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IPM was born in the late fifties by the introduction of “integrated 
control” defined as “applied pest control which combines and 
integrates biological and chemical control” (Stern et al. 1959).



• The IPM concept was initially developed by entomologists faced with indiscriminate 
broad-spectrum insecticide use and insect outbreaks caused by the elimination of 
natural enemies and the emergence of pesticide resistance.

Rachel Carson (1907-1964) was the first to report the loss of 
bioidversity in the rural landscape. 

Silent spring is a metaphor for the biodiversity crisis in 
intensive-conventional  agriculture

The title derives from the observation of the silence in the 
spring fields, compared to past decades, due to the decrease in 
the number of songbirds caused by the massive use of 
insecticides
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IPM now applies to all aspects of plant protection.

• The EU Framework Directive 2009/128/EC on the sustainable use 
of pesticides provides a definition of IPM largely inspired from the 
definition given by the Food and Agriculture Organization of the 
United Nations, substituting the concept of “pest control 
techniques” with “plant protection methods” and adding the 
notion of “ecological justification” to that of economic justification

The suite of 2009 European Union legislation known asThe
Pesticides Package 



A modern and olistic definition of IPM as
multi-tactic control



IPM is a holistic enterprise emphasizing a 
systems approach

Barzman et al. (2015)



Principle 1: prevention (and supression)

Prevention of harmful organisms can be achivied or supported by:

-Crop rotation

-Use of adequate cultivation techniques (sowing dates, and densities,undersowing, conservation
tillage, pruning and direct sowing)

-Use of resistant/tolererant cultivars, standard certified seed and planting material

- Use of balanced fertilization, liming and irrigation /drainage practices

-Preenting the spreading of pests by hygiene measures (e.g. cleaning of machinery)

-Protection and enhancement of beneficial organisms by plant protection measures and use of
ecological infrastructures (=habitat-landscape management)



In many cases, the evolution of integrated pest management
(IPM) and integrated soil fertility management (ISFM) have proceeded separately



• New research is showing that the ability of a crop plant to resist or tolerate 
insect pests and diseases is tied to optimal physical, chemical and mainly 
biological properties of soils.

• Soils with high organic matter and active soil biology generally exhibit 
good soil fertility as well as complex food webs and beneficial organisms 
that prevent infestation/infection. 

• On the other hand, farming practices that cause nutrition imbalances can 
lower pest resistance



Principle 2: monitoring

Harmful organisms must be monitored by sampling, including observations in the field, 
use of traps, forecasting and phenological models, early diagnosis systems

Principle 3: decision making

Based on the results of the monitoring, the users has to decide whether and when to apply pest control
measures. 

The use of threshold is essential component for decision making



Box 1: Economic threshold

• Almost all crops can tolerate a certain amount of pest damage without affecting yields or 
crop health. 

• The complete control of pests is not always necessary (or even desirable from an
agroecological perspective) to ensure profitability. 

• Work therefore focused on determining the relationship between damage levels and crop yield
and establishing what were allowable levels of damage or pest population densities. 



Economic Threshold: “the pest population at which pest control measures must be taken to
prevent the pest population from rising to the economic injury level" 

(Stern, 1959) (also "action threshold")





• Today, Stern's original definition remains essentially intact with its key elements of economic
damage, economic injury level, and economic threshold. 

• Although the EIL concept was founded on economic considerations, it has been expanded to
embrace concerns about environmental, social, and resource concerns and 
sustainability (see Pedigo and Higley, 1992). 



• ET is usually calculated to be about 80% of the EIL.

• In other words it is defined as "The pest density at which control measures should be
implemented to prevent it from reaching the Economic-injury Level (point where economic
loss occurs."



• Additional terms for injury level were proposed, such as Aesthetic-injury Level which is
"Analogous to the EIL, except that aesthetic rather than economic considerations motivate 
the pest management decisions.“

• for example Aesthetic-injury Level is due by insects causing fruit damage 
(=carpophagus) or make plant organs not marketable

Codling moth Carpocapsa pomonella
Brown marmorated stink bug

Cotton bollworm



ET or AT is the maximum pest population that can be tolerated at a particular time and place without a resultant 

economic crop loss
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Biological control
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Mating disruption by pheromones



Box 2: Biological control

Biological control is the use an organism to reduce the population density of a pest

BC has been in use for about 2 millennia and has become widely used in pest
management since the end of nineteenth century

The following types of BC can be distinguished:

▪ Natural – Conservation

▪ Classical (or inoculative)

▪ Augmentative



• Natural BC= reduction of pest organism by their natural enemies and has been
occurring since the evolution of the first terrestrial ecosystems some 500 millions
years ago. 

• It take place in all the word’s ecosystems without any human intervention

• Conservation BC = consists of human actions that protect and stimulate the 
performance of naturally occurring natural enemies in agroecosystems (i.e. ecological
infrastructures, use of insecticides that are non harmful for beneficials)



• Classical BC (=importation)  has been used most frequently against introduced pests (exotic pests), which are 
presumed to have arrived in a new area  without their natural enemies.

• In Classical, natural enemies are collected in the area of origin of the pest and then released in new areas where
the pest was accidentally introduced

• Many successes have been achieved by LBC

• The importation of beneficial exotic insects was recently banned in many countries

• In Italy, we are waiting for a derogation  from our Ministry to release the natural ememy of the stink bug



• Trissolcus japonicus, egg parasitoid of Brown marmorated stink bug



• In Augmentative BC, natural enemies are mass –reared in biofactories for release in large
numbers to obtain an immediate control of pest.

• In Augmentative BC, both invertebrates (parasitoids, predators) and microrganisms can be used
(=microbial control)

 

Microrganisms (Bacteria, viruses, fungi, nematodes)

Aphid Parasitoid (Braconid) Predatory mite 



Microbial control (entomopathogenic micro-organisms) (allowed also in organic)

Bacillus thuringiensis (entomopathogenic
Bacterium)

Beauveria bassiana (entomopathogenic fungus)

Granulosis virus (entomopathogenic virus)

Entomopathogenic nemarodes)





Principles governing the use of insecticides

•

Protecting honeybees is one criterion used
for pesticide selection

Principle 5: pesticide selection

The pesticide applied shall be as specific as possible for the target pest
and will have the least side effects on human health, non-target

organisms and the enviromnent

Principle 6: reduced pesticide use

Principle 7: anti-resistance strategies

This may include the use of multiple pesticides with different mode of
action

Principle 8: evaluation



Insecticides and their side effect on beneficial arthropods

Insecticide Toxicity on non-target Other effects

Synthetic *
Very variable depending by the mode of action (MOD), 
ranging from: 

Very high (organophosphates, carbamates, pyrethroids, 
neonicotinoids)

Moderate (spinosyns, avermetcins,  IGR, Ryanodine
receptors modulators, some  sap- feeders
specificinsecticides)

Mite resurgence (pyrethroids, 
organophosphates)

Microbial Not toxic
Very selective for beneficials

* Recently retired or strongly limited: chlorpirifos (organophosphates), dimethoate (organophosphates), Imidaclopris, 
Clothianidin, Thiametoxam (neonicotinoids)



IPM includes two scenarios with intermediate conditions

• Technical, mainly based on insecticide use

• Ecological, mainly based on agroecological approach and low impact pest
control measures (beneficial arthropods, mating disruption, microbial
control, selective insecticides)



Organic agriculture

• Organic agriculture is a system of farming based on ecological principles

• It is based on minimal use of off-farm inputs and on management 
practices that restore, maintain and enhance ecological harmony.

• The goal of organic agriculture is to create a sustainable agriculture 
system.

• Basic point of organic farming is the prevention of pests and diseases

• The application of agroecology principles and the enhancement of 
biological control are crucial aspects



Organic agriculture

Organic food is produced according to food standards set by the 
International Federation of Organic Agriculture Movements (IFOAM). 



• Organic Agriculture should sustain and enhance the health of soil, plant, 
animal, human and planet as one and indivisible.

• Organic Agriculture should be based on living ecological systems and 
cycles, work with them, emulate them and help sustain them.

• Organic Agriculture should build on relationships that  ensure fairness with 
regard to the common environment and life opportunities.

• Organic Agriculture should be managed in a precautionary and responsible 
manner to protect the health and well-being of current and future 
generations and the environment.



• Organic certification involves a set of production 
standards for growing, storage, processing, packaging 
and shipping

• The standards cover all aspects of food production, 
from animal welfare and wildlife conservation, to 
food processing, to packaging. 



• Organic farming uses fertilizers and pesticides, if they are considered natural

• Organic  excludes or strictly limits the use of various methods like: 

➢ Synthetic fertilizers and pesticides, 

➢ antibiotic use in livestock, with some exceptions

➢ genetically modified organisms and nanomaterials) for reasons including sustainability, openness, 
independence, health, and safety.

➢ Some chemical pesticides can be used inside the traps, avoiding contact with the plants

➢ Examples of naturally derived insecticides used in organic: microbial agents,   pyrethrins*, spinosad, 
neem oil, kaolin (=clay)

➢ *Pyrethrins are toxic to BF, but have very low persistence

➢ Examples of naturally derived fungicides:  copper, copper sulfate, lime sulfur

➢ Examples of other products : plant biostimulant, elicitors (laminarin) 

➢ Other techniques allowed: mating disruption, attract and kill



Different approaches of pest control in Organic farming

• Substitution, synthetic insecticides/fungicides are substituted by natural
active ingredients

• Agroecological, more emphasis is given to biological control,  by means of
conservation and enhancement of beneficial fauna





Biodynamic agriculture

• Biodynamics is a holistic, anthroposophic, ecological, and ethical approach to farming, gardening, food, 
and nutrition. 

• Biodynamics is rooted in the work of philosopher and scientist Rudolf Steiner

• A Biodynamic Farm is  a Living Organism

• Biodinamics uses the biodynamic preparations, that consist of mineral, plant, or animal manure extracts, 
usually fermented and applied in small proportions to compost, manures, the soil, or directly onto 
plants, after dilution and stirring procedures called dynamizations.
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