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A pest insect is one that is judged by humans to 
cause harm to themselves, their crops, animals or 
their property. In farming, an insect may be classi-
fied as a pest if the damage it causes to a crop or to 
livestock is sufficient to reduce the yield and/or 
quality of the ‘harvested product’ by an amount 
that is unacceptable to the farmer. Insects may be 
classed as pests because they cause damage directly 
to harvestable products (e.g. codling moth larval 
damage to apples), or because they cause indirect 
damage or harm in other ways (e.g. by causing a 
nuisance to livestock or humans, or as vectors of 
plant or livestock diseases). There are a myriad of 
ways in which insects can cause harm and they have 
done so for the thousands of years that man has 
occupied the Earth. Likewise, man’s attempts to 
control or manage the harm caused by insects have 
a long and varied history. A knowledge of this history 
adds an important dimension to the study of pest 
management because it can provide insights into 
the driving forces (technical, economic and social) 
that have forged current pest management practices, 
which in turn will provide some idea of the forces 
likely to be acting in the future (Norton, 1993a).

1.1 A Brief History of Pest Management

The history of pest management dates back to the 
beginnings of agriculture, and from that time it is a 
history that combines important events (discoveries 
and defining moments), influential people, institu-
tions, organizations and governments in ways that 
have led us to the current concept of integrated pest 
management (IPM). IPM has been defined as a ‘pest 
management system that in the context of the asso-
ciated environment and population dynamics of 
the pest species, utilizes as suitable techniques and 
methods in as compatible a manner as possible and 
maintains the pest population levels below those 
causing economic injury’ (Smith and Reynolds, 
1966). The concept of utilizing a number of tech-
niques in as compatible a manner as possible is, of 

course, not new, and even the different control 
techniques available to us today were utilized in 
some shape or form many years bc. For instance, the 
use of insecticide by the Sumerians who applied sul-
fur compounds to control insects and mites was first 
recorded from 2500 bc onwards. Botanical insecti-
cides were used as seed treatments around 1200 bc by 
the Chinese, who also applied mercury and arseni-
cal compounds to control body lice at that time.

The first descriptions of cultural controls, espe-
cially manipulation of planting dates, were recorded 
around 1500 bc, while burning as a cultural con-
trol method was first described in 950 bc. Evidence 
of biological control, of manipulating natural ene-
mies, comes from both China and Yemen where 
colonies of predatory ants (Oecophylla smaragdina) 
were set up in citrus groves, moving between trees 
on bamboo bridges to control caterpillar and beetle 
pests (Coulson et al., 1982). These practices date 
back over 1000 years. Genetic resistance is one of 
the oldest recognized bases of pest management in 
crop plants (Panda and Khush, 1995). Theophrastus 
recognized the differences in disease susceptibility 
among crop cultivars as early as 3 bc (Allard, 1960) 
and, of course, farmers will have selected for resist-
ance to local pests by the practice of saving seed 
from healthy plants for sowing the next season. 
Over many generations of selection, resistant land 
races developed, which provided sustainable levels of 
yield for average local conditions. Thus, by 500 ad, 
all the general types of control measure available 
today – insecticides, host plant resistance, and bio-
logical and cultural control – had already been 
developed and used by one civilization or another.

References to developments in pest management 
seem to be few and far between for the period 
between ad and the 18th century. A number of 
bizarre events such as the excommunication of cut-
worms in Berne, Switzerland, in 1476 and the ban-
ishing in 1485 of caterpillars by the High Vicar of 
Valence perhaps depict the lack of understanding of 
the causes of pest problems at this time. It was not 
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until 1685 that the first correct interpretation of 
insect parasitism was published by the British physi-
cian Martin Lister, who noted that the ichneumon 
wasps emerging from caterpillars were the result of 
eggs laid by adult female ichneumonids (van 
Driesche and Bellows, 1996). This was followed by 
a similar interpretation of parasitism in Aphidius 
spp. by the Dutchman Antoni van Leeuwenhock 
recorded in 1700. The work of Linnaeus burgeoned 
an interest in insect descriptions that promoted 
greater observation and study of insect biology. It 
was Linnaeus who first noted in 1752 that ‘Every 
insect has its predator which follows and destroys 
it’ and then commented on how such ‘Predatory 
insects should be caught and used for disinfecting 
crops’ (Hörstadius, 1974). The earliest documenta-
tion on host plant resistance occurs in 1792 with 
the description of a wheat cultivar, ‘Underhill’, 
resistant to Hessian fly (Mayetiola destructor) in the 
USA by Havens (Panda and Khush, 1995).

From these beginnings, the scientific discipline of 
entomology began to take shape at the turn of the 
19th century. Pioneers such as John Curtis in the UK 
and Thomas Say and C.V. Riley in the USA created 
the basis for applied entomology with their publica-
tions (e.g. Farm Insects by J. Curtis, printed 1841–
1857: an illustrated account of pest insects arranged 
by crops for ease of use by farmers; American 
Entomology by T. Say, 1824) and their innovative 
approaches to pest control, which formed the foun-
dation for modern pest control. In the USA, the 
Rocky Mountain locust plagues of the 1870s initi-
ated the formation of the US Entomological 
Commission (Sheppard and Smith, 1997). In 1881, 
C.V. Riley was appointed Entomologist of the 
Department of Agriculture and the Division of 
Entomology was created within the US Department 
of Agriculture (USDA). The Entomological Society 
of Canada was founded by W. Saunders and C. 
Bethuse in 1863 with the first issue of the journal 
The Canadian Entomologist published in 1868 
(Sheppard and Smith, 1997). In 1873, Riley was 
responsible for the first international movement of a 
biological control agent, Tyroglyphus phylloxerae, 
which was introduced into France to control grape 
phylloxera (Daktulosphaira vitifoliae), but unfortu-
nately failed to exert sufficient levels of control to be 
useful. The first successful example of classical bio-
logical control occurred in 1888 with the importa-
tion and release of the Vedalia beetle (Rodolia 
(formerly Vedalia) cardinalis) for control of the cit-
rus pest cottony cushion scale (Icerya purchasi) in 

California (van Driesche and Bellows, 1996). Within 
2  years, the beetle had controlled this scale insect 
throughout the state. This project had far-reaching 
effects because it demonstrated the feasibility of 
utilizing arthropod predators to control serious pest 
problems and produce large economic benefits.

Other areas of biological control were also forg-
ing ahead during the 19th century. Insect pathogens 
were first considered as biological control agents by 
Bassi in 1836, when he proposed that liquids produced 
from cadavers of diseased insects could be mixed 
with water and sprayed on to plants to kill insects. 
However, it was not until 1884 when the Russian 
entomologist Elie Metchnikoff developed a means 
to mass produce the fungus Metarhizium anisopliae 
for use in the field against the sugarbeet curculio 
Cleanus punctiventris that entomopathogens 
proved their potential as a practical control option.

The end of the 19th century saw a fundamental 
change in agriculture and urbanization, particularly 
in the USA. Agriculture was the linchpin of urbani-
zation: a rapid growth from a mainly subsistence 
way of life towards greater mechanization (substi-
tuting for labour) and commercialization fuelled 
urbanization. As insect pests were a limiting factor 
in agricultural efficiency, the importance of their 
control increased. Thus, a demand developed for the 
investigation, identification and control of insect 
pests. In this way, the subject of entomology became 
identified as a distinctive scientific discipline with an 
increase in training and employment of State and 
Federal entomologists. The numbers increased from 
fewer than 20 in the mid-1800s to more than 800 
by the 1870s (Sorenson, 1995). In 1889, the first 
US  national professional group, the American 
Association for Economic Entomology, was founded, 
followed by the first publication of the Journal of 
Economic Entomology in 1908 (Howard, 1930).

The change from subsistence to commercial agri-
culture had a major impact on farmers’ attitudes to 
pest control, largely because commercialization 
introduced the need to borrow or make cash 
investments, which had not been necessary in sub-
sistence agriculture. Insect pest problems caused 
losses of yield in subsistence agriculture, but unless 
they were catastrophic, they did not risk the farmer’s 
livelihood, whereas in commercial agriculture, 
insect problems threatened the safety of other cash 
investments and thereby threatened the farmer’s 
continued ability to stay in business (Benedict, 
1953). This meant that the standards for acceptable 
levels of insect control increased from those that 
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had been acceptable in subsistence agriculture (Morse 
and Buhler, 1997). Hence, the need to reduce risk 
by ensuring effective pest control became a prime 
consideration among commercial farmers. This in 
turn provided an ideal opening for chemical insec-
ticides, which could provide reliable, demonstrable 
levels of insect control for a relatively low cost.

The new era, involving the use of toxic substances 
for insect control, was led by the use of the dye Paris 
Green, which was found to be effective against the 
Colorado beetle (Leptinotarsa decemlineata) in the 
USA and was used with Bordeaux mixture against 
grape phylloxera in French vineyards (1870–1890). 
In the 1890s, lead arsenate was also introduced for 
insect control. By 1910, lead arsenate and Paris 
Green were the most widely used insecticides sold 
on a commercial basis, with sales reaching £10 mil-
lion each year. In 1917, calcium arsenate joined lead 
arsenate as the leading insecticides in addition to 
the increasing list of available products, which 
included tar oils, plant extracts, derris, nicotine and 
pyrethrum (Ellis, 1993). Thus, the first 40 years of 
the 20th century witnessed an increased use of and 
reliance on chemical insecticides, including the 
introduction of new compounds such as ethylene 
oxide, thiocyanates and phenothiazine. However, 
the application of chemical products tended to be 
haphazard and very imprecise, with the technical 
material often ineffective. Hence, at this time, 
although growing in importance for use in pest 
control, chemical insecticides did not yet dominate 
the approaches adopted by farmers, and enormous 
potential was seen to exist for biological control 
and breeding of resistant crop plants. For biological 
control, between 1920 and 1930 there were more 
than 30 cases of natural enemy establishment 
recorded throughout the world, based on the 
increasing number of introductions of exotic pest 
species promulgated by growing international trade, 
particularly of food and fibre raw materials.

Plant breeding for agronomic characters had 
become well established in the 19th century utiliz-
ing quantitative genetics, but it was not really until 
the rediscovery of Mendel’s Laws of Heredity in 
1900 that geneticists understood qualitative breed-
ing approaches and stumbled upon disease and 
later insect pest resistance factors of economic 
importance (Robinson, 1996). The systematic 
research of R.H. Painter in the 1920s on the resist-
ance to Hessian fly in wheat cultivars laid the foun-
dations for the development of resistance breeding 
against insects utilizing qualitative genetics (Panda 

and Khush, 1995). However, successes were few 
and far between with breeding for resistance to 
insects (unlike resistance to pathogens); the most 
notable success at the time was cotton resistant to 
Empoasca spp. bred in South Africa (Parnell, 1935) 
and India (Husain and Lal, 1940). It was not until 
the 1960s that the full potential of host plant resist-
ance to insects was fully appreciated, but by then 
the dominance of chemical insecticides for insect 
control had reached spectacular proportions.

Chemical insecticides came to prominence on the 
back of the most famous insecticide, dichlorodiphe-
nyltrichloroethane (DDT), developed by Paul Muller 
working for the Geigy Chemical Company in 1939. 
DDT offered persistence, low cost, virtually no plant 
damage, broad-spectrum activity and low acute 
mammalian toxicity. It was first used in 1941 by 
Swiss farmers to control Colorado beetle, and by 
1945, DDT production had reached 140,000  t 
year–1. The success of DDT also stimulated the 
search for other similar chemicals and the subse-
quent development of aldrin, hexachlorocyclohex-
ane (HCH), dieldrin, heptachlor and chlordane 
(Ellis, 1993). Other methods of pest management 
paled in significance with the success achieved with 
these impressive chemicals, and hence the use of 
more biologically oriented approaches declined dra-
matically in the 1940s and 1950s. This redirection 
of effort was mitigated by the overwhelming need to 
test the efficacy of the ever-expanding arsenal of 
new chemical compounds (Kogan and McGrath, 
1993). Pesticides became the only method used by 
many farmers for the control of agricultural pests.

Ironically, at the same time as DDT had obtained 
notoriety as a panacea for pest control in 1946, the 
philosophy of IPM came into being in the lucerne 
fields of California’s San Joaquin Valley (Summers, 
1992). In 1946, K.S. Hagen was hired as the first 
supervised control entomologist in California, 
where he monitored 10,000 acres of lucerne 
(alfalfa) for the alfalfa caterpillar (Colias eury-
theme) and its parasite, Apanteles medicanis 
(Hagen et al., 1971). From the experience of com-
bining natural enemies with host plant resistance 
and rational use of chemicals in the 1950s against 
the spotted alfalfa aphid (Therioaphis maculata) 
emerged the integrated pest control philosophy 
presented by Stern et al. (1959).

However, the context in which the IPM frame-
work would achieve significance was happening 
around the world in situations where pesticides 
were used in excess. Insect resistance to chemical 



4 Chapter 1

insecticides was first reported in 1946 in houseflies in 
Sweden, but in the 1950s, it became widespread in 
many agricultural pests. Resurgence of target pests, 
upsurges of secondary pests (both caused by the sup-
pression of natural enemies by insecticides), human 
toxicity and environmental pollution (Metcalf, 1986) 
caused by pest control programmes relying on the 
sole use of chemicals wreaked havoc in many crop-
ping systems. The ecological and economic impact of 
chemical pest control came to be known as the ‘pes-
ticide treadmill’ because once farmers set foot on the 
treadmill it was virtually impossible to try alterna-
tives and maintain a viable business (Clunies-Ross 
and Hildyard, 1992). In addition, despite problems 
with the chemicals used, the faith in and ‘addiction’ 
to the chemical technology by farmers was assured 
through the continued development and availability 
of new active ingredients coming on to the market.

A landmark event in the history of pest manage-
ment was the publication in 1962 of the book 
Silent Spring by Rachel Carson, which, although 
not really important from the point of view of its 
technical content, had an important impact on the 
general public. Silent Spring brought pest manage-
ment practices into the public domain for the first 
time and provided the spring board for an increase 
in the awareness of the general public of the prob-
lems associated with chemical insecticide use. This 
growing environmental concern, combined with 
the philosophy of integrated control advocated by 
an increasingly vocal band of scientists, provided 
openings for the funding and development of alter-
native, more environmentally friendly approaches 
such as the use of insect pheromones, sterile insect 
techniques, microbial insecticides and host plant 
resistance. The gypsy moth (Lymantria dispar) 
pheromone was isolated, identified and synthesized 
in 1962; by 1967, the screw-worm (Cochliomyia 
hominivorax) was officially declared as eradicated 
from the USA through use of the male-sterile tech-
nique (Drummond et al., 1988); and in 1972, the 
first commercial release of a microbial insecticide 
of Bacillus thuringiensis based on the isolate HD-1 
for control of lepidopterous pests occurred 
(Burgess, 1981). Plant breeding using Mendelian 
genetics had earlier in the century produced very 
high-yielding dwarf wheat cultivars. The need to 
improve yield in similar ways in other crops and 
hence to alleviate malnutrition in developing world 
countries fostered the establishment of the first 
International Agricultural Research Centre (IARC), 
sponsored by the Consultative Group for 

International Agricultural Research (CGIAR), and 
the International Rice Research Institute (IRRI) in 
Los Baños in the Philippines in 1960. This was fol-
lowed by seven other centres improving crop repro-
ductivity through the development of high-yielding 
varieties. Part of this development included breeding 
for insect resistance, of which there was some limited 
success, such as the rice cultivar IR36 resistant to the 
brown plant hopper (Nilaparvata lugens), green leaf 
hopper (Nephotettix virescens), yellow stem borer 
(Scirpophaga incertulas) and gall midge (Orseolia 
oryzae) (Panda and Khush, 1995). This period became 
known as the Green Revolution alluding to the 
‘greening’ of developing countries with high-yielding 
cultivars, particularly of rice (Panda and Khush, 
1995). Generally, however, the resistance was based 
on a form of resistance that could be overcome by the 
insects and, particularly in rice, farmers were advised 
to spray their high-yielding crops with chemical 
insecticides to protect them. Such measures were still 
necessary until the 1980s when IPM methods were 
introduced into rice systems for the first time.

The concept of IPM in the 1960s and 1970s was 
based on restricting pesticide use through the use of 
economic thresholds and utilization of alternative 
control options such as biological products or 
methods, biopesticides, host plant resistance and 
cultural methods (Thomas and Waage, 1996). IPM 
was launched in the USA and ultimately around the 
world with a large and influential research project 
known as the Huffaker Project (1972–1979; this 
was continued in the 1980s as the Atkinson 
Project) focusing primarily on insect pest manage-
ment in six crops: cotton, soybean, lucerne, citrus 
fruits, pome fruits (apples and pears) and some 
stone fruits (peaches and plums) (Morse and 
Buhler, 1997). Involving scientists from universi-
ties, USDA and private industry, the project sought 
to organize research to transcend the disciplinary, 
organizational, political, geographical and crop 
specialism barriers that have usually inhibited col-
laborative efforts among scientific disciplines. In 
this effort, however, and others that have succeeded 
it, IPM was designed to the specification of capital-
intensive, technologically sophisticated farmers. 
Ironically, this was the same design on which the 
high-tech chemical pest control tradition had been 
based, something that IPM endeavoured to replace 
(Perkins, 1982; Thomas and Waage, 1996). A dif-
ferent model for the development of IPM came not 
from the intensive, high-tech world of agriculture 
of the West but from the Philippines and South-east 
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Asia. Here, the emphasis was on IPM training 
among farmers, creating sufficient understanding 
of the interaction between natural enemies and 
their pest prey/hosts so that economic thresholds 
are based on observation of the balance between 
pest and natural enemy numbers in the rice paddy 
fields (Matteson et al., 1994). In Indonesia, after 
one season’s training, farmers’ spraying practices 
changed from an average of 2.8 sprays per farmer 
to less than one per season, with the majority of 
farmers not spraying at all. There was no difference 
in yields using IPM methods compared with yields 
harvested with nationally recommended technical 
packages (Matteson et al., 1994). The concept of 
IPM was officially adopted in Indonesia in 1979, 
but its implementation was negligible because of 
massive pesticide subsidies, the limited experience 
and knowledge of extension personnel, and mas-
sive promotional campaigns by the pesticide com-
panies (APO, 1993; Morse and Buhler, 1997). 
However, IPM adoption escalated with the 
Presidential Decree No. 3, instituted in 1986, which 
banned 57 broad-spectrum insecticides used on rice 
and endorsed IPM as the official strategy for rice 
production.

At this time, other governments around the 
world were waking up to the need to endorse IPM. 
In 1985, India and Malaysia declared IPM an 
Official Ministerial Policy, as did Germany in 1986. 
IPM was also implicit in the Presidential Declaration 
in the Philippines in 1986 and in parliamentary 
decisions in Denmark and Sweden in 1987. In 
1992, at the United Nations Conference on 
Environment and Development, Agenda 21, in Rio 
de Janeiro, the World’s Heads of State endorsed 
IPM as a sustainable approach to pest manage-
ment. In 1993, the USDA launched the National 
IPM Initiative, the goal of which was to have 75% 
of US crop acreage under IPM by 2000, a goal that 
was not achieved (Ehler, 2006). However, the gen-
eral trend during the 1980s and 1990s was for 
governments to recognized, endorse and support 
moves towards developing more sustainable IPM 
systems in agriculture.

New developments in the 1980s with recombi-
nant DNA technology opened up the possibility of 
transferring specific gene sequences between crops 
and between other organisms and crops (Prakash, 
2001). This ability to produce such transgenic crops 
appeared initially to provide a new platform on 
which to base the future sustainability of agricul-
ture within the context of IPM. However, this 

genetic modification or GM approach that enabled 
transgenic crops to be produced turned out to rep-
resent one of the most controversial and yet, para-
doxically, most rapidly adopted technologies in the 
history of agriculture (Tabashnik, 2010; Khush, 
2012). The uptake and growth of transgenic crops 
was spectacular. First grown commercially in 1996 
in the USA on an area of 1.7 million ha, by 2011 
transgenic crops covered 160 million ha in 29 coun-
tries (James, 2011). In the context of insect pest 
management, there was a need to reduce chemical 
insecticide use, and through genetic modification, it 
was possible to introduce insecticidal protein toxins 
derived from the common bacterium B. thuringien-
sis (Bt) into crops such as maize and cotton, which 
enabled control of leaf-feeding insects without the 
need for insecticides (Tabashnik, 2010). However, 
despite environmental and health benefits for farm-
ers of growing insect-resistant crops, there was a 
backlash from the public and environmentalists 
concerned about food safety and potential health 
impacts, about their durability as a control measure 
and about indirect negative effects on biodiversity 
(Prakash 2001; Zhang et al., 2016). In late 1998, 
the European Union imposed a moratorium on the 
production and importation of food products that 
may contain genetically modified organisms 
(GMOs) (Anderson and Jackson, 2006), which was 
later replaced in May 2004 with new restrictive 
regulatory arrangements. The EU’s position on 
GMOs remains at odds with many other countries 
and is seen either as restrictive and unnecessary or 
as enlightened and effective.

A consequence of the switching of emphasis 
away from chemical insecticide inputs towards 
plant-based GM solutions in agriculture led to the 
value of, and opportunities for, the multinational 
agrochemical companies moving into the seed 
industry (Copping, 2003). The potential delivery of 
multiple traits via seeds created a focus on value-
added delivery of other inputs including pesticides 
and fertilizers. This has been an important develop-
ment because it started to shift the emphasis 
towards the use of seed coatings, reducing the 
amount of chemical or biological active ingredient 
applied, and providing more targeted delivery on 
seeds and concern about their persistence in the soil. 
The soil environment is highly complex and pro-
vides not only a physical medium for plant growth 
and plant nutrients but also a habitat for soil micro-
bial communities that carry out key ecosystem ser-
vices vital for life (Jansson and Hofmockel, 2018). 
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A rich soil microbiome provides benefits of 
increased nutrient-use efficiency and uptake, which 
may improve plant yields, as well as resistance and 
resilience against biotic stressors and global climatic 
change. The latter is a key driver in consideration of 
sustainable climate-smart agriculture and the role 
that IPM may play in this over the coming decades.

1.2 Causes of Pest Outbreaks

The history of pest management is a subset of the 
history largely of agriculture, and while pests have 
been a chronic problem in agriculture since the 
beginning, many of today’s serious pest problems 
are the direct consequence of actions taken to 
improve crop production (Waage, 1993). The 
intensification of agriculture has created new or 
greater pest problems in a number of ways:

1. The concentration of a single plant species/vari-
ety in ever larger and more extensive monocultures 
increases its apparency to pests and the number of 
pest species that colonize it (Strong et al., 1984).
2. Generally, high-yielding crop cultivars can pro-
vide improved conditions for pest colonization, 
spread and rapid growth.
3. Reductions of natural enemies around crops 
mean that natural enemies of pests must come to 
the crop from increasingly small and more-distant 
non-crop reservoirs, entering crops too late or in 
too-low numbers to prevent pest outbreaks.
4. Intensification results in a reduction of intervals 
between plantings of the same crop, or overlap of 
crops, which provides a continuous resource to pests.
5. The search for better cultivars and accelerated 
movement of plant material around the world also 
increases the movement of pests. Plant breeders, 
commercial food importers, horticultural import-
ers, distributors of food aid and general commerce 
inadvertently introduce pest species.
6. Too great a reliance on chemicals leads to an 
increase in insect pests.

One of the factors influencing the increased 
introduction of exotic insect alien invasive species 
has been the increase in importation of foreign 
products and materials. In the absence of their nor-
mal natural enemy complex or of environmental 
constraints, these introduced species may become 
pests and cause extensive damage to crops or live-
stock. Pests may also be transported to countries in 
which they are not indigenous by the introduction 
of new crop types or animal breeds, with similar 

results. In general, it is changes in agricultural prac-
tices such as the introduction of new crop species 
or enlargement of fields, increased plant density 
and intensification of crop production that have 
been held responsible for causing many pest prob-
lems. Risch (1987) cited the most important con-
tributing factors as: (i) the changes in crop cultivars 
relative to those of wild relatives; and (ii) the sim-
plification of agroecosystems compared with natu-
ral ecosystems.

The changes in crop cultivars occurred initially 
because of the successful control of insect pests 
with insecticides in the 1950s and 1960s, which 
allowed plant breeders to concentrate on develop-
ing new, high-yielding cultivars in the safe knowl-
edge that the insects were taken care of cheaply and 
effectively with insecticides. Hence, the breeders 
focused their attention more on attaining outstand-
ing yields than on producing insect-resistant culti-
vars (Ferro, 1987). Insect outbreaks then occurred 
on cultivars with no natural levels of insect resist-
ance when the insecticide umbrella was removed 
(brought about by insects resistant to insecticides).

The second important contributing factor, the 
reduction of diversity in large crop monocultures, 
has long been associated with reasons for pest out-
breaks. This is because a monocrop is thought to 
provide a highly suitable habitat for a pest but a 
highly unfavourable one for the pest’s natural ene-
mies, thus creating conditions appropriate for out-
breaks. However, more recently, it has generally 
been recognized that outbreaks are not an inevita-
bility of such trophic simplicity (Redfearn and 
Pimm, 1987), an idea long recognized in forest 
entomology. Monocultures do occur in natural 
ecosystems, such as bracken, heather and natural 
forest. The establishment of species in monocrop 
plantations is certainly not a radical departure 
from this and should not automatically make them 
more vulnerable to pests (Speight and Wainhouse, 
1989). In forest systems in particular, it has been 
shown that cyclical pest outbreaks can occur as a 
consequence of natural changes in the physiologi-
cal condition of the host, with weather often play-
ing an important role (Berryman, 1987; Speight 
and Wainhouse, 1989).

Insect outbreaks, especially of migratory pests, are 
often associated with particular weather patterns, 
such as outbreaks of the desert locust (Schistocerca 
gregaria) and Spodoptera spp. The weather can also 
directly affect population development – if tempera-
tures are favourable for population growth at an 
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appropriate period during the insect’s life cycle, then 
outbreaks can occur; for example, mild winters in 
the UK are associated with outbreaks of cereal 
aphids. Weather can produce differential develop-
ment of pests and their natural enemies, causing a 
decoupling of their association and thereby permit-
ting an unregulated pest population increase.

In effect, the goals of agricultural intensification 
are being undermined by pest problems that are 
now inadvertently the result of that very process. 
Sustainable agriculture, and hence sustainable pest 
management, have required finding solutions to 
these pest problems that protect the goals of inten-
sification (Thomas and Waage, 1996).

Insect outbreaks can be triggered through human 
intervention such as the use of insecticides, improved 
irrigation, fertilizer or cultivars lacking resistance to 
insects. Of these, it is insecticides that have had the 
most widespread influence on insect pest outbreaks. 
They can be an indirect cause of insect pest out-
breaks by a number of means including reduction of 
natural enemies, removal of competitive species and 
secondary pest outbreaks, and through the develop-
ment of insecticide-resistant insects. The use of 
broad-spectrum insecticides (which is now on the 
decline) can cause the destruction of both pest and 
natural enemy populations, but the ability of the pest 
to then rebound in the absence of the natural enemy 
can lead to an outbreak. Secondary pests occur when 
an insecticide differentially affects the major pest 
relative to minor ones. With the subsequent destruc-
tion of the major pest, competition is removed, 
allowing the minor pests to exploit the resource 
more effectively, and an outbreak ensues. Situations 
where insect outbreaks occur because of the develop-
ment of insecticide resistance are well known. 
Insecticides that are used with repeated widespread 
application create a situation in which there is 
intense selection pressure for resistant individuals. 
These individuals can then proliferate in the insecti-
cide-treated area and cause subsequent outbreaks.

In addition to all of these factors, the changes in 
consumer requirements for insect-free produce in 
the USA and Europe have been a driving force 
behind the need to control insects at lower densities 
than before. Such shifts in consumer standards 
have meant that some insects are controlled beyond 
the point at which they are causing physical losses 
to the crop or animal. More recently, demand for 
‘organic’ or ‘green’ products has created a market 
at the other end of the spectrum. These items of 
food are produced using only environmentally 

friendly techniques meeting particular standards, 
excluding the use of synthetic chemicals. With pre-
mium prices being paid for such ‘green’ or ‘blemish-
free’ products, economics or aesthetics then 
determine the level of infestation at which an insect 
is regarded as a pest.

Thus, consumerism and the needs of the consumer 
influence pest management practices. There is a 
wide range of stakeholders as well as consumers 
who influence pest management, how it has devel-
oped in the past and how it will develop in the 
future.

1.3 The Stakeholders in  
Pest Management

Stakeholders are individuals and groups of indi-
viduals with a vested interest in a particular issue, 
cause or enterprise. Their expectations are built on 
past experiences, assumptions and beliefs, and will 
reflect specific organizational structures (Collins, 
1994). Within pest management, there are numer-
ous stakeholders who can include, for instance, 
shareholders, managers, employees, suppliers, cus-
tomers and communities, all linked, to different 
degrees, to a commercial company that produces, 
for example, a chemical insecticide. The various 
stakeholders, both among and within groups, can 
be placed in a hierarchy where the ‘stake’ that each 
has in the enterprise is similar and influences the 
stakeholder group in the tiers below it. In pest man-
agement, the first-tier stakeholders tend to be gov-
ernments and international agencies, the second 
tier comprises scientists, extension service provid-
ers and agronomic advisers, the third commercial 
companies, the fourth farmers and growers, and 
the fifth tier – the largest – consumers, customers 
and communities that are the beneficiaries (or oth-
erwise) of the decisions made and implemented by 
the tiers above. The lower-tier stakeholders may 
also exert some influence over those stakeholders 
in tiers above them. In order to understand pest 
management – how it has reached where it is today 
and how to identify where it is going in the future – 
it is necessary to understand something of the 
motives and interests of each stakeholder group.

1.3.1 Governments, politics and  
funding agencies

The stakeholders in government need to establish 
policies that will work to the benefit of all other 
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stakeholders. As other stakeholders in pest man-
agement are so diverse in their interests and needs, 
governments perform a balancing act, selecting 
policies that will often reflect a compromise so that 
no one group of lower-tier stakeholders wholly 
benefits and none loses out completely. Governments 
are responsible for funding public research interests 
in its institutes and universities; they are also 
responsible for supporting the role of commercial 
companies, creating circumstances where they can 
innovate and generate new goods and services, 
underpinning manufacturing, employment, wealth 
generation and taxes. Governments also need to 
establish appropriate regulatory frameworks, and 
guarantee that food is available at an affordable 
price and quality in ways that do not degrade our 
environment or contribute to climate change. 
Hence, stakeholders in government seek to look 
after the interests of farmers, consumers and com-
munities by funding research and supporting indus-
try where it is possible do so without distorting 
markets.

During the industrialization of agriculture at the 
end of the 19th century, government policies sought 
to provide cheap food for a growing urban popula-
tion, and hence agriculture was targeted for invest-
ment and support. However, this process tended to 
benefit larger farmers through the economies of 
scale and reduced labour costs from mechanization, 
at the expense of smallholders. The arrival of pesti-
cides was greeted with euphoria, as it allowed far 
more control of the system and assisted the process 
of agricultural industrialization (Perkins, 1982; Morse 
and Buhler, 1997). Government policies including 
tax incentives made the production and use of pes-
ticides attractive to businesses and farmers. Pesticide 
development, production and use became institu-
tionalized and farmers became increasingly depend-
ent on its use (Zalom, 1993). For many years after 
World War II, governments needed to demonstrate 
the availability of surplus food as a political tool. 
Despite the problems with pesticides became 
increasingly apparent in the late 1950s and early 
1960s, politically agricultural production had to be 
maintained. Rich farmers, the agrochemical indus-
try and food consumers all wanted the benefits of 
the system in spite of public concern over the envi-
ronmental impact (Morse and Buhler, 1997). The 
problem for the stakeholders and government was 
how to maintain production, protect the environ-
ment and maintain an economically viable agribusi-
ness sector. However, with increasingly obvious 

environmental concerns raised about pesticides and 
increased awareness of the general public of these 
issues, they became politically more important. 
Hence, a change of policy that allowed environ-
mental issues to be addressed but that did not 
impact too heavily on agribusiness was required. 
The solution to the problem has been IPM – a posi-
tion that has been consolidated with the increasing 
need to achieve climate-smart agriculture and 
reduce greenhouse-gas emissions from agriculture.

1.3.2 Research scientists

The development of an IPM programme requires 
detailed knowledge of an agroecosystem, its com-
ponent parts and how they interact; pest manage-
ment is knowledge intensive. Generation of this 
knowledge is the job of scientists. It has been 
argued that IPM is actually a creation of scientists, 
and it is scientists who have largely controlled its 
evolution, albeit subject to various pressures 
(Morse and Buhler, 1997), and hence the IPM 
approach should be seen primarily in terms of their 
desires and agenda.

It has been argued, often with justification, that 
IPM and research into IPM are not driven by prin-
ciples but by the need to solve emerging problems. 
Certainly, this would often seem to be the case. 
IPM was itself developed in response to emerging 
problems, mainly those associated with the misuse 
of insecticides, and alternatives and solutions to 
many pest problems are continually being sought. 
The principles of IPM are rarely applied because 
few scientists take on a management programme at 
the level at which they can be applied. Usually, 
because of human nature, a failing strategy will not 
be replaced by a new one (IPM), but different ways 
of adapting the existing strategy will be tried in 
order to minimize the extent of the failure. Hence, 
much of the research in IPM has been a response to 
a changing problem simply because scientists are 
usually reluctant to admit failure or to give up on 
an approach or idea. It is often much easier to 
advocate the need for a new, ‘state of the science’ 
technique with which to shore up a failing approach 
than it is to admit failure and start again.

There is a tendency within IPM to develop and 
employ control measures that can provide only a 
short-term solution to the problem. Such measures 
can work effectively only over a limited timescale 
because as soon as their use becomes widespread 
pests will adapt them and render them useless, such 
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as prolonged use of a single insecticide, vertical 
resistance in crop plants and the use of genetically 
manipulated crop plants. All of these examples 
provide only short-term answers to pest problems, 
but each also produces a research/development 
treadmill from which there is no escape. This may 
provide work for researchers and short-term eco-
nomic gains for commercial companies, but it does 
not ultimately solve pest problems or contribute a 
great deal to the development of sound insect pest 
management strategies. Despite this, many tech-
niques gain acceptance within the framework of 
IPM because each new technique could be claimed 
to provide another weapon to be added to the pest 
control armoury. Diversity is fundamental to pest 
management, and hence any technique can be justi-
fied and proclaimed under the IPM banner.

Control measures usually pass through a period 
during which they represent the ‘new’ or ‘in vogue’ 
approach. The development of transgenic crop 
plants is another example where investments were 
made in the development of a new technology and 
offered much promise, particularly in the reduc-
tion of chemical pesticide use. While it cannot be 
denied that transgenic crops have had a major 
influence on crop protection over the last 25 years, 
it has again been shown that insects can quickly 
develop means of circumventing technology – in this 
case resistance mechanisms using ‘foreign’ bacterial 
DNA. It should be remembered that we have been 
through this situation before, where a product held 
immense promise and received extensive funding, 
only to find after years of research that the 
approach was applicable only to certain situations; 
examples include sterile-male techniques, mass 
trapping with pheromones, juvenile hormones and 
monitoring with pheromones.

The changes in seasonal abundance of a pest are 
easily described but much less easily explained. The 
research commitment required to describe a process 
and that necessary to explain it involve different 
orders of magnitude. Processes that influence popu-
lation growth are rarely easily explained. Often, the 
more research that is carried out, the more ques-
tions arise, and the complexity of the problem 
increases. The understanding that is central to the 
philosophy of IPM necessitates an in-depth enquiry 
by scientists into the complexities and subtleties of 
insect biology and ecology. Such studies can easily 
become increasingly removed from the original 
question that prompted the research. While it is 
necessary to study a subject in detail in order to 

understand how it functions, there is a danger that 
the research can get so far removed from its original 
objectives that the final results are inapplicable.

In each case, whether there is the need to shore 
up a failing strategy, development of new solutions 
to pest problems (often products for the agribusi-
nesses that are unsustainable when in widespread 
use) or the need for a greater understanding of a 
particular pest/crop system, it is scientists who ben-
efit and it is science that is required to provide the 
answers. All this is in the context of a sustained, 
consistent erosion of the base budget for agricul-
tural research and extension support at the end 
of the last century in the USA (Zalom, 1993) and UK 
(Lewis, 1998). Hence, there has been tremendous 
pressure on research budgets, but public sector 
scientists have managed to diversify the number of 
options studied under the umbrella of IPM. The 
downside has been that, with dwindling resources, 
funding agencies at national and international levels 
have called for collaborative multidisciplinary 
research programmes where the idea has been to 
make more effective use of limited resources (Dent, 
1992). In doing so, however, sponsors have taken 
little account of the constraints of the specialist 
nature of research in relation to developing multi-
disciplinary programmes, the appraisal and reward 
systems (Zalom, 1993), organizational structures 
and management systems (Dent, 1995), all of which 
are geared towards specialism and not interdisci-
plinary approaches. Despite the obvious role for 
interdisciplinary research in integrating control 
measures at a research level, the statement made by 
Pimentel in 1985 still remains largely true today 
that ‘most remain ad hoc efforts by individual pest 
control specialists, each developing so-called inte-
grated pest management programmes indepen-
dently of one another’.

1.3.3 Commercial companies

Commercial enterprises generate income through 
the provision of services, products or a combination 
of the two. Within agribusiness, there is a greater 
emphasis on manufacturing and sale of products 
than on the service side of the industry. Growers 
expect to budget for tangible items such as machin-
ery, pesticides and fertilizer, but the concept of 
purchasing advice, for example, has been less 
acceptable (Zalom, 1993). Hence, product inputs 
tend to dominate agribusiness in general, and in 
pest management, control products have gained in 
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importance since the turn of this century. Whereas 
chemical pesticides were the predominate type of 
control product in the 1960s, since that time there 
has been a proliferation of different types of pest 
management products including: (i) monitoring 
devices (e.g. insect traps); (ii) biopesticides (e.g. Bt); 
(ii) semiochemicals (e.g. for mating disruption); 
(iv) insect parasitoids (e.g. Trichogramma spp.) and 
predators (e.g. common green lacewing, Chrysoperla 
carnea); and (v) over the last 30 or more years, 
genetically manipulated crop plants (e.g. Bt cot-
ton). The development of transgenic crops has also 
meant that crop seed is used as a means of input 
delivery and is a ‘product’ in its own right.

All of these products are purchased as off-farm 
inputs, which generates an income for the commer-
cial company and reduces the risk for the farmer. 
Some products are more successful in this than 
others so that a number of products service large, 
generally international markets while others meet 
the demands of smaller, more local and specific 
markets. In general, however, commercial compa-
nies are searching for products that have a range of 
characteristics including commercial value, broad-
spectrum effects, general applicability, easily mar-
ketable, high performance, reliable, visibly effective, 
low hazard and/or toxicity to humans, and cost-
effective (Dent, 1993). Such characteristics will 
tend to ensure a product’s uptake and sustained use 
over many years and provide an adequate return of 
the investment necessary to develop, produce, mar-
ket and sell it. Hence, provided a product life cycle 
is sufficiently long to generate a suitable return on 
the investment, a company will have achieved its 
objective. There has been little imperative for a 
‘sustainable’ product per se; all income generated 
above the required return is a bonus, which is why 
the concept of a ‘product treadmill’ is not such an 
anathema to the commercial stakeholders as per-
haps it is to others. Commercial companies are not 
primarily in the business of alleviating the world’s 
pest problems but rather of providing solutions 
that will generate a viable revenue stream and 
maintain the longer-term prospects of the individ-
ual companies. However, no business is immune or 
isolated from the need to adapt to a changing mar-
ket – and the most important of these drivers at this 
time is climate-smart agriculture and food security. 
With consumers demanding more sustainable and 
climate-smart production of food, companies will 
adapt practices and product development to meet 
this market need.

The pest control business is worth billions of 
dollars worldwide each year, and its presence influ-
ences the whole philosophy of pest management, 
continually driving new technologies that can be 
sold as off-farm inputs, and feeding and maintain-
ing the demand for its products. The commercial 
company stakeholders are major players in pest 
management affecting agricultural policy, research 
and development, and farmers’ expectations and 
needs. The wealth and taxes, employment and 
assurance they generate provide a powerful incen-
tive for their continued role in the future.

1.3.4 Farmers and growers

Users of insect pest control technologies are not a 
uniform group. Even among farmers and growers, 
there is a tremendous diversity, so that pest manage-
ment means different things to different individuals, 
farmer groups and communities. The awareness 
and level of understanding of IPM among growers 
in the UK differs among the horticultural and agri-
cultural arable sectors (Bradshaw et al., 1996). This 
is not surprising, as IPM has been practised in the 
horticultural sector as a result of problems with 
insecticide resistance, which catalysed a movement 
for greater sustainability and a greater emphasis on 
biological control. The same types of problems were 
less immediate in the agricultural sector and hence 
IPM has been slower to catch on.

Farmers’ objectives may vary. They may, for 
example, be interested in the maximization of 
profit or the minimization of risk (Zadoks, 1991). 
In subsistence farming, food security will be the 
primary objective whereas reduction of labour may 
be secondary. In general, a hierarchy of objectives 
may be expected (Norton and Mumford, 1983). A 
grower’s perception of risk can be a function of 
loan and contractual commitments, which may 
require them to follow ‘prudent’ practices to meet 
yield or quality objectives (van den Bosch, 1978; 
Zalom, 1993). The practices they adopt for control 
of insects may also be market driven, and if that 
means reducing pesticide residues by adopting the 
principles of IPM, then this is what the farmers will 
do. Farmers will adopt practices that are expedient 
in the face of risk, are available and will secure 
them a satisfactory livelihood.

Farmers have often been viewed as passive recipi-
ents of pest management technologies. However, 
this view is changing, and farmers tend now to be 
seen as an integral part of the pest management 
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stakeholder network, with a role in defining pest 
control needs, evaluating their effectiveness and 
influencing their wider adoption. Farmers, more 
than any other group, are sensitive to customer 
needs, and the more competitive and intensive 
farming becomes, the more consumers will dictate 
the pest control practices adopted by farmers.

1.3.5 Customers and consumers

Consumers in developed countries have increas-
ingly high expectations concerning food quality. It 
is now unacceptable for insects, their body parts or 
frass to be found on fresh produce or packaged 
products. In addition, there is increasing concern 
about pesticide residues on food, despite, paradoxi-
cally, the fact that the use of pesticides provided the 
means by which pest-free produce first became 
possible and now continues to make high cosmetic 
standards realizable. High-quality standards have 
largely been imposed by government agencies on 
producers, processors, packers and retailers in 
response to consumer concerns (Zalom, 1993). It 
will be the need to maintain consumer confidence 
in the food industry that will always drive other 
stakeholders to invest in ‘safe’ technologies. This 
approach is being mirrored in developing countries 
wherever they serve developed country markets 
that demand high-quality standards.

The views of the general public on the perceived 
environmental hazard posed by some pest control 
measures, particularly pesticides and GM crops, 
continue to have an impact on pest management at 
all stakeholder levels. The concerns first expressed 
in Silent Spring have been maintained in the public 
arena by vociferous groups committed to environ-
mentalism. These groups, which initially cam-
paigned successfully to maintain a high profile on 
the problems with pesticide use, are now equally 
vigilant and vocal concerning the potential hazard 
posed by genetically manipulated crop plants and, 
rightly, will continue to scrutinize future developments 

in the same way. Awareness and concerns about 
agricultural technologies have been raised among 
the public and there is no going back from this 
position. However, from a technical point of view, 
the main requirement is to ensure that public per-
ception, understanding and decisions are based on 
sound scientific evidence and not on technically 
unfounded, purely emotive responses espoused by 
vested-interest groups.

1.3.6 Balancing costs and benefits

Pest management that may be good for individual 
farmers is not necessarily good for farmers in 
aggregate, or for society at large (Mumford and 
Norton, 1991). Different conflicts of interest occur 
among different segments of society, and hence 
value judgements must be made about the relative 
claims of consumers, farmers, commercial compa-
nies and scientists. The responsibility ultimately lies 
with politicians and hence on political judgements 
rather than economic, scientific or environmental 
facts. Policy makers face difficult decisions on what 
constitutes success in a pest management policy. 
The traditional view that what is good for indi-
vidual farmers must be good for society (Perkins, 
1982) no longer holds true. The political impor-
tance of farmers is waning and that of the con-
sumer increasing. The general public have an 
increasing scepticism about science, and with con-
cern for the environment, climate change, food 
safety and occupational health increasingly becom-
ing political issues, there will be an increasing 
number of conflicts of interests among consumers, 
scientists, agribusiness and farmers. Resolution of 
these conflicts through the development of accept-
able pest management strategies is only likely to 
occur if the policy makers understand the objec-
tives of each group and can work towards compro-
mise policies that attempt to balance costs and 
benefits among all stakeholders (Mumford and 
Norton, 1991).
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