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Many synthetic chemical pesticides and fumigants used in agricultural production and
storage have been associated with health and environmental issues. Exposure to
pesticides can be through contact with the skin, ingestion, or inhalation. The type of
pesticide, the duration and route of exposure, and the individual’s health status (e.g.,
nutritional deficiencies and healthy/damaged skin) determine the associated health
risks due to pesticide-exposure. Within a human or animal body, pesticides may be
metabolized, excreted, or stored (in body fat). The numerous negative health effects
that have been associated with chemical pesticides include, dermatological,
gastrointestinal, neurological, carcinogenic, respiratory, reproductive, and endocrinal
effects. 
 
Furthermore, high occupational, accidental, or intentional exposure to pesticides can
result in hospitalization and death. Residues of pesticides can be found in a great
variety of everyday foods and beverages, including for instance cooked meals, water,
wine, fruit juices, refreshments, and animal feeds. Furthermore, it should be noted
that washing and peeling cannot completely remove the residues. In a majority of
cases, the concentrations do not exceed the legislatively determined safe levels.
However, these “safe limits'' may underestimate the real health risk as in the case of
simultaneous exposure to two or more chemical substances, which occurs in real-life
conditions and may have synergistic effects. 

Pesticide residues have also been detected in human breast milk samples, and there
are concerns about prenatal exposure and health effects in children. So, there is an
urgent need to adopt safe, non-toxic pest management methods in all the stages
across the food chain, including post-harvest storage and handling. Even if foods are
produced without the use of synthetic chemical pesticides, they will lose their
‘pesticide-free’ quality if pesticides are used during storage and handling stages and if
there is any contamination. This will result in the foods being rejected in markets
meant for pesticide-free foods. It is therefore crucial that all the stakeholders in the
food chain be sufficiently aware and educated on the various non-chemical ways to
manage pests. 

While there is a dire need to adopt non-chemical pest management methods in all the
stages of the food chain post-harvest, there is no communication material that
informs key stakeholders about various non-chemical pest management
practices/technologies that are currently available. This manual has been developed
to address this critical gap. This manual will help the different actors engaged in
managing post-harvest processes to understand the various non-chemical pest
management practices/technologies available to them, so they can identify and adopt
those that are suitable for them. 

Preface 
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This manual is developed to educate the staff of Farmers Organizations (FOs) like
cooperatives, women SHG federations, Farmer Producer Companies (FPCs), CSOs and
other small scale food chain actors who are engaged in or wish to engage in
production, aggregation, processing, distribution and marketing of pesticide-free
wholesome foods. This manual is also intended to be useful to organizations that
support such food chain actors. 

The manual offers non-chemical pest management measures that can be adopted at
three levels viz. a) Farm and household level, b) Storage godown/warehouse level and
c) Food enterprises level for food grains and seeds. Information for each technology or
practice is organized in such a way that the reader can understand its relevance, how
it operates/works and the dos and don’ts associated with the particular
technology/practice. 

Wherever possible videos are also shared to better aid the reader comprehend the
practices/technologies. The document shares the resources that can be referred to for
further understanding. Lastly, the document also shares the list of suppliers of
technologies or services, so that interested food chain actors may reach out to them.
This manual will be updated on a periodical basis. 

We hope that this manual will be useful for practitioners. We will be glad to receive any
comments on the content of this manual and suggestions to add relevant protocols
from our practices and technologies related to post-harvest non-chemical pest
management. 



Loss of grains during storage, processing, and handling has been a persistent problem
in India. Storage losses in India amount to 12 to 16 million metric tons of food grains
each year, an amount that the World Bank stipulates could feed one-third of India's
poor. India has been ranked at the 103rd position among 119 countries on the Global
Hunger Index, with the highest food insecurity. The high volume of losses, if reduced,
can generate significant value and address food insecurity. The storage losses are
affected by several factors viz., biotic (insect, pest, rodents, fungi, etc.) and abiotic
factors (temperature, humidity, rain, etc.). Among all the biotic factors, insect pests
are considered most important and cause huge losses in the grains. In India, post-
harvest losses caused by insects, rodents, microorganisms, and unscientific storage
account for about 10 percent of total food grains. The actual material consumed by
the insects may not always account for the major economic losses, with
contamination by the insects and accumulations of frass, exuviae, webbing, and insect
cadavers playing a significant role in rendering the food grains unsuitable for human
consumption. About 500 species of insects have been associated with stored grain
products. Nearly 100 species of insect pests of stored products cause economic losses.
Loss of grain in storage due to insects is a critical last-mile challenge in agricultural
production. These losses can exceed those incurred while growing the crop.

Losses can be minimized by physically avoiding the entry of insects and rodents, and
maintaining the environmental conditions that avoid the growth of microorganisms.
The knowledge of control points, identification of insects and other pests that cause
storage losses, and ways of managing them can help in reducing losses. Taking timely
preventive actions for biotic and abiotic factors can be very effective in reducing the
losses (Mandali et al.). Hence, there is a high need to adopt scientific and proven
methods of managing pests during storage, processing, and handling of grains and
capacity building of the farmers and farmers organisations and other food chain
actors on the same.
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I. Introduction 

1.Significance of the problems caused by pests in storage,
processing, and handling of foods

2. Major storage pests of common crops   



08 The NPM Network & N+3F | 2021 Post-Harvest Pest Management 



09 The NPM Network & N+3F | 2021 Post-Harvest Pest Management 

A few common storage pests

Rice Weevil Pulse Beetle Lesser Grain Borer 

Khapra Beetle Rust Red Floured Beetle 
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Ash contains silica which interferes with insect feeding and also hinders fungal
pathogen multiplication.
Ash dust reduces the relative humidity of the storage condition and also dries the
seed surface. 
Egg laying and larval development of the storage pests could be hampered
because ash dust covers the grain seeds. 
The ash also impedes insect movement thereby curbing the insect mating cycles.
Furthermore, the friction of the dust particles with the insect’s cuticle leads to
desiccation and hampers the development of the pests. 

a) Sun-drying of grains 

Sun-drying of grains before storage is the most common traditional practice followed
by the farmers. If the moisture content is high, they are dried for a longer duration in
the sun before storing. 

Farmer’s view: To protect from storage insect pests, easy to follow due to lesser work
during summer.

Scientific rationale: Sun drying destroys existing insect pests at their different stages
of development. Sun-drying helps reduce spoilage and also enhances the dormancy
period of grains. Optimum grain moisture (10-12%) is necessary for the proper storage
of food grains/seeds.

Target crops: Almost all non-perishable crops.

b) Use of ash 

Seeds are filled in earthen pots to 75% capacity, with the rest filled with wood or cow
dung ash. If grains are to be stored for a longer period, then after 6 months the grains
and pots are sun-dried and are again filled with fresh ash. 

Farmer’s view: A wide range of storage pests are controlled for 6-10 months through
this method.

Scientific rationale: 

Target crops: Pulses

II. Options for managing pests in storage,
processing, and handling of foods

1.Farm level and household level

1.1. Traditional Methods 
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As the red soil covers the grains and seeds, the insect is not able to feed and lay
eggs as it acts as a barrier. 
Soil absorbs left-out moisture in the seeds and grains and avoids spoilage. 
Improves germination.

Soil absorbs left-out moisture in the seeds and grains and avoids spoilage.
Soil and cow dung paste act as a barrier between seeds, grains, and insects.
Cow dung acts as a repellent for insect pests.

Salt has an abrasive action on the skin of insects thereby preventing their
movement inside the storage containers and as a result, their growth in the
storage containers/bins/boxes is inhibited. 
Salt has a hygroscopic (absorbs moisture) and insecticidal property. 

c) Red soil coating method

Red soil and water are mixed to form a paste in a container. Seeds are transferred into
this pot and mixed well so that the soil completely adheres to the seeds. Seeds are
dried under shade. Seeds are transferred into a gunny bag and tied tightly and stored
in a dark spot.

Farmer’s view: Wide range of storage pests will be controlled. 

Scientific rationale:

Target crops: Pulses, Finger millet and Maize; more suitable for seeds and grains
retained for household consumption.

d) Plastering of storage bins with clay and cow dung 

Storage bins made of bamboo and plastered with clay and cow dung prevents insect
attacks from outside. 

Farmer’s view: This method helps reduce moisture content in the grains.

Scientific rationale:

Target crops: Pulses

e) Storage of pulses with common salt 

Common table salt at about 200 grams of salt was mixed manually in one kg of the
pulse was followed to store pulses for 6-8 months. 

Farmer’s view: Insects are kept away from the stored grains. 

Scientific rationale:

Target crops: Redgram, Bengalgram, Blackgram, Greengram, and other pulses and
legumes.
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Turmerones and ar-turmerone are the components that act as insect repellents in
turmeric. The strong smell and insecticidal properties keep the insects away from
food grains. 

f) Turmeric application method 

Grains and seeds are mixed with turmeric powder before storing them in containers or
jute bags. This treatment protects the grains from insects for up to 6-8 months and is
safe for consumption.

Farmer’s view: Easy method and helps kill the storage pests.

Scientific rationale:

Target crops: Pulses and cereals

g) Use of Garlic cloves 

Garlic cloves are kept in layers in the storage bins filled with seeds. Garlic cloves act as
a repellent for several pests.

Farmer’s view: Easily available and acts as a repellent.

Scientific rationale: Diallyl Disulfide, Diallyl Tri-Sulfide, and Diallyl Sulfide are the
major compounds present in garlic that bestow it with its antifeedant, bactericidal,
fungicidal, insecticidal, nematicidal, and repellent properties. 

Target crops: Pulses, Finger millet, Paddy and Maize

h) Mixing of Neem/Nirgandi leaves/seed power

Leaves of Neem/Margosa (Azadirachta indica) and Nirgandi/Chinese chaste tree (Vitex
nigundo) are collected and dried in the shade till they become papery. These leaves
are then mixed with seeds and are added to bags or storage bins. Similarly seed
powder of Neem and Margosa can be used. 

Farmer’s view: Leaves are readily available at low cost and used to manage a wide
variety of storage pests. 

Scientific rationale: Leaves of Neem/Margosa (Azadirachta indica), Nirgandi/Chinese
chaste tree Vitex nigundo, Madar/Calotropis, etc., has very good insecticidal
properties and also act as antifeedants, repellents, and growth inhibitors of storage
pests. Similarly seed powder of Neem and Margosa has insecticidal properties. 

Target crops: Pulses and cereals; use of Neem and Margosa seed power method is
more suitable for seeds and grains retained for household consumption.
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Neem/Margosa oil acts as a repellent to many insects such as beetles, moths, and
weevils. Neem oil kills insects at the egg stage itself thereby saving the legumes. 
Neem/Margosa oil has several properties like repellence, feeding, and
ovipositional deterrence, growth inhibition, etc. and it almost kills the insect even
at its egg stage, so that infestation stops from the early stage itself. 

i) Use of Neem/Margosa oil 

Neem/Margosa oil is manually applied on pulses to coat every grain uniformly. 

Farmer’s view: The bitter taste of Neem/Margosa gives protection to their seeds and
grains against pests and pathogens.

Scientific rationale:

Target crops: Pulses; more suitable for seeds and grains retained for household
consumption. 

j) Stepping method or Stamping method 

Seeds are filled in plastic bags and are tied with a thread tightly. Repeated stamping of
the bag will avoid pest attacks and also destroy the eggs and maggots that are already
present in the seeds. 

Farmer’s view: Easy method and does not require any ingredients.

Scientific rationale: Stamping helps to disturb insects and kills the immature and
adult stages of insects.

Target crops: Pulses; more suitable for seeds and grains retained for household
consumption.

k) Use of salt and chilli powder 

250 grams common salt and 250 grams dry chilli powder is mixed with 20 kg seeds and
filled into a plastic bag or bin. 

Farmer’s view: Insects are kept away from the stored grains and an easy method of
storage

Scientific rationale: The pungent nature of chilli shows a repellent effect on insects
and salt has a hygroscopic and insecticidal property. 

Target crops: Pulses; more suitable for seeds and grains retained for household
consumption.
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l) Use of Dry chilies

Dried red chillies are placed in bins or bags containing seeds/grains helps repel
potential insect pests. 

Farmer’s view: Seeds and grains can be protected from pests and pathogens.

Scientific rationale: The Pungency of dried red chillies keeps away the insect pests. 

Target crops: Paddy, little millets, pulses; more suitable for seeds and grains retained
for household consumption. 

m) Use of Camphor

For every 5KG of grain, 2 grams of camphor is placed in the jute gunny bags in which
the grain is stored. Doing so can help preserve the grain for up to 3 months. After 3
months, the grains are sun-dried and fresh camphor is placed again in the bags.
Camphor evaporates over time when stored. To prevent this, grains of pepper are
placed along with camphor in the container.

Farmer’s view: Easy method to control storage pests.

Scientific rationale: Camphor inside the storage bag repels the pests due to its strong
odour.  

Target crops: Cereals and pulses 

n) Use of Castor powder 

Small quantities of castor seeds are placed in a bowl, roasted for some time, and
ground into powder. 1/4 kg Castor powder is mixed with 1 kg bean seeds and stored in
a mud pot. The lid of the pot is closed and sealed with cow dung to avoid aeration.

Farmer’s view: Insects are kept away from the beans.

Scientific rationale: The oily nature of castor powder which is coated to the grains
will form a slippery surface that prevents female insects from laying eggs. It also acts
as a feeding deterrent and repellent and hence protects grains from insect pest
attacks. 

Target crops: Beans, Pigeon pea; more suitable for seeds and grains retained for
household consumption.

o) Sand mixture method 

A thick layer of sand is added at the base of the mud pot and sun-dried seeds are
spread over this sand. Again, sand is added over the seeds. The same process of filling
sand-seed mixture layer by layer is continued till it reaches the brim of the pot. The
container is closed with a lid and it is air tightened with cow dung paste. 
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The sand particles act as an abrasive agent of insect cuticles and hence kill the
insect pests.
It also acts as a barrier between seeds and insects and hence protects the seeds
from pest attack.
Cow dung at the top of the pot acts as a repellent.

Farmer’s view: It is an easy and a safe method that ensures that seeds are protected
from pest attack.

Scientific rationale:

Target crops: Pulses; more suitable for seeds and grains retained for household
consumption.

p) Use of lime powder 

Lime (Calcium carbonate) is powdered and mixed uniformly with grains and stored in
gunny bags in a dry place. Generally, 10-15 gms of lime is sufficient to store a kilogram
of grain. 

Farmer’s view: The rice grains are protected from the pest attack.

Scientific rationale: The lime has a repellent and anti-feedant property. Lime also
prevents insects from multiplying. 

Target crops: Cereals

q) Use of matchboxes

It is one of the oldest methods to store food grains. Matchboxes are kept in layers.
Generally, 8-12 matchboxes are kept at the middle, bottom, and top of the container
whose lid is then closed tightly. 

Farmer’s view: Seeds are protected from pest attack.

Scientific rationale: Phosphorus in the matchsticks has strong repellent properties
which helps prevent infestation. 

Target crops: For almost all types of seeds/grains. 

r) Use of Ginger rhizome 

30 grams of Ginger rhizome powder is mixed with 1 kg of pulse 

Farmer’s view: The pungent taste of ginger gives protection to their seeds and grains
against pests and pathogens.
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Repellent and oviposition deterrent property of custard apple seeds protect
seeds/grains from bruchid attack. 
The acetogenins present in custard apple seeds show insecticidal and vermicidal
effects.

Tulsi/Basil has a very good repellent property. 
The palmitic acid, linolenic acid, linoleic acid, and stearic acid present in Tulsi
seeds have an antifeedant and larvicidal effect. 

Scientific rationale: The presence of alkaloids, anthocyanins, flavonoids, tannins in
ginger makes ginger act as an antifeedant and repellent against pests. 

Target crops: Pulses; more suitable for seeds and grains retained for household
consumption.

s) Use of Custard apple seed powder

50 grams of custard apple seed powder with 1 kg of any of the pulse are mixed to
prevent the attack of the pulse beetle.

Farmer’s view: Seeds are protected from pest attack.

Scientific rationale:

Target crops: Pulses; more suitable for seeds.

t) Use of Tulsi/Basil seeds 

The seeds of Maize are mixed with dried seeds and leaves of Tulsi/Basil (Ocimum
sanctum).

Farmer’s view: Protects the seeds from the weevil attack during storage.

Scientific rationale:

Target crops: Maize

1.2. Modern Methods 

1.2.1 Hermetic Bags

‘Hermetic’ means completely sealed, especially against the escape or entry of air.
Hermetic bags are made up of an ultra-high barrier specialty blend of polymers. These
bags have five layers and one of the layers is composed of EVOH (Ethylene-Vinyl
Alcohol) resin. EVOH resin has one of the highest oxygen barrier properties amongst
plastic polymers. These bags do not allow outside oxygen to come inside the bag,
thereby creating an anaerobic environment. Existing insects inside the bags inhale the
available oxygen and give off carbon dioxide. The increased CO2 levels kill the living
insects.



Grain that farmers are going to consume or sell within six weeks of harvesting
should not be put in the sealed store but can be stored in open weave sacks.

The hermetic stores must remain fully sealed for at least six weeks if the farmer is
relying on natural deoxygenating, but in the case of metal silos where a lighted
candle has been used to deoxygenate the store then it should be kept closed for at
least two weeks.

The store should be located inside the house (or at least completely shaded from
the sun) and not near a fire. It is important that the store does not get too hot. If
the store gets too hot on one side and remains cool on the other then there is a
danger of moisture migration, this could lead to condensation on the cold side.
Condensation of water on grain can lead to mould damage. Furthermore, if the
grain is to be used as seed, then its viability will be lowered if it is subjected to
higher temperatures (especially if over 30°C).

Considerations while using hermetic bags:
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Since there would be no further oxygen coming inside, there would be no further
insect infestation. Hermetic storage bags come with a quality of airtight and gas-tight
storage which lock the freshness and the aroma. This ensures that the commodities
remain fresh and their quality is maintained. Hermetic storage bags also protect the
vitamin content of sensitive foods. The maintenance of a higher quality consequently
increases the incomes of the grain producers. Hermetic bags are used to safely store
seeds, lentils, cereals, dry fruits, flour, herbs, spices, peanuts, food grains, and a host
of other food products. 

Make sure that the grains or seeds are properly dried:
Dry grain ought to have less than 14% moisture by weight.
Dry seeds ought to have less than 12% moisture by weight.

Place the hermetic bag inside an existing type of storage bag (e.g., woven
polypropylene or jute bags).

Fill the hermetic bag with dried seeds or grains.

How to use hermetic bags:
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Remove excess air. Close the opening by twisting the free plastic portion above
the grain and folding it in two.

Tie off the twist with a strong rubber band or adhesive tape.

Secure the jute or the PPE bag for storage or transportation, taking care not to
puncture the hermetic bag.

Seal properly.

Check after a few days. If there are insects inside the bag, it has not been sealed
properly. Check for leaks and re-seal.

Place the superbag as a liner inside an
existing storage bag.

Fill the bag with grain, remove excess air
and twist.

Fold plastic cover and sealwith either
strong rubber band or tape. 
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Place the superbag as a liner inside an
existing storage bag.

Fill the bag with grain.

Remove the excess air, fold plastic cover
and seal with either strong rubber band
or tape. 

Use no hooks as they may damage the
hermetic bag. 

Illustrated Version Of The Process Of Filling Hermetic Bags 
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Sustainable Agriculture Kit "Hermetic Grain Storage Bags"

Save Grain Bags Introduction

How to use Proharvest bags

GrainPro Bag Twist & Tie (GrainPro SGB Premium RT)

How to Store Grains And Protect them From Insects

Videos:

Don't overfill.

Don't puncture or damage.

Avoid possibilities of rodent damage.

Never carry the grain by holding on to the hermetic bag; always use the outer bag
for carrying.

Do not do the following:

https://www.youtube.com/watch?v=eTfGcrr1oN0
https://www.youtube.com/watch?v=bIB099CQvzs
https://www.youtube.com/watch?v=K4BxvU7HnnA
https://www.youtube.com/watch?v=YZu0kpWHwVo
https://www.youtube.com/watch?v=2BGb8H6T86k


TNAU insect probe trap.

TNAU pitfall trap

TNAU two-in-one trap 

The harvested produce often contains egg (or) larvae (or) pupae because of a
carryover from the field which is very difficult to completely prevent. Hence, early
detection of the stored grain insects will help prevent heavy losses. Tamil Nadu
Agricultural University (TNAU) has developed traps to detect pest infestation. These
traps exploit the behaviour of insects to wander towards air. detect the insect
infestation in the early stages and thereby aid in timely control. All these devices can
be used to both monitor and trap the stored grain insects. Salient features of these
traps are i) no running cost and ii) no maintenance cost. 

The insect traps developed by TNAU include,
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1.2.2. TNAU Insect Traps 

 1. TNAU insect probe trap

TNAU probe trap consists of three important parts : A main
tube, insect trapping tube and a detachable cone at the
bottom. Equispaced perforations of 2 mm diameter are
made in the main tube. The insect trap has to be kept in the
grain (rice, wheat, etc.), vertically with the plastic cone
downside as shown in the figure. The top cap must be with
the level of the upper surface of the grain. Insects will move
towards the air in the main tube and enter through the
hole. Once the insect enters the hole, it falls into the
detachable plastic cone at the bottom. Then there is no way
to escape and the insects are trapped forever. 

The detachable cone can be unscrewed once a week and the insects can be destroyed.
TNAU probe traps help detect and trap stored food grain insects such as Rhyzopertha
Dominica (F.), Sitophilus cryzae (L.), and Tribolium castaneum (Herbst). The detection
ratio (trap: normal sample) is higher in the trap than in the normal sampling method
by factors ranging from 2: 1 to 31: 1. The insect’s catch is also higher in the probe trap
than the normal sampling method by factors ranging from 20: 1 to 121: 1. They are
also good mass trapping devices. Placing 2 – 3 of them in a 25 KG bin (28 cm dia and 39
cm length) helps trap insects at scale. They should be placed at the top 6 inches of the
grain, where insect activity can be seen during the early periods of storage. They can
remove more than 80% of the insects within 10 –20 days.
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2. TNAU pitfall trap 

Pitfall traps have been widely used to capture soil inhabiting
insects. These traps can be used in bulk stored grain for
capturing insects active on grain surfaces. The general feature
of TNAU pitfall trap is a cone shaped trap with a lid/top which
have carefully sized holes to allow the entry of the insects but
not the grain (2 mm for rice, wheat etc., 3 mm for whole
pulses). 

The special feature of TNAU pitfall trap is that the bottom of the cone tapers into a
funnel shaped trapping tube, thus dispensing with application of a special coating
with sticky material to hold the trapped insects. The trap will be very useful for mass
trapping of bruchids, which attack stored pulses.

3. TNAU two-in-one trap 

This model trap probe contains the following components:
the perforated tube, pitfall mechanism, a collection tube, and
the cone-shaped pitfall trap with a perforated lid and the
bottom tapering cone. The combination of the probe and
pitfall increases the trapping efficiency of insects. These traps
are best suited for pulse beetles as they are seen only on grain
the surface. 

Beetles are captured alive in this trap, which may facilitate the
release of pheromone and thereby attract more insects. It also
does not require tedious procedures like coating the inner
surface of the pitfall cone with sticky materials before trapping.

Probe trap

Insect Traps

Videos:

https://www.mohantrap.com/probetrap
https://www.bing.com/videos/search?q=TNAU+various+INSECT+PROBE+TRAP+pdf&&view=detail&mid=746B78981468BCE7F2FB746B78981468BCE7F2FB&&FORM=VRDGAR&ru=%2Fvideos%2Fsearch%3Fq%3DTNAU%2Bvarious%2BINSECT%2BPROBE%2BTRAP%2Bpdf%26FORM%3DHDRSC3
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2. Storage godown/warehouse level

Prevent breeding: The godown/warehouse should be kept clean. Food waste
should be covered at all times.  

Waste bins must have tight-fitting lids. These bins must be kept closed at all times.

Waste disposal: Dispose of the food waste periodically.

Cleaning of drains: The drainage unit shall be clean. Do not allow overflow of
drainage by periodically removing the blockages.

Deny entry: The warehouse shall install air curtains, insect screens, and automatic
door closers to deny entry to flying pests.

Audit of insect entry sites: There should be regular audits on possible insect entry
sites. 

Use non-chemical methods: The warehouse shall use non-chemical methods to
control storage pests.

Awareness/education about pest management: The warehouse personnel need to
be informed on effective non-chemical pest management methods. This will
increase awareness and help maintain an insect-free environment.

2.1. Protocols to be followed 

2.2. Pest management methods 

Before storing the seeds/grains, the godowns (warehouses) are fumigated with leaves
of Vitex, Neem, Pongamia, etc. This method helps kill the insects in cracks and crevices
of the warehouse and helps create a pest-proof store. 

2.2.1.Non-pesticidal fumigation of the godown/warehouse with appropriate leaves

Hermetic cocoons are commercially available hermetic storage containers that consist
of two plastic halves joined together with an air-tight zipper after they are loaded with
the sacks of the commodity to be stored. They come in different sizes and
configurations e.g., for bulk or bag storage. Light as well as easy to handle and
operate, the airtight features of the Cocoons enable them to create and maintain a low
O2 / high CO2 environment for extended periods. This environment eliminates insects
of all stages while preventing the development of aflatoxin-producing moulds.
Cocoons reduce the flow of both oxygen and water between the stored grain or seed
and the outside atmosphere. 

2.2.2. Hermetic cocoon
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They extend the germination life of seeds
They help control insect grain pests without using chemicals, and

Clean the seed or grain and dry to the correct moisture content (seed 12%, grain
14%). Use a moisture meter to determine the moisture content.
Make sure the cocoon is clean and undamaged.
Seal the cocoon according to the manufacturer’s recommendation.
Store the cocoons either undercover or in the shade.
Use an oxygen meter to measure the oxygen content inside the cocoon, first daily
and once the oxygen has dropped, weekly, to ensure that the cocoon has been
properly sealed.

Intermittent opening and closing allows oxygen re-entry, which can lead to the
rapid re-infestation of some insects such as the lesser grain borer which has the
ability to pierce plastic liners.
Cocoons can be damaged by rodents if not managed correctly. It is therefore
important to pull the plastic liners tightly and to keep a clear space around the
containers.
Mechanical damage or placing cigarette buts on the cocoon can also damage it.

When properly sealed, the respiration of grain and insects inside the bag reduces
oxygen levels from 21% to 5%. This reduction reduces live insects to less than 1
insect/kg of grain without using insecticides - often within 10 days of sealing. Dry
agricultural commodities can be stored long-term without the risk of moisture
absorption and oxidation. The Cocoons can be flushed with carbon dioxide to
eliminate potential pests. A special inlet is provided for this purpose.

Why is a hermetic cocoon important and how does it work?

Compared to traditional storage systems, hermetic cocoons have the following
benefits:

They improve the head rice recovery of stored grain- The stabilized moisture inside the
cocoon prevents the ‘wetting and drying’ of grain. This reduces the extent of grain
cracking resulting in higher head rice recoveries upon milling. 

How to store your grain in a hermetic cocoon?

Some general guidelines include:

Management issues

While the technology is simple, users sometimes still have bad experiences when the
oxygen levels are higher than expected. This is often due to poor management. The
following points are important:
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Procedure for flushing with CO2 

Pile the sacks on the bottom
section of the cocoon that has
been stretched (to reduce risk of
rodent damage). Add layers of
bags in an interlocking manner.

Create a cavity/canal of about 1-2
layers aligned with the inlet port
to the centre of the stack to
facilitate Carbondioxide flushing.  

Check  to ensure that the entire
length of the zipper track is fully
closed to ensure complete
hermetic closure.  

Use a vaccum pump to make the
cocoon airtight. Using a vaccum
pump can also help engage the
zipper tracks properly in case
there are any imperfections during
zipping.  
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Procedures for flushing with CO2 

The tension straps are long
enough to raise and apply tension
to the sides of the cocoon even if it
is only three quarters full.  The
required tension can be achieved
by attaching the cords to the
buckles of the cocoon.  

Open the gas inlet port of the
cocoon and then open the cylinder
tap.The liquid Carbon-dioxide 
 flushes into the cocoon and
evaporates inside through the pipe
and will push the air upward until
it is totally replaced.  

Open the outlet port located at the
back (top) of the cocoon to relieve
excess pressure and to release air
from the inside. Once the Carbon-
dioxide concentration  reaches
80%, close the inlet tap and the
top outlet port of the cocoon. 

During the first 15 days of
installation,oxygen level should be
checked daily using the oxygen
analyzer. Normally, oxygen levels
should drop 1-2% per day to a
level less than 3% . Oxygen must
not exceed 7%. If it has, then the
sealing has been compromised.
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Through stack probes, operators can know
the insect population levels in their stacks in
the warehouse. Through this, they can predict
the early presence of insects in their food
grains stacks and take mitigating measures to
control them. These traps are to be inserted in
the interspaces between bags in a stack at
any layer, more so in the middle layers. The
trapping tubes shall be checked periodically
for the presence of insects. Sometimes the
probes may trap larvae of insects too. 

2.2.3. TNAU Stack Probe Trap 

The UV light trap mainly consists of an ultraviolet source (4 W
germicidal lamp) of light. The lamp produces ultra-violet rays of
peak emission of around 250 nanometers wavelength. The light
is fitted at the center of a funnel of 310 mm diameter at the top
and 35 mm diameter at the bottom. The bottom end of the
funnel is attached to a transparent plastic container to collect
the trapped insects. 

To hang the unit at desired points, three hooks are usually
provided at the periphery of the funnel. The unit is also provided
with a tripod stand. The UV light trap can be placed in food grain
storage godowns at 1.5 m above ground level, preferably in
places around warehouse corners, as it has been observed that
the insects tend to move towards these places during the
evening hours. The trap can be operated during the night hours
too.

2.2.4.UV Light Trap 

Direct contact with the human body should be strictly avoided.

UV Light trap

The light trap attracts stored product insects of paddy like lesser grain borer, red flour
beetle, and saw-toothed beetle, in large numbers. Psocids which are of great nuisance in
godowns are also attracted in large numbers. Normally two UV light traps are placed in a
godown of size 60 m x 20 m x 5 m (L x B x H). The trap is ideal for use in godowns meant
for long-term storage of grains, to trap resistant strains and leftover insects and prevent
the build-up of pest populations. The trap can also be used to monitor insect populations
in godowns with frequent transactions.

Precaution to be followed

Video:

https://www.youtube.com/watch?v=f7-PGEUlFMA
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Tie 1 tablet of Parad in a small light cloth or a bandage and keep it in the grain and
pulses.
Keep 1 tablet on top of grains while one below the grain.

The tablets are Ayurvedic however, they must still be kept away from the reach of
children. Since it is meant for keeping away insects and preservative purposes, it
could be harmful if consumed by children. 

Parad means Mercury. A Parad tablet contains a fixed amount of Mercury combined with
Chitika (Chalk). It is very effective in protecting grains against small insects. 
 
How to use:

 Precaution to be exercised:

2.2.5. Zandu Parad Goli 



29 The NPM Network & N+3F | 2021 Post-Harvest Pest Management 

3. Food industries level  

The first layer of pest management 

The first layer includes different activities to be undertaken to ensure that processed
food material has very little exposure to situations where it could be infected –
especially in its susceptible post-processed stage. The processed material must be
protected from situations where pests can lay eggs in them. 

The infestation will be known only when the eggs have hatched and the grubs are
seen. This could be anywhere from 10 days to 3 months depending on the conditions
in the sack/packet and the infestation would remain undetected until then. By that
time the products would most probably have left the processing facility and would be
on a retailer's shelf or would have reached the home of the consumer. The
interventions needed are,

1. Removing adult moths

The adult moths in the vicinity need to be removed using methods such as the
electrical pest traps and ‘bats’ typically used to kill mosquitoes. The adult moths are
active during evenings (and sometimes during early morning hours) and are dormant
during the rest of the day and night. 

2. Properly covering all the processed materials

In order to minimize infestation probability, no processed material should be kept
exposed overnight within the processing unit. Even during the day, it is critical to keep
the processed products properly covered. Sacks, bags or boxes that can be re-sealed
and are tear/hole-free must be used. The bags must be stitched up, labeled
appropriately and stored in a separate facility other than the processing unit.
Particular attention has to be given during the stitching of these bags. The stitches
themselves must not damage the fabric enough to create needle holes that will allow
the pests to access the grains. It is also advisable to keep the sack material folded up
always during the stitching process so that there will be minimal chances of grain
exposure.

3. Planning the quantum of grains to be processed in a day/shift

More important than the above-mentioned two interventions, is the way the
materials, especially the by-products are handled during the course of the processing
and storage. All processing operations should be completed in a single shift. All the
products whether human edible products or secondary processing output products –
should be packed away by the end of the shift. 

3.1.Protocols to be followed for pest management 



So, when identifying what quantity of material should be taken up for processing
operations, one has to look at the processing capability of the processing unit, so that
at the end of the shift all primary and secondary products are bagged and put away.
The demand for the end product can drive the minimum and the limitations of
finishing the batch can decide the maximum quantity that is taken up for processing in
a batch. This is very important because invariably the processors end up with left over
material from one shift and this has a very high probability of being exposed to air and
therefore to pest infestations. This leads to a lot of material being lost. So, simple
measures exercised during planning activities can have a large impact on the quality
of output.

The second layer of pest management 

The second layer includes different activities to be undertaken to clean the machines
on a regular basis. This ensures that the machines do not become a breeding ground
for pests . Almost all conventional machines – grain elevators, graders, de-stoners,
hullers, aspirators – have been designed taking into account that the user will use
some chemicals in order to save the material from pest infestation. If the use of any
pest repellents, pest suppressants or pesticides need to be avoided while processing
or storing, then the machine design and how the material is flowing through them
(how much material, of what kind, and where does it get left over or left behind during
processing) needs to be relooked. 

It is to be ensured that any stagnation points are removed in the design or at least that
they are cleaned at the end of every shift. The infestation probability when the
machines are running is very low. However, when the machines are not running and
there is material on or in them, it is an open invitation for the moths to lay eggs. Each
machine needs to be cleaned at the end of each shift, i.e., removable components
such as sieves should be taken out and any residual material within the machines
needs to be removed. If needed, necessary design modifications have to be done to
the machines for ease of cleaning. 

At the end of each shift, the machines are to be cleaned. The removable parts like fan
box plates have to be taken out and the accumulated shattered grain dust needs to be
cleaned on a regular basis. The dead zones of all the machines, where residual
material can remain even after the machine has been shut down, are to be removed
with appropriate design modifications and process corrections. 
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The third layer of pest management 

The third layer includes different activities to be taken into consideration while
designing the processing unit to reduce possibilities of pest infestation. Following a
proper layout design during the installation of machines in the processing unit to
avoid any inaccessible places within the unit and allocation of spaces to ensure
separation of processed materials from unprocessed ones is quite important. Care
should be taken to ensure that residual material does not remain not just in the
machines, but also on or around the machines.

Inaccessible nooks and corners should be avoided and those present need to be
identified and screened off when the material is being processed. The layout of the
machines and the mounting should be such that the grains do not drop through or slip
into inaccessible points that cannot be cleaned directly and daily. Following all the
three layers of pest management in the processing unit shall help avoid pest
infestation to a great extent. Ensuring the material going out of the processing unit is
of good quality and pest free is critical to commercially promote the ‘pesticide-free
food category’. 
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3.2. Pest management methods

Electric fly killers (EFKs): EFKs attract flies with the
UV light emitted by UV tube lights and get
electrocuted when they touch the electrified metal
grid. These units, when used externally by food
processing units, can control the adult fly
population around the main building.

3.2.1. Fly killers 

Electric flycatchers (EFCs): EFCs can be very effective within the processing unit to
control the remaining flies that still manage to get into the processing unit despite the
measures taken outside. Here the principle of attraction is the same but flies get stuck
to the glue board.

Sticky ribbons: Sticky ribbons which have a pre-gummed ribbon strip and use UV to
attract flies can also be used within the unit or outside to control flying population.

The device helps remove adult insects besides eggs, larvae, and pupae of free-living
insects.

This helps arrest the further build-up of insects during storage of grain.

There is no wastage of grains.

The shelf life of grains is increased

This is highly suitable for Millers, traders besides exporters.

3.2.2. Egg removal machines 

This machine can crush the eggs present in the grains to a considerable extent when the
grains flow through it. This ensures that further insect development is prevented. Besides
eggs, this machine also effectively removes the adult weevils/ beetles (both dead and live)
present in the grains. Free-living larvae of insects are also crushed. The machine works on
the principles of impact, smooth brushing, sieving, and blowing. This machine has a
capacity of around 1000kg/hr to 2000kg/hr.

Special features:
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Gadgets 

Insect Egg Removal Machine

Videos:

3.2.3. Rodent Glues 

Rodent glues, like flypaper, consist of sticky ingredients that entangle the victim.
Ready-to-use glue boards are commercially available from various suppliers, or bulk
glue can be purchased. The sticky material is spread on heavy craft paper, cardboard,
roofing paper, boards, etc. Lengths of it are placed in runways. When an animal steps
on the glue, it is unable to remove its foot. Its struggles will eventually cause it to end
up with more feet and possibly its nose to get stuck in the material. Glue boards are
used under most of the same situations as traps and are sometimes effective where
trap shyness has developed among the rodents. Glues are nontoxic and hold the
animals in a way similar to traps. Problems with glue boards can occur in extremely
hot weather when some glues can run off the board and cause staining. On the other
extreme, in cold weather, the material may harden too much to be effective. In dusty
areas, the surface may coat over so that it is unable to hold the animal. Before
handling bulk glue, wet your hands and putty knife with soap and water. Scoop up the
glue and spread it on a sheet of roofing paper or other backing material.

It is best to keep these separate. However,
where necessary, another piece can be
squeezed on top of this to form a
sandwich. Pry the pieces apart when ready
to use making sure the glue does not run
out to the edge of the backing material.
Glue boards are more effective for
capturing mice than rats. In cases of severe
infestation, they can be used to quickly
and safely reduce mice populations. 

https://www.mohantrap.com/
https://www.mohantrap.com/
https://www.youtube.com/watch?v=yh6y9R7VjFU
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III. Resources 

1.Publications

Companies employ pest prevention to keep snack and bakery facilities safe and
sanitary https://www.snackandbakery.com/articles/93904-companies-employ-
pest-prevention-to-keep-snack-and-bakery-facilities-safe-and-sanitary

Dieudonne Baributsa et al., Developments in the use of hermetic bags for grain
storage, Published by Burleigh Dodds Science Publishing Limited, 2020.
http://dx.doi.org/10.19103/AS.2020.0072.06

GrainPro Gas-Hermetic Cocoon Instruction Manual 

Hategekimana Athanase*; S. Mohan** Determining the effectiveness of insect egg
remover in removal, Asian Academic Research Journal of Multi-Disciplinary Year
2013, Volume-1, Issue-10 (June 2013) Online ISSN : 2319 – 2801

Jim Fredericks, Are You Really In Control Of Your Facility’s Pest Control?
https://globalfoodsafetyresource.com/really-control-facilitys-pest-control/

Karshanal J, Mahalingam CA and Arul Prakash R, A device to trap egg, larva, and
adult of Red flour beetle, Tribolium castaneum (Herbst) (Coleoptera_
Tenebrionidae)

Mandali et al. Handbook on Stored grain pests and their identification, NIPHM,
file:///D:/NP3F/FPO%20Training%20Module/Pest%20Management/NIPHM%20Sto
red%20grain%20pests%20identification%20hand%20book.pdf

Prakash BG, Raghavendra VK, Gowthami R, et al. Indigenous practices for eco-
friendly storage of foo1qaZd grains and seeds. Adv Plants Agric Res. 2016;3(4):101-
107. DOI: 10.15406/apar.2016.03.00101

Stored grain pests and traditional techniques of their control measures D.R.
THAKUR AND DAMITA AND PRITI, International Journal of Plant Protection, Vol. 4
No. 1 (April 2011): 220-226, I--IJPP 4 (1).mdi (research journal.co.in)

TNAU GADGETS FOR MANAGEMENT OF STORED PRODUCT INSECT Dr. S. Mohan
Professor, Dept. of Agricultural Entomology Tamil Nadu Agricultural University,
STORAGE INSECT PEST MANAGEMENT (cutm.ac.in)

TNAU Insect Probe Trap Technology Report-Draft 25.8.2020 (1).pdf

Traditional Pest and Disease Management Practices in Sikkim Himalayan Region
Gopi R., R. K. Avasthe, H. Kalita, Chandan Kapoor, Ashish Yadav, Subhash Babu
and S.K. Das
TraditionalPestandDiseaseManagementPracticesinSikkimHimalayanRegion.pdf

https://www.snackandbakery.com/articles/93904-companies-employ-pest-prevention-to-keep-snack-and-bakery-facilities-safe-and-sanitary
https://globalfoodsafetyresource.com/really-control-facilitys-pest-control/
http://researchjournal.co.in/upload/assignments/4_220-226.pdf
http://courseware.cutm.ac.in/wp-content/uploads/2020/06/GADGETS-ENGLISH.pdf
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2. Videos 

Parad Goli: Amazing Ayurvedic solution for Grain Preservation - Dr. Brahmanand
Nayak (drbrahma.com)

Food-Grains_Machinery.pdf (icar.gov.in)

ORGANIC FARMING:: Pest Management of Agricultural Crops (tnau.ac.in)

BASIC RULES OF HYGIENE, SANITATION AND SAFETY IN FOOD PROCESSING
(linkedin.com)

https://www.drbrahma.com/parad-goli-mugdha-rasa-or-mercury-tablet-scientifically-proven-ayurvedic-solution-for-grain-preservation/
https://aicrp.icar.gov.in/phet/wp-content/uploads/2017/02/Food-Grains_Machinery.pdf
https://agritech.tnau.ac.in/org_farm/orgfarm_pht_pestmgt.html
https://www.linkedin.com/pulse/basic-rules-hygiene-sanitation-safety-food-processing-sanjay-sharma
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IV. List of suppliers of various
tools/instruments/ technologies

Save Grain Advanced Solutions Private Limited, Ashish Wadhwa Off No. 302,
The Capital Building (Wing B) Pashan, Link Road, Pune- 411045, Mb. 8037301018

Grain-pro, 2, 3, 4 Floor, 'Narayani' Ambabai Temple Compound, Near Bank of
Maharashtra, Aarey Road, Goregaon (West), Mumbai - 400 062 Maharashtra INDIA,
080-30031527  solutions@rentokil-pci.com

Pro-harvest, Golden Acres, #2/13-1, 2nd Floor, Dr.Rajkumar Road, 4th N Block,
Rajajinagar, Bengaluru -560010, Karnataka, Phone No: +91 9513499299, E-mail:
contactus@proharvest.co.in

Ms. Sri Vrintha Traders, 164/4, Basmati Complex, Sidhapudur, Coimbatore 641
044. Phone : +91 422 42243989. Email: srivrinthatraders@gmail.com  Web:
www.srivrinthatraders.com

Melwin Engineering (2011) 18/2, Gandhi Street, Bharathi Nagar, Podanur (PO),
Coimbatore – 641 023. , Tamil Nadu, India. Email: anitathomascs10@gmail.co

Ms. Sri Vrintha Traders, 164/4, Basmati Complex, Sidhapudur, Coimbatore 641
044. Phone : +91 422 42243989. Email: srivrinthatraders@gmail.com  Web:
www.srivrinthatraders.com

Ms. Sri Vrintha Traders, 164/4, Basmati Complex, Sidhapudur, Coimbatore 641
044. Phone : +91 422 42243989. Email: srivrinthatraders@gmail.com  Web:
www.srivrinthatraders.com

Note: Only suppliers that came cross by N+3F are listed below. There may be other
suppliers. This list will be updated on a periodical basis. 

Hermetic bags and cocoons

Insect traps

Egg removal machine

UV lamp

http://www.srivrinthatraders.com/
http://www.srivrinthatraders.com/
http://www.srivrinthatraders.com/
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Nature-Positive Farming & Wholesome Foods Foundation (N+3F) 

Nature-Positive Farming And Wholesome Foods Foundation (N+3F) is a Section-8 non-profit
support organisation with the mandate to promote N+FFS at scale across India. N+3F builds
on the initiatives of NPM Network and focus on a broad spectrum of interventions which
includes, i) facilitating adoption of nature-positive farming by a large number of farmers, ii)
supporting adoption of post-harvest technologies and practices, iii) market development, iii)
supporting adoption of guarantee systems and certification, iv) promoting consumption of
pesticide-free wholesome foods and v) policy advocacy. N+3F collaborates with 25
organisations comprising NGOs, FPOs and market players in Central, Southern and Eastern
India.

To know more about us, visit: www.npmnetwork.org and www.np3f.in. 

Nature-Positive Farming &
Wholesome Foods
Foundation (N+3F) 

The NPM Network  

The Non-Pesticidal Management Network (NPM Network)was started by a group CSOs to
promote ‘pesticide-free’ sustainable agriculture at the grassroots and to establish pesticide-
free foods as a ‘category’ in the local, regional and national markets.  Currently, the NPM
Network has multiple civil society organisations and FPOs as members, who are working with
thousands of small and marginal farmers in some of the most backward and remote
geographies of India.
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http://www.npmnetwork.org/
http://www.np3f.in/

