
Developing Distance Learning 
Modules Focused on GAP/IPM with a 
Focus on Fall Armyworm Mitigation
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Module 7. Agrochemicals for 
Fall Armyworm control -
Agrochemical Formulations
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Facilitator

• Enter contact details for facilitator/trainer here
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Active ingredients in 
agrochemicals

• What is an active ingredient?

• Also known as ai or AI

• The actual chemical substance responsible for
the insecticidal (herbicidal…) effect on the
target pest (weed….)

• Never used as is, but in a formulation
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Active ingredients

• “Pure” active ingredients can be liquid or solid,
and are usually 99%+ pure – a pure sample is
used for analytical work

• Active ingredients that are used for formulating
agrochemicals are usually known as the
“technical concentrate” or “technical material”,
and are usually 95 – 99% purity (depending on
the active ingredient and/or manufacturer), and
can also be liquid or solid. The code TC or TK
is used to designate technical materials
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Active types based on activity

• Acaricides: to control mites and ticks

• Avicides: to control birds

• Molluscicides: to control snails and slugs

• Nematicides: to control nematodes

• Piscicide: to control fish

• Rodenticides: to control rats and mice (and
other rodents)

Note to Trainer Slide 6:
There are of course also herbicides for controlling weeds, and fungicides for
controlling plant diseases.
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Most toxic AI?

• Measured as mg/kg body weight for LD50
• For regulatory studies based on rats

• Aldicarb?
• 1 mg/kg (rat)
• Temik

• Pogonomyrmex harvester ants
• Venom
• 0,12 mg/kg (mice)
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So what is a formulation?

• Consists of the active ingredient – the substance
giving the basic insecticidal effect

• PLUS
• Other chemical substances used in the formulation

– this is the “product” that is sold
• This is usually formulated and packaged in a way

to address a specific application technology (e.g. a
knapsack sprayer)

• The active, formulation and application technology
leads to the pest control concept (e.g. AI +
formulation {SC} + knapsack sprayer = fall
armyworm control)
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Two basic configurations of a 
formulation

• Ready-to-use
• Apply as is

• Concentrate
• Dilute (usually in water)
• Apply

Note to Trainer Slide 9:
When a concentrate is mixed in a spray tank other chemicals may also be added.
Examples would be buffering agents, maybe a liquid fertilizer, and other adjuvants
(deposition agents, spreading agents).
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What do you find in a 
formulation?

• Active ingredient(s)

• Inert components
• Surfactants, emulsifiers, food attractants, sex

pheromones, stabilizer, solvents, preservatives
(fungicidal & bactericides), fillers, water, anti-
foaming

• Formulation is the process of mixing the active
ingredient with the “inert” components

• Formulation development is often described as
a science as well as an art
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Definitions

• TECHNICAL MATERIAL: The pesticide in pure form (usually 95%
to 100 % active ingredient) as it is manufactured, prior to being
formulated. Also known as technical grade material (TC).

• INERT INGREDIENT: Any material in a pesticide formulation
having no pesticidal action itself (e.g.: emulsifiers, carriers and
diluents) – inerts can ENHANCE insecticidal effect, but have no
intrinsic insecticidal activity on their own

• Adjuvant: A substance/chemical added to a formulation to assist
the action of the formulation.

• Buffer: A weak acid and its conjugated base that is used to maintain
the pH of a formulation at a desired level.

• Diluent: Normally a chemically inert substance/chemical that is
added to a solution or formulation to increase the volume and
therefore reduce the concentration of the active ingredient.
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Definitions

• Emulsifier: Emulsifiers are surface active
agents that are used in formulations to enable
the dispersion of one liquid in another liquid
when one is not dissolvable in the other.

• Filler: An inert agent/chemical used as a
bulking agent to assist with measurement or
distribution of an end use product.

• Preservative: A chemical additive to a
formulation that prevents or delays spoilage or
degradation of the formulation over time.
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Definitions

• Surfactant: A chemical added to a formulation
that enhances the surface modifying properties
of the formulation. Also known as a wetting
agent.

• Suspending agent: A chemical addition to a
formulation that evenly disperses solid or liquid
material in a liquid or gas phase.
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All actives can’t be formulated in 
all ways

Note to Trainer Slide 14:
Various active ingredients have different water solubilities, and this affects their
ability to be formulated into different formulation types.
Solubility in organic solvents also differs among active ingredients.
A second characteristic of active ingredients is whether they are liquids or solids at
room temperature, as this can also affect their formulation possibilities.
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What characteristics are 
needed in a formulation?

• Quick initial effect?

• Long lasting action?

• Frequency of application?

• Safety?

• Environment?

• Smell?

• Clean, easy work?

• What surfaces? (Plant type?)

Note to Trainer Slide 15:
Formulation chemists can formulate pesticides according to a number of criteria.
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FORMULATION TOXICITY

FORMULATION LD50 mg/kg

Active ingredient in organic solvent. = 139
Active ingredient in an aqueous suspension. > 5,000

UL 15 g/l = 2,366
EC 15 g/l = 4,000

WP 25 g/kg > 5,000
DP 2 g/kg > 15,000

SC 25 g/l = 40,000

Note to Trainer Slide 16:
Although an active ingredient can be relatively toxic, most formulations of
agrochemicals are less toxic than the active ingredient, often dramatically so.



Shelf life of formulations

• Almost all pesticide formulations from
reputable manufacturers have a minimum shelf
life of 2 years from date of manufacture
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Customer needs

• Different customers and individuals in the
agrochemical supply chain may have different
product needs

• This could affect active ingredient discovery
and product (formulation) development
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The manufacturer
• For large multinational agrochemical

companies the cost of developing a new active
ingredient to the point of first commercial sales
of a formulation is in the region of US$ 300
million

• They would therefore prefer to have actives
and formulations that:

• An easy to synthesize the AI, preferably with
existing manufacturing processes and plants

• Are easy to formulate
• They need profit margins that cover the very high

initial cost of investment

19



The agro dealer or distributor

• The link between agrochemical manufacturer and
grower/farmer

• Stock large quantities of pesticides
• Carry inventory risk

• They prefer:
• Products that control a broad spectrum of pests
• Handling and storage is easy
• Sell quickly, and provide a good profit margin

• Incentive schemes from manufacturers?
• Like to have full “basket” of products covering all

pests and crops

Note to Trainer Slide 20:
Some manufacturers will have sales incentives on a seasonal and/or yearly basis,
based on single products and/or a basket of products. These incentives can influence
a distributors decisions on product recommendations, and such recommendations
are then not based on product characteristics or suitability for a certain usage, but on
financial considerations.
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The growers/farmers consultant
• Farming and pesticide decisions are ever more

complex
• Growers/farmers consult with them to make

decisions regarding pesticide use
• They could be:

• Independent
• Work for an agro dealer/distributor
• Be a government extension officer
• Be a Spray Service Provider (SSP)
• Be employed by large commercial growers

• They want:
• Reliable products that work according to manufacturer

claims
• Improve quality and yield of crop (and the farmer’s

profits)
• Work well with long-term Integrated Pest Management

(IPM) schemes

Note to Trainer Slide 21:
Consultants can also advise on fertilizers, soils, irrigation, seeds, crop varieties and
other aspects of farming.
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Growers/farmers

They want:

• Product efficacy
• Products with a wide spectrum of pests

controlled
• Cost-competitive (cheap!) products that

offer a return on investment
• Easy to handle and apply products
• Safety profile that is favourable for:

• Applicators
• The environment

Note to Trainer Slide 22:
The implementation of IPM principles on a specific farm is largely dependent on the
farmers attitude towards, and knowledge of, IPM.
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Formulations – how could they 
differ?
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Not all formulations are equal!

• Even if of the same formulation type, the
quality and stability of a formulation can differ
between different manufacturers, different
formulating methods, and sometimes between
different batches.

• The following slides show two of at least three
methods of producing a Water Dispersible
Granule (WG).

Note to Trainer Slide 24:
The second method is more complex, thus costs more to produce, and the price can 
be expected to be higher.
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Not all formulations are equal!! - WG

WP
Water

Blender
Fluidized bed drier

Sieve

Extruder Packing
unit

Fines

Microni-
Oversize zation

Note to Trainer Slide 25:
In this and the next slide we have illustrated 2 diffferent methods of producing a WG
formuylation. As you can see in the second slide the process is more complicated,
and therefore we can expect the formulation produced by the second process to be:
1) Leading to a more expensive product
2) 2) Leading to a product that is more consistent (the spray dry process usually

enables the production of consistently uniform particles in a formulation).
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Not all formulations are equal!! - WG
Raw
materials

Dispersion/mixing Storage Spray drier
vessel

Colloid mill

A. I.
Others

Drier/cooler
Packing
unit

Dispersion/mixing vessel Storage

26



Particle size in SC formulations
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Two pyrethroid formulations – same active

Note to Trainer Slide 27:
The slide shows that 2 suspension concentrate formulations of the same pyrethroid
active ingredient have very different particle size profiles. This difference could lead
to differences in efficacy, residuality etc. when used in the field.
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FORMULATION 

COMPONENT

FORMULATION 1 FORMULATION 2 FORMULATION 3

Active ingredient 1 % 2,5 % 20 %

Antifreeze 6 % 15 % 5 %

Emulsifier 0,1 %

Free-flowing agent 0,5 %

Antifoam 0,1 % 0,1 % 0,1 %

Preservative 0,2 % 0,3 %

Thickener 0,4 % 1,4 %

Buffer 0,2 % 0,1 %

Antimicrobial 

preservative

0,1 % 0,5 %

Stabilizer 0,4 %

Dispersing agent 1,5 % 3 %

Surfactant 0,2 %

Anti-settling agent 1,5 %

Water (diluent) ±91 % ±79 % ± 70 %

Note to Trainer Slide 28:
These three liquid formulations of the same active ingredient at three different
concentrations have very different compositions, and therefore can be expected to
perform differently in different crop/pest situations.
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FORMULATION 

COMPONENT

FORMULATION 1 FORMULATION 2 FORMULATION 3

Active ingredient 1,5 % 25 % 50 %

Stabilizer 0,2 %

Buffer 0, 2 %

Emulsifier 43 %1 21,3 %1 20 %2

Solvent ±55 %3 53,7 % 30 %

1 = mixture of 2 emulsifiers

2 = mixture of 3 emulsifiers

3 = mixture of 2 solvents

Note to Trainer Slide 29:
Another example of three different EC formulations of the same active ingredient at
different concentrations, with very different emulsifier and solvent profiles.
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What formulations are available?

Note to Trainer Slide 30:
These three slides show an extract of the document: CropLife. 2017. Catalogue of
pesticide formulation types and international coding system. Technical Monograph
No. 2. Brussels, Belgium.
(https://croplife.org/wp-content/uploads/2017/04/Technical-Monograph-2-7th-
Edition-Revised-March-2017.pdf).

Formulation types are internationally designated by a two-letter acronym.
Unfortunately even this can be confusing, as the United States does not follow this
international classification system. For example, a Water Dispersible Granule has the
code WG, but in the USA it is referred to as a “WDG” formulation. This is made even
more confusing because some companies using the international system, use the
WDG acronym in their brandname for a pesticide (an example is “Halo 750 WDG”, a
herbicide from Villa Crop Protection).
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What formulations are available?
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What formulations are available?

Note to Trainer Slide 32:
The list of formulation types shown here and in the previous two slides only extend
from This starting with a “A” to those starting with an “F” – there are many different
formulation types, but most agrochemicals belong to a much smaller number of
formulation types.
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Link to formulation info

• https://www.cipac.org/index.php/methods-
publications/further-information/formulation-codes

• https://croplife.org/wp-
content/uploads/2017/04/Technical-Monograph-2-
7th-Edition-Revised-March-2017.pdf

Adobe Acrobat 
Document

Adobe Acrobat 
Document
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What are the most common 
formulation types used in 

agriculture?

• Emulsifiable concentrates (EC)

• Suspension concentrates (SC)

• Soluble liquids (SL)

• Wettable powders (WP)

• Water dispersible granules (WG)

• Granules (GR)

• Capsule suspension (CS)

• Various seed treatment formulations
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Capsule suspension (CS)

• PROS
• Address toxicity (and 

smell) issues of 
active

• Release rate from 
capsule can be 
manipulated

• Capsules often take 
up on insect body

• Can have enhanced 
residuality

• CONS
• Capsules can settle out

of formulation over time
• Tankmix needs 

agitation
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Suspension concentrate (SC)

• PROS
• Mostly water based –

less solvents
• Not flammable
• Preferred solution
• Not much surface 

interaction –
phytotoxicity

• Not adsorbed or 
absorbed into surface

• CONS
• Suspended active 

can settle out over 
time in poor 
formulations

• Need agitation in tank
• More expensive to 

produce
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Emulsifiable concentrate (EC)

• PROS
• Mix very easily
• Normally effective
• Cheap to produce
• Fast knockdown action

• CONS
• High solvent content
• Can smell
• Solvents can cause 

staining
• Might be phytotoxic
• Other surface 

interactions
• Solvents can affect 

equipment
• Some formulations 

flammable
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Soluble liquid (SL)

• PROS

• Easy to mix

• No agitation needed

• CONS

• Contains solvents
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Water dispersable granules (WG)

• PROS

• Mix easily

• No dust

• CONS

• Difficult to measure
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Wettable powder (WP)

• PROS
• Simple and cheap to 

manufacture
• Very little surface 

interaction
• Normally no odour
• Not flammable

• CONS
• Can be dusty 

(exposure)
• More difficult to mix
• Can leave visible 

residues
• Need agitation in tank
• Difficult to measure
• Abrasive effect on 

equipment
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Liquid formulations
L-R: Capsule suspension (CS), Suspension 

concentrate (SC), Emulsifiable concentrate (EC), 
Soluble liquid (SL)

Note to Trainer Slide 41:
Many trainees have probably not had a chance to see a variety of formulations, so 
the next few slides illustrate a variety of formulations, and their characteristics.
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Water dispersible granules (WG)

Note to Trainer Slide 42:
Examples of three different WG formulations. The two on the left are extruded
granules, the right one an example of a spray-dried manufacturing process.
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Solid formulations
Granules (GR) & Dusting powder (DP)
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Applying a granular insecticide to the maize whorl

Note to Trainer Slide 44:
Although much of the training material refers to liquid formulations, and the correct
and safe use thereof, granular and dusting powder formulations can be successfully
be used for FAW control, especially where it makes sense to treat specifically badly
damaged plants where the FAW is present in the whorl.
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Applying an insecticide dusting powder to 
the maize whorl
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Wettable powder (WP)

Note to Trainer Slide 46:
The following slides show how various formulations are mixed in water in a spray
tank.
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Beware poor formulations!

Note to Trainer Slide 47:
The photo shows a poor EC formulation where the formulation components have
separated out. Under no circumstances should such a formulation be purchased or
used. The separation may also have occurred due to the product having exceeded its
expiry date (2 years after manufacture). Counterfeit or fake pesticides will often also
exhibit such reactions.
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Emulsifiable
concentrate

Note to Trainer Slide 48:
The following slides show how various formulations are mixed in water in a spray
tank.
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Suspension 
concentrate
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Soluble 
liquid
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Capsule 
suspension
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Water 
dispersible 

granule
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Wettable
powder
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Formulation trends (agriculture)

Note to Trainer Slide 54:
In agriculture there is less and less reliance on EC formulations due to their 
undesireable characteristics, and more an d more formulations based on water are 
used worldwide.
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Residual sprays

Note to Trainer Slide 55:
Many different factors can influence the efficacy of sprayable formulations. This
example shows a cockroach, but it is equally relevant for FAW on a maize plant leaf.



Mark Edwardes: Slide 56

Wettable powders

• Advantages

• Little interaction with surface

• Not absorbed into surface

• Long lasting

• Normally little or no smell

• Can be used in difficult conditions

• Can be packaged in unit dose

• Non flammable

• Disadvantages

• Can be difficult to mix

• Carrier abrasive on equipment

• Can leave visible deposits

• Danger of dust inhalation

• Can fall out of suspension if not 
agitated

• Difficult to measure
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Emulsifiable concentrates (EC)

• Advantages
• Normally very effective
• Very easy to mix and 

apply
• Normally cheaper than 

other formulations

• Disadvantages
• High loading of 

solvents
• Solvents may cause 

phytotoxicity on crops
• Can be more toxic due 

to solvents
• Smell
• Solvents may affect 

sprayer components
• Some are flammable
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Dusting powders (DP)

• Advantages

• No mixing or 
measuring needed

• Disadvantages

• Danger if inhalation

• Can leave a visible 
residue

• Difficult to use in 
windy conditions

Note to Trainer Slide 58:
NO pesticide formulations should be applied in windy conditions.
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Suspension concentrates

• Advantages

• Mostly water based

• Very little or no odour

• Disadvantages

• Suspended articles 
may settle out 
(always shake before 
measuring and 
mixing)

• More expensive to 
produce than EC
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Water dispersible granules 
(WG)

• Advantages

• Easy to mix

• Easily packaged in 
unit dose

• Disadvantages

• May be difficult to 
weigh
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What formulation for FAW 
control?

• So what formulation should be used?

• For a spray, a WG or SC spray should be used
in preference to an EC

• EC formulations normally more toxic
• EC formulations could cause crop damage
• SC or WG is easy mixing

• Granule and Dusting Powder formulations (if
available) are an alternative
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Thank You!
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