
Integrated pest management

An IPM boll weevil trap in a cotton field (Manning, South Car-
olina).

Integrated pest management (IPM), also known as In-
tegrated Pest Control (IPC) is a broad-based approach
that integrates practices for economic control of pests.
IPM aims to suppress pest populations below the eco-
nomic injury level (EIL). The UN’s Food and Agricul-
ture Organisation defines IPM as “the careful consider-
ation of all available pest control techniques and subse-
quent integration of appropriate measures that discour-
age the development of pest populations and keep pes-
ticides and other interventions to levels that are eco-
nomically justified and reduce or minimize risks to hu-
man health and the environment. IPM emphasizes the
growth of a healthy crop with the least possible disruption
to agro-ecosystems and encourages natural pest control
mechanisms.”[1] Entomologists and ecologists have urged
the adoption of IPM pest control since the 1970s.[2] IPM
allows for safer pest control. This includes managing in-
sects, plant pathogens and weeds.
Globalization and increased mobility open allow in-
creasing numbers of invasive species to cross national
borders.[3][4] IPM poses the least risks while maximizing
benefits and reducing costs.[5]

For their leadership in developing and spreading IPM
worldwide, Perry Adkisson and Ray F. Smith received
the 1997 World Food Prize.

1 History

Shortly after World War II, when synthetic insecticides
became widely available, entomologists in California de-

veloped the concept of “supervised insect control”.[6]
Around the same time, entomologists in the US Cotton
Belt were advocating a similar approach. Under this
scheme, insect control was “supervised” by qualified en-
tomologists and insecticide applications were based on
conclusions reached from periodic monitoring of pest and
natural-enemy populations. This was viewed as an alter-
native to calendar-based programs. Supervised control
was based on knowledge of the ecology and analysis of
projected trends in pest and natural-enemy populations.
Supervised control formed much of the conceptual basis
for the “integrated control” that University of California
entomologists articulated in the 1950s. Integrated control
sought to identify the best mix of chemical and biologi-
cal controls for a given insect pest. Chemical insecticides
were to be used in the manner least disruptive to biologi-
cal control. The term “integrated” was thus synonymous
with “compatible.” Chemical controls were to be applied
only after regular monitoring indicated that a pest popu-
lation had reached a level (the economic threshold) that
required treatment to prevent the population from reach-
ing a level (the economic injury level) at which economic
losses would exceed the cost of the control measures.
IPM extended the concept of integrated control to all
classes of pests and was expanded to include all tactics.
Controls such as pesticides were to be applied as in inte-
grated control, but these now had to be compatible with
tactics for all classes of pests. Other tactics, such as host-
plant resistance and cultural manipulations, became part
of the IPM framework. IPM combined entomologists,
plant pathologists, nematologists and weed scientists.
In the United States, IPM was formulated into national
policy in February 1972 when President Richard Nixon
directed federal agencies to take steps to advance the ap-
plication of IPM in all relevant sectors. In 1979, Presi-
dent Jimmy Carter established an interagency IPM Co-
ordinating Committee to ensure development and imple-
mentation of IPM practices.[7]

2 Applications

IPM is used in agriculture, horticulture, human habita-
tions, preventive conservation and general pest control,
including structural pest management, turf pest manage-
ment and ornamental pest management.
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3 Principles

An American IPM system is designed around six basic
components:[8]

• Acceptable pest levels—The emphasis is on control,
not eradication. IPM holds that wiping out an entire
pest population is often impossible, and the attempt
can be expensive and unsafe. IPM programmes first
work to establish acceptable pest levels, called ac-
tion thresholds, and apply controls if those thresh-
olds are crossed. These thresholds are pest and site
specific, meaning that it may be acceptable at one
site to have a weed such as white clover, but not at
another site. Allowing a pest population to survive
at a reasonable threshold reduces selection pressure.
This lowers the rate at which a pest develops resis-
tance to a control, because if almost all pests are
killed then those that have resistance will provide the
genetic basis of the future population. Retaining a
significant number unresistant specimens dilutes the
prevalence of any resistant genes that appear. Sim-
ilarly, the repeated use of a single class of controls
will create pest populations that are more resistant to
that class, whereas alternating among classes helps
prevent this.

• Preventive cultural practices—Selecting varieties
best for local growing conditions and maintaining
healthy crops is the first line of defense. Plant
quarantine and 'cultural techniques’ such as crop
sanitation are next, e.g., removal of diseased plants,
and cleaning pruning shears to prevent spread of
infections. Beneficial fungi and bacteria are added
to the potting media of horticultural crops vulner-
able to root diseases, greatly reducing the need for
fungicides.

• Monitoring—Regular observation is critically im-
portant. Observation is broken into inspection and
identification.[9] Visual inspection, insect and spore
traps, and other methods are used to monitor pest
levels. Record-keeping is essential, as is a thor-
ough knowledge target pest behavior and reproduc-
tive cycles. Since insects are cold-blooded, their
physical development is dependent on area temper-
atures. Many insects have had their development
cycles modeled in terms of degree-days. The de-
gree days of an environment determines the optimal
time for a specific insect outbreak. Plant pathogens
follow similar patterns of response to weather and
season.

• Mechanical controls—Should a pest reach an unac-
ceptable level, mechanical methods are the first op-
tions. They include simple hand-picking, barriers,
traps, vacuuming and tillage to disrupt breeding.

• Biological controls—Natural biological processes
and materials can provide control, with acceptable

environmental impact, and often at lower cost.
The main approach is to promote beneficial insects
that eat or parasitize target pests. Biological
insecticides, derived from naturally occurring
microorganisms (e.g.—Bt, entomopathogenic fungi
and entomopathogenic nematodes), also fall in this
category. Further 'biology-based' or 'ecological'
techniques are under evaluation.

• Responsible use—Synthetic pesticides are used as
required and often only at specific times in a pest’s
life cycle. Many newer pesticides are derived
from plants or naturally occurring substances (e.g.—
nicotine, pyrethrum and insect juvenile hormone
analogues), but the toxophore or active component
may be altered to provide increased biological ac-
tivity or stability. Applications of pesticides must
reach their intended targets. Matching the applica-
tion technique to the crop, the pest, and the pesticide
is critical. The use of low-volume spray equipment
reduces overall pesticide use and labor cost.

An IPM regime can be simple or sophisticated. Histor-
ically, the main focus of IPM programmes was on agri-
cultural insect pests.[10] Although originally developed for
agricultural pest management, IPM programmes are now
developed to encompass diseases, weeds and other pests
that interfere with management objectives for sites such
as residential and commercial structures, lawn and turf
areas, and home and community gardens.

4 Process

IPM is the selection and use of pest control actions that
will ensure favourable economic, ecological and social
consequences[11] and is applicable to most agricultural,
public health and amenity pest management situations.
The IPM process starts with monitoring, which includes
inspection and identification, followed by the establish-
ment of economic injury levels. The economic injury
levels set the economic threshold level. That is the point
when pest damage (and the benefits of treating the pest)
exceed the cost of treatment.[12] This can also be an ac-
tion threshold level for determining an unacceptable level
that is not tied to economic injury. Action thresholds are
more common in structural pest management and eco-
nomic injury levels in classic agricultural pest manage-
ment. An example of an action threshold is one fly in
a hospital operating room is not acceptable, but one fly
in a pet kennel would be acceptable. Once a threshold
has been crossed by the pest population action steps need
to be taken to reduce and control the pest. Integrated
pest management employ a variety of actions including
cultural controls, including physical barriers, biological
controls, including adding and conserving natural preda-
tors and enemies to the pest, and finally chemical controls
or pesticides. Reliance on knowledge, experience, obser-
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vation and integration of multiple techniques makes IPM
appropriate for organic farming (excluding synthetic pes-
ticides). These may or may not include materials listed on
the Organic Materials Review Institute (OMRI)[13] Al-
though the pesticides and particularly insecticides used
in organic farming and organic gardening are generally
safer than synthetic pesticides, they are not always more
safe or environmentally friendly than synthetic pesticides
and can cause harm.[14] For conventional farms IPM can
reduce human and environmental exposure to hazardous
chemicals, and potentially lower overall costs.
Risk assessment usually includes four issues: 1) charac-
terization of biological control agents, 2) health risks, 3)
environmental risks and 4) efficacy.[15]

Mistaken identification of a pest may result in ineffective
actions. E.g., plant damage due to over-watering could
be mistaken for fungal infection, since many fungal and
viral infections arise under moist conditions.
Monitoring begins immediately, before the pest’s activ-
ity becomes significant. Monitoring of agricultural pests
includes tracking soil/planting media fertility and water
quality. Overall plant health and resistance to pests is
greatly influenced by pH, alkalinity, of dissolved mineral
and Oxygen Reduction Potential. Many diseases are wa-
terborne, spread directly by irrigation water and indirectly
by splashing.
Once the pest is known, knowledge of its lifecycle pro-
vides the optimal intervention points.[16] For example
weeds reproducing from last year’s seed can be prevented
with mulches and pre-emergent herbicide.
Pest-tolerant crops such as soybeans may not warrant in-
terventions unless the pests are numerous or rapidly in-
creasing. Intervention is warranted if the expected cost
of damage by the pest is more than the cost of control.
Health hazards may require intervention that is not war-
ranted by economic considerations.
Specific sites may also have varying requirements. E.g.,
white clover may be acceptable on the sides of a tee box
on a golf course, but unacceptable in the fairway where it
could confuse the field of play.[17]

Possible interventions include mechanical/physical, cul-
tural, biological and chemical. Mechanical/physical con-
trols include picking pests off plants, or using netting
or other material to exclude pests such as birds from
grapes or rodents from structures. Cultural controls in-
clude keeping an area free of conducive conditions by re-
moving waste or diseased plants, flooding, sanding, and
the use of disease-resistant crop varieties.[11] Biological
controls are numerous. They include: conservation of
natural predators or augmentation of natural predators,
Sterile insect technique (SIT).[18]

Augmentation, inoculative release and inundative re-
lease are different methods of biological control that
affect the target pest in different ways. Aug-
mentative control includes the periodic introduction

of predators.[19][20][21][22][23] With inundative release,
predators are collected, mass-reared and periodically re-
leased in large numbers into the pest area.[24][25][26] This
is used for an immediate reduction in host populations,
generally for annual crops, but is not suitable for long
run use.[27] With inoculative release a limited number
of beneficial organisms are introduced at the start of
the growing season. This strategy offers long term con-
trol as the organism’s progeny affect pest populations
throughout the season and is common in orchards.[27][28]
With seasonal inoculative release the beneficials are col-
lected, mass-reared and released seasonally to maintain
the beneficial population. This is commonly used in
greenhouses.[28] In America and other western countries,
inundative releases are predominant, while Asia and the
eastern Europe more commonly use inoculation and oc-
casional introductions.[27]

The Sterile insect technique (SIT) is an Area-Wide IPM
program that introduces sterile male pests into the pest
population to trick females into (unsuccessful) breeding
encounters, providing a form of birth control and reduc-
ing reproduction rates.[18] The biological controls men-
tioned above only appropriate in extreme cases, because
in the introduction of new species, or supplementation of
naturally occurring species can have detrimental ecosys-
tem effects. Biological controls can be used to stop inva-
sive species or pests, but they can become an introduction
path for new pests.[29]

Chemical controls include horticultural oils or the ap-
plication of insecticides and herbicides. A Green Pest
Management IPM program uses pesticides derived from
plants, such as botanicals, or other naturally occurring
materials.
Pesticides can be classified by their modes of action. Ro-
tating among materials with different modes of action
minimizes pest resistance.[11]

Evaluation is the process of assessing whether the inter-
vention was effective, whether it produced unacceptable
side effects, whether to continue, revise or abandon the
program.[30]

5 Southeast Asia

The Green Revolution of the 1960s and '70s introduced
sturdier plants that could support the heavier grain loads
resulting from intensive fertilizer use. Pesticide imports
by 11 Southeast Asian countries grew nearly sevenfold in
value between 1990 and 2010, according to FAO statis-
tics, with disastrous results. Rice farmers become accus-
tomed to spraying soon after planting, triggered by signs
of the leaf folder moth, which appears early in the grow-
ing season. It causes only superficial damage and doesn't
reduce yields. In 1986, Indonesia banned 57 pesticides
and completely stopped subsidizing their use. Progress
was reversed in the 2000s, when growing production ca-
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pacity, particularly in China, reduced prices. Rice pro-
duction in Asia more than doubled. But it left farmers
believing more is better—whether it’s seed, fertilizer, or
pesticides.[31]

The brown planthopper (Nilaparvata lugens), the farm-
ers’ main target, has become increasingly resistant. Since
2008, outbreaks have devastated rice harvests through-
out Asia, but not in the Mekong Delta. Reduced spray-
ing allowed natural predators to neutralize planthoppers
in Vietnam. In 2010 and 2011, massive planthopper out-
breaks hit 400,000 hectares of Thai rice fields, causing
losses of about $64 million. The Thai government is now
pushing the “no spray in the first 40 days” approach.[31]

By contrast early spraying kills frogs, spiders, wasps and
dragonflies that prey on the later-arriving and dangerous
planthopper and produced resistant strains. Planthoppers
now require pesticide doses 500 times greater than orig-
inally. Overuse indiscriminately kills beneficial insects
and decimates bird and amphibian populations. Pesti-
cides are suspected of harming human health and became
a common means for rural Asians to commit suicide.[31]

In 2001, scientists challenged 950 Vietnamese farmers
to try IPM. In one plot, each farmer grew rice using their
usual amounts of seed and fertilizer, applying pesticide
as they chose. In a nearby plot, less seed and fertilizer
were used and no pesticides were applied for 40 days af-
ter planting. Yields from the experimental plots was as
good or better and costs were lower, generating 8% to
10% more net income. The experiment led to the “three
reductions, three gains” campaign, claiming that cutting
the use of seed, fertilizer and pesticide would boost yield,
quality and income. Posters, leaflets, TV commercials
and a 2004 radio soap opera that featured a rice farmer
who gradually accepted the changes. It didn't hurt that a
2006 planthopper outbreak hit farmers using insecticides
harder than those who didn't. Mekong Delta farmers cut
insecticide spraying from five times per crop cycle to zero
to one.
The Plant Protection Center and the International Rice
Research Institute (IRRI) have been encouraging farmers
to grow flowers, okra and beans on rice paddy banks, in-
stead of stripping vegetation, as was typical. The plants
attract bees and a tiny wasp that eats planthopper eggs,
while the vegetables diversify farm incomes.[31]

Agriculture companies offer bundles of pesticides with
seeds and fertilizer, with incentives for volume purchases.
A proposed law in Vietnam requires licensing pesticide
dealers and government approval of advertisements to
prevent exaggerated claims. Insecticides that target other
pests, such as Scirpophaga incertulas (stem borer), the
larvae of moth species that feed on rice plants allegedly
yield gains of 21% with proper use.[31]

6 See also

• Association of Natural Biocontrol Producers

• Agroecology

• Agronomy

• Biodynamic agriculture

• Endangered arthropod

• International Organization for Biological Control

• Pesticide application

• Professional Landcare Network (PLANET)

• Push-pull technology

• Soil contamination

• Sustainable agriculture
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