemies against 18

pests (table l). In solne countries integrated pest manage-

ment is practiced on a large part of the main vegetables crops

in greenhouses (.rp to 90 Vo of the total area for certain
crops, (16). In the Netherlands, for example. gro'*'ers have

learned to rely on biological control and no\+' ask for neu'

natural enemies before we can provide them with the neces-

sary information. This enthusiasm might, however, create a

new problem: a too early release of a natural enemy can

result in a bad control effect and thus in negative advertise-

ment for biological control! To date, we can safely conclude

that biological control in greenhouses has been very success-

tuI.

A number of conditions have to be met before the technic-

al implernentation of biological control will become a suc-

cess, however. Biological control agents should be as cheap,

as easily available, as reliable, as constant in quality, and as

well guided as chemical control. They should fit well in the
total crop protection prclgramme and not be seen as an en-

deavour separate from other crop protection measures.

Conclusions: The Future of Biologrcal Control in
Greenhouses

Several current trends will stimulate the application of

Biological control in greenhouses. Fewer new insecticides
are becoming available because of skyrocketing costs for de-
velopment and registration (18). The few new insecticides
that are being developed are not likely to be targeted for
greenhouse use because the greenhouse area is small aird
represents a poor opportunity for chemical companies to
recover developmental costs.

Second, the sudden use of bumble bees and honey bees for
pollination on a large greenhouse acreage, strongly reduces
chemical control and intensifies demands for biological con-
trol. Ramakers (22) illustrates that during the first period of
biological control in greenhouses the area under biological
control increased fast, and that presently, besides a further
increase in area, the trade volume per surface unit is strongly
increasing. Over the past 5 years an 8-fold increase in
turnover/ha was measured in the Netherlands.

Third, pests continue to develop resistance to insecticides,
a particularly prevalent problem in greenhouses where inten-
sive management and repeated insecticide applications exert
strong selective pressure on insects (10,2). Therefore we ex-

pect a greater demand for non-conventional pest control
methods.

We should not see biological control as a control method
that will completely replace chemical control. It is a powerful
option and can be applied on a much larger area than is
presently done. It should be used in combination with other
pest control methods, among which chemical control, in IPM
programmes. In this way mutual benefit will be harvested.
For chemical control it may result in extended use of pro-
ducts because of slower development of resistance and a
more positive perception of the role of the pesticide industry
by laymen. In order to serve agriculture as well as the en-
vironment and human health, we should harvest the best
from both methods to develop effective IPM methods. De-
signing such environmentally safer IPM programmes is a

challenge for our profession.
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