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ABSTRACT. A historical overview of pest control, starting with the pesticide treadmill in
the early post-World War II years, with its attendant negative impact: pest resistance, pest
resurgence, bio-magnification, secondary pest outbreaks, effects on non-target organisms, etc.
is presented. The enormous costs to modem agriculture: loss in biodiversity, destruction of
ecosystems. soil erosion, water pollution, etc. are outlined. The origin of sustainable
development and related concepts (social sustainability, economic sustainability,
environmental sustainability) are discussed. Sustainable agriculture is defined and the goals
listed. The concept, definition, philosophy of Integrated Pest Management (IPM) and
constraints on its implementation are outlined. A historical account on agricultural extension
services. within the triangular agricultural knowledge paradigm, is discussed. The disturbing
trend in post-secondary agricultural education in Africa is highlighted. The address concludes
with successes in entomological research in Nigeria and a clarion call for intensified efforts in
specific areas (research, IPM, extension, education, etc.), if entomologists are to contribute
significantly to the development of sustainable agriculture in Nigeria.

INTRODUCTION
Agriculture covers about one-third of the

earth's land surface and is the largest user of
biodiversity and its components. World food
production almost doubled between 1961
and 1990 (Atanassor and Georgiera. 2003).
There were several contributory factors. The
emphasis was on external inputs as the means
for increased food production. The key
problem on which the post-World War II
agriculture focused was that of pests. The
method for controlling pests was like the
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methodology of warfare, total annihilation
(Russell, 1993). This approach culminated in
the now well-known pesticide treadmill: pest
resistance, pest resurgence, and secondary
pest outbreaks, which led farmers into
spraying greater quantity of pesticides (van
den Bosch, 1978). This has led to growth in
global consumption of pesticides, inorganic
fertilizers, animal feedstuffs, tractors and
other machinery. Better yielding varieties
were developed and land utilization increased
by 10%.

Unfortunately, these achievements were
made at enormous costs: destruction of
ecosystems, loss in biodiversity, water
pollution, soil erosion, and adverse effects on
human health (Botkin and Keller, 2003).
World Health Organization (WHO) and
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United Nations Environmental Programme
(UNEP) estimate that annually 3 million
agricultural workers experience severe
pesticide poisoning in developing countries
out of whom 18,000 die (Jeyaratnam, 1990).
Conventional agriculture has caused
economic problems associated with over-
production of some crops, increased costs of
energy-based inputs, and decreased farm
mcomes.

The critique of modem agriculture (Soule
et aI., 1990) has given rise to a basket of
alternatives, collectively termed the
ALTERNATIVE AGRICULTURAL
MOVEMENT (Altieri, 1981; Boeringa,
1980). There is no clarity on the nature of
alternative agriculture and consequently there
have been concerns on the proper articulation
of the concept (Keeney, 1989). Terms such as
"sustainable", "holistic", "ecological" and
"organic" agriculture have been used
(Vandermeer, 1995). Alternative agriculture
has been described as not a well-defined set of
practices or management techniques, but as a
range of technological and management
options used on farms striving to reduce costs,
protect health and environmental quality, and
enhance beneficial biological interactions
and processes (NRC, 1989). Probably, the
idea most promoted by advocates of an
alternative agriculture is an integration of all
aspects of farming. Another definitional
scheme separates "sustainable" from
"alternative", stating that all agriculture is
probably less sustainable than might be
desired and that alternative forms are always
welcome when they increase sustainability
(Parr and Hornick. i992; Parr et ai., 1992).

The International Union for the
Conservation of Nature (IUCN) first used the
term sustainable development in the World
Conservation Strategy (\VCS) in 1980, but it

was Gro Brundtland and her UN commission,
who in a brilliant feat. generated almost
worldwide political consensus on the urgent
need for SUSTAINABILITY, with her report,
OUR COMMON FUTURE (WCED, 1987).
Terms such as
ECONOMIC SUSTAINABILITY.
SOCIAL SUSTAINABILITY. and
ENVIRONMENTAL SUSTAINABILITY
emerged. Economic sustainability focuses on
that portion of the natural resource base that
provides physical inputs, both renewable (e. g.
forests) and exhaustible (e. g. minerals) into
the production process. Environmental
sustainability adds consideration of the
physical inputs into production. These life-
support systems include atmosphere, water,
and soil. All of these need to be healthy,
meaning that their environmental service
capacity must be maintained. The
environment has now become a major
constraint on human progress. Although
social sustainability is important,
environmental sustainability or maintenance
of life-support systems is a pre-requisite for
social sustainability. Redclift (1994) claims
that poverty reduction is the primary goal of
sustainable development even before
environmental quality can be fully addressed.
Poverty reduction comes from qualitative
development, from redistribution and sharing,
and from population solidarity rather than
from emphasis on economic indices.
Sustainable development is development that
meets the needs of the present without
compromising the ability of future
generations to meet their own needs (WCED,
1987).

SUSTAINABLE AGRICULTURE

Hansen (1996) proposes two broad
interpretations on sustainability in agriculture.
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Firstly, sustainability interpreted as an
approach to agriculture developed in
response to concerns about the impact of
agriculture, with motivating adherence to
sustainable ideologies and practices as a goal.
Secondly, sustainability interpreted as a
property of agriculture developed in response
to concerns about threats to agriculture, with
the goal of using it as a criterion for guiding
agriculture as it responds to change.
Interpreting sustainability as an approach has
been useful for motivating change. Although
interpreting sustainability as a property is
more logically consistent, it has been of
limited value in stimulating change. FAO
(2005) defines SUSTAINABLE
AGRICULTURE as an integrated system of
plant and animal production practices having
a site-specific application that will over the
long term:

(a) satisfy human needs for food and
fibre,

(b) enhance environmental quality and
the natural resource base upon which
the agricultural economy depends,

(c) make the most efficient use of non-
renewable resources, and integrate
where appropriate natural biological
cycles and controls,

(d) sustain the economic viability offann
operations, and

(e) enhance the quality oflife for farmers
and society as a whole.

These goals may be achieved by the
following alternatives to energy-based
inputs:

(i)
(ii)

legume rotations,
use of waste organic matter
from plants and animals,
integrated pest management,
pest and disease forecasting,
mulching and mechanical
weed control,
conservation tillage,
specialized innovative cultural
techniques-

(iii)
(iv)
(v)

(vi)
(vii)

(viii)

(a) intercropping
(b) strip cropping
(c) under- sowing
(d) trap crops
(e) double-row cropping,

and
use of resistant plant and
animal varieties

In response to the tenets of sustainable
agriculture, new trends emerged in crop
production and pest control. Studies in the
1960s and 70s demonstrated the feasibility of
crop production without ploughing or tillage,
which was termed no-tillage agriculture, with
important implications in soil conservation
(Triplett and van Doren, 1977). It protects soil
from water and wind erosion (Lal, 1986).
Motivated by support from conservation
agencies and savings as a result of fuel and
labour costs, farmers began to adopt reduced
and no-tillage practices worldwide, together
referred to as conservation tillage (Fliege and
Baeumer, 1974). Tillage or the lack if it
influences insects and other invertebrates in
three major ways: mechanical disturbance,
residue placement, and effects on weed
control. The widespread adoption of
conservation tillage in the 1980s was
accompanied by an increased interest in pest
biology and management in these systems
(Steiner and House, 1990).
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Trap crops are plant stands that are grown
to attract insects or other organisms like
nematodes to protect target crops from attack
(Hokkanen, 1991). To enhance the
attractiveness of trap crops, specific chemical
compounds such as insect pheromones, plant
kairomones or insect food supplements may
be used (Hardee, 1982; Metcall, 1985; Renou
and Guerrero, 2000).

Behavioural manipulations in insect
management involve using stimuli to
manipulate the behaviour of a pest for the
purpose of protecting a valued resource
(crop). These fall into two categories over
long distances (volatile chemicals, visual,
auditory), and over short distances (involatile
chemicals). Choice of stimuli depends on
several factors:

accessibility,
definabiiity,
reproducibility,
controllability,
specificity and
practicability
(Foster andHarris, 1997).
Many agro-ecosystems are unfavourable

environments for natural enemies due to high
levels of disturbance. Habitat management, a
form of conservation biological control,
involves manipulation of the environment to
enhance the survival. fecundity, longevity,
and behaviour of natural enemies to increase
their effectiveness. It is an ecologically-based
approach, aimed at favouring natural enemies
and enhancing biological control in
agricultural systems (Landis et al., 2000).

Evidence from countries in Africa, Asia
and South America shows that regenerative
and resource-conserving technologies and
practices can bring both environmental and
economic benefits to farmers, communities,
and nations where the concern is to increase
food production in remote marginal lands

(Pretty, 1995; UNDP, 1992). These are not the
only sites for successful sustainable
agriculture. In the high-input and generally
irrigated lands, farmers adopting regenerative
technologies have maintained yields while
substantially reducing their use of inputs
(Kamp et al., 1993; UNDP, 1992). Further-
more, in the very high input lands of the
industrialized countries, farmers have been
able to maintain profitability even though
input use has been cut dramatically. In all of
these successes, there are three common
elements. They have used resource-
conserving technologies such as:

(a) integrated pest management,
(b) soil and water conservation,
(c) nutrient cycling,
(d) multiple cropping,
(e) water harvesting, and
(f) waterrecycling.

In all, there has been action by groups and
communities at the local level, with farmers
becoming experts at managing farms as
ecosystems and at collectively managing the
watersheds or other resource units of which
their farms form a part. There have also been
supportive and enabling external government
and non-governmental institutions which have
re-oriented their activities to focus on local
needs and capabilities (Rollings and Pretty,
2005).

INTEGR<\TED PEST MANAGEMENT
(IPM)

Based on the foregoing, it is abundantly
clear that the Integrated Pest Management
(IPM) concept continues to recur in successful
sustainable agricultural programmes. The
benefits of IPM are highlighted in the data.
from Indonesia, a developing country (see Fig.
1).As Entomologists, it is our responsibility to.
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j.'ig. 1. Alternative pest control dtrategies: Cost-benefit analvses
from Indonesia. .

Source: Cunningham ct al., (2003),

embrace this concept wholeheartedly. The
major ideas of this concept were originally
articulated by van den Bosch (1978): do not
spray chemicals unless it is necessary; and
manage the ecosystem in such a way that it
does not become necessary. These principles
remain at the foundation of all functioning
IPM programmes (Levine, 1986). The
philosophy of IPM is different from that of
previous strategies which were usually aimed
at eradication. IPM emphasizes the
following:

(a) acceptance of low pest (or sub-
economic) levels in fields, pest
populations are only reduced to levels
where no economic loss accrues to the
farmer,

(b) a multi-pronged approach, rather than
single component control strategies,
and

(c) concern for human safety and health
of the environment.

Over the years, different philosophical
points of view emerged among IPM

practitioners, based mainly on field
experiences with attempts at IPM
implementation (Pollard, 2003). Way (1974)
made a distinction between IPM as a concept
and IPM as an objective or control strategy.
Kiss and Meerman (1991) emphasized that
IPM should not be seen as a technology which
could be developed in one place and then
disseminated and applied wherever similar
crop/pest problems were found. NRC (1991)
noted that an IPM practitioner must think and
not "do" IPM. Unfortunately, while the latter
philosophy might be appreciated by the
researcher, it is not so obvious to the farmer
looking for a ready solution to his or her pest
problems and even to the extension worker
who has to deliver a quick and effective
solution to the farmer. Another difficulty is
thinking that IPM is synonymous with insect
pest management in the minds of many
researchers, donors, govermnent officials, and
farmers. The term should be all-embracing,
cutting across disciplinary barriers, since all
pest organi sms interact wi th one another. Farm
or cultivation practices also affect pest
management and the influence of these on
IPM development and implementation must
be taken into consideration. A philosophical
connection therefore needs to be made
between all crop protection and even crop
production disciplines so that IPM becomes
truly integrated. This is the thrust of Dent's
(1991) definition. The variation in
philosophical viewpoints has led to differing
emphasis in definitions:

"Applied pest control which combines
and integrates biological and chemical
control (Stern et al., 1959)".

"A pest management system that in the
context of the associated environment
and the population dynamics of the



6 NIGERIAN JOURNAL OF ENTOMOLOGY VOL.2S, 2008

pest species, utilizes all suitable (2)
techniques and methods in as
compatible a manner as possible and
maintains the pest population levels
below those causing economic injury (3)
(FAO,1968)".

"Integrated Pest Management (IPM)
is the selection, integration and
implementation of pest control based
on predicted economic, ecological
and sociological consequences
(Bottrell,1979)."
"Old traditional agriculture with a
little bit of sophistication added (4)
(Smith,1983)".

"A comprehensive approach that uses
a combined means to reduce the status
of pests to tolerable levels while
maintaining a quality environment
(Pedigo, 1989)."

"A pest management strategy that in
socio-economic context of farming
systems, the associated environment
and the population dynamics of the
pest species utilizes all suitable
techniques and methods in as
compatible a manner as possible and
maintains the pest population levels
below those causing economic injury
(Dent, 1991)".

The components of IPM systems
consist of:

(1) recogrution of the importance of
natural enemies of pest organisms and
the development of strategies to
conserve and/or augment these
agents,

an effective method of sampling the
pest population at any time to
determine pest numbers,

knowledge of the economic threshold
level of any pest species, this is the
pest population level above which it
becomes necessary to apply some
control method in order to prevent an
economic loss to the crop; hence, there
must be some way to assess crop loss
and to relate any loss to pest numbers,
and

knowledge of the biology and ecology
of the pest in the crop environment.

In the absence of fundamental
information on pest biosystematics, life cycle,
the pest stage and relationship to the host, it is
difficult, if not impossible, to develop an IPM
programme for the pest. Knowledge of these
elements allows the framework of an IPM
programme to be laid, but control strategies
forreducing the pest population to sub-
economic levels have to be selected. The
adoption of various control measures must lie
at government and/or institutional level
and farmer level. Governments have to put in
place regulatory and plant quarantine
measures and/or pesticide regulations and
operational procedures through their research
and extension services. In addition, IPM
ADOPTION BY THE FARl\lERS IS
MORE EASILY FACILITATED 'VHERE
IPM IS PROCLAIMED AS NATIONAL
POLICY BY GOVERNl\tIENT.

I am aware that there are constraints to IPM
implementation. Many studies have been
undertaken to identify and describe various
constraints to the development and adoption
of IPM by small farmers in developing
countries (Goodell, 1984; Kiss and Meerman,
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1991; Smith, 1983). They concluded that
extension and adaptive research were the two
most commonly experienced constraints to
IPM adoption in developing countries. In
order to implement an IPM programme, there
must be a close link between research and
extension. Unless there is a well-trained
extension staff committed to the concept of
IPM, farmers will always have problems
implementing such strategies. However,
Garforth (1993) has underscored the point
that ultimately it is the farmer who is the key
decision maker in pest management; hence,
the role of extension must be to help the
farmer to make and carry out sound, and
well-informed decisions. Top-down
approach where the researcher develops an
IPM technology, passes this to the extension
worker who then provides the farmer with
information for adoption, is apparently no
longer a valid methodology. Extension must
now assume a much more interactive and
innovative role in helping farmers in
effective decision. making. The other
constraints to IPM adoption are: lack of
technical information, lack of trained
personnel, agro-ecological diversity, and
socio-economic problems. The latter has
been identified as one of particular concern.
As one report stated, if developing countries
are to implement IPM, they must be
encouraged to adopt policies that are based
not only on sound biologic knowledge but on
farmer acceptance, sound economic, social
and cultural considerations, as well as on
effective means ofteclmology dissemination
(Kelly, 2005; NRC, 1992).

Fortunately, the World Bank has
established a GLOBAL IPM FACILITY. It
was established in 1995 and provides
technical assistance in project or programme
design, fund raising, and facilitation of

collaboration in IPM programmes. It also
advises Governments, Non-Government
Organizations, International Organizations
and other Donors. It is housed at the FAO
headquarters in Rome and co-sponsored by
FAO, UNDP, and lJNEP.

EXTENSION STRATEGIES
Our task as Entomologists is to disseminate

our research products, within a system that
integrates farmers, agricultural educators,
researchers and extensionists, to harness
knowledge and information from various
sources for improved livelihoods (Fig. 2).
Farmers are at the heart of this knowledge
triangle, and along with other rural people
must be central partners. Occasionally, an
environmentally beneficial technology is
developed that appears to require no
knowledge of farmer's conditions. In the IPM
programme to control the cassava mealy bug
(CMB), Phenacoccus manihoti, that was
introduced into West and Central Africa in
1973, an affective natural enemy, the wasp,
Epidinocarsis lopezi, was found in 1981.
Since releases began, it has become
established in 25 countries, providing good
control ofCMB. It is to some extent a "perfect
technology" for scientists because it is
released from the air without the knowledge
of farmers. It is, however, not necessarily a
perfect technology for farmers. The contrast
with another IPM programme in Togo is
significant, when it comes to issues of
SUSTAINABILITY The CMB programme is
in contrast to the successful introduction of
the parasitoid, Gyranosoides tebyii, to Togo
in 1987 to control the mango mealy bug
(MMB), Rasto cocc us invadens , The
parasitoid was found in India, and following
testing, rearing, and release, it rapidly spread
over the whole of Togo. By 1989, no mango
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Fig. 2. Agricultural knowledge triangle.
Source: FAO / WORLD BANK (2000).

trees could be found on which mango mealy
bug was present without being parasitized.
However, success could be threatened
without public interest as any use of chemical
control method would kill the parasitoid. A
great deal of publicity followed, through
radio, television, and advisory leaflets.
Although this means that technology
development for sustainable agriculture must
involve farmers, it does not mean that
scientific research has no place. Research will
have to contribute on many fronts such as in
the development of resistant cultivars,
knowledge about the life cycle of pests,
biological control methods, suitable crops for
erosion control, and processes in nitrogen
fixation (Pollard, 2003).

Insect pests were recognized early as major
constraints in food production; the innovative
work of Walsh and Riley rapidly advanced the
field of economic entomology on a
worldwide basis (Dean, 1922). Since then,
extension entomologists have been intimately
involved with technological change by
demonstrating the application of scientific
principles to agriculture and by bridging the
gap between University and institution-based
research and practical farming applications.

Typically, extension entomology programmes
contain three elements: technology or
management schemes, programme delivery
methods, and the various economic, social and
political forces that contribute to reshaping
programme methods and deliveries (Allen and
Rajotte,1990).

Extension services are the key to
integrating farmers into the agricultural
triangle. The problem with agricultural
science is that it has often poorly understood
the nature of rural people's knowledge, which
was assumed to be primitive and unscientific.
An alternative view is that it is a valuable and
underused resource. Neither ofthese views is
satisfactory, they must be integrated
(Swanson, 1995). Worldwide, there are about
600,000 extension workers consisting of
administrative staff, subject matter specialists
(SMS), field workers and some multipurpose
unidentified people. The Asian and Pacific
countries have more than 70% of them. The
ratio of SMS to field staff is low in Asia,
Africa, Near East and South American
countries, varying from 1:11 to 1:14. The ratio
for countries in Europe and North America
varies from 1:1.5 to 1:1.6. The worldwide ratio
of SMS to field staff is 1:11.5 (World bank,
1996).

In the 1960s and early 1970s, technology
diffusion became the key focus of agricultural
extension systems. The concept of training
and visit (T&V) extension was developed in
the early 1970s and implemented in two
regional projects in Turkey and India by the
World Bank in 1974. In the 1980s, many
countries had adopted the approach. Moore
(1984) summarized his views on the system in
India. Gautam (2000) pointed out the
inadequacies of the system in Kenya.
Modifications followed, increased use of mass
media as a complementary channel of
technology diffusion along with the T & V
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effort took place in Ivory Coast, Kenya,
Nigeria, Senegal and other countries. There
was a shift from "contact" farmers to contact
groups as the foci of interaction between
agents and the farming clientele. In Africa,
there was donor pressure to transfer some
aspects of extension to private or other non-
government providers (Gemo et al., 2005).
With a significant crop of critics inside and
outside the World Bank challenging the
effectiveness and universal feasibility of the
T &V concept, it was in Africa that the T&V
extension model ended after 25 years in
which agricultural extension received the
highest level of attention it ever attracted on
the rural development agenda (Anderson et
aI., 2006).

An alternative to the T&V approach is the
Farmer Field School (FFS) strategy. In
Ghana. IPM Farmer Field Schools were
introduced through an FAO-funded pilot
project in 1995-1996. Extension staff from
the Ministry of Food and Agriculture were
trained in participatory IPM. Cost
comparison showed net returns from the IPM
plots that were 32% higher. The government
established a national IPM steering
committee chaired by a Deputy Minister of
Food and Agriculture and a National IPM
coordinator. Ghana obtained additional funds
from UNDP for a 3-year programme to train
1400 farmers annually in IPM for rice and
develop Farmer Field School programmes
for IPM on tomatoes and cabbage. By 1996,
extension agents had mobilized over 2AOO
farmers in the ecologically sound production
of rice, cassava, vegetables, and plantain.
Currently, there are IPM trainers in every
region of the country. The services of these
trainers are in demand from Malawi,
Tanzania. Benin, and Senegal (World Bank,
1996). Akey drawback ofthe FFS approach is
the cost. which is likely to raise problems of

financial sustainability. Evaluations have
been limited, but the model is being adapted to
an ever-increasing range of themes and
contexts; so it is likely that aspects of the
approach will be important features of the
future landscape of agricultural extension
services (Anderson, 2005). In South America,
the alternative to T&V has been the
establishment of local agricultural research
committees, known by its Spanish acronym,
CIAL. The CIAL approach to participatory
on-farm research was first used by the
International Centre for Tropical Agriculture
(CIAT) in 1992. CIAL is a farmer-run
volunteer research service that enables
farmers to express their technology demand
and participate in the designing, testing and
disseminating appropriate technologies. It
generated scepticism. By 2003, over 250
CIALs operated in South America. An
unknown number of adaptations of the
approach exist in East and West Africa, and
Asia, including China.

Irrespective of what extension approach we
adopt or modify to suit local conditions,
extension entomologists must be trained.
However, it is hard for extension to serve its
clients well without adequate staff incentives
(Moris, 1987). In Kenya, these incentives
include housing, transportation, paid health
insurance, subsistence allowances while on
official duty, and working under well-trained
extension supervisors with personnel
management skills needed to motivate their
staff(Mwangi and McCaslin, 1995).

AGRICULTURAL EDUCATION

Education is one of the legs of the tripod in
agricultural knowledge. I consider it
appropriate to state in a few words the
alarming trends in agricultural education and
training in Africa. Total investments in post-
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secondary agricultural education and training
(AET) in Africa have declined significantly
during the last two decades, both by national
governments and donor agencies (Jiggins and
Zecuw, 1992). Recent literature and project
experience indicate that human capital now
constitutes a major constraint in Africa's
agricultural development. Since 1997, the
World Bank had supported agricultural
research and development (R&D) within the
framework of development of effective and
efficient AGRICULTURAL KNOWLEDGE
INFORMATION SYSTEMS (AKISs) that
link people and institutions to promote
mutual learning and generate, share, and
utilize agriculture-related technology and
information (World Bank, 2000). I believe
that international agriculture should be taught
in agricultural education for several reasons
adduced by McCracken (1995): interde-
pendence of the world economy. students
need an international perspective if they are
to be functional and vital citizens of the
World, need for students and educators to be
aware of internationally-oriented career
opportunities, etc ...

CONCLUSION

We are elated at the increasing number of
studies on the relationships between fanning
systems and pest numbers/damage,
biopesticides, resistant plant and animal
varieties, etc.; these are useful methods in
IPM programmes. In the animal health sector,
there have been significant developments
over the past two decades in the integrated
management of tsetse (Glossina ,spp.) and
ticks. Unfortunately, extension entomology
has received very little attention. Ten
randomly selected issues of the Nigerian
Journal of Entomology, 1985-2005, yielded
only ONE article that treated the subject,

EXTENSION ENTOMOLOGY tangentially,
that being late Apeji's (1985) article,
"Towards more effective entomological
communication in Nigeria", presented at the
Society's 20th Anniversary celebration.

It is abundantly clear from the foregoing
that as entomologists, if our vision is to
contribute significantly to SUSTAINABLE
AGRICULTURAL DEVELOPMENT, we
must:

(a) embrace the concept of integrated
pest management in its totality and not
confuse the concept with insect pest
management,

(b) initiate multidisciplinary research
with other professionals III crop
protection and production,

(c) enhance adaptive research to address
such questions as the effects of
conservation tillage on numbers and
damage by arthropods, the impact of
the increase in soil and litter-
inhabiting predatory arthropods,
especially ground beetles and spiders,
the ecology of soil micro-arthropods,
etc.,

(d) incorporate the training of extension
entomologists in our agricultural
curricula,

(e) collaborate with other professionals in
crop protection and production to
revive our extension services, taking
cognizance of the experience of the
practitioners of earlier methods, m
formulating our approach, and

(f) utilize other non-insecticidal methods
(behavioural manipulations, trap
cropping, and newer insecticides such
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as the avermectins) (Clark et al.,
1994).

This list isnot exhaustive!

Finally, we share the views of Greathead
(2003), in his Historical Overview of
Biological Control in Africa, "Although
there remain opportunities for classical
biological control and no doubt more will
occur as a result of accidental introductions of
pests and invasive species, the ,PRINCIPAL
NEED IS FOR IPM SCHEMES
OPTIMIZING THE IMPACT OF
INDIGENOUS NATURAL ENEMIES.
THIS WILL MOST LIKELY TAKE THE
FORM OF MEASURES TO CONSERVE
AND ENHANCE THE ACTION OF
ARTHROPOD NATURAL ENEMIES AND
THE DEVELOPMENT OF SELECTIVE
BIOPESTICIDES FOR APPLICATION AS
SPRAYS ORDUSTS.
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