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MESSAGES

Messages

Insecticide Resistance Management (IRM) 
is a major CropLife Philippines stewardship 
program that aims to teach farmers the 
hazards of insecticide resistance and as well 
as the benefits if managed effectively. 
 
Effective IRM means farmers are able 
to save money on additional insecticide 
applications, earn more income because of 
abundant harvest, and most of all, continue 
to enjoy the efficacy of the pesticide use.

CropLife knows for a fact that for IRM to 
be successful, every stakeholder needs to 
do their fair share that’s why on its end, 

Edilberto M. De Luna
Executive Director

CropLife Philippines

Jet Marcial G. Parma
President

CropLife Philippines 
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MESSAGES

CropLife continues to provide training 
programs to farmers, reference materials 
and other initiatives to curb the problem of 
insecticide resistance.
 
While CropLife initiatives are in place, 
the farmers must take a more active role 
and be the first line of defense to halt the 
development of insecticide resistance. Their 
involvement is critical to start the process 
and make this campaign work. 

The dealers also need to participate and 
support the farmers in combating a probable 

threat to the agricultural landscape. This 
is the key to strengthen partnerships with 
regulatory bodies to sustain development 
of Philippine agriculture to better monitor 
the campaign on insecticide resistance on a 
nationwide scale.

With all stakeholders involved, we will 
be able to have a unified front against the 
harmful effects of insecticide resistance. 
After all, we are all in this to protect and 
advance the industry that we love.
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MESSAGE

Message

Wilfredo C. Roldan
Executive Director

Fertilizer and Pesticide 
Authority
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Ensuring the safe and effective use of 
pesticides has always been a challenge to the 
Fertilizer and Pesticide Authority (FPA).  Yet 
government cannot really sustain this unless 
all agricultural stakeholders -- from the 
farmers to the industry -- are strengthening 
agricultural stewardship programs 
nationwide.

This is why we welcome the initiative of 
CropLife Philippines to come up with a 
training manual for the capacity building 
of our farmers on issues like insecticide 
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resistance, proper handling and disposal 
of empty pesticide containers, and good 
agricultural practices.

The focus on Insecticide Resistance 
Management (IRM) is, indeed a timely 
issue because most of our farmers need to 
be educated on how to address threats of 
insecticide resistance in the field. 

A farm infested with insecticide resistant 
pests may result to low productivity and 
income to the farmers

But with our strong partnership with 
all stakeholders, we are confident 
that government can prevent such an 
unacceptable situation while asserting 
our   mandate to improve the quality of life 
of all Filipino farmers by increasing their 
productivity and income through the use of 
appropriate agricultural inputs.

We are hopeful that this manual is a good 
and effective guide for starters and to equip 
farmers with the effective tools and strategies 
to fight the devastating results of insecticide 
resistance.
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Introduction
This Training Manual is based on the detailed presentation on Insecticide 
Resistance Management (IRM) for major rice and vegetables insect 
pests that was prepared by the Insecticide Resistance Action Committee 
(IRAC) and CropLife Philippines in collaboration with the Fertilizer and 
Pesticide Authority (FPA).

IRAC is an international body of scientists focused on studying the 
development of resistance to insecticides and how to manage it for 
the benefit of farmers. CropLife Philippines on the other hand, is an 
association of companies in the plant science industry who advocates 
science-based farming in the Philippines. The FPA is the government’s 
head regulatory body when it comes to crop protection products.

The manual aims to teach farmers, field technicians, agricultural trainers 
and extension agents the important facts and essential recommendations 
to properly manage insecticide resistance in farmlands. 
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Objectives
Specifically, the training manual aims to:

1.  Provide simple explanation on Insecticide 
     Resistance Development and other related 
     concepts.
2. Explain how the response of  the insect
    pests in one farming system commonly
    changes from
     susceptible to resistant.
3. Provide general guidelines on how
    insecticide resistance can be managed at 
    the farmer level. 

Now, have you been approached by farmers 
asking why the product they were using 
effectively in the past seems to have been 

replaced with a weaker formulation -- or a 
product --which doesn’t work? 

This is because the product no longer controls 
the same pest.

Unfortunately, we have always been at the 
receiving end of this situation. Simply put, 
we don’t understand the many factors why 
the performance of the product changes and 
eventually fails. 

Hopefully, this manual can clarify  what 
insecticide resistance is, how it commonly 
develops and how it can be managed.
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An enlarged photo of a brown plant hopper on a rice panicle. 



The Concepts

Here are the concepts related to insecticide 

resistance:

Susceptibility is the sensitivity of an insect pest to 

an insecticide application. Therefore, if an insect is 

exposed to a spray treatment and it dies, it is said to 

be SUSCEPTIBLE. On the other hand, if an insect 

shows no effects and does not die as a result of 

exposure to the treatment, it is NOT SUSCEPTIBLE 

or is RESISTANT. 

This now leads us to RESISTANCE which is defined 

as the heritable change label recommendation. 

Under normal farmer field situations, resistance 

development in a population, most commonly, 

results from the selection of forms or biotypes 

of the pest. 

This population eventually evolves into one with 

many individual insects RESISTANT to that 

particular insecticide.

Different insects within a population normally can 

also experience varying degrees of susceptibility to 

the same treatment.
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Almost invisible to the naked eyes, the highlighted portion 
shows a green leaf hopper on a rice panicle.



FACTORS THAT AFFECT DEVELOPMENT 
OF INSECTICIDE RESISTANCE

First is the TARGET ORGANISM. 

Exposed to the stress of pesticide treatments, there 
are “high risk” species that like the diamond backed 
moth, mango leafhoppers and thrips which adopt 
quickly. Within the same pest species, there are 
differences in capability to the stress brought about 
by natural genetic variability.

Second is the PRODUCT. 

Each chemical has its own insecticidal activity which 
dictates what pests are susceptible or resistant to it. 
The chemical nature and formulation of the product 
determines the effective period within which it 
continues to be effective against the target pest. This 
is also known as residual control.

Third is INTENSITY OF USE. 

Under this, we have: 
-    Over-dependence on a single mode of action.
-    Number of applications per crop cycle and 
      also per  year.
-    The rate used per application and interval
      between sprays.
-    Different product brands from companies
      belonging to the same mode of action.
-    Farmers not knowing much about the
      development of insecticide resistance.

Target Organism and product are factors that cannot 
be controlled at our end. However, the way we use 
these pest management products is where we can 
have the best opportunity to prevent --or delay -- the 
development of resistance!  
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HOW RESISTANCE DEVELOPS IN A 
POPULATION

Insecticide Resistance develops when the 
susceptibility of the population to insecticide 
treatment changes from “generally susceptible” at 
the initial treatment of that chemical to a situation 
where many insects already survive the same 
rate and frequency of application using the same 
chemical or chemicals belonging to the same mode 
of action.  

Every time the spraying of the same product is done, 
more resistant insects are selected to reproduce.

Under natural field conditions, a pest population is 
composed of several kinds of insects. 

In terms of susceptibility to a particular pesticide, 
they can be grouped into three types:

•   The SUSCEPTIBLE individuals  which are 
     usually killed by the optimum rate of the 
     product.
•    The MODERATELY RESISTANT which are
      killed like the susceptible insects but some 
      survive when some conditions stated on the
      label of the pesticide are not followed, and
•    The RESISTANT insects which will  require the
      highest rate on the pesticide label to provide
      commercially acceptable control. 

To illustrate how insecticide resistance development 
happens, the following scenario in the farmer’s field 
has been created.
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For purposes of simplification and easier 
understanding, only the Susceptible Insects  and 
Resistant Insects  are  shown. Moderately resistant 
insects continue to coexist with these insects in the 
natural field situation. 

Upon initial exposure to the treatment, the original 
population shows the mortality of all exposed 
susceptible and moderately susceptible insects and 
the survival of resistant insects.

Given the many factors that affect the performance 
of the insecticide in the field, let’s say, 25% of the 
population survive. It  is expected that ALL the 
resistant individuals survive while much less of the 
susceptible insects remain.

Since forces of nature continue to take place, insects 
that survive reproduce. 

Assuming we only look at what happens to the 
Resistant  and Susceptible  insects that get involved 
in the population’s reproductive process, the 
resulting offspring of the combinations will be as 
illustrated: 

Resistant by Resistant will give all Resistant 
offspring
 
Resistant by Susceptible will give a mix of 
Resistant 

Susceptible by Susceptible will give all 
Susceptible offspring   
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Going back to the population resulting from the 
survivors of the first spraying done, we can expect 
more Resistant individuals compared to the first 
population treated. 

In the second season spraying of the same 
insecticide, we can expect more Resistant individuals 
compared to the first and second season population 
treated. 

During the third season spraying of the same 
insecticide, the selection - and retention-- of more 
Resistant individuals is encouraged every time the 
spraying of the same insecticide or products from 
the same mode of action is done.

The selection for Resistant insect continues even if 
rates are increased. Eventually,  the farmer notices 
that the same insect pest population no longer dies. 
He then complains that the product he relied upon 
and was initially effective,  has now been replaced 
with a non-effective  --or substandard – product.
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GENERAL INSECTICIDE RESISTANCE 
MANAGEMENT MANUAL

To manage the development of insecticide 
resistance, we have general guidelines to 
understand, remember and implement: 

Principle #1 Practice Integrated Pest 
Management (IPM) principles.

The farmer should:
-    Keep in mind that Prevention of pest outbreaks
      is still the best strategy and is done by 
      incorporating appropriate pest control
      mechanisms even before planting. 
-    Select insecticides with care (as much as 
      possible, it should not be harmful to   
      beneficials).

-     Seek advise from true experts such as trained
      Extension workers and company
      representatives.
-    Be familiar with the pests and monitor their
      population during the growing season,  and
-    Practice clean culture 

Principle #2. Follow Label 
Recommendations.

In the farmer’s field, the natural insect population 
has a mix of dominant and recessive genes 
that determine resistance. Depending on what 
constitutes the insect’s genetic make-up, a pest 
will express different degrees of susceptibility to 
a particular chemical or product. An insect pest is 
either Susceptible (SS), Moderately Resistant (RS) 
or Resistant (RR).  

24                     Training Manual on Insecticide Resistance Management                                                          



                     Training Manual on Insecticide Resistance Management                                                        25



In development and registration of crop protection 

products,  minimum and maximum rates  that 

provide commercially acceptable control ( some 

70-90% control of the resistant population)  are 

determined and  placed as the optimum rate on the 

label as basis for judicious use by farmers.

There is a recommended rate placed on the label. 

However, some farmers tend to play with the rates 

depending on how they perceive the situation in the 

field to be. 

Some apply UNDER DOSE when they see few 

insects, not knowing that this only kills the 

Susceptible and some of the Moderately Resistant 

insects, but ALL the resistant insects survive. 

Applying the LABEL DOSE results to optimal 

control of most target insects with only some 

resistant insect pests surviving. But when insecticide 

resistance has developed and there is difficulty in 

controlling the pest, applying OVER DOSE does 

not guarantee control of the target insects. The pest 

control becomes more expensive and  increasing the 

rate may result to other problems later on. 
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Resistance Management Principle #3.  Know 
the Product Mode of Action (MoA)

As of  July 2017, the IRAC MoA Classification 
Version 8.3 contains 29 specific groups and 1 group 
of unclassified chemicals.  But as far as Lepidopteran 
insect pests are concerned, the IRAC broadly 
clusters them under 

-     Nerve and Muscle Targets  under which there
       are 9 MoA groups
-    Respiration Targets  under which there are 2 
      groups
-    Midgut Targets with 1 group, and 
-    Growth/Development Targets  with 3 groups 

To show that alternating different active ingredients, 
the table of  pesticides registered and commonly 
used vegetables in this table showed that there are 

several insecticide active ingredients that belong to 
the same Mode of Action Class.

For example, in the Pyrethroids, there are more 
than 150 brands currently being marketed all over 
the country. Imagine the difficulty for the farmers to 
check and follow this recommendation if there is no 
active information campaign and additional guides  
are given to help them like placing the MoA number 
of pesticide labels.   

Knowing what MoA  covers  the specific product we 
have used, we can now look for other products that 
belong to other MoA for use as alternate product 
during the cropping season. 

In the case of Diamondbacked Moth, for example, 
the MoAs that can be alternated are from the groups  
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5 , 11 , 13 , 22A  and 28 .  These products have FPA 
registration for the target pests.

A critical need in the effort to educate farmers on the 
management of insecticide resistance development 
is a farmer-friendly guide that can be recognized 
even by farmers who will have difficulty reading and 
understanding written letters. 

Teaching them how to choose alternation partners 
by looking at MoA numbers on the label (which will 
hopefully be approved soon) will be a big help. 
Companies promoting the use of their products 
can help by providing technical brochures that list 
products or MoAs that can be used as alternates with 
their product. 

What’s in it for companies which have several 
products having different active ingredients but 
belong to the same MoA? Why should they promote 
alternation with products that belong to a different 
MoA from other companies? 

There is such a thing called CROSS RESISTANCE. 

 This is because:
-    Resistance at the insect’s target site not only
      renders…..share a common Mode of Action
-    Resistance that results from insect metabolic 
      processes may be cross resistant … (degree of
     cross-resistance may vary). 

Thus, any type of insect resistance…….making them 
LESS EFFECTIVE or ineffective as well.
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Principle #4. Rotate by Insecticide MoA.

Now that we know that different products belong 
to different Modes of Action, what should we do 
then? We should use the understanding as basis for 
Rotating or Alternating different products during the 
cropping season.

Why alternate or rotate? The basic principle is that 
FREQUENCY OF GENES FOR RESISTANCE TO 
AN INSECTICIDE WILL DECLINE DURING THE 
APPLICATION OF ALTERNATIVE INSECTICIDE 
BELONGING TO DIFFERENT MODE OF ACTION. 
This alternation prevents the selection for resistant 
individual thereby prolonging the effective longevity 
of the product.

In rotating insecticide modes of action, there are 
several principles that we need to follow in order for 
our resistance management efforts to succeed. 

First, avoid the exclusive use of one MoA throughout 
a crop cycle for a pest species with multiple 
generations.

In this example where the crop is Brassica or 
cabbage and the pest is DBM, we see that following 
transplanting, the Group A MoA was used up to 
harvest. This way of using the product actually 
exposed 6 generations of the DBM to the same 
insecticide MoA. 

This scheme is NOT RECOMMENDED. 

The second principle in rotating insecticide MoA is 
to Alternate “windows” or “Blocks” with different 
modes of Action.

This is where spray applications are arranged into 
MoA spray Windows of blocks.
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What is an ACTIVE WINDOW?

It is approximately the duration of one generation 
of the target pest. This is about 25-40 days for most 
major pests. Thus, 30 days is a good average.

Considering that the duration of the residual activity 
provided by a single or sequence of applications 
possibly exceeds this length of time, it is best 
to switch to the next block of insecticide MoAs 
to control the insects that survive the previous 
treatment window.

After forming spray “windows” or “blocks”, the 
third principle of Rotating MoAs is to practice the  
Rotation of “Active” and Alternative MoA “windows” 
or “Blocks”.

In situations where the crop cycle period is more 
than 50 days and one  generation of the target insect 
is 30 days, ROTATING or ALTERNATING MoA 
WINDOWS or BLOCKS is one of the better ways of 
managing insecticide resistance development.

In cases where residual activity provided by 
a SINGLE application is longer than a single 
generation of the target pest, the product should be 
restricted to a single application. 

In situations where the crop cycle period is more 
than 50 days and the target insect generation is 30 
days as with Brassica or cabbage, we need  to use 
“Treatment Windows”  and rotate  with different 
Insecticide Mode of Action (MOA) groups to 
minimize  exposure of successive pest generations to 
the same MOA.
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In case of repeated cultivation of short cycle crops 
(less than 50 days) do not treat consecutive crops at 
the same farm location,  but alternate with different 
mode of actions.

As another principle, consider the duration of the 
crop cycle  as a “treatment window”.  This should 
be applied for crops like Pechay where harvesting is 
done within 30-45 days. 

•   Maintaining insect susceptibility greatly
     depends on rotation of insecticides with
     effective products from a different MOA that
     eliminate resistant individuals.
•   Rotation with products that provide poor or no
     control of the target pest increases the risk of 
     developing resistance to that particular
     insecticide.

•   Positioning schemes and how they impact
     insecticide resistance development are  as 
     follows:
•   Scheme 1 No Alternation/Rotation where no
     rotation of products belonging to different MoA
     is used across cropping seasons and years of 
     farming. Here, selection pressure is high and 
     the population of the susceptible does not
     recover in number.
•     Scheme 2 Rotation within generation alter- 
      nates two MoAs within the same generation 
      across crop seasons. Since consecutive
      generations of the target pest are exposed to
      the same MoAs, selection pressure doesn’t
      change between generations. The drawback is
      that there is risk of resistance development for
      both AIs.
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•    Scheme 3  Rotation among generations does
      not expose the succeeding generations to the
      same MoA. Hence, the selection pressure 
      within each generation does not increase. Also,
      the population susceptible to the previous MoA
      is allowed to recover.
•    Scheme 4 Rotation within and between
      generations and across seasons is the ideal 
      situation because of the very low risk of
      insecticide resistance development. However,
      it is not always applicable with good efficacy.  

Since the vegetable farmer will need to rotate MoA 
in the best way possible given his own situation, it 
is also better to do it on a bigger scale or area from 
field to area-wide pest management. 

This can be done by Synchronizing area-wide spray 
programs to minimize the movement of resistant 
individuals and maximize the advantage of rotating 
products with different MoA. 

It should be noted, however, that spraying only 
small strips or portions of a farm results in a mosaic 
pattern of pest exposure that dilutes the advantage 
of rotating MoA.

It is emphasized that it is ideal to rotate as large 
an area as possible according to the MoA rotation 
strategy. 

Various crops and insects will require different 
strategies, the following slides will show some 
examples of an IRM Strategy for cabbage in the 
Philippines
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Effective IRM strategies in Cabbage and 
other Brassicas 

A combination of the tools below should be used to 
prevent resistance development. Use of resistant varieties - no resistant varieties. Refuge crops - none recommended. Biological control with natural enemies e.g. 

     Diadegma. Crop hygiene - Removal of damaged plant parts. Insecticide applications - mode of action and 
     window approach/rotation

Here we have an example of IRM Strategy in 
Cabbage

We all know that there are many pests that infest the 
cabbage crop under natural farmer’s field conditions. 

What we need to remember is that we need to focus 
our rotation program on the insect with the highest 
risk for resistance development.

In  this case it is the DBM  (Diamondback moth) and  
the selection of the MoA group to be applied takes 
into consideration periods where parasitoids are also 
included in the control program. 

Here we have an example of IRM Resistance 
Management Strategy which is focused on the  
rotation program considering the use of and 
alternation of active windows where 50% of the 
crop cycle is not exposed to 1 MoA. Please keep in 
mind that 2 successive generations of the target pest 
should not be exposed to the same MoA. 
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The IRM Strategy for Eggplant in the 
Philippines

Effective IRM strategies seek to minimize selection 
for resistance in EGGPLANT.

A combination of below tools should be used to 
prevent resistance development. Use of resistant varieties- not preferred by 

     farmers. Refuge crops – potato, other Solanum species . Biological control with natural enemies-
     minimal . Crop hygiene-  Removal of damaged plant parts. Insecticide applications- mode of action and
     window approach/rotation

With a long-duration crop like eggplant and target 
pest fruit and shoot borer, which, in this example is 
grown over a full season of 6 months, it is ideal to 
prepare active windows that make use of insecticides 
which are safe to beneficials and that 2 successive 
generations of the target pest are not exposed to the 
same MoA. 

In summary, in order to reduce the potential risk 
of developing insecticide resistance we have to 
remember the following:

1.   Incorporate IPM practices
 –   conserve  and use natural enemies
 –   use cultural control to prevent pest build-up
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 –   monitor for pests and treat using action
                thresholds
2.  Follow the label 
           –  do not reduce  rates, follow  recommended
                timing of application and spray volume
  –   low dose applications only remove 
               susceptible (SS) and moderately 
               susceptible (SR) individuals thus
               accelerating resistance 
3.  Know the MoA of insecticide products
 –   multiple companies offer many products 
               with the same MoA
4.  Rotate insecticide MoA groups
 –   do not use a single MoA continuously
                throughout the season
 –   rotate products with a common MoA 
               using treatment windows
 –   do not use the same MoA products in the 

               next treatment window
 –   for short cycle crops, consider the
               duration of a crop cycle as a “treatment
               window”; do not treat consecutive crops 
               at the same farm location, 
 –   do not expose more than 50% of the crop
               cycle to the same MoA
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