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THE PURPOSE OF THE MANUAL
This manual brings together knowledge from two different kinds of develop
ment organizations involved in finding low-cost, appropriate solutions to
problems in the Third Wor1d--the United States Peace Corps and VITA, Volun
teers in Technical Assistance.
The Peace Corps has information to share about grain storage based on the
practical field experience of Volunteers living and working at the grass
roots level in numerous countries. VITA contributes the technical expertise
of its specialists. Too often, it seems, innovative techniques for small
farms do not reach the field, and field approaches too often are applied
only in the area where they were developed. True, it is good to design a
silo which is not too expensive for a farmer to build. It is even better
to plan a silo which is cheap and keeps out insects. But of what value is
the plan if only a few farmers know about it? .. or if other farmers cannot
adapt it to suit their needs? It was to bring such plans and new ideas to
farmers worldwide that Peace Corps and VITA prepared this manual.
Small Farm Grain Stora~ is a how-to manual. It is designed as a working
and teaching tool for aeve10pment workers in their field activities. Grain
storage information is basic and straightforward; it is presented in a
form easily adapted to on-the-job needs. The manual brings together in one
volume the basic principles of grain storage and the practical solutions
currently being used and tested around the world to combat grain storage
problems. Of course, it is impossible in a single publication to cover all
the possible storage situations in the world. But farmers who understand
the basic, unchanging principles of drying and storing grain can adapt
ideas, suggestions, and technologies from another part of the world to their
own situations.
This manual is the first of a planned PC/VITA series. Future manuals w'I11
focus on such areas of concern as reforestation, fish culture, and wells
construction.

THE PEOPLE WHO PREPARED THIS MANUAL
Small Farm Grain Storage is the first in a planned series of publications
combining Peace Corps practical field experience with VITA technical
expertise in areas in which development workers have special difficulties
finding useful resource materials.
Since 1961 Peace Corps Volunteers have worked at the grass roots level in
countries around the world in program areas such as agriculture, public
health, and education. Before beginning their two-year assignments, Volun
teers are given training in cross-cultural, technical, and language skills.
This training helps them to live and work closely with the people of their
host countries. It helps them, too, to approach development problems with
new ideas that make use of locally available resources and are appropriate
to the local cultures.
Recently Peace Corps established an Information Collection & Exchange, so
that these ideas developed during service in the field could be made
available to the wide range of development workers who might find them
useful. Materials from the field are now being collected, reviewed, and
classified in the Information Collection & Exchange system. The most useful
materials will be shared with the development world. The Information
Collection & Exchange provides an important source of field-based research
materials for the production of how-to manuals such as Small Farm Grain
Storage.
VITA people are specialists who volunteer their free time to answer
requests for technical assistance. Many VITA Volunteers have. 1 ived and
worked in other countries, often as Peace Corps Volunteers. Most VITA
people now work in the United States and other developed countries where
they are engineers, doctors, scientists, farmers, architects, writers,
artists, and so on. But they continue to work with people in other countries
through VITA. VITA Volunteers have been providing technical assistance
to the Third World for more than 15 years.
Requests for technical assistance come to VITA from many nations. Each
request is handled by a Volunteer with the right skills. For example, a
question about grain storage in Latin America might be handled by a professor
of agriculture, and a request for an improved planting implement would go
to an agricultural engineer. These VITA Volunteers, most of whom have lived
and worked in Third World countries, are familiar with the special problems
of these areas and are able to give useful, and appropriate, answers.
A number of VITA people worked on the Small Farm Grain Storage manual,
providing technical review and artwork. Many thanks are due to the
skilled and concerned Peace Corps and VITA people, as well as to numerous
others, who worked to make this manual possible.

staff assistance -- John Goodell
materials on section 4 -- Frederick Bueche
technical review -- Douglas Barnes, Merle Esmay, Henry Highland,
Larry Van Fossen, Harold Willson, Kenton Harris
artwork -- George Clark, John Goodell, Kenneth Lloyd, Nicholas Reinhardt,
Guy Welch
Thanks are also extended to the following individuals and institutions
that provided invaluable assistance in the early stages of work on the manual.
Francis Luzzatto, Peace Corps Office of Multilateral and Special Programs
Mary Ernsberger and Margot Aronson, Peace Corps Program and Training Journal, USA
Brenda Gates, Peace Corps Information Collection and Exchange, USA
Tropical Stored Products Center, TPI, Great Britain
Henry Barre and Floyd Herum, Agricultural Engineering Department, Ohio State
University, USA
Department of Grain Science and Industry, Kansas State University, USA
Agricultural Research Service, Department of Agriculture, USA
Extension Project Implementation Department" Ministry of Agriculture, Ethiopia
F.W. Bennett, Midwest Research Institute, USA
Supervised Agricultural Credit Programs, SACP, Belize
Peter Giles, Nicaragua
---
Donald Pfalser, Agricultural Cooperatives Development International, ACDI, USA
Technical Assistance Bureau, US Agency for International Development, AID
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DeveloPment work"$ can use material from
• Ot(IIUII!,;fij,i$t> The manual provides

this manual in a number of ways:

clear presentations of grain
; Q 1 p l e s from which you can ,take material to lead
d
with farmers and village leaders.
There are suggestions for demonstrations and

ch you might find helpful to illustrate grain

iples to farmers.

$Otne of the material has been prepared in the form

leaflets which can be used directly by you with
may require little or no adaptation by you. But,
you can use the structure of the leaflet and
traphs specific to your area. The material on
S a good example of this kind of leaflet.
, Many of the construction plans have been
you will be able to work more closely with
>0" the plans are fully illustrated. You could
the work steps showing conditions in your
that after you introduce the material, far
, instructions themselves. The plans are
l~ey would be easy to translate into local
Improved Maize Drying Crib is a good example
illustrated presentation.

q" the material

most likely to be useful for
been simplified and prepared in checklist
This material would lend itself to 111ustra
I. so it can better fit into the local
~l1sts on controlling grain storage insect
¢'tte90 ry.
~~s

~ices

contain examples of leaflets that have
elopment workers in several countries. These
~~~lUded to give you some idea of how the
a1 might be organized, illustrated, trans
reach farmers.
jble, addresses are given so that you can
on on a subject.

Further Information. Other appendices contain information
on areas which, although important, cannot be covered fUlly
within the scope of this manual, for example, storage pro
gram planning.
These are some of the ajros of ~all Farm Grain Stora~:. You will probably
find added uses. While it is not possible to make t 1S manual specific
to the situations or culture of your particular area, the information is
presented so that you can do this very easily by making additions or substi
tutions to the material.
For your convenience, the pages in each part of the manual are numbered
independently from those in the other parts. Key information is often
included in more than one section so that all the facts needed to discuss
a subject can be found easily without searching through the manual. Plans
can be removed for copying and reworking to fit your needs.
Dimensions are given in metric units in the text and illustrations.
version tables follow Appendix F.

Con

This manual will grow and change as its readers and users send in addi
tional material, comments, and ideas for new approaches to grain storage
problems and better ways to communicate with farmers. Your own ideas and
conclusions are welcome, and forms have been provided for your comments at
several locations in the manual. So, please send in the results of your
silo or dryer building. Let us know how you used the manual and how the
information could be made even more useful to you. Tell us how you changed
a plan to fit local needs.
Your experience will help us to produce manuals of growing usefulness to the
world-wide development community.

REPLy FORM
For your convenience, a reply fonn has been prOVided here. Please send it
in and let us know how the manual has helped or can be made more helpful.
If the reply fonn is missing from your copy of the manual, just put your
cOlTlnents, suggestions, .descri ptions of probl ems, etc., on a piece of paper
and send them to:
GRAIN STORAGE
3706 RHODE ISLAND AVENUE
MT.- RAINIER, MD 20822
U.S.A.

PLEASE RETURN THIS FORM
NOTE TO THE USER: This manual was published because Peace Corps and VITA
people wish to help in a problem area of worldwide concern. In order to
provide the most effective help, the authors need to know how the manual
is being used and how you feel it can be made even more responsive to
your needs. Please fill in the following form and return it to:
GRAIN STORAGE
3706 RHODE ISLAND AVENUE
MT. RAINIER, MD 20822
U.S.A.
WHEN WE RECEIVE THIS FORM, WE WILL AUTOMATICALLY PLACE YOUR NAME ON A
MAILING LIST SO THAT YOU WILL RECEIVE:
1.

Updates and/or additions and corrections to the
manual as they become available.

2.

Notice of other publications which may be of
interest to you.

If you have questions on the material presented in the manual, or if
you run into problems implementing the suggestions offered here, please
note them in the space provided. Use additional paper if you have to
in order to be as specific as you can about the problem. Wherever possible,
the authors will try to provide or direct you to an answer.

Date

------

Your Company or
Agency, if any

_
---------Your Address
-------------------------Your Name

1. How did you find out about the PC/VITA Grain Storage Manual? How did
you get your copy?

2. Which parts of the Grain Storage Manual have you found most useful?
Least useful? Wny?

3. Did you find the Manual easy to read, too simple or complex,
complete or incomplete?

4. How has this manual helped your work? What have you done to apply
the information?

5. Which plans have you used? Did you make changes in any of the plans?
(For example, when you were building a dryer or a silo, did you
substitute any building materials for the ones mentioned in the plans?)
If you made changes, please describe what you did that was different.
Include photos, sketches, etc., if possible or important.

6. Can you recommend additional methods or equipment which you feel
should be included in a new edition of the Manual? If you do know
of such methods, etc., please include the information here.

7. What were your successes using the Manual or implemen~~ng any of the
plans? Problems? Please describe any successes or problems completely.

8. Do you have other recommendations for following editions of this Manual?

PC/VITA GRAIN
STORAGE MANUAL

1

WHAT THIS MANUAL WILL TALK ABOUT:
THE GRAIN STORAGE PROBLEM

INTRODUCTION

Farmers allover the world lose much of
their grain after it is harvested. Farmers
work hard to plant and grow crops. And
often they do not receive good returns
for their time and effort. The grain is
attacked in the field and in storage by
insects. rodents, birds, and other pests.
The grain that pests do not eat, they make
dirty with their droppings and their bodies.
Farmers have lived with these problems
for hundreds of years. So they have
developed ways to deal with them.
Many old ways are wasteful, but a
number of the old methods are good
and must be kept until they can be
replaced or improved.
In recent years, however, the grain
storage problem has changed (and, in
some cases, temporarily worsened) as
steps toward full development have
been taken. For example, now there
are new seed varieties which grow faster
and yield more grain. Farmers plant these
new seeds, and this grain is ready for
harvesting earlier than it used to be.
This grain is ready to be harvested during
the rainy season. The farmer has always
dried his crops in the sun, but there may
be little sun during this season. Also,
it is likely this new variety of grain must
not be left to dry in the field: if this
grain dries too long in the field, it will
shatter (break). But if the farmer brings
the grain from the field and stores it
before bringing the moisture content of
t~el· grain down to 13% or lower, the grain
WI 1 rot and mold.
1
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The Problem
The basic question then ;s how to help farmers protect their grain from
attack. The answer must be to give the farmer enough information about
harvesting, drying, storing, insects, rodents, and molds so that he can
fight the problems successfully. No one can find answers to problems
without having enough information about the subject.
Farmers need to know that there are steps they can take to protect their
own grain. Perhaps a farmer can save significant quantities of grain
by making a simple change in the way he is doing things now. Perhaps
there is another way of drying or of storing which fits into his situation
well. A farmer needs to be presented with ideas that can be demonstrated.
that make sense to him, and that fit into his life easily. This is done
by supplying technology and help which is appropriate. With this kind
of help, change for the better is more likely to take place.
The following chapters offer many ideas about the grain storage problem.
The materials have been prepared to make them easier for you to use
in your work. The manual should help you get information to those
farmers who most need it.

2
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GOOD GRAIN STORAGE IS IMPORTANT TO FARMERS
When people in universities and government agencies talk about storage,
they are discussing a serious subject. They talk about such facts as
these:
Approximately 30% of grain in storage allover the world is
being lost because of insects, rodents, and molds.
improving grain storage would mean a higher standard of
living, less hunger, improved nutrition for the individual,
and a sounder economy for the nation.
quality grain for international trade is of increasing im
portance.
improper storage of grain leads to weight loss, monetary
loss, seed loss, quality loss, food loss.
These concerns are real. And there is a definite need for people to
. deal with grain storage questions at this level. Many new ideas and
plans result from the testing, thinking, and planning being done all
over the world by scientists, teachers, and researchers.
But when small farmers talk about grain storage problems, they are
talking about their livelihood. And there are some very important reasons
why grain storage questions are of concern to them.
Food for the Family
Grain is very likely the single most important
thing eaten by the farmer and his family.
Whether it is maize, wheat, rice, millet, or
sorghum, it is important for his family. The
farmer may not think about grain losses and
use words like quality and quantity. But he
can see that insects, rodents, and molds ruin
a lot of his grain, and that there is not as
much for his family to eat. He con ta$te
the difference between clean grain and grain
which has been damaged by mold. Farmers feel
the loss of grain and the need for better
storage when they run out of grain for food
before the next harvest. Then they must use
what little money they have to buy food. Or
they must borrow against the next crop and
start out in debt.

3
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Another food loss is harder to measure. But it is real. Some insects
eat out the best parts of the grain. These are the parts which contain
the vitamins and minerals which make grain the healthy food it is. The
farmer may not see this loss. But he should be told about it. Lack of
nutritious food can lead to sickness and more problems.
Seed for Planting
Part of the harvested grain is the seed for the
next crop. The farmer must let the seeds rest
in a cool, dry place before he plants them.
Poor storage of seed grain means that some of
the seeds, or many of them, will not germinate
(grow) when they are planted. If the seeds are
not stored well, the farmer will have to plant
many extra seeds to get enough plants. Often
seed grains that have not been stored well do
not grow well: they may grow at different speeds.
This causes problems with cultivating and har
vesting the grain.
Money to Fill Needs
A farmer usually must buy some of the tools and equipment he needs for
home and farm use. He may need to purchase corrugated metal sheets for
building, metal pots for cooking, metal tools for farming, Dr cloth for
making clothes. To get items which he cannot make himself, the farmer
has to offer money, or he has to barter. Most farmers sell the grain they
do not use for food or seed to get money. Or they trade the grain for
the things they need.

Because of poor drying and storage facilities, farmers cannot keep the1r
grain safely for any period of time. They are forced to sell the grain
soon after harvest. The prices are low at this time because no one needs
grain. Everyone is harvesting, and there is plenty of grain available.
Until the farmer can dry and store his grain safely, he is not going to
grow much more than he needs for his family. This lack of safe storage
means that total production of grain remains low.

4

Most farmers will not think in terms of country-wide production. But
they will have in mind some things they would like to do if they had
more money. Good grain storage can lead to more food, more money, better
seed. and a better future.

GRAIN IS ALIVING THING
Grain has certain characteristics which farmers must understand if they
Ire to be able to dry and store their grain well. Here are some of the
characteristics of grain which wi1) be discussed:
• Growth of seed grain.
• Protection of the kernel by the seed coat.
• Respiration (breathing) of grain kernels.
• Moisture (water) in grain kernels.
• Moisture movement between grain -and air.
Farmers know a lot about planting and growing grain. But most farmers
Wi" not think about grain in all the ways listed above. If they do
become aware of these characteristics of grain, the reasons for good
grain storage are going to make a lot more sense to them. And farmers
are going to be able to do more toward solving their own problems.

WHAT HAPPENS TO GRAIN IN STORAGE
Keeping grain safe in storage depends upon
a number of things. Moisture. temperature.
insects. and molds. for example. ~11 can
cause changes in grain put into storage.
All factors which are most important to good
grain storage are presented in the following
par~graphs; some are discussed in greater
detail in other places in the manual.
REMEMBER: all of the following points are
re'ated to one another.

5
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Insects

Insects and their part in grain storage are the subject of another section.
It is an important section. Insects eat and ruin a lot of grain. Because
they grow inside the grain kernels, some insects are not found in grain
until after they have done a lot of damage. The section on insects will
give information on the major grain storage insects, on where to look for
them, and on how to control them.
Insect activity, and the damage which results from this activity, is
closely related to temperature and moisture in stored grain. It only takes
a few insects in the right conditions -- for example, in warm, moist
grain -- to make enough moisture and heat so that large numbers of insects
can grow. More insects will make more h~at and water, and so on. They
create the right conditions for the growth of molds.
Molds
Molds are very small plants. They are so small they cannot be seen on
grain, but they are always tnere on the grain kernels. In warm, moist
grain, they will germinate (grow) and produce threads called
hyphae. These hyphae push through the seed coats of grain kernels and
attack the embryos of the grains. Molds cause damage in a number of ways:
They produce chemicals called enzymes which can stop seeds
from germinating and growing into new plants.
They decrease the quality of the grain for food and for
market.
Some molds produce chemicals which can poison people.
Farmers certainly are familiar with
by mold. But they are probably not
molding, and they may not know what
from mold. Helpful information and

the sight and smell of grain damaged
aware of the conditions that lead to
they can do to protect their grain
suggestions are presented later.

6
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Moisture Content (Wetness)
Drying grain, and keeping it dry in storage, is the most important part
of good storage. Many problems of grain storage are caused by moisture.
Both grain and air have moisture, and they act together in ways that are
important to understand. Therefore, a following section discusses
moisture content in grain and in the air; it also explains how moisture
in grain and moisture in the air are important to each other.

.Temperature
Tbere are two temperatures which are important. One is the outside
temperature of the air; the other is the temperature of the air and grain
in.the storage place.

It is easier to store grain in areas where the air temperature is low or
.••ver gets too hot. In very cold weather, insects and molds do not grow
quickly, or at all. Seeds do not breathe as much.
warm places, the grain is warm when it is put into storage. Then, as
the outside temperatures go up, the temperature in stored grain is likely
to get even higher. When the temperature in the grain goes uP. certain
things start happening:
Insects start growing and breeding.
• Mold spores start multiplying.
• Molds, insects, and grains all live and breathe faster.
causing heat, water, and carbon dioxide to increase in
the stored grain.
'!~venin
.' ,~~eh·eping
t",e hot
vered

this brief look at temperature. it is easy to see the need for
grain cool and dry. Keeping storage containers protected from
sun is important. Farmers who understand this fact have dis
an important grain storage principle.

7
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Rodents
Rats and mice eat a lot of grain. They can eat the whole kernels of
grain sorghum, wheat, and millet. They chew on ears of maize.
Rodent damage is the easiest kind of
damage to see. Yet fanners may not
realize how much damage rodents can
do; they may not be aware that rodents
spread diseases. Or they may not know
what they can do to stop rodents from
eating their stored grain. The
section on rodents gives information
on the habits of rodents, the signs of rodents that a farmer should
look for, and some ideas for keeping rodents out of stored grain.
Clean Grain and Clean Storage Places
Farmers
storing
storage
Farmers
storage

often do not realize how important it is to clean the place for
grain. Even grain that is healthy and whole when put into
can be damaged by insects or ruined by molds if stored incorrectly.
need to know that good grain storage requires planning for a good
container or place, and careful handling and cleaning of the grain.
Many farmers can improve the condition of
their stored grain simply by cleaning and
repairing their present grain storage
containers and buildings, ,and by putting
only healthy grain into storage. This
manual helps spell out the necessary
steps for farmers who wish to improve,
(1) the quality of the grain they store,
and (2) the container into which they put
the grain.

c:.&.E.<UI
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GOOD GRAIN STORAGE DEPENDS UPON BETTER DRYING AND BETTER STORING
Improved Drying
As mentioned before, drying,is the key to storing grain safely. The
section on "Preparing Grain for Storage" covers the importance of
careful harvesting, threshing, and moisture measurement before putting
the grain into storage. "Grain Dryer Models" presents plans for a
number of grain drying methods.

8
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manual section on storage discusses methods already being used by
rs, and gives ideas for improving these methods. Also. the section
Vtdes plans and construction procedures for a number of grain bins.
Ch of the storage methods is pre$ented in terms of its possible ad
antages and disadvantages for use by farmers.

rou will have to decide how to use the materials in this manual. Some
farmers may be ready to make a mud silo; others require information on
. storage practices for storing grain in sacks. One village may be
to make an oil barrel dryer. Another village might like to try
r dryers. These are decisions which you and the farmers in your
. . must make together. The purpose here simply is to provi de informati on
".. which good decisions can be made. and to provide some basic guideel in important grain storage areas.
following leaflet provides an illustrated look at what good grain
age can do for farmers.

9
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GOOD GRAIN STORAGE HELPS FARMERS

Sug.gested Uses:

This is a script which could be used to alert farmers
to the need for improved storage. Choose the points
you feel are most important and have them translated
and illustrated as necessary.

• A good crop of grain means plenty of food.
Farmers work hard to grow their grain.

Grain is important.

• A good crop means seed for planting the next crop.
• A good crop means you can buy things for your family and
farm.
But you must have a good place to keep your grain after the
harvest. You cannot use all the grain right away.
It is not good to sell grain right after harvest. The
price for grain is lower at harvest time because more
grain is available than at other times of the year.
• You cannot eat all the grain.

You will want some later.

• Seed grain must be stored safely until planting time.
• A good grain storage place is a place to keep grain safe
until you want to sell it, to eat i~ or to plant it.
• There are many ways to store grain. Some farmers store
grain in sacks. Some farmers store grain in clay jars
and in the rafters of their homes. Some farmers store
grain in special buildings.
· All grain storage places must protect the grain from
insects, mice, rats,and other pests.
· Rats and mice enter open grain storage places easily.
They can eat and spoil a lot of grain every day.
· Birds and chickens like to eat grain too.
• Many insects attack stored grain.
• Insects get into grain very easily. Some of them can fly,
and Some begin eating the grain in the field before harvest.
11
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Insects lay many eggs.
your grain.

These insects eat and spoil a lot of

Insects, rats, and mice eat so much grain that soon there is
less for you to sell and eat.
Insects and rats put the droppings from their bodies on the
grain while they are eating. This makes the grain dirty.
You cannot make as much money when you sell this grain.
People get sick from eating grain which rats and insects
have put droppings on.
· Molds also attack stored grain.
Molds are tiny plants. You cannot see these plants.
Mold plants float in the air and need warmth and
moisture to grow. Mold plants usually are on stored
grain even though you cannot see them.
· Molds give grain a bad smell and change the color of
the grain.
· Molds like to grow in warm, wet storage places, so you
must keep grain cool and dry.
People can get sick if they eat grain with mold on it.
It is important to keep insects, rats, molds,and other
dangers away from your stored grain. Good grain storage
means more money and more food.
Your extension worker can help you with grain storage pro
blems. He knows how you can fight insects, rats
dangers. He will have ideas on ways you can improve your
gra ins torage.

1,1

il
\,
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The following pictures show how one artist has chosen to present the
subject. "Good Grain Storage Helps Fanners. As you can see. he has
chosen a certain number of important ideas from the scripts and
highlighted them using pictures. Perhaps these pictures will provide
you with ideas for illustrating your own leaflets.
1I

HAVE WORKED HARD. AND IT IS AGOOD CROP. WE WILL HAVE PLENTY TO EAT

13
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WHAT AM I GOING TO DO TO PROTECT MY GRAIN SO WE WILL HAVE ENOUGH
TO EAT FOR THE REST OF THE YEAR?

I AM AFRAID THAT RODENTS AND BIRDS
WILL ATTACK MY GRAIN.

14
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THE RODENTS, BIRDS, AND INSECTS LIKE THE FARMER'S GRAIN VERY MUCH.
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THE GRAIN LEFT BY THE RODENTS AND OTHER PESTS IS DIRTY FROM THE PESTS'
BODIES. YOU CAN GET SICK FROM EATING THIS DIRTY GRAIN.

16
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YBE I SHOULD PUT THIS GRAIN INTO A GOOD STORAGE PLACE. I COULD STORE
GRAI N INSACKS.

OR MAYBE I SHOULD STORE IT IN JARS.

17
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MAYBE I WILL BUILD A SPECIAL BUILDING FOR STORING MY GRAIN.
WILL

I

j .

PROT~CT

THIS TIME I

MY GRAIN FROM INSECTS, RODENTS, BIRDS AND OTHER PESTS.
IUu6:t1ta-ti.oru. by VITA Vofunteell, Guy
18
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2
GRAIN IS A LIVING THING

The Structure of Grain
Grain kernels are living things. Grain which will be used for seed must
Living seeds also store better.
~ize, rice,
,~ich belong

sorghum, wheat, millet, and so on, are all cereal grains
to the same grain family. As you know, these grains do not
'look alike. Maize is a large kernel with a triangular shape; it has a
~,rd coat and a large, oily germ which is easy to see on one end of the
ne1. Sorghum, on the other hand, is a round seed in a brittle or
eathery seed coat. The germ is very hard to see.
Although they look different, the grains all share three basic parts:
the seed coat; the endosperm; the embryo (germ).

A RICE KERNEL

1)

~-

----------------
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The Seed Coat
• Surrounds the embryo and the endosperm.
Protects the grain from attack by certain insects if
it is dry and un-cracked.
• Cannot keep out molds and some insects. Those insects
which attack the embryo are most dangerous because the
seed coat at the embryo is weak.
The Endosperm
· Takes up the largest part of the seed.
the kernel volume in most grains.
Is the seed's food·storage place.
and protein.

It is 80% of

It is mostly starch

Provides food for the developing seed when planted and
food for the seed in storage.
Provides food for farmers and others if the seed is not
planted.
The Embryo
Is the part of the seed which can develop into a new plant.
Contains most of the protein, fa4 and vitamins of the
grain.
Is attacked
grain which
or will not
not provide

easily by some insects and by molds. Seed
is attacked will not grow into strong plants
grow at all. Food grains without embryos do
as much nutrition as grains with embryos.

20
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CHARACTERISTICS OF GRAIN AND HOW THEY AFFECT STORAGE
Healthy grain can be kept in storage longer than grain which is broken.
The threshing methods used by farmers often damage many of the grains.
If the grain is to be threshed before it is stored, the threshing must
be done very carefully. Careful handling of the grains helps the grain
protect itself from danger. Here are examples of ways in which healthy
grains are protected by their structures:
• The husks on maize cobs protect the grain from
damage during harvesting and drying.
Peddy grain
with husk

· The hulls on rice kernels protect that grain
from attack by most insects.
A hard, dry seed coat with no cracks or splits in
it prevents molds and insects from getting into
the kernel easily.
· The endosperm of dry grain is hard and is not as
easily attacked by insects.

Stored rice or wheat or maize, etc., act in one way or another because
each has certain characteristics which are affected by the ways it is
stored. A farmer should know the characteristics of the particular
grain he is storing.
,,!ecause there are many kinds of grain, this manual can not talk a lot
~IPOijt each. Here it is most important to point out that the structure
f the grain (the way it is made) plays an important part in what does
r does not happen to that grain in storage. The structure Qf the grain
ffects the length of time the grain can be stored and what kind of
,tprage container it should be put into. You may want to prepare materials
for the farmers in your area which talk directly about the structures
,pt the grains they grow and which storage containers are best for their
"~p.ra1n .

. 21
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Respiration
.

~

~

Grain breathes. Each kernel gets oxygen
_. ~rN~~
from the air and burns food from its
~
endosperm. This process gives off heat and
.
and carbon dioxide. This process in grain
is called respiration. Respiration is faster
or slower depending upon the temperature and moisture in the grain.
Respiration is slow when grain is cool and dry. There is only enough
respiration to keep the embryo of the grain alive. This process can con
tinue in storage for a long time if the embryo is not attacked by mold,
insects, or high temperatures. Slow respiration is important for storage.
Growth does not happen at this low respiration level, but seed life
continues.

If the stored grain has too much moisture or heat in it, the grain begins
to respire faster. When seed grain is planted, for example, it germinates
(grows) because respiration has been speeded by water in the ground and the
warmth of the soil.
I

.'
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way that grain, moisture, and temperature work together is important
farmers to understand. Grain put into storage with a lot of moisture
it treathes much faster than dry grain does. This moist grain makes
e heat'and creates conditions leading to mold growth and insect
ek. The farmer who understands this will see the need for storing
" dry grain.
Producin and Heat Ho1din
Grain produces heat during respiration. If
the grain is cool and dry, it respires very
slowly and the amount of heat it makes is
very small. But if respiration gets faster
for some reason, grain makes more and more
heat. Spots of hot air form inside the storage
container because the stored grains hold the
heat.
temperature outside the storage container does not have an immediate
ct on the grain in large silos, but it can be a problem for the
erwho has a small metal storage bin which stands by his front door
faces the sun for some hours each day. The heat from the sun warms
. b1n, and this warming spreads to the grain inside. Any insects and
1ds present in the grain will grow much more quickly.
All harvested grain holds a certain amount of
moisture. Most of the moisture is inside the
kernel; if the grain is very wet, some of the
moisture is around the outside of the kernel.
Farmers must dry the grain down until it only
holds about 12-13% moisture if they are to
re grain safely. Since moisture and drying are so important, they are
ussed more fully in another section.

in has other characteristics, such as flow and pressure. These are

eets not particularly important to a small-scale farmer. Mainly he
•. s to know what the grain looks like inside and what there is about
1n that makes it act in certain ways in storage.

23
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GRAIN IS A LIVING THING

Select points as needed. Translate and illustrate
them for distribution to farmers in your area.

• Each kernel of grain is a living thing.
seed.

Each grain 15 a

• A seed can grow into a new plant just like the one it came
from.
• Most of the seed is food around a tiny part of the seed
called the embryo. Some people call the embryo the germ
of the seed.
• This embryo is the part of the seed that will grow into a
new plant.
• One part of the embryo will be the part of the plant that
grows above the ground. This top is called the shoot.
• The other part of the embryo will grow and become the
bottom of the plant. This is the part of the plant that
grows under the ground. It is called the root.
o

There is a seed coat around the food and embryo. This coat
protects the grain from being hurt. Careful harvesting,
threshing,and storing will protect the seed coat.

• While they rest, seeds breathe and use the food that is
inside them.
• Seeds stay alive and are good for planting and selling if they
rest in places which are cool and dry.
• A good grain storage place must be cool and dry.
tect the grain from insects and other dangers.

It must pro

• Do not use high heat to dry the grain you are saving to plant
with. High heat w111 .k111 the embryo.
o

Store your seed grain separately from the grain you plan to
sell or to use for food.

25

A. Uv,[ng TfUng -8

. Check the grain often. Make sure it is dry. Do not let it
get too warm. Make sure there are no insects in it. Smell
it to see if molds are present.
. Good storage of your seed crop means the next crop will be a
good crop. The living grain will grow into a new plant when
you put it into the earth.

~

. . .=>

I
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GRAIN, MOISTURE, AND AIR

'MOISTURE IS
tsture is water or wetness. But moisture is a better word to use when
lking about grain storage. When fanners use the word water, they are
ly to think of lakes, rivers, wells, or containers of water. They
k of water as a liquid which is very easy to see and to measure.
rmer is not as familiar with the word moisture. Moisture is a good
because it can describe something which is wet or contains water
out looking wet. For example, the earth can have moisture and not
wet. A plant does not look wet, but when you crush it, you will
moisture (wetness) on your hand.

nel of grain has moisture inside. But the grain kernel does
wet when you look at it. The fanner can tell if it is wet by
~g it between his teeth. Wet grain is not hard because the water
e '$ wetting the seed and keeping it soft, just like pouring water
rdearth makes the dirt soft. When the moisture leaves the grain
(frying, the grain becomes harder. The dryer the grain, the harder
es.

hold different amounts of water at different times: the amount of

e in harvested grain depends mostly on the time of the harvest.

~le, grain harvested in the rainy season may have more moisture

n harvested in dry, sunny weather.

21
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It is important to note that some grains must contain more moisture than
others when harvested. if they are to be harvested safely. This is true.
for instance, of new varieties of rice. This rice must be harvested
before it gets too dry, or much of the rice will shatter or falloff the
stalks. Both maize and ri'ce can be harvested when the moisture content
in the kernels is in the 20% range. However. maize can be left in the
field to dry further before harvesting. Rice must be harvested right
away and not be allowed to dry in the field.
MOISTURE IN THE AIR
Air contains moisture also. Of course, the farmer cannot see this kind
of wetness when he looks at the air, because the moisture in the air is
in the form of vapor.

I~

Just as grains hold different amounts of water, air holds different
amounts of water. Warm air can hold more moisture than cool air.
On a very hot day, there can be a lot of moisture in the air. When
evening comes and the temperature goes down (decreases). the air, now
cooler, cannot hold all the moisture it held when it was warmer. So the
extra moisture falls out of the air and lands on the earth. This moisture
from the air is the dew seen in the cool early morning.
As the sun gets higher during the day, the air temperature goes up (in
creases). The air, now warmer, can hold more moisture. So the dew on
the land is taken up by the air.

28
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st farmers will not be familiar with words such as relative humidity.
r.do they really have to be. It is not important to most farmers to
erstand that relative humidity is a percentage measurement of the
unt of moisture actually in the air as compared to the maximum amount
moisture that air at that temperature could hold. Nor do most farmers
ato understand that if the moisture content in the air remains the
and the air temperature goes up, the relative humidity goes down.
t1ve humidity is a meaningful phrase only to those who can measure
d apply the knowledge to drying times, etc.
t farmers do not have instruments which measure relative humidity.

they have good information if they understand two facts about air and
sture:
1. Warm air can hold more moisture than cold air can.
2. Air at any temperature does not always hold as much
moisture as it possibly can. The amount it actually
holds changes. When air holds as much water as it
possibly can (100% relative humiditYh rain is likely.

'AIR,

MOISTURE, AND GRAIN INTERACT

In~1sts

say that grain is hygroscopic because it loses or gains (adds)
ure from the air around it. At this point, it would be easy to get
yed in a long ~iscussion of moisture and vapor pressure. For example:

Since all things containing moisture have pressure, grain
and air have pressure. Grain dries in the sun because
o1sture vapor is moving from higher pressure in the
wet grain to lower pressure in the air, until the grain
And the air reach equilibrium vapor pressure.
This can be explained somewhat more simply by saying that
wo things containing water will push that water back and
th until a balance is reached. The more moisture there
• the harder the moisture can push. That is, if there is
paratively more moisture in the grain than there is in
air around the grain, the moisture in the grain will
.
out into the air.
key to the drying process,then, is placing grain in the
or in a drying machine so that the kernels of grain can
touched by warm moving air which has less moisture in it

29
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than the grain has. The heat in the moving air will make the
moisture in the grain evaporate. The moisture will become
water vapor and be absorbed and carried away by the moving air.
It is useful for a farmer to know that drying continues only as long as
the air around the grain is able to absorb more moisture from the grain.
If the air contains a lot of moisture, the grain is likely to take in that
moisture from the air. The farmer should understand this fact because
it explains the need to keep dry grain away from moisture and/or air as
much as possible. Grain that is Dot sealed in a closed container will
continue to exchange moisture with the air. During the rainy season.
for example, grain will take on moisture if left in an open container.
In the hot, dry season, grain will lose the moisture again .

.
~

SAFE MOISTURE LEVELS IN GRAIN
Grain put into storage should not have more than a certain amount of
moisture inside its kernels. Although the amount of moisture grain
can hold in storage safely can change, depending upon storage condi
tions. some general moisture-safety percentages have been established.
The chart which follows shows that maize can be stored safely at 13.5%
moisture (that is, 13.5% of the total weight of the kernel can be
moisture), in air which is 25-30°C and has 70% relative humidity (that
is, the air at this temperature can hold 30% more water than it is
holding). At this point the kernel of maize and the air are not going

30
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to exchange moisture back and forth. This is an equilibrium point.
This equilibrium is the condition good grain storage tries to set up,
it is very hard to keep grain stored at conditions which keep
equilibrium.
MAXIMUM MOISTURE CONTENT FOR ONE
YEAR (OR LESS) STORAGE AT 70%
RELATIVE HUMIDITY AND 27° C

GRAIN TYPE
Wheat
Maize
Paddy Rice
Milled Rice
Sorghum
Millet
Beans
Cow Peas

13.5%
13.5%
15.0%
13.0%
13.5%
16.0%
15.0%
15.0%

From "Handling and Storage of Food Grains in Tropical and Subtropical
Areas," by D.W. Hall, published by Food and Agriculture Organization of
the United Nations, 1970.

lemember, the figures above are maximum recommended moisture levels.
farmers should dry their grain as thoroughly as possible.

~enera11y,

VEMENT OF MOISTURE IN STORED GRAIN
rain '~hich is dry and cool will keep for a long time if it is stored
Orrectly. However, there are a number of bad things which can happen
grain while it is in stora~e. And moisture is a key part of most of
e process of deterioration (spoiling) that can occur in stored grain.
discuss the role of moisture in the storage container, it is necessary
talk about:
• grain condition
• temperature
insects,

mo1d~

and grain heating.

f~nmer must ~tore only clean,

¥ grain

wh1ch has been
to safe storage levels.
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Broken grains and pieces of straw or dirt increase the chances of stor
age trouble. And, if the storage container does not keep out moisture
or i"nsects, even healthy, clean, dry grain can deteriorate. Trouble
is less likely to happen if the grain starts in good condition.
Temperature
There are two kinds of temperature: temperature in the air outside the
storage container and temperature of the grain inside the storage con
tainer.
Some things to remember about temperature:
Low temperature is better than high temperature for
grain storage. Insects and molds do not grow at low
temperatures.
Grain breathes very slowly at low temperatures.
At low temperatures, little heat builds up inside the
grain from the living and breathing of insects and
molds -- and the grain.
Rising temperatures outside the containers can increase
the temperature inside the container -- particularly if
the container is not shaded or is made of metal.
Rising temperatures can lead to insect and mold growth.
Even in grain that looks clean, insects are almost always
there to some degree; mold spores are present everywhere.
As the temperature of the grain goes up, these insects
and molds will start to grow.

32
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As the temperature goes.up, molds a~d insects grow
faster. The grain resplres more qUlckly. If the
~~grain contains a lot of moisture, this process goes
'even faster.
~ot

spots can form in areas of the grain where the most
Old and insect activity is occurring. These hot spots
~pread and cause great damage and loss of the stored
grain.

ve

points show how temperature and moisture work together.

ret grain placed into storage should be as dry and cool as

• Even then there can be a moisture problem during storage.
blem often is the result of a difference in temperature between
ide and outside of the storage container. When cool air and .
r mix in the stored grain, the warm air cools and may be forced
moisture. This lost moisture becomes water which can be seen
top and bottom of the storage container. The following drawings
at may happen when there are differences in temperature between
nside and outside of the storage container:

c-f/d ~'()vli{~
WtMm..

~ ~~

-ai-t in4-t-d'~

-e;q(~~;z. in.~~

~=?71oU~e
Changes caused by temperature can be seasonal, or they may be daily ..
pends upon where the farmer lives. Obviously, it is best to keep
grain at a relatfvely constant temperature. The storage section
ow various ways of dealing with this problem.
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Insects, Molds,and Grain Heating
Remember the dew and how it forms because cold air and warm air cannot
hold the same amount of moisture? This same thing is what happens in
stored grain when cold air and warm air meet each other because of
changing temperatures. The farmer who understands dew will be able to
understand how his grain got caked and moldy even if it was dry when he
put it inside the storage tin or container.
The pools of water formed by the moisture forced out of the air make
the stored grain wet. This wet grain begins to respire at a faster and
faster rate. If there are insect larvae and mold spores present. they
begin to grow and reproduce. Soon the insects, molds, and grain all are
giving off heat. This process produces the hot spots spoken of earlier.
When the t~nperature gets too high, insects will leave the heated spot
and go out into the grain mass to find better living conditions. Other·
trouble spots then can develop.

From "Handl1 ng and Storage of Food
Grains in Tropical and Subtrooical
Areas, by D.W. Hall, publ i shed by
Food and Agriculture Organization
of the United Nations, 1970.
II
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wthe background for the subject of grain storage is complete. If

have been using this manual with a farmer or group of farmers, they
know what grain is in a scientific way; the relationship among grain,
r. air, and temperature; and some of the ways grain storage problems
r. In other words, they have some scientific ideas about good
n storage. The next section deals with the subject of preparing
in for storage. That discussion applies some of the ideas from this
tion.

35

PREPARING GRAIN FOR STORAGE

the steps a farmer should take to prepare grain

e. It gives these steps in the order he takes them. Each of

.Good'5 harvesting,
looked at here as an important part of the storage
threshing, cleaning, and drying practices are
~

:f~rthe

~,

success of any storage method a farmer may use.

such as new varieties of rice, should
when they contain quite a bit of
ther types of grain, such as maize,
f'1er when harvested. But even when
be allowed to dry in the field,
h too much moisture in the air,
and the grain does not lose a lot
reo Therefore, for one reason or
farmer has to harvest very moist
he must somehow dry the grain to
moisture content.
If the grain is a variety which can be allowed to
dry in the field, and if the weather is good, the
farmer can let his grain get as dryas possible
while it is still in the field. In some dry, surmy
places, it is possible to shock and windrow the
grain after cutting it. Wheat, for example, is
tied in small bundles that are stacked together
side by side. Maize is also often stacked in
shocks. This practice allows the grain to dry
further. But this practice requires good weather.
And roaents, birds, and insects can attack the grain
while it is drying.

Js the separating of grain kernels from stalks and husks. A
farmer usually cuts and threshes grain by hand. When this
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method is used, farmers must be careful to make sure all weeds and
straw are separated from the harvested grain.

There are serious problems in most hand-threshing methods, especially
for small grains. A common method uses trampling or beating of the grain
to free the kernels. This method often causes cracking of the grain.
In addition, unless threshing is carefully done, much of the grain is
thrown away with the husks.

No matter what method the farmer uses for harvesting and threshing, he
should aim for clean, whole grain. There are machines available which
can harvest and thresh grain at the same time. Most small farmers
cannot afford these machines. And for the small farmer, hand harvest
ing has advantages: it is easier to separate weeds from the grain,
and less grain is lost during the harvest.
CLEANING
Clean grain keeps in storage much better than dirty grain. After harvest.
grain often contains small amounts of straw, weed seeds, and dirt. These
unwanted materials decrease the value of the crop if they remain in the
grain. They also cause the grain to deteriorate during storage. Dirt
holds moisture, insects, and molds. Dirt also keeps air from moving well

3B
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~9h

the grain. Dirty grain heats more and deteriorates more quickly
clean grain does.

~ects

•.

also must be removed from the grain. Those which e~t the gr~in
damage in several ways. They destroy much of the graln by eatlng
As they grow and multiply, insects produce heat which can cause
to spoil more rapidly. Grain with a lot of insects in it brings
eh lower price than clean grain does.

modern harvesting machines get grain pretty clean. They usually
air through the grain: this removes very light materials such as
, husks, and dust. The grain then is sieved. The pieces smaller
the grain kernels are removed by passing them over a fine mesh
reen. The larger pieces of waste are passed over a screen that has a
sh size larger than the kernels.
Is screening technique can be used even when a machine is not available.
ever, it requires screens of proper mesh size. When screens are not
lab1e, or when a substitute cannot be found for them, there are other,
effective cleaning methods.

,

•

.. '

••

.

'.

..

••

t

•

•

One of the simplest methods of
grain cleaning uses the wind:
this method is called winnowing.
The grain is thrown upward in the
wind. As it falls, the lighter
pieces -- dust, powder, broken
grain -- are blown asMe by the
wind. But the heavier stones and
pieces of earth fall with the grain.
For good cleaning, winnowing must be
done over and over. Some grain is
always lost, and so the method wastes
grain. Some farmers place this
waste material where chickens can
take the lost grain from it.

rmers also should clean their grain each time they move it to a new
orage place. If this cleaning is not done, dirty grain from one place
be mixed with clean grain from another. Even grain that has been
~. aned quite well before may need cleaning again. Insects do not need
14n9 time to get into grain. Both the insects and their dirt should be
ved before the grain is added to grain already in the storage areas.

e farmer should remember that cleaning is important because:
• dirty grain deteriorates more rapidly in storage.
. clean grain does not heat as quickly.
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insects breed faster in dirty grai n.

THE NEED FOR DRYING
If moist grain is stored without air moving through it, the grain becomes
hot. The grain respires more quickly and gives off more heat and mois
ture. The grain can be damaged if the heat is too great.
Heat builds up more quickly in wet grain.
.

Molds form rapidly.
Insects mul tiply faster.
Grain can germinate (sprout) while still in storage.

It has long been known that meat, fish, and fruit can be preserved by
drying. Dried fish and fruit are widely used for food. These materials
do not deteriorate much even when stored for long times. This is because
life processes usually occur very slowly when there is little moisture.
This is true for grain. Well-dried grain deteriorates only slowly even
at fairly high temperatures.

HOW DRYING HAPPENS
In the Field
In order to dry grain, moisture in and on its kernel s must be carried
away. As the grain stands in the field, the dry air moving past it takes
up moisture from the grain. This air, now moist, is then blown away
from the grain by the winds.

The drying process is most rapid if the air does not contain much moisture
and if there is a wind. Little drying of the grain occurs if the air
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if there is not much wind.
Hot air passing through the
grain usually dries the grain
more quickly than cold air
does. From the previous
section, it is easy to see
that there are three major
reasons for this:
• Hot air can hold more water than an equal am~unt of cold
air can. When dry air blows through the gra1n, the hotter
the air, the more water it can carry away from the grain.
Water evaporates more quickly when it is warm. Hot air
blowing past grain warms the moisture on the surface of
the grain. This moisture leaves the grain more quickly .
• Hot air heats the grain itself. Moisture deep inside
the kernel moves through the kernel faster at high
temperatures. It moves to the surface of the kernel
more quickly. When this moisture reaches the surface,
it leaves the grain and is taken up as vapor by the
.
air.

ve facts also apply to drying grain after it is harvested. Air
ass through the grain to dry it. Moisture between the kernels
their surfaces is carried away first. The moisture deep within
nels must first come to the outside of the kernel. Only then
be removed by the flow of air. Air must be moving for drying
inue. Only if new, dry air enters the grain can the moist air
the kernels be replaced by air which can take up more water
hem. This is the principle behind some drying methods which
cool dry air or warm dry air through the grain to speed drying.

STIRRING DURING SUN DRYING
SO ALL THE GRAIN GETS
EXPOSED TO THE SUN.
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Grain drying methods and models are presented in another section.
It is nearly impossible to dry any grain completely. The last ten
percent or so of moisture in the kernel is tightly held by the kernel.
It can be removed only with great difficulty. Luckily, grain stores well
with this amount of water in it. In some cases, removal of this last
water harms the grain.

SAFE DRYING TEMPERATURES
Whatever method a farmer uses to dry his grain, he must be careful not
to let the temperature in the drying grain get too high. Too high a
temperature causes the kernels of some grains to burst. Temperatures
which are too high (when drying maize and rice) cause breaking, cracking,
and discoloration of the kernels. This leads to a decrease in milling
. yield and protein quality. Maize which is used for oil will produce
less oil.
Grain used for baking and milling can be dried at temperatures higher
than grain to be used for seed. Gra~n used for seed should not be
heated above 40-45°C. High temperatures can kill the seed embryo, and
the seed will not germinate when planted.
The following are the highest safe temperatures for
USE

dryi~g

grain.

MAXIMUM TEMPERATURE, °C

Livestock Feed
75
Food for Humans, except rice and beans 60
Milling for Flour
60
Brewery Uses
45
Seed Grains
45
Rice for Food
45
Beans for Food
35

Note Well: The drying temperature depends upon the use of the grain.
Drying at lower, rather than highest, temperatures usually gives a better
quality dry grain. Also, as a rough rule, lower temperatures should be
used for very moist grain than for dryer grain. It is better to take a
longer time, and use a lower hea~ to dry moist grain than it is to run the
risk of parching or burning the grain.
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IN FOR MOISTURE CONTENT
is too moist will heat in storage. All stored grain should
frequently to see if it is heating. Heat build-up deep
grain is a serious danger signal. Unfortunately, waiting
. the grain is waiting too long.
~~trical

moisture testing devices are sold. They are seldom
'en and where they are needed. Most of them are too compli
ensive for farmers to use. An appendix to this manual con
scu5sion of moisture meters. This will show you the kinds of
almeters which are available.
Extension workers should know that
grain moisture percentages are cal
culated in the following way:

T MOISTURE =

weight of completely dry grain
100 X

total weight of wet grain
There are several ways to mechan
ically measure the amount of
moisture in grain in order to
make this mathematical calculation.
Unfortunately none of these methods
are very simple or inexpensive.

Fortunately, an experienced farmer can usually
tell if grain is dry enough for storage. The
method used by the farmer varies from region
to region and depends upon the type of grain.
However, two methods used by experienced
farmers in many places are: (1) pressing the
kernel of grain with the thumb nail to see how
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hard it is (dry grain is hard to press), and (2) crushing the grain
kernel between the teeth to make sure it is hard enough (dry enough)
for storage. Some people talk of testing to see if grain is dry eno
by smelling it for an "off" smell or by rattling grain kernels in a
can to hear if the dull sound of wet grain has given way to a sharpe
sound of dry grain.
The scope of this first manual edition can not be broad enough to al
us to add specific drying instructions and suggestions for each type
of grain. Future editions may be able to do this. So, if your area
more involved with wheat, and you feel there are additional facts fa
should know, or there are drying methods you have found particularly
helpful and would like to share with others around the world, send
them in!
If there are plans for threshers and winnowers which could be made and
used effectively by farmers, these also could be included in future
editions of this manual.
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PREPARING GRAIN FOR STORAGE
Use: A shortened version of the text. This could easily
be illustrated and translated for use by farmers.
,~eck the grain in the field before you harvest. Make
Jure the grain is free of insects and disease.

• Clean old dirt and grain from harvesting tools.
• Remove old grain and dirt from earts or anything
vsed to carry the grain from the field to the
. ·Itorage place.
Use insecticide on all bins, sacks, and equipment.
aemember to ask your extension worker for direc
tions. Always use insecticide carefully.
Harvest the grain carefully. Do not break the grains.
Broken grain will not store well.
Keep the grain cool and dry between the time you
harvest and the time you store it.
Clean the grain carefully. Insects and mold5 like
to live in harvested grain.
Sift, screen, winnow,or pick out by hand ,11 dirt.
straw, chaff, broken pieces of grain, rock~ and
insects.
These materials hold water. The grain dries better
and faster after all the dirt is removed.
Good drying is very important. Insects and molds
like moist grain. Dry grain is harder for them to
attack.
Some farmers dry grain in the field. Insects. rodent~
and birds can attack this grain easily. Also. this
grain can get wet if it rains. Maize can be dried
better in the field if the stalk is broken.and the
ear hangs upside down.
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It is better to take the grain out of the field.
You can bring the grain to a special drying place
and dry it in the sun.
Keep the grain off the ground while it is drying.
Grain picks up water from the ground. Some people
call this wate~moisture.
· Spread the grain on mats or flat boards to dry in
the sun.
Some farmers spread the grain on large trays. The
trays are put out when the sun is shining. The
trays are placed under a roof when it rains.
Insects will leave grain that is in the sun.
do not like hot sunlight.

Insects

• You must watch the drying grain to protect it from
rodents and birds.
Some farmers like to use open storage places called
cribs. These cribs have roofs on them,and they are
buil t on legs.
• These cribs work well for unshelled maize on the cob
or for unthreshed millet, sorghum,or rice. M~ize cobs
can dry in the crib until they are dry enough for
shelli ng.
Some farmers build large drying machines to dry their
grains.
• The grain is put in the dryer. A fire is lit under
the grain to warm and dry the grain.
· Artificial or mechanical dryers can be used by groups
of farmers to dry their grain. Your extension worker
can tell you about these dryers.
• Test the grain when you think it is dry. The grain
must be very dry before you put it in storage.
Dry grain is hard to break.
with your teeth.

It is hard to break it

Extension workers sometimes use special tools to see
if the grain is dry. These tools are called moisture
meters.
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When the grain is dry, look for insects again. Turn
• the grain over with your hand. You can see insects
crawling around.
Sift out the insects. Or spread the grain in the sun.
Destroy the insects you take out of grain. Burn them.
they will go right back into the grain if you do not
burn them.
Put the grain into storage containers before insects
can get into it again.
Put each kind of grain into a separate container.

00 not put new grain with old grain. Store new grain
•.eparately.
Use old grain first •

. Store rice with th.e outer coat on. This coat helps
i;,rotect the grain from 1nsects and mold. The gra i n
'Will be good for a longer time.
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GRAIN DRYER MODELS

dy

has talked about the need for drying of the grain •

• rice, millet, or sorghum often is stored in cribs for
The cobs, or heads, do not pack tightly. Because the
~pthe wind, air moves through the stored grain and dries
torage in cribs is more effective in the dry season. The
1 the wet season may actually add moisture to the grain.
ts and rodents can cause serious damage to unprotected
ribs for long periods.
particularly those with small kernels like millet, dry
storage. The kernels pack tightly together. As a remove easily through the grain. Such grains can be spread
n the sun for drying. If possible, the grain should be on
ir enter the bottom. The grain should be turrlbled (stirred)
ly. The grain kernels 'can crack if they are stirPed too

~

methods descr" bed
r to dry the grain.
own through the
ods dry the grain
• Most of them require
1 to heat the
"ogether with
.'ng the machine,
e ,useful ness of
for use by

THE PIT OIL BARREL DRYER
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Improved Traditional Methods
A farmer has to think about a lot of things before he can decide which
of drying method to use for his crop. Here are some of the considerat
he must keep in mind:
Does his present method work? If it does, why change it? If
it does not work, why not?
• How much money will he have to spend for a new drying method?
• Would he be able to maintain a new drying machine? Could he
fix it? Does he have enough time to operate it?
• Would the cost of the dryer be easy for him to get back because
of better storage leading to more grain to sell?
• Would it be better to join a group of farmers and pay for the
cost of a dryer with a group? Or does the farmer dry enough
grain to make use of a dryer by himself?
You will probably be able to help by offering alternatives. For many f
an ~roved method of crib drying for maize or sun drying for smaller,
thres ed grains, would be a step easily taken. Such a step would insur
a much better crop.

Here are some ideas for sun-drying grain:
• Spread the grain in thin layers on trays which can be carried.
Stack the trays under sheds or roofs at night to protect the
grain from dew or from rain.

50

V~y~ Mod~

-3

Make trays with fine-mesh screening for the bottom. Support
• the trays so they do not rest on the ground. The screening
lets dust and straw fallout of the grain. Put the trays on
top of each other under roofs or sheds at night and when it
is raining.
RYING USING PLASTIC SHEETS
• Find a plastic sheet. Or use several plastic sheets j~ined
together. You need a sheet about 10m x 3m. The plastlc should
be at least .004 gauge thick.
• Buil:d a mound of hard-packed earth to place the plastic on.
If you use level ground, build a dike of earth around the area
on which the plastic will be placed to protect the drying
grain from water.
• Make sure there are no rocks, wood and sharp things on the
ground where the plastic will go. The plastic tears easily.
• Place the plastic in the prepared place.
• Attach the narrow end of the plastic to straight poles made from
bamboo or other smooth material.
• Put clean grain on the plastic.
5cm deep.

Do not make the grain

~ore

than

Stir often so the grain will dry faster. Turning and stirring
makes sure all parts of the grain are touched by air and sun.
The rake or other tool used to stir the grain must have smooth,
rounded edges. This tool then will not damage the plastic or
the grain.
• As the grain dries, moisture from the grain collects on the
plastic. After the grain has been drying for two hOijrs, push all
the grain to one half of the plastic as shown.
Let this plastic dry for 5 minutes or so.
• Push all the grain to the other half of the plastic that is now dry
and let this half dry for 5 minutes.
• The plastic sheet should be aired in this way every two hours while
drying is going on.
• Cover the grain at night. Push all the grain to one end and fold
the plastic over as a cover.
51

. Or place an extra piece of plastic over the grain.
Remember to put soil, boards, rocks,and heavy things on the co'
and edges of the plastic cover to keep it from blowing off.
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THE IMPROVED MAIZE DRYING AND STORAGE CRIB

Maize holds a great deal of moisture inside its kernels and husk. When
is harvested, the moisture content is high. It must be much drier
before it can be put into closed storage containers. If maize is put into
a closed container right after harvest, molds cause heavy losses of grain.

m~1ze

'Harvested maize must have air passing around it to dry the kernels. When
t.he kernels are dryer, they can be shelled (taken off the cob) and stored
.1n airtight containers. To dry maize before shelling, some farmers keep
the husks on the cob. Then they tie the husks into bunches and hang these
53
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bunches in trees. Some farmers hang these bunches on poles set into the
ground or put them in the roofs of cooking or living shelters.
Sometimes farmers remove the husks and pile the cobs loosely in open-wea
basket granaries o~ in covered crib granaries. These containers partly
protect the grain from rain. Storing maize this way allows air to pass
over the grain and dry it better. This way of storing the maize while 1
is drying helps protect the maize from mold.
But insects remain a big problem. They can attack maize drying in cribs
easily. Many farmers choose to leave the husk on the maize cob. ThiS d
provide some protection from insect attack -- particularly in traditional
varieties of maize where the husk is tight and fits closely over the cob.
In newer, hybrid varieties of maize, the husk is smaller and the cob is
larger. These varieties are more easily attacked by insects. Maize with
the husks left on will take longer to dry because the air cannot pass
freely over the cob. Also, the husks are full of moisture -- increasing
drying time and the risk of molding.
So, a good way to dry and store maize would:
1) allow the maize to dry without the husks.
2) control insect attack at the same time.
Crib storage, already done in many countries, seemed a good method
only slight improvement. Therefore, much work and study were done to
.
design improvements into crib storage to allow for both faster drying and
effective use of insecticides. Much of the improvement in the crib stora
method is based on proper use of insecticides.
Insect Control in Cribs
To reduce losses due to insects, a number of insecticides have been
tested for open crib storage. The maize put into the crib must have the
husks removed so that the insecticide can cover the whole surface of the
kernels on the cob.
Apply the insecticide to the maize cobs in layers. Put down a layer of
cobs 20-25cmdeep. Dust the layer with insecticide. Put down another
layer of cobs, and then more insecticide. Continue until the crib is fu11J
When the crib is full, put insecticide on the outside walls of the crib
to prevent insects from entering.
The wind, rain,and sun all can affect how long the insecticide lasts.
You can put more insecticide on the outside of the crib every three to
four weeks. Look at the maize in the crib every few weeks to see if the
insecticide 1s still working. The insecticide put inside the crib will
last only four or five months. But while it is workinq it can reduce the
amount of maize damaged by insect attack.
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r months, check the grain moisture level. The maize may be dry
shell and store in sacks or bins. The maize is dry when the
Ick sharply between your teeth and are not soft. If the grain
enough, remove all the maize and put it back into the crib
,r by layer, dusting with insecticide as you go.

rib no wider than 1m. Between 60 and 100cm are good widths for
"age cribs. The narrow width helps maize to dry more quickly.
tmove through wider cribs to cool the grain in the middle. The
a wider crib will heat, and b~ attacked by mold and insects.
wets the grain through open crib walls is not generally a prob
the surface of the maize on the sides gets wet, and this dries
fter the rain stops. This rain causes no increase in moisture
f the grain if there is sunny weather afterwards.

1ng plan is a modification of a crib designed and tested by
an Stored Products Research Institute and the FAD Rural
ter at IITA, Ibadan, Nigeria. The plan is for a 2m long
stores 800kg of cob mize (this will give 540 kg of shelled
. crib which is l,5Om high, O,6Om wide and 1m long will store
COb maize (yields 270kg of shelled maize).
1 Remarks About The 1m roved Maize Dr in and Stora e Crib
Use materials that are easy to find in your local area.
The crib will work best if it is no wider than 60-70cm.

A good height for the crib is 2,OO-2,25m from the ground to

the roof. There is at least 50-75cm between the bottom of the
crib and the ground. Most rats cannot jump this high.
bamboo in your area is attacked by insect borers, use
ther local wood for the legs. Make sure the wood is termite
roof. These legs must have rat guards put on them.

he long sides of the crib must face the sun. That is, they
hpuld face the east and west.
prth and south.

The short sides will then face

ke the crib larger by adding more sections.
not make it wider.
55

Make it longer.
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Tools and Materials
This is a guide. You
bamboo. If bamboo is
your area is attacked
termites or any other
lash bamboo.

can use what you have available.
not available in your area, or if
by insect pests, use wood that is
pests. Lash it together the same

For the building frame (all bamboo or

The frame is
the bamboo in
resistant to
way you would

substitute~:

(a) 3 vertical supports, 3 112m long, with V-notches and lashing
slots in one end of each one
(b) 3 vertical supports, 3m long, with V-notches and
in one end of each one
(c) 2 horizontal roof supports, 2 112m long
(d) 2 horizontal platform (floor) supports, 2 112m long
(e) 6 vertical platform supports (with V-notches in one end of each
1 112m long
(f) 6 notched horizontal width spacers, 70cm long
(g) 25 poles, 95cm long, for the platform surface'
For the wall bracing and covering (raffia, small bamboo or other wood):
(h) 8 cross braces (optional if frame is very strong):
. 4 must be about 2 112m long
. 4 must be about 1,7Om long
(i) 8 wall supports, 2 114m long
(j)

8 wall supports, 1m long

(k)

raffia or other strong slats for the wall covering. Tie these
together into a mat. The finished mat should be about 6m long
and 1 112m high.

}
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he roof (all bamboo or substitute, except for purl ins, and roof
n9 and loading cover):
2 horizontal pieces, 3 114m long
3 cross pieces, 1m long
2 angle braces, 1m long
7 purl ins, 3 114m long. Six of these will be lashed across
the crosS pieces to support the roof covering; one may be
attached to the front loading cover.
(p)

raffia mat or grass for thatch to cover the roof, and also for
the front loading cover. You will need a horizontal piece at
least 2 114m long to weave the loading cover material onto -- it
need not be bamboo or of a large diameter.

rat guards (if you need them):
See Section 6, Part 2 of this manual for directions on making
rat guards (baffles).
lashing material:
(q) You will need plenty of rattan, rope or tie vine for lashing
all the wood pieces together.

Select a site.
Find a good site for your storage crib. Keep the crib away
from the fields. This stops insects from flying to the drying
grain from the fields.
Prepare your materials.
Collect all the materials you will need.
• Make V-shaped notches in one end of each
of the three 3 112m vertical supports (a),
and cut some grooves on each side just
beneath the notches to provide a hold for
the lashing there. Do the same on one end
of each of the three 3m vertical sup
ports (b).
51
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• Make V-shaped notches in one end of
each of the six 1 112m vertical
support posts (e).

(e)

• Make holes all the way through
each end of all six 70cm
horizontal spacers (f).

• Organize all the pieces, or mark them with the appropriate
letters, so you can find them quickly during construction.
3.

Make holes in the ground for the legs.
• Mark spots for holes for the vertical supports (legs){a) and
(b) on the ground. Make a mark for the first hole; measure
1m and make another mark. Measure 1m from that mark in the
same direction and make a third mark. You shou1a now have
3 marks in a straight line. Each mark will be the center of
a hole.
• Make three more marks, each'lm apart, in a line parallel to
the first line and 75cm away. Each of the three new marks
should be directly opposite one of the first marks and 75cm
away.
• Dig six holes, each centered on one of the marks. Make the
holes 50cm deep and wide enough so that two vertical supports
will fit down into each one.
--

-~

-_-~{?:J
-.. -
- ::-~-

..
.--.......~"
,....
1m

2m
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6.

Install the platform support framework and make the structure
rigid.

• Place the two horizontal
platform supports {d} in the
V-notches of the platform
supports.
· Lash three of the notched
horizontal spacers {f} to the
vertical supports {a} and {b},
across the width of the crib.
• Level and square the framework.
Fill the holes around the
vertical supports with small
stones and soil. Tamp down
firmly.
Lash all joints tightly.

7.

Finish the platform.

. Lash the twenty-five
95cm poles (g) next
to each other on the
horizontal platform
supports. This forms
the platform.
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the cross braces.
think the frame is not
,;enough by itself, lash
$$ braces (h) loosely
Nertica1 supports on
side of the crib.

'12m cross braces are

the long sides of
, and the l,7Om cross
Are paired on the
the crib.

ce should extend from
e near a top corner
ere near the oppo
tom corner. Leave
loading cover on
gher side of the crib.

ra

ure the frame is straight
• Lash the braces
11 the wall su orts and wall coverin •
~f

the 2 114m wall

(1) to the vertical

along the inside of
• long sides of the
lh the remaining four
to the inside of the
g side of the crib.
ur of the 1m wall sup-

J) to the vertical

~s

along the inside of
of the crib, and four
.~ong the inside of
end.

already-prepared wall
6m x 1 112m (k), to
. . . . 411 supports on the
'f the frame.
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· Call the high side of the crib
the front and the lower side
the back.
· Measure the distance between the
center1ines of the front and the
back horizontal roof supports (c)
which are lashed to the tops of
the vertical supports (a) and (b).
• Layout the two 3 114m horizontal
roof pieces (l) on the ground so
their centerlines are the same
distance apart as the measurement
you have just made.

· Lash the three 1m cross pieces
(m) on top of the horizontal
roof pieces, 1m apart. When the
roof is placed on top of the frame, the cross pieces should cross over
the ends of the vertical supports of the frame.

· Lash the two 1m angle braces (n) to the horizontal roof members so
that they extend diagonally across the two spaces in the roof frame.
• Lash six 3 114m pur1ins{0) on top of the three cross braces so that
they extend 10ngways along the roof frame. Lash the first and last
purl ins near the ends of the roof cross braces.
• Lash raffia mat in overlapping layers to the roof frame.
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the roof on top of
arne as shown
ing at the end).

(b)-
raffia mat to a 2 114m
bar to form the front
ng cover. The mat should
~e large enough to hang
beyond the top edge of
.11 covering when the bar
ed in place up under
nt edge of the roof.

,I

the raffia mat up under the front horizontal
read for use.
e crib. Lash down the bottom corners of the loading cover
frame during drying and storage.
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NEWER DRYING METHODS

:tanners have more money and are more in
'of a faster, more reliable way of drying
crops. Controlled drying, or drying
device which creates heated air for
can be very helpful to fanners who are
and able to make use of newer methods.
$ppropr1ately, these drying methods can
'I farmer to:
harvest earlier and get his land
ready for a new crop sooner.
• avoid grain losses to insects,
bi rds, and rodents duri ng long
natural drying times.
• store better-prepared grain, keep it in storage longer, and
take it out in better condition.
• make more money from the sale of his grain.
tferent dryer plans are presented here. Two are made using oil
and are heated with a fire. The Philippines Rice Dryer uses a
also uses heated air. The solar dryers are three variations of
idea.
Suit Farmers' Needs
re several factors which may determine the usefulness of faster
It is not possible to give guidelines
~t a farmer could do in every case, but these are some of the basic
to farmers in your area.

t Method. It will not be as useful to build a dryer that dries
ow mo sture level, and then store the grain in something
11 not keep it this .dry -- such as cribs, unsealed gourds or
~acks, most kinds of earthen pits, or mud-walled structures
not have extra protection against moisture. Airtight storage
e the use of these dryers worthwhile.
,8
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Type and Condition of Grain. Rice will crack easily in high-temperature
drying. Newer varieties of rice must be harvested when they still contai
around 25% moisture; since the husks (containing moisture themselves)
must be left on while drying, and the rice grains will be tightly packed
a very long time in the dryer would be needed. In the two oil barrel dr'
designs, heat is not likely to flow evenly through the tightly packed
kernels: and much rice would
be damaged by cracking. If
fans are added to the oil
barrel dryers to force a more
even flow of wann ai r up throug
the grain, fanners should be ab
to dry rice successfully. The
Philippines Rice Dryer uses this
method. It may be difficult or
impossible to dry rice in solar
dryers. Other grains which also
pack tightly, but give up their·
moi sture more easily, and are n
RiQe V4Y~
so likely to crack and shatter,
may be safely dried as long as
not too thi ck a 1ayer is put
into the dryer at one time.
Moisture in Grain. Drying very moist grain will take longer. The safest
way to dry moist grain is for a longer time at a lower temperature. It
would be difficult to avoid overheating portions of the drying grain
during a long period of time if the temperature were not kept down.
It is difficult to control the drying temperatures accurately in oil
barrel dryers without fans and in solar dryers.
Moisture in Air. The weather in your area will
affect how long the grain takes to dry. In a
we~ cold climate or season, grain will take
longer to dry than in a dry, warm place.
Heated-air dryers might be very useful
where drying must be done in wet or cold
conditions which cause farmers to lose
grain to insects and molds during
long natural drying times. But',
at least in the cases of the
oil barrel and solar dryers,
this must be weighed against
,.
problems caused by relatively
long drying times in the
dryer.
S.-i.mplQ. Oil
BaIlJLe£ V4Y~
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it kinds of fuel are available, and how much
t? You must know this to determine the
beated drying, especially if you expect longer
mes in a dryer. Firewood is not always
~~ or even available -- in an area.
Even if
,it may be costly. Maize cobs or some other
.1 may be available. Farmers may have to
or costs for gathering these fuels. Try
farmers will not be spending more on fuel
will be saving by marketing more and better
rain.
If the grain is to be used to seed, it should
ate eyon SoC. It will be difficult or impossible to control
9 of seed grain in these dryers.
ib1ecosts, the availability of some materials, and
va1ues or local preferences must also be taken into account.
on the Dr ers
many dryers being developed allover the world. But much of
rch is being carried out for use in large-scale drying operations.
a1 is concerned with the small-scale farmer and his problems.
9 method he chooses must be appropriate for his situation.
ers made out of oil barrels and hand-ralTllled earth or mudb10cks
ne part which may be expensive -- the oil barrels themselves --,
.ria1s are available almost everywhere. In the Pit Oil Barrel
Irre1s are sunk into a pit. The Simple Oil Barrel Dryer is
rely above ground. They each require mostly simp-1e labor and
ood projects for a group of farmers.
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The Philippines Rice Dryer is made from wood and spare auto parts.
..
A fan provides reliable air flow and more even heating. Oil, kerosene
or rice hulls may be used for heating fuel, and a small gasoline or
diesel engine, or an electric motor may be used to power the fan. It
requires more in the way of materials. Thus it may not be usable by
many farmers because of unavailability or high cost of materials. But 1
the plan is included because there are farmers who are interested in
this kind of machine, and it does represent a relatively small-scale,
appropriate method of drying.
The solar dryers provide
faster drying and require no
fuel. By enclosing the drying
grain, they retain the heat
of the sun better than just
spreading the grain out in
the sun to dry. They require
little or no maintenance.
Except possibly for plastic
sheet or corrugated roofing,
all the materials should be
available almost everywhere.
One of the models' heating
capacity can be augmented
by adding a fire and a flue
under the grain bed.

A ModiMed
S olaA VIUjeJr..

Again it is important to say that these dryers and drying methods are
included here to provide good examples of drying choices farmers might
be interested in. If a method is not quite right for the farmers in
your area, perhaps only a slight change will be necessary. You may
discover you can use ideas from one plan in another plan. Let us know
if VITA can help make one of these plans more useful. If you know of
a plan for a small-scale dryer useful to farmers which is not included
here, send it to VITA for inclusion in the manual.
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A SIMPLE OIL BARREL DRYER

n is based on material prepared in 1973 by the Institute for

~1

Research at the Ahmadu Bello University in Zaria. Nigeria.
'.r to the Pit Oil Barrel Dryer. but it is easier to build.
, the ground so you do not need to dig any pits or trenches.
in is placed on a screen floor above four oil barrels
her. Warm air from the fire -- which is built in the front
rrel chamber -- passes through the barrels and out the
warms the air around the barrels. which rises through the
d dries the grain.
rvested without waiting for any drying in the field and
ther (if you build a shelter over the dryer). Problems of
ent damage during drying in fields or cribs are avoided.
ter1als are easy to find in most places.

V!LyeJL ModeRA - 22
A Shnple. Oil BalV'Le.l V!LyeJL

It is better for a group of farmers to share in the building and use 0
this dryer. Make sure there is enough fuel in your area to operate t
dryer. Firewood or maize cobs will work well. Placing a fan to force
air through the barrels will reduce the amount of fuel needed.
Do not use this dryer to dry grain kernels you will
It gets too hot.
In this plan mudblocks are used to make the walls. Hand-rammed earth
also be used without putting it into blocks first. You may substitute
available local material that will be as strong and resistant to wear.
heat, such as burned brick. Sandcrete (cement and sand) or concrete b
will crack with the heat. If banco (earth and water) is already used
construction in your area, the same high-clay-content soil will work w
for the dryer. You may mix in cement with low-clay soil to build eart
wall s.
Th is dryer is made with four barrels. You can bu 11 d one wi th more or
barrels. If you make it too much longer you may have trouble getting
good draft from the fire going through them. You should also narrow
width of the dryer somewhat if it is longer, so as not to overload its
heating capacity. You can make a shorter dryer wider. A smaller dryer
might also be very useful to dry smaller fruit or vegetable crops.

REAP THE INSTRUCTIONS

THROU~R

BEFORE Y<2U

BEGIN

Tools and Materials
· 4 220-litre oil barrels
· about 375 mudblocks, each measuring 15 x 20 x 25cm
· wood to make a form for the mudblocks
• about 2m of heavy wire, to join the barrels
3 strips of small-mesh screen, each about 180cm long
and a few centimeters wide, to cover joints between barrels
· a little cement and some sand to make mortar for sealing the
joints between the barrels
• 13 6-10cm wide 10gs for drying floor supports. Cut them about
2m long, equal to the outside width of the dryer.
.
• 6 1/2 or 7 square meters wire mesh, for the drying floor
OR

about the same area of heavy woven mats, plus a total of 10m
of wire mesh strips about 20cm wide

TO
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, OPTIONAL: materials for making concrete, plus reinforcing rods,
or heavy metal bars. These will make reinforcing crosspieces
acroSs the barrels in the front and back walls of the dryer.

a,let t and prepare a site.
JitIi/ilii"

• i

• Select a site that 1s well drained and can easily be made level.
• Plan to place the dryer so the chimney will be on the downwind
side of the prevailing wind during the season when the dryer
will be used most.
• Build up the ground on the site a little so rainwater will not
collect around the dryer. Make it level. Make the raised and
level area about 6,5Om x 4m.
• Tamp the earth down firmly so it will not shift or crumble
under the finished dryer.

• Cut both ends from three 220 litre barrels.

c::

• Cut one end from a
fourth barrel. Cut a
hole about 20 x20cm·
across near the edge in the
other end of this barrel. This
will make an opening into the chimney.
11
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· Punch four evenly spaced holes
around the rim of each barrel
where it will join another
barrel.

I
I

· Join the four barrels together
by tying pieces of heavy wire
through the punched holes.
Twist the ends and press them
down flat against the barrel.

I

• Save two of the cut-off barrel
ends to use later as dampers,
one at the front entrance to
the barrels and part of the
other over top of the chimney
hole.

3.

Make mudb10cks.

. Make a form out of
wood to mold mud
blocks with. One
that will make
three at a time
might be a good
size. Make it so
that each finished
block will measure
15 x 20 x 25cm.
. You will need about
375 mudb1ocks. Let them dry
hard before using.
72
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Mark the outside dimensions of the dryer on the dirt foundation
you have made. It will be a rectangle measuring about 3,50 x 2m.
Call 3,5Om the length of the sides and 2m the width across the
front and the back. Make your marks so that the front of the
dryer will sit back about 2m from the edge of the raised and
levelled earth foundation. This will leave about 1m at the back.
Leave about 1m on each side.

• Allow for variations in the actual size because of differences
in the mudb10cks and spaces between them for mortar.
• Make a mixture of mortar out of the same material you used for the
blocks. Add just enough water so it is not too watery.
73
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• Lay down the first layer of mudblocks. Place blocks so that 20
is the thickness of the walls and lScm is the vertical dimension.
· Mortar between the blocks. Allow about lcm between blocks for a
good mortar joint.
It is important to make the right distance between the front and
the back walls. Since the assembled oil barrels will be about
3,45m long, make the distance between the inside edges of the fro
and back walls about 3,lOn. This will allow the ends of the bar
to rest firmly on the first layer of blocks at each end. Later
they will be enclosed around the sides by the finished end walls,
making a good seal against smoke from the fire leaking around the
barrels and passing up through the drying grain.
• The three spaces along each side wall will be air vents. When
dryer is in operation cool air will be drawn in through them,
warmed, and then rise through the grain to dry it.
• Make the air vents each about lScm across. If you have trouble
getting a 3,lOm distance between the inside edges of the front
and back walls, you may change the size of the vents a little.
5.

Place the barrels.
· Place six free-standing blocks down the middle of the dryer.
These will support the barrels. Getting the barrels up off the
ground helps air to move around them and also reduces the chance
of their rusting.
• Put a layer of mortar on each of the blocks down the middle of th
dryer and on the center part of the front and back walls where the
barrel ends will touch.

~

......

~

~~~~

~~~

~

APP,q.OXIMATE .5PACINe- OF
&"00(5 TO ..s~~T /3tf!1REi-S
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the barrels in place on the mortar and brace them temporarily
ith sticks if they want to roll. Make the chimney end of the
rrel assembly flush with the outside edge of the back wall.
his should cause the front end of the barrel assembly to lie most
fthe way across the front wall. Make sure the hole that will
et smoke into the chimney is on the top of the end.
~y

eal the joints between the barrels. Place a strip of screen
~

und each one and plaster with a mixture of mortar, one part
nt to eight parts sand, and water.

t the seals at the joints. Light a smoky fire in the first
second barrel from the front and see if smoke escapes anywhere
c~pt the hole for the chimney. Don't let it burn long enough to
the mortar on the joints. Keep the mortar damp until it is

,rd.

"

/

layers of mudblocks.
~ blocks so that, as much as possible, each block crosses

,J,'oint between blocks in the layer below.
I s stronger.

This will make

"

r vents are only as high as the very first layer of blocks
Span over top of each vent with one full-size block.
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To make good continuous layers of blocks you will have to cut
some blocks into smaller sizes.
Bring the blocks in the front and back walls as close as you
can to the sides of the barrels. Fill in the spaces completely
with mortar so there will be no air leaks. For added strength
you can mix some cement with this mortar.
If you think the ends of the barrels are not strong enough to
support three or four layers of blocks above them, then make
crosspi eces out of rei nforced concrete or lise i ron bars to put
across the top of the barrel ends. Make them longer than the
width of the barrels. Mortar them into place in the wall, and
make the tops even with the top surfaces of the walls.

PLACE"

CRO~ECE.S ~

IN THESE SPACI=S ~
IFYOU USE-ni~
~

'I

I

I

I
" "'11" .
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floor screen.
Prepare screen to the right size for the drying floor. Assemble
whatever size sections you have by overlapping about 5-10cm and
fastening together with thin wire.
The overall size should be about 3,30 x 1,8Om. This will allow
«bout lOcm on each side to be embedded into the walls.
Check the size of the screen by stretching it lightly across
the top of the dryer. If it overhangs beyond the outside edge
Qf any wall when it is centered, trim it back. If it is too
small, add some screen where it is needed. When you are
satisfied, set the screen aside.
Small-mesh screen is best. But chicken wire can be
used. Place straw mats over chicken wire, or other
large-hole screen, so grain will not fall through
the holes.
Some kinds of woven mats are very strong. These can
be used in place of screen. In some places, screen
may be costly. If you use mats in place of screen,
it would be best to prepare some strips of metal
screen to embed around the insides of the walls and
fasten mats to. Then, if the mats later rot or weaken
around the edges (or anywhere), there will be
something to fasten new mats to.
floor su orts and screen; finish the walls.

t a layer of mortar

on the top of each
de wall.
the thirteen logs

.

wn on the mortar,

one side wall to
other. Space them
nly. You should
ve about 15cm between
h one and between
log on each end and
tnd wall next to it~
15cm may be a little
trent; it will depend
he size of the logs.
log ends should come to
butside edge of each side

L
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• Fill the spaces between the logs with mortar up to the tops
of the logs.
• Build up the front and back walls and the corners of the
dryer to the same height as the tops of the logs.
• While the mortar is still wet on the tops of the four walls.
lay the screen you have made in place on top of the logs.
Center it so about the same width extends over each wall.
Stretch any wrinkles or kinks out of it.
• Place a thick layer of mortar over the screen the width of
the wall so that it fills the holes in the screen and gives
a good base to lay mudblocks on. Lay mudblocks in the usual
way.
78
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down two layers of mudb10cks above the screen. This will
.a drying chamber a little more than 30cm deep, which should
lenty for the most bulky grains, such as maize on the cobs.
th any rough spots on the tops of the walls, so no bumps or
pieces will be knocked into the dryer when it is in use.

BAcK WALL
OF DRYER

--.,...-'.---

e~

Lj

~ ~ll_____

use mudblocks the
S.lze as In the dryer
~\. _ ~!5""~
$, and mortar. Position
~ ~
eOem .edges vertically. This
give about a 12 x 12cm smokeho1e
ecenter, which is large enough to allow easy smoke escape,
mall enough to keep down heat loss from the barrels.

a space in the chimney wall against the hole in the barrel

It w111 start after two layers of blocks and be about two
F111 1n irregular-size spaces in the brickwork with
,ocks or mortar. Center a full-size block over top of the
you have made. Continue laying blocks until the chimney
,It least 1/2 meter above the tops of the dryer walls.
Will keep smoke out of the drying grain.

t h1gh.

ture the chimney is sealed and free of cracks, so there is
»ne way for smoke to go: through the hole in the barrel end
ut the top of the chimney hole.
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er over the dryer will protect it and drying grain from rains.
open-sided one to overhang the dryer at least 112m on each
d more on one side if you wish to have room for storing fuel,
[area, etc.
dry wood, maize cobs or other fuel before drying begins.
,the fire in the first barrel or mid-way into the second barrel.

ne of the cut-off barrel tops against the front opening into

rre1s on a block or a rock to adjust a good draft for the fire.
of a barrel top can also be placed part-way over the top of
mney to give you more control of the draft.
nd control the fire at all times during drying. Do not dry
o large a fire: you may kill or scorch the grain. A medium
e will give the best distribution of heat.
have trouble getting enough heat, in the Simple Dryer you may
tly covering the side vents to get a better draft up around
re1s.
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7.

You can modify the dryers by
steady flow of air up around
grain. The resulting larger
grain faster and with little

8.

The dryers will take some time to reach operating temperature
w~ile the walls are heating. Continue drying operations day and
n1 ght to make bes t use of the heat bui 1t up in the dryer.
Load
it with a fresh batch as soon as the one before is dry.

9.

Limit the drying temperature for food grains to 50-55°C. The
bottom layer of grain should not be too hot to hold in your bare
hands. Grains for livestock feed may be dried at higher temperatures
Do not dry rice, beans or any grain to be used for seed in these
•
dryers __ unless you install fans, and even the~ proceed cautiously.
These grains must not be heated to more than 45 C.

fl
j!

II
j

10.

installing a fan or fans to push a
the barrels and through the drying
volume of less-hot.air will dry the
danger of overheatlng.

Do not stir th~ drying grain. Grain in the top layers receives
moisture passed up from the wanner grain at the bottom, and gradually
releases it as drying is completed. If you stir these wetter kernels
down again, they will re-wet the drier kernels. that got stirred up
to the top __ and drying will take longer. Stlr only to release
the heat if overheating occurs.

11.

Dry grain until the moisture content is about 12%. Grain is dry
when a kernel is hard and breaks between your teeth with a sharp
crack.

12.

Load sma 11 grain su ch as mi 11 et and sorghum ina 1ayer 5-8cm deep.
Shelled maize and other grains may be loaded up to 10cm, groundnuts
up to 20cm, and maize on the cobs up to 30cm.

13.

Mai ze may take one to two days to dry.

14.

Do !'lOt let dirt build up in the dryer.

00 not let the air vents that

let air up around the barrels get clogged. Keep the area clean.
15.

Check for rust holes in the barrels and for cracks in the joints.
Replace badly rusted barrels and re-sea1 cracked joi nts. Smoke 1eak1 ng
into the drying grain will discolor it and change its taste and smell.

16.

If you need to get up on the dryer floor while loading or un10ad1ng
grain, avoid tearing the screen or mats -- do not stand in the spaces
between the log supports.

16.

If one of the logs supporting the screen in the Simple Barrel Dryer

bec"l/I~s weak or rotted, you will be able to rep~ace it by c~ipping
some of the mortar away from each end, and pUlllng or knocklng it
out. Slide in a new log and mortar the spaces around the ends.
82
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THE PIT OIL BARREL DRYER

er is based on a plan prepared in 1974 by American Peace Corps
rs in Benin, West Africa. It is called the Oil Barrel Dryer
ecaus e it is made from oil barrels. It actually has received
ot names depending upon the country where it was used. The
11 barrel dryer was built in Samoa to dry coconut meat. Since
his dryer has been built and tested in a number of countries,
09 Nigeria and Benin. The dryer also is known as the Low Cost
yer and the Brooks Dryer.
Dr er:
· It is useful in areas where .grain must he harvested in
rainy weather.
• Maize on the cob can be dried without long drying in cribs
and use of contact insecticides.
• Construction materials are easy to find in most places.
• Farmers can build the dryer with little
assistance or supervision.
It dries a lot of grain in a short time.
· Grain can be harvested earlier. Because there is less
drying time in the field, there is less danger of insect
and rodent damage.
$J1ble disadvanta es (depending upon area or situation):
It is a better dryer for a group of fanmers than it is for
one farmer. One farmer would not need it very much during
a year. Sharing by a group of farmers means more use ~nd
less expense to each farmer in building.
. The fuel used in this dryer is often firewood; sometimes
maize cobs also are burned. Firewood is becoming harder
to get and more expensive in many places.
There is no fan included in this plan to force air through
the heating chamber and the grain bed. Small gas motors
needed to drive fans often are very expensive.
It should not be used for grain which will be used for
planting.
.
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. It would be worthwhile to find other economical natural
fuels (like maize cobs) .
• Banco construction (hand-rammed earth) works only where
there is a high clay content in the soil.
Fans placed to drive the warmed air around the outside of the barrels
through the drying grain would increase the efficiency of the dryer.
will be necessary to find a suitable power source for the fans. In a
where there are many small motor bikes, it must be possible to constru
a po\O.'er drive made from a motor bike which pennits temporary hook-up a
easy detachment of the bike as a power source.
The dryer is made of hand-rarmned earth, known in different areas as ban
terre de barre, adobe, etc. The maize or other grain is placed on a
screened drying floor. This floor is placed above a firebox made of t
220 litre metal oil drums joined together end to end.
You may substitute an available local material that will be as strong a
resistant to wear and heat as the banco, such as burned brick. Sand
crete (cement and sand) or concrete blocks wi"" crack with the heat. If
banco is already used for construction in your area, the same high-clay
content soil will work well for the dryer. You may mix in cement with
low-clay soil to allow you to build the earthen walls.
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INSTRUCTIONS THROUGH BEFORE YOU BEGIN.
'''~2'e

teria1s
220 1itres each

2 checken wire or other screen, or a combination of
reen and woven mats

ron or steel IIre-rodll (reinforcing annature) for lintels.
diameter, 6m long
25kg cement
1/2 barrel sand
1/4 barrel gravel
Heavy wire, about 2m
2, 15m long
$trips of small mesh screen, each about 180cm

Ilbg, and a few em wide •

• site.
ftind a place for the dryer which is high and well-drained.
Jf you dig too near a tree, roots will get in your way.
:Jf you are in a swampy or drainage area, water will get
tnto the dryer and wear away the walls.

~the lintels are concrete horizontal slabs which will support
~,~he

wei ght of the wa 11 s over the barrels.

ke two forms out of boards or bricks. Line them with paper•
• forms should each make a finished lintel which measures
Oem x 30cm x 8cm.
ut the re-rod into 6 equal pieces each measuring 1m long •
.x concrete 1n this proportion: 1 part cement
2 parts sand
3 parts gravel.
sand and cement thoroughly first, then mix in gravel. Then
Just enough water to make the concrete thick and smooth,
not· watery •
.
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· Pour concrete into the forms up to a level of 4cm and tamp
firmly.
· Lay 3 pieces of 1m re-rod on top of the 4cm of concrete in
each form. Space them evenly, with the outside pieces about
3cm from the edge.
· Finish pouring concrete into the forms.
off the top surfaces.

Tamp firmly and level

Cover them and keep them out of the sun or cover with grASS.
Keep them damp for about 7 days by sprinkling three time~
a day. This slow drying cures the concrete to its greatest
strength.
3.

Stake out the drying chamber and stoking pit.
· Stake out the drying chambe~ as shown,on the site you have chosen.
It will be 2,8Om x 3m.
· Make sure the dryer chimney is staken out downwind of the
prevailing wind during the season when the dryer will be used
most. This is important -- it keeps the smoke from blowing
back into the drying grain.
· Stake out the stoking pit against the upwind 2,8Om side of the
drying area. Make the stoking pit 2m x 2,lm. One of the 2,lm
sides should be right next to the upwind 2,8m side of the drying
chamber area.

Ot..a

UPWUJ~ $fbE. OF OR."fIN(:x C.&o(AMBEJ;t
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Dig top soil out of the staked areas.

4.

Dig the staked out areas to a depth where you come to' hard-packed
earth that will make a good foundation. We will use 30cm in this
plant. Pile all top soil to one side so it will not get mixed
with the banco when it is later wetted and used to construct the
wall s.

,

5.
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Dig a trench in the center of the staked out area.
Dig a trench centered in the middle of the drying area 70cm wide
and 140cm deep -- from ground level. It should extend 4.8Om
from the chimney end of the drying area. This will leave 20cm
un-dug at the opposite end for a retaining wall for the stoking
pit.
Keep the dirt you remove separate from the top soil you removed
before.
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6.

Make cut-outs for the lintels.
· Mark points at 2,7Om and 3m from the chimney end on both sid
of the trench.
· Remove the soil between these marks, and extending from the
of the trench to a distance 30cm back. Dig it down 40cm. Th
will place the bottom surface 70cm up from the trench floor •.
· Make two more slots up against the chimney end. They should
be 30cm wide, 30cm long and dug down 35cm, or until the bottom.
of the slot is 75cm up from the trench floor.
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Make cut-outs for the chimney.
. The chimney hole should be dug into the soil at the back wall
of the drying area. Centered at the end of the drying area,
dig out an area 30cm wide, which extends back 30cm beyond the
drying area to a depth of 30cm below the ground level.
. Also centered at this end of the drying area, dig another area
l5cm wide, which extends l5cm back. This channel will extend
below the hole just completed until it is 50cm from the trench
floor.
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Place the lintels.
. Lay a Scm layer of banco in each of the four lintel slots.
Lower the lintels into place. Make sure they are level,
and square with the side walls of the dryer.
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Build the dryer walls.
• Make the front and back walls -- over the lintels -- 30cm thick.
· Build the side walls up from the floor of the original 30cm deep
pit that you have dug out. Make them 45cm thick until they
reach a height of 90c01 above the base of the front lintel. At
this point reduce their thickness to 30cm, leaving a 15c01 wide
ledge on the inside of each side wall. This ledge will support
logs for the drying floor.
· The height you may build the walls in one day will depend on
the quality and consistency of the banco.
· Before the walls are too high, remove some of the dirt between
each side of the oil barrel trench and the side walls. Make
a slope on each side of about 45° starting at the inside edge
of the base of each side wall and extending down to meet the
sides of the barrel trench about 40c01 above the floor of the
trench.
Embed a strip of chicken wire, or other wire mesh you have chosen to
use, into each of the walls, 10cm above the 15cm ledge you have made.
Each of the strips is 20cm wide and is as long as the wall it is placed
fn.10cm of' the wtre should stick out flat into the drying area.
Later these strips wfll attach to the drying floor screen.
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Build the dryer walls.
• Make the front and back walls -- over the lintels -- 30cm thick.
· Build the side walls up from the floor of the original 30cm deep
pit that you have dug out. Make them 45cm thick until they
reach a height of 90cm above the base of the front lintel. At
this point reduce their thickness to 30cm, leaving a 15cm wide
ledge on the inside of each side wall. This ledge will support
logs for the drying floor.
· The height you may build the walls in one day will depend on
the quality and consistency of the banco.
· Before the walls are too high, remove some of the dirt between
each side of the oil barrel trench and the side walls. Make
a slope on each side of about 45° starting at the inside edge
of the base of each side wall and extending down to meet the
sides of the barrel trench about 40cm above the floor of the
trench.
• Embed a strip of chicken wire, or other wire mesh you have chosen to
use, into each of the walls, 10cm above the 15cm ledge you have made.
Each of the strips is 20cm wide and is as long as the wall it is placed
in.10cm of the wtre should stick out flat into the drying area.
Later these strips will attach to the drying floor screen.
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• Continue the front, back and side walls until they rise 40cm
above the wire strips. The top of the finished dryer walls
will be 75cm above ground level.
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u11d a retainin wall around the

stokin~.

The retaining wall protects against erosion and will keep
dirt and trash from falling into the pit.
Build the retaining wall up from the floor of the original
aOem deep pit that you have dug out. Build it on three sides
Of the stoking pit area. The fourth side is spanned by the
front wall of the drying area.
Make it 20cm thick. The front wall of
the stoking pit will fit exactly on
the 20cm ledge you left at the front
end of the 140cm deep trench that
extends down the center of the dryer
and stoking pit.
Build all three sides 50cm up from
'their base. This will bring them
10cm above ground level.
d the chimne .
. Build the chimney walls out of
banco up from the bottom of the
larger, top hole you have dug
out at the end of the dryer.
The inside faces of the chimney
walls should be flush with the
sides of the lower, smaller
hole that is dug into the
bottom of the top hole.
Extend the chimney 20cm higher
than the top of the back dryer
wall. As you build upwards,
gradually narrow the inside
passage of the chimney until
it measures about lOcm x 100m
at the top. This will help
reduce heat loss.
the stokin

it.

stairs in the dirt next to the stoking pit.
teps each 30cm high and 40cm across.
~ave

Make four equal

a ledge 30cm thick between the lowest step and the front
er wall, to help brace the dryer wall.
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· You may excavate any dirt that is left in the stoking pi
so that the dirt walls in the front and opposite the sta
are flush with the inside surfaces of the retaining wall
rests on them.
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Assemble and place the firebox barrels.
• Cut both ends from two 220 litre barrels.
• Cut one end from a third barrel. Cut a hole 20-30cm across
near the edge of the other end of this barrel. This will be
placed up against the opening at the bottom of the chimney.
• Punch four evenly spaced holes around the rim of each barrel
where it will join another barrel.
· Join the three barrels together by tying pieces of heavy wire
through the punched holes.
· Locate the barrel assembly in the trench with the small hole fn
the end of the third barrel placed up against the bottom
opening of the chimney.
· Support the barrels on bricks about 10cm above the bottom of
the trench. Incline them slightly upwards towards the chimney
for easier smoke escape. This will allow air to circulate all
around the barrels and will also prevent rusting.
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• Seal the joints between the barrels by placing a strip of
screening around them and plastering with a mixture of mortar
(lpart cement to 8 parts sand).
• Close the trench around the barrel assembly ends under the lintel
with banco. Make sure you seal completely around the barrel at
the chimney end to prevent any smoke Ibackf10w". Close the
front end of the barrel assembly only around the top of the
barrel to let cool air enter the drying chamber -- this cool
air is warmed and will rise up through the drying floor and
grain.

AT 1He. FRONT .§m.

(NE.X..T TO 'STOKING-
PlT)-FlL L- IN ONL:f THESe

AR. "'S·

• Test the seals at the joints. Light a smoky fire and see if
smoke escapes into the drying chamber. Do not let it burn long
enough to dry the mortar on the joints. Keep the mortar damp
until it is hard.

V~y~ Mod~
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ble the dr in floor su orts.
10 logs of solid wood. The logs should be 8-10cm in
eter and 2,15m long.
e the logs evenly across the drying chamber from one end
he other. The log ends will rest on the 15cm ledges in
side walls. Resting the logs on the ledges instead of fixing
in place means they can be replaced more easily if they weaken.

etch screening across the logs and attach it to the lOcm
ire mesh sticking out from each wall. Make the
ening longer than the inside length of the chamber because
weight of grain will make the screen sag between the logs.
lap all sections 5 or lOcm and fasten together with thin

1 mesh

screen is best. But chicken wire can be used.
straw mats over chicken wire, or other large-hole screen,
ep grain from falling through the holes. Some kinds of
mats are very strong. These can be used in place of
n1ng. Fasten woven mats to wire mesh strips embedded
e walls the same as you would metal screen.
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PHILIPPINES RICE DRYER
ers in the Philippines grow a lot of rice. Scientists working in the
i1ippines and other countries have discovered new kinds of rice seed
ich grow more quickly. This means the crop is ready for harvest sooner;
ten a farmer can plant and harvest two crops in the time it used to take
r one crop.
wever, because the growing time is shorter, the rice is ready for harvest
ing the rainy season. Before, the rice would not be ready until the rains
e finished. The farmer must harvest, but he cannot dry his grain oute in the sun. The problem he faces is simple, and it is a problem for
ers allover the world who must harvest during wet or humid times:
to get the grain dry before it is ruined by insects and molds.
entists working at the University of the Philippines and the International
Research Institute in Manila, Philippines, have come up with answers.
have designed two versions of a dryer model they feel is relatively
expensive, simple to make, easy to operate and maintain. We call it
ere the Philippines Rice Dryer. Each version of this dryer will be discussed
eparate1y.
'[here are advantages and disadvantages to the use of this dryer by small
armers. Advantages are:
. It can be used in the rainy season.
It uses less fuel than the oil barrel dryer because the
fan forces air through the grain and decreases drying
time.
Disadvantages:
It requires construction using relatively sophisticated
materials, tools, and skilled labor.
It burns fuel which can be costly.
It requires finding and paying for special machinery.
It is practical only for wealthier farmers or a group
of farmers.
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LOS BANOS RICE DRYER

The first rice dryer is from the Grain Processing Program of the Depa
of Agricultural Engineering at Los Banos, Philippines. It has three
parts: a bin which holds the grain (placed on sheet metal with holes)
a container of hot air (plenum); a fan to force air from the plenum thr
the grain; and a burner to heat the drying air.
.
A brief description of the major parts of the Philippines Rice Dryer:
Grain holding bin
Floor area is 1.8m x 3.6m.
• 2cm plywood.
5cm x 5cm lumber.
Perforated sheet metal (sheet metal with holes).
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ower
• 58em fan adapted from truck radiator fan.
• Pushes 8.5 cubic meters per minute of air against a total
pressure of 2.5em water column.
• Size of the blower is chosen to fit the size of the grain
bin.
• No stirring is necessary.
• Mount fan with flange bearings. sheet metal housing.
Reinforce with angle bars.
Engine
• 5 hp gasoline or diesel engine.
• V-belt and pulley.
• A power tiller which has an 8 hp engine can be used.
Burner
• 430C recommended temperature so as not to damage,cmilling
quality.
• Developed direct flame kerosene burner. Consists of 3-part
iron casing. needle valve between burner and housing. and
a double shell sheet metal housing. Uses 1.5 litres of fuel
each hour.
Other items
• V-tube manometer to read air pressure at plenum and to
set engine throttle.
• Dial thermometer to show drying air temperature.
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A. Kerosene Burner
B. Fan and Engine
C. Grain Bin
D. Plenum
E. Perforated Metal Floor

Notes on Operation of the Dryer
It takes 2 men an hour to assemble the dryer. This is the final
putting together of the pieces. This is the time it takes if
the grain bin is already made and all the parts are ready to
assemble.
• The dryer must be used under a shed to protect it and the grain
from rain.
· The bi n holds about l700kg.
· The manometer is a guide to engine speed: a 2.5cm displace
ment of the water column shows the engine setting is correct.
· The temperature of the air for drying is adjusted by con
trolling the flame through the needle valve and by adjusting
the distance between the burner housing and the fan intake.
Drying continues until the top layer of grain is at 14%
moisture. (It will take about 8 hours of steady drying to
bring moisture down from 26% to 14 or 13%.)
For detailed technical bulletins describing construction and use of the
Philippines Rice Dryer contact:
The Project Director
Training of Technicians for Grain Industries
Department of Agricultural Engineering
University of the Philippines at Los Banos
Laguna, Philippines
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IRRI BATCH DRYER
The IRRI Batch Dryer is different from the early University of the Phili
ppines model in 2 important ways:
1. It can use a self-feeding rice hull burner instead of gas
or kerosene. This burner uses 3-4kgs of rice hulls per hour
or 25kg per ton of rice dried. One ton of rice contains 200kg
of rice hulls, so there are plenty of hulls to feed the burner.
In other words, one ton of paddy produces enough hulls to dry
that same ton of rice kernels.
2. The fan used is a 47cm diameter vane-axial type rather than
varying sizes and models of truck radiator plans. The use of
a standard fan allows the operator to fix standard drying times.
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Other notes on the IRRI Batch Dryer
• Drying capacity is 1 metric ton. It can dry this amount of
paddy rice in 4-6 hours depending upon the initial moisture
content of the grain.
• The oil burner uses a 3 hp gasoline engine (a 2 hp electric
motor can be added to drive the blower). A kerosene burner
is installed in the air duct.
• The rice hull furnace has a steel frame and is lined with
fire bricks. It consists of a combustion chamber and an
ash trap.
• Either heating arrangement can raise the drying air tempera
ture from 29 to 43°C at an air flow rate of 30-35 cubic meter
of air/min/m 3 of grain.
.
• Fuel consumption for the oil burner is 0.75 1itres per hour
for the gasoline engine and 2.0 1itres per hour for the
kerosene burner.
• The rice hull furnace burns 3 to 4kg per hour of rice hulls.
This dryer, like the Los Banos Dryer, may be hard to put 'together: in
some areas the materials may be expensive; in other places the equipment
is hard to find. These facts make it hard for many small farmers to use
such a dryer. A group of farmers, however, would be more likely to be
able to use such a dryer cooperatively and profitably. And the dryer can
be manufactured locally.
For more information and detailed engineering drawings, contact:
Agricultural Engineering Department
The International Rice Research Institute
P. O. Box 933
Manila, Philippines
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SOLAR DRYERS
PART ONE:

CONSTRUCTION

ossib1e advanta es
costs.
time is reduced because the heat of the sun is
er by covering the drying grain with a douD1e
ear plastic film •
. be used to dry other crops -- copra. cassava.
etab1es.

$ in the dryer may build up to 65-80°C. This
trains such as rice. which crack at tempera
SO°C. or seed grains (which can be dried at
1 no higher than 40-45°C) can be damaged. A
,to watch the grain carefully. and. if no
is available. will have to learn by trial

,ost useful only at certain hours of the day
of limited use during long periods of
Very cloudy weather.
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NOTES ON 'TKE SOLAR DRYER MODELS
The dryer model s "here were designed and tested for drying cereal grains,
root crops, fruits, and vegetables. The dryer holds 8 to llkg for each
square meter of drying floor. Dryers of the size presented here will dry
l8-24kg each day. If a farmer wants to dry more grain, he will have to
make a larger dryer or build several dryers.
Instructions and sketches for three versions of a Solar dryer are given
in the following pages. These dryers can be made from whatever materials
are most available locally. The dimensions given here are for general
guidance. You can change \the length, width or depth of these dryers
without affecting their, efficiency.
The slatches for Model. f and 2 are based on a useful, practical working
size of 2m in 1ength, ",'" i.t width, and 23-30cm overall depth. But changes
in area can be made tOSf,lit local conditions, and dimensions of materials
available. IMPORTANT: the only dimension which should be followed as
closely as possible is the ~hickness of insulation on the Model 1 box-type
dryer. Where wood shavings:, wood wool, dried grass, leaves, or similar
material are being used. a minimum thickness of Scm should be used. Also,
the internal depth of Models 1 and 2 should not be less than lScm.
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MODEL # 1 SOLAR DRYER

s model consists of an outer box and an inner box. The inner bo~
at least lOcm less in length and width, and at least Scm less in depth
the outer box. The space between the boxes is packed with suitable
l~ting material.

er air holes are drilled through the bottom of the
er boards fitted in the insulation space for this
cut in the upper edges of the sides of the box to
lets. The dryer is supported about lScm above the
1ch also form the main corner members for the box)
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boxes (and through
purpose). Slots
provide upper air
ground on four legs
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READ THE INSTRUCTIONS THROUGH BEFORE YOU BEGIN
Tools and Materials
• Hammer, screwdriver, tri-square, saw, brace, and 2.5cm
wood drill, 2cm wood chisel.
• Wooden planking or plywood for sides, ends, and bottom
of boxes. Use wood from old packing cases if 1-t is
available.
• Lengths of timber:
4 pieces 5 x lOcm for legs
4 pieces 5 x 5 cm for legs
13 pieces 5 x 5 cm for the side, end, and bottom
spacer strips.
• Insulating material: wood wool, dried grass or leaves,
coir fibre, etc.
• Nails and screwnails of appropriate size.
• Matt-black paint or other suitable black staining
material, e.g., charcoal.
Build the Inner Box
• Check all measurements and markings on the wood before cutting.
· Cut side and end pieces. These can be one piece of wood, or
you can join narrower planks together to make a box about the
right size.
• Put the pieces together. Make sure the nails are completely
hammered into the wood.
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CD
NAiL BOX TOGETHER
TO APPROX I MATE.
OIMEN~'~ f»HOWN

Cut and nail the leg pieces to the corners as shown.

®

NAIl- LE.GS TO ~ox
AS SHOWN
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So.tM VIr.IJW

SPACER STR\PS

BL-OC,",S NAIL-E.O

BE.TWe.E.W SPACER
~TR'P5

®

5PACER
5TR\P5

t TURN BOX UPSIOE. DOWN
AND NAIL.. &~CER STRIPS

ON BOTTOM OF ~X.

t.NA\L 5PACE.R ~TR'P5
O~ 5\DE..~ AND ISND&
AS S»HOWN.
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(1)
I. PACK IN:!>UL.A,.'ON

. eE.TWEEN SPACER
5TR1PS.

e. PUT

8OTTOM aOARCV
~ROS IN PL.ACE
AND NAIL. AR.OUND
e.DGE.5.

ill
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i
J

CAUL..K

&ETWEEN
&<».RD~

WHeN'TWO OR MORe. BOI'AO$ MUST e.E:. USED TO

M~KE.

UP A 610£ OR iDOTTOM THE -rWO -JO\N\NGI EDGa&
COA.,.e.O ~'T~ GUM" P\TCH~UTTYI R
CE.MEIIi OR CAUL.K\NG COMPOUND BE-FORI:. THE.'"t /f4SI.

~HOU'-O Be.

NAU....EO. 6Me.ARlNG THa. UNDeR 5\01. OF THE. &A"TT
W'TI-\ THE SAME. TVPE OF MATE!.RIAL Be.FOA.E. NAlL-\N
'T OVER T~E. CR~CK BE-TWEEN T~E. BOARDS W\L.L.

rwll:::.lL..ill!

1'0

~e.e.P

THE. BOARDS

W~AT~-TIGHT.
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I. STAND BOX ON SlOE
Z.PACK. IN5ULAT1ON ON
~l[)e. AND NAIL BOARD
AI-ONG e.orTOM AND
e.N~.

TOP e..DGI!. TO

BE NAILED AFTER ITI~
NOTC~ED.

.a REPEAT

FOR OTHeR
SIDE OF BOX.

~LA"ING

TOP EDGE.
I

ATERlAL

•
•
o

•
•
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'N~\JL.AT'NG

MATe.R\A\

•

•

0

•
•
•

,

•

•

•

,

#

t1

0

•

•

•

@
\. STANO &0')( ON END·

l.. PACK IN~ULA""ON ON

J:.NO ANO NAI'- eo~RD
IN PL.-ACE..
3. REPEAT FOR OT\4ER
END.

U4
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CD
l. 5E.T BOX UP510E. DOWN
AND DRILL HOL.E~ THRU
BOTTOM OF i!»OX. MAKE.
~URE \-\OLE~ ARE OR" I ED
THRU SPACER 5TRlP5(see.
DETAIL AT LEFT)

2.. WHE.N ALL HOLE5 ARE.
DRILLED, NAIL- THRU

OUT5\DE

BOTTOM INTO SPACER.
NAIL.. AT LE.A~T ~e..TWe.EN
E.VERY OT\4E.R "",,OLE..

BOTTOM

INSIDE 6OTTOM
MA."TE..P.lAL
115

SolaJr. VltljeJrA

®

@

CUTT'NG OF A\R OUTLET5
~
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Make the air outlet slots.
- Mark the position of the air outlet slots on the
upper sides.
- Cut out the slots in any of the three ways
pictured.
• Paint or stain the inside of the box with a dark color.
A flat black is good. It is a good idea to put a wood
preservative on the outside if you have it. Then paint
the outside with gloss paint or marine varnish -- if
you can find them.
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CONSTRUCT THE COVER (FOR MODEL 1 and 2 DRYERS)
The same cover is used for both dryers. It consists of a rectangular
wooden frame with a central ridge piece. It is covered with a double
layer of polyethylene film

Tools and Materials
• Saw (preferably tenon saw), screw-driver, sharp knife or
scissors, tri square, marking gauge.
• Lengths of timber: about Scm x 2cm.
• Transparent plastic (polyethylene) film (preferably .127mm
or heavier).
• Screwnails (1.6cm x 8s C.S.).
• Blued tacks (lem) or large office stapler.

119

f)JtytJt Mod~ -72

READ THE INSTRUCTIONS THROUGH BEFORE YOU BEGIN
Make the frame so that its length and width are each Bcm greater than
the box to be covered. The cover will overlap the dryer box by about
4cm in each direction.
1. Make the Frame
• Cut the pieces for the frame to the right lengths.
• Put them together as shown.

• Dry the frame in the hot sun before putting on the plastic.
2.

Put the Lower Plastic Sheet on the Frame
· Put the cover on while the wood is still warm and at a
time when humidity is low. These precautions are nec
essary to prevent condensation (fogging) between the
layers of polyethylene.
• Cut a piece of plastic sheet for covering the lower
side of the frame so that it is Bcm wider and Bcm
longer than the frame.
• Turn the frame upside down and lay
the plastic sheet in place. Fold
one. side of the polyethylene back
on itself to form a triple layer
seam 2cm wide.
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• Start at the middle of the frame and work toward both ends.
Stretch the plastic'lightly but firmly lengthwise. Tack
or staple through the seam at 8cm intervals to fasten
this edge,of the polyethylene to the frame. DO NOT OVER
STRETCH THE PLASTIC. POLYETHYLENE WILL "GIVE iI AND DISToRT
IF FINGERTIPS ARE DUG INTO IT. SUCH DISTORTED AREAS ARE
'LIKELY TO BREAK THROUGH DURING USE. IT IS BETTER THAT
POLYETHYLENE SHOULD BE SLIGHTLY lOOSE RATHER THAN OVER
STRETCHED.
• Repeat this process at the other side of the frame.
Stretch the polyethylene across the frame while tacking
or stapling.
• Fold similar seams at each end. Tack the ends of the
sheet to the frame. Tuck the plastic neatly at each
corner. Fasten firmly in place.
Put the Upper Plastic Sheet on the Frame
• Cut a piece of polyethy1ene sheet for covering the upper
side. This sheet. when placed over the frame. should be
10cm wider and 10cm longer than the frame. Turn the
frame upside down and. making a triple fold seam as
before. tack or staple one edge to one side of the frame
so that the seam overlaps the triple seam of the lower
sheet.

• Stretch the polyethylene over the ridge and around to the
lower edge of the other side member. Make a folded seam
and tack or staple in place as before.
• Stretch the polyethylene over one end of the frame. fold
and tack as before. cutting away any extra material re
sulting from the slope from ridge to side member. Tuck
the corners of the sheet 1n neatly. and tack firmly in
place. Repeat for the other end of the frame.
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4. Attach the Covers to the Dryers
• The covers do not weigh much and are likely to blow
dryers even in a light wind. The cover can be kept
. fastening hooks of stiff wire to each corner of the
and swinging these hooks into place around nails or
fixed in the sides of the dryer.

off the
on by
cover
pegs

• Or, fasten lengths of strong twine or cord to one side of
the dryer, draw them tightly across the cover, and tie
them to nails or pegs on the other side.
J

I
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T THE DRYING TRAYS

a simple wooden frame with fine wire mesh stapled to its under
. 0 support runners are nailed to the underside (over the edge
re mesh). If necessary, two small pieces of wood may be tacked
edges of the wire mesh to hold it in place at the ends. However,
the edges of the mesh over upon itself before stapling may be
t is needed.
trays, each slightly smaller than 1m x 1m so that it will fit
r box well. It is a good idea to make two trays because they
er to handle than one large tray. Also, using two trays means
ains at two different moisture levels can be dried at the same
trays may be made from local materials. Papyrus reed matting,
Jrne with slats of reed or split bamboo, for example, make an
It support on which material can be dried. Coarse hessian
material, or open weave grass~ or fibre matting stretched on
also can be used.
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MODEL #2 SOLAR DRYER

yer also is for a 2m x 1m dryer. But it is not portable like the
1 Solar Dryer., It is built on a permanent location and is made
ay bricks, or similar material. Bricks composed of local earth
ent and compressed by a CINVA-RAM work very well. If hollow
are used, the hollows should be packed with dried grass, coir
, or other insulating material.

SOOd place for the Solar Dryer will be
• high ground which is flat and level. Make sure the location
is well drained.
• out in the open -- not shaded by trees or buildings.
• exposed to the prevailing wind. The end of the dryer
s~ould be facing the prvailing wind.

f)1LyeJL ModelA -78

Tools and Materials
· Large knife, axe,or machete
• Coping Saw or wood rasp
• 2cm chisel
• Clay bricks or bricks made from similar material
· Mortar or clay for laying bricks
· Thick bamboo (6 to 7.5cm diameter)

READ THE INSTRUCTIONS tHROUGH BEFORE YOU BEGIN
1. Prepare Site
. Layout dryer size by building up the corner blocks.
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e a floor of hard-packed earth or concrete mortar.
rainage trench around the dryer to protect it from
.Ain. The trench shoul d be 23-30cm wide and 23-30cm

bamboo of even thickness with as few joints as
ble.
amboo to the same length as the width of the dryer.
"prepare the pipes as follows:
MAoe;He-TIt, AX~, OR
l.A.~E KNIFE. MAY
BE. ve.e.o FOR

. ,&PUTTING.

use. HALF-ROUND GOUGe OR
6MAL.L. CHISEl.. 10 GUT OU T
MATESUAL. AT ,JO'N"T~ AFTeR

BAMBOO HAft BEI!H e.P\..IT.
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• Cut holes, about 4cm in diameter, in each pipe. Holes
can be made by using one of these methods:

V SHAPED NOTCH
MAoY Y,CUT WITH
HAN~W.

COPING 6AW
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Finish the Walls
• Place the bamboo pipes in position in the second layer.
Cut the blocks short as necessary to fit in the bamboo
pipes.

• Put down the third layer of bricks.
• Pack the holes around the bamboo with mortar or clay.
• Put down the top layer of bricks and cut out the air
outlet slots or lay the top layer of bricks leaving
one inch gaps as air-outlet holes spaced along the
two sides.
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4. Paint the Inside
• Paint the inside of the dryer a dark color. Charcoal.
mixed with clay, may be a good way of doing this.
5. Construct Cover and Drying Trays as for Model '1
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MODIFICATION OF MODEL #2 SOLAR DRYER
ose Solar Fuel-Heated Dr er
1ble to build solar dryers which can work on solar heat for most
e, but which can, if necessary, be artifically heated during
heavy clouding or rain.
tion of the Model 2 dryer will allow for this dual-purpose
• This modification consists of building-in a metal flue pipe
through the length of the dryer. This pipe carries the heat
ebox built at one end of the dryer. When drying has to be done
conditions, the fire can be lit to provide heat for drying.

large, say, llcm diameter pipe, or a number of smaller pipes can
When using smaller pipes,difficulties in constructing a manifold
• But it may be possible to adapt an exhaust manifold from an
ine or diesel engine for this purpose.
BASIC MODIFICATION NEEDED IN CONSTRUCTING THIS DRYER IS THAT THE
BE BUILT HIGH ENOUGH TO ALLOW THE FLUE PIPE TO PASS UNDER THE
PIPES ..
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An increase of 7.6cm (or one brick) in height, should be sufficient.
The firebox may be built in clay or brick, or a section cut from an old
oil drum may be used for the purpose.
The base of the firebox must be at a lower level than the dryer.
.• Make sure that this area is protected from any flooding which
may occur during heavy rains.
The flue tube running through the dryer should
chimney to assist draught.

When using artificial heat, the movement of air through the dryer by
convection will operate as it does when solar heat is being used. Howev
depending upon the heat given by the fuel being used, it may be necessary
to close-off more of the upper ventilation ports.
CAUTION:

. Make sure that the part of the flue pipe passing through the
dryer is smoke-proof. Lf,it is not smoke-proof, smoke will
flavor the foods being dried. A damper should also be placed
in the chimney. This damper must be kept closed when sun-drying
is being carried out, or the flue pipe may exert a cooling effect
. Make sure to site this modification so that the firebox end
faces into the prevailing wind. This will assist draught throug
the flue, and will also ensure that any sparks from the chimney
are carried away from the polyethylene cover.
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MODEL #3

SOLAR DRYER

simple dryer. It is not as efficient as the other two in
where it is exposed to cooling winds, but it will provide
1ent drying than direct exposure to the sun, and will also
e drying material from rain. It is essentially a "sandwich"
eets of corrugated galvanized iron roofing material placed so
form a series of tubes. The lower sheet is bedded in insu
teria1 to reduce loss of heat. It is set in a sloping position
nd raised about 15cm higher than the other. This position
air to rise and escape at the upper end, creating a draught of
the material being dried. The material .which is being dried is
n the hollows of the lower sheet.

re a -number of poss'Ib1e ways of siting and constructing this dryer.
permanently sited or made portable. Certain refinements can be
1ncrease its efficiency. For this reason the construction of a
rtab1e model will be described first; possible modifications will
tbed later.

model, the corrugated sheets are fastened to a shallow wooden box
ontains a bed of insulating materia'. The box will be about 10cm
d aOcm wide. The dimensions of the box will depend on the final
the prepared corrugated sheets, so the sheets are prepared first.
Hammer, saw, tri-square, wood chisel, pliers
2 sheets corrugated galvanized iron
Timber for bottom and sides of box
Nails or coat-hanger wire

When purchased, the sheets will be packed closely together.
Turn the upper sheet 180 0 so that the sheets are on top
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of each other. The upper sheet will tend to slip side
ways and will not remain evenly positioned .
. Mark a line along the edges of
each sheet about lcm from the
edge. Using pliers, and moving
gradually along the sheet, bend
the edges down to form flanges
which are level with the plane
of the sheet. Once the edges
have been bent into position,
lay each flange along the edge
of a piece of wood and beat with
a hammer until it is flat and
smooth. The sheets will now
lie properly together in the
correct position.
2.

Hinge the Sheets
The sheets must be held together so they can be easily posi
tioned during future use. This is done using wire rings.
. Wind a piece of suitable wire spirally around a lcm diameter
former (e.g., the handle of a wooden spoon) to form 6 loops.
Remove from the former and pull the ends of the wire so that
it forms a loose spiral. Cut this spiral with the pliers
so as to form a number of rings with overlapping ends.

Punch five holes through the flanges at one edge of each
sheet, using a nail and a hammer. These holes should be
positioned as follows: one hole about 7.5cm from each end
of the flange, one hole in the centre of the flange, and
two holes midway between these holes.
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Pass the wire rings through these holes an~ close the
rings by pressing the ends together. This effectively
j~fnges the sheets together and allows accurate position
i·Og.

The shallow support and insulating box can now be constructed
to fit the dimensions of· the lower sheet of corrugated fron:
cut
slots in the upper edges of the one side of this box
to provide space for the hinge rings.

Pack the box with insulating material, e.g., wood wool, dried
grass or leaves, or other similar material.
• Place the corrugated sheets in position and fasten the lower
sheet to the frame by nailing through the flanges along each
edge and through the points where the sheet contacts the ends
of the box and the central support batten.
• Close the openings at each end between the corrugations of
the sheet and the wooden frame by filling with cement, plaster
or clay.
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4.

Paint the Dryer
• Paint the upper surface of the top sheet with a flat, black
paint. Using a suitable primer to be sure of sticking to
the metal.
• Treat the wood of the box with preservative, or paint with
gloss paint if available.

USING THE PORTABLE DRYER
Siting.
• Site with the length of the dryer in a north-south
direction, preferably in a position where it is shel
tered from the wind.
• Raise one end so that it is 15cm higher than the other.
• Make sure the rays of the sun strike the upper sheet as
directly as possible. (The end to be raised wilL depend
on the latitude and season of the year. For example, in
latitudes more than 5 degrees north of the equator, the
northern end of the dryer should be raised in winter
and the southern end in summer.)
Protecting from Rain
There is.a risk that driving rain may enter the upper end of the dryer
and wet the contents. It is thus necessary to fit a shelter plate to the
upper sheet at this end of the dryer.
• Nail a wooden batten across one end of the upper surface
of the top sheet.
• Nail to this wood a strip of metal which is the full width
of the sheet, and which will jut out about 15cm beyond the
end of the dryer. ·This metal can then be bent downwards
in a gentle curve at its outer edge so as to shelter the
open end of the dryer.
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THRU
SHEET I"tTO
&QA.RO.

A,PPRQX.

2.5 - 7.5an

ALl.OYII E.DGE. OF
METAl. TO E..X.Tf.ND

ABOUT 15Cl1l BEYOND
E.ND OF CORRUGJlrrI!O

SHEET THEN BEND
CONN.

e efficiency of the Model 3 dryer CAn be greatly increased by fitting
polyethylene cover over the top met,l sheet. The plastic creates an
ulatfng air space between the POlyethylene and the corrugated sheet.
• Build a sfmple wooden frame over the top sheet using two
vertically placed battens alo"g each of the flanges, and
two joining battens across eoch end of the sheet.
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CroSS member
' " nailed across
upper sheet

Side member of cover frame
nailed to flange

• Fill the spaces between the corrugations and the end battens
with plaster, clay, or cement. Stretch a single sheet ·of poly
ethylene over the frame. Tack or staple the she~t in place.
• Keep the slots in the side piece of the frame (nece6Sary to
accommodate the hinge rings) as small as possible. They should
only be cut enough to allow clearance for the rings.
The polyethYlene cover will protect the upper corrugated sheet from the
cooling effects of wind and rain. It also insulates the dryer so that
higher drying temperatures are possible.
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ryer described above can be permanently sited on a clay platform,

avoiding the need to construct a support and the lower insulating
The clay platform will provide insulation. This type is built as
ws:
• Flange the sheets and hinge together as described for the
portable dryer.
• Nail wooden battens about 4cm x 2cm across the lower side
of the lower sheet at each end and at the middle, to
provide rigidity.

~TTP.N'"

I-'lNGE RiNG ~

WITH
ROOf=lNG NAIL~ OR. LONGt
NAIL~ DRIVEN THRU
8A'TTE.N AND c:.L..iNC~e.O

(POIt''''T B!U'-rT ~t(!aT ~o)

• Construct a simple sloping clay platform the size of the
lower sheet and l5cm above ground level at one end and
30cm above ground level at the other. Mix large quantities
of dried grass or leaves with the clay.
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• While the clay is still wet and soft, bed the lower sheet
in position so that the clay moulds to the corrugations
of the sheet. Allow the clay to harden.

CAUTION: Make sure to site this dryer in a position which will give the
most effective exposure to the sun at the time of year when
the most drying is being done.
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SOLAR DRYERS

G INSTRUCTIONS

y1ng as early as possible in the day to get maximum exposure to
Once material has been placed in the drye't' and the cover placed
on" do not 11 ft the cover until dryi ng is completed for the day:
he cover off will allow a lot of heat to leave the dryer.

he dryer out daily to get out dust, and to remove any pieces of
ter1al spilled from drying trays.
clean; wash them often.

,J the temperature inside the dryer by opening or closing the

~t1ets.

~

Temperature may be measured by putting a thermometer TnIOIne
~ upper air outlets.
When doing this, shade the thermometer from
sunlight by inserting a card beneath the cover. Temperatures
ed in this way will be the maximum (not necessarily the average)
al temperature.
peratures at the level of the drying material may be measured
~11ng a hole through the side of the dryer and inserting a thermo
Again, make sure that the bulb is shaded from direct sunlight.

9 the upper ventilation outlets will increase internal temperatures •
• if moisture begins to collect inside the dryer you must start
the outlets.
es where opening all the upper outlets still results in temperatures
are too high for the material being dried, additional outlets should
t in the upper edges of the sides.
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sure crops do well in storage, they should be carefully dried,
"in the head" or after threshing, before they are placed in storage •
. "in the head," grains should be threshed before storage since
packed grain is less subject to insect attack.
uts can be dried either in the shell or after shelling. Storage
.he11 provides protection against insect attack.

1ng sesame may be harvested before pods are quite ripe and dried

with very fine mesh bottoms. It will then shatter in the dryer.
all the seeds will be retained, this method of dealing with sesame
,at advantages.
.
~e

e~

grains should be spread in a 1cm to 4cm deep layer on drying

of appropriate mesh size, so as to give a loading of about 7-10kg

uare meter. For bulky material such as unthreshed finger millet
hum, layers up to 7.Scm deep can be used. For groundnuts i~ the
layers may be up to Scm deep.
,

ry small seeds, such as finger millet or sesame, trays with a very
'sh will be needed. Mosquito netting or tightly stretched hessian
would be appropriate.
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OE MANUAL
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ENEMIES OF STORED GRAIN
PART 1: INSECTS

Afscussion of insects deals only with some of the insects that
stored grain. It is designed to help you provide farmers with
'nformation they need to control insect infestation in their stored
n. If you find insects in your area that are not discussed here, or
u require more information on insects in general, there are more
led books which will help you name the pest and will give fnformation
ontrolling the pest.

'k

IS AN INSECT?
ects have six legs. Farmers may see other insect~like creatures in
near their grain, but they are not insects if they have more or less
n six legs. Spiders, mites, and scorpions have more than six legs,
they are not insects.
" .

t insects have two pairs of wings; some insects can fly and some cannot.

insects have three main parts to their bodies: head (front); thorax
ddle); abdomen (behind). The legs and wings are attached to the thorax.
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Some Other Facts About Insects:
Insects have no bones,and the soft inside parts are protected
in a hard case called the exoskeleton.
Insects bite off, scrape off, or chew food using their mandible·
(jaws) .
. Some insects are 25cm long. Most grain storage insects are
on1v from 2 to 20mm long. The length of an insect is measured
from the tip of the head to the end of the abdomen.

INSECT LIFE CYCLE
Humans grow from babies to children to
adults. This is the human life cycle.
Most grain insects grow from eggs to
larvae to pupae to adults. These growth
stages are the insects' life cycle.
It is not important for a farmer to know
the names of the insects or the names of
the stages in their life cycles. But it
is important for him to be able to recog
nize insects at all these stages. More
over, he must know how stored grain insects develop, so he will know
where to look for signs of insects in his grain. Adult insects are
easy to see, but larvae and eggs of insects often are not.

Each female insect can lay many eggs. The number of eggs depends upon
the kind of insect; some females lay hundreds of eggs. And each of the
eggs could grow into a new adult. Some insects lay eggs on top of the
grain; some insects lay eggs inside the grain. The eggs are laid in
storage or in the field, depending upon the kind of insect.
Larvae
Eggs hatch into larvae. Larvae are often the
big grain eaters. A larva growing inside a
grain kernel eats out the inside of the kernel.
Each larva is covered with a tough skin called
the cuticle. The larva grows and the cuticle
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ts too small. The larva throws the cuticle away, keeps eating, and
rms a new skin. This whole process might happen three or more times

fore the larva

is full size and passes to the next stage.

s.is the transformation stage. Sometimes the
va forms a cocoon or other protective covering
und itself as it goes into this stage. As a
, the growing insect needs no food and moves
y in very small movements. It just slowly
nges into an adult insect.

When all the adult characteristics are developed,
the pupa throws off a last skin and the adult
comes out. The new adult is pale and soft. It
takes 2 - 72 hours for the cuticle of the adult to
harden and take on adult coloring and markings.

WINSECTS GET INTO GRAIN
into grain in a number of ways, depending upon the kind of
. Some insects infest the grain while it is still in the field
before harvest and after (if the grain is being dried in the
field) .
. Some insects can fly from fields to stored grain and from stored
grain to the fields. This type of insect is very dangerous
because it can so easily get to the grain.

In6ectb -4

• Farmers store grain year after year in the same sacks, containe
and buildings. Bins made of wood or woven grasses have cracks
and spaces which fill·uP with dust, dirt, and broken grains.
Insects live in these dirty places and infest the new grain.
right after it is put into the container .
. New grain is put into a storage building containing grain left
from the last harvest, grain already heavily infested •
• Grain goes from the field to the storage place in carts and
wagons which were not cleaned after the last use.

WHY INSECTS INFEST GRAIN
Insects which infest grain also eat and live in other materials. Insec
infest grain because grain provides food. Unfortunately, in too many C
stored grain provides a perfect place for insects to live and grow bee
food, air, moisture, and heat are provided.

Food
Obviously, grain provides food. But grain provides food for insects in
different ways. Some insects like certain kinds of grains better than
others. Not all insectS eat the same part of the grain kernel. How they
eat the grain and the part of the grain they eat depends upon the type of
insect.
Primary Pests. Some insects, such as the
Angoumois Grain Moth, the lesser Grain Borer,
and the Rice Weevil are· primary pests. They
attack the grain first. They are able to
break down the hard seed coat of the whole
grain. Their eggs are laid inside the kernel,
and the growing larvae eat the inside of the
kernel.
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ndar Pests. Other insects follow these first attackers. These are
nary pests. They feed on the grain that now has
ken and cracked seed coats. The Rusty Grain
tle is a good example of a secondary pest.
s beetle will not attack healthy, undamaged
in, but it will attack spoiled grain. A
er should know which beetles attack first
which do not. If a farmer sees a Rusty
in Beetle in his stored grain, it is a sign
.4t he should look for other, worse insect
t.ackers.
There is even a third group of insects found in stored
grain. These are the tertiary pests. They feed on
broken grains, grain dust, and powder left by the other
groups. The Confused Flour Beetle is a tertiary pest of
whole grains. Also, it is a primary pest of milled grains,
such as flour.
It is not important for a farmer to know the names of these
insects, but he should know how the given insects eat and
whether they attack grains already damaged. If he can read
the signs left by the insects, he will be better able to
find infestations before they become a major problem.

ects do require a certain amount of air containing oxygen to live.
ring grain in containers which keep out air is based on knowledge of
s fact. Airtight storage will be discussed later. Briefly, in air
ht storage, the respiration of the grain, and of insects "in the grain,
~es up the oxygen quickly; any insects present in the grain will die.

ects need some moisture to live, and they can get it from stored grain
severa1 ways:
· Insects can take moisture from the air, just as grain can.
· Grain contains moisture which insects get when they eat it.
The more moisture the grain contains, the better food it is
for insects.
· Insects produce moisture and heat in the stored grain as they
eat. The insect-infested grain then respires more quickly
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and produces more heat and more moisture. In a hot spot, where insects
are active, grain releases a lot of moisture into the grain mass. Ins
can take this moisture into their bodies. When the hot spot becomes to
hot, the insects will leave it and go to another part of the grain mass
Insects can take moisture directly from the wet surfaces of the grain
through special openings in their bodies.
The fact that insects require a certain amount of moisture is important
because it underlines the need for careful drying of grain before it
goes into storage.
Heat
Insects live best within a certain temperature range. As the temperatur
in the grain gets 10we~ they become less active. At one point they stop
reproducing. If the temperature goes below 5° C they will die,depending
on length of exposure and other conditions. As the temperature increase
from 10-26° C, depending upon the kind of insect, they become more and
more active. They will reproduce very Quickly in a grain hot spot, for
example, until the grain gets too hot. Above 35° C. they have a more dH
ficult time living and die at 600 C.
Try to keep stored grain as cool as possible.

COMMON GRAIN PESTS
There are many kinds of insects which can attack stored grain. But it is
a much smaller number of insects which cause the major insect problems in
stored grain.

The following pages contain information on some major stored grain insect
pests. Each insect is discussed on a separate page. This information
should help farmers indentify the insects which are in their grain. Since
the right control method often depends upon the kind of insect involved,
and upon the characteristics of that insect's life cycle, each page gives
a picture and description of the insect and other information on that
insect1s habits and life cycle.

150

1~

e.c.U -1

ACTUAL SIZE

~OOKS

LIKE
n or black
• thin nose
ng jaws
9 stripes on the body
·1ngs
long

ENLARGED

LIVES

many kinds of grain

811 parts of the world
E

lops from egg to adult
4 weeks, in warm weather

LARVA INSIDE KERNEL
OF WHEAT

le lays 50 - 250 eggs
$ide the grain kernel
ter female makes hole
Jh strong jaws
PUPA INSIDE KERNEL
OF WHEAT

winside grain kernel
Picture

. elop from egg to adul t
4 weeks, in warm weather
ve the seed and eats the
nel while getting ready
lay eggs
t lives 7-8 months

ADULT EAT! NG KERNEL
OF WHEAT

A Primary Pest. It looks a lot 11ke the Rice Weevil.
The Granary Weevil and the Rice Weevil are the only
grain storage insects with long snouts (noses), so
they are easy to see. The Granary Weevil cannot flYi
the Rice Weevil can fly.
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IR GRAIN IORER
Bhr.op,rt1uJ. dominica F.

AT
•
•
•
•

ACTUAL SIZE
IT LOOKS LI KE
Shiny, dark brown or black
Head turned down under body
Strong jaws which cut wood
2.5 to 3mm long

f!]
ADULT
ENLARGED

ERE IT LIVES
• In warm places allover world
• In many kinds of grain
FE CYCLE
• Life Cycle is completed in
about 5 weeks
• Each female lays from 300-500 eggs
• Laid on the surface of the grain or
in spaces between grains
• Hatch in a few days
arvae
• raw1 around grain eating flour
left by the boring of adult beetles
• Bore holes in damaged grains
• Finish growing inside grain kernel
• Picture of larva inside kernel of
wheat. See Picture

6dults
• Cut their way out of the kernel
• Feed on grain

LARVA IN KERNEL
OF WHEAT

PUPA IN KERNEL
OF WHEAT

ADULTS EATING

A Primary Pest, both the beetles and the larvae of the Lesser Grain
Borer are very dangerous insect pests. They bore hol es in the grai n
and leave behind a powder from the chewed·up grain. Here is a
picture whfch shows kernel of wheat full of hol es made by the
boring and feeding of the adult and the larvae.
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. OOTHED GRAIN BEnLE

ACTUAL SIZE

'146philus surinam6nBU L.

T LOOKS LIKE

arrow, fl at, sma11, da rk brown
•5fl1l1 long

ADULT
ENLARGED

IT LIVES

In sorghum, rna i ze, and other
cereals and flour

T GROWS

nrows from egg to adult in 3 to 4
weeks in warm weather
ach ferna 1e. 1ays about 300 eggs
Laid among the grains
in 3 to 5 days

~atch

LARVA
ENLARGED

e

re straw colored
Crawl among the grain eating broken
kernels
• Grow in this stage about 4 weeks
e
• orm in a cocoon
• See Picture

to

PUPA
ENLARGED

155

LAT GRAIN BEETLE
m-ophloeus pusiUus Schonherr

WHAT
·
·
·

IT LOOKS LIKE
Long antennae (feelers)
Reddish-brown, flat
1 - 2n1n long

ADULT
ENLARGED

WHERE IT LIVES
· In produce which is dusty,
contains broken grain, or
is already infested

~

HON IT GROWS
· Grows from egg to adult in
5 weeks

ACTUAL SIZE

~

· Laid in cracks in grain or
in spi 11 ed gra in
Yellowish-brown
Like to eat the germ of
cereal grains
May not eat any other part of
grain
Like to eat grain having mold
on it

LARVA
ENLARGED

Pupae
. Transform in a cocoon
Adul ts
. Live from 6 - 12 months
NOTE:

The flat Grain Beetle can be a primary pest. But if you find this
beetle, you know that other, more dangerous insects are in the grain.
Often you find the Flat Grain Beetle in grain already damaged by
the Rice Weevil.
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ANGOUMOIS GRAIN MOTH
Sitotroga cerealella Olivier

WHAT IT LOOKS LIKE
· Light, yellow-brown
· 8-1Ontn long
· 15mm from tip of wing to
wingtip
• Fringe on back wings

ENLARGED

ACTUAL SIZE

WHERE IT LIVES

• Attacks all grains in
storage and in the field
• In all parts of the·world

LARVA ENTERS KERNEL AND
BEGINS GROWING

LIFE CYCLE

• Adults do not live long
and do not eat
Each female adult lays
50-l00 eggs

~

~

FULL-GROWN LARVA IN
WHEAT KERNEL

~

· Laid on the surface of grain
in the field or in storage

Larvae
· Eat into kernel after hatching
· Grow inside kernel for 5 weeks
· Eat inside to the seed coat
and they cut out, part of a
circle (door) in the seed coat

PUPA IN KERNEL OF
WHEAT

Pupae
· Form inside a cocoon near the
door cut by the larvae

ADULT MOTH LEAVES THE
WHEAT KERNEL

Adults
· Push out through the door
prepared by larvae
Lay eggs on the stored grain
or fly to the fields and lay.
eggs on grain there

NOTE:

PRIMARY PEST
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ACTUAL SIZE

ADULT
~NLARGED

PUPA IN KERNEL
OF'l.JHEAT

LT

e:

P. 1" I NG KERNEL

OF

fro ffl
inf e

~HEAT

grain storage places
grain again and

st
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INDIAN-MEAL MOTH
Plodia interpunctella Hbn.

WHAT IT LOOKS LIKE
Reddish-brown outer wings
Whitish-gray wings next to body
· l6nln from tip of one wing to
tip of the other
· Easy to see in grain

ADULT
ENLARGED

WHERE IT LIVES
· In broken grains and flour.
Also can attack whole gains
· In all parts of world
HOW IT GROWS
· Grows from egg to adult in
.6-8 weeks
· Each female lays 200-300 eggs

ACTUAL SIZE

~

· Laid on food or grain
· Hatch into small, white larvae

Larvae
· Eat embryo
· Spin thread while they eat
Dirty white color
· Sometimes look pink or green
· Spin a cocoon

ENLARGED LARVA

pupa\
· ight brown
· Develop in a cocoon
Adults
· Usually attack grain already
attacked by other insects
· Live less than 14 days
NOTE:

ADULT WITH
WINGS FOLDED

Checking and moving grain from time to time is good protection
against this insect. Also, the Indian-Meal Moth is attacked
by the parasite Bracon hebetor Say.
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CONFUSED FLOUR BEETLE
Tribolium c01l!usum J. du Val

ADULT
ENLARGED

WHAT IT LOOKS LIKE
· Shiny, reddish-brown, flat
· 3-411111 long
WHERE IT LIVES
· In all parts of the world
• In storage places and flour mills
HOW IT GR~S
· Changes from egg to adult in
6 weeks in warm weather
· Female lays 450 eggs
• Eggs are stic~ and stick to
boxes, sacks, and storage
contai ners

ACTUAL SIZE

Larvae
• Larvae eat flour, grain dust,
and broken surfaces of grain
kernels
e
· First white, then change to
yellow and then to brown
color

LARVA
ENLARGED

year
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ADULT
ENLARGED

DRUGSTORE BEETLE
Steoobium PCl77-iceum L.

WHAT IT LOOKS LIKE
· Small. fat. reddish colored
· Body covered with soft hairs
ACTUAL SIZE

WHERE IT LI VES
· In many kinds of stored grain
• In all parts of the world
LIFE CYCLE
Develops from egg to adult
in 6-8 weeks
· Each female lays about 100 eggs
~

· Laid in any dry food substance

Larvae
· Small and white
· Enlarged picture
Adult
--:-Looks 1 i ke cigarette Beetle
· Adults live only 2 to 4 weeks

PUPA
ENLARGED

Protect grain from this beetle by checking the stored grain
often. This beetle never attacks grain unless the grain
has been in storage for a long time without being checked or
moved.

SIDE VIEW OF ADULT
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RED FLOUR BEETLE
Tribolium ccut4neum Hbet.

ADULT
ENLARGED

IT LOOKS LIKE
• 3-4rrm long
· Looks like Confused Flour Beetle

~HAT

WHERE IT LI VES
· In warm countries
· In grain dust and broken grains

00

HOW IT GROWS
· Female lays 400 - 500 eggs

ACTUAL SIZE

· Laid in dust, flour
arvae
· tay in larval stage 5 weeks
· Feed on stored produce
· Whitish-yellow color
· Has two, dark) upturned" pointed
projections at back end of body
LARVA
ENLARGED

ults
• at and breed the same way
as Confused Flour Beetle
• Give terrible smell and taste
to grain in which tney live
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KHAPRA BEETLE
(I'rogoderma. granarium Everts

ADULT
ENLARGED

HAT IT LOOKS LIKE
· Brown or black color
· Body has many fine, yellowish
hairs allover
.1.5 - 3mm long
WHERE IT LIVES
In stored grain
· In all parts of the world,
particularly warm places

o

ACTUAL SIZE

HOW IT GROWS
Grows from egg to beetle in 4 - 6
weeks in good growth conditions
· Female lays 40 - 70 eggs each
Larvae
Can take up to a year to hatch
Yellow-white and have many hairs
Leave many hairs in the grain
Grow to 6mm in the larval stage.
Takes about 3 weeks
Are able to live without food or
water for long periods
Appear on surface of stored grain
Crawl into cracks of buildings and
bins. Hard to reach even with
i nsecti ci de

LARVA
ENLARGED

Adults
· Life cycl e can take years whil e
under poor conditions
· Breed quickly under good conditions
· Live only about 14 days
NOTE:

Primary Pest. Grain damaged by the Khapra beetle looks like grain
which has been attacked by the Lesser Grain Borer.
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CIGAREnE BEETLE
Ltuioderma semcorne F.

WHAT IT LOOKS LI KE
· Reddish-yellow or brown
· Head bent down towa rd body
• 3nm long

ADULT
ENLARGED

[!J
ACTUAL SIZE

WHERE IT LIVES
· In stored products allover
the world
In grain left too long in
storage in the original sacks
LIFE CYCLE
Develops from egg to adult
i n 6 to 8 weeks
Female lays about 100 eggs

LARVA
ENLARGED

Larvae
· See Picture

Pupae
. . See Picture

PUPA
ENLARGED

dult
· Looks like adult Drugstore
Beetle
· Adults live from 2 to 4 weeks.

SIDE VIEW OF ADULT
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'LOUR OR GRAIN MITE
AC(l.ruB

WHAT
·
·
•
·

Biro L.

IT LOOKS LIKE
Pale, gray~hite color
Smooth bodies with lots of hairs
Breed quickly
Real size no bigger than the dot
of an 1/11/
ADULT
ENLARGED

WHERE IT LIVES
· In warm, wet places
· In broken grain and flour
WHAT TO LOOK FOR
· Fluffy, light-brown masses on the floor
around sacks of stored grain
These masses are the old skins and de~d
bodies of mites. If you see these masses,
there are many, many mites in the grain

0'
ACTUAL SIZE

WHAT
·
·
•
·

MITES DO TO GRAIN
They do not eat much grain
When there are many mites, the grain gets warmer and wetter
When there are many mites, a bad smell develops in the grain
Flour which has had large numbers of mites in it is no good for
baking

WHAT
·
·
·

TO DO ABOUT MITES
Screen and fan the grain if you find mites.
Dry grain very well before storing.
Dust sacks of flour or other milled cereal products with recom
'mended insecticide. Place sacks so they do not rest directly
on the floor.
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CONTROL OF INSECTS IN STORED GRAIN
INTRODUCTION
Adult insects are easy to see in grain. They live outside the grain,
and they are darker in color. Often a fanmer waits until he sees adults
before he takes any steps to control insects or applies insecticide.
This approach can be a mistake. When the farmer sees adults, it ,usually
means the grain contains many more insects than the ones he is seeing.

Insect control should begin before the harvest. And it must definitely
begin before the grain is put into storage. There are many steps farmers
can take t~ protect their grain from pests. Some of these steps involve
insecticides, but all of them depend upon thorough cleaning of ~torage
bins and containers.
The 'first step a farmer should take is to plan an insect control program.
His program should include, among other things:
• finding out which insects are damaging his grain.
• drying and cleaning his grain very well.
• asking an extension agent about insecticides.
• deciding if he has enough money to buy insecticides.
The second step a farmer should take is to follow some general guidelines
for cleaning and storing his grain.
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Whether the storage area is old or new. it must be clean. Most farme~
can save many grain losses by careful cleaning of storage containers.
bins. and buildings. And cleaning does not cost large amounts of mone
For just a little time and effort. the farmer can get better returns 0
.
the effort he puts into growing and harvesting his crop.
All equipment which touches the grain should be clean. This includes
tools for harvesting and threshing. It also means cleaning the carts
and wagons used for carrying the grain.
Cleaning and repairing should include:
. sweeping out grain. grain dust. and dirt from storage
bins. buildings. or areas in the home where grain is
kept.
repairing cracks in floors. walls. and ceilings where
insects might get in or live.
removing pieces of grain and dust from cracks. beams.
ledges. and other parts of the building.
• patching any holes in the building and making sure it is
watertight; moisture must not get into the storage area.
Concrete and metal bins are easier to clean than wooden bins and sacks.
But all containers should be cleaned as carefully as possible.
Many farmers make the mistake of storing grain from a new crop near
grain from an older crop. If the grain from the old crop is full of
insects (and it usually is). the insects will spread to the new grain
quickly. Also. grain for eating and selling should never be put into
storage with grain which will be used to feed the animals. Animal
grain usually sits around for a long time and is full of insects.

WRONG

RIGHT
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armers cannot find or afford the correct insecticide. In
. careful cleaning will help the problem. In fact,
, will not work properly unless they are used under dry,
ions. So the following material presents information on
rmer can take to control insects -- both with and without
fnsecticides.

G INSECTS WITHOUT INSECTICIDES
1 Methods
ave been fighting insects for hundreds of years. They accept
that insects are going to eat and destroy a certain amount of
in. Here are some insect control methods farmers use:

. Insects leave
lch is placed in
1.9ht. They do
;heats higher than
,The sunninq
however, does not al
eggs and larvae which
e the kernels of grain
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£81 Plants with Grain. In many areas, farmers mix local plants
n. . n ormatlon a out which plants, and which parts of the
$hpu1d be mixed with grain is passed on within the family; the
;ffer from one part of the world to another. Such natural
thods, or methods which provide active control without 1nsecti
to be looked at more closely. Future editions of this manual
lude a chapter on using such plants and other natural control

This is another natural-control
Some farmers mix sand or wood-ash with threshed grain to keep
from breeding. The sand scratches the covering or cuticle of
ct1s body and the insect loses moisture through the scratches.
train is dry, insects will not be able to get enough moisture
ace the moisture lost though the scratches, and they will die.
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Smoking. Some farmers store unthreshed grain on raised wooden plat
forms. They build small smoky fires under the platforms. Other farmers
store harvested grain in the roof of the building or shelter used for
cooking. Both of these methods use the smoke and heat of fires to
kill and drive insects out of the grain. The heat from the fires also
helps to keep the grain dry and protects the grain from new insect
attacks.
Storing in Airtight Containers. This is the process of putting grain
into a closed container so that no air can enter the grain. Insects in
the grain then die because there is not enough air containing oxygen.
In some areas, farmers store grain in very dry underground pits which
can be made quit~airtight. Other types of airtight storage containers
can be more difficult to build and maintain. Airtight storage is talked
about more completely in the section on storage methods.
Storing Unthreshed Grain. The husk
some protection from insect attack.
it is more difficult for insects to
store their grain without threshing

on maize and the hull of rice offer
If the rice hull is hard and dry,
attack the grain kernels. Many farm
when they do not have insecticides.

Improvement in Traditional Methods
It is very important to have a clean and waterproof building for storing
the grain. If the farmer is choosing a site for a new building, the
buildings should be placed as far away as possible from grain standing fn
the fields. This helps protect against insects flying from the field to
the storage area. The grain storage place should not be built near
places where animals are kept: certain insects found near animals and
their food also attack stored grains.
Storage Crib

Grain in the Field

Insect
~- ~

Infested Maize

IMec.u -37

Most farmers know that insects are a problem, and will not have to be
convinced. Or perhaps it is better to say that some farmers may need to
be shown how insects infest grain; they must be convinced that there is
really something they can do about insects. For a farmer who has
looked upon insects in his grain as a part of his life for years, the
biggest forward step he will take is realizing that there is something
he can do about the problem.
There are some easy ways to show how insects can be kept out of grain.
You probably use them in your work. Here is one way:
Take several small bags of grain, each of which is
clean and free of insects.
Place one bag near the animal grain
Place one bag beside grain that has been in
storage a long time
Place one bag in a clean, cool, dry corner away from
other grain. Make sure this bag is not placed directly
on the floor and keep it away from the walls.
Insects will, of course, attack all these bags of grain. What will be
interesting is how long it takes for the infestation to develop in each
bag, and how much damage occurs in a given period of time. It should
take longer for the infestation to develop in the clean grain stored
away from other grains.
Also, if you want to use the same demonstration to show how an improved
storage method protects against insects, place insect-free grain, equal
to the amount in the other bags, in a small plastic bag. Seal the bag
tightly and put it next to bags of grain which have been in storage for
some time. All of the other bags will have insects in them; this
one will not.
Following here is a checklist of steps which can be taken to control
insects without using insecticides. In fact, these rules for cleaning
and storing only dry grain should be followed even if insecticide is
used. Insecticides will not provide protection unless they are given
the right conditions in which to work. Perhaps you will be able to adapt
this checklist to fit your situation and use it as you work with farmers.
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CONTROLLING INSECTS WITHOUT INSECTICIDES
A CHECKLIST
Suggestions for Use: Pick out the points that will be most useful to
farmers in your area. Translate and illustrate them as necessary.
• Store grain away from wet areas.
• Protect the stored grain from falling rain.
• Keep stored grain or grain containers out of strong
sunlight. This will keep the grain cooler. Warm
grain will breed more insects.
• Place stored grain containers or buildings where winds
can help cool the containers.
• Keep the stored grain as far away from the fields as
possible. This helps keep flying insect pests from
flying to the stored grain from the fields.
· MAKE SURE THE STORAGE AREA IS CLEAN. SWEEP THE WALLS, . .
CEILINGS, AND FLOORS AND GET OUT ALL DIRT, OLD GRAIN,
AND DUST BEFORE YOU PUT NEW GRAIN IN.
• Make sure the containers for the grain are very clean.
• Clean the grain well.
• Dry the grain well.
• Put only whole, healthy grains into storage.
broken grains.

Do not store

Place grain into special containers which you can seal
tightly -- if possible.
• Do not place sacks of grain near the walls. Make sure
the sacks are not placed directly on the floor. Moisture
from the ground will dampen the grain if the sacks are
left on the floor.
• Check your grain often.
• Watch for flying beetles in the early morning or late
afternoon.
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• Watch for moths anytime of day.
• Shake a sack on the floor. Then let it rest out of
direct sunlight for a while. Then check to see if
there are any weevils on the outside of the sack.
· Dump part of the grain out or take some out from the
middle of the storage container.
• Put the grain through a sieve.
If a large number of insects is present, dump all the
grain out on a tray or plastic sheet under a hot sun.
Do not put the grain directly on the ground.
· Or put all the grain through a sieve and remove the
insects. Burn the insects so they can not return to
the grain.
· Mix grain with sand and ash when you put it into the
storage containers. Sand and ash damage the insects'
bodies, and they die.
· Store unthreshed grain on raised wooden platforms and
build small smoky fires underneath. The heat and smoke
from the fire help drive the insects away.
• Plan for storing the next crop. If you continue 'to
have trouble with insects, see if there is a storage
method which might be better. Also, find someone who
knows how to use insecticide and get advice on your
problem.
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CT CONTROL WITH INSECTICIDES
4cides are poisons used for killing
But insecticides also can kill or
h~mans and animals if they are not used
'ly. Use only recorrmended insecti
on clean, dry grain. Insecticides
e1ways be used with care.

ts.

",rmers know something about
ticides. But often they are not
Of exactly what insecticides
be used for or of the
ences among insecticides.
rs may use insecticides without knowing how to apply the insecti
they are using or on what materials that insecticide can be used.
insecticides are safer than othersi some insecticides can poison
n 8S well as insects. The danger in insecticide use is that farmers
ot have enough information about insecticides to use them correctly
their type of grain and their storage situation. For example,
farmers around the world call all insecticides, DDT. They are likely
go to market, pick up some DDT powder. and sprinkle it around.
S section of the manual presents information on insecticid~s in a
which should help you provide farmers in your area with the infor
on they need to use insecticides appropriately and safely.
use of insecticides cannot be separated from the kind of storage
fner and the purpose for which the grain will be used. Some
ticides can be used on grain for seed, but cannot be used on grain
food. Some insecticides can be used for treating both kinds of grain.
following is a basic discussion of types and kinds of fnsecticfdes
d fn grain storage work. These insecticides also are discussed in
e section on storage methods.

y different poisons kill insects. But there is a much smaller
ber of poisons (insecticides) which are useful in grain storage work.
e insecticides are made from parts of plants. Pyrethrum is an examp'le
this type. Some, such as Cyanide, are inorganic chemica1si others are
-made organic chemicals such as Malathion and BHC.
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The insectici~
to farmers to use for grain storage purposes
are of two maJ~s availablecontact chemicals and fumigant gases. These
insecticides ~u.'r types -ht in a number of fonns (fonnulations); they are
applied diffet>~n be bou9 ding upon the type of graoln and the type of
storage.
ntly depe n
are the contact poi sons: the insect must
Contact Chern; ~
actually get ~. Thes~icides on its body. The contact chemicals are
available in h. ese ins ec gfonnulations:
lIe folloW i n
Dusts
These contain
ntration of insecticide mixed with powder.
This makes th~ low cOnc\andle than some of the other fonnulations
available. Dl. safer to
'4Sts also:
• are r ~~dy to use.
• must \:)
or they will not mix evenly, and the
i nsec 'L e kept ~rlYl not work as long.
\; 1cide W1
• used
flat surfaces, and around the bottoms
of st.~" floo rS , iners, particul arly sacks, to control
crawl """'age con t a
t "g insects.
ith grain at the time of stora~e. Use
• may ~
only
mixed ~\s for example, Malatholon and Undane,
recorr",..:..hose dus thiS purpose.
~ended for
Wettable Pow~
rsible powders)
~ {Dispe
These contai",
ncentration of insecticide. Wettable powders:
a high cO
• must be mol xed with water before they can be used.

i

requ'l"e careful mixing.
• are ~
raY outside surfaces of sacked grain,
stor~sed to sPine rs or buildings.
~ge conU
'
ddirectly on graoln.
• are lIIl....~ever use
• can ~
. i dwith simple sprayers which can be
pure lL. e appl e ade.
.-.ased or m
Emulsion Con,
~entra~

These are 1i

ntrates whi ch:
quid conce
• mus~ be mixed with water before they can be used.
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• contain a high amount of insecticide mixed with
other ingredients.
· need special equipment to apply.
• are more difficult for farmers to use.
lsions of pyrethrum or Malathion are available. and the directions
mixing are usually given on the labels of the containers. But
armers should know of the need for special equipment to apply these.
o that they do not spend their money on a formulation of insecticide
tch they will not be able to use.

or

her Forms These are liquid concentrates and powders which must be
e w t special equipment. These formulations are used with fogging
chines and smoke generators; they are not appropriate for use by most
rmers.
EMBER: It is important for the farmer to know which formulations
e available in his area. which of these formulations he can use.
ich he should not use. and how they should be applied.
The second major category of insecticides is the
fumigants. Fumigants are gases. Fumigants have
several advantages as an insect control method:

ANGER/
M'G~'()N

UMDERWAVI

•

• Gas can enter all the cracks in storage
buildings to kill insects hiding there.
• Gas can get between the tightly packed
grains in storage and. in most cases •
can kill larval stages within the kernels.
• Gas does not leave marks on the grain as
some insecticides do.

should also know that there are problems involved in using
• The choice of fumigant is very important. Fumigants are
extremely dangerous to man. but some are easier and safer
to use than others. A fumigant must be chosen which will
not leave poison in the grain and which is relatively safe
for the farmer to use.
MOST FUMIGANTS ARE SAFE ONLY WHEN USED BY A SKILLED OPERATOR
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SOME CLOSING NOTES
In more and
buy some of
examples of
in the home

more places around the world, farmers are able to find and
the newer formulations for insect control. Here are two
insecticides which may be useful to control flying insects
or farm shed, though they are of no value in stored grain.
Vapona Pest Strip -- This strip is hung
from the ceiling. It contains the insecti
cide Dichlorvos,which is released slowly
into the air over a period of some weeks.
BAYGON -- This is a trade name given to an
aerosol spray formulation being seen in more
and more places. This spray is handy to use
and is effective for spraying storage build
ings.

These formulations are not dangerous when used correctly. But the~ can
be harmful when used without proper directions. BAYGON, for examp e,
must not be used by a farmer to spray the flies that land on his food.
It is a good idea for you to know which formulations are available in
your area and are likely to be picked up by farmers looking for insecti
cides. Often these formulations are brought in from other countries,
and the containers are written in another language: even a farmer who can
read his own language will not be able to read the instructions and
warnings on the can. If you keep in touch with the insecticides that are
available, you can prepare insecticide-use directions in your own
language (s), or in picture language which would give uses and non-uses
without words.

~oJtoxin

FUMIGANT

The following pages contain information on some of the more important
grain storage insecticides. Each insecticide is listed on a separate
page so that you can remove material on those most available in your area.
Perhaps you can use the information to put together a short leaflet on
insecticide use to hand out to farmers. This is a good way to introduce
and encourage appropriate and safe use of insecticides.
Also included here are:
Recormlended dosages and .insecticides for use with grain,
on storage buildings, etc.
A sample of methods for applying insecticide .
. A checklist on when to use insecticides and on how to
use them safely.
189
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A list of steps to take if a person is poisoned by
insecticide.

The appendices to this manual contain a selection of leaflets that h
been used, or are being used, by development workers in various parts
the world. Perhaps they will give you ideas on how best to combine
material from this manual with knowledge of your area and farmer need
Additional infonmation about insecticides and their applications wh1~
is of interest to you, but not necessarily to the farmer, is included
Appendix c.
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INSECTICIDE INFORMATION SHEET

MALATHION
Malaphos, Malathon, Malphos, Cythion, Emmatos,
Carbophos, Mercaptolhion
Contact Chemical
Emulsion Concentrate, Wettable Powder, Dust,
Granules, Aerosol, Baits
ONE OF THE SAFEST INSECTICIDES FOR MAN TO USE.
DO NOT USE OR PUT IN METAL CONTAINERS SUCH AS IRON.
Aphids, mites, flies, leaf hoppers, mealy bugs,
Japanese beetles, corn earworms, ants, spiders
and many others. Some special grain storage notes
about Malathion:
· works well against Saw-Toothed Grain Beetle,
Rice and Granary Weevils.
· does not work against the Red Flour Beetle in
some areas.
· does not control adult moths and mites as well
as BHC.
MIX WITH GRAIN. Apply as a dust to grain when it goes
into storage. Use 125 grams of Premium Grade Malathion
1.0% Dust per 100kg. It should be used only with very
dry grain. Malathion does not work well in wet or
moldy grain.
SPRAY OR BRUSH ON BUILDINGS.
cement or whitewashed walls.

It is unstable on

DUST interior surfaces in contact with grain.
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INSECTICIDE INFORMATION SHEET

PYRETHRUM
OTHER NAMES:

Pyrethrum is used with piperonyl butoxide

TYPE:

Contact Chemical

FORMULATIONS: Sprays and Dusts
WARNING:

IT IS NOT DANGEROUS TO MAN, AND IT CAN BE USED NEAR
FOOD. BUT IT CAN CAUSE ALLERGIES IN SOME PEOPLE.

CONTROLS:

All grain storage insects. They are not resistant to
it.

USE TO:

SPRAY STORAGE AREAS.
and controls moths.

It is a good insect repellant,

MIX DUST DIRECTLY WITH GRAIN GOING INTO STORAGE.

NOTE:

It c sts a lot. Pyrethrum is a natural insecticide. It is
made from the heads of a certain kind of flower. It repells
insects, but its power does not last long and breaks down in
oxygen, water, or light. This is why piperonyl butoxide or
another stabili.zer is added to the pyrethrum.
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INSECTICIDE INFORMATION SHEET

LINDANE
OTHER NAMES:

Gammexane. Isotox. Gamma. Renesan. OKO. BHC (extremely
similar but not the same)

TYPE:

Contact Chemical

FORMULATIONS:

Dust. Wettable Powder

WARNING:

NOT IMMEDIATELY DANGEROUS TO MAN. BUT. IF YOU TOUCH IT
OFTEN. YOUR BODY KEEPS THE POISON INSIDE. IF YOUR BODY
HOLDS TOO MUCH POISON. SICKNESS CAN RESULT. ALWAYS
READ THE INSTRUCTIONS ON THE CONTAINER. AND USE LINDANE
CORRECTLY.
REMEMBER:
· DO NOT APPLY TO CROPS FOR FOOD WITHIN 30 DAYS
AFTER HARVEST.
· IT IS POISON TO FISH AND HONEY BEES.
· DO NOT USE ON CHICKENS OR CHICKEN HOUSES.

CONTROLS:

Aphids, lygus bugs. grasshoppers. roaches. mange
mites, tennites. It is very good against weevils which
have developed resistance to BHe and agalnSt ~ne aault
stage of the Angoumois Grain Moth.

USE TO:

TREAT YOUR SEED FOR PLANTING. Use ll3g to 4549
to treat the seed required to plant 25 acres. Store
treated seed below 21°C and use within three months of
treatment. Dosage should not go above 2.5 ppm on cob
mai~e and above 5 ppm on unthreshed sorghum.
DUST on unshelled groundnuts; unthreshed sorghum, bags
orrnaize. wheat. rice. maize in cribs.
SPRAY STORAGE AREAS.
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INSECTICIDE INFORMATION SHEET

DICHLORVOS
OTHER NAMES:

DDVP, Vapona

TYPE:

Contact Chemical and Fumigant

FORMULATIONS: Spray, Pest Strip
WARNING:

CAN BE DANGEROUS TO PEOPLE AND ANIMALS IF NOT
HANDLED CORRECTLY.
HANDLE PEST STRIP WITH GLOVES.
DO NOT LET PEST STRIP TOUCH FOOD.

CONTROLS:

Moths, beetles. It is very poisonous to flying moths
in a tight building, but kills beetles more slowly.

USE TO:

SPRAY STORAGE PLACES to kill flying insects.
does not last long.

It

Provide control of flying insects by hanging the
VAPONA PEST STRIP. The strips give off poison' for
about 3 months (depending upon climate).
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INSECTICIDE INFORMATION SHEET

DDT
Ch1orophenothene. Accotox. Anofex. Neocid. Neocido1.
Pentach10rin. Si110rtox.
Contact Chemical. long-lasting.
Emulsion Concentrate. an aerosol. granules. dusts.
It is also sold mixed with other pesticides.
· DDT IS NOT IMMEDIATELY DANGEROUS TO MAN.
SINCE THIS POISON DOES STAY ON THINGS FOR
TIME. THERE IS SOME CONCERN ABOUT WHETHER
CAN HURT PEOPLE WHO USE IT VERY OFTEN AND
A LONG TIME.
USE IT CAREFULLY.

BUT
ALONG
DDT
FOR

· DO NOT USE NEAR FOOD.
· DO NOT USE TO DUST SACKS OF STORED GRAIN.
· DO NOT USE WHEN THE TEMPERATURE IS OVER gO°F.
• DO NOT USE ON DAIRY ANIMALS OR IN DAIRY BUILDINGS.
• DO NOT STORE IN IRON CONTAINERS.

CONTROLS:

USE TO:

· DO NOT USE TO DUST INSIDE OF GRAIN STORAGE CON
TAINERS.
Codling moths. flea beetles. leaf hoppers. corn earwonms.
corn borers. thrips. flies. mosquitoes, leaf miners,
Japanese beetles. spittle bugs,and others. It works
well against beetles. in some areas. but in other places
beetles have developed resistance.
PROTECT YOUR STORAGE BUILDING against insect attack.
Apply the oOT either by spraying or painting it on
with a brush. Repeat the treatment every six to
eight weeks.

NOTE: DDT no longer works against some insects.
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SHe
OTHER NAMES:

Benzene Hexachloride. hch. hoch

TYPE:

Contact Chemical. lasts a long time.

FORMULATIONS: Emulsion Concentrate. Wettable Powder. Dust and Smoke.
Sometimes it is sold mixed with other pesticides.
WARNING:

SAFE TO USE 'IN THE CORRECT DOSAGES. READ DIRECTIONS
CAREFULLY. NEVER USE MORE THAN THE DIRECTIONS SAY
TO USE.
· DO NOT USE ON OR NEAR CATTLE OR PLACES WHERE
CATILE LIVE.
· DO NOT FEED TREATED FORAGE OR CROPS TO
LIVESTOCK.
· DO NOT USE ON ROOT CROPS. IN MANY FRUITS AND
VEGETABLES. BHC CAUSES A FUNNY TASTE TO DEVELOP.
ROOT CROPS ABSORB AND HOLD THE FLAVOR. TOO MUCH
BHC CAN HURT GERMINATION. AND SEED GROWTH.
• DO NOT STORE NEAR ANY PRODUCE THAT WILL ABSORB
THE SMELL OF THE IN~ECTICIDE.
· IT IS POISON TO FISH AND HONEY BEES.

CONTROLS:

USE TO:

Grasshoppers. ticks. chiggers. aphids. lygusbugs.
spittle bugs. thrips. f1eabeet1es. leafhoppers.
armyworms. wire worms. flies. mosquitos. ants.
termite~ and others.
SPRAY OR DUST THE INSIDE AND OUTSIDE OF GRAIN STORAGE

BUILDINGS. Keep animals away while you are working
with BHC.

MIX WITH SEED that is going to be used for planting.
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INSECTICIDE INFORMATION SHEET

DIELDRIN
OTHER NAMES:

HEOD
Contact Insecticide.

FORMULATIONS:

Emulsion Concentrate (EC), Wettable Powder (WP),
Dust, and Granules.

WARNING:

DO NOT TOUCH. IT CAN BE ABSORBED THROUGH THE SKIN.
IT IS EXTREMELY DANGEROUS TO MAN IF NOT USED CORRECTLY.
· DO NOT APPLY DIRECTLY TO ANIMALS OR LET ANIMALS
EAT TREATED CROPS.
· DO NOT DUMP EXTRA SOLUTION INTO LAKES, STREAMS,
OR PONDS. IT WILL KILL FISH. PEOPLE WHO EAT
THESE FISH WILL GET VERY SICK.
· IT IS POISON TO BEES.
• DO NOT USE TO TREAT GRAIN OR ANY PRODUCT TO
BE USED FOR FOOD, ANIMAL FEED, OR OIL PURPOSES.

USE TO:

Protect storage buildings against insect attack.
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PHOSTOXIN
OTHER NAMES:

Celphos, Detia, Delicia, Phosphine

TYPE:

Fumigant

FORMULATIONS: Pellets, tablets,or packets
WARNING:

VERY DANGEROUS.
• THESE TABLETS GIVE OFF A GAS WHICH CAN
KILL A MAN IN A FEW MINUTES.
• THIS INSECTICIDE MUST ONLY BE USED IN
AIRTIGHT SITUATION OR CONTAINERS.
• TALK TO SOMEONE WHO KNOWS HOW TO USE
PHOSTOXIN IF YOU HAVE NOT USED THIS
FUMIGANT BEFORE.

CONTROLS:

Weevils, grain beetles, grain borers, flour
beetles, cadelle, flour moths, grain moths
and others.
Fumigate grain in airtight conditions.
Fumigation must continue for at least 72
hours. This poison kills the insects pre
sent in the grain, but does not protect the
grain from attack again.
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RECOMMENDED INSECTICIDES AND DOSAGES
CTLY WITH FOOD-GRAINS:
n -- 120 grams of 1.0% Dust for each 200kgs of grain.
-- 120 grams of 0.1% Dust for each 200kgs of grain.
-- 120 grams of 0.2% pyrethrins plus 1.0% piperonyl
butoxide. Dust for each 200kg of grain.
T~Y

WITH SEED-GRAINS:

:tertain the grain will be used for seed,he can use:
o.n, Lindan~ or Pyrethrum -- 2 to 5 times more
n can be used for food grain.
'00 grams of 3 or 5% DDT Dust for each 100kg

n.

may be other insecticides available in your area
.can be used for grain-storage work. Make sure
ow what these insecticides are and how to use
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RECOMMENDED INSECTICIDES AND DOSAGES (Continued)

FOR SPRAYING STORAGE BUILDINGS:
Note before spraying:
• Always clean the building before spraying.
. Dispersible Powders (DP) are better than Emulsion
Concentrates (EC) for spraying on cement, brick,
ston~or whitewashed surfaces.
Malathion -- Mix 400 grams of 25% DP or 200 milliliters
of 50% EC in 5 liters of water.
Lindane ---- Mix 200 grams of 50% DP or 500 milliliters
of 20% EC in 5 liters of water.
DDT -------- Is sometimes used to spray buildings.
must never be used directly on food.

It

Lindane/DDT- Mix 100 grams of Lindane 50% DP and 200 grams
of DDT 50% DP in 5 liters of water.
OR
Mix 250cc of Lindane 20% EC and 400cc
of DDT 25% EC in 5 liters of water.
All of these dosages will spray 100 sq.m. If a larger area must b
ed, mix more insecticide. Reapply the spray as needed.

IMPORTANT: There may be other insecticides available in your area
which can be used for grain-storage work. Make sure
you know what these insecticides are and how to use
them.
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APPLYING INSECTICIDES
This type of
applicator
can be made
fl'Olll any kind
of container
with a lid
which comes off
and on. If using
it for liquids.
punch tiny holes
in the lid. If
using to apply
insecticide dusts,
IlIke the holes
somewhat larger.

TWO TYPES {)F
HAND-HELD
SPRAYERS

MIXING GRAIN AND INSECTICIDE
WITH ASHOVEL
A compressed air sprayer
with plunger handpump

Door lOI' IIU.. .nIl
....pIyIng 1M liNin

A DRUM FOR MIXING
GRAIN AND INSECTICIDE
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Insects -66
NOTE TO DEVELOPMENT WORKERS ON APPLYING INSECTICIDES
Many farmers in your area will have trouble following directions fO
measuring correct dosages of insecticides. This is true because the'
directions often require exact weight measures.
Therefore, it is a good idea for you to figure out a simple measurt
which farmers can use for their storage containers. For example:
• 1-1/2 matchboxes of insecticide for each standard
size area basket granary
• 1 empty sardine can of insecticide for each metal
bin.
These are only examples, of course. You should figure out the dost
depending upon the kind of insecticide, the types of measures (mate
boxes, tin cans, etc.) farmers are likely to have, and on the kinds
storage container most used in your area.
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CONTROLLING INSECTS BY USING INSECTICIDE
A CHECKLIST
Pick out the points that will be most useful to
our area. Translate and illustrate them as necessary. Add
d dosages of those insecticides most likely to be used by
n the area.
~es are poisons used for killing insects. There are many types
1cides. Some insecticides can be added directly to grain;
y be sprayed around grain storage areas or on the outside of the
s, but should never be placed directly on the grain. Some
ides are liquids; some insecticides are powders. Some insec
are gases which you use by adding them to the grain, sealing the
up tight.and letting the fumes of the poison gas kill the
h the grain.

an insecticide until you are sure you know how it should be
the rules for applying it.

I"

des are not magic. They should be used with clean, dry grain
storage conditions if they are to work well.
insecticides effectively for storage,you should:
\ Find out which insecticide to use for each' purpose.
Know how to use and handle insecticides properly.
Have good storage buildings and containers.
Spray the walls of the storage building to kill insects
hiding in cracks in the ceiling and floor.
Oust the storage containers in and out with the appropriate
insecticide.
Mix insecticide into the grain before putting the grain
into storage. To do this, you can put the grain in a

~~~~:c~np~i~~~c~r~~o~eii~dc:~o:i~~n~~le~d~u~~~e~i~~tthe

top. Turn the grain over and over with a shovel to mix
the poison with the grain. IMPORTANT: BE CAREFUL TO
USE THE CORRECT INSECTICIDE. IF YOU ARE NOT CERTAIN IT
IS CORRECT, ASK YOUR EXTENSION AGENT.
Check the grain after it has been in storage for some time.
You may have to adG more insecticide. Poisons only remain
dangerous to insects for a period of time.
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To use insecticides safely you must:
• Read the directions on insecticide containers carefully.
It will give you correct ways to use the insecticide and
tell you what to do in case of an accident.
• Make sure the mixture is correct for its purpose. Using
a wrong insecticide can poison the grain.
• Do not use more than the recommended dose.
• Wear rubber gloves when using insecticide.
• Wash your hands with a lot of running water after you
use insecticide. Do this right away if your hands
touch the poison.
• Take off any clothing that has touched the poison.
• Do not eat, drink, or smoke while you are using poison.

• Label poison containers so that you know what is inside.
• Keep containers away from children and animals.
• Bury or burn all empty insecticide containers.
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HELPING SOMEONE WHO HAS BEEN POISONED BY
INSECTICIDE
HEADACHE
NAUSEA
DIZZINESS

WEAKNESS
SWEATING
VOMITING

'These are signs of poisoning.
IF: The person feels sick while using an insecticide or soon
afterward
. THEN: Get the poisoned person to the doctor as soon as possible.
Find the insecticide container or label so the doctor will
Which insecticide poisoned the person.

~now

IF: The person swallowed a poison
and if
he is awake
and
he can't see a doctor right away
THEN: Mix a tablespoonful of salt in a glass of warm water
and make the victim vomit. Or stick your finger down
the person's throat. Make him vomitl
Make the victim lie down. Keep him warm, and do not
let him move until you can get him to the doctor.
• IF: The person spilled a insecticide concentrate or 011 solution
on his skin or clothing, get the clothing off and wash the
skin with soap and plenty of water.
THEN: Get him to the doctor as soon as possible.
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IF: The person is overcome by breathing the gases of a fumigant.
THEN: ACT QUICKLYl
· Get the victim outdoors or to a room free of gas.
· Lay victim on the ground.
• Give artificial respiration if needed.

Call a doctor as soon as you can. People using fumigants should have
kits which contain treatment for poisoning by the fumigant which is
being used.
IMPORTANT: ALWAYS TRY TO GET THE VICTIM TO A DOCTOR QUICKLY.
ALWAYS HAVE THE INSECTICIDE CONTAINER READY TO SHOW
THE DOCTOR. TREATMENT OFTEN DEPENDS UPON THE TYPE
OF INSECTICIDE THAT POISONED THE PERSON.
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. C/VITA GRAIN
RAGE MANUAL
6/PART 2

ENEMIES OF STORED GRAIN
PART 2: RODENTS

in many countries are healthy enough to provide a meat source for
In many cases, this is because they feed so well on the farmers'
ts damage crops in the fields and in storage. They can eat a lot of
. They make the stored grain dirty while they are eating it. They
e buildings, storage containers, and many other things on the farm.
ts also c~rry diseases which people can catch from eating and handling
s the rodents have contaminated (made dirty).
are many kinds of rodents, but rats and mice do the most damage to
grain.

D GRAIN RODENTS

pe of rat and mouse
Jffer depending upon
ntry or the area.
n many parts of
rld, there are
important rodents
can be found moving
nouse to fields to
e looking for food,
and good living
ions. These three

led Sewer Rat, Norway Rat, Common Rat, or Brown Rat. This is the
,of the three. The adult rat weighs about 330 grams and is very
It actively looks for grain in the field and in storage. It also
into and near farm buildings. Called a brown rat, it may also be
It has a blunt nose.

215

Rodent6 -72

Mus Musculus
This is the well-known house mouse. It weighs only 16 grams. It has a
long tail and pointed nose. Mice are usually brown-grey in color. Most
farmers are so used to seeing mice around that they may not be aware of
the damage mice can cause until the mice have multiplied into great nu .
Mice eat a lot of grain. Also, because they usually eat only part of
whole grain, mice ruin even more grain than they eat.

Rats and mice have big families. Most of the young rodents die before
they are grown. But the adults reproduce so quickly that it does not tak .
long for rats and mice to become a big problem for a farmer.

216

Roderr.t6 -73
AND CHARACTERISTICS OF STORED GRAIN RODENTS

tely, if the farmer understands
es and mice live, and if he knows
ents will and will not do, there
things he can do to fight rodents.
some important things to know
boents:

r.

.e
.

• Rats and mice usually do the same things every day at the
same time. They are most active from sunset until about
'midnight. They also move around at certain other hours
l~~i;(juring the day and night.
If grain is stored in a dark,
. cool pl ace, they wi 11 go in at any time of day.
\'lflodents always go the same way. When a rodent is goi ng
from his nest to eat grain from storage, he always goes
~by the same path.
He chooses his paths so that he will
be running beside walls or stacks. He remains behind
things (out of sight) as much as possible. If the food
is out in an open space, the rodent runs out, grabs it,
and runs back to his path.
f'Rodents stay away from new things. If a farmer places
food on a rodent path, some rodents wi 11 not eat it because
it was not there before. After it has been there for some
time, and the rodent is used to seeing it, he will eat it .
• Rodents can climb. Rats and mice can climb any straight
up-and-down surface on which they can find places for their
:ttoena i1s • Vines, dra i np i pes, and wi res are good ru nways for
rats and mice. Rats can reach about 320m up a wall and can
do a standing jump of almost 60om. They can do a running
~ump as high as 90cm.
Even a mouse can do a running jump
of 60cm.
~odents can swim. They are not afraid of water. They look
for drains under water. Piping systems underground are often
travelled by rats.

>$ome rats can dig. Rats and mice live close to food and water,
'he roof rat likes to nest in ceilings, but the Norway rat digs
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under the ground. Rats dig down along a wall. If something
blocks the digging, they stop. They do not go around the
thing which is in the way.
· Rodents must use their teeth. The front teeth grow until the
rodent dies. The teeth will grow 10-12cm a year. Rats must
gnaw things all the time to keep wearing their teeth down.
· Rodents like some foods more than others. Some of the foods
they like are meat. grain. eggs. and potatoes.
Rodents use their body hairs and whiskers to touch with. They
do not see as well as humans do. and they cannot see colors.
They hear very well. They can smell other rats; they can
recoqn1ze certain rats by smelling the pathways and burrows.
· Rats and mice always can be found near man. There have been
large programs to kill rats and get them out of certain areas.
But the rats always return. It is not 1ike1y that a fanner
will be able to free his farm of rats completely. But he can
and should control the numbers of rats and mice that live on
his fann and eat his grain.

FINDING RODENTS ON THE FARM
A fanner must know where rats are before he can fight them. And thet
things a fanner can look for which will tell him where rodents are U
and show him their pathways and homes.
Holes, Nests, and Burrows
Rodent holes are usually found outside houses and buildings. These
also appear inside in soft foundations or earth floors. To see if
1s being used all the time, the fanner can block it lightly with a
of earth. If the earth has been moved, the farmer will know the hp
being used. Holes in use are free of dust and spider webs. They:l
used.
Mouse holes (2.5cm in diameter) are smaller than rat holes (7.5cm)
also are found inside and outside.
Rodent nests also can be found outside and inside. Outside, neX
made of grass or leaves and are located near garbage and rubbish
Inside. nests are made of paper, dry hay, straw. shredded cloth, .
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ts like to live in the ground. Their burrows (underground nests)
along the outside walls of buildings and in dirt basements.
burrows are away from buildings in brush, bushes, and piles
ten these burrows are joined under the ground.

the same paths. So, after a number of days of using the same
• rats make trafls in the grass. Search for these paths in
the running rat would feel most protected. On dirt, the runway
$ a clean-swept oath 5.7.Scm wide.
rUrMay which is used often is marked by a greasy smear from the
dirt that rats and mice have on their bodies. Check for these
gnawed holes, along pipes, on edges of stairs, along walls
es a rodent might run.
because they are smaller.
TOil Marks
d when rodents have been running over dusty or wet places.
f11 find tracks on the surface of grain sacks. Rat tracks
back foot of the Norway rat can leave a print 37mm long.
ts are much smaller and harder to find.

.....

;- ~
HOUSE
MOUSE:

rodent drops a different shape of feces from his body. The
iheck for droppings near runways, holes, corners, food, and
feels rodents would go.
n are shiny and wet-looking. The color is usually black,
1ng upon what the animal eats. The number of the droppings
of how many rodents are eating the grain. It is wise
think in terms of more rodents than droppings. Some
ten by insects, and some rodents will run by without
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Damage and Gnaw Marks
Rats and mice must use their teeth all the time.
The farmer should check for gnaw marks on his
buildings and produce. Also, if he stores in
sacks, he must check the center of his sacked
storage.
Smell
Rats and mice leave a smell in the room and in the grain.
obvious sign that rodents are present.

CONTROLLING RODENTS WrrHOUT USING POISON

Rats and mice need food, water. and places to hide. Rodents usually c
to live where these things are available close together. They do nQ~
like to travel far from home to find food and water. They like to n
beneath wooden floors near chicken houses, barns, granaries, corn-cr1
Th~ live in piles of wood, lumber. and trash, and in straw hay. Rode
need room to grow undisturbed.
Farmers who use their knowledge of rodents' habits and characteristics
fight rodents by not giving them food, water, and places tp live. Keep
cats and dogs to chase and kill rodents will help, but not enough.

The three most important thi ngs farmers can do to control rats and mice'
without using poison are to keep the stored grain area clean; to rodent
proof houses, storage bins, and sheds so that rodents cannot get into t
and to set out traps.
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and Stora e Area as Clean as Possible
pile food or trash around the outside
ide of farm bull di ngs .
burn all garbage and old food away
house or storage place.

1 food items in covered containers.
a1n sacks off the floor.
all dirt, dust, straw, old
t rodents might nest and

ans the farmer must store his grain so that the rats and
nnot get in or have to work very hard to do so.
~t

granaries of
not attacked
built off the
e ground helps

~e

mud. Farmers in some areas have found
by rodents too much, especially When
ground. In other words, storing grain
keep rodents away.

tribs far grain storage, such as the
$cr1bed in this manual, at least 75cm
e ground -- because rats can jump.
1ers on the legs of the cribs so
~ rodents can not climb the legs.
rriers are called rat baffles or
s. Baffles can be made from tin
he ins tructions for maki ng these
are on a separate page at the end
section.
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· Never place a bicycle or other piece of equipment against
storage places. Rodents use such items as ladders to climb
into the stored grain.
· Build storage buildings or containers on a
concrete base at least 50cm high. The
floor should be concrete. If the bin is
made of tin sheet, the sheet should be
fixed in concrete. Farmers should place
sheet metal bands around mud or cement
silos to prevent rodents from climbing.
Some mudblock constructions use fired
bricks at the bottom levels because
rodents cannot gnaw through them.

· Make sure doors and grain chutes fit tightly. A wooden door
should have a thick metal sheet along the bottom to stop
rodents from eating through. Grain chutes sometimes are
packed with mud.
· Cover all windows and large openings with heavy wire netting.
Wire netting with an 8mm mesh is a good size. Holes in a
roof made of corrugated tin should be filled with cement
mortar.
Cover the ends of any pipes which enter the bUilding where
grain is stored with wire netting.
Setting Traps for Rats and Mice
Traps can be very effective if correctly placed and used. They need to
be regularly maintained. They may be used where poison is hard to get.
Also, traps are much safer to use very near stored grains in houses and
storage buildings. Rodents run out, get food, and carry it back to
where they are going to eat it. They'walk over the poison and pick it
up on their feet and bodies. Then they walk over grain or food and so
put poison on it. So, for a small farmer whose grain is not well-covered,
traps may be a better way to fight rodents.
Farmers in many parts of the world already use traps of different k1nds.
One method is to hang a maize cob over a five-gallon tin of water. The
maize cob swings freely. When the rat reaches for it, he loses his balance,
falls into the water and drowns.
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1
r

works if the number of rodents is not too great. A small-scale
easily put several water traps around his storage area.

an

traps consist of a base, a spring,and
re is bent back and held by a spring.
steps on the trigger. The wire snaps
be made, but it usually requires too

trigger and heavy wire. The
The spring is released when
down on the rodent. These
much time to make enough

ther hand, traps can be expensive if a farmer needs many of them •

.r of

traps he needs depends upon whether he is seeking to control
his grain fields, in his storage area, in his home, rir ina11
ces. He can protect his grain best by controlling rodents at all
nts. So a farmer has to figure the number and kind of traps he
There are a number of kinds available:

in

s come in a number of sizes. The trap for a rat should be about
• The traps for mice need to be only 5 x lOam. Some farmers
ces of food (bait) in these traps to attract mice and rats.
~d in the traps is not necessary if the farmer places the trap
runway.

. These traps have a base with a trigger and two steel jaws.

t steps on the platform and releases the trigger, the jaws snap

•... A steel trap with 9cm jaws is good for rats. The problem with
ps is that rats usually do not die, but are caught. This means
r must kill the rat himself.
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Tunnel, Box, and caTe Traps. These do not use bait. They are placed in
runways and other p aces where the rats and mice go. Only rats and mice
can enter these traps. And they cannot get out.
After the farmer has an idea of how many of which traps he needs, he must
figure the cost of traps. Points he should consider:
· Buying the traps requires money.
to buy all the traps?

How much would it cost

Traps can be used over again.
Traps can be repaired and do not have to be replaced
often.
It takes time to bait, set, empty, and re-set traps.
And this must be done often, especially if the trap has
fQod in it. Rodents do not like old or moldy food.
Doing all this takes a lot of time.
· How much would it cost to put poison out instead of traps?
Are the right poisons available? Putting out poison re
quires making special boxes to hold the poison, buying
the poison, setting it out, etc. Would it be cheaper to
use poison? Would it be easier?
· If there are a lot of rodents to control, would it be
cheaper for the farmer to use a combination of traps and
poison? Traps could be placed in areas, such as the house,
where poisons are not a good idea. Poison could be used
in the fields and other areas where rodents are appear
ing in great numbers. After many rats are poisoned, traps
can be set to provide continuing control.
If traps are to be part of the farmer's rodent control program, there are
certain things he must know about traps:
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Size and Con.ciU.i..on 06 the TlLap

Mice can take the food from a rat trap without getting
caught. It is important to place mouse-size traps where
there are signs of mice and rat-size traps where rats are
running .
. Snap traps can be used without bait if the platform or
base is made larger so that the rat releases the trigger
by simply stepping on the platform.

Make the trap bigger by fastening a 4cm-square piece of
thin metal, screen, or cardboard to the trigger of
the bait holder.
· Traps should be kept clean, so they will work well.
· If a lot of bait is being taken, and rats and mice are
not being caught, the trap probably needs fixing.
Check for bent or rusted triggers, weak springs, or
loose wires.
Beu:.ting the T1Lap6

Snap traps often are used with bait to encourage the rat to come to
the trap.
· Bait may be any food rats like to eat.
· Use a piece of food about the size of the end of a man1s
fi nger.
· Make sure the bait is fastened down very well. If the
bait is not held down well, the rat will steal the bait
and run away.
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· Food baits should be changed every three days. Rats do
not like old food. Change from one kind of bait to
another.

Here is where the knowledge of rodent habits becomes very useful.
Farmers will usually catch most rodents the first night. There
fore, put out enough traps. Not every trap will catch a rat;
the farmer s hou1 d expect thi s. The farmer should:
· Place baited traps very near the rodent runways he has
found.
· Place traps near the walls at right angles to the wall.
The trigger end should be nearest the wall so that the
trap will attract a rodent running from either direction.
· Cover the
hides all
only when
will step

traps with straw, dust, or other material which
of the trap except for the bait. This is done
there is no danger that people and animals
on the trap.

· Set the base of the trap right into the floor if the floor
is dirt.
· Place baited traps near holes, nests, and burrows. If the
area is one where people or animals are likely to go, the
farmer should put a cover over the trap so that it will
be available to nothing but rats and mice.
· Place unbaited traps or expanded-trigger traps right in
the rodent runways. Boards or boxes can be placed beside
and behind the traps to guide rodents into them. Traps
are also placed in burrows, hole openings, and corners.
For roof rats and mice, also pl ace traps on shelves,
beams, pipe~ and other high places
Many farmers will decide that the best control program for them
will use all of the methods discussed above, plus poison, to kill
the rodents.
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LLING RATS WITH POISON
01sons to control rodents is cheap.
places. and effective.
ENTICIDES (POISONS WHICH KILL RATS

£) CAN POISON HUMANS AND OTHER

AS WELL. IT IS VERV IMPORTANT.
E.· THAT FARMERS KNOW WHICH
TO USE AND HOW TO USE THEM.

te two kinds of poison used for
rodents: acute poisons and
gulant poisons.

also called single-dose poisons. Rodents need to eat only a
hfuls of this poison. Death occurs quickly -- usually within a
common of the acute poisons are zinc phosphide. arsenious oxide.
urn fluoroacetate (also called 1080). Some tropical countri.es are
ng thallium sulphate. yellow phosphorous. aluminum phosphide.
cyanide. strychnine. Norbomide. Eastrix. and Antu. Some of
e only good for mice. some for rats. This manual discusses only
the most common poisons effective agai nst grain storage rodents.
f the other poisons mentioned is being made available to farmers
area. you might prepare information sheets on the proper use of
1son -- such as the ones attached to the end of this section.
ulant Poisons
o1sons must be eaten by rodents for a number of days before death
They are used at a low dosage. In other words. there is only a
bed in with the food each day. These pohons cause rodents to
nside their bodies and die.
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The best known anticoagulant poison is Warfarin. Others are CoumatetralYl
(Racumin). Chlorophacinone. Pival. Fumarin. PMP. Oiphacinone. Rodafarin
(India) .
Choosing a Poison
The kind of rodent is important when choosing a poison. What kills one
kind of rat may not kill another kind. The farmer should be able to
recognize which types of rodent are attacking his stored grain. There
are some poisons which can kill a number of types. Each of the major one$
mentioned in this manual will control Norway rats. roof rats. and mice.
The farmer has to decide whether to use an acute poison or an anti
coagulant. Acute poisons kill more rodents and kill them quickly. But
many of the rodents will not feed. And these rodents will not eat the
poison bait that killed the other rodents if the bait is left in the
same places. Acute poisons are also more dangerous for farmers to use.

Anticoagulants are added to food and the rat must eat the: food for about
5 days at a time. These poisons have no taste and no smell. The rodents
do not know they are being poisoned. and this is an advantage. They
continue to eat the poisoned food. It takes a lot of poison. a lot of
bait. and a lot of time to use anticoagulants well. This may be a dis
advantage for some farmers. But anticoagulants are much safer for farmers
to use. And safety is an important factor to weigh when using poison.
Prepa ri ng Bai t
Poison is mixed with foods rodents like (bait).
The bait and poison mixture must look good to
rodents so that they will eat the poisoned
bait instead of the stored grain.
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A cereal bait often is used. Cereals for bait must be kept free of
insects. The cereal should be in fine- or medium-size pieces. Warfarin
is usually used at 0.005% to 0.05% (the amount of Warfarin contained in
the bait mixture). Above 0.05% the rats can taste the poison and will
not eat the bait.

Anticoagulant poisons are often sold in master mix form. This master
mix includes an ingredient which helps the poison mix in better with
the ba it.
Here are directions for mixing baits:
of Warfarin or Coumatetra1y1 ready
· Mix 9.5kg of dry ground meal (19 parts by weight) of oats,
wheat, or any cereal grain with 0.5kg of master mix (1 part
by weight).
These baits are used instead of dry baits in
1i ke th e ba i t
• Mix (by weight):

17 parts cereal
1 part sugar
1 part Warfarin Master Mix

• Stir we1\ so all dry ingredients are mixed.
· Add one part (by weight) oil -- liquid paraffin or
whi te oil.
• Stir until the bait is evenly mixed.
· This makes a total mixture of 19 parts of bait (cereal,
sugar, and oil) to 1 part of poison. If rodents still
prefer to eat the stored grain, change from oily bait
to damp bait.
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Damp Bait. Rodents like damp baits, but these baits dry out quickly.
Damp baits are usually used with acute poisons.· There are severalw
of making damp bait:
1. Wet c~eat. Soak cereal grains overnight (wheat, sorghum,
etc.) in water. Drain the water off just before use.
Add correct amount of poison. The directions for the
amount of poison are given on the containers. IF THERE
ARE NO DIRECTIONS FOR USE, DO NOT USE THE POISON.
2.

3.

Soak (by weight) 2 parts cereal
in 1 part water for '1 hour. Stir several times. Add
poi son and use.

Vamp, COaJlAe CeAm.

B~ead

water.
use.

Mahh. Soak old bread in water. Drain off extra
Pound wet bread to a paste. Mix in poison and

Liquid Bait. These are useful in dry situations. Rats living in s.
grain areas have to go looking for water. Other sources of water s
be removed as much as possible. Liquid baits then are placed as drf
water.
Liquid baits are simply poisons dissolved in w
They may be acute or anticoagulant types of po
Sodium fluoroacetate, Warfari,\and Pival all a
used in making liquid baits.
Liquid baits, however, lose thelr power in two
three days in warm weather.
Placing Baits
There must be plenty of bait stations.
Bait must be placed in runways, near
holes, burrows, and nests. Farmers
should remember when placing bait
that rodents stay close to home. Rats
usuilly travel in an area of ~bout
45m and mice stay within a 9m area.
Placing Acute Poisons.

Here is one method:

• Prepare 10cm x 10cm square papers, banana leaves,or l'ike
material .
. Place poisoned food in the middle at one end.
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• Roll up the paper and twist the ends.
, • One pound of bait makes 80 or 90 doses.
• Throw the paper packets into places where it is impossible
to place traps -- into holes and burrows. between walls.
etc.
NEVER PLACE THESE PACKETS WHERE CHILDREN AND PETS CAN GET
THEM.
er method of placing bait:
• Cover the floor with small pieces or teaspoonsful of bait
containing an acute poison.
• Collect and destroy the bait after 24 hours. Do not recom
ment this method to farmers who do not have separate grain
storage buildings: it is far too dangerous to leave poison
bait sitting around on the floors and grounds belonging
to a small farmer.
best ones
But they
s important to keep enough bait out for a long enough period of time.
bait out at least two weeks. Each pile of bait should be 200-250cm.
each should be laid in the places where signs of rodents have been found.
• Place the bait in empty shallow tins. on ends cut off from
tin cans. in pipes and pieces of bamboo. The bait can be
placed directly on the ground. but it may get wet and moldy.

f'* ~:~
JAR 1-, l>-S
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· Construct bait boxes and use them
and boards, pi pe~ or cans in
certain places to hide the bait
from other animals to keep
baits from getting wet.
· Put the bait in places where signs
of rodents have been found.
· Check the bait stations every day to make sure there is
enough bait.
· Smooth the bait so that next time he checks he will be able
to see signs of feeding.
· Change moldy or insect-infested baits for new ones.
Move the bait station to another place if the bait is
npt being eaten.

Other materials on rodent control follow:
. Information sheets on major rodent poisons. Use these as
guides to preparing materials for use with rodenticides
available in your area .
. Instruction sheet for making rat baffles.
Scripts for a series of illustrated leaflets on rat con
trol, including an example of how an artist can turn these
scripts into very effective information through use
of illustrations.
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WARFARIN

Anticoagulant rat poison.
Ready-to-use bait.
Powder concentrate. The total of Warfarin
in the concentrate is only 0.5% of the
whole. Mix 1 part of the powder concentrate
to 19 parts of bait. This gives a bait
which contains 0.025% Warfarin.
Powders to dissolve in water. This makes
a liquid for use as poisoned drinking
water or making making wet bait.
Dusts. These contain 1% Warfarin. This
can be sprinkled on surfaces where rats
run.
. Wax rat blocks. These are blocks of wheat
held together by wax. The poison is mixed
in the wheat. The block is placed where rats
wi 11 n"j bb1eat it.
are easy to use.
ALL POISONS ARE

But they should be used with great

DANGEROUS~~

Follow directions for use given on the poison
container.
Do not eat, drink, or smoke when using poison.
Wash your hands very well after using poison.
Put poison containers away out of the reach of
chil dren.
meone swallows Warfarin, make him vomit. To make someone
-- stick your fingers down his throat or make him drink
water with salt in it. Vomiting empties the stomach. Get
o1soned person to a doctor as soon as you can.
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COUMATETRALYL
Racumi n
Anticoagulant rat poison.
Ready-to-use bait (0.05%).
. Mix containing 0.75%. Dilute 1 part mix
to 19 parts of bait. Final concentrate 0.37%.
Dust (0.75%).
run.

Place on surfaces where rats

Use as you would use Warfarin.
ALL POISONS ARE DANGEROUS.
If you are not sure which poison to use,
ask someone who knows how to use poisons
correctly .
. Read all directions carefully.
Do not eat, drink, or smoke when handling
poison.

WASH YOUR HANDS

KEEP AWAY FROM CHILDREN
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CHLOROPHACINONE

OTHER NAMES:
Anticoagulant poison.
FORMULATI ON:

Ready-to-use bait (0.005%).
. Mix in oil (0.25%). Dilute 1 part to 49 parts
of bait. Concentrate should be (0.005%).
Dusts. These contain 2% Chlorophacinone.
These can be sprinkled into holes and runways
used by rats. Dusts should be sprinkled for
20 days.
ALL POISONS ARE DANGEROUS.
If you are not sure which poison to use,
as k someone who knows how to use poi sons
correctly.

· Read all directions carefully.
· Do not eat, drink, or smoke while using
poisons.
· Never use these formulations near food.
KEEP AWAY FROM CHILDREN

WASH YOUR HANDS AFTER
USING POISON
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SODIUM MONOFLUOROACETATE

·Compound 1080
Acute Rat Poison
Must be used as a liquid. When using the liquid,
you must obey all the safety rules for handling
poison.
VERY DANGEROUS TO MAN. THERE IS NO ANTIDOTE TO
THIS POISON.
. Men and animals can be killed or made sick by
eating rats that have eaten this poison. The
powder form causes immediate death in humans
who breathe it. NEVER EVEN OPEN A CONTAINER
OF THE POWDER.
Do not get the poison on you clothes or your
body. If you do, wash with a lot of running
water.
Keep it away from other people and animals.
. Burn or bury ~ll the tools and containers used
to mix and hold the poison.
. USE RUBBER GLOVES AND WASH YOUR HANDS CAREFULLY
AFTER MIXING THE POISON.

239

~

!

Roden-t6 -97

RAT BAFFLES

l?AI

1>AfFLE
Materials and Equipment
• 1 flat tin sheet (30 gauge,

0~9

x 2m)

1 pair tin shears or sharp chisel
1 hanmer
Chalk,

charcoa~

or large nail for drawing baffles on tin sheet

25, 4-6cm nails (You will need 5 nails for each baffle)
Baffles should be about 50cm in diameter at the narrow end. The size
will vary with the size of the leg which the baffle must fit.
· Mark out baffles on tin sheet with chalk or charcoal be
fore cutting them out.
·

~ut

out along the outside edges. Do not cut the middle yet.

· Start with the thinnest leg first. Cut out the hole in the
middle of the baffle little by little. The baffle must fit
tightly to keep even the smallest rodent from climbing
between the baffle and the leg. If the hole in the baffle
gets too big for this leg, use it on a fatter leg.
· Nail the baffle tightly to a wooden leg. Use cement mortar
to fasten the baffle to a concrete leg.
· Cut out and fit all the baffles in the same way.
· Make wooden legs round,if they are not round already. Cut
the middle hole of the baffle to fit a concrete leg which
:i s not round.

You can use whatever thin metal is available. Old tin cans can
be cut and flattened.
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Below is a pattern for a rat guard to be cut from a piece of tin or a
flattened tin can. This piece'is cut out and bent to form a cone with
a hole in the center. It is fastened around the leg of the crib or
storage building and attached to the leg with nails or wire.
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RAT CONTROL SERIES
SUGGESTED USES: This series of scripts is a short version of the mate~ial
in the rodent section. The scripts could be used as part of a campalgn
to alert farmers to the damage rodents do, and to the steps whtch can be
taken to control rodents.
The scripts have been prepared in some detail; you can choose the points
which best fit the situation in your area. The points can be translated
and pictured quite easily. The illustrated material which follows these
scripts shows how VITA artist, Kenneth Lloyd, has used pictures to explain
many facts about rodents.
SCRIPT # 1
RODENTS ARE EVERYWHERE
Rats 1ive in your houses.
Rats 1ive in your fi e1ds.
Rats eat holes in your buildings.
Rats eat food in your houses.
Rats eat grain in your storage places.
Rats make your food and grain dirty. They put droppings from their
bodies on the grain while they are eating it.
Rats bring sickness. They can bring diseases which make people die.
They can even kill sleeping babies.
Rats like to live in storage places.
Rats eat a lot of your grain everyday.
to sell and eat.

There is less grain for you

You must keep rats out of your fields. You must keep rats out of your
house. You must keep rats out of your stored grain.
Your extension worker can tell you how to keep rats away from your
Remember:

Rats bring sickness to you and your family.
Rats steal food and grain.
Rats make your grain dirty.
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SCRIPT

*2

KNOW ABOUT RATS

• You must know what rats can do before you can fight them.
· Rats move fast. They are fast and quiet.
· Rats have sharp teeth. They can make holes in wooden walls and trees.
· Rats can climb and jump.
· Rats can crawl on ropes and wires.
· Rats can swim.

Th~

are not afraid of water.

· Rats are smart. They can stay away from traps.
. Rats have large families. One pair of rats can make a family of more
than 1,000 rats in a year.
· Rats build nests in quiet,dark places. Th~ make nests using straw,
feathers, paper, and other pieces of trash.
· Rats hide around homes and storage places. Rats like to live near
food.
• Some rats live under the ground. Th~ like to live near grain growing
i n the field.
• Rats like to eat at night.

Rats move around at night.

· Ra ts use the same road every time they make a tri p•
• Rats find many places to hide on a farm.
find them.

You must look carefully to

Look for nests.
. Look for trails. Rats pack down the plants in places because they always
use the same road.
• Look for droppings. New droppings are shiny and black. Old droppings
are gray.
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• Look for chewed holes in wooden walls.
· Look for dirty. greasy marks at the bottom of walls and doors.
• Listen at night. Sometimes you can hear rats moving in the roof,
cooking place,or grain storage place.
• Now you know where the rats are.

Now you can get the rats away.

• Your extension worker can give you information on how to get rats
away from your farm.
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SCRIPT # 3
FIGHTING RATS WITHOUT POISON

ts must have food and water to live.
p your home and grain storage places CLEAN.

ke sure rats do not get food.
told food into a covered container if you want to use it later.
not leave food on tables or shelves.
old food to the pigs and chickens right away.

y garbage. Or burn garbage.
lean around the outside of buildi ngs. Do not leave piles of garbage,
·95, paper, leaves, and cans. Rats like to hide in these things.
p grass cut short.

tree branches that grow near your home and grain storage area.
ember rats can jump. Th~ can jump from the tree to the building.
e sure rats cannot get under the door of your home or storage area.
strips of metal along the bottom of doors. Rats cannot bite through
tal.
se all holes in wooden buildings with metal sheets or flattened tin
hS.

11 holes in plaster, brick,or mud walls .
. rock or concrete floors.
storage area.

Rats can come up through the ground into

e grain in covered containers.

Place containers off the ground.

metal bands around the bQttom or legs of grain containers. This
ps rats from climbing up to the top.
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. Keep a cat or dog. Train the animal to chase and kill rats.
• You may have to use rat poison also. Contact your extension worker.
Do not use pofson before you talk to the extension worker. POISON
IS DANGEROUS.
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SCRIPT II 4
FIGHTING RATS WITH POISON

Clean your grain storage areas.
Close and rat-proof all holes in buildings.
Protect the storage containers and building with metal.
• This stops new rats from coming in.
Use poison and traps to kill any rats that are left.
Talk to your extension worker before you use poison. The extension
agent will know whi ch poison to use. He will know how to use the
<.po1son. He will know where you can get the poison.
Remember that some rat poisons can kill other animals and people.
• One poison kills rats quickly. You can kill .many rats at one time.
, Soon rats Wc'Ill not eat this poison. They know this poison kills.
~

Then you can use another kind of poison. Rats must eat this poison for
3 days or so before they die. Rats do not know they are dying. So
they will keep eating the poison.
Some poison is already mixed with food rats like to eat.

• Food that rats like to eat is called bait. Bait can be rice, corn meal,
bread.
• You can mix this bait with poison yourself. Ask your extension worker
how much poison to mix with the bait.
Add some corn oil, coconut oil, sugar or molasses to the bait and
poison. Rats like the taste very much.
, Try not to touch the poison. Wash your hands when you finish mixing.
• Now make boxes and containers to put the bait in.

These boxes and con
tainers let the rats in. Other animals and children can not get into
thes e boxes and co nta i ners •
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• There are different kinds of bait boxes and containers.
• You can put bai tin pipes made of bamboo or metal.
· Put bait in tin cans.
• Put bait in small dishes made out of bamboo or tin cans.
inside the baft boxes or bait containers.
· Put bait containers close to walls and doorways in your storage area.
· Put poison containers near places where rats run.
• Make bait containers to put in your fields.
· Put these containers near trails and rat holes.
• Poison field rats before the grain is ready.
if they can eat grain.

Rats will not eat poison

• Check all bait containers very often. The poison bait must not get
too old. Rats wf11 not eat old bait.
· Remember:

Check with your extension agent for help with poison.
Read the words on the poison box or jar •.
Wash your hands after you mix the bait with poison.
Keep all poison away from food, anima1s,and people.
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Control Series
SCRIPT # 5
FIGHTING RATS WITH TRAPS

Your extension worker can tell you which traps to use.
you how to use them.

He can tell

It is good to use traps in places where children might go.
is too dangerous.

Poison

• Show your family where you are putting the traps.
• Show your family how the traps work. Traps can hurt people.
• You must put food that rats like in the trap. Try different kinds
until you find a good bait. Try pieces of meat, dried fish, bread.
• Put traps near food places. Put traps on top of stored grain.
use rat poison in these places.

Do not

• Tie the traps down. Sometimes rats run away with traps. The traps
just catch the rats' noses.
· Put traps near rat trails, rat footprints, rat holes.
· Move the traps around every few days.
· Check the traps every day.
•

Do

not touch dead rats.

Make sure the bait is still there.

Rats carry disease and sickness.

Use a stick or shovel to get the rat out of the trap.
· Burn dead rats.
• Wash traps before using them again. Wash your hands.
• Remember:

Ask your extension worker about traps and how to use them.
Traps can hurt people and animals. Use them carefully.
Do not let children play with traps.
Use traps near food and grain. Never use poison in these places.
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e method

of storing his grain. Any improvement in
must be made by steps the farmer sees as the right
10n or need. A farmer who stores his grain in sacks in
Se may not be ready to build a cement silo. Because
1d that thieves will take his grain, he may not want
Of storage container outside his house.
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together with th: earlier parts of trye manual, oUgryt to he~p
. ers define thelr choices. To provlde even more lnformatlon,
valuable appendices to the manual:
dix A -- Examples of leaflets illustrating improved
age methods which are being used in certain parts of
world. These leaflets are included to provide suggestions
guides for preparing similar materials.

-- A guide to selecting moisture meters.
-- Guidelines and dosages for insecticide use
stored under a variety of conditions.
pendix D -- Part of the text of a VITA publication des
1bing ways of testing and using local plant materials to
ovide waterproofing for buildings made of earth.
pendix E -- The text of a paper dealing with the problem

f getting grain storage programs for small-scale farmers

underway. This paper was authored and presented by Peace
Corps Volunteers in Cotonou, Dahomey.
Appendix F -- A bibliography of written material, organi
Jations,and individuals concerned with small-farm level
storage problems.
Appendix G -- Conversion tables.

d earlier, this manual will be reviewed and updated as new ideas,
improvements, etc., become available. For the revision process to
t valuable to you and other users of the manual, please send in your
ts and the results of your use of the manual. There is one reply
ocated at the very beginning of the manual, and another is attached
r your convenience. If the reply form is missing from your copy
manual, just give all your comments, a description of the problem
dealing with, etc., on a separate sheet of paper and send it to:

PROJECT DIRECTOR
GRAIN STORAGE
3706 RHODE ISLAND AVENUE
MT. RAINIER, MD 20822
U.S.A.
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PLEASE RETURN THIS FORM
THE USER: This manual was published because Peace Corps and VITA
sh to help in a problem area of worldwide concern. In order to
he most effective help, the authors need to know how the manual
used and how you feel it can be 'made even more responsive to
s. Pl ease fill in the fo 11 oWl ng form and return it to :
PROJECT DIRECTOR
GRAIN STORAGE
3706 RHODE ISLAND AVENUE
MT. RAINIER, MD 20822
U.S.A.
RECEIVE THIS FORM, WE WILL AUTOMATICALLY PLACE YOUR NAME ON A
tIST SO THAT YOU WILL RECEIVE:
1. Updates and/or additions and corrections to the
manual as they become available.
2.

Notice of other publications which may be of
interest to you.

'have questions on the material presented in the manual, or if
n into problems implementing the suggestions offered here, please
in the space provided. Use additional paper if you.;have to
. to be as specific as you can about the problem. Wherever possible,
ors will try to provide or direct you to an answer.

Date- - - - - - - Your Company or
Agency, if any

did you find out about the PC/VITA Grain Storage ~anual? How did
get your copy?

hich parts of the Grain Storage Manual have you found most useful?
~ast useful? Why?
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3.

Did you find the Manual easy to read, too simple or complex,
complete or incomplete?

4.

Have you made improvements or changes in any of the plans? (For·
example, when you were building a dryer or a silo, did you substt
any building materials for the ones mentioned in the plans?) If
you have made improvements or changes, please describe what you d1
that was different. Include photos, sketches, etc., if possible 0'
important.

5. Do you know of other methods or equipment whichl are not included
here but WhlCh you feel should be included in a new edition of the
Manual? If you do know of such methods, etc., please include the
information here.

6.

Did you have any problems using the Manual or implementing any of .
the plans. If you did have a problem, please descr'lbe it completel~

7.

Do you have other comments and suggestions for following editions of
this Hanual?
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STORAGE PRINCIPLES
er kind of storage method a farmer uses, there are certain principles
ich every method is based. Every storage container, no matter what
.s like or what it is made of, should:
• keep grain cool and dry.
• protect grain from insects.
• protect grain from rodents.
torage methods try to do the above three things. But to do these
requires the following good storage practices:
1.

Drying grain well (to 12-13% moisture content) before
putting it into storage.

2.

Putting only cl~an grain into containers which have had
all old grain~ dust, straw, and insects removed.

3. Keeping the grain cool and protected from large changes
in outside temperatures. This can be done in a number
of ways -- by using building materials which do not easily
pass on changes in outside temperatures to the stored grain,
by keeping or building storage containers away from direct
sunlight, by painting the containers white.
4.

Protecting the grain from insects by following rules for
cleanliness and drying, by applying insecticide and/or by
putting the grain into airtight storage.

5. Waterproofing the buildings and containers as much as possi
ble. This is done both by the way the building is constructed
and by applying materials which keep water from soaking into
the building material. Storage buildings should be built on
well-drained locations. They should not be placed where they
will be flooded by ground water run-off during heavy rains.
6. Making sure containers are rodent-proofed in all possible ways.
7. Checking the
make sure it
instructions
the grain is

grain regularly while it is in storage to
is not infested, and following recleaning
to destroy insects, if they are found when
checked.

273

r

A farmer who has these seven points firmly in mind will know why a
particular silo or storage method has been built or changed in a certain
way. And he can then do much to improve his own storage facility by
applying the knowledge to his own problems.
The ideas and suggestions for storage methods wh-ich follow in this sect1
no matter how different they look, all require that these seven steps
be taken if they are to be successful.
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FINDING A GOOD STORAGE PLACE
SCRIPT # 1
This script and the one which follows contain some
of the important points to remember about finding,
cleaning, and repairing storage places. VITA Volun
teer artist Guy T. Welch has provided illustrations
of some of these points to give some ideas on ways
this material can be presented through pictures.
Rats, mice, birds, insects, and mold destroy a lot of
grain. It is not easy to keep these dangers away from
your grain. But you can do a lot to keep them away.
Fix a good place to put your grain before you bring
it from the field.
• The place for grain storage is very important. Grain
storage places must be built on well-drained ground,
so the building or container does not get flooded
or take on too much moisture from the ground.
• , Most insects and molds like warm, wet places.
• A good storage place is cool and dry.
• Grain storage is easier if you live in a cool, dry
land. Grains are easier to protect.
But insects and rodents can attack even in these
places. Farmers must protect the grain from these
pests wherever they live.
• Some farmers store grain in large clay jars with
thi ck wall s.
• Some farmers use metal drums for grain storage.
• Some farmers in warm places put grain in buildings
with thick mud, plaster, cement,or thatched walls
and roofs. Thick walls help to keep the hot air out.
Thick walls help to keep the grain cool.
• Some farmers store grain under the ground. Grain
stored under the ground is kept cool by the earth.
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You can'. put grain storage containers or jars on rocks
or wood. This keeps the containers off the ground.
Air can get under the container. This air cools the
grain.
You can build storage rooms or buildings on posts.
This keeps the floor off the ground. Water from the
earth can not get the floor wet. Air can pass under
the storage building to cool the grain.
There are many ways to store grain.
Remember that the storage place must keep grain cool
and dry.
Remember that the storage place must be clean and free
of insects and rodents.
Your extension worker can help you find a way to store
grain that is good for you •.
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CLEANING AND REPAIRING YOUR STORAGE PLACE
SCRIPT # 2

· Your storage room or building must be clean. Insects
live and have families in dirty places. Rats, mice,
and other pests like dirty places too.
• Take away and burn all dust, old pieces of grain, dirt,
straw, and chaff from the storage place.
· There should be no cracks and holes in the floor,
ceiling,or walls. Insects and rodents use these holes
to get in.
Fill and seal all cracks and holes.
Seal large holes in wooden storage places with sheet
metal, flattened tin cans, or pieces of wood.
· Concrete and plaster make good sealing material for
plaster, brick,and concrete buildings.
Put paint or whitewash on the walls and floors of the
storage area. This paint helps close up very small
holes. Insects like these small holes.
Do not use any poison until you talk to your extension
worker.
Put mesh wire over large openings and windows.
will keep out rats, chickens,and birds.
The roof must keep rain from coming in.
must be kept dry.

This

The grain

• Mend all holes and openings in the roof.
· Clean the outside area around the storage place.
• Clean out the containers that you put the grain in.
Bags or sacks for storing grain must be shaken.
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• Bags or sacks should be boiled in hot water and dried
in the sun. Mend any holes you find in the bags.
• Check with an extension worker for information on
poisons to kill insects and rodents.
• The extension worker will know what poison to use. He
will know how to use the poison.
• Always remember
people.
• Use insecticide
storage area.
• Put insecticide
insects like to

that many poisons can kill animals and
on the inside and outside of your
on all cracks and small places where
live.

• Put out traps for rodents.
• A good storage place is free of insects and rodents.
It is clean and dry.
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STORING GRAIN IN BASKET GRANARIES

as been stored in basket-like containers made of grass. reeds.
trips. or small branches for thousands of years. The parti
lding material depends upon the plants available near a farmer.
~et granaries are so traditional and widely used that it does
necessary to include a plan for making them. There are almost
ifferent kinds of baskets as there are villages making them.
kills for this kind of work are passed on within families.
manual will present is some suggestions for improving basket
so that grain stored in them is more protected from insects

se the protection of grain kept in baskets:
;keep the basket off the ground. Make a strong platform
. pon which the basket can sit. The shape of the plat
orm will depend upon the shape of the basket. Putting
e basket on a platform prevents moisture from coming
thrbugh the ground into the basket. The platform also
ctffers more protection from rodents.

lWkeh lLa...Ued 066 the glLouM

sure the basket is well-protected from the rain.
t is a grass or reed basket. keep it in the house
e other dry building. If it is woven of material
can be kept outside. make sure the roof thatch
not let any rain into the grain.
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Place rodent baffles (guards) on the legs of platforms
which support the baskets. These prevent rodents
from climbing or jumping into the baskets. (The rodent
proofing section contains information on making rat
baffl es. )
. A tin can, with a plastic cover that can be put on and
taken off easily~makes a good emptying chute (see
the picture below). Cut the bottom out of the can and
fit the open end of the can into the lower part of
the basket. This makes it unnecessary to take off
the cover each time grain is taken out.
Baskets can be plastered inside and outside with
mud, clay, or cow dung. Covers should be tight and
sealed with plaster of the same material. It is
important for farmers to realize that grain holding
a lot of moisture, whether threshed or freshly
harvested, should not be placed in baskets which
have been plastered in this way. Plastering makes
the basket much more airtight. Moist grain 'needs to
have air passing through to dry it. If moist grain
is put into storage without enough air, it will mold
and rot quickly.

IMPROVED GRANARY
TRADITIONAL GRASS
OR REED THATCH

--+
WOODEN COVER PlASTERED
IN PLACE AND SEALED
WITH CLAY AFTER
GRANARY IS FILLED.

CLAY PLASTER
INSIDE & OUTSIDE

PLATFORM

TIN WITH PRESS-ON LID
(e.g. COFFEE TIN) WITH
~ BOTTOM REMOVED. SET INTO
TO PROVIDE INSECT
J-ts.~i§~~~~~~ WALL
PROOF £MPTYING SPOUT.
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INSTRUCTION SHEET FOR STORING GRAIN IN BASKETS

~truction

sheet includes some directions for using insecticide
"storage. You should include the names of insecticides avail
our area which are appropriate for use with grain being stored
s. (Malathion and Pyrethrum are mentioned.)

want to use the information to make two instruction sheets:
'.1n1ng good basket storage without insecticide; the other,
, of insecticide. Also, you may want to illustrate the sheets
~and them out to farmers in your area who use basket granaries.

tHE BASKET AND THE AREA:
Make sure the area around the basket is clean. Baskets
',hould always be kept inside a building unless the
baskets have been built for outside use.
Place the basket on a platform so that it will not
pick up moisture from the ground.

'I

C1ean out all grain dust and broken grains if the
<basket has been used before.
Mend any holes in the basket.
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· Plaster with mud. clay, or cow dung if storing
very dry grain.
CLEAN AND DRY THE GRAIN CAREFULLY.
IF YOU HAVE INSECTICIDE:
· Dust the inside of the ba~ket with insecticide. Do
this carefully so any insects will be killed.
· Mix the dry grain with insecticide before you put it
into the basket. To mix the grain and insecticide,
you must:
Place the dlty glLain on a pl.a4.ti.c. Ahed, dean 6l.ooJt,
haJuJ. - packed glLou.n.d.

OIL

SpJti.nki.e ,(.Jt4ec.ticide oveJl. the gJtain. U4e 7 pa.c.ke.t
(4 oz.) oQ Ma.ta:thion OIL pyJte.:thlwm duAt 601L each 700
kg 0 6 gJt..a.U/..
Uix the gJtain and .in6e~e wLth a Ahove1. uKtU.
they aILe m.ixed veJl.Y We.U..
16 you. aILe AtoJL.iYlB melLe than 700k.g. 06 gJtahL, you
.in6 ec.:t<.cA.de.

m~t ~ emelLe

IF YOU DO NOT HAVE INSECTICIDE:
• Mix burned cow dung or wood ashes with the grain.
PUT THE GRAIN INTO THE BASKET. MAKE SURE THE COVER FITS TIGHTLY.
OPEN THE BASKET AND CHECK THE GRAIN EVERY TWO MONTHS.
INSECTS:

IF YOU FIND

• Winnow, sieve, or place the grain in the sun.
· Clean the basket.
• Add more insecticide or ashes.
• Put the grain back and replace the cover tightly.
WHEN YOU REMOVE THE GRAIN FOR FOOD, WASH IT CAREFULLY. INSECTICIDES
CAN LEAVE MATERIAL ON THE GRAINS WHICH IS NOT GOOD FOR PEOPLE TO EAT.
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STORING GRAIN IN SACKS

ng grain in sacks (bags) is a very old
of storing. Storage sacks are made
yen jute, hemp, sisal, local grasses,
n •• whatever material is available
e area. Sacks are relatively expen
as they do not often last for more
two seasons. Sacks do not give a lot
atural protection against insects,
ts, and moisture. But sack storage
some advantages for the small farmer,
there are things farmers can do to
ect their sacked grain.
Advantages of Sack Storage for Farmers:
• Grain stored in saeks made of fibers can have a little
higher moisture content than grain put into airtight
storage. If the sacks are properly stacked, air can
move through the sacks to dry and cool the grain.
~'R.

'P~:E.~J~~~~'
• Sacks are easy to label.
grain sacks and new grain
separate. Seed grain can
separately from the other

Farmers can label old
sacks to keep them
be marked and kept
grains.

• Sacks are easy to move around. And sacks or
parts of sacks can be used as they are needed.
• Sacks. can be stored in a farmer's house - no special
buildings or containers are needed.
• Farmers in one village may decide to build a shed
to hold the grain belonging to all the village1s
farmers. It is easy to mark sacks so that each
farmer1s grain can be found simply.
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Grain stored in fiber sacks is easily attacked by insects. rodents.
and molds. Often these attacks are worse because a farmer has not done
all he can to protect his grain sacks.
CONTROLLING MOISTURE AND PREVENTING MOLDING IN SACKED GRAIN
· Dry the grain well. Although grain can contain
about two percent (2%) more moisture for sack
storage than for airtight storage. the grain should
be as dryas possible.
· Check the grain every two weeks. Suggest to the
farmer that he make checking his grain part of a
weekly or bi-weekly routine. Put his hand into
a sack of grain to check for heating. He can
smell the grain and look for dark kernels: signs
of mold. If these signs are found. he should
dump out the grain and dry it again.
· Waterproof the walls and roof of the building where
the grain is stored.
· STACK THE SACKS ON PLATFORMS RAISED OFF THE FLOOR.
This keeps sacked grain from taking moisture from
the floor. Farmers can make these platfonms out
of whatever materials they have. If no wood or
bricks are available to make a platform, the
ground can be covered with plastic sheets. The
raised platform is better than the plastic because
it also allows air to flow under the sacked grain.
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Stack the sacks in a neat manner. Leave space between
the sacks so that air can move freely between the
aeks.
FIRST LAYER

SECOND LAYER

1EE3
LING INSECT ATTACKS ON SACKED GRAIN
• Mend cracks in the walls, roof,
and doors of the building where
grain is kept. This mending
keeps insects from getting in
and out of the building through
the cracks.
Remove and check sacks of grain
left from the last harvest. The
farmer should take them outside
before he cleans the storeroom.
This grain should be winnowed,
sieved, and spread out in the
sun for a time before it is put
back into the bags. If the grain
is seived, light a fire and burn all the insects found, so they
will not move right back into the grain.
Clean the room well before placing
e sacks inside. Make sure there
no dust, dirt, and old grain left.
~ep walls and ceilings as well as
e floors. Some farmers may want
burn a small, smoky fire in the
Oom to drive out insects, if they
re not going to use insecticide to
rotect the inside of the building.
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If Insecticide Is Available
. Apply insecticide to the storage building. You can recom
mend DDT, Malathion, and Lindane for use on buildings and
instruct the farmer on use of these three poisons. There
also are other insecticides that can be used on buildings.
Dust insecticide on the sacks before the grain is put in.
(Or the insecticide can be put on the bags as they are
stacked. There is a page attached to the end of this sec
tion which gives instructions on applying insecticides
as you stack grain.) Malathion is a safe insecticide
for a farmer to use for this purpose -- it is safe
for him to use and safe for his grain. Brush the sacks
with a stiff brush and then shake them well. Brush
both the outside and the inside of the sack. Put
Malathion on both the inside and the outside of the
sack.
. Mix the grain with insecticide before it is placed in
bags. Use only clean, dry grain. See the end of this
section for instructions on mixing grain and insecticide
for sack storage.
If Insecticide Is Not Used
Clean the sacks carefully. Shake the sacks well. If
sacks are made of a material which can be placed in
hot water, boil the sacks or dip them in very hot
water. Dry the sacks in the hot sun. If sacks can
not be placed in water, brush them well and place them
in the sun. Make sure both the inside and the outside
get exposed to the sun.

Storage Methods -31
se only clean, dry grain. The grain should be checked.
tshould be free of insects (the easily seen adults,
at least).
~1x ash from cattle dung or wood or fine sand with the
Srain if insecticide is not to be used. Use one, lO-liter
cket of ash for each lOOkg of grain.

ck the sacks carefully (as shown earlier). The plat
holding the sacks must be placed away from the walls
ause, for example, there are insects which live in
~Wood and thatch which will move to the stored grain.

z:.-'T "TO"'"
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heck the grain regularly. If no insecticide has been used,
armer may have to dump the grain out, get the insects out,
're-bag the grain every two months or so. 1f for example,
athion is used, that insecticide possibly will have to be
reapplied after four months of storage.
t

ftG RODENT ATTACKS ON SACKED GRAIN

' Ji) . .
~. ~

ep the area around the sacks clear of dirt,
.ken grains, grain dust, and trash. This clearing
s it harder for rats and mice to find home and
Od near the stored grain.

Cover and repair holes that rodents might use to get
into the building where the grain is stored.
~~'Keep

the sacks off the floor. This does not stop
rats and mice from attackinq the arain. but it does
make cleaning t poisoning and baiting t and looking
for rats and mice easier.
297

Storage Methods -32
__ Move the stacks if rodents are seen. Then use traps
and poisoned baits near the pathways and rodent holes.
(See the section on rodent control for more infonmat1on
on using traps and poisons to control rodents).

KEY POINTS FOR SUCCESSFUL SACK STORAGE
• Sacks and buildings which are clean.
• Dry grain which is free of insects.
• Good shelter which keeps out rain, insects, rodents,
and birds.
Careful checking of the grain while it is in storage.

The following pages include:
Instructions which can be given to farmers to aid them with
mixing grain and insecticides for sack and small-container
storage.
Instructions for adding insecticide while stacking layers
of grain bags.
. Sample material for a leaflet which could be made to
illustrate proper sack storage through pictures.
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MIXING GRAIN AND INSECTICIDES
FOR SACK AND SMALL-CONTAINER STORAGE

1ng insecticides and dosages are recommended for direct mixing
lathion.
1ndane.

Use 120 grams of 1.0% dust for each 200kg
of grain.
Use 120 grams of 0.1% dust for each 200kg of
grain.
Use 120 grams of 0.2% pyrethrins plus 1.0%
piperonylbutoxide dust for each 200kg of
gra in.

find Malathion, for example, only in 2%, 5%, or .5% mixtures,
ve to adjust the strength of the insecticide. For example,
using 2.0% Dust,You need to use only 60 grams of 2.0% Dust
ly the insecticide to one half sack of grain at a
me.
~y one half of the grain from a sack onto hard-packed
rth, a plastic sheet, or clean floor.

t 60 grams of insecticide dust on the grain.
n the grain over and over with a shovel.
grain and insecticide are well-mixed.

Make sure

ty the other half of the bag on top of the grain you
just mixed.

the rest (the other half -- 60 grams) of the in
t1cide on the grain.
very well.
the grain back into the bag and close it tightly.

E GRAIN MUST BE DRY BEFORE THE INSECTICIDE CAN BE USED.
SECTICIDES 0 NOT WORK S WELL IF THE GRAIN IS TOO MO ST.
29:1
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TREATING STACKS OF BAGGED GRAIN
RECOMMENDED INSECTICIDES AND DOSAGES

are two ways to apply insecticide to stacks of bagged grain:
Layer by Layer
Spray or dust each layer of bags with Malathion or Lindane
as the stack is being built.
Malathion -- 25 grams of 2.0% Dust per sack
or
50 grams of 2.0% Dust per square meter
Lindane

25 grams of 0.5% Dust per sack
or
50 grams of 0.5% Dust per square meter

Stack Treatment
Build the stack first. Then spray all four sides and the top
surface of the stack. Use Dispersible Powder formulations of
Malathion and Lindane at the dosages recommended for spraying
storage buildings.
treatment is finished. apply a band of insecticide around the
of the stacks to control crawling insects. Malathion is best
~ job, though where it is not available, Lindane or DDT may be used.

~is
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STORING GRAIN IN SACKS

This is an easy-to-read summary of the important
things to remember for good sack storage. Pick out
the points that best fit yovr situation and use them
with farmers in your area. They are simply worded
and can easily be pictured by using drawings or photo
graphs; they can be translated easily.

· Grain is often stored in sacks. Sacks are also called bags.
• Sacks are made of different things.
• Sacks are easy to put away.
of the house.

You can store them in a corner

• You can put grain sacks in a special storage building.
• Sacks are easy to carry.
• Each sack can be labeled to show what is inside.
• Put your name on each sack.
belongs to you.

It is easy to show which grain

Insects, rats, and molds can attack grain kept in sacks.
• You can protect the sacks from these dangers.
before the grain goes into the sack.

You must start

• Clean your storage area well.
• Make sure there is no dust, old grain, straw, or trash in
the storage place.
• Mend holes in the roof, floor, or walls.
• Check for cracks.

Insects hide there.

• Make sure rain and water from the ground can not get the
grain wet.
• Put rat guards on the legs of storage containers or buildings.
• Ask your extension agent about insecticides you can use.
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• Shake out old storage sacks.
• Put old sacks in boiling water, if possible.
· Dry old sacks in bright sunlight.
· Mend holes in the sacks.
· Spray or dust the bags with insecticide.
• Spray or dust the building with insecticide.
· Make sure the grain you put into the sack has no
insects in it.
· Put only clean, dry grain into sacks.
• Some insect poisons can be added into the sack with the
grain. This protects the grain from insects for some
time. Ask your extension agent before you do this.
Some poisons can poison the grain.
• You can add sand and ash to the grain in the sack.
Insects do not like these materials.
· Poison is better than sand and ash. But sand and
ash are better than putting the grain 1n wi~h no
protection.
· Close all sacks tightly.
• Put each kind of grain in a separate sack.
· Place grain sacks off the ground.
If you have many sacks, stack the sacks well. Leave
room between the sacks. Air in the room will cool
the grain better if there is room between the sacks.
• Do not stack sacks against the walls. Insects and
termites get into the grain from the walls.
· Check the sacks often. Look for insects.
mold. Look for wet places.

Smell for

If you find insects or mold, dump the grain out of
the sack and leave it in the sun. Sieve the grain.
· Clean the sacks again.
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Put the grain back into the sacks immediately after
cleaning.

THERE ARE POISONS WHICH YOU CAN ADD TO THE SACKS OF GRAIN

AND OTHERS wHtcH ARE TO BE USED oNLy oN NoN-FOoD LIKE
coTToN.
THESE POISONS CAN BE DANGEROUS.

DO NOT USE POISON BEFORE YOU TALK WITH YOUR EXTENSION

WORKER.
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AIRTIGHT STORAGE

cts can still grow and reproduce in very dry grain. Grain dried to
or 13% moisture level will not mold, but can still be very good food
insects.
moisture level in grain has to be 9% or less to slow down insect
10pment. Very high and very low temperatures also slow down insect
tho But most farmers will have trouble getting their grain below
moisture and in using temperature to control insect development.
often do not have the special equipment necessary to do these things.
and more farmers do use insecticides to control insects in grain.
$orne insecticides are dangerous; some are expensive; sometimes they
not available; and there is increasin~ concern about using chemicals
y kind on food products.

IT WORKS
ght storage simply means putting grain into containers which keep
rom getting into the grain. Some air is let into the container at
1me the grain is put into storage. But after the container is sealed,
re air enters. The respiration of the grain and any insects in it
~p all the oxygen.
Insects need oxygen to live. They die without
)Any molds present which require oxygen also will die.
You can show farmers how airtight storage works by putting
some insects and grains on a very smooth surface and
turning a glass over on top of them. Make sure the glass
is tight against the surface. Seal it with wax or some
other material. Or seal some grain kernels and insects in
a glass jar. Cover the jar with a screw-on lid or a
plastic sheet. Just make sure no air can enter the con
tainer:
Wait for a while. The insects will begin to move more
slowly. Finally, they will die. How long it takes for
the insects to die will depend upon the number of insects,
the amount of grain, and the size of the glass container.
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Keeping the storage container closed. Unless the
airtight container is quite small, farmers probably
will want to store the grain they use for food
separately. The storage container holding the food
grain is opened often. Every time a container is
opened, more air containing oxygen enters the
stored grain. This added air and frequent opening
encourages insect growth.
Some of the storage methods used for thousands of years have been based
loosely on the principles of airtight storage. A farmer might not call
his method, airtight storage, or be able to tell you why it works. He
stores his grain this way because it ~eeps his grain pretty safe, and he
has been doing it this way for many years. Many of these methods are
basically good. Improvements can make them more airtight and, therefore,
increase their ability to protect grain.
,CHOOSING A METHOD OF AIRTIGHT STORAGE
A farmer has to decide what he needs his storage method to do, and, then,
he must figure the costs of each method. Some of the methods, such as
metal drums and plastic sacks, cost more money. But they are definitely
lirtight when used correctly and are very likely to make up their,:costs
by good storage of grain. Other methods, such as the Improved Mudb10ck
~i10, are harder to make airtight, take longer to build, and require more
pkeep. But they can hold large amounts of grain, and they can be made
1th local materials.
irtight storage is something farmers who store dry grain should work
(REMEMBER: IF THE FARMER IS STORING GRAIN WHICH HAS A MOISTURE
;ONTENT OVER 12-13%, HE SHOULD NOT USE AIRTIGHT STORAGE. Grain which has
high moisture content should be stored so that air can pass over the
ernels. )
~oward.

he rest of the material included in this section describes storage
thods which are, or can be made by making the various improvement des
rfbed here, quite airtight and waterproof. Hopefully, this material
11 serve as a useful guide to some of the storage possibilities that
e available to small-scale farmers.
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You can speed up the experiment by placing a lighted
candle under the glass container. The flame on the
candle requires oxygen to keep burning. The flame
will use up the oxygen in the container quickly.
When the oxygen is gone, the flame will go out. Soon,
the insects will die.
The lack of oxygen, which kills insects, does not seem to hurt the
grain or to keep seed grain from germinating when it is planted.
Successful airtight storage depends upon a number of things:
Building containers which are airtight. This
means using materials which do not let air flow
through them, for example, metal, plastic, con
crete. These containers must be checked to make
sure there are no cracks or holes. Sometimes a
farmer will see light coming through cracks in a
large container. If the container is a gourd,
for example, he can check for cracks by filling it
with water to see if there are any leaks. All
cracks in storage containers should be sealed
for good protection. In addition, it is usually
a good idea to coat or paint the entire outside
(and sometimes the inside) surface of the con
tainer with tar or oil-based paints (they are
waterproof and also do not let air pass through).
For a farmer who cannot afford to buy these ma
terials, there may be local trees and plants
which produce materials useful for waterproofing.
Appendix D explains how a farmer can find and use
local materials to waterproof and protect the
buildings he makes with mudblocks or earth.
. Sealing tightly the holes for putting grain into
the container and for taking grain out. Tar, wax,
or pieces of rubber cut from old tires, and inner
tubes can be ~sed for this.
Filling airtight storage containers to the top
is important. Full containers, which are sealed
against air, can kill insects in a few days. But
if the container is not full, the insects take a
lot longer to die. And before they die, they may
damage a lot of grain.
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Keeping the storage container closed. Unless the
airtight container is quite small, farmers probably
will want to store the grain they use for food
separately. The storage container holding the food
grain is opened often. Every time a container is
opened, more air containing oxygen enters the
stored grain. This added air and frequent opening
encourages insect growth .
. of the storage methods used for thousands of years have been based
lyon the principles of airtight storage. A farmer might not call
thod, airtight storage, or be able to tell you why it works. He
S his grain this way because it ~eeps his grain pretty safe, and he
en doing it this way for many years. Many of these methods are
lly good. Improvements can make them more airtight and, therefore,
se their ability to protect grain.
ING A METHOD OF AIRTIGHT STORAGE
er has to decide what he needs his storage method to do, and, then,
st figure the costs of each method. Some of the methods, such as
drums and plastic sacks, cost more money. But they are definitely
ht when used correctly and are very likely to make up their costs
d storage of grain. Other methods, such as the Improved ~udb10ck
are harder to make airtight, take longer to build, and require more
• But they can hold large amounts of grain, and they can be made
oca1 materials.
ht storage is something farmers who store dry grain should work
(REMEMBER: IF THE FARMER IS STORING GRAIN WHICH HAS A MOISTURE
NT OVER 12-13%, HE SHOULD NOT USE AIRTIGHT STORAGE. Grain which has
h moisture content should be stored so that air can pass over the
1s. )
~.

est of the material included in this section describes storage
s which are, or can be made by making the various improvement des
here, quite airtight and waterproof. Hopefully, this material
erve as a useful guide to some of the storage possibilities that
ai1ab1e to small-scale farmers.

309

Storage Methods -45
STORING IN GOURDS AND BASKETS

the hard, dried outside cases (skins) of certain fruits. They
, many places and are used for storing small amounts of grain.
nting is often stored in gourds.
e working to discover ways of making gourds effective airtight
Qr grain that has no more than 12-13% moisture in it. Here
the findings:
nseed oil or varnish painted all
r the outside of the gourd
kes it almost airtight.
stopper or cover for the gourd
to be sealed well.
tch and bitumen are easier for
rmers to get and seem to make the
urds airtight.
thick substance which will stick
the gourd will work very well.
re are probably local materials
ch can be found and made to seal
gourd. See Appendix D. It is
kely that some of the materials
und for waterproofing soil would
useful to seal the gourds. If
material stays sticky and does
dry, sprinkle sand or earth all
1t.
aped vessels made of clay or other local materials are avail
r area, perhaps these can be made airtight in the same way.
e of local materials also can be made more airtight. Cover the
ide and out with mud plaster. Make sure the cover closes
e outside of the basket can then be coated with a waterproofing
terial.
Disadvantages:
r storing seed grain
ler quantities for food.

Gourds do not hold large amounts
of grain.

t to the grain and to

insects.

label, so the fanner knows what
!9r ain is in each container.
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STORING GRAIN IN UNDERGROUND PITS

ers store grain in underground pits (holes) in many parts of the world .
. .are used for storing threshed sorghum and maize. They also are used
heat, peas,and beans. In areas where pit storage is used, it has
farmers well as a way of avoiding theft of the grain (because the
are hidden). Also, because the pits are dug deep into the earth, they
the grain cool. In addition, some pits are relatively airtight.
er, pit storage is generally not a storage method to encourage a
r to adopt. If a farmer is looking for a storage method, he is more
y to get airtight storage by using oil drums, plastic sacks, etc.

re are' many, many kinds of pits. The pits themselves are not always
ight or waterproof. Therefore, some farmers line the pits with straw
sorb moisture from the earth or from leaks in the covers. The
w gets damp and becomes moldy. These molds use up any air in the
age pit, so that any insects present in the grain die. Often in
ground storage pits, the grain at the top and around the sides of
it is moldy. The main part of the grain, however, stores well.

e areas, farmers build wet pits. During the rainy season,the water
e ground may rise right into the pit. The grain in this case is full
ter. But the grain respires more quickly when wet and uses up the
n. Insects and moJds requiring oxYgen die. Often these wet pits
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are built where cattle are kept because cow dung uses up oxygen as it
decomposes. The grain kept in wet pits may ferment (sour) and thus is
not good for seed. But often it seems to store better than grain kept
in drier pits.

IMPROVING PITS
The question to keep in mind here is whether or not an improvement in
the traditional pit is wise or necessary. A farmer who does not open
pit often may have very light losses from insects and molds. In this
case, making improvements may not be necessary.
However, in areas where farmers have lost a lot of grain stored in pits
due to insects and molds, it may be a good idea to offer several suggest;
for improving the pit storage. Pit storage can be made more safe by im
proving the covers, building shelters over the pits,or by using a lining
in the pits.
Replacing Covers
Pit storage usually can be improved by replacing wood and mud covers with
metal or plastic covers.
Use one large sheet of metal or plastic to cover the entire
area.
. Make a hole in the middle of the large sheet. This is so grain
can be taken out. Cover the smaller hole with a piece of
of the same material.
Seal the entire cover with a mixture of mud or dung or with
bitumen.
Building Shelters
Some farmers build shelters over the pit stores. The shelters should be
movable so that when the sun is shining, the pit can be exposed for drying.
The shelter should be used when it rains. The problem with this type of
shelter is that the farmer cannot keep the place of the pit a secret and
the grain may be taken by thieves.

t

1
J

l
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pits can be improved is the lining used in the pit.

Put down a layer of straw on the pit floor. Cover the
straw with mats made from bamboo or local grasses.
, Line the walls with straw and matting as well.
Pour in dry grain to the top of the lining.
. Continue placing the lining and pouring the grain until
the pit is full.
• Seal the pit.

Earth covering
~ffiF;;;:::!::V-F~~~~e-_=waterproof

/

barrier

'i

..
/

..section of an
round pit

I
I
I

"

" "\

\

,

J

I

__ Yo~ can make the
pit another shape

I

I
I
I

I

~-----

Straw lining ~

Matting layers

Advantages: Uses local material and costs nothing.
Stores grainmuch better than an unlined pit.
Disadvantages:

Does not protect the grain as well as the following
methods.

315

Storage Methods -50
fPUUc. Bag4

Place very dry grain in
plastic sacks.

-

----~~

//7'

~/-'

--

• Seal tightly as shown.
• Store sacks in the pit.
• Seal the pit well.
\

Advantages:

~~\

Airtight if the bags are well
sealed.

,
",

",

Afarmer can remove part of the grain
easily without letting air and
moisture into the rest of the grain.

\

,

Disadvantages:
May be expensive or hard-to-get.
~.ti..c.

l..iMng

• Line the pit with large plastic sheets or with plastic bags cut
open to make sheets.
• Make sure the edges of the plastic sheet lie over each other.
• Fill the pit with clean, dry grain and seal tightly.
Advantages: Gives good protection from moisture if the
plastic is sealed.
Disadvantages: Can be damaged easily.
Plastic may be expensive, unavailable,and
hard to replace.
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Lay plastic sheets or cut-open plastic bags on the floor.
Fill a number of plastic bags with very dry grain and put these
'against the sides of the pit.
Po",r dry grain into the space between the floor and the tops
the sacks •

iOf

• ~Put another layer of filled plastic sacks against the walls
ion top of the sacks al ready in the pit.
fill the space with grain.
placing plastic sacks against the sides and pouring
in grain until the pit is full.

~~ontinue

toyer the top of the grain with plastic.
~Iea1

the pi tin the usual way.

-

- -. 

- -  --

- -.-....

Keeps most of the grain
very well.
Stores large amounts of
grain.
May be hard to find
plastic.
May be expensive.
Loses some grain because
it falls down between the
bags and the walls of the
pit.

.', gr~in ".'

..

.. .

.'.

'

~

."
.0

. ~.

~. ~
."

.:

:

:

...

'

.

plastic sheets
concrete linings for underground pits.
is method requires more labor, material and money, it is not
>r a small fanner to use. However, it will be outlined in more
n the part of this manual which discusses ferrocement.
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STORING GRAIN IN PLASTIC SACKS

bags make good airtight storage containers.
· Use plastic bags which are .20 to .25mrn thick (500-700 gauge).
· Make sure there are no holes in the plastic.
smallest hole will cause problems.

Even the

• Some insects can puncture plas tic when tryi ng to escape from
the sack. But this can be stopped by putting a cloth bag
of tightly woven cotton inside the plastic bag. The
cloth is added_protection.
• Use grain which is very dry.
• Add insecticide to the grain. It can take a week or more
for insects to use up the oxygen which is in the bag.
• Fill the sacks and seal them tightly.
• Sto!e the filled bags off the ground on a smooth surface so
that they will not be punctured by the floor or anything
sharp.
Advantages:

Plastic bags are easy to store.
Plastic bags are easy to move around.
They provide good protection against insects.
Plastic bags make good containers for fumigating
small quantities of grain.

Disadvantages:

Plastic can be torn or punctured easily.
They are generally good for only one year
and must be replaced after that because
small holes have been made in them.
Rodents can eat through plastic.
Plastic bags are expensive in some area.

following leaflet. prepared by VITA artist. Ken Lloyd. is designed to
farmers a good procedure for storing dry grain in plastic sacks.
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STO~~NG

GRAIN IN METAL DRUMS

parts of the world, 220-li~re oil drums
lable and not too expensive. If farmers
area can find oil drums, this is a
method which may be a good improve
• maize, millet, cowpeas, and groundnuts
9 the materials which can be stored
ully in these drums. The grain should
(12% moisture or less) when it is put
e drum.
the procedure for using a drum:
Make sure the drum is clean and dry inside.
Check for holes. Holes in these drums can be plugged
with wax.
Pour clean, dry grain into the drum through the small
top opening. Use a wide-mouth funnel to help with
this job.
Shake the drum to let the grain settlei then fill it
again.
ake sure the drum is full.
Screw the cap on tightly. If the rubber ring on the
inside of the cap is missing, smear the cap with grease.

rUm holds about 660kg of grain.
Provides good airtight storage control of insects.
Protects the grain from rodents.
Works well for seed graini does not seem to hurt
the abfl ity of the seed to germinate.
Is available in most areas and is not expensive.
Makes a good container to fumigate grain in.
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Disadvantages:

Has a small opening for filling and emptying.
Special clamp-on lid is sometimes available.
But this lid does not create airtight conditions
and insecticides must be used.
Works best when grain is being stored 5 months
or more.
Has to be kept out of sunlight to prevent
moisture changes and heating in the stored
grain.
Can rust and must be repaired carefully for
airtight storage to be continued.
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STORING GRAIN IN METAL BINS

~bins

are being tried for small-scale use in many parts of the world.
areas, farmers can buy metal bins in different sizes. They are
es expensive, and they rust in moist areas. Often a farmer needs
member of a credit program to get the money to buy this type of
10 or bin. Then he repays the money for the cost of the bin. Hope
the bin pays for itself by reducing losses to the stored grain due
cks by insects and rodents.

bins can also be built quite easily: but the farmer must know how
d and work with metal. Or someone with these skills must be able
p.

Built above the ground -
either on platforms or on
cement bases when kept out
side. The metal bottoms will
rust because of contact with
ground water if the bins are
on the ground.
Rounded in shape to'ho1d the
pressure of the grain better:
a square bin would have more
seams and be more likely to
break open.
Painted white or stored out of
the sun because metal conducts
(passes on) heat very well.

Good control of insects, molds, and rodents if bins are we11
made, well-sealed, kept off the ground, and out of the sun.
Small metal bins are lightweight and may be moved easily.
A metal bin may pay for itself out of the farmer's increased
profit. This is true (for all improved storage methods) only
where initial costs are not too high or a good credit program
is available.
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Disadvantages of Metal Bins
• Metal sheets for building the silo are more expensive than
most locally available materials, or, in some areas, cement.
• Construction of a bin requires special equipment to cut and
weld the metal and people trained in working with metal.
• Metal rusts quickly in hot, wet places. Sheet metal for bins
must be galvanized or painted regularly to protect the metal
from rusting. This is another cost to the farmer.
Blacksmiths and people with metal-working experience, who might be int
in making bins to fit local needs,shou1d be encouraged to try to do so.
Experimer,lting with various designs will give information which can hel~
you decide what kind of metal bin will work best in your area •
. -'The following information on various metal bins is provided to give sOlI
-idea of what types of bins are available. Wherever possible, an address
is included so that you may write for further information.


CIRCULAR STEEL BIN
The bin shown here is very useful for storing small quantities of grain
indoors. It can be made in four sizes, ranging from '500kg to 3 tons.
The chart included here gives the dimensions for each size of circular
steel bin.

...

."

..
. .. .
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Opens at the top for filling and has a spout at the bottom
1!\for emptyi ng •
Has a flat top and bottom made of plain Mild Steel sheets.
Has circular sides made of corrugated Mild Steel sheets.
Comes in 4-6 pieces which can be put together on site. The
bin can be taken apart when not in use and put back together
when it is needed again.
Prevents uneven temperatures within the bin by building-in
a special arrangement.
Uses neo-prene washers with bolts to make the bin airtight.

May be used for fumigation. as required.
Can be made in any small sheet-metal workshop.
,. Stores grain to be used for seed safely.

125

80

28

165

100

26

210

124

24

210

150

24

information on this and other bins which might be of use
'1therfarmers
in your area. please write to:
The Grain Storage Research &Training Center
of Food
Government of India
Hapur. Uttar Pradesh
India

~pepartment
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METAL BINS FOR HOME USE
A "Save Grain Campaign," begun in India in 1965, resl,;lted in a number 0
metal bins which were designed specially for use in the home and on a
sma 11 fame

Two styles of bins are pictured here. Each bin is pictured in two sizes.
The following chart shows how many kilograms of paddy, maize,or wheat
each size of bin can hold.

CAPACITY

PADDY'

0.42
0.68
0.82
1.35

230
375
450
745

Cubic Meters

MAIZE"
kg

kg

300
485
580
960

WHEAT***
kg
315
510
615
1015

* Approximately 550kg per cubic meter
** Approximately 710kg per cubic meter
*** Approximately 750kg per cubic meter
The specifications and technical drawings for these bins are available
in booklet fom from:
Save Grain Campaign
Ministry of Agriculture
Department of Food
Krish1 Bhavan
New Delhi, India
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.Si10 was developed by the Institute of Tropical Agriculture Research
·nin (fonner1y. Dahomey). Africa. It is a good example of an easily
metal storage container.
del below is made of sheet metal. 1mm thick. welded together at
ams. It has two openings. one for f'lll1ng at the top of the bin and
r emptying at the bottom. The cost of the 3 ton model shown here
ut $175 (U.S. currency) when manufactured in small numbers.
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FUMIGATION OF SMALL QUANTITIES OF STORED GRAIN

umigants are insecticides in the form of gas. This gas can kill adult
nsects living outside the grain kernels and larval stages living inside the
rnels. Once the gas disappears from the grain, there is no more protection
gainst insects.
LS

Kin
e easiest and safest fumigant to use is Phostoxin. In many areas,
ostoxin is relatively expensive. You can buy it in the form of tablets
pellets. These formulations only start to turn into gas when they are
ken out of their containers and placed in the air. When the moisture
the air touches the tablets, the gas begins to form. Phostoxin con
iners must always be tightly sealed when not being used.

:J)eCOhlJ'0sl-J/()'I
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t is not'a good idea for a farmer to use Phostoxin himself _.. unless he has
ed it before, and you are sure he understands the use of this fumigant.
t you should know how to use Phostoxin so that you can instruct and help
e farmer fumigate his grain.
the following pages present fumigation procedures which will be most
lpful to the small-scale farmer: fumigation for stacked grain sacks;
19ation in plastic bags; fumigation in small metal bins, silos, and
drums.
WEAR GLOVES WHEN YOU USE PHOSTOXIN.
KNOW WHAT TO DO IN CASE OF AN ACCIDENT.
KEEP ALL PEOPLE AND ANIMALS AWAY FROM THE AREA WHERE
FUMIGATION IS BEING DONE.
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FUMIGATING GRAIN IN PLASTIC BAGS

• Use 1 pellet of PHOSTOXIN for each 100kg of grain.
Tablets contain more poison than pellets; 5 pellets are equal
to 1 tablet. If you cannot find pellets, you can cut one tablet
in 4 pieces. Therefore, one tablet will fumigate 4 bags of grai
CUTTING PHOSTOXIN TABLETS IS DANGEROUS AND MUST BE DONE VERY CAR
FULLY.
You must be sure there are no little pieces of the tablets lying
around after you cut. If there are pieces, drop the pieces into
a large pail of water which has soap in it. Do this outside in
the open air. The gas will cause bubbling in the water. When
the bubbles disappear, you can throw the mixture away.
· Use heavy gauge (500 gauge) plastic bags.
· Make sure the bags have no holes or tears. Mend any holes with
tape.
Fill a bag with grain.
Put the pellet of Phostoxin in an unsealed envelope or piece of
paper and place the packet on top of the grain in the bag.
· Close the bag and tie as shown.
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the bag so no one will touch or open the bag.
eave the bag as it is for at least 5 days. It is even better to
eep the grain in the bag tightly sealed until it is needed. Gas
annot protect against new attack, but once fumigation has killed
"y insects present, the plastic bag will maintain airtight storage
onditions which will control insects.

PHOSTOXIN may be expensive and may not be available in all
areas. Check with your extension agent for information on
other insecticides which might be useful for you to use on
your stored grain.
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FUMIGATING SACKED GRAIN UNDER PLASTIC SHEETS

· Use PHOSTOXIN.
3 tablets per 25 45kg bags or l,125kg of sacked grain
OR
15 pellets per 25 45kg bags or 1,125kg of sacked grain.
· Use fumigation on bags made of jute or fiber. If using plastic
bags, make sure the bags are open before fumigation begins.
· Stack the sacks on the floor on a sheet of plastic, unless the
floor is concrete. Do not fumigate directly on the ground
because the soil will be temporarily poisoned by the fumigant.
If the fumigating is being done outside, stack the sacks on a
large sheet of plastic. Make sure the plastic is larger than
the grain stack on all sides.
· Take a 500 gauge plastic sheet. The sheet must be large enough
to cover the stack completely and be held to the ground tightly.
If necessary, you can overlap and tape smaller sheets together
to make a large enough sheet.
· Check the sheet to make sure there are no holes 1n it. You
can do this by holding it up to the light. Mend any holes or
tears with tape.
Spread the right number of tablets around the sacks. Spread
the tablets around so that they do not touch each other.
IMMEDIATELY COVER THE STACK WITH THE PLASTIC SHEET.

. Make sure the edges of the sheet are sealed tightly. Use loose
sand, sand bags, poles, etc. to hold the sheet down.
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~eep

a

the doors and windows open if you are fumigating inside
building. (This is of course true only when you are fumi
ating under a plastic sheet inside a building -- not when you
re fumigating an entire building. In this case, you would
nt to close the doors and windows tightly.)
not let anyone enter the fumigation area.

eOye the stack under fumigation for at least 5 days. Some
HOSTOXIN users prefer to remove the sheet while wearing a
s mask. But a gas mask is not necessary, if you follow
.se simple suggestions: lift the plastic sheet at one
orner using a long pole. This means that if there is any
as still under the sheet, it will not hit you in the face
en you lift the cover. Leave the stack as it is, with
e one corner lifted up, for 1 or 2 hours.
ove the plastic sheet after 1 or 2 hours if there is
strong smell.
~ne characteristic of PHOSTOXIN which makes it relatively safe

for farmers to use is the very strong smell associated with
PHOSTOXIN.

The smell, which starts being released almost
is a good warning to users because the smell is
noticeable before the gas reaches a poison strength whi,h can
,kill or hurt people.
~ll1Illediately,
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FUMIGATING STORED GRAIN IN SMALL METAL
CONTAINERS OR SILOS

· Use 3 tablets or 12 pellets of PHOSTOXIN for each 4,400kg.
• Make sure the emptying chute and filling holes are sealed. A
thick coating of grease will make a good seal.
· Check to make sure bolt holes and seams of a water-tank bin
are sealed. You can seal these with bitumen or melted wax if
you are not sure they are tight.
If the grain level in the bin is no more than 6m,
spread the tablets only on top of the grain.

you can

· Spread the tablets as you pour in the grain ~ if the grain .
can be sealed up within 4 hours. Remember to-prace the tablet$
in an open envelope. In a larger silo, you can build up the
grain to a level of 5m
and then start putting in tablets.
Continue putting in grain and tablets until finished. Start
counting 4 hours from the time the first tablets are put in.
· Seal the manhole just as soon as all the grain and tablets are
inside.
· MAKE SURE THE MANHOLE IS TIGHTLY CLOSED. USE A THICK COATING
OF GREASE, WAX,OR CEMENT MORTAR TO SEAL IT.
· Leave the silo unopened for at least 5 days. If the grain is
not needed, keep the container sealed until the grain is
needed.
WARNING!

YOU MUST HAVE THE MANHOLE SEALED WITHIN 3 or 4 HOURS OF
ADDING THE FIRST TABLET OF PHOSTOXIN. PHOSTOXIN GAS
CAN KILL.

NOTE: Metal drums are good containers in which to fumigate grain. Simply
drop in the correct number of pellets for the size drum, seal it
tightl~and wait for 5 days.
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STORING IN EARTHEN STRUCTURES

r thousands of years have been storing grain in bins and other
j:made of clay. Earth is available and easy to use.
there has been interest in improving mud granaries to make
'.trtight and waterproof. This is especially important in areas
tticides are hard to get and where there is a lot of rain.

~tly,

tn, which is discussed here, was
in India. It is made of mud
The walls are made by sealing
f plastic sheet between two
~mud bricks.
The mud bricks
he plastic from holes. The
keeps air and moisture out.
It is an airtight storage
tructure.
ibe materials are often avail
b1e 1oca 11 y•

are sometimes hard to get or expensive.
It must be protected from rain by a separate roof.
Sealing the plastic sheets may be a problem for a farmer.
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THE IMPROVED MUD BLOCK SILO

The other plan presented here is the improved mud
silo, and is based on a plan prepared in Ghana.
VITA artist, George CJ~rk, provided the illustra
tions.
The silo is made of mud bricks. This silo was
improved by plastering and painting the walls.
Plaster is usually composed of cement, lime
and sand. Mud plasters also can be used. Both
mud and plaster may not stick to the brick walls
for long periods of time. Mud plaster sticks
better for a time, but heavy rains can wash it
away. Efforts have been made to mix the mud
with a stabilizer such as cement, or bitumen;
this seems to work. Also, to make the plaster stick better, small
be added to the mud used to make the bin walls.
Local material also can be used to paint and coat the outer walls.
materials which can be tried on the walls are:
asphalt
organic oils
paints

resins
ox-blood

These coatings last only a year or so, but they are cheap, available, and
easy to put on. See Appendix D for information on how to find and use 10
materials to waterproof soil construction. When looking for a coating for
improved mud silo, the farmer should remember he is looking for a material
which:
is water-repellant.
sticks to the walls.
lasts long enough so he does not have to re-apply often.
The improved mud silo presented here has the following advantages and
disadvantages:
Advantages
. The materials are cheap.
• Airtight storage can be achieved or nearly achieved.
If the farmer is not sure the silo is airtight, he can
add insecticide to the grain.
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• The emptying chute allows small amounts of grain to
be taken out without unsealing the top of the bin.
It can be made in a number of sizes.
Disadvantages
It requires regular painting or whitewashing.
It may not be water-tight to prevent grain rewett1ng.
ce these earthen structures seem to be more easily made by small
ers than the metal bins. the construction plans are given in more
ail. The mud silo presentation includes a set of instructions for
of the silo.
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THE INDIAN PUSA BIN

"

Pusa Bin was developed in India by members of the Agricultural
rch Institute in New Delhi. It is relatively simple and inexpensive
struct and maintain. This bin is double-walled all the way round
1Uding the floor and roof --, with a separating layer of plastic
• The plastic protects against moisture and keeps air from entering
.ored grain.
t the bin from rain. If the bin is not erected under a shed and it
often, it will require too much repair and rebuilding, and the grain
~t wet and mold. However, complete shading from the sun is not
,ry because mud walls do not hold heat. This is one advantage of
lock structure over a metal bin.

a
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In India, rats cause great storage losses. For this reason, in this plan
the bottom 50cm of the outside wall and the first layer of the floor slab
are made of fi red, or IIburned ", bri cks. These bri cks are harder than
un-fired bricks, like mudblocks, and rats and mice cannot gnaw through the
bin walls or burrow up underneath the floor to get to the grain. Another
way to keep out rats and mice is to use sheet metal over whatever kind of
non-hardened material you use, in the same places.
This plan uses an insulating layer of plastic sheet. The Pusa Bin is
airtight and waterproof only if the plastic sheet is made and used
correctly. The plastic sheet used should be at least 700-gauge thickness,
to resist tears and punctures.
If plastic sheet is not available or if it is too expensive, some other
fonn of waterproofing will be needed in wann rainy areas. Check out what
is available locally. Tarfe1t -- heavy paper impregnated with tar -
can be used. Experiment with bricks containing cement. Try painting the
biA with asphalt. coal tar or any other local waterproofing substance.
See Appendix O. "Waterproofing Soil Construction. Remember. the bottom
of the bin must be waterproofed to stop migration (seeping) of moisture
from the earth below.
1I

This plan is for a 2 metric ton bin. You may vary the size of the bin
to fit your needs. Make sure you build a strong enough roof support frame
for larger bins.

READ THE INSTRUCTIONS THROUGH BEFORE YOU BEGIN
Tools and Materials
. mudblocks and mud mortar for the walls. If you make blocks
10 x 10 x 20cm you will need about 900-1000 of them.
• wood to make a form for making mudblocks
fired. or IIburned,lI bricks, concrete bricks or bricks of some
other hard, rat-proof material for the floor and lower SOcm
of the walls. You will need about 250 of them.
OR
some sheet metal to cover mudblocks for the same purpose. You
will need 6-6 1/2 square meters, allowing for overlapping of
sections. If you use sheet metal instead of hard bricks, add
250 mudb10cks to the number given above.
cement mortar if you use fired bricks
about 9 square meters of 700~gauge plastic sheet for moisture
proofing the bin. Or the same area of tar-paper, or a suitable
amount of waterproofing material to give a good, thick coating
or several coatings.
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a piece of iron bar to heat and seal seams in the plastic
wood or another strong material for making a roof support
frame
sheet metal or plastic pipe for an emptying spout.
wood will also work.

Coated

some wax or similar material to seal some joints
mud for making roof slabs

Choose a place that is as high and dryas possible. It is
better to build up the earth a little for extra protection
against collecting rainwater. Level and firmly tamp'down
the earth.
• Make the foundation area at least 1 1/2 x 2m.

Use the hard earth beneath the topsoil to make mudblocks.
If the soil in your area does not have a high clay content,
you may be able to mix a little cement in with low-clay soil
to make good mudblocks.
• A wood form can make several mudblocks at a time.
If you use blocks measuring 10 x 10 x 20cm you will need about
900-1000 mudblocks. If you are going to use sheet metal instead
of fired bricks to protect against rats and mice, add 250 more.
~ake

the floor of the bin.

• Lay down a platform of fired bricks or other hardened bricks,
and cement mortar, measuring about 120 x 160cm.
OR

Lay cown a layer of sheet metal and place a layer of mudblocks
and mud mortar on top of it, to the same measurements. Use
flattened kerosene tins or any available sheet metal. Overlap
all the pieces. Make the outside edges stick out aQout 15cm
beyond the outside edges of the bJock platform that will be
laid on top of it.
. Allow about lcm thickness of mortar between either kind of
brick, for a good bond.
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Place a layer of plastic over the bricks, or whatever water
proofing material you are using. It should extend a few
centimeters beyond each edge of the layer of bricks.
Lay down a layer of mudblocks and mortar on top of the plastic,
the same size as the first brick layer .
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4.

Build the inner walls.
· The inner walls may be made entirely of mudblocks and mortar.
• Make the outside edges of the walls the same as the outside
edges of the floor.
· Build an emptying spout into the first layer. Form something
like galvanized tin into a tube about 9 or lOcm in diameter,
or use a plastic pipe the same size. Fit one end flush against
the inside of the wall. Make it long enough to extend past
where the outside edge of the outer wall will be. You may
tilt it downwards slightly towards the outside for easier exit.
Mortar it into the wall. You will need a tight-fitting cap
on the end of.the spout.
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. Lay the blocks so that each one crosses over a joint between
blocks in the layer below it. This will make the wall~ stronger.
. Build the walls to a total height of about 160cm -- but wait
until installing the roof support frame (next step) before
putting in the final layer.

....
/1' •

,.'

Install a roof support frame.
. Use wood that is naturally termite proof, or coat it with
something to protect it against these and other insects.
Metal or reinforced concrete bars can be used, but they will
be more expensive. The roof must have strong support: use
the best available material.
. Use four pieces as long as the distance between the outside
edges of the inner wall -- two pieces about 120cm and two about
160cm. Wood should have at least a 5 x 5cm cross section.
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Form the frame in a double-cross
pattern. Interlock wood joints.
One of the corner spaces should
measure about 50 x SOcm. for a
manhole entrance.

Position the frame on top of the
next-to-last layer of blocks in
inner wall. Raise the ends up
on some mortar so the top surface
of the frame will be at the same
height as the top surfaces of the
final layer of mudblocks.
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. Mortar the frame and the blocks for the top layer of the wall
into place. Make a smooth top surface on the walls.
Build the inner roof.
. Make mud slabs 5cm thick for the inner roof.
You may make one or more to cover each space in the support
frame, dependi ng on how strong the sl abs are. They wi 11 have
to support another layer of mud slabs the same thickness when
the bin is complete. It would be best to extend them to the
outside edges of the inner wall for firm support. Sections of
tightly stretched wire mesh fastened to the support frame
would provide extra support for the slabs.
Position the slabs on mortar applied to the support frame and
the tops of the walls. Leave the 50 x 50cm manhole open.
Fill any spaces between the slabs with mortar.
Plaster the inside.
Plaster the insides of the walls and the roof, and the surface
of the floor with a smooth coating of mud or mortar. This will
leave no place for insects or dirt to lodge.
Make and install a plastic cover.
Measure the outside dimensions of each of the four walls and
the roof.
Cut pieces of plastic sheet to cover each of the five surfaces.
Each piece should be cut a little larger than the surface
which it will cover -- at least 5cm overhang on each edge.
The bottom edges of the sides must reach a few centimeters
beyond the plastic sticking out from the floor.
Fasten the pieces together in a box shape. Keep in mind the
right arrangement of pieces so that when the cover is placed
over the bin it will fit.
Seal the edges of the plastic together with a heated piece of
iron bar. Lay one edge over another and pass the iron over
them. Make sure the iron is not too hot: it should not melt
the plastic, but just seal it together. Make sure you have a
good seal. Practice making seams on small scraps of plastic
first. Find the right temperature for the iron.
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· Make sure there are no rough edges of blocks or mortar on the
walls or roof that will damage the plastic.
· Pull the cover all the way down over the inner structure of the
.1n. If it is too small you will have to re-make it; you may
be able to re-work the seams. It does not matter if the cover
is too large.
· Cut a hole in the plastic around the emptying spout. Seal it
to the spout with something like soft wax. This should make
an air- and water-tight seal.
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. Seal the bottom edges of the wall pieces to the edges of the
plastic in the floor.
. Cut a diagonal slit through the plastic across the manhole.
Build the outer walls.

• Begin the walls from the earth ·Foundation. Build them right
up against the plastic over the inner walls.
. Use fired bricks or other hardened bricks and cement mortar for
the lower SOcm of the outer walls
OR

Use mudblocks and mud mortar instead, building them up on the
metal sticking out from und~r the floor. Cover them to a height
of SOem with overlapping pieces of sheet metal. Mortar or
otherwise securely fasten the metal in place. Make a good joint
with the metal sticking out from under the floor.
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· Continue the outer walls with mudblocks and mud mortar.
Build them up to the top surface of the inner roof. If
there is any difference in height, fill with mortar.
10.

Build the outer roof.
Place Scm-thick mud slabs over the plastic sheet on top of
the inner roof, mortaring them in place, out to the outside
edges of the outer walls. They may be any size across, as
long as they are strong.
Do not cover the manhole. Make a separate mud slab to fit
over it.
Fill in spaces between the slabs with mortar.

11.

Finish the bin.
Plaster the outer roof and sides with a smooth layer of mud
or mortar.
· Let the entire structure dry thoroughly. This will take about
thirty days. Leave the manhole cover off during the drying.
· A coat of whitewash put on after drying would help reflect the
sun's heat and add further waterproofing.
Build a shelter over the Pusa Bin to protect if from
Make it at least a half meter larger than the bin on
and high enough to give plenty of room to load grain
in and out the manhole. There is no need to enclose
of the shelter.

12.

the
all
and
the

rains.
sides,
get
sides

Prepare and use the bin for storage.
· When the bin is dry, clean the inside thoroughly. Light a small,
smoky fire to drive off insects. Take both of these steps each
time you get ready to load an empty bin.
Dusting the inside surfaces of the bin, and also the grain, will
protect the grain better.
· Cover the manhole when you have put your grain into the bin.
Seal it with extra mud or mortar for more protection.
· Always close the cover of the emptying spout tightly after using.
· Check the grain

~eriodically.

• Store only grain which is dried to 12-13% moisture content in
the Pusa Bin.
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IMPROVED MUDBLOCK SILO
READ THE INSTRUCTIONS THROUGH BEFORE YOU BEGIN

· Rocks about 20-25cm across for the foundation of the silo.
Flat rocks, as wide across as possible, to lay across the
foundation.
· Sand for concrete and mortar.
· Small stones to mix in with the concrete.
· 2 bags of cement.
· Trowel or a similar tool to work the mortar and plaster
mixes.
Different sizes of wood boards. The sizes are shown in
each part of the instructions where you will use them.
Earth to make mudb10cks.
Nails (1.8-2.4cm long).
Pitch, ta~ or other waterproofing
material.

• Fi nd some so11 d ground on which
to build the silo.
• High ground is best.
· Make sure the silo is built in
a place where the ground under
neath it will not wash away
during a rainy season.
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1.

Implloved Mtd block Silo

Make a Form to Mold Mudb10cks
Use wood boards about 2.5cm thick.
You wi 11 need:

2 boards 46cm x 10cm
4 boards 10cm x 15cm

Line the 2 long boards up side by side.
Nail the 4 smal1 boards crossways between them. Place the
small boards so that the distance between the 2 long boards
is 15cm. Leave 10cm space between each of the small boards.
Place the first small board about 2.5cm in from the ends
of the long boards. This should leave about the same amount
of space on the other end.
Make handles. Use 2 small pieces of wood 2.5cm thick that
are 15cm long and about 5cm wide. Nail one across each
end of the box.
2.

Make Mudb10cks
Mix earth and water to make the same kind of mud you use to
build any building.
• Wet the form.
Fill the form with mud.
Pack the mud tightly into
the form.
Take any extra mud off the
top.
• Lift the form carefully off
the mudb10cks.
Dry the blocks in the sun.
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Make Frame !lA for the Outside of the Tops1ab
II

• To make this tops1ab you must make 4 wood
frames. Later you w"i 11 pour concrete into
these frames~
Prepare:

2 boards, 2.Scm x Scm x 1.2m
2 boards, 2.Scm x Scm x 1.lm
4 boards, 2.Scm x Scm x Slcm

Nail the 4 longer boards together. Butt
the ends of the 1.lm boards up against the ends of the 1.2m
boards. When the frame is lying on the ground#the 2.Scm edges
of the boards should be facing up.
Nail these cross pieces in place from the inside. The 2.Scm
edges of these boards should also be facing up when the frame
is lying on the ground.
Cut the ends of the 4 short boards at a 45 degree angle.
Then they will fit easily across the corners of the large
square frame.

FRAME. A
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4. Make Frame "B" for the Manhole
• Prepare: 2 boards, 2.5 x 8cm x 45cm
2 boards, 2.5 x 8cm x 40cm
• Cut part of the face off each end of the 4 boards:
Th1s will make a slanted face.
• Nail the 4 boards together. Face the slanted sides out
ward. Butt the ends of the 40cm boards up against the
ends of the 45cm boards.

r-----~

---

J

FRAME.

e
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Make Frame "C" for the CC?ll ar

-

• Prepare:

2 boards 2.5cm x 2.5cm x 53cm
1 board, 2.5cm x 2.5cm x 56cm
1 board, 2.5cm x 2.5cm x 66 em

• Nail the 4 boards together. Butt the ends of the 56cm board
up against an end of each of the 53cm boards. Butt the other
ends of the 56cm boards up against the 66cm board. Leave 5cm
of the 66cm board sticking out on one end.

FRAVlEC

Make Frame 110" for the Manhole Cover
. You will need:

2 boards, 2.5cm x 5cm x 6'c~
2 boards, 2.5 x 5cm x 56cm
shorter

FRAME. 0
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7.

Improved Mudblock Silo

Mix the Concrete and Pour it into the Wood Frames
· Mix the concrete in a proportion of: 1 part cement
2 parts sand
3 parts small stones
Remember to mix the dry ingredients first. Then add the water,
a small amount at a time until the mixture is correct.
Cover a flat place on the ground with empty cement bags or
sheets of heavy paper or plastic. These will keep the concrete
from sticking to the ground.
· Wet the empty bags or whatever you are using.
the concrete from sticking to them.

This will keep

Put Frame A on top of these.

\

Place Frame B in the middle of Frame A. Make sure each side of
Frame B is the same distance from each side of Frame A. The
thin edges of Frame B should be facing down.
Begin pouring concrete mix into the space between Frame A and
Frame B. The open space inside of Frame B will be the man
hole.
· When you have poured in about half the thickness aTl the way
around, lay in the metal rods.
Pour the rest of the concrete mix over the rods.
Make sure the rods are in the concrete. They should not show
through the concrete. IT you do this right, the rods will help
make the concrete much stronger.
FRAMe: A
FRAME B

'-- FRAMEC
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Level the concrete even with the top of Frame A.
stick up 2.5cm above the wet concrete.

Frame B will

Place Frame C around Frame B on top of the wet concrete. The
space between the two frames must be the same on every side.
Pour concrete mix into the space between Frame B and Frame C.
Make the top of the concrete level with the tops of the 2 frames.
This will form a collar for the manhole cover to rest on.
You are now ready to use Frame D to make a separate piece.
will be the manhole cover.

This

• Place Frame Don some empty cement bags or sheets of heavy paper
or plastic.
Wet the empty bags or whatever you are using.
Pour concrete mix into Frame D.
to the top of the frame.

Level off the top of the concrete

Leave all the frames around the concrete for at least 3 days.
The concrete will become even stronger if you can leave it for
several more days.
While the concrete is drying, put water on it 3 times each day
at morning, noon,and night. Putting water on the concrete like
this will make it harden eve~ly and not crack. This is called
"curing. "
When the concrete is "cured," remove the wood frames.
them carefully, so you can use them again.

Remove

FRAME.B-
CONCRE.TE.-

ME A
5E.CTION A A 'THROUG"" "TQPSLAB
W'TH FORM5 IN PLACE. AFTE.R POURING
CONCRETE..
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Make the foundation
· Draw a circle on the ground where you want to build the silo.
Make the circle 1.2m across.
Place the 20cm or 25cm rocks around the circle just inside the
edge, and inside the circle. You may fill in the larger spaces
with smaller rocks to give more support. The air spaces between
the rocks will let air move through the foundation and will
keep moisture from collecting.
· Place flat rocks on top of the circle of rocks.
the top more level.

This will make

If you cannot find good flat rocks, you may use concrete blocks.
Place them the same way as you would the flat rocks. Place
them so they come right up to the edge of the circle of rocks,
or overhang slightly.
Make some mortar by mixing 1 part C~lent and 5 parts sand to
gether. Add enough water to make a workable paste.
· Put mortar over the flat rocks or boards. Fill all open spaces.
Make the surface as smooth as you can. This will cement the
top of the foundation into a solid piece.
Find the center of the foundation.
· Mark off a 91cm diameter circle from the center.
inside diameter of the silo.
9.

This is the

Build the Grain Chute (Optional)
· Use hard wood about 2.5cm thick.
Prepare: 1 board, 2.5 x 15 x 30cm -- for the top of the chute.
1 board, 2.5 x 15><25cm - for the bottom of the chute.
2 boards, 2.5 x lOcm that are 25cm long on one edge and
30cm long on the opposite edge. These are
for the sides of the chute.
1 board, 2.5cm thick, at least 13cm wide,and 20cm or
25cm long. This is for the sliding door
in the chute.
Place the edge of the sliding door board on one of the side boards
Scm in from the short straight end. Trace the width of this edge
onto the side board. Make a groove. Remove the wood between the
2 lines you have traced to a depth of about 6mm. Make each
surface of the groove as smooth and as straight as you can.
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epeat this process on the other side board. The groove should
be in the same place on each side board.

t the top board into two pieces. One piece should be Scm
• This will fit the space between the front of the chute
the beginning of the groove for the sliding door. Match the
of the remaining piece with the far end of the groove. Cut
length of the top piece as needed to match the length of the
e piece.

11 the top and sides and bottom of the chute together.
m the width of the sliding door board SO that it will slide
ugh the opening in the top of the chute down the grooves.
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You may have to trim the long sides of the opening too if the
sliding door is too thick. The sliding door should move freely
up and down but should not be too loose.
• Cut the bottom edge of the sliding door at an angle so that only
a thin edge will touch the bottom of the chute. This edge will
face the outside of the silo. This will make it easier to keep
grains from lodging under the closed door which might let air
and moisture and insects into the silo.
· Paint the chute and the sliding door with pitch or tar or some
like material to protect it from insects and moisture.
Drive a few nails into the chute near its slanted end. They shoul
stick out a couple of centimeters. The nails will help anchor the
chute into the walls of the silo.
10. Begin tr1 Walls
· Make mortar the same way you did for the top of the foundation.
It is better to mix smaller amounts until you know how fast YOu
can use it. Do not use mortar that has gotten too dry because
it will not be as strong.
Lay down a layer of mortar all around the inside edge of the
circle you have drawn on the top of the foundation. Make it
about 10cm wide.
· Place about 18 mudb10cks in a circle on top of the mortar. Leave
a space for the chute. including the nails that are sticking out
from it.
• Place the chute in the space you have left. The slanted end of
the chute should be even with the inside surfaces of the blocks
next to it and straight up and down. This will make the
chute tilt down away from the silo wall.

Ii
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ill the spaces between the mudb10cks and the spaces between the
0db10cks and the chute with mortar.

ay down a layer of mortar on top of the circle of mudb10cks.
lace the second layer of mudb10cks on top of the first. Place
ach block so that it lays across the space between the blocks
" the first layer. This will make the wall stronger. You
y have to cut blocks to fit next to the chute. Do not leave
large space that will have to be filled with mortar next to
he chute.
putting on mortar and mudb10cks in the same way until
laid down 4 layers of mudb10cks altogether.
Floor
" sand or soil to make a slanted floor. This will help the
towards and out of the chute. If the chute is not
slant will not be needed.
Pack the sand or soil down
hard.
The floor should be 30 cm
above the bottom of t~e
chute at the place opposite
the chute. The floor near
the chute should be even
with the bottom of the
chute.
MUD eaL.OCK
WALL

SE.crION V\E.W
THROUGH

.MUD BLOCK. SILO

Make a mix of plaster. Use
1 part cement (out of the bag)
to 3 parts clean sand (mix dry).
Use enough water to make a
smooth mix. Do not make it
too watery.
Plaster the slanted floor and
the inside of the mudb10ck wall.
Make sure you cover all the
surfaces completely.
Plaster carefully around the
chute.

oth the plaster well after you put it on. This will make cleaning
ier and will leave fewer spots for insects to hide in.
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Keep the plaster damp until it is hard.
Put loose sand on the floor after it is dry. This will keep
drops of mortar and plaster from sticking to the floor as
you continue working.
12.

Finish the Walls
• Tie a string to a small stone. You will use this to check
the straightness of the walls as you build them.
Put down 3 or 4 layers of blocks. Use mortar and arrange the
blocks the same way you did for the first 4 layers.
• Hold the string at the top end, with the stone hanging down
from it at the other end.
· Hold the string out about 5cm from the top of the silo wall.
The silo wall is straight if the distance between the string
and the wall is the same from the top to the bottom.
· Continue adding layers of blocks the same way as you did
Check every 3 or 4 layers for straightness.

befor.~

· The finished silo wall should have about 14 layers of blocks.
• Mix some plaster the same way you did for the":slanted floor
and the inside of the first 4 layers of mudb10cks.
• Plaster the inside and the outside of the silo wall.
to put the plaster on very smooth.
13.

Remember

Place the Tops1ab
· When the mortar and the plaster in the silo wall are dry and
strong,you are ready to place the tops1ab on top of the silo.
· Make sure that Frames A, B,and C are removed from the concrete
tops1ab.
• You will need people to help you put the tops1ab in place.
• Mix some

f~esn

mortar (1 part cement, 5 parts sand, and water).

· Place a layer of mortar all around on top of the silo wall.
· Put the topslab down on top of the mortar. Many people can
lift the tops1ab together. One person can stand inside and
help. He can get out through the manhole.
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· Remove the cover from Frame 0 and place.

· Apply a coating of whitewash to all the outside surfaces of
the silo. The manhole cover and all areas of the topslab and
walls should be covered.
• Whitewash closes small openings in the cement.
• Whitewash helps keep the silo cooler inside.
to keep the grain cool and dry.
• Whitewash will also make your silo look nice.

It is important

Storage Methods -101

HOW TO USE YOUR MUDBLOCK SILO

Put only clean, dry grain into your silo.
· Wet grain will rot in the closed silo.
get moldy.

It will

· Wet grain will make the silo wet. The silo walls
will crack if they get wet. Your grain will be
no good.
Dry your grain in the sun.
Keep the grain in the sun or in the dryer until
it is dry.
· Test the grain when you think it is dry. Put
one grain between your teeth. Dry grain is very
hard to break with your teeth.
• Remember, if storing maize -- put kernels into the silo right
after you remove them from the cobs. Do not let maize stay on
the cobs after you remove the cobs from the drying p1~ce.
· When the grain is dry, take the cover off the manhole. Put the
grain into the silo right away. Fill the silo to the top.
· Stir the grain in the silo with a large stick. This helps the
grains settle.
It is good to add an insect poison to the grain before you close
the silo. Insects are always present in grain. Insect larvae
live inside the kernels where they can not be seen. Talk to
your extension worker about what poison to use and how to use it.
•

Remembe~ poisons can kill animals ~nd people.
before you talk to an extension worker ..

Put the
insects
Put mud
between

Do not use them

cover on the manhole as soon as possible. Flying
can enter the grain if the cover is not on the manhole.
all around the cover so nothing can get into any cracks
the cover and the manhole.

• Make sure the sliding door in the wooden chute closes tightly.
· Make sure there are no cracks around the chute.
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Improved Mudb10ck Silo

Put mud over the chute to protect it from rodents and in
sects.
Keep the area around the silo clean.
live where it is clean.

Rats do not like to

Check your silo often. Put new plaster on any cracks you
find. It is important to find the cracks and put plaster
on them right away.
Keep the silo white. The white color keeps the silo cool.
Put on new whitewash when the silo needs it.
You may have to use the chute to take out small amounts of
grain to sell or eat. Make sure you close the sliding door
carefully. Do not leave it open. Reseal it with mud. If
theft is a problem, the chute can be omitted and grain will
be removed from the top of the silo.
Do not leave grains scattered on the ground.
will attract insects and rats.

These grains

. When you empty the silo, make sure all the grain is out.
Grain left in an empty silo will attract insects and rodents.
Clean the silo well before you fill it again. You can burn
a small fire made of grass inside the silo. This kind of
fire makes a lot of smoke. The smoke and heat from the
fire kill insects and insect eggs.
Sweep out the ashes, dust,and old grain.
When your silo is clean and repaired, you are ready to put
the next crop of grain into the silo.
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FERROCEMENT FOR GRAIN STORAGE

is a kind of reinforced concrete. Ferrocement is made of
mesh, sand, water, and cement. It is strong and durable. Generally,
rocement structures are from lcm to Scm in thickness. The reinforcet is layers of steel mesh with thin steel reinforcing bars placed
een the layers. Ferrocement has been used as a material for building
$ for many years.
Now ferrocement is being used with increasing success
grain storage in a number of countries.
tocement is appropriate for building structures in many areas of the
3d:
The materials to make it are usually available all
over the world.
It can be made into almost any shape. Therefore, an
improved structure can be made which looks very much like
the old one.
It is cheaper than a metal bin, in some places.
Building with ferrocement does not require a lot of
equipment or machinery.
It can be built almost anywhere, even in isolated locations.
It does not take very long for workers to learn to use
ferrocement.
It needs little maintenance after completion.
if necessary, are easy to make.

Repairs,
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MATERIALS FOR FERROCEMENT

Reinforcing Mesh
Many kinds of mesh will work as long as the mesh can be shaped easily (is
flexible). The mesh will have to be more or less flexible depending upon
the shape of the final ferrocement product. If the ferrocement is to be
a rounded structuret the mesh has to be more flexible than it would have
to be for a straight-sided container.
For grain storage uses t chicken wire can be used as reinforcing mesh.
Chicken wire is usually available t though in some areas it can be expen
sive.
In cases where chicken wire or wire mesh is not available t the mesh can
be made by using straight wire. This allows the user to make the size
mesh he wants t and it is cheaper to buy coils of straight wire than it
is to buy mesh. The mesh does not need welding; either galvanized or
non-galvanized wire can be used.
Cementt Sandt and Water
Almost any ordinary cement can be used. The sand should not be too fine
(have too many tiny pieces). If there are pieces of>dirt t leaves t or
other organic matter in the sandt wash the sand before using it. The
water also must be free from silt and other dirt. These materials weaken
the ferrocement if they are left in the sand and water.

BUILDING WITH FERROCEMENT
There are three areas in ferrocement construction which are particularly
important:
Mixing the Mortar
A general mix is 1 part cement to 2 parts sand. Only enough water is
added to make a pastel ike mixture. Experience will be the best way to
find out the best consistency for the mortar. Machines can be used for
mixing t but hand mixing the mortar works very well and may cost less.
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mortar on the wire mesh
9 the mortar, the mesh structure should have been formed in
ired. Then, using fingers and trowels, push the mortar into
ture. Some kind of vibrating movement helps push the mortar
and packs it in better. For grain storage purposes, just put
piece of wood and create a vibrating movement.

9 the mortar, there are two important points to keep in mind:
··pletely cover the steel wire mesh with mortar so that the
rust and lose its strength; at the same time, the wire mesh
near the furface as possible. This means that the covering
mesh must be thin but complete.

must not dry too quickly. It should be kept moist for at
days. It also must be protected from sun and wind. Both
n and too much wind will dry the ferrocement too quickly:
t must dry slowly to be strong.

FOR GRAIN STORAGE
ny things about ferrocement whieh make it good for grain
Is particularly good in areas of the world where high tempera
p air cause grain to rot and mold easily. (However, if wire
1y, and cement powder relatively inexpensive, the farmer may
ld a cement stave silo.) Ferrocement:

an provide watertight storage, if treated.
n be made to provide airtight storage, and, therefore,
insecticides are not needed.
not heat the stored grain as much as metal bins do.

1sadvantage to ferrocement at the moment seems to be that the
Qcement for grain storage is still new, and knowledge of the
s,•. not widely available.
Also, for the small farmer, ferrocement
y expensive.
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AN OVERVIEW OF GRAIN STORAGE USES FOR FERROCEMENT
This section on ferrocement provides an introduction to ferrocement Os
a building material for grain storage uses. It includes descriptions of
ferrocement bins and a ferrocement lining for underground storage pits.
The Thai Ferrocement Silo (Thailo). which can hold 3.5 tons of paddy riee.
1s presented 1n some deta11 •
...
Ferrocement has been used to make water tanks for a number of years. But
ferrocement is still being tested for its grain storage value and much Of
this knowledge is still in the hands of designers and testers. Hopefu"y.
by reading the above general material on ferrocement. and. then. by
reading the following descriptions of possible grain storage uses. you
will be able to form some ideas as to whether or not ferrocement is worthr
of more investigation for use in your area.
. :
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THAI FERROCEMENT SILO (THAILO)

l,OOOkg
l,725kg

Sand

965kg (used in the base)
Mortar plasticizer

2kg

,'ealant for base

5kg
3/4kg

Ch1t:ken wire

2 Rolls

No. 2 rod

80m
(l9nln dia.)

32m

aterials available 1-n Thailand. they may not be easy to find in
s. But other materi~ls may be substituted. For example, the
en built using bamboo poles instead of water pipe. The pipe was
to prevent termite infestation. If it is not clear that termites
problem. experimenting with other available materials will be
sing bamboo, means the walls will be much thicker -- 5 to 7.5cm --,
more cement. Walls using water pipe are only 4cm thick.

t 1s to help protect the silo in areas where flooding is a
ny k1nd of asphalt seal should provide protection.
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1.

Build the Base
· The base is saucer shaped and can be built ona pile of hard·
earth. This should be done if the area has seasonal f100din
or very heavy rains. The base can be changed easily to fit
different ground conditions.
Put a sealing mortar on the earthen base and apron.
mortar using. by weight: 1 part cement
3 parts sand
0.6 parts water
• Lay one layer of concrete over the apron and base.
Scm thick.

Make it

Reinforce this concrete layer with 19mm wire mesh. (Chicken
wire can be used) after you have laid down half the thicknesl>,
of concrete. Use this concrete mix. by weight:
1 part cement
1 1/2 parts sand
2 parts aggregate
0.33 parts water.
• Let this layer of concrete harden and water it 3 times a day.
Keep the concrete damp for 7 days. This lets the concrete
harden slowly. and the concrete will. therefore. be stronger"d
Treat the concrete with an asphalt seal. In Thailand. a brand
called F1intkote is used in 2 coats. (F1intkote is simply a
bitumen emulsion). The first coat is mixed with water - 1
part F1intkote. 3 parts water. The second layer contains no
water.
• Put down another layer of Scm thick concrete with mesh reinfo
ment (about midway in its thickness). This time put the con
crete over the base. but not over the apron. The mesh should
stick out of the concrete to the end of the apron. It will
be used later as more reinforcement for the walls.
SeoUon .6howb1g
.6hape 06 the bcue

GtLou.wi

level..

.~
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1d the WallSu ort Structure
• The walls slope inward towards the top in a cone shape. The
opening at the top of the cone is the entrance. or manhole.
• Build a wooden "tree" to support
the wall structure until it is
finished. The tree should stand
about 2m high with a circular
platform at the top.

• Extend steel water pipes or whatever reinforcing materials are used
from the base to the tree platform at regular intervals. These
struts form the support for the wire mesh.
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Make the cover or Top

e are 2 choices for the top.
1. Ferrocement outer cover with circles of rubber which act
as airtight seals. This can be made on site or erected
before cementing the walls.
An inner lid can be used. This lid can be an aluminum trash
can lid. If this inner lid is used, place a polystyrene
lining between the grain and the trash can lid to insulate
against heat and prevent moisture condensation.
2.

Build a small piece of fonmwork supported by wires attached
to the tops of the steel pipes which form the struts for
the wire mesh. Or long nails can be driven into the wooden
platform which supports the struts. These nails are bent
up to shape a form.
The topsea1 consists of 2 parts:
. Aluminum lid with polystyrene insert and a tubular
ring of plastic placed between the lid and the wall.
. A piece of sheet metal screwed to the top with a
sealing gasket.
Notes on Ferrocement Silos
Do not mix too much water into the mortar and concrete
mixtures.

Wet the finished ferrocement 3 times per day for 7 days.
Cover the silo with moist sacks and make sure the cover
is kept wet. It is very important not to let the sun and
wind dry the silo too quickly. Slow drying, called curing.
gives cement its durability and strength.
. Painting the silo with chlorinated rubber-base paint. coal
tar or bitumen should be done to make sure it is completely
airtight and watertight.
Fill the finished silo with water for one week if you wish to
test it. Water is heavier than the stored grain. If there
are cracks or weak places they will leak. Make repairs
as needed. The silo must be dried for 4-6 weeks particularly
if it has been filled with water. Remember that the shape
and size of the ferrocement'si10 can be changed to fit your
own needs.
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FERROCEMENT-LINED UNDERGROUND PITS

traditional pit can be made into an air and watertight grain storage
nta1ner by using ferrocement to line the pit. Ferrocement linings work
n in pits built in very wet ground. The cost of this pit was $20.00
• S. currency) in 1972.

.

..

........

Cro...aectJon or rerrocement undergroUnd .tor... pit.
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Here is an outline of the construction process.
1. Clean the pit
• Remove trash
• Make sure walls are smooth and free of termites.
• Apply poison to kill termites if necessary.
2.

Prepare the floor of the pit
• Lay down a lOmm layer of hardcore.
• Lay a layer of concrete on top of the hardcore. Use a
concrete mix like the one given for the base of the
Thailo grain store pits.

3. Make the mortar
• Mix well one part cement and 3 parts sand.
• Add as little water as possible to make a paste.
4. Line the walls
• Use hands and trowels to put a 2.5-3cm layer of mortar to
the walls.
• Place wire mesh reinforcement, or chicken wire on the sur
face of the mortar where it is wet.
• See waterprpofing material before placing the second layer
of mortar. The other method of waterproofing is cheaper,
requires less labor and may work well depending on the
ground water level. This method uses a single layer of
bitumen between the two cement layers. If you choose this
method, Step 6 is not necessary.
• Put another layer of mortar on top of the chicken wire.
5. Cure the lining
Keep the walls and inside of the pit damp for at least 5 days.
Seven days is better.
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• Do not let the pit dry out quickly!
There are 2 methods.

Here is the most expensfve.

• Brush off any loose concrete with a wire brush.
• Use a stiff brush to put on a first coat of Bitumen Bmulsion.
This first coat is diluted -- 1 volume of emulsion to 1 volume
of water.
• Make sure the emulsion gets worked deeply into the lining.
• Let this first, or priming coat, dry.
• Apply a layer of undiluted Bitumen Bmulsion and let dry.
• Mix 1 volume of water to 1 volume of cement to 10 volumes
Bitumen Bmulsion and brush this over the entire inside of
the pit.

• Build up the mouth of the pit using stones.
• Mix concrete of the type used at the bottom of the pit and
lay a sloping lip at the mouth of the pit as shown in,the
drawing. Drain pipes can be used to carry water even
further away.
• Let dry well.

• A traditional lid can be used.
• Ametal or concrete lid which i5 sealed with bitumen makes
a very airtight storage container.
• If you choose to use a metal lid place old cloths or sacks
between the top of the grain and the cover. This cloth will
absorb any moisture which forms on the metal lid.
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OTHER FERROCEMENT GRAIN STRUCTURES

From a VITA Volunteer in India come the following ferrocement speci
fications and drawings. Since these grain bins are presented in sizes
suitable for use by small farmers, they are included here to i11ustrat
further the ranges of ferrocement shapes and applications. These p1a.
were proposed by the Keetaram Agricultural Services, Pvt., Ltd., of New
Delhi, India.
Ferrocement Grain Bin #1 (CB-1)
Useful for seed storage or where smaller batches of various types or
qualities of grain have to be preserved. For indoor use, although the
design will permit long exposure to sunshine and rain without deteriora
tion of the contents.
The bin has an internal diameter of 750nm and is 1 metre tall. A large
manhole, 600mm in diameter, is used for loading and unloading of grain~
This manhole is closed by means of a loose fitting ocver which is equ1
with a fad1 ity for padlocking. The bin can be easily sealed by caul.·····
ing wet clay all around the cover. Since the bin will be placed direc
on the floor no opening is considered necessary at the bottom, since th
will make the extraction of grain at ground level a very tedious operat
The height of 1 metre makes it easy for the grain to removed from the t
manhole.
.
The walls of the bin are 12mm thick and have a smooth internal finish
preventing lodging of any bacterial infestation. All corners and edge$
are rounded off for the same reason and to facilitate cleaning of the
bin before loading.
This bin holds 0.4 cubic meters. It will store 350kgs of wheat.
bin weighs about 230kg when empty and 580kg when full.
If
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cement Grain Bin #2 (CB-2)
s an internal diameter of 1,00Omm and a height of 1,50Omm. A man
iameter is provided at the top for loading of grain. The manhole
closed by means of a loosely fitting manhole cover with a padlocking
ement. At the bottom of the bin a square opening is provided and
fitted on with nuts and bolts on to the recessed enclosure of the
• "rhi s cover will be norma11 y opened once a year, when the bi n
emptied and is to be thoroughly cleaned before fumigation.
oading grain, there is a Bcm diameter sheet metal screw conveyor
~ over the cover.
This is manually operated and is estimated to
arge at the rate of about 15kg per minute by manually turning the
or at 60 RPM.
tapacity of this bin is 1.4 cubic meters. It will store 1,000kg of
t, The bin weighs 340kg when empty and, therefore, about 1,350kg
full.
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Ferrocement Grain Bin #3 (C5-1)
This is the first of the new series of medium-size bins. It is also a ·..
vertical cylinder, having an inside diameter of 1.5 meters and an overalji
height of 1.5 meters. Because of their large size, these bins will
.....
usua11 y be kept outdoors or under open verandahs or corri dors. The rOQt
of this bin is dome-shaped so that rain water will run off.
Loading is done by a man standing on a stool. A manhole of 450 mm diam
with a detachable cover is provided in the roof, along with a padlockfns",
arrangement.
.
Unloading is done at the base through a screw conveyor identical
described under type CB-2.
The capacity of the bin is 3m3 , and it will store 2-3 tons. The
700kg when empty and 3,000kg when full.
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ent Grain Bin #4 (CS-2)

CS-1
nd bin in this series has the same inside diameter as type
The
meters, but the overall height is increased to 2.9 metreS" ylever,
ion of this bin is generally identical with type CS-1.
t-fo ion
f the height the loading arrangement is different. Pro"i S standing
made for installing a pulley at the top manhole. One rna" -t"at
of of the bin will lift the sack by the pulley and empt)' p to
the bin. A detachable ladder is provided for climbing ~
g arrangements provided at the bottom of the bin are iden
e CB-2.

-t i cal
OflS of

acity of this bin is 5.4 cubic meters. It will store 4.5 1;1 ..
The bin weighs about 1,1 OOkg when empty and 5,600 when fu 1
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STORING GRAIN IN CEMENT/CONCRETE STRUCTURES

'$

manual has already discussed a number of materials used for storage
locks, plastic, metal, ferrocement. The final construction material
uss ed here is cement/concrete.
e plans for storage structures which use cement are offered here.

e first, and simplest, was designed
Peace Corps Volunteers in Senegal
d built by local farmers.

--I

BRICK

T

.sILO

1

I
1
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I
I
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I
I
I

I

-1
I

1
I
I

The second plan includes'
detailed drawings for a
4.5 ton Cement Stave Silo.
This silo has been built and
tested by Peace Corps Volun
teers in Benin. The testing
process has led to some design
improvements and these have
been incorporated into the
plan included here.
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The third plan is for building and establishing Concrete Block Square
Silos for cooperative storage.
Since small fanners often cannot afford to make improvements by them..
selves, they enter into cooperative agreements and store their grain
all together in large bins. This plan offers a low-cost alternatf~e
the traditional large round silo, and the problems of keeping strict
measurements of each farmer's input to the silo. by giving informat1
on how to construct square, multi-celled (each cell is relatively sma
silos.

DODD
DODD
MULTt-CE.lL£.O .s\lO
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BRICK GRAIN STORAGE SILO

ditional family granaries in West
rica are constructed of clay, bamboo,
millet stalks with a thatch roof.
ey are easy prey for insects, rodents,
re, and thieves. The silo described
ere was designed by Peace Corps Vol un
eers to protect grain against these
angers and, equally as ;mportant, to
e of low cost and easy to build.
.he sil 0 is made of mortared concrete
1cks placed on a reinforced founda
on. A reinforced cover with a manhole
cast to place over the bricks. The
hole cover can be made of sheet metal
r ease in handling, but if welding is
problem, a cover can be cast in
oncrete.

I
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I
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I
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I

I
I

I
I

I

11 labor was done by Senegalese villagers with the help of a Peace Corps
olunteer. With the assistance of an experienced village mason, a farmer
can do the work necessary to bu'lld this s110.

Protects against insects and rodents.
Easy to build.
Does not cost a lot of money.
Holds 3m 3 of grain.
Easy to reach to take grain in and out.

• Making the manhole cover may be difficult.
• Moisture may be a problem unless the silo is water
proofed.

I
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Materials and Tools
Cement (for bricks, foundation,
cover, mortar, plaster)

7 bags

Reinforcing rod (6mm)

36 meters

Sheet metal for manhole cover

as needed.

1. Make Forms for Silo Base and Cover
Dig a hole 1.75m x 1.75m and 6cm deep.
silo base.
Dig a hole 1.6m x 1.6m and Bcm deep.
casting the silo cover.

This is for the
This hole "is for

. Make, and place in the hole, a wooden mold 60cm square
by outside measurement.

TOP VIEW

SIDE VIEW
2.

Make the Base and Cover
Cut reinforcing rod for both the silo and base .
• Mix concrete and pour each form half full.
Set reinforcing rods into concrete.
Finish pouring concrete.
Pour concrete for the cover up to a 1evel of Bern. When
concrete is somewhat set, make and place a form which is
62cm square by 2cm high around the smaller form on top
of the already poured concrete. Then pour concrete into
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the space between the two frames. This forms the lip
around the manhole cover. The manhole cover should be
designed to fit around this lip. This gives increased
protection from insects and rodents.

ce:=--~
~==I==========~1
771£ I1IY1/HoL£. LJ p
• Remember to
the staples
the locking
ment in the
of the silo

set
for
arrange
wet concrete
cover.

• Make a manhole cover now if a concrete manhole cover is to
be used.
Keep the concrete damp.
3.

Wet it 3 times a day and keep it

sha~ed.

Make Bricks
• Make 100 sandcrete bricks with a mixture of 1 to 5.
The exact number of bricks needed depends upon the
size of the brick.
• Dry and cure the bricks for 3 days.
so they dry slowly.

4~

Keep them damp

Build the Walls
. Mortar the bricks into place with
the corners overlapping alternately
for strength.
. Let the bricks and mortar set for
5 days.
Plaster the inside.
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5.

Put on the Silo Cover
Put a layer of mortar on the top edge.
Put the cover in place.

6.

Put on Manhole Cover
• Make a steel manhole lid and set it in place.
in place an already prepared concrete cover.
• Lock the cover in place.
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THE 4.5 TON CEMENT STAVE SILO
"s110 was developed in Benin, West Africa, by local agricultural
nsion agents and U.S. Peace Corps Volunteers. Over 250 of these
5 have been built. The plan in the following pages is adapted from
repared by Peace Corps Volunteers. The drawings were done for this
1 by Nicolas Reinhardt, a VITA Volunteer.

cement stave silo, if protected from rain by a shelter, will keep
nted moisture away from the stored grain better than earthen-walled
05 which have not been specially treated.
r1er areas, the higher cost of the cement stave silo means that
rs should check out other, cheaper types of silos. However, the
t stave silo will work in drier areas as well as more humid ones.

~Pi'(IN~

,",OLL 'HInt
LO(l{""8L~

COVEf\.

fOVWOMION
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Cement Stave Silo

Advantages
· Stores large amounts of grain.
· Gives good insect control when insecticide
to kill insects already in the grain.

IS

added to the grain

· Offers good protection for the grain from rodents.
Is less expensive than a metal silo of similar capacity
and is more durable.
Disadvantages
· Has to be protected from rain or it does not provide good
moisture control.
• Uses materials and equipment which make it more expensive to build
than the mudblock silo.

THE SITE
· Build the silo on high, well-drained ground. Do not
build the silo where it will be in the path of water
from flooding or heavy rains.
· Test the ground to see if it will support the silo.
You should build this silo on hard-pan, rock, or stable
soil.
· Dig a small hole, about 65cm deep. If you do not reach
hard-packed earth or rock, try another location, if
possible. If there is no other location available, and
you are in doubt about whether the earth is hard enough,
special precautions should be taken.
· Locate the silo so that it is level. If a dryer, for
example, the Pit Oil Barrel Dryer, is being built on
the same site, the location must be chosen so that the
front of the dryer is facing the oncoming winds during
the time of year you will be drying.
39~
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Cement Stave Silo

Wor tin-roofed shelter can be built before building the cement
110.

The shelter protects the silo from rain and sunlight.
Also, it provides a good working place for the builders
of the silo.
It is important to build the shelter so that there is at
least 50cm on all sides of the silo (and dryer). This
will ensure protection from rain.
SHELTER

SILO

The type of roof will depend on what the farmer can
afford. A thatch roof can always be replaced by a tin
roof after the silo and shelter have had several years to
pay for themselves.
Many farmers build a larger shelter so that both the silo
and a dryer, 1 i ke an oil barrel dryer. can be put underneath
it.

£l,.01gging tool s
Tools for working cement and mortar
16 sacks (50kg each)

Cement

10 - 12 bars (each 6m long)

(6mn diameter)

Galvanized wire (3mn diameter)
395
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Cement Stave S110

• Wire tighteners

10

Coal Tar

15 litres

Plastic or other suitable moisture barrier material
Some General Comments
Cement should be stored on log supports or plastic: it will
harden if stored directly on the ground. If there are lumps
in the cement and they cannot be broken easily, they should
be removed and the amount of cement should be increased by
1/4 to 1/3.

Road sand can be used if it is clean and does
much clay content.

n~t

have too

Gravel should be smaller than 1/3 the thickness of the slab
in which it will be used. The gravel should be washed if
there is dirt or other impurities in it.
Water should be free of dirt, oil, and chemicals. These
weaken cement. If water will be stored in barrels, these
should be washed thoroughly before use.
. Mixing should be done on cement or on swept, packed earth.
Be careful not to scrape dirt into the mixture. When
mixing on dirt, all mixtures should be made on the same
spot since that spot will harden after the first mixing.
Too much water causes cement to separate from the mixture
when it is tamped. Losing this cement weakens the mixture.
20-25 liters of water for each 50kg sack of cement is about
right for all mixes.
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Cement Stave Silo

READ THE INSTRUCTIONS THROUGH BEFORE YOU BEGIN
~ke

·
·

the Forms for the Staves

d

Make at least one wooden
form (mold) for each of
the two sizes of stave.

L

__ .4

r

Check the forms carefully
to make sure they have
very flat and regular inside surfaces.
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c
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IT IS IMPORTANT THAT THESE SURFACES BE SMOOTH AND AT THE
CORRECT ANGLE. SINCE MORTAR IS NOT USED TO PUT THE STAVES
TOGETHER, ITS AIR-AND WATER-TIGHTNESS WILL DEPEND ON THE
TIGHTLY FITTING EDGES OF THE STAVES.
Make the Staves
• Mix the mortar with a mixture of 1 part cement to 4 parts sand.
• Tamp the staves down firmly, with a bottle, for example.
Be careful the cement is not so wet that water runs out
of the form or the staves slump.
• Make 91 large staves and 26 small ones for the walls.
• Make 5 more large staves as extras in case of breakage.

391

Cement Stave Silo

Storage Methods -132~

6mm RE-ROD

Make one large stave
with a hole in it (12cm
in diameter) for in
serting the emptying plug.

• Place a ring of 6mrn re-rod (50cm long) around the hole
for added strength.
• Cure the staves.

,
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PAPER BAGS OR PLASTIC SHEET
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Make Bricks for the Foundation
• Make a form of 14x20x30cm for making bricks. This form
will give the size blocks used in this particular
plan.
• Use a mixture of 1 part cement to 4-7 parts of sand.
depending upon the quality of the sand and cement.
• Make about 80 bricks for a foundation like the four
brick layer foundation pictured below. rrhe actual
number of layers depends upon how far down you must
dig to find hard-packed aarth or rock upon which to
build the foundation.)
• Make 8 more bricks. if you feel the earth is soft under
the silo, or if you are not sure the floor slab is going
to be made of very good quality cement. These 8 bricks
will make a pillar in the center of the foundation.
• Be sure to water and dry the bricks the same way as you
did the staves.
• Substitute regular, already made concrete blocks of
the type used in houses, if they are a good size to
use and if they are strong.
Build a Foundation
• Dig a hole with an outside diameter of 2.2m. The founda
tion should rest on hard-packed earth or rock.
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Lay the bricks using a mortar consisting of 1 part cement
to 6-8 parts sand.
Lay the bricks so that each one crosses over a joint between
bricks in the layer below. This will make the wall stronger.
Be sure the foundation extends 15-20cm above ground level.
· Build the pillar, if required, by placing two bricks,
joined with mortar, in the center of the foundation hole.
lay the second layer of bricks with mortar crosswise over
the first layer. Continue laying bricks and mortar until
the pillar is even with the top of the foundation.
Fill the foundation with sand and hard-pack (tamp) the sand to
the level of the top layer of the foundation.
5.

Waterproof the base
• Use plastic sheets, coal

ta~or

tar felt.

• Lay a 3cm layer of mortar on top of the hard-packed
sand if using coal tar or tar felt. This is not required
when plastic is used.
• Overlap joints of tar felt 20cm and spread coal tar on
the seams.
· Use 4 layers of coal tar if that material is chosen to paint
over the 3cm layer of mortar.
6.

Make a Form for the Floor Slab
· Use 29 large staves (temporarily) to make the form for the
floor slab.
• Place the staves around the outside of the foundation wall
in a 2.2m diameter circle. In other words, the circle of
staves will be flush with the outer perimeter of the founda
tion wall.
Hold the staves in place using two wires and wire tighteners.
· line the inner face of the staves with paper, plastic, or
masonite to prevent sticking when the staves are later
removed.
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• Mark the form to show a point 4cm above the base and
another point 10cm above the base. These marks will
guide you when you pour the concrete into the form.
Form the Re-rod Pattern for the Base
Form a 6.6m re-rod perimeter for the slab.
Use one 6m piece of 6mm re-rod and one 1m piece.
Bend the ends of each re-rod piece to form 10cm hooks.
Join these hooks together to make a longer bar for the
perimeter.
Leave an extra 10cm at each end when cutting re-rods.
These extra lengths will be bent to form hooks for attaching
the straight bars to the perimeter re-rod. The two
longest straight re-rods are each 2.3m long. A total of
18 straight re-rod pietes will be needed.
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• Put the re-rods into position.
• Attach all hooks and intersecting points with fine
wire.
Place the finished re-rod pattern into the form to be sure
it fits -- ~efore you pour the cement.

8. Mix and Pour Concrete for the Floor Slab
• Use a mixture of one part cement, two parts
parts gravel (1:2:3).

san~and

three

• Mix the concrete so that it can be worked easily but does
not flow.
• Wet the inside of the form completely before pouring the
concrete.
Pour 4cm of concrete before placing the re-rod pattern in.
• Tamp the concrete down well.
• Put the re-rod in and finish pouring concrete to the lOcm
level marked previously.
• Tamp very well.

THIS IS IMPORTANT.

• Smooth and level the surface carefully.
• Water the slab 3 times per day for 7 days.
shaded.
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Mark a circle of 100cm radius from the center of the slab.
,,1ace 13 large and 13 small staves around the circle,
;"lternating the large and small staves,with their smaller
faces inside.
Place a thin layer of 1:6 mortar under the bottom row of
taves for proper seating.
'lace the large stave with the emptying hole in the first
layer, with the hole toward the bottom slab •
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• Place no mortar between the staves.
• Place and tighten a retaining wire at each 2scm of height.
• Place 2 wires in the bottom 2Scm, 8cm from the top and the
bottom of the small staves (one above and one below the
emptying hole).
• Place the tighteners for these 2 wires only on the large
staves. When tightened, the tighteners should be centered
on the large staves.
• Form each following layer by placing 13 large staves in
the gaps until reaching a height of 2.Om (4 large staves
verti cally).
• Complete the final layer by placing 13 small staves in
the remaining gaps.
• Hold these staves in place with 2 wires, Bern from the top
and Bcm from the bottom of the small staves.
10. Make a Form for the Cover Slab
The cover slab is like the floor slab except that it must have a
filling hole and is only Bcm thick.
• Cover the top of the wa 1 completely with solid boards. These
must extend beyond the dge of the wall.
• Place an upright collar of masonite on the boards Scm outside
the edge of the wall.
• Hold the collar in pla

with nails.

• Support the boards fr within the silo if they are not
strong enough to suppo t a man without sagging.
• Cover the boards compltely with paper or plastic inside
the masonite circle to prevent the concrete from sticking
to the boards or from eaking through any large cracks.
• Place the manhole (for entry and filling) form 20cm
inside the masonite ci cleo The form should be about a
SOem diameter circle de with an inverted basket, or
masonite held in plac ". with nails.
I
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the Re-rod Pattern for the Cover
nn the re-rod pattern in the same way as you did the floor
except that space must be left for the manhole.
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st the pattern in the fonn for fit before pouring concrete.

X another batch of 1: 2: 3 concrete for the cover.
r and tamp a 4cm layer of concrete before placing
re-rod pattern.

remaining 4cm layer of concrete.
smooth out the slab with a slight slope away
entry hole.
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• Make a manhole cover 6cm thick and 60cm in diameter
with the remaining concrete.
• Use a masonite strip or a hole dug in the ground and
lined with paper as a form.
Place a re-rod, bent into the correct shape for a
handl~into the concrete. This re-rod also gives added
strength to the cover.

s,rw,
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I ~12t"'~ ~

r-¢

60t1Y\-~

• Cure and dry the cover slab and the manhole cover in the
same way as the bottom slab. (Wet the concrete 3 times a
day for 7 days and keep the concrete shaded.)
• Be sure the slab is dry before removing the form (wait at
least 10 days). It is easiest to remove the boards by gently
levering the edges of the slab, sliding out boards as you go.
Be careful not to apply pressure to the strip between the man
hole and the outer wall. This strip is the weakest part of
the slab.
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Close the space between the !cover slab and the upper
walls with mortar after taking out the boards of the fonm.
Place a sealing ring cut from a rubber inner tube,
for example, around the man~ole. ·Or make a sealing
ring of mortar. If you use ia piece of rubber, cover
the rubber with mortar. Coyer the mortar with paper,
and place the manhole cover !on it. This will provide
a raised horizontal joint to prevent water from
~etting into the manhole. .
.
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(Anti-Theft System)
• Use the bottom of an
011 barrel or a piece of
heavy sheet metal.
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· Pierce two holeson one of
the 20cm sides, 2cm in from
the side and 40m from each
end. A hinge will pass
through each of these holes.

l».rrd boHo",)

• Cut a slot Scm long and 1.501
wide, centered on the other
200m side of the metal piece •
3cm from the edge.
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PLATE. (MoJee. froM

Cut a piece 20cm x 25cm.
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Use the remaining re-rbd material to make a staple
and two hinges.
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STAPLE.

14.

Plaster the Silo
• Make a 1:6-8 mortar mixture.
Install the security !p1ate before plastering the outside.
Apply the mortar 2cm ithick.

e.

~SP ~~Er'\IW( AfT['"

#.,,1\.'1'\"''' ,.,~T",,,,

Plaster the outside walls to a thickness of 2cm.
Close the inside joi!nts with a cement wash or p1 aster
to keep grain from getting stuck in the joints and
to increase moisture resistance.
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Put the plastic plug into place and use mortar to form a
tight fit between the plug and emptying hole. BE CAREFUL
NOT TO SEAL THE PLUG SO FAR INTO THE HOLE THAT YOU CANNOT
PUll IT OUL

Paint the Silo
Let the silo dry after plastering for at least one month
before using it.
.
Do not apply coal tar to any plastered surfaces until after
the plaster has been allowed to dry for at least two weeks.

Apply coal tar to the outside surfaces of the silo wall and
to the cover slab to increase the s110's moisture resistance
further.
Paint the inside floor with coal tar. If the floor is
painted, let it dry for at least two weeks before storing
grain so that the grain does not stick to the tar.
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INSTRUCTIONS FOR USE OF THE CEMENT STAVE SILO

of good quality storage for your grain, it is important to
the proper way to use the Cement Stave Silo. This can be
y by a few steps taken at the right times.

ust have a good roof over it for protection from rain.
eck the roof often to be sure there are no holes in it
lch will let rainwater fallon the silo.
air holes immediately.

e sure the filling and
ing holes are well
ed during storage times.
time you add grain to
silo, carefully re-sea1
filling hole. Use
nt mortar or banco
d-packed, wetted earth).
o is, of course, less
nsive and is easier to
If the emptying hole
not seal tightly with
r, it can be sealed with
ed candle wax or banco.

.

'"""''''.....

Me""""~
~O<oc,..

-~"

n the inside of the silo and check for cracks in the walls
t1y before the beginning of storage each year. Light will
through even the smallest cracks. If cracks are found,
them carefully with a mixture of cement and water.
insecticides when storing grain in this silo. Even though
silo is completely closed and insects cannot enter to attack
'$tored grain, there will always be some insects in the
1n at the time of filling. These insects not only destroy
grain by eating it, they can cause conditions which lead
rotting.

n the

emptying hole each month to make sure the grain is
ring well and that no insects are alive inside. When you
the silo, if it seems very warm inside, or if there is
11 of rotting grain, empty the silo immediately. Re-dry
IIrain.
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CONCRETE BLOCK SQUARE SILOS
FOR COOPERATIVE STORAGE

any farmers form cooperatives and store their grain collectively in
arge bins. This allows the farmer to get better quality storage (and
drying) than he could afford as an individual.
The formation of farmers' cooperatives is an important subject. But
this manual edition will not deal with coop formation and processes.
However, the following plan is presented as an illustration of how
newer ideas and methods of storage can be applied to cooperative
storage situations. It is presented as an alternative to the larger,
round silos so often used for cooperative storage.

T[[]B[2J~ dryjn~)
DDDD~:~~-----,,'
1
4",m
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(cover off)

~~~Ocm

Some of the Advantages of the Square Silos
Less expensive to build than groups of round silos because
the walls are shared. Also, building a group of round
silos of the same capacity would take a greater area and
would mean greater roofing costs.
Easy to expand by adding more storage cells on to the
ends and/or sides.
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• Stress and pressure of the grain on the walls is not
as great as in the round silo because each storage
cell is relatively small.
• Only one cell has to be opened at a time to get out a
fanner's grain. This means that opening the bin is
not going to mean that the grain in all the other bins
must be re-fumigated, as would be needed if a large
round silo had to be opened.

DESCRIPTION
This multiple celled storage bin has a capacity of 30 tons. It is
constructed of brick and re-inforced concrete with outside dimensionS
of 9m x 4.6m. It has 8 storage cells with inside dimensions of 2m x
2m x 2m. A 4m x 4m open space for weighing and grain drying is
sheltered by the roof at one end. Each storage cell will have an ope
on the top to fill the silo and a chute at the bottom to remove grain.

roaf

~I------'\m----"
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Cooperative Silos
1. Build the Walls
• Dig down to solid sub-soil.

• Pour a pad of re-inforced concrete 25cm thick x 25cm wide.
This will extend under the inside and outside walls of the
storage cells.
• Make wall bricks of fired clay brick or use concrete blocks.
• Make two layers of re-inforced concrete: one, halfway up the
walls and the other at the top of the walls. These layers
of concrete will support the stress of the stored grain
and prevent bursting of the bin walls.
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2. Make the Floor
• Fill and pack sand or coarse gravel in the bins to
a height 20cm above ground level. This layer of sand
or gravel will reduce the amount of ground moisture
which will be in contact with the floor slab.
• Lay a 7cm thick floor slab of re-inforced concrete on
the hard-packed sand.
• Put a layer of tar paper (or other waterproofing material)
on the concrete floor slab.
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Cooperative Silos

· Coat all edges and seams of the tar paper with a heavy
layer of roofing tar.
· Pour a final 3cm thick layer of concrete on top of the
tar paper. This will protect the tar paper moisture
barrier from being damaged later during storage. The
final floor level is approximately 30cm above ground
level.
3.

Finish the Walls
• Cover the walls with a rough cement plaster on both the
inside and outside.
• Paint the outside walls with coal tar or other water
repe11ant material.

4.

Cover the Bins
• Make 8 individual slabs of reinforced concrete.
• Make the slabs on the ground using reusable wooden frames.
• Make a form which leaves a 60cm x 60cm opening for filling
the bins.
• Place the re-inforced slabs side by side to cover the silo
cells.
• Join all edges and seams with a heavy layer of roofing tar.
Fill with grain. put concrete cover over the filling hole~n4;
seal with roofing.

5. Make a Roof
• Cover the entire building with a roof. for example. of
corrugated sheet metal or local thatch.
6.

Dig a Drainage Ditch
• Dig a gutter along the sides of the building where the roof
is pitched.
• Slope the ground away fran the foundation.
416

Appendix A
This Appendix contains some examples of different ways of presenting
grain storage infonnation. The examples are from Asia, Africa, and
South America, thus highlighting the fact that good grain storage is
an important subject allover the world.
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GRAIN STORAGE IN MUD CRIBS

The traditional Botswana designs or mud cribs are
easy to build and the materials cost very little. By
taking more care over some details during construc
tion, you can reduce the risk of insect damage
to stared grain.

Issued by the Department of Aaricuiture, Information Service. Private Baa 27, Gaberones.
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BUILDING A MUD CRIB
Choose is place where the ground is firm and well drained. because a crib full of grain is
heavy, 8l1d may sink Into soft or wet ground.
Bring several large. smooth stones and bury them firmly in the ground to form a base.
Use strong. straight poles for the main crib supports and lay them. on the stones. Cut
notches or fix pegs Bt the ends of these poles to pre"ent the floor poles from slipping.
Make a floor of mud and bui Id up the mud walls.
Reinforce the mud cei linl with poles.
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Pol . . .uppor·
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call1nC'
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placed u" de,
walls

-

----

Ground slopinC
away from ch e
crib.

Make an outlet at the bottom of each compartment to permi t easy removal of Irain. Use an
empty coffee or dried milk tin with a lid of the press-in type. First cut out the bottom.
then build the tin into the wall at floor level.
Build the walls right up to the ceiling so that each compartment is completely separate
and there is no chance of insects moving from one compartment to the next.
Plaster the insidewalls and ceilings,In6ects hide in cracks and crevices and in the poles
of the ceilinas. Therefore plaster the ceilings also, so that there is no gap between
the wall sand cei Iinas.
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. ..

Method of removlnl Iraln.

.,.

Wide thatch to keep rain and sun off the mud crib.

j

I
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Cover the compl eted mud crib with a thatch roof supported on separate poles. Thatch
should be thick and rain proof especially along the ridge. The roof must also extend
well beyond the crib so that rain cannot reach the mud walls, and the hot rays of the
sun never sh ine on the cri b.
The plug for filling the crib should be smeared over with mud to make the crib airtight
and insect proof. Grain is removed by opening the lid of the tin at the bottom of the
wall.

USING A MUD CRIB
The crib should be repaired before each harvest. Mend the thatch and re-plasterover
cracks in the walls. floor and ceiling.
Thoroughly clean out the empty crib by brushing. Do not keep old baskets, skins, sacks,
etc. on top of the mud crib. These things harbour the beetles that attack grain and It
is easy for them to walk into the crib.
Make sure that new grain is always Quite dry and has been winnowed or sieved before you
put it into a crib. Never mix new grain with old grain remaining from the previous year.
To Stop insects damaging your grain, admix Kopthion or Pyrethrum dust (I packet of dust
to each 200 lb. of grain.) These insecticides are preferred but the ash from cattle dung or
wood may be used. Mix not less than one bucket of sieved ash with each 200 lb. of grain.
Examine the condition of your grain every 2 months by removing a sample and lookinl for
live insects. If you find them. remove the grain, winnow it and admix Kopthion or py
.".
rethrum before returning it to the crib.

CAUTION:
Grain intended for human consumption should be first sieved or winnowed and washed 
especially if it has been treated with insecticide or ash.
If you would like further help, ask your Agricultural Demonstrator.
KEEP THIS LEAFLET FOR FUTURE REFERENCE

Printed by Government Printer Gaberones
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SAVE GRAIN

PROTECT YOUR
GRAIN IN STORAGE
FROM DAMAGE

Di81,ibuled ,hrough :

~AVt ~UAIN [AMPAI~N
( Country Wide Programme)
DEPARTMENT OF FOOD,
NEW DELHI-1.
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Apply '-he

•
•
•
•
•

5

Golelen noles:

IDry and clean your grain before storing.
I

.

,

Use dunnage to avoid moistuFe damage to grain
~tored in bags.
I

-

~se domestic bins or

improve

your storage

~tructure.
I
,

IFumigate with EDB ampoules to avoid
I

~8mage.
,
i
I

.

Use anticoagulant for rat control.

..•••
'
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Insect

A-9

•

Dry and clean your grain befo;e .toring.

.

>-. •'
',

.,

"......

Dry grain stores longer

Clean grain stores better
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,rlJ,,,
Use dunnage to avoid moisture damage to grain
',,'.,
stored in bags.

Wooden crate and bamboo mat prevent moisture pick up from ground.

~~

Use domestic metal bins.

Select the bins to suil your needs, Improved bins are moisture
proof and rat proof. It is easier to fumigate grain in them for
insect control.

OR
f mprove your storage structure

Examine your storage structure before storing grain. Clean It.
Attend to cracks and crevices and white-wash it end also make it
rat proof and moisture proof as far as possible.
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Fumigate with EDB ampoule. to avol"
insect damage.

•

Fumigate when the grain Is stored.
fumigate again If you find live Insects •

•

Check periodically end

use anticoagulant tor rat control.
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Rats damage stored grain and contaminate It with their excreta
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FOR ADVJCE ON YOUR STORAGE
PROBLEMS

AND TRAINING

CONTACT ANY OF THE
FOLLOWING

PLACES

IN PERSON OR
BY POST:

-:0:

SAV~ ~RAIN

LAMPAIr.N

Department or Food
Ministry or Allricullurc
Krishi Bhavan

New Delhi-I.
OR

Post Box No. 10
Hapur (U.P.)

Post Bolt No. 7823
Bombay

Post Box No. 509
Patns (Bi har)

Post Box No. 22
Bapatla (A.P.)

Po,t Box No. )58
Ludhiana (Pb )
Prepared by :

INDIAN ~nAIN SrUUA~~ I~STlTUT~
HAP U R (U. P. )

CONSERVE SANO SU MAIZ

A-13

MINISTERIO DE AGRICULTURA V GANADERIA
Seccion de ProductoB Alrnacenados-Extension
Managua, D. N.,Nicaragua,C.A.
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PRESERVE CORN SAFELY IN STORAGE BARNS

MINISTRY OF AGRICULTURE

Division of Stored Products-Extension
Managua, D.N., Nicaragua, C.A.
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A-15
PERDIDAS DE SU MAIZ EN LA TROJA.
anO, durante el peri'odo comprendido entre la cosecha y el momento en que
ucto llega al consumidor, el exceso de humedad del grano, el ataque de
es, hongos, insectos y pajaros, originan perdidas considera bles al agricultor
rnerciante.
.

PAJAROS

manera de evitar tales perdidas, es el control sobre las causas antes menci,2
.. , mediante un manejo eficiente de los granos, y diindoles una adecuada prote!:,
durante el almacenamiento.
humedad, el primero de estos faetores, puede controlarse .de una manera
iva, mediante un buen secamiento del grano, antes de guardarlo en el almacen
ero; bajando su contenido de humedad hasta un 12% 0 sea cuando este bien
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SECAMIENTO DEL PRODUCTO HASTA
12% DE C/H.
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PREVENT STORAGE

LO~ES

A-15-l
OF YOUR CORN IN THE BARN

E~ch year, du ing the period between the time of harvest
and the time when
e grain reaches the consumer, there are
considerable losse for the farmer and merchant. These lossej
are due to excess rain moisture, the attack of rodents, mo d
insects and birds.

MOISTURE

BIRDS

RODENTS

MOLD

INSECTS

These factors affe t the good storage of grain

The best way
causes by proper h
during storage.
Dampness, the
controlled effecti
moisture content f

o prevent such losses is to control the
ndling and adequate protection of the gra
first of these causes of grain loss, can
ely by good drying before storage. Thea
r corn is 12% or lower.

DRYING THE PRODUCT TO 12% OR

432
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cticamente, podemos ca1cular, si la hurnedad en el grano esta buena para
do, cuando a1 morderlo, este se quiebra, sin presentar elasticidad y que
echoso.
bien podem.os saber que e1 grano no esta aUn bueno para a1macenarse, cuan
;oducir la mano entre estos granos, sentim.os e1 calor proveniente de ellos":
,xceso de humedad se encuentra en plena actividad respiratoria; en cam.bio,
I. fresco el grano cuando debido a1 secamiento, haya disminuido dicha acti
tonces los granos estaran reposando y podran ser alrnacenados, sin rnuc~
. que se desarrollen hongos, y sin peligro de que se pudran.

medad y e1 calor excesivos, son am.bientes proplcloS pa r a que se des
hongos que ocasionaran daiio a1 producto que se almacena.
o por roedores puede evitarse en gran parte proporcionando al local de
iento W1a adecuada proteccion, contra el acceso de las ratas. Tarn.bien
do los alrededores del granero limpio de ma.lezas y desperdicios, ya que
dores prefieren no movilizarse por sitios despejados.
uy efectivo para su control el uso de raticidas en forma de cebos, de los
~nden en el com.ercio, tales como Racum!n, Zelio, etc.
deben dejar estos cebos a1 alcance de los niiios ni de los animales dome,!.
rque son productos muy venenosos.
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In practice, we can check the moisture content in the grain
which is safe for good storage by biting it. Dry grain is hard'
so it will break with a sharp crack, rather than crushing easily
like wet grain.
We can also find out if grain is in good condition for stot
age by touching it. If we feel heat rising from the grain, it
is too wet. If the grain is excessively wet, it will respire,
producing heat and moisture. On the other hand, dry grain wil~
feel cool. If grain is giving off heat, it should be dried
immediately to assure storage without risk of mold development
and rotting.
DEATH
MOLD
TOO MUCH
HEAT
TOO MUCH
M:>ISTURE

LITTLE HEAT
12% MOIST

Moisture and excessive heat are favorable conditions for
the growth of molds which will damage the grain.
Damage by rodents can be avoided to a large extent by
protecting the storage area against the invasion of rats. Also,
the surrounding areas of the granary should be kept clean of
weeks and garbage as rodents prefer not to move through open,
clear areas. The use of pesticides such as Racumin, Zelio,
etc.,in the form of bait, is effective for control of rodents.
A
J

These pesticides should not be left within the reach of
children or pets because they are extremely poisonous products
~
and can cause serious illness or death. Rat poisons should·1
always be used very carefully, following recommended instructions~
~

A-17
COLOCACION DE CEBOS PARA RATAS
BAMBU

CAJAS

EN LUGARES TRANSITADOS POR LAS RATAS,
FUERA DEL ALCANCE DE NINOS Y
ANIMALES DOMESTICOS.

El daiio por insectos. es el que generalrnente causa mayores perdidas en los
;roductos que se almacenan. Su control se debe ejercer desde el momento en que
ta comenzando a florecer en el campo el mai:z que se piensa cosechar y almace
}'. En este tiempo en que ya esta espigando el mai'z, los insectos pueden estar en
guna troja infestada. cercana al plantlo de mai'z; vuelan bacia el campo en busca
nuevo alimento y comienzan a penetrar la mazorca por las aberturas de la. tuza:
sultandoles rna.s iacilla penetraci6n. cuando esta tuza ofrece escasa protecci6n

Es por esto que algunas variedades mejoradas, se pican mas iacilmente que las
riedades criollas. pues estas. generalrnente poseen buena cobertura.

EL CICLO DE LA INFESTACION
EVITE QUE LOS GORGOJOS COMIENZA EN EL' CAMPO
VUELEN HACIA EL CAMPO,
•
I
"~
DESTRUYA LOS RESIDUOS
IN FESTADOS Y LIMPIE LA
TROJA

,.

~

GORGOJ+;ss
TROJA
INFESTADA

MAIZ I N F E S T A D O /

~

LECCIONE SOLO MAZORCAS
NAS PARA ALMACENAR
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A-17-l
PLACEMENT OF BAIT FOR MICE/RATS

CANS

BAMBOO

BOXES

IN PLACES TRAVELED BY RATS OUT
OF THE REACH OF CHILDREN AND FARM ANIMALS

Generally, the greatest losses in stored products are
caused by insect damage. Insect control should be exercised
from the moment the corn is beginning to mature in the field
through the time when the corn is harvested and stored. Inse¢
may be in an infested barn, near the grain field, flying throu
the field in search of new food, or already beginning to
penetrate the ear of corn through openings in the corn husk.
The only natural protection of the corn cob is the husk, whioh
can be penetrated by insects.
Some of the newly developed varieties of corn have husks
Which are more easily penetrated than traditional domestic
varieties. Extra precautions against insect invasion need to
taken with these newer varieties.
'
THE CYCLE OF IN
TION BEGINS IN
FIELD
PREVENT INSECTS FROM
FLYING TO THE FIELD,
DESTROY INFESTED REMAINS
AND CLEAN THE BARN
INSECT
INFESTED BARN
INFESTED CORN
SELECT ONLY HEALTHY EARS OF CORN
FOR STORAGE

I
II
'I

:1

A-18

I

!

6 ONZAS (175 coc.)
MALATHION LIQUIDO 570/0

•
•

Para evitar esta infestacion en el
•
campo, se debe limpiar el granero de
fI
todos los residuos de la coseclla ante
rior, que puedan estar infestados, yqu~
jI'larlos a destruirlos. Luego hacer una
to
aplicacion de Malathion li'quido al 57%, _ _;"'_ _":'':::j',""",:=='.
dUuyendo primero 17 1/2 cucharadas
(6 onzas) de este insecticida, en un g!.
Ion de agua. Con una bomba de asper
_. ~"f5i"
sion rociar completamente el techo, las
paredes y el piso del granero. Con un .~:;'h
galen de esta mezcla, se podra cubrir
1
Ji!J_'
una superficie de III vardas cuadradas.
~'JIi..

~---'~
APLICAR

~
..

';~="~'":-'~

MALATHION LIQUlDO, SOBRE LAS
PAREDES, TECHO Y PISO DEL GRANERO •

•

.
·:·

BARRER Y LIMPIAR EL GRANERO
LIMPIAR LOS ALREDEDORES

QU EMAR LOS RESIDUOS
431
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111 SQUARE YARDS

6 OUNCES (175 c.c.)
MALATHION LIQUID 57%
1 GALLON WATER

In order to prevent infestation in the field, the g~a
should be cleaned of all the remains of the previous harv~
which may be infested, and these remains burned or destro
Next make an application of Malathion liquid of 57% by di
17 1/2 spoons (6 oz.) of this insecticide in a gallon of w
Using a sprayer, completely cover the ceiling, walls, and
floor surfaces of the granary. With a gallon of this mixt
a surface of 111 square yards can be covered.

APPLY MALATHION LIQUID ON
WALLS, CEILING AND FLOOR OF
GRANARY

SWEEP AND CLEAN THE GRANARY
CLEAN THE SURROUNDING AREA
BURN THE REMAINS

A-19

A].llevar el malz cosechado hacia la troja 0 granero. para almacenarlo. se de
n seleccionar Ia s mazorcas sanas, evitando guardar mazorcas picadas que infe!,
!an a las otras mazorcas.

SELECCIONE SOLO MAZORCAS SANAS PARA ALMACENAR

No se debe dejar el malz

ya maduro doblado

sin doblar en el campo, por mu..
tiempo, porque queda expuesto a la infestacion de in'sectos y al ataque de rata.
jaros, durante un perlodo mas prolongado. Se debe proceder a la cosecba. tan
o como 10 permitan las condiciones del ambiente y el contenido de humedad del
0

~ra proteger al malz que se va almacenar en trojas. se recomienda apl1car el

cticida Malathion en polvo al ZO/o. Este se debe aplicar por capas. es decir co ..
n40 primero, sobre el piso donde estara la troja, una ligeracapa de insectici..
despues se coloca Ia primera capa de mazorcas, luego otra capa de insectici
'>, aSl sucesivamente hasta dejar Ia troja llena a 1a altura deseada. Las dosis
e recomiendan para el uso de este insecticida estan de acucrdo al tamaiio de
azorcas. ASl, tenemos que para los hlbridos y varicdades mejoradas. como
nlaflo de Ia mazorca es un poco grande, hay que aplicar una onza de Malathion
en polvo (Triclngulo Verde) por cada 100 mazorcas con tuza. Para las varieda ..
criollas, como las mazorcas son mas pequef'las, se debe aplicar una onza del
cticida por cada 150 mazorca.s con tuza.

1

APLlCACION DE INSECTICIDA EN TROJAS DE M A I Z I

10nZA
PARA CADA
1SO MAZORCAS

POLVO
TRlANGULO VERDE

>tn,

PARA CADA
100 MAZORCAS

< -,.

~-J

MAIZ HIllRlDO
o MEJORAOO

MAIZ

CRIOLLO
439
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When the harvested corn is brought to the barn or
granary for storage, the best ears of corn should be selectea;
avoiding the storage of ears which are already infested with . . .•
insects, as these· insects can easi ly infest other ears of corJ:'1,

SELECT ONLY HEALTHY EARS OF CORN FOR STORAGE

The ripened corn, whether piled on the ground or sti~.
on the stalk, should not be left in the field too long be
cause over a prolonged period of time it is exposed to the
attack of rodents and birds. The harvest should be carried
out as soon as the climatic conditions and moisture content
of the grain permit.
To protect the corn to be stored in barns, it ~
recommended that 2% Malathion insecticide in powder be appl
This should be applied in layers. First, dust a thin
layer of insecticide on the floor where the grain will be
stored. Next, after the first ears of corn are placed, dust·
another layer of insecticide and so-on until the barn is fil
to the desired level. The doses recommended for the use of
insecticide are in accordance with the size of the ears of
Thus, we have to apply one ounce of 2% Malathion in powder
(green triangle) for every 100 ears of hybrid and newly deve
varieties. As the ears of the native varieties are smaller,
ounce of insecticide for every 150 ears should be applied.
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A-20
te polvo debe ser espolvoreado sobre la superficic de todas las mazorcas, de
ue las proteja totalmente. Se puede lograr una aplicacion uniforme. utiliza!!
media de tela de Nylon 0 cualquier bolsa de tela rala J que pcrmita al polvo
e facilmente hasta las mazorcas.

z
-.

==

~2se_---.-:==-=-

... ~
~------

~

--

ique Malathion 20/0 en

lva, uniformemente 52
e cada capa de malz.

ebe aplicar exactamente la cantidad de insecticida que se recomienda. y se
metodos indicados. para evitar malos efectos del polvo por una defectuosa

Editado e impreso en 1a Seccion
de Publicacione 5 del SCCA del
MAG.
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APPLICATION OF INSECTICIDE IN CORN BARNS
POWDER (GREEN

TRIANGL~)

FOR EVERY 100 EARS
FOR EVERY 150 EARS
NATIVE CORN

HYBRID CORN

This powder should be sprinkled on the surface of all
of the ears of corn in a way that totally protects them. A
uniform application may be obtained by using a nylon sock 0
any sack or bag with a loose weave which permits the powder
easily be filtered through to the ears of corn.

Apply 2% Malathion in
powder uniformly over
each layer
In order to avoid problems caused by the improper
application of insecticide, the exact recommended quantity
should be used and the indicated methods followed.
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Appendix B

$

Appendix conta1ns excerpts from an article which appeared in
ita1 Stored Products Information 1n 1971. It is included here to
you some 1 ea as to t e types and number of moisture meters. which
va11ab1e. A Table included at the end of this article also lists
ames and addresses of the manufacturers and/or suppliers of the
$ so that you can write for further information.

i'

•

,t

"1,

\.t,,·.··.'...•.

I:.• "
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B-3
The following material is taken from Tropical Stored Products Information,
Tropical Products Institute, 1971, VOL. 21
GUIDANCE IN THE SELECTION OF MOISTURE METERS
FOR DURABLE AGRICULTURAL PRODUCE
by
T N Okwelogu
Tropical Stored Products Centre
,Tropical Products Institute), Slough

e three principal sources of information available to the prospective vser are (1) newspapers, maga
es and journals, (2) manufacturers' brochures, and (3) organizations in a position to give unbiased
ormation about moisture meters.
e newspapers, magazines and journals, which occasionally contain information about meters, include
Financial Times, Electronic Age, and Power Farming. Whi 1st manufacturers are always helpful in
plying plenty of information about their own range of meters, infonnation about a much wider range of
ers wi II be more likely to be·obtained from organizations having unbiased interest in these Instruments.
mples of such organizations are (1) Tropical Stored Products Centre, (Tropical Products Institute),
ugh, England, (2) Grain Storage Department, Pest Infestation Control Laboratory, Ministry of Agrlcul
re, Fisheries and Food, Slough, England, (3) National Institute of Agricultural E;:ngineering, Wrest Park,
lIsoe, Beds, England, (4) Grains Division, Agricultural Marketing Service, United States Department of
griculture, Agricultural Research Centre, Beltsville, Maryland 20705, USA. Articles on moisture meters
eUmes appear in the publications of these and other similar organizations.
abies I and II give details of some available moisture meters, particularly how they can be obtained and
he commodities with which they may be used. These details are based upon information provided by the
anufacturers of the meters.
ith every piece of information, it is important to ask the question: is this information sufficient for a
,.ecisive opinion to be formed about the meter? Where the answer is 'no', further enquiries should be made.
'actors to Consider in Making a Choice
It can be seen from Tables I and /I that for any specific purpose, several meters can be found, making the
problem of choice a real one, indeed. A satisfactory selection is likely to be achieved when adequate
thought has been given to the following factors:
1. Meter types and their implications.
2.

Characteristics of the commodity.

3.

Requirements of the work for which a meter is sought.

4.

Business considerations.
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Principles and Implications of Meter Types
Most manufacturers Indicate the principles upon whiCh the action o~ their meters is based. An apprecia
tion of the implications of such principles will, rio doubt. be of -.:onsiderable value In deciding which of
several meters will be the most suit<lble. The meters commor,iy used with durable agricultural products
fall into five groups, according to the principles of their Clction:
1.

Those involVing chemical inter<lction between calcium carbide and the pro~uct water, with the
evolution of acetylene gas, the pressure of which is subsequently measure.

2.

Those inVolving heat-drying of the product, the attendant loss being ascribed to evaporated
produce water.

3.

Those Involving the measurement of electrical conductivity (or resistance) of Ithe produ~t, since
the v<llue of this property is relatable to the moisture content, within a sUltab e range 0
moisture contents.

4.

Ttlose involving the measurement of the dielectric constant of the product (orfCapacitance of
the electrical system of which the product is a component), since the value 0 thiS property
changes with the moisture content, within a suitable r<lnge of mOisture contents.

5.

Those involving the measurement of that atmospheric relative humidit,y WhdiCh, is in elq~ilibr~~m
with the product moisture, since, under equi librlum conditions, there Isa e f Inlte re a Ions Ip
between the moisture content of <I product and the ambient relative hunlldlty .

Heat-drying methods require a suitable source of power-supply or fuel, which may not be
available. Methods b<lseti on the evolution of acetylene gas require regular supplies of fresh calcium
carbidt!, which is not a safe commodity to handle by post, because of the risk of explosion. Meters meaSUr.
ing thd inter-granular relative humidity require, firstly, a knowledge of the relationship between the pro
duce moisture content and the relative humidity of the inter-granular air: secondly, a periodic check on
their calibrations; and thirdly, in some cases, large quantities of produce which must have remained undis~
turbed for sometime prior to testing.
The electrical meters are faster, and in the main, less demanding on calibration checks, but require
skilled servicing. Also, they give less reliable readings outside the middle region of the range of mois
ture content s for whi ch ttley <Ire ca I, brated. T he accuracy of the probe-typ'~ electri ca I meters is allected
by variations in the pressure exerted by ~he produce on the electrodes, while the consistency of the read
ings of those meters which measure the dielectric constant is allected by inconsistent packing of the
sample in the test chamber.
Attention has been focused above on the less favourable features of the meter groups mainly because
are more likely to be overlooked. Information on the merits of any meter wi II not normally be dillicult to
obtain, and Tables I and II show the relative merits of the meters discussed in the present article.
Characteristics of the Commodity
The commodfty to be tested imposes a number of limitations, and these must be taken into account when
considering the use of any meter. Perhaps the best way to do this IS to answer questions such as the
following.
First, is the chell1iCClI nClture or Clny normal PIe-treatment of the produce likely to interfere with the use of
the meter? For instance, meters measuring electrical conductivity may not be suitable for produce, like
salt-fish, which will become highly conductive when damp. Again, for commodities like dried egg or mi
a heat-drying meter may not be suitable.
Second, is the moisture content to be meClsured outside the range for which the meter is calibrated? For
example, very few electrical meters are known to be suitable for a product like made-tea whose moisture
content is normally required to be below 5 per cent, that is outSide the range of moisture contents for
which most electrical meters are calibrated.
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is the milling properly of the produce incompatiblE' with tile effective use of the meter? For
e,commodities like macadar:nia nuts, palm kernelslnd copra are not easily ground, while others
shew nuts (not the kernels) are simply not amenable to grinding.
are the unit size and shape of the produce likely to affect the efficient use of the meter? The
'clion of the meter may be such tllat it cannot be pushed into floury or powdery produce without
eng the measurement of mOisture. Again, larger products like cocoa beans, unshelled groundnuts,
nuts and pieces of illipe nuts (Shorea spp.) will present packing problems with some meters.
ns wer to each of the above questions is an unqualified 'No', then the meter may be considered
for the product. But a 'Yes' answer can make all the difference between a meter being chosen
ed, In such a case, steps should be taken to see what, if anything, has been done to solve the
, either by the manufacturer or by someone else.
of the Situation Needing a Moisture Meter
Ucle of this kind, it is not easy, even if it is possible, to cover all the situations where the use
sture meter may be desired. However, such situations are likely to fall into one or the other of
wing categories:
Knowing whether grain is at the right stage for harvesting.
The processing, (eg drying or milling). of foodstuffs.
Bulking or packaging produce for storage .
• Commercial transacticn, where moisture content is part of the basis for payments.
• Produce Inspecti on Servi ce.
~pove situations require moisture meters which are not fragile, which are consistently accurate
limits acceptable for the particular purpose, and whose performance is little affected by the operat
ditions of space, temperature, pressure, light, dust or wind. They also require, to a greater or
_xtent, meters that are simple to operate, portable and capable of taking remote measurements. as
e-electrodes, or stem hygrometers .

• Considerations
'c

ose for which the use of a meter is usually contemplated is two-fold: to increase or improve
vity, (that is, the flow of goods and services), and to ensure economical operations.
ivlty can be improved by employing a meter which can give results rapidly; a meter for which
nd facilities for servicing and/or calibration are easily available; a meter which does not depend
rees of operating ~ower that run out, break down, or become short in supply (eg battery, mains
, gas, paraffin and other fuel).
of operation implies keeping down to the minimum both capital and operating costs, and/or
9 the return to unit cost. Additionally, the wider the range of commodities that a meter can test.
economical will be its use. Likewise, the less destructive a test is, the less will be the
I loss to production, caused by the use of a meter. Although this kind of loss may appear small,
e realised that its magnitude wi II depend on how much produce is damaged at each test, and how
lmes such tests are carried out on a given product.

be clear from lhese discussions that very few meters, if any, can win the top position in every
ble area of consideration, and that there is no magic formula for choosing a meter. But where a
has to be made, the final responsibility for it must be that of the buyer.
have a knowledge of the commodity to be tested and the accuracy required of a determination of
ture content: the availability of the meter, and the cost of operating it; the conditions under which
r will be operated: the ease of obtaining spares and facilities for servicing or calibrating the
he tyPe of power supply required and avai lable. And when a provisional choice has been made. it
advisable to obtain the meter on loan for trial before buying.
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Price
B Battery

• Under £50
£50 - £100
••• Over £100

min

G Self-generating
M Mains
N None requ ired

CHEMICAL IC)
C.1

Speedy

N

+t

t

0.5

Thomas Ashworth & Co Ltd
Sycamore Avenue,
Burnley, Lanes, England

• t

+

0.3

A.B.G.L. Jacoby
Box 23014Y, Stockholm 23
Sweden

DRYING (0)
0.1

X17 Agat

M

0.2

Cenco Moisture
Balance

M

+f

0.2

Cenco Instrumenten Mij, n.v.
Konijnenberg 40, Post Box 336
Breda, Holland

0.3

Oynatronic IR
Moi sture Ana Iy zer
Mark II

M

t f

0.2

Lab-Line Instruments
International Lab-Line Plaza
15th & Bloomingdale Aves,
Melrose Park, Illinois, USA

0.4

ts Crop Tester

M

++1

1.0

Tower Si los Ltd
2 Brock Street, Bath
Somerset, Eng land

0.5

Vacuum Moisture
Tester

M

+1

0.1

Townson & Mercer Ltd
Croydon CR9, 4EG, England

t

0.2

K.P. Mundinger GmbH
0-7253 Rer,ningen, W. Germany

~
~

\0

ELECTRICAL CONDUCTIVITY (Ee)
Ec.1

KPM Aqua Boy

B

Ec.2

Universal Moi sture
Tester

G

Ec.3

Safe Crop MOisture
Tester

B,M

Footnotes are explained on p. 28.

++

0.2

+

0.5

t

}

Burrows Equi pment Co
1316 Sherman Avenue
Evanston, Illinois, 60204 USA
(Contd)

,

aJ

.....

C'
I

co
Table I (contd)
Meters under pri nci pies
of action

Power supply:
B Battery
G Self-generating
M Mains
N None required

Test 3peed:
~ Unde~ 1 min
H
1-5 min
.... over 5 rrin

Accuracy
(Within % MC)

Price rating:
• Under £50
•• £50-£100
••• Over £100

Manufacturer'Suppl ier

ELECTRICAL CONDUCTIVITY (Ee) (contd)
Ec.4

Agil Moisture Meter

B

~

1.0 - 2.0

Agil Ltd, Nicholson House
Nicholson's Walk
Maidenhead. Berks, England

Ec.5

Hart Moisture Meter
K101. K103

B,M

.

0.2

Hart Moisture Meters, Inc
400 Bayview Ave, Amityville
N.Y. 11701, USA

Ec.6

'Hydraprobe'
Copra Moi sture
Meter

B

.

2.0

Coe's (Derby) Ltd
Ttlirsk Place, Ascot Drive
Derby, DE2 8JL, England

Ec.7

Marcon i Moi sture
Meter TF933B

B,M

i~

0.5

Marconi Instruments Ltd
Longacre, St A I bans
Herts, England

Ec.8

Protimeter
Grainmaster

B

I~

0.5

Protimeter Ltd
Field House Lane
Marlow, Bucks, England

Ec.9

ScotMec-Oxley

G

~

1.0

Scottish Mechanical Light
Industries Ltd
42-44 Waggon Road, Ayr
Scotland

Ec.10

Siemens Moisture
Meter

if.

0.5

Siemens (UK) Ltd
Grt West House, Grt West Rd
Brentford, Middx, England

~

V1

0

B,M

DIELECTRIC CONSTANT (Ed)
Ed.1

Cera Tester

B

0.3

Meters under principles
of action

Power supply:
B Battery
G Self-generating
M Mains
N None required

Accuracy
(Within % MC)

++

0.5

...
...

DIELECTRIC CONSTANT (Ed) (contd)
B,M

Ed.2

Kappa-Janes
Moisture Meter

Ed.3

Burrows Moisture
Recorder

M

+++

0.3

EdA

Lippke Moisture
Meter FK-R-6

M

+

0.5

Ed.S

Wile

B

++

1.0

Ed.6

Super-Matic Foss

M

++

0.3

...
.
...

Ed.7

Transhygrolair

B

-

1.0

.

Ed.8

Steinlite Meters

B,M

++

0.3

...

Ed.9

Dole 300 Moisture
Tester

B,M

+

-

~

V1

~

Price rating:
• Under £50
•• £50 - £100
••• Over £100

Test speed:
+ Under 1 min
++1-5min
~++ over S min

..

L

Ed.10

Cae Moisture
Meter Model 919

B

+

0.3

..

Manufacturer /Suppl ier

Kappa Janes Electronics
27 Stewart Avenue
Shepperton, Middx, England
Burrows Equipment Co
1316 Sherman Ave, Evanston
Illinois 60204, USA
Paul Lippke K.G. 545 Neuwied
PO Box 1760, Germany
OY Fima Ltd, Helsinki 70
Finland
AfS N. Foss Electric
39 Roski Idevej, 3400
Hi Iler0d, Denmark
Les Applications
Industrielles de la Radio
236 Chenin des Vitarelles
Tournefeuille (31) France
Seedburo Equipment Co
618 West Jackson Boulevard
Chicago, Illinois 60606 USA
Eaton Yale & Towne Inc
Dole Division, 191 E North
Avenue, Carol Stream
Illinois 60187, USA
Canadian Aviation Electronics
Ltd, Winnipeg 4, Canada

(Contd)
CD
I
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Table I (contd)

Meters under principles
of action

Power supply:
B Battery
G Sel:-generating
M Mains
N None required

Test ::;peed:
Under 1 min
++ 1 - 5 min
++1 over 5 min
+

Accuracy
(Within % MC)

Ed.ll

G-c-Wyndham
Moisture Meter

B

+

0.5 - 1.0

Ed.12

C.D.C. Automatic
Moisture Meters
Hyb 24, Hyb 25
Hyb 42, Hyb 43

M

+

0.3

B

+

0.5

Price rating:
• Under £50
•• £50 - £100
••• Over £100

Manufacturer ISuppl i er

E J Chapman & Co Ltd
Mart ley, Worcesler, Eng land
Compagne des Compleurs (GBl
Ltd, Terminal House
Grosvenor Gdns, London SWl
England

ol:'"

""

INTER-GRANULAR RH IH)

I\)

H.l

Dip-Shaft
Humidity Indicator

N

+++

1.0

H.2

Quicktest
Models 1 and 2

N

+++

1.0

Abrax Inc, 179/15H Jamaica
Ave, Jamaica,
New York 11432, USA
Opancol Ltd
10/11 Gamage Buildl~g

Hofborn Circus, London ECl
England

All the information given in this table has come from the manufacturers
Data not available
NB The exclusion of an instrument from thi s table does not necessari Iy
imply the·author's disapproval of its use with agricultural produce.

Ref. N().
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MOisture Meter

..-.
M . Max.
range
encountered
In practice

~-g ~

w.:>

-

N

,g

<;;

w=Q)Q.J
....1"'"'00>

Q.=::>~

~iii=~

-

w

CI
01
02
03
04
05

Speedy
X 17 Agat MOisture Meter
Cenco MOIsture Balance
oYllatronlC fR M. Analyzer
ts Crop Tester
Vacuum M. Tester

0-50
M
1.1
1.1
M
1.1

S-M
M
S-M
S-M
L
S

Ecl
Ec2
Ec3
Ec4
Ec5
Ec6
Ec7
Ec8
Ec9
EclO

KPM Aqua Boy
Unlvl. M. Tester
Sale Crop M. Tester
Agrl M. Tester
Hart M. Meter K 101. k 103
Hydraprobe' Copra M.M.
Marconi MJ...1. TF 933B
Protlll1eter GraIn-Master
Scot Mec -Ox ley
S,elllens M. Tester

2-30
9-40
II -30
14-30
Varlab!e
4-14
4-25
10-35
10-25
3-45

L
L

Ed1
Ed2
Ed3
Ed4
Ed5
Ed6
Ed7
Ed8
Ed9
EdlO
Edl1
Ed 1 2

Cera Tester
Kappa-Janes M.M.
Burrows M. Recorder
Llppke 1.1.1.1. Fk-R-6
Wile
Super Matlc Foss
Transhygrohalr
Stelnllte Meters
Dole 300 M. Tester
Cae MOisture M. Model 919
G-C-Wyndhanl 1.1.1.1.
C.D.C. MOisture Meters

H1
H2

Dip-Shaft Humidity Ind,calOr
QUlcktest Models I and 2

8-30
05~O

6-35
0-20
10-34
6-40
9-40
4-36
6-30
9-25
10-30
5-35

1.1
1.1
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Cl>

CD

'"
'"
Cii

~
Cl>
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0
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::>
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<.n
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'"OJ
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<.n
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U
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u
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:a

<.n

D

OJ
l-

t-

i
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I

·

I·

;

M
L
L
L
M
L
L
L

1.1
L
L
L
L
L

8

1

I

29

I

7

I

2

I

1

,

12

I

4

I

5

I

4

I

2

110

I

·AII the inforrnatlon in this table has conle from tr.e manufacturers.
•• As used In Table I of this article.
-Data not available.
NB The exclusion of an Instrument from this table does not necessarily Imply the author's disapproval 01. ItS use with agricultural produce.
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Appendix C

Wing material is taken from Guidelines for the Use of
des, published by the
Agricultural Research Services
and Forest Service of the
United States Department of Agriculture
on of the Guidelines included here contains information on

~nsectidides with sprayers and power dusters, safety pre

, and protection of wildlife from insecticides. The section
ook pertaining to insecticide dosages, formulations, and
ons for use with stored grain is included in entirety. This
on is included because it is often hard for development workers
ch complete information.
publication includes insect control for crops, livestock,
, forests, and forest products.

II

C-3

OTHER MEANS OF INSECf CONTROL
In addition to the use of insecticides, there are a number of other ways to
control or to help control injurious insects. Natural controls, such II
parasites, predators, diseases, and adverse weather conditions, are continually
at work. Often they reduce populations of injurious insects and keep them at
levels that are not economically darnaglng. Also, good sanitation and
housekeeping are essential for the effective control of house flies, stable IDe.,
cockroaches, fleas and stored-product insects, even when these practices are
supplemented by chemical conlrols. Cultural practices and mechanical device.
aid materially in the control of the pink bollworm, boll weevil, tobacco
hornworm, white pine weevil, and certain bark beetles. Crop varieties
resistant to insects have been developed and are available to avoid or reduce
damaae by such Insects ill the hessian fly, wheat stem sawfly, spotted alfalfa
aphid, and the European com borer.
When harvested products are subjected to heat or extreme cold in storase,
insect infestations are often destroyed or inhibited. Insect·free commodities
can be protected by Insect-resistant packaging and sanitation in storage and in
marketing channels.
More satisfactory control of insect pests may frequently be obtained by
carefully integrating the use of Insecticides or fumigants with biological
control agents and other nonchel1'llcal measures. This approach to Insect
control is most effective when the total population of the insect is att'cked
on a continuous basis (compared with treatment of seasonal infestations In
individual fields). Often when such integrated control is practiced, insecti
cides are needed only to supplement the other control measures. However,
for this method, all means of control of a pest insect must be considered to
coordinate them to the greatest advantage and with the least harmful effect·
on other living organisms in the environment. Consult your State agricultural
experiment station for the latest Information. Do not use Insecticides or
fumigants unless they are needed.

APPLICATION OF INSECTICIDES
The key to effective use of 3n lnsectlcide without injury to tile treated
plant, animal, or agricultural product is to follow directions on the label. Do
not use any insecticide preparation for any purpose for which it Is not
specified. Most oil sprays prepared for application to walls of buildings will

451

injure living plants or animals. Insecticide concentrates prepared for lIpplica
tion to plants may injure or kin treated animals or result in illegal residues in
animal tissues or byproducts.
Only general information can be given here on the effective application of
insecticides since much depends on the habits of the insect pest, the kind of
damage that it causes, the nature and condition of the infested plants,
animals, or commodities to be treated, weather conditions, IIld application
equipment, as well as the type IIld formulation of the insecticide to be
applied. For information to meet special needs, consult your State agricul
tural experiment station.

Weather Conditions

+

Vl
CD

Wind, rain, and sun play an important part in the control you get from
outdoor use of insecticides. Keep an eye on the weather. Local weather
reports may be helpful in planning insecticide applications. Before you start
to treat, watch the tops of trees or use other means to determine the
direction and the amount of wind. Some air movement is helpful. Winds,
however, can cause an insecticide dust or spray to be unevenly distributed on
the plants and to drift away from target areas.
If rain is predicted, postpone treatment, if possible. Rain falling soon after
you treat may reduce the effectiveness of an insecticide deposit. Cold weather
may have the same effect. Some insecticides must be applied at temperatures
above 50° F. to be effective.
Extremes in weather during or following the spraying of fruit trees may
lead to fruit or foliage injury. Russeting of fruit may be increased by pesticide
sprays if they are applied at night or dUring cool, rainy, or humid weather.
Emulsifiable materials are more likely to cause injury than are wettable
powders.
High wind and low temperature make control of insects by fumigation
difficult. High winds may reduce gas concentration even in well-sealed
warehouses. Insects are difficult to kill by fumigation at temperatures below

60° F.

Condition of Host Plant or Animal
The type and density of plant foliage, IS weD IS the extent of COYeI'IJI'
needed, may Influence the choice of formuladCIII tbatll •.~.

instances, a coarse spray will control insects more effectively; in others, a fine
spray, mist, or fog will be more effective. Plants with smooth leaves are likely
to have a quicker nmoff of spray material thlll those with rough leaves.
However, stickers that are included in the formulation, or that may be added,
help the material adhere to the plants.
Sick, emaciated, or stressed animals may react unfavorably to some
treatments that norrnany are hannless. Thick IWr on livestock may keep the
insecticide from penetrating. Consider aD such circumstances in selecting an
insecticide, type of formulation, or type of equipment that ri1 provide the
best and safest control of the target pest.

Diluting and MixinK Spray8
Most spray material are formulated with enough wetting and sticking
agents to correct for water hardness IIld to Improve other physical properties
of the spray.
Before mixing two or more pesticides or adding wetting or sticking agents,
read the labels and consult the manufacturer, a spray compatibility chart, or a
spray bulletin regarding possible injury to plants.

Calibration of Equipment for Applying Insecticides l
At the start of each growing season, thoroughly inspect and calibrate aU
equipment you will use to apply insecticides. Repeat whenever you use a
different rate of application. Apply the correct dosage, not only to control
the insect pest effectively but also to avoid plant injury and to be certain that
any residue remaining at the time of harvest or feeding does not exceed the
tolerance established for that particular chemical on the crop you treat.

Power Sprayers. -Before calibration, the spray nozzles should be checked
for obvious wear, foreign material, and choice of proper type and size. Where
the sprayer has many nozzles, the now rate of each nozzle should be checked
using water at the plarmed operating pressure by catching all of the spray for
a measured time. Noules that differ by mote than 5 percent from the avera.,
of the rest shoUld be replaced before calfbratin.bcprayer. J~.poaJ&Je;;'

CO)

I

~

calibration. but OccaSionanYsOn1e pestidde mfXtum Oow nt.1ib fbeloD
or Yegetable oil. in which case these mixtures should be used for calibration.
When a Uquid containing no pestidde can be used for calibration, the user can
use the Simplified Method described below. If the pestidde or the sprayer
construction somehow requires use of the actual pesticide for realistic
operation, then the Full Oz/culation Method must be used.

~
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Simplified method: (l) Place two markers (stakes, cans, and so forth) on
the ground 40 rods (660 feet) apart. (2) Partially fill the sprayer with water
(or the other liquid being used) and operate until all nozzles are discharging
evenly. Fix a vessel of appropriate size (a 2~·gallon can, for example) under
one nozzle so that it will collect all the spray coming from it. (3) Operate the
sprayer one round trip between the markers at the speed, pressure, and other
settings as you intend to use them, with the sprayer in full operation. Spray
only between the markers. (4) Measure the amount collected from the nozzle
and multiply it by the total number of nozzles to get the total amount
sprayed. (5) Multiply the number of gallons sprayed by 33 and divide by the
number of feef of width sprayed. The result of this calculation will be the
number of gallons applied per acre.
Example: Suppose the boom on the sprayer contained 12 nozzles and
covered a swath of 20 feet, and that you collected 3JA pints of spray from
one nozzle during the round trip. Twelve times 3~ pints equals 39 pints,
or 4.875 gallons. This times 33, divided by 20, equals 8.0 gallons per acre.

It may not be practical to collect the spray used during a run in the field
with certain types of equipment. Aircraft sprayers, mist blowers, and foggers
are examples of such equipment. For this equipment, the amount used during
the calibration run must be found from the net amount taken from the tank.
To do this, the tank must be filled to an accurate liquid level mark
(preferably ftIled to just to the point of overflow). The sprayer is then
operated over the calibration distance and the amount reqUired to refill the
sprayer to the same level is measured. To be accurale, the sprayer must be in
exactly the same position (preferably level) both times when' the lev~1 is

lIIJlOUJit·tbat dtaim out. The amountttseaktl'e:dlrference between tht
amount that W3S put into the tank and the amount that was drained out.
Full calculation method: To calculate the application rafe of the sprayer,
you must know the speed of the sprayer, the width of swath sprayed, and
total flow rate from the sprayer nozzles.
1. The speed may often be taken from a speedometer. If there Is no
speedometer available, measure the time it takes to drive the equipment at
the intended speed over a measured course at the intended speed with the
tank half flill. The speed can be calculated from these measurements.

Example: Suppose it requires 3 minutes and 20 seconds (200 seconds)
to go 80 rods (~ mile). The speed equals ~ divided by 200. multiplied
by 3,600 (the number of seconds in an hour), which would be 4.5 mph.
2. The flow rate can be calculated by multiplying the number of nozzles
times the rating given by the manufacturer for operation at the pressure
being used, if the nozzles are new and have not worn very much.
Example: Suppose the sprayer has 12 nozzles rated at 0.4 gallon/
minute at the pressure you intend to use. The total flow equals 12
times 0.4, which is 4.8 gallons/minute.
may not be able to use the manufacturer's rating if the nozzles have
worn somewhat, or if the manufacturer has not supplied a rating at the
pressure you intend to use, or the manufacturer's rating is not conven
iently available. Then, the flow rate will have to be obtained by measuring
the spray caught from a nozzle for a measured time.
YOll

Example: Suppose there are 12 nozzles on a sprayer and you catch I
quart and 6 fluid ounces (38 fluid ounces) from one nozzle in I minute.
Since there are 128 Guid ounces in a gallon, the flow rate of the entire
sprayer equals 38 times 12, divided by 128, which is 3.56 gallons per
minute.
n
I

t1'l

3. The swath width must be detennined by a method appropriate to the
sprayer being used. The swath width of an airplane sprayer, air-blast
sprayer, or fogger will have to be determined from the manufacturer's
literature or perhaps from a research report on the particular cquipment in
use. A boom sprayer will have a swath equal to the boom width plus the
width covered by end nozzle, if there are nozzles on the very ends of the
boom.
~xample: Suppose a sprayer has a boom 18 feet 4 inches long, having a
nozzle at each end that also covers 20 inches apiece. Recognizing that
only half the spray from each end nozzle will go outside the boom, the
swath will be 18 feet 4 inches plus 20 inches, which equals 20 feet.

In contrast, if you are only spraying a narrow band over each row of a
crop grown in rows, the total swath win be equal to the width of the band
times the number (of rows.
Example: Suppose you have spray equipment attached to a 8-row
planter, which sprays only a 12-inch (I foot) band over each row. The
actual swa~ being treated is equal to 8 times one, which is 8 feet width
ofswath.
.
+"
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4. The application rate of the sprayer can be calculated when the speed,
swath width. and flow rate are known. The following formula can be used
to take into account the number of fleet in a mile. the number of square
feet in an acre, and the number of minutes in an hour.
495 x (total flow rate in gallons/min.)

= gallons per acre

(swath width in feet) x (speed in mph)
Example: Suppose the flow rate Is 4.8 gallons per minute. the swath
width is 20 feet, and speed is 4.5 mph. Then the volume of spray
applied Is 495 times 4.8. divided by 4.5, divided again by 20, which is
26.4 pOons per acre.
CIulnging or tJdjusting the tlfJplication rate: If the application rate found
from the caUbration is not what is desired, it may be changed by changing the
size and number of nouJes. the speed. or the pressure. If large changes are
necessary, the Iize and number of noulos must be changed. DecreasinS the
apeed wl11 IncreaM the application rate proportionately. wbilc lncreaina

speed will decrease it. However, the acrcage that can be covcrcd per day will
be reduced if speed is reduced, so users may not wish to make very large
changes in speed. You should not try to change application rate very much by
. changing pressure, because this will also change the pattern and the droplet
size of the spray. It is useful to know, also, that increasing pressure 10
percent increases the nozzle flow only 5 percent, 21 percent increases nozzle
flow 10 percent, and 44 percent increases nozzle flow 20 percent, so that
changing nozzle flow requires proportionately much larger changes in
pressure.

Power nu.sters. - Before starting a dusting operation, check the application
rate of the duster unit. Dust mixtures vary in density, and the application rate
can vary at a given setting of the feed regulator.
I. Measure off a convenient area between one-fourth acre and I acre.

Example: Eight 4Q-inch rows

~

mile long, which equals 0.808 acre.

2. Fill the dust hopper to an accurate level mark and set the dust feed
regulator according to the manufacturer's recommendation for the desired
application ra~e.

3. Dust the measured area. Drive at a constant speed because the speed
affects the application rate. Use a speedometer if possible.
4. Refill the hopper to the previous level from a weighed amount of dust.
Subtract from this weight the amount left over after refilling the hopper,
which gives the amount applied to the measured area. This amount divided
by the area gives the application rate. Example: Suppose a bag containing
SO pounds was used to refln the hopper, after which it contained 34
pounds. The amount used was then 16 pounds. Dividing this by 0.808 acre
gives 19.8 pounds per acre.
Applicators For Granules. -Many equipment manufacturers and some
producers of granular insecticides provide tables showing the proper settin~
of the feed mechanism for selected flow rates of specific materials. nus will
provide an approximate guide for the user in adjusting the equipment.
Because of manufacturing differences in both the granular material and the
appUcation equipment, the user should check this with a measured
calibration.

n
I
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or ddtdren and animall-'and away from food .nd reeCl.
Example: Suppose the discharge from two tubes are to be spread over one
4o-inch (3.3 feet) row width, and you collected 4 pounds of material when
operating over a total of 1,320 feet (40 rods each way, round trip). Four
times 33, divided by 3.3, equals 40 pounds per acre.
If this calculation shows the application rate is not what is intended, adjUst
the settings appropriately, and repeat the calibration procedure. Remember
that the feed mechanism of most granular applicaton does not feed the
material at a rate proportional to the speed of the equipment, even though it
is often driven by a wheel on the ground. Because of this, the speed of the
equipment must be constant, and the application rate can be increased or
decreased by decreasing or increasina, respectively, the ground speed of the
equipment.
~

(J'\

....

Apply pesticides so that they do not endanger humans, livestock. crops.
beneficial insects, fish, and wildlife. Do not apply pesticides when there Is
danger of (irift. when honey bees or other pollinating insects are visiting
plants, or in ways that may contaminate water or leave illegal residues.
Avoid prolonged inhalation of pesticide sprays or dusts; wear protective
dothing and equipment if specified on the container.

If your hands become contaminated with a pesticide. do not eat or drink
until you have washed. In case a pesticide is swallowed or gets in the eyes,
follow the first aid treatment given on the label. and get prompt medical
attention. If a pesticide is spilled on your skin or dothina. remove dothina
bnmediately and wash skin thoroughly.

CorifimdngCll1ibnltion with fint Ilpplictltion: After calibration, you should

try a partial load of actual pesticide mix to confirm that the calibration
measurements and calculations were accurate. This will Jive you a chance to
make a last minute adjustment in the operation of your eqUipment before
treatina an entire field.
Example: Suppose a field % mDe long is being treated with a sprayer
having a swath of 20 feet, and the calibration indicated that it was
applying 8 pllons per acre. Since 10 swaths, the length of the field equals
6.06 acres, which should require 48.5 pllons, the operator might put
about 53 gaUons in the tank for the fint load. After 10 swaths have been
completed, the tank can then be checked to see about how much more or
less than the expec.ted 4.5 gallons of sPllY mixture remain.
PRE~UTIONS

1be foUowing safeguards are -to protect handlers of insecHcides and treated
objects, consumers of treated crops and animals, honey bees, fISh, wildlife,
domestic animals, fish pools, bird baths, creeks, feeding dishes of animals, Ind
our basic natural resources-water, soU, and air.

•

When spraying near dwellings, be sure you have left no puddles of spray on
hard soil surfaces. Also check children's playthings such as mud pie dishes or
other containers that may retain the spray solution and endanger small
children who may enter the area later.

Do not clean spray equipment or dump excess spray material near ponds,
streams, or weDs. Because it is difficult to remove aU traces of herbicides from
equipment, do not use the same eqUipment for insecticides or fungicides that
you use for herbicides.

Dispose of empty pesticide containers promptly. Have them buried at a
sanitary land-fill dump. or crush and bury them in a level, isolated place.
NOTE: Some States have restrictions on the use of certain pesticides.
Check your State and local regulations. Also. because registrations of
pesticides are under constant review by the Federal En..i ronmental Protection
Agency, consult your county agricultural agent or State Extension specialist
to be sure the intended use is stU! registered.
n
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Protection of Pel"8Ons Using InBeCticides
In handling any insecticide, avoid tepeated or prolonged contact with skin
and prolonged inhalation of dusts, mists, and vapors. Wear clean, dry
clothing, and wash hands and face before eating or smoking. Launder clothing
daily.
Avoid spilling the insecticide on the skin and keep it out of the eyes, nose,
and mouth. If you spill any on your skin or clothing, remove contaminated
clothing immediately and wash the skin thoroughly with soap and water.
Launder clothing before wearing it again. If the insecticide gets in the eyes,
flush with plenty of water for S minutes and get medical attention.
The foUowing insecticides can be used without special protective clothing
or devices. In all cases, foUow the label precautions.
Abate
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calcium arsenate
carbaryl
chlorobenzilate
cryolite
dicofol
diphenylamine
Kepone
lead arsenate
lime sulfur
malathion
metaldehyde
methoxychlor
mirex
naphthalene
oxythioquinox

ovex
paradichlorobenzene
paris green
Perthane
plperonyl butoxide
pyrethrins
ronnel
rotenone
ryania
sabadilla
Strobane
sulfur

TOE
tetradlfon
trichlorfon
zineb

The following insecticides can be absorbell directly through the skin in
hannful quantities. When working with ~- insecticides.u.,.y fonn.~e
extracate not todetthem ~ ia¢OD_wfth,i~
.

benzene hexachloride
binapacryl
chlordane
chlorpyrifos
coumaphos
crotoxyphos
crufomate
-diazinon
dichlorvos
dimethoate
dioxathion
endosulfan

ethion
fenthion
heptachlor
Imidan
lindane
naled
Nemacide
phosalone
propargite
propoxor
toxaphene

The foUowing insecticides are highly toxic and may be fatal if swallowed,
inhaled, or absorbed through the skin. These materials should be applied only
by a person who is thoroughly familiar with their hazards and who will
assume fuD responsibility for proper use and comply with all the precautions
on the labels.
a1dicarb
aldrin

Dux
azinphosmethyl
carboful3ll
carbophenothion
compound 4072
DasanU
demeton
dichloropropane-dichloropropene
mixture
dicrotophos
dieldrin
disulfoton
DN-III
Dyfonate

endrin

EPN
famphur
methomyl
methyl parathion
Methyl Trithion
mevinphos
mexacarbate
monocrotophos
nicotine sulfate
parathion
phorate
phosphamidon
Telone
tepp

n
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toiJl"a.,.~t;~tufieafdr. 'l'lrese
threshold Dmit nlues were adopted at the 30th Annual Meeting of the
American Conference of Governmental Industrial Hygienists, May 1968.
acrylonitrile (20 p.p.m.)
aluminum phosphide
(as phosphine 0.3 p.p.m.)
calcium cyanide (S mg. dust per
cubic meter)2
carbon disulfide (20 p.p.m.)
carbon tetrachloride (10 p.p.m.)
chloroform (SO p.p.m.)'
chloropicrin (0.1 p.p.m.)

ethyl formate (100 p.p.m.)
ethylene dibromide (2S p.p.m.)'
ethylene dichloride (200 p.p.m)
ethylene oxide (SO p.p.m.)
hydrogen cyanide (10 p.p.m.)
methyl bromide (20 p.p.m.)'
methyl formate (100 p.p.m.)
propylene oxide (100 p.p.m.)
sulfuryl fluoride (S p.p.m.)

+"
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Reduce the danger of skin exposure to insecticides by wearing protective
clothing and equipment as specified on the label. If specified, wear a
~pirator or mask designed for protection against the particular insecticide
being used. Directions for use or illustrative material must contain the names
of the pesticide being used. Funface masks should always be worn by persons
applying fumigants in buildings or warehouses. They should also be worn by
persons applying -the type of insecticide aerosols used in commercial
greenhouses and warehouses. In many cases masks or respirators are needed
by persons loading insecticides into aircraft or applying them by aircraft.
The gas methyl chloride used as a propellent in greenhouse aerosols and
the liquid fumigants carbon disulfide, ethyl formate, ethylene oxide, methyl
formate, and propylene oxide are flammable and explosive. Never use them
near heat or fire in any form. Never open containers of these chemicals where
there is little air in circulation without wearing an adequate 'fullface mask. Do
not transfer any liqUid fumigant from one container to another in a closed
room; do not breathe the fumes.

'Not from lilt or threshold limit values.
'Ceiling Umit not to be exceeded.

t:leaU.EUiiWlUJ''''RlCUl)'l
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yoursldn by wearing clean, dry cotton &loves. If 'oves become wet, thor
oughly wash the hands and put on clean gloves. If you must work in close
contact with treated crops, as in thinning or harvesting, you should also wear
dry, clean, tightly woven clothing.

If concentrated pesticide is spilled on the ground, remove or bury the
contaminated soil. This is especially important in areas where small children
play.

Treatment for Poisoning
If a person is poisoned by an insecticide, call a physician and give first aid
immediately. If breathing has stopped, give artificial respiration. If two
persons a~ present, one should give first aid while the other obtains the
insecticide container and caUs the physician. Ten him the name of the
insecticide and obtain instructions.
In general it is advisable to induce vomiting if the victim has swallowed a
high toxic insecticide and is not in an unconscious state and a physician win
not be available witl.in 30 minutes. A tablespoonful of salt or baking'soda in
a glass of warm water will help induce vomiting. Have the victim lie down and
keep him quiet until you get advice from a physician. Keep the victim warm.

If a concentrate or oil solution has been spilled on the skin or clothing,
remove contaminated clothing and wash skin with soap and water. If a person
feels sick while using an insecticide or shortly afterward, call a physician
immediately. In all cases make available the insecticide container and any
attached labeling. Information provided by them is extremely valuable to the
physician. Inform him of recent contacts with insecticides. The one most
obvious to you may not be the one to blame.
If a person is overcome by the vapor of a fumigant, prompt, on.the.spot
action is essential. Carry the victim outdoors or to a room free of gas and lay
him down. Remove contaminated clothing and keep him warm. Administer
first aid treatment immediately. ~f breathing has stopped, give artificial
n
I
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!' Use a material that is least hazardous to

bees but wiD control the insect

pest, if applications must be made wilDe bees are actively visiting the
area.
• Use granules or dilute sprays instead of dusts. They are usually less
hazardous. Application with ground equipment is less hazardous to bees
than application with aerial equipment.
• Avoid drift of insecticides into bee yards and adjacent crop or wild
plants in bloom.
• Do not apply insecticides if apiaries are near enough to be unavoidably
affected; notify the beekeeper so he can move the hives in time.

+:
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The following lists indicate which insecticides are hazardous to honey
bees, as determined by laboratory and field tests. These materials are
hazardOUS to bees when applied as foliar treatments to agricultural and
ornamental plants (including home garden applications),.mosquito abatement
treatments (except granular products) and foliage treatment to forests or
shade trees. The materials are not hazardous when used as soil applications or
dormant applications. For further information consult the pesticide container
label. For information applicable to local conditions, consult your State
agricultural experiment station.

Hazardous. -The following materials are highly toxic to bees exposed to
direct treatment or residues. Do not apply these materials while plants are in
bloom.
aldicarb
aldrin
azinphosmethyl
benzene hexachloride

Dux
calcium arsenate
carbaryl
carbofuran

dicrotophos
dieldrin
dimethoate
dyfonate

EPN
famphur
fenthion
heptachlor
imidan

MethylTrithion
mevinpbos
mexacarbate
monocrotophos
naled
parathion
phosphamidon
propoxur
tepp
(Trichlorfon as a dust)

The following materials are toxic to bees and should not be applied when
bees are actively visiting the area:
carbophenothion
chlordane
coumaphos
crotoxyphos
demeton
disulfoton
endosulfan
endrin
malathion as E.C.

mirex
naled as E.C.
perthane
phorate
phosaJone
pro'poxur
ronnel

TOE

A"oiding Harmful Residuel in or on Food and Feed
Residues in excess of the established legal tolerances can be avoided by
applying only those insecticides specified for use on the crop or livestock and
by following indicated schedules. Do not exceed recommended dosages.
.Qbserve carefuUy the safety restrictions, especially the required interval
between the last application and harvest or feeding, and between the last
application and slaughter of animals.
Avoid drift of insecticide sprays or dust to nearby crops or livestock,
especially from applications by aircraft and other power equipm~nt. Do not

n
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allow poultJy, dairy animals, or meat animals to feed on plants or drink water
contaminated by drift of insecticides.
Certain root crops, such as sugarbeets, peanuts, carrots, and parsnips, are
susceptible to contamination from residues of certain organochlorine insec
ticides in the soil. Do not apply aldrin, chlordane, dieldrin, endrin,
heptachlor, or toxaphene to soils where the crop rotation includes one of
these crops unless a finite tolerance has been established for the insecticide.

~
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8yproducts from a number of crops treated with insecticides may be
safely fed to livestock or poultry if the crops are harvested or fed after the
specified waiting period. However, when byproducts from some crops treated
with certain insecticides are fed to livestock, insecticide residues in excess of
established tolerances may appear in meat, milk, or eggs. Before using an
insecticide, read carefully the safety restrictions in the last column of the
tables beginning on page 1.1 of this handbook to determine if such
byproducts as sweet com husks, citrus pulp, bagasse, alfalfa threshings, apple
pomace, bean and pea vines, sugarbeet tops, cull potatoes, trimmings from
leafy ,vegetables, and gin waste from cotton are safe for feeding to dairy
animals, poultry, or animals being finished for slaughter.
In storage areas apply only those insecticides registered for the purpose. A
commodity thllt comes in contact with floors or walls treated with an
insecticide not registered for use in storage areas may become contaminated
and be liable to confISCation. Repeated applications of some fumigants will
cause residues to build up in the commodities. Be sure to follow the
instructions on the re8istered label. Such a label will include an Environ·
mental Protection Agency (EPA) Registration Number.

Safe Disposal of Empty Insecticide Containers and Surplus
In8eeticides
The careful disposal of empty insecticide containers and surplus insecti
cides is an important part of safe insecticide use. When possible, growers
should carry their empty insecticide containers to a sanitaty land-fill and have
them buried. Do not abandon them on the land-fill. Inform the operator of
the nature of the residues in the containers. Warn him of any danger of

poisonounaponJf burned. CJUSh or .puncture cont.merstopreRDt ~.

they wiJI not contaminate water supplies. Pour excess insecticides into a hole
at least 18 inches deep, dug in level ground in an isolated place where they
will not contaminate water supplies. Cover with dirt. If you have trash
co!lection service, wrap small empty containers in several layers of news
papers before placing them in trash cans.

Seu large drums that contained insecticides to a firm dealing in used drums
. or barrels. The firm should have equipment to neutralize the toxicity of the
adhering insecticides. Do not attempt to use the drums where they could
become a source of contamination to feed or water. Old pesticide drums used
as floats corrode and thus cause serious fish kills.
Do not dump containers or leftover chemicals in gullies, ditches, streams,
woods, or trash heeps.
For more specific information on the safe use of insecticides, consult your
State agricultural experiment station or one of the following U.S. Department
of Agriculture publications:
Program Aid 622, "Farmers' Checklist for Pesticide Safety"
Program Aid 589, "Safe Use of Pesticides in the Home-in the Garden"
ARS 33-76-2, "Respiratory Devices for Protection Against Certain
Insecticides"
Program Aid 727, "Use Chemicals Safely in the Production of Beef Cattle,
Swine, and Sheep:'

TOXICITY OF INSECTICIDES
All insecticides must be considered potentially toxic to man and animals.
However, the degree of tOXicity is one of several factors in the use of
insecticides that determine the hazard to man. The primary hazard lies in
failure to follow the preCIIUtions tmd directions for use indicated on {he
inIecIIdde IIlbelllnd sunmuuized inthh 1tImt:lI!.ook. These. Pf.utionsand

.'t.·omr
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Some organochlorine in!ecticides may also persist in the soil for years.
Certain crops grown in such soils may pick up enough insecticide through
contamination or translocation to exceed tolerances, even though the
insecticide was not applied to them but to previous crops in the rotation. For
example, enough aldrin or chlordane may persist in soil from year to year to
contaminate such !ensitive root crops as sugarbeets or carrots.

.r:~

Organophosphorus insecticides generally are more toxic to af1imals than
organochlorines. However, the organophosphorus insecticides usually do not
leave highly persistent residues on treated plants or animals and are less likely
to accumulate in animal tissues. Diazinon and parathion applied to the soil
become ineffective within 2 or 3 months and are not problems in rotation of
crops. The persistence of in!ecticides is reflected in the waiting periods
reqUired between application and harvest. The toxicity of insecticides is a
major factor in determining the tolerances set. The tolerance is set at a safe
level as determined by data obtained in animal feeding studies. An adequate
safety factor is used in translating animal data to man. However, a tolerance is
not established at a level higher than required for the purpose in accordance
with good agricultural practice even if the toxicity of the pesticide is so low
that a higher tolerance would be safe. Many factors must be considered in
!electing an insecticide for a specific purpose. Whenever possible, preference
should always be given to insecticides that have low toxicity, persist only a
short time, and do not accumulate in animal tissues.
The following two tables provide information on the acute toxicity of
various insecticides. In the first table, acute oral and dermal LOs 0 (lethal
dosage) values are given for most of the compounds included in this
handbook. An LOs 0 value is a statistical estimate of the dosage necessary to
Icill 50 percent of a population of white rats or other test animals within a
specified period under standardized conditions in the laboratory. The toxicity
of a chemical to such animals may vary, however, with species, age, sex, and
nutritional state, and with the formulation of the insecticide and the manner
of administration. Also the LOs 0 values are usually expressed in terms of a
single dosage, which provides little or no information on possible cumulative
effects of repeated dosages of the compound.

used in iltterpreting them in mlatton to actual use hazatds. Since the values
are obtained for other animals Ot fish, they can be applied to man only with
reservations. Under comparable conditions and dosages, highly toxic sub
stances are more hazardous than less toxic substances. However, such factors
as dosage, frequency of application, and characteristics with respect to
accumulation and persistence in animal tissues must be considered. For
example, a highly toxic material applied at a low dosage may be less
hazardous than a much less toxic one applied at a high dosage.
Acute Oral and Dermal LDs 0 Values of Insecticides for
Test Animals
(Data assembled by the Atlanta TOXicology Branch, Division of Pesticides,
Bureau of Science, Food and Drug Administration, Consumer Protection and
Environmental Health Service, Public Health Service, U.S. Department of
Health, Education, and Welfare. Most of the values are based on standardized
tests by the Atlanta Toxicology Laboratory of the Division of Pesticides; a
few are based on publications from other laboratories. All values are for white
rats unless otherwi!e indicated.)
Oral LOs 0 (mg./kg.)
Insecticide

Males

Females

Dermal LDs 0 (mg./kg.)
Males

Females

Organochlorine Insecticides
aldrin
benzene hexachloride
chlordane
chlorobenzilate
dichloropropane.
dichloropropene
dicofol
dieldrin
endosulfan

I

39
1,250
335
1,040

60

98

98

430
J,220

840

..

690
>5,000

140
1,100
46
43

..
1,000
46
18

1.22,JOO
J ,230
90
J30

1,000

I

60

74

See footnotes It end or table.
n
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Acute Oral ,ad Dermal LDs 0 Values of Insecticides
for Test Animals-Contiaued

Acute OraI.ad Dermal LDs 0 Values of Insecticides
for Test Animall-Coatiaued
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Oral LD. o (ms-/kg.)

Dermal LD. o (mg./kg.)

Oral LOs 0 (mg./kg.)

Dermal LD. 0 (mg./kg.)

I

Males

Insecticide

Females

Males

Females

Insecticide

Dr,lnochlorine Insecticida-Continued

17.8
770
100
125
88
5,000
740
.3,850
>4,000

moon
ethylene dichloride
heptachlor
Kepone
Undane
methoxychlor
mirex
. .. paradichlorobenzene

I

Perthane

J::"'

0"\

co

Strobane
TDE
Te)one
tetradifon
toxaphene

I

200

7.5

·.

162
125
91
5,000

18
1.23,890
195
>2,000
1,000

·.

>2,000

3.900
>4,000

·.
·.
1,2>5,000

>4,000
250-500
1>14,700

>4,000

1,2>4,000

·.

90

·.
·.

80

I

1,2>10,000
1,075

15

·.
250
>2,000
900

>6,000
>2,000

·.
·.
'.'

·.
·.
·.

780

Otpnopholphonu lmecticidel
Abate
azinphosmethy)
carbophenothion
chloropyrifos
coumaphClS
crotoxyphol
erufomate

Duanit
demelon
cliuinoo

8,600

13
30
155
41
110
635
4.1
6.2

lOS

13,000
11
10
82
15.5
74
460

1.8
2.5
76

Males

Females

Females

Organophosphorus Inl«dcides-Continued

600

·.

Males

>4,000
220
54
202
860
375

·.

19
14
900

>4.000
220
27

·.

202

·.

4.1
8.2
455

dichlorvos
dicrotophos
dimethoate
dioxathion
disulfoton
Dyfonate
fPN
ethion
famphur
fenthion
lmidan
malathion
methyl parathion
Methyl Trithioo
mevinphos
monocrotophos
naled
Nemacide
parathion
phorate
phosalone
phosphamidm
ronnel
tepp
tetrapopyl
ihiopyrophosphate

trichlorfon

80
56
21
16
215
245
43
23
6.8
2.3
I >16.5
·
36
7.7
65
27
1>35
·.
245
215
113
160
1,375
1,000
14
24
98
120
3.7
6.1
20
17.5
250
·.
270
13
3.6
2.3
1.1
120
135-1 ;0
23.5
23.5
2,630
1,250
1.05

.

I

1.450
610

·.
·.
S60

75
107
43
42
610
610
63
235
15
6
1,1>150
25
230
245
62
1.1 >1,460
330
330
1,550
>2,000
>4,444 >4,444
67
67
215
190
4.7
4.2
126
112
800

21
6.2
1,390
143

..

6.8
2.5
107
>5,000

2.4
2.100
>2.000

1.800
>2.000

CHEMICALS REFERRED TO IN THIS HANDBOOK

Acute 24-Hour LC IO Values of Insecticicles for
Rainbow Trout and BluegiUs-Continued

Insecticide

heptachlor

Kepone

~

-1

o

lime sulfur
lindane
malathion
methoxychlor
methyl parathion
Methyl Trithion
mevinphos
mexacarbate
mirex
mOnochrotophOi
oxythioquinox
naled
Nemacide
ovex
parathion
Perthane
phorate
phosalone
phosphamidon
piperonyl butoxide
pyrethrins extract I
ryania
Strobane

TOE
tetradifon
toxaphene
trichlorfon

I

Lei 0 for rainbow

Len for bluegills

trout (p.p.b.)

(p.p.b.)

15
66

35
260

10
30
100

48

20
7,000

1,800
34
7,000
126,000
12,000

61

120
31

8,500
1.200
41
>100.000
23,000

1,550

110

250
1,600

2,200

860
2,000

9
2S

4,300
870
56
21

10
5,100

11,000
4,500

26,000

56

8,800
178

12

30
3,700
7.6

27,500

n

.....

24,000
15
56
1,100
7.2

5,600

[Common names for pesticides approved by the American National·
Standards Institute are indicated by an asterisk. Chemical names confonn to
those used in "Acceptable Common Names and Chemical Names for the
Ingredients Statement on Pesticide Labels," 2d ed., 1972. Pesticides
Regulations Division, Environmental Protection Agency.]

Name Used

Identity

AbatN> . . . . . . . . . • . 0,0,0 ',0 ~tetramethyl 0,0 ~thiodf·~phenylene
phosphorothioate
acrylonitrile. . . . . . .. acrylonitrile
aldicarb (TemiJc$). . .. 2·methyl·2{methythio)propionaldehyde
O-(methylcarbamoyl)oxime
-aldrin ... , . . . . . . •. hexachJorohexahydro~o,ao
dimethanonaphthalene 95% and related
compounds 5%
aluminum phosphide .. aluminum phosphide
IZinphosmethyl ..... O,O.-dimethyl S·(4-0xo-l,2.3-benzo
triann·3(4H}y1)methyl] phosphorodithioate
benzene hexachloride • 1,2,3,4,5,6-hexachlorocyclohexme, consistinc
of several isomen and containing a specified
percentage of gtI1MUI isomer
*binapacryl . . • • . . . .. 2·sec-butyl-4,6-dinitrophenyl 3-methyl·
2·butenoate
borox . . . . . . . . . . . . sodium tetraborate decahydrate
boric acid
boric acid
Bu~ ......•.•... a mixture of 3 parts m{l·methylbutyl)phenyi
methylcarbamate and 1 part m-(1-ethylpropyl)
phenyl methylcarbamate
calcium anenate . . . . . calcium anenate
calcium cyanide ..... calcium cyanide
-carbaryl • . . . . . . . . . I·naphthyl methylcarbamate
-carbofuran (Furadane). 2,3-dihydro-2,2-dimethyl·7·benzofunnyl
methylcarbamate
carbon disulfide ..•.• carbon disulfide
~Jefidt'ld• • .

0"1

!;~mi'~crin

~

;j

.0

••••

0

.;tI~~lMltl~etlmne

-Ch.lorphyrifos(Dursban8) O,O-dieth}1 0{3,5 ,6-trichloro-2-pyridyl)
phosphorothioate
Compound 4072 .... 2-chloro-I-(2,4-dichlorophenyl)vinyl methyl
phosphate
coumaphos
O,O-diethyl 0-(3-chlor0-4-methyl-2-oxo-2H-I·
benzopyran-7-yl) phosphorothioate.
crotoxyphos . . . . . . . . dimethyl phosphate of alpha-methylbenzyl
3-hydroxy-cis-crotonate
-crufomate (Ruelene4i» . 4-tert-butyl-2-chlorophenyl methyl
methylphosphoramidate
cryolite. . . . . . . . . .. sodium hexafluoroaluminate
Dasanit®
O,O·diethylO-[p-(methylsulfinyl)phenyl]
phosphorothioate
demeton
O,O-diethyl 0- [2-(ethylthio) ethyl]
phosphorothioate and O,O·diethyl S·[2·
(ethylthio) ethyl] phosphorothioate
diazinon
O,O-diethylO{2.isoprohyl-6-methyl-4-pyrimi
dinyl) phosphorodithioate.
dichloropropane.
dichloropropane-dichloropropene mixture
dichloropropene.
cbchlorovos, technical . 93 percent 2,2-dichlorovinyl dimethyl phosphate
and 7 percent related compounds
dicofol . . . . . . . . . . . .. l,l·bis(p-chlorophenyl)-2,2,2-trichloroethanol
dicrotophos
dimethyl phosphate ester with 3-hydroxy-N,N
dimethyl-cis-crotonamide
dieldrin
hexachloroepoxyoctahydro-endo,exo·
dimethanonaphthalene 85% and related
compounds 15%
-dimethoate .....•. '" O,O-dimethyl S{N·metliylcarbamoyl methyl
phosphorodithioate
-dioxathlon .. . . . . . . .. 2,3,-p-dioxanedithiol S,S-bis(O,O-diethyl
phosphorodithioate)

dicyc1tibexyt:
dorlnattt oil .•....... a formutation of petroleum oD phytotoxic to
foliage prepared for sprays on dormant plants,
usually an emulsifiable concentrate of high oil
content
Dyfonate® . . . . . . . . .. O-ethyl S-phenyl ethylphosphonodithioate
-endosulfan
6,7,8,9,1 0,1 0-hexachloro-I,S,Sa,6,9 ..9a
hexahydro-6.9.methano-2,4,3.benzodioxathiepln
3-oxide
endrin
hexachloroepoxyoctahydro-endo-endo
dimethanonaphthalene
EPN . . . . . . . . . . . . . .. O-ethyl O-(p-nitrophenyl)
phenylphosphonothioate
-ethion
0,0,0:0 ~tetraethyl
S,S ~methylenebisphosphorodithloate
ethylene dibromide . . .. 1,2,-dibromoethane
ethyhene dichloride
1,2..dichloroethane
ethylene oxide
ethylene oxide
ethyl formate . . . . . . .. ethyl formate

O.O,-dimethyIO-[p-(dimethyl·
sulfamoyl)phenyl] phosphorothioate
O,O-dimethyI0-[4{methylthio}
fenthlon
m-tolyl] phosphorothioa te
Flit MLO® . . . . . . . . .. Mosquito larvicide oD (99% mineral oil)

famphur

heptachlor

heptachlorotetrahydro-4.7- methanoindene and
related compounds
hydrogen cyanide . . . .. hydrocyanic acid
Imidan@

N-(mercaptomethyl) phthalimide
S-O,O-dimethyl phosphorodithioate

Kepone®

. .. decachloroOetahydro·1,3,4-metheno
2H-cyclobuta [cd] pentalen-2-one

lead arsenate

lead arsenate

n
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NameUaed
lime sulfur

lindane
malathion. . . . . . . . . ..
mataldehyde
·methomyl
methoxychlor. technical

~

-4

methyl bromide . . . . ..
methyl chloride
methyl formate
m~thyl parathion
"
Methyl Trithion@ . . . ..

J\)

meYinphos, technical ..
·mexacarbate (Zectran@)
mirex
monocrotophos
·naled
naphthalene
"
Nemacide . . . . . . . . . ..
·ovex . . . . . . . . . . . . . ..
oxythioquinox
paradichiorobenzene . ..
parathion
paris green •...•.•...
PIi!:'ftl_'~

30% calcium polysulfide and various small
amount of calcium thiosulfate plus water and
free sulfur
1,2,3,4,5.6-hexachlorocyclohexane,gammn isomer
of not less than 99% purity
O.D-dimethyl dithiophosphate of dimethyl
mercaptosuccinate
metaldehyde
S-methyl N-[(methylcarbamoyl)oxy)·
thioacetimidate
J, J,I-trichloro-2,2-bis(p-methoxy
phenyl)ethane 88% and related compounds
12%
bromomethane
chloromethane
methyl formate
D,D-dimethyl D-(p-nitrophenyl) phosphorothioate
S- [[(P-Chlorophenyl)thio] methyl I D,D-dimethyl
phosph orodithioate
2<arbonethoxy·l-methylYinyl dimethyl phosphate
alpha isomer and related compounds
4-(dimethylamino)-3,5-xylyl methylcarbamate
dodecachJoroOctahydro-I,3,4-metheno-IH
cyclobuta[cd] pentalene
dimethyl phosphate of 3·hydroxy
N,N-dimethyl-ds-crotonamide
I ,2.-dibromo-2,2-dichloroethyl dimethyl phQSphate
naphthalene
',
0-(2,4-dichlorophenyl) D.D-diethyl phosphorothi·
oate
p-chlorophenyl p-chlorobf!llzcoesulfonate
6-methyl·2,3-quinoxalinedithiol cyclic S,S
dithiocarbonate
p-dichlorobenzene
D,D-diethyl D{p-nitrophenyl) phosphorothioate
coPPer acet~te

Identity

Name Used

Identity
·phorate
·phosalone

"

·phosphamidon ..... "
piperonyl butoxide,
technical.
·propargite

.

propoxur
propylene oxide
pyrethrins
·ronnel
'

.
.
.
.

rotenone
ryania (ryanodine) . . ..
sabadilla
Strobane8
sulfur
,
sulfuryl fluoride . . . . ..
summer oil ..• . . . . . ..

tartar emetic

.

TOE

.

D.D-diethyl S- [(cthylthio)methyl) phosphorodi
thioate
D.D-diethyl S-[(6-chloro-2-oxobenzoxazolin-3·
yl)methyl] phosphorodithioate
2-<:hloro-2-diethylcarbamoyl·J -metllylYinyl
dimethyl phosphate
(butylcarbityl) 6-propylpiperonyl) ether 80% and
related compounds 20%
2-(p-tert-butylphenoxy)CYclohexyl
2-propynyl sulfite
o-isopropoxyphenyl methylcarbamate
propylene oxide
the active insecticidal constituents of pyrethrum
D,D-dimethyl D-(2,4,5-trichlorophenyl)
phosphorothioate
the primary active compound of derris and cube
roots
powdered stemwood of Ryania SpeciOIll
ground seeds of sabadilla containing veratrine, I
complex mixture of alkaloids
terpene polychlorinates (65 percent chlorine)
sulfur
sulfuryl fluoride
a formulation of petroleum oil prepared for use
in sprays to plant foliage, usually an emulsifiable
concentrate of high oil content
antimony potassium tartrate
dichlorodiphenyldichloreoethane
mixed dichJoropropenes
tetraethyl pyrophosphate
4-chJorophenyi 2.4,s·trichlorophenyl sulfone
D,O,O,Q.tetrapropyl dithiopyropbosphate

Telone@
,
.
tepp '"
.
-retradifon
.
tetrapropyl
thiopyrophosphate
(Aspon4!).
toxaphene •.•.•••..• chlodtaleit'

tme contaJning61-69 pen:ent
·'/~f~:),-'rrj'f:~;?t;;':::fJ':'!ij~~>\l~{;,:;"

n

....co
I

"7'''''''''~_W»'7"",'''C_''''''''_ _7'-'~ ~_~~
~
~ ~~~~ ~i"c>f·i·il·CFR 120.2
of t1le' iFedera1FOOtl. Drog, and Cosmetic Act as amended. A tolerance is not
needed for such msecticides. Also, when "exempt" appears in this column, it
means that under the provisions of this act, the insecticide used in this
specific way has been exempted from the requirement for establishment of a
tolerance.
The following abbreviations are used:
Bait,
B
0
Dust
Emulsifiable concentrate
EC
Fumigant . . . . . . . . . . . . . . . . . . . . • . . . • . . . . . . . . . . . .
F
Granules . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . •
G
Solution .•.............•...........•....•.... soln.
Spray
S
Ultra low volume concentrate
ULV
Wettable powder
'. . . . . . . . . . . . . . . . . . .. WP
..

lmetft'lfmUt'be allMd after applying the
"Ii'jp~d dosages of insectiCides in order to meet these tolerances. Other
safety restrictions on the specific use of certain insecticides are given
last column of the same page as the insecticide. Always read these
restrictions to see if any of them apply to the insecticide that you plan
and then observe those that are appropriate. For general precautions
use of insecticides, see page

in the
safety
to use
in the

With a few exceptions, the crops, insects, and insecticides are listed
alphabetically. See page for the identification of the insecticides.
The insecticides listed for each insect are alternatives and are to be used
separately unless mixtures of two or more materials are indicated by plus (+)
signs.

.;:
~

w

"Formulation" refers to the form of the insecticide, usually as purchased.
Dusts, baits, fumigants, aerosols, and granules are generally applied at the
strength purchased. Emulsifiable concentrates, wettable powders, suspension
concentrates, and powders are to be diluted with water unless otherwise
indicated. The amount of water to use will depend on the output of the
equipment.
A single entry in a box applies to all the insecticides and formulations
opposite that box, except as specified.
A dash in any column indicates that there is no appropriate entry.
The word "extended" in the tolerance column means that the registration
for this particular use of the insecticide has been extended to allow time for
the establishment of a finite tolerance. It will be withdrawn when the
extension expires. Therefore. the insecticide must not be used on. the
indicated crop or animal without determining whether the registration is still
in effect. Check with your county agricultural agent or with your State
agricultural experiment station.
The term "nonfood use" in the tolerance column means that a tolerance is
not needed. The Pesticides Regulation Division has determined that based on

__

.

__

The insecticide dosages given in this handbook are the maximums
suggested for mature plants and animals. Often they may be reduced for
immature plants or animals without loss in effectiveness. Effective dosages
may also be reduced by careful attention to application under favorable
weather conditions. However, be careful not to exceed the suggested dosages
except as indicated on the registered insecticide label. Dosages larger than
those suggested in these tables may leave illegal residues on the harvested
product unless more time is allowed between the last application and harvest
than is suggested in the table.
The principles followed in the commercial use of insecticides on crops,
livestock: or stored products should also be followed in their use in the home
and the home garden. However, untrained persons should not use any
insecticide labeled POISON and illustrated with the drawing of the skull and
crossbones.
Trade names are used in this handbook solely for the purpose of providing
specific information. Mention of a trade name does not constitute a guarantee
or warranty of the product by the U.s. Department of Agriculture.
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STORED-PRODUCT INSECTS

I

N

COMMODITY.
STORAGE. AND
INSECT

INSECTICIDE
OR
TREATM£NT

TOLERANCE

FOflMULATION

(p. p• ... J

o

DOSAGE
,..",~Ji",1

(,uli,,~

HOW. WHERE. AND WHEN TO APPLY

"" 1.000 Ca. II.
•• '~ • .s o&l~ ..i ••

SAFETY RESTRICTIONS

d.,dJ

FumigMrtllhould be applied
only by a trained opeqtor.

FRUITS. DRIEDRaisins
(proc;essed) (con.)
In bulk 3O-Ib e:ateI
Saw-toothed end
merchant grain
beetles. dried-fruit
beetles. Indian
meal moth

.:=

~

In storage
Saw-toothed lIf'ld
merchant grain
beetles, dried-fruit
beetles, Indlllf'l
meal moth

Ethylf~or

methyl

260

F

tcwmat.

Cold ItOr8gI

..

..

6mIJcase

During summer in _
. .ling.

7 ml./case

During wln1llr in _
_ling.

32" - 40" F.8nd

S ~ life Is about 1 .,.. if moisture
content It not Ibowe 16"· 2O'JL

5O'l(,.fj()I, relative

just befcn

just before

humidity.

FURNISHINGS-(See". '4.10
FABRICSFurnishings)
FURS

stor.

..

..

34- - 40" F. Ind

In the home
Clothes moths and
carpet beetles

Cold

GRAIN-Barley
(See GRAIN.....Com.
thelled)

Control measures for insects in ItOnId barley are the ...... ,"GRAIN-Com. shelled. " . '4.24.

Professionalstor. It advitIble•

44%-55"rwlative

humidity.

ORAIN-Carn, . .
(COIL)

In perfOl11llll . . .
crib bini
GnIin.-vl.......
pnbcnr. . .1n

, u.hyI bromldt

I~ I

F

12 1b.

I24

18 ",J1.ooo bu.

I

18...J1.ooo bu•

I

CcMr crib with pItioht wpeulln.
-houri It 80" F. or Ibove.

bromldtl

beetteI, Angoumoll

. . . moth,lnd
~Imoth

In wooden crib bi..
Gr.in.-vl.......
. .inbcnr."
beet... AngoumoII
...in moth. Ind_
~Imoth

....
\II

c.rbon ......1orIdt

+ arbon diIutfIdt

IE'"

(80:20 mbmn)

EthytIne dlchlorldt

+ arbon tmKhlorldt

I

Eampt

(75:25 mlxnnt

I'
I'

Distribute fumipnt ~Iy 0ftI1Uff1l:8.
CcMr crib with pstight wpeulln.

""11:8.

Distribute fumigant --Iy 0ftI
CcMr crib with pstight tarpaUlin.

~

GRAIN-Corn,

FumigMU Ihould bl8ppl1ed

thelled or . .

only by I trlined operator.

In bulk
Indlln lnIII
n'Dth

ChlOI'opIcrIn

,

E-.npt

1.5 1b.11.000 a..
It.of . . . . mow.
. .in.

2 IbJ1.000 cu. It.
of . . . . mow. pn.

Apply .. fine

Do not ntIe_ ..,0lOI

CMII' top

ftIII' 1ft open

sprIy or YIpOf Into . . . .
of ...In to control moths in
turfIICe I..,.r. 7ft' F. or Ibove.

Apply .. fine spnIy or vapor into ....
over top of gr.in to control moths in

I

surface layer. Below 7ft' F.

U..... 011

.... 0cIIIIIr 1172

I 200

l

s

I

2 qt./100 Iq. It. of
surf_ or 5 qt.I3.200
bu./bin.

Protective treatment with oil spnIy on
surface. In South-First .ppliClltion
.fter gr.in is fumigated; seconcI in
July or August. In North-Fim applo
tion .fter harvest following fumigation;
IeCond in April or May of next y.r.

fllme.

Miner.1 oil to meet
specification lIItabl ished
by Food .nd Drug
Administrltion.

Uw Plltic.... WIly-Follow the UbII

n

I
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STORED-PROOUCT INSECTS
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N
N
DOSAGE
COlllMO DI TY.
STORAGE. AND
INSECT

INSECTICIDE
OR
TREATMENT

TOLERANCE

FO~LATION

(po , • •• J

i.",.Ji...,

(oc'i",
PC' 1,000 c.. I"
..I .... od........
•' ..~J

HOW. WHERE, AND WHEN TO APPLY

SAFETY RESTRICTIONS

GRAIN-Com.
...Ied or . . (can.)
Flying inIIctI

In warehou1es
Gr.ln_II......

PyrwdvinI+
pipIronyIbu. . .

MliMhion
(prwnlum . . . .)

3+~

8

Oil lOIn. " by WI.
Pyl1llhtina 0.2 +
piplronyl butax"
2.0 + tetnch~
.chylene 60.0 +
cIIodorind k. . . .
41.8

0.008 + 0.08 IbJ
1.000 cu. ft. of

EC

0.63 lb./l,OOO bu.

8IrtpecL

.,.mborw."

0.32 Ib. in 1 to 2
gltI. _ _11.000
Iq.ft.

~

PyNIhrlna+
p!peronyl bu. . .

0\

Spnry Into . . II.-n • h goes Into
stcnge. Mix with ....,-3. 6 fJIIAJ

1,000bu.

........ AngoumoIs
pn moth. Indien
.... mo1h

....

Apply with tt-mII ..............

3+20

EC or 011 lOIn.

0

0.08 + 0.8 IbJ
1.000 bu.

o.a

0.05 +
IbJ
1.ooobu.

Surt- .."..,. Will not c:ontroI

insectl .-bIithed beMeth the 1Urt-.

Spray Into ~ II.-n • h goes Into
1tofagII. Mix with
3 • 6 fJIIAJ
1.000 bu.

_ter-

ProtllCUnt duIt. &.fore com II

infested. when moIItuN c:ont8nt 111a
or ....

Fumipnts should be
onlV by I treined
oper.tor.

~Iied

Do not recirculate phosphl..
from Iluminum phosphNt..

Under no conditionllhlll
eny~foodor

mlNll '-d come In
c:ontKt with anv
aluminum phoIpllldi nor
with elumlnum phoIphNt.
FIIidu..

GRAIN-com.
...Ied (alto B-'-Y

endOatsl
In concrete 01
rn8bIl upriFt bins,
3,200-bu. rnetaI
bini" or ferm
type metal bini
Graln_i........
.,..In borw. grlln
bIetIet, Angoumoit
«r-!h. Ind. .
lNllmo1h

Soft insect·anceptible
v_ieties ... difficult
to protect. The dust will
QUtI ciowIVading of
rNrttetgrlin.

Aluminum phoIph"

0.1-IphoIphlne).

F

10 pelletsfton or
300 pelteW1.000
bu.

.,..Nt

-ToIIrInce for pymhrinIend~bu1aJr. .

3.teWton or
90 t1b1ets11.ooo
bu.

on." l,+...........

··1lw~for.phoIph~~IilG.Ot

Add to.,..in - - . . Fum..... for
S ciIys .t 54-  59" F..
F.• or
4 '.Vllt 60" 
3 ciIys .t W F. or Ibow.

sr

Add to .,..in - - . . FumigIta for
4cilysat54"'  W F..
3 - ' at 80" - ... F.. or
2 - . . . . F.........

GRAIN-Com.
...... ("10 a.t.y
Ind Oats) (con.)

In concrete or
metal upridlt bini.

c.IcIum C'/Iftldl

F

12· 151bJ1.000 bu.

Mbi Into pn ..... at 7ft F. or
abcM.

c:yInidI)

3,2robu. mnI
bini, or f_1n
Carbon tatnehlorldl
+c.rbandlsulflcla
180:20 mIx1u..)

type metal bini

Gnlin_i1......
grain bor., grain
beetles, Angoumoll
grain moth, Ind_
"..1 moth

I

Fumlglnts should be
applied only by a trained
operIItor.

F

Exempt

3 ",J1.000 bu.·

Grwlty-cflltrlbution fumlptlon.
Surface lIPPIation or I-vwtno method.
fJtf F. or abcM.

1.75 ....•

Forced-diltribution fum\gltion. CIoIed
recin:ulation or I i ~

Mm.'"

fumigltlon.

fJtf F. or - - .

.::

:1

I:"""

I

alloroform + C8rbon
dlll.llf1d1 + .ahyllne

I

50

I

F

2 ....•

Fon:ed-cflltribution fumigation. CIoIed
recin:ulation or ~
8eIow 60" F•

2.25 ",J1.000 bu.•

GnlVity-efastribution fumiptlon.
Surf_ application or layering method.
fJtf F. or above.

2.75 gllJ1.ooo bu.•

GnlVity-distribution fumiption.
Surf_ application or IlYering method.

IIncqInIc

bromidel

d1bromidl

att.I
aempt

OIlon1plcrtn

OIlon1plcrtn +
IMthyI c:htorIdt
(86: 15 mix.,..)

I

Exempt

Exempt

h
F

Below 60" F.

31b./1.000bu.·

GnlVity-diltribution fumigation.
Surface lIPPIic:ation. 7f1' F. or - - .

4 IbJl,OOO bu. •

GnlVity-diltribution fumiption.
Surface application. Below 7ft F.

21b.

Fon:ed-distribution fumiption. CIoIed
recil'Qllation or s1ng1~
7f1' F. or above.

31~

Fon:ed-diltribution fumiption. CIoIed
recil'Ql'-tion or s1ng/e-pM1.

Below 7ft F.
·DoubIe . . . . . . . If .... in woodIIn bins.

. . . . . . . . 1172
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DOSAGE

CO....OI'ITY,
srOR"CE ... ",0
IN5fCT

INSECTICIDE
·OR
TREA"MENT

(U""l'"

TOLER-'NCE

FORMULATION

,,,,'r·Ji,.,,,

p" I.(l{)(/

(p. p. ... 1

<0.

fl.

HOW, WHERE, "NO WHEN TO "PPL Y

SAFETY RESTRICTIONS

u.. /~'!f!l ",,,~,...·i.ce
tlM.d)

-----_._--
GRAIN-Corn,
shelled lalso Barley
-!...nQ_Oa~sUcon.l_ _
In concrete or metal
upright bins, 3,2()()"bu.
metal bins, or farm-type
metal bins
Grain _ils, lesser
grain borer. grain
beetles, Angournoil
grain moth, Indian
meal moth

Ethylene dibromide
.. methyl bromide
(70:30 mixture)

50
(inorganic:
bromide)

F

Ethylene dibromide
.. methyl bromide
(30:70 mixture)

50
(inorganic:
bromide)

F

24 - 36 oZ./l,ooo
bu.·
30 . 36 oz./l,ooo bu.
1.125· 1.5 lb.•

2 - 3 lb.·
thylene dichloride
.. c.lItbon tetrachlor
(75:25 mixture)

Exempt

4.5 gal. 1,000 bu.·

I

,J::

-.I

CO

Ethylene dibromide
.. ethylene dichloride
.. carbon tetrachlorldt
(5: 35: 60 mixture)

50
(inorganic:
bromide)
Others
exempt

Hydrogen cyanide

too

I

F

F

I

Gravity-distribution fumigation.
Surface application or layering method.
70" F. or above in farm-type bins.
-- .. _._--_._--- 
Probe fumigant into hotspot.
Forced·distribution fumigation.
Clo~recircu'ation or single-pass.
70" F. or above.
Forced-distribution fumigation.
Closed-recirculation or single-pass.
Below 70" F.
Gravity distribution fumigation.
Surface application or layering method.
70· F. or above.

2.5 gal..

Forced-distribution fumigation.
Closed·recirculation or single-pass.
70· F. or above.

3.5 gal..

Forced-distribution fumigation.
Closed-recirculation or single-pass.
Below 70" F.

4· 5 galJ1,ooo bu.·

31b.

I

Gravity'distribution fumigation.
Surface application or layering method•
70· F. or above.

Forced·distribution fumigation.
single-pass.
Forced-distribution fumigation.
Closed-recirculation or single-pass.
24 hoursat 60" F. or above.
Forced-distribution fumigation.
Closed-recirculation or singl~
24 hours at below 60" F.
Clo~recirculation or

Methyl bromide

50
(inorganic
bromide)

F

21b.
3 lb.

In flat stor8g11
Beetles and moths

Aluminum phosphide

0. t··
(phosphine)

F

3 tablenltonor

Probe tiIbftm intocom;FOIrligatwfor

Fumigants should be
applied only by a trained
operator.
Aerate after fumigation.
Do not fumigate with
hydrogen c.Y!!llik 11::tQj)
at temperatures below
60" F. Aerate for 24
hours after treatment.

Do not recirculate phosphine
from aluminum phosphide.

GRAlN-Corn,
shelled lalso Barley
and Oats) Icon.)
Calcium cyanide

In flat storage
Grain weevil•• lesser
grain borer. grain
beetles. Angoumois
grain moth. Indian
meal moth

z:

Carbon tetrachloride

\0

F

Exempt

F

15·20 Ib./
1.000 bu.

Mix into grain

50
(inorganic
bromide)
Others
exempt

I F

Exempt

I

it is being placed in

4.5 gal.

Gravity·distribution fumigation.
Surface application or layering method.
7et' F. or above.

Aerate after fumigation.

2 gal.

Forced-distribution fumigation.
Closed-recirculation or single-pass.
60° F. or above.

Fumigant. should be
applied only by a trained
operator.

2.25 gal.

Forced-distribution fumigation.
Closed-recirculation or single·pass.
8elow 6et' F.

3.75 gal./1.ooo bu.

Gravity-distribution fumigation.
70" F. or above.

4.25 gal.l1.ooo bu.

Gravity-distribution fumigation.
8elow 70° F.

2 lb.

Forced-distribution fumigation.
Closed-recirculation or single-pass.
70° F. or above.

3 lb.

Forced-distribution fumigation.
Closed- recirculation or single-pass.
8elow 7et' F.

180:20 mixturel

Chloroform +
carbon disulfide +
ethylene dibromide
171.25: 23.75: 5.0
mixturel

IS

storage.

+ carbon disulfide

I

~

25
Ihydrogen
cyanide)

I

Chloropicrin +
methyl chloride
185: 15 mixture)

I

1

I

Ethylene dibromide
+ methyl bromide
130:70 mixture)

F

I
50

I

F

I

1.5 lb.

I inorganic
bromide)
I

2.5 lb.

----------------1- - - - - - - ~--------Ethylene dibtomide
50
i F
(inorganic
+ methyl bromide
bromide)
170:30 mixturel

Forced-distribution fumigation.
Closed-recirculation or single-pass.
70° F. or above.
1-----~I Forced-dlstnbutlon fumICJation.
Closed-recirculation or single·pass.
Below 70" F_

'I

I

I

- --- -- - - - - . _ - - - - - - - - - j

30·36 oz.l1.ooo

"robe fl!lm;pnt into hotspot

bu.

II
Is,.uetl OCloher 19n

Use P",tir"!.,,

S.~lely-- Follow

II'e Lat.el
CO)

I

N
U1
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DOSAGE
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TREATMENT

COMMODITY.
STORAGE. AND
INSECT

TOLERANCE

(oC'liv~ j.~r,.Ji~.'

FORMUL ATION

(p. p. •. J

HOW, WHERE, AND WHEN TO APPLY

p~r I.(J(}() r .. ".

SAFETY RESTRICTIONS

••Iell otAe,.i.~
.,,"~JJ

I

GRAIN-Corn.
shelled lalso Barley
and Oats) (con.)
In flat storage
Grain _i1s, lesser
grain borer, grain
beetles, Angoumoil
grain moth, Indian
meal moth

~
(Xl

o

Ethylene dichloride I
+ carbon tetrachloride
(75:25 mixture)

Gravity-distribution fumigation.
70" F. or above.

Fumigants should be
applied only by a trained
operator.

75 gal.

Forced-distribution fumigation.
Closed-recirculation or single-pass.
70" F. or above.

Aerate after fumigation.

3.75 gill.

Forced-distribution fumigation.
Closed-recirculation or single-pa&
Below 70" F.

F

4.26 gal./1,OOO bu.

Gravity-distribution fumigation.
70" F. or above.

6 gaI./1.000 bu.

F

Exempt

Dei not fumigate with ~
ganid!! (tlQ!) at temperatures
below 60" F. Aerate for
24 hours after treatment.

Ethylene dibromide +
ethylene dichloride +
carbon tetrachloride
(5: 35: 60 mixture)

50

Hydrogen CYlll1ide

100

F

31b.

Forced-distribution fumigation.
Closed-recirculation or single-pass.

Methyl bromide

50
(inorganic
bromide)

F

21b.

Forced-distribution fumigation.
Closed-recirculation or single-pass.
24 hours at 60" F. or above.

4 lb.

Forced-distribution fumigation.
Closed-recirculation or single-pa&
24 hours at below 60" F.

0.63 1b.11.000 bu.

Mix with water 3 - 5911./1.000 bu.
Spray on grain stream as it goes
into storage.

Fumigants should be
applied only by a
trained operator.

o.321b.11.000sq.
ft. of surface ....

Surface spray. Will not control insects
"ready established beneath the surf-.

Repeated surface spraY'
with melathion mey

8

Malathion
(premium

(inorganic
bromide)
Others
exempt

EC

wU)

I

I

I

, excessive residues.

cau.

GRAIN-Com,
lhelled lalso BerIey
.00 Oatsl Icon.)
In flat storage
Grain weevils, . . . .
grain borer, grain
beetles, Angoumoil
grain moth, Indian
meal moth

Pyrethrlns +
piperonyl bu10xlde

In bulk, in freight

Ethy'- dibromide +
ethylene dichloride +
carbon tetrachloride
15: 35: 60 mixture)

can

~

Grain _ils, 1 _
grain borer, grain
beetles, Angoumois
grain moth, Indian
meal moth

3+2Q

50

EC or 011 lOIn.

0.08 + 0.6 Ib./
1,000 bu.

. Mix with wat.- 3 • 5l11l./1,ooo bu.
Apply .. protective spny to .,.in .
before it is stored.

0

0.06 + 0.83 IbJ
1,000 bu.

Mix dust into wheat before storing.

F

15.75 gal./1,ooo bu.

linorpnlc
bromide)

I

Fumiglnts Ihould be
applied only by a trained
operator.
Repeated suffICe sprays with
malathion may cau. excealve
residues.

Apply from outside of car using hand
or power sprayer.

Others

exempt

Q:)

p

In bulk, in freight

Chloropicrin

Exempt

3 lb.

F

trucks
Grain _ils, l _
grain borer, grain
beetles. Angoumoll
.,.in moth, Indian
meet moth

Storage bin
Grain _ils, 1 _
grain borer, grain
beetles, Angoumois
grain moth, Indian
meal moth

Recirculation fumigation.

7r1' F. or above.

can and van
oCh

Recirculation fumigation.
Selow 7r1' F.

Mix with wat.-. At . . . 2 . oC wwkI
before grain il binned, spny inside
_III and floor of bin at rate of 2 gat./
1,000 sq. ft.

Malathion
Ipntmium . . . .)

Songraln

EC

0.46 1b./1,ooo
sq.ft.

Methoxychlor

20ngrMI

WP,EC

0.oClbJ1,ooo
sq.ft.

Pyrethrins +

3+20

Soln.

O.013~
1,000 sq. ft.
floor of empty storage at the rate of
2 gal./1,ooo sq. ft.

piperonyl butoxide

---_._---~

Mi._........._.........

-.

-Tolerance for pyrethrins and piperonyt butoxide on oets is 1 + 8 p.p.m.
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STO!tED-PROOUCT INSECTS
DOSAGE

COMMODITY.
STORAGE. AND
INSECT

INSECTICIDE
OR
TREATMENT

GRAIN-o.t1 (S.
GRAIN-Com.
....Ied)

TOL.ERANCE

f'OAMUL. ATION

(p. p• •• J

(.~'it·f"

'I.

i.,c"Jir.'

p.' 1.000 n.

SAFETY RESTRICTIONS

HOW, WHERE. AND WHEN TO APPL. Y

••1.... • " .........

•,.,.JJ

Control " . . , , . for insecb in lUnd oea .... 1he _ _ In GRAIN-<:om. . .lied. P811114.24•

GRAIN-Popcorn

240

Methyl bromide

In bags In freight
Grain weevils, ~
grain borer. grain
beetles, Angoumoil
grain moth. Indian
rnealmoth

.s:
cP

I\)

In bulk, In packer
blna with circu"
tlon systemI
Grain _ill, 1 _
grain borer. grain
beetles. Angoumoll
grain moth. Indien
meal moth

151b.lnrefr...._

Fumlpta for 24 hr.

I

101b. In

I

I C8/'.

Hydrogen cyanide

100

F

11b.

Methyl bromide

240

F

1.5 lb.

F

1.5 lb.

It"

Do not fumiglrte with
hydrogen cyanide (HeN)

at temperatures 68tOW""

I

I

(inorpnlc
bromide)

Methyt bromide

240

Recirculation fumigation.

24 Iv. at 7ft' F, or above.

Cinorganlc
bromide)

21b.
2.51b.

Recirculation fumigation:
24 Iv. at 60" - 69· F.
Recirculation furniglrtlon.

24 hr. at 60" - 59" F.
Recirculation fumigation.

24 hr. at 4f1' - 49" F.
In perforated steel
Grain weevlll, 1 _
grain borer. grain
beet.... Angoumoll
grain moth, Indian

Methyl bromide

240
Cinorgahlc
bromide)

~Imoth

....'0ctI1Ier IIlI

••......;:•.._.",~~~"-

60" F. A. . . for 24
houn aftIIr treatment.
Aam8d aftIIr fumigation.

31b.

crib bini

Fumigants should be
applied only by a trained
operator.

C8/'.

14 lb. In wooden
car.

I
In baga in ware
hol.lSeS, in fumiga
tion chambers, or
under tarpaulins
Grain _i1s, ' 
grain borer. grain
beetles. Angoumoll
grain moth, Indian
meal moth

F

(Inorganic
bromide)

can

F

21b.

Covw crib with gaItight tarpaulin.
24 hr... et1' F. or abow&

HOW, _ERE, AND _EN TO APP\.Y

SAFETY RESTRICTIONS

GRAIN-Popcom

(con.1
In 1mlI1l101l
Grain W8llVIIs, ' - '
wain borer. wain
beetles, Angoumois
grain moth. Indien
meal moth

c.bon WtrKhIorIde
+ carbon disulfide

Exempt

F

Exempt

F

Exempt

F

8 geIJ1.000 bu.

I

Exempt

F

6 gel.I1.000 bu.

I Distribute
fumigant evenly over surflCtl.
crib with gastight tlrpaulin,

Distribute fumigant evenly _
and expole for 24 Iv.

1 oz. In 10CHb.
rnetalan.

IUrface

(80:20 mixturel
Ethylene dichloride

Fumlgentllhould be
epplied only by a
trained operator. Aerlte
after fumigation.

+ c:erbon tetrachloride
(75:25 mixturel

In wooden crib bins
Grain_i1. . . . .
grain bor1ll'. grain
beetles, Angoumols
grain moth. Indien
+:""

IMBlmoth

co

Carbon tetrachloride

+ carbon disumde
(80:20 mixturel
Ethylene Dichloride

+ carbon tetrachloride
(75:25 mixturel

LV

In wooden or metal
bins
Grain~I.. ' "
grain borer. grain
beetles, Angoumois
grain moth. Indian
meal moth

Carbon tetrachloride

Exempt

F

6 gel.l1.000 bu.

Exempt

F

15 geIJ1.000 bu.

0.01
(phosphlnel

F

+ carbon disumde
(80:20 mixturel
Ethyl_ dichloride

+ carbon tetrachloride

I
I

(75:25 mixutrel
.



Distribute fumigent lI\Ienly over IUrface.
Cover crib with gestight tlrpeulin.
60" F. or above.
Cover
7ft' F. or above.

Distribute fumigant evenly over surface.
Cover crib with gastight tarpaulin.
6ft' F. or above,
Distribute fumigant evenly over surface.
Cover crib with gastight tarpaulin.
7ft' F. or above.

GRAIN-Rice
enriched
In packages
Saw-toothld ....
beetle. flour .....
IndiH _I Il10111

Aluminum phosphide

I

45 tablets

In tarpaulin fumigation place tablets or
pellets in trays at each corner of stick.

Fumiganlllhould be
epplicd only by a trained
operator.

Fumigate for
5 days at 54° - 59" F"
4 days at 6ft' - 68" F., or
3 days at 69" F. or above.

Aerate products 48
hours before offering to
consumer.

-The tolerance tor phosphine on pro CIIII d commodities is 0.01 p.p.m. and on raw products. 0.1 p.p.m.
,. . . Oetablr I9n

U. Pesticides Sat.ty-Follow the LabII
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STORED·PRODUCT INSECTS

n

w
COMUOOITY,
STO"AI1~AND
INSE

0

OOSIlGE
INSECTICIDE
OR
TREATMENT

TOLERANCE

FONoWLATION

(p. p••• )

(aeli ~e ;/lIl,edie.,
p" 1,000 ell. IL
••It:~. o,larrvi.~
.'a'ed)

HOW. WHERE. AND WHEN TO APPLY

SAFETY RESTRICTIONS

-
GRAIN-Rice
_ic:hed Icon.)

'npackages

S-foothld...,
....... fIouI bIIdII,

,....... 1Illlth

.t::""

CO

.t::""

AlumInum photph. .
IphcNphlne)

0.01·

F

186 pelletl

Fumigll. fot
• days at 64" - SIr F.,
3 d8ys at
68" F•• ot
2 days at 69" F. or 8bowe.

ecr 

Under no conditions IhIIII
any processed food ot
anima' feed come in
contae1 with any alum~
phosphide nor with
aluminum phosphide
relidues.

GRAIN-Ric»,

.../ched /con.)
In peck. . .
Sew-toothed grain
beetle, flour beet'"
Indian m.1 moth

125

M.thyl bromide

F

1.5 ozJl,ooo lb.

4 hr. at 7f1' F. or .bove in
atmospheric chamber.

/inorglfl\c
bromide)

1.76 lb.
1

OZ.ll,ooo lb.

1.5 lb.
0.5 oz./l,ooo lb.

6 hr. at 7f1' F. or .bove in
.tmospheric chamber.

Aerate .fter fumigation
with methyl bromide.

Under no conditionswll
any processed food or
.tmospheric chamber.
animal feed corne in contact
with any aluminum phosphide
0.75 lb. ---------t....:...-=-:---=~-___:;:_:___::__;:_------__j nor with aluminum phosphide
1.5 oz./l,ooo lb.
2 hr. at 65· F. or above in
residues. Aerate products 48
\/8CUum chamber.
hours before offering fO
consumer.
3 lb.

.s::

0.75 oz./l,ooo lb.

CO

VI

In b-os
Sew-toothed gr.in
beetle, flour beet....
Indian m.1 moth

Pyrethrins + piperonyl
butoxide + insect·
tight kraft bags.

1 + 10

WP

2 lb.
5 ± 1 mg. pyrethrins
+ 50 ± 10 rng.
piper-onyl butoxide

ISCI. ft. of bag
surface.

12 hr.•t 7f1' F. or above in

3 hr. at 65· F. or above in
vlCUum chamber.
The insect-repellent treatiPent is to be
applied on the paper used as the outer
ply of multiwall b8IJS having insect·tight
construction as in specifications
lIYlIil.ble from ARS.

I

Repellent ~ins +
piperonyl butox ide
treatment not to be used
on bags. of less than
5O-1b. Size.

GRAIN-Rice
milled
In bags or cartons in
fumigation chambers
Saw-toothed grain
beetle, flour t.et",
Indian meal moth

Aluminum phosphide

I

0.01·

In tarpaulin fumigation, place tablets or
pellets in trays at each corner of stack.

F

/phosphine)

45 tablets

Fumigate for

5 days .t 54' . 59" F.,
4 days 8t 60° . 68· F., or
3 d.ys 8t 69· F. or above.
165 pellets

Fumigate for

4 days at 54·  59· F.,
3 days at 6f1' - 68· F., or
2 days at 69· F. or above.
-The toIennce for phosphine on ~ commodities is 0.01 p.p.m. end on raw produc1l, 0.1
,.... Oetoblr 872

p.p:-,:;;:
UtI Petth:1dIs s.tely-Follow the Lebel
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STORED·PRODUCT INSECTS

I

W
N
COMMODITY.
STOR"GE. AND
INSECT

DOSAGE
INSECTICIOE
OR
TREATMENT

TOLERANCE

FORMULATION

(p. p. ... J

(a~'il1~ ;,.,r~Ji~,1t

prr 1.000 n. fl.
.."lr ... o,'~"";.r
.,alrJJ

HOW. WHERE. AND WHEN TO -APPL Y

SAFETY RESTRICTIONS

GRAIN-Rice,

milled Icon.)
In bags in fumillltion
chambers
Saw-toothed grain
beetle, flour a-t....
Indian m_1 moth

Methyl bromldl

125

F

1.5 oz./1,ooo lb.

(inorgInic

bromide)

4 hr. at 7rt F. Dr atx-In
atmospheric chamber.

1.75 lb.
1 oz./1.ooo lb.

Fumigants should be
applied only by a trained
operator.

e hr. at 7rt F. or above in
atmospheric chamber.

Aerate after fumigation
with !!!!thyl bromide.

1.5 lb.
0.5 oz./1,ooo lb.

12 hr. at 7rt F. or atx-In
atmospheric chamber.

0.751b.
1.5 oz./1,ooo lb.

2 hr. lit 65° F. or atx- in
vacwm chamber.

3 lb.

.i::

0.15 oz./1,ooo Ib.

~

3 hr. lit 65° F. or atx- in
veeuum chamber.

2 lb.
In bins
Saw·toothed grIIin
beetle, flour beet....
Indian m_l moth

Methyl bromldl

Storllgll bin
Saw-toothed grain
beetle, flour beet....
Indlen rne&1 moth

Malathion
(premium wedel

8

EC

Mathoxyehlor

2

WP,EC

0.4 Ib./1,ooo
sq.ft.

PynIthrI,.+
piperonyI ......idI

3+20

0I11D1n.

0.013·0,131bJ
1,000 sq, ft.

125

F

1 lb.

Fumllllte in pecker bins for 15 hr.

A8rllta after fumigation
with nlethyl bromide.

(inorganic

bromide)

• 0.45 Ib.l1,ooo
sq. ft.

Mix EC or WP with _ter. Spray i.-.ide
_lis 8nd floor of bin at rate of 2 1111./
1,000 sq. ft. lit I. . 2 weeki before
grlin is binned.

GRAIN-Rice
milled Icon.

In Clnonl in

Methyl bromide

fumigation chlmbers
Saw-toothed grlin
beetle, flour beetles.
Indian meal moth

125
linorlJlfllc
bromide)

F

1.2501./1,000 lb.

15 hr. It trt F. or abcwe In
etmospheric chllTlber.

opetItor.

1.751b.

2 oZ./1,OOO lb.

2 hr. 8t 65" F. or lbow In
veeuum c:hImber.

4.251b.

1.501./1,000 lb.

Fumiglntllhould be
IPplied only by I trllned

Aerate Iher fumigltion
with odIxl bmJDidI,

3 hr. 8t 65" F. or abcwe In
veeuum chMiber.

3 lb.

1.25 01./1,000 lb.
2.5 lb.
~

c::

-4

Mlllequlpmerlt
Saw-toothed grlIln
beetle, flour beetles.

+ ethylene dichloride
+ ethylene dibromide

Indiln m.1 moth

121:64: 16 mixture)

CIrbon IMrIChlorlde

125
lInorpnlc

F

0.5· 1.5 pt. in
..... to be trnted.

Spot fumigltion of mechinery .,.,., 2
weekI.

bromide)

Others
exempt

Ethylene dibromlde

+ methyl bromide
170:30 mixture)
Ethylene dichloride

+ clfbon tetrlChlo
ride 175:25 mixture)

.... 0CIIIIIr 1172
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STORED·PRODUCT INSECTS

C"
I
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~

DOSAGE
CO.....ODlTV.
STORAGE. AND
''''SECT

GRAIN-Rice,
milled (con.)

INSECTICIDE
OR
TREATMENT

TOl.ERNlCE
(I" p. •• J

FORMULATION

(ad;u i,,~,rJi r",
pu 1.000 n. fl.
••l~•• • ele-rwiaf'

HOW. WHERE. AND WHEN TO APPL V

SAFETV RESTRICTIONS

.,.,.,JJ

I
Fl'MZing

In pack. . . in the
home
$nt·toothed .,.in
beetle, flour beetl...

Whenever infestation is IUtpected. hold
in freezer at f1' F. for 4 days. Store In
imect·proof conllllnen such 8t
jars.

g'"

Fumigants Ihould be

epplied only by • .,.111«1
operator.

Indian me-I moth
Whenever infesUtion is IUspected, ' - t
to 120" F. In oven. Hold for 0.6 hr. Store
in lnIect·proof con1lllnen IUd! . . . . .
)era.

Heating

AeratIl aft. fumigation.
Do not 18CkaI....
llumlnum I!hosph!dl.

GRAIN-Rice,
,l::

CD
CD

-~-.

I

In b8gs in warehou.
Rice_H.
Angoumois .,.in

Methyl bn:Imldl

50
(inorvInic
bromide)

F

1.261b.

Expose for 18 - 24 hr.

moth,~.,.in

borer. grain blletles

----+-1-------Ilf------I~-----_+I------_+I-----------~I

In bags under
WPlUlins
Rice_il,

Angoumoil grain

moth. Ie.- lIfIin
bcnr, grain beet_

Aluminum phoIphlclel

0.1·

PIac:e tlIbIets or pellets on rnet8I tr-ve
at each comer of I1llCk undIr . . . .1111.

F

(phoIphlnl)

4& tabIItI

......

Fumigate for

r F.,
4c1Bys at 60" F•• or
3d1vtat69" F.ot ......
5c1Bysat~ -

er

Fumlgin8 for

·4

64" -

..

~.1=

COMMODITY,
STORAGE. AND

INSECTICIDE
OR

INSECT

TREATMENT

TOLERANCE

FOl'WULATION

(p. p• •• J

GRAIN-Rice,
raucit (con.I

'":~

60

Mlrlhyl bromldl

1.5 lb.

F

Expclle for 24 hr. It 7a' F. 01 - - .

(inorgInic
bromide)

tarpaulin.

Ricewewl~

Fum.....tI thould be

IPPlIed only by a nIned
operator.

Angoumo.....,n
moth, IeIIer grain
borer, grain beet_

~

In flat stOlage,
concrete or mataI
upright bins. 01
farm-type metal
bin.
Ricewewil,
Angoumoi. grain
moth, Ieaer grain
borer, grain beetIeI

0.1

Aluminum phoIphldl

3 tabIetIIton 01
10 t1b1et11440 ewt.

F

(phoaphlnl)

Feed tabIetIlnto grlin m-n OII.-.t
Into grlin mIlL Fumlput fOl

AerI.. after fumipdon
with methyl bromide.

5 davut 54" - 59" F.,
4 days It 80" - 68" F., 01
3 days at 89" F. 01 - - .

10 pelletrlton 01
300 pelletl/440 ewt.

Add to grain str-n. Fum_ for

4 daysat &or  59" F..

d..,.
2

co

3

\0

c.IcIum cv-nldl

Carbon tetnlI:hIoride

I

25

12 1b./440 ewt."

F

(hydrogen
cyanide)
Exempt

at 611'
days at 89"

- 68" F., 01
F. 01 - - .

l~----phoIphide.

•

Do not ute a1uml",", .
Phosphide on ric:e Itond
onthefann.

Mix into pn. Do not ute In flat
~.

F

3oa1J440ewt.-

GrlIVlty-distribution fum_Ion.
At 75" F.OIlIbaw.

4 • 5 oaIJ440 ewt.

Probe fumigant into hotspOt.

3 plJ440 ewt.-

GrlIVity-distribution fumigation.
At 75" F. OIlIbaw.

+ carbon disulfide
(80:20 mixtunt)

EthV'- dichloride
+ carbon tetrachlo
ride (75:25 mixtunt'

Exempt

F

-

-

_._-

-The tolerance for phosphine on proceuecl commodities is 0.01 p.p.m. and on ~ produe:tl, 0.1 p.p.m.
--Double the dosage if ulBd in wooden bins.

''''' Octobet 1972
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ea-oDlTY,
STORAGE, AND
INSECT

INSECTICIDE
OR
TREATMENT

DOSAGE
TOLERANCE

FOIWULATION

(p. p• •• J

(.('''<lr

i",~.,.t

I"
.IIl.,....,

P'" 1,000 c..

nl.,u

HOW, WHERE, ANO WHEN TO 'APPLY

SAFETY RESTRICTIONS

.t.tr~J

GRAIN-Rice.
roultllcon.)
In flat storage,
concrete or metal
upright bins. or
flll'm·type metal
bins
Rice_il.
Angoumois grain
moth, lesIer grIIin
borer. grain beet. .

Mllethion
IpJemium gradel

8

EC

0.83 IbJ440 cwt.

TnIIt • rice is being pI8CId In stDrIglt.

Pvrethrini +
piperonyl butoxide

3+20

EC

0.2 + 2.0 IbJ440

TnIIt • rice is being placed In stcnge.

Methyl bromide

50
linorpnic

Fum!glnts should be
IpPlied only by • trained
operator.

cwt.

F

1.5· 21b.

Forced-distribution fumigation in flat
storage. Expose for 24 . 36 hours.

bromide)

Aerate after fumigation
with methyl bromide.

Do not reI_ -.01
.  open flltML

.l=""

\0

o

fn flat storage. .
concrete or metal
upright bins, or
farm-type metal
bins
Moths, 1Urfac.
infestation

Mllathion
lpremium grade)

8

EC

0.02 1b./1 00 Ill. ft.
of ... rlace ....

Surface spray will not control Insects
already established beneath ...rface.

Methyl bromide

50
(inorganic
bromide)

F

1 Ib.

Expose for 18 to 24 hr. at 80" F. or
above. Dosage celculated for overhead
space only.

Pyrathrlns +

3+ 20

Oil soln. '" by wt.
Pyrethrins 0.2 +
piperonyl butoxide
2.0 + tetrachlor~
ethylene 50.0 +
deodorized kerosene
47.8

0.006 + 0.06 IbJ
1,000 cu. ft. of
airspace over the
load.

Apply with thermal -.01 ganemor.

Pyrethrins 0.5 +
piperonyl butoxide
5.0 + tetl1lChlor~
ethylene 50.0 +
deodorized kerosene
44.5

0.006 + 0.06 Ib./
1,000 cu. ft. of
airspace Oller the
load.

Apply with mechanical l18rosol
generator or. a mist spray.

F

10- 12Ib./car.

Begs or bulk in steel freight ClII'.

12 • 15 1b./ClII'.

Bqs or bulk In wooden freight car.

pIperonyf butoxide

fn freight cars
R ice weevil.
Angoumois grain
moth, lesser grain
borer, grain beetles

Methyl bromide

50
(inorganic
bromide)

A8roIoII may be UI8d
against _poted InllCtl
only.

Fumiganu should be
applied only by • trained
opeqtor.

GRAIN-Riel.

,.....(can.)
StorIgI bin

Rice_II,
Angoumois pn
moth,'- . .In
borer, . .In beetles

GRAIN-Rye (See
GRAIN-Wheat)

_ehou.

lWMhion
(cnmium .....

8on"

Methoxychlor

2on . .in

WP,EC

0.4 IbJ 1,000
Iq.ft.

Pyrethrins +
piperonyl butoxlde

3+20

SoIn.

0.013·0. T3Ib.1
1,000 sq. ft.

Control~. . for

,.... Itt. fumiptlon

0.451b.I1,ooo
Iq.ft.

EC

with

methyl~.

Mix with ~ and .pply to walls and
floor of empty storlIge 8t the me of
2 911./1,000 sq. ft.

inlllCtlin stored rye If'll the.me .In GRAIN  What, pege14.51.

GRAIN-~m

~

....

\0

In bags in
Gr.in_ll,
lesser grlin .....
griin beetles,
Angoumois ¥lin
moth, Indian mell
moth

Aluminum phosphide

0.1'
(pholphinel

F

In tlrplulin fumigBtion p18C8 tablets or
pellets in trays 8t llICh comer of ItlICk.

45 tIbIetI

Fumiptefor

5 daynt 54" - 59" F.•
.. days 8t 60" - 68- F., or
3 days .t 69" F. or .bove.
165 pellets

Fumigate for
4 days at 54'  59' F.,
3 days at 60" - 68- F., or
2 days .t 69" F. or above.

Methyl bromide

50

F

(inorpnlc
bromidel

,

-The tolerance for pholphine on proceaed commodities is 0.01 p.p.m. Ind on

IIIlIId October 1972

Fumipntllhoulcl be
epplied only by • tr.ined
operItor.

~

"lb.

Space fumigation. 60" F. or Ibow.

6 lb.

Space fumigation. Below 60" F.

Under no conditions ....."
any proceaed food or
anim.1 feed come in
contact with .ny .luminum
phosphide nor with
aluminum phosphide
residues.
Fumigants should be
applied only by I trained
operator.

products, 0.1 p.p.m.
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DOSAGE
COMMODITV.
STOqAGE. AND

INSECTICIDE
OR
TREATMENT

INS~CT

TOLERANCE

FO RtotUL A TION

(p. p. ",.)

larti,,'(' ,,.~rt'di<-r.'
po 1.00:1 •.•. {I.
,mlt'$5 orlur.:i.e

HOW, WHERE. AND WHEN TO APPLY

SAFETY RESTRICTIONS

.Ialrd)

GRAIN-Sorghum
(con.)
Chloropicrin

In bulk
Moths, surface
infestation

~

F

,

-

\()
I\)

Ellempt

In bulk
Groin weevils,
lesser grain borer,
grain beetl...
Angoumois grain
moth, Indian InNI
moth

Malathion
(premium wade)

8

EC

0
In bulk, in concm.
or metal elevator
bins. 3,200-bu.
metal bins, or
f~type metal
bins
Gr.ln_11s,
~ grain bonw,
gr.inbeet....
Angoumoil grain
moth" Indian ~I
moth

Aluminum phosphide

0.1

F

(phosphine)

1.51bJl,OOO cu.
ft. of 'Pace abolle
!Jl;8in.

Apply as fine spray or vapor into space
over top of grain to control moths in
surface layer. 70" F. or above.

Aerate after fumigation
with methyl ~.

2 Ib.ll,OOO cu. ft.
of space above grain.

Apply as fine spray or vapor into space
over top of grain to control moths in
surface layer. Below 70° F.

Repeated surface sprays
with mlIlathion will
C8UtlI eIlcessive residues.

o.63lb.ll,OOO bu.

Mill with water 3·5 gal./l,OOO bu.
Spray on grain stream as it goes
into storage.

0.32 Ib.ll,OOO sq.
ft. of R1rface area.

Surface spray. Will not control inss:ts
already established beneath the surface.

O.6IbJl,OOO bu.

Mill dust into grain before storing.

3 tablets/ton or

Add to grain st,..". Fumigate for

90 tabletsl1,OOO bu.
5 days at 54° - 59° F.,
4 d.ys at 60"  68° F., or
3 days at 69" F. or abolle.
10 pallatslton or
300 pel1ets11,OOO bu.

Do not apply calcium

ss-

25

F

(hydrogen
cyanica)

-The tDIIrance for DhoIohinI on .... cnllllcommodltillia 0.01 p.p.m. ....

15·20 Ib.Il,OOO
bu.

01',........... 0.1 ......

Do not recirculate
ltuminul11 phosphide.

Add to grain stream. Fumigate for
4 days at 54·  fir F.,
3 day. .t 60"  88" F., or
2 days at
F. or abcMt.

CalcIum cv-"idlI

Fumigants should be
appfied only by a trlined
operator.

Mix Into gn/n • It II being binned.

cy. .ida In wooden bins.

GRAIN-$oI9lum (ClIft.)

'~ I~_

F

Extmpt

+ C8rbon diallficll
(80:20 mixture)

or
I•......
• .....

IMns, 3.2CJG.bu.

1....11..........

I~fumlgltlon.

SurfICIIPPlIcation or laywtng method.

.F.or . . . .

...... lMns,or

flrm.typI "....

2.21 ....

bin'
Grlin_i",,-,
...lnborw.....n
beetlel, AngoumoiI
...In rnodl, Indlln
m.lmodl

3.6 ....

Fon::ed-diltrlbution fumIptlon.
CIoIed-r8cin:ua.tion or ..........
Below 80" F.

3.1 pl./1.000.bu.

GrIVlty.1ribution fumiptlon.
7ft F. or Ibove.

I

+:"'
\0
lJJ

OIloroform +

10

CIfbon dlIulficll +

• .,... dlbromlde
(71.25: 23.76:
1.0 mixture)

(1norgIn1c
bromide)
0tIwI
exempt

0I1orap1crin

Exempt

0I1orap1crln +
methyl chione.

185:15 mlxtunl)

F

F

Exempt

1

F

4.1 pl/1.000 bu.-

GrlVlty·dinributlon fumiptlon.
Below 7rt' F.

4 IbJ1.000 bu.-

GrlVity-dlstribution fumiption.
7rt' F. or abowe.

11bJ1.000bu.-

GrlVlty-distribution fumigation.
BeIow7rt' F.

! 41b.

I

1

51b.

Ethyl_ dibromlde +
ethV'- dichloride +
cwtlon tetr8Chloride
15: 35: 60 mix1UnI)

50

linorpnic
bromide)
Others

I

F

I

4 p1./1.000 bu.-

Fum. . . . thould belPPllId
only b't . . . . . GP8f'ItDr.

AarnI . . . fumigation.

. Fon::ed-distribution fumigation.
Closed-recirculation or singl......
7rt' F. or Ibove.
Fon:ed-distribution fumiption.
Ctosed-recirculation or singl......
Below 7rt' F.

I

GriIVity-distrlbution fumig8tion. '
Suriace application or layering medIod.
7rt' F. or above.

exempt

-Doub.. the dosage if used In wooden bin.
--Double the cloIagI If ulld in wooden bin. M.xlmum chloropicrin douge to be 8 IbJ11XJ(J bu.

I.... Oetoblr 1972

Ute '-ticldel SefwIy-FoIIow the LebII
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STORED·PRODUCT INSECTS

COMMODITY.
STOR"GE. "NO
INSECT

INSECTICIDE
OR
TRE"TMENT

TOLER"NCE
(p. p. ",.J

FORMUL"TlON

DOS"GE
(artil,'" i"~'t'J'~1C1
po 1.000 € •• fl.

HOW. WHERE. "NO WHEN TO APPLY

SAFETY RESTRICTIONS

tI"/~.J Dtlt~,...,~
"41~J)

GRAIN-Sorghum (con.)
In bulk. in concrete
or metal elevator
bins, 3,2QO.bu.
metal bins. or
farm- type metal
bins
Grain weevils,
lesser grain borer,
grain beetles,
Angoumoil grain
moth, Indian m.1
moth

48 ·60oz./

Probe fumigant into hotspOt.

Ethylene dibromide
+ methyl bromide
(70:30 mixture)

50
(inorganic
bromide)

F

Ethylene dichloride

Exempt

F

5 gal./1,OOO bu.·

Grllllity-distribution fumigation.
Surface application or layering method.
70· F. or above.

Exempt

F

3.25 gal.

Forced-distribution fumigation.
Closed-recirculation or singt.pass.
70" F. or above.

1.000 bu.

+ carbon tetrachloride
(75:25 mixture)
Ethylene dichloride

+ carbon tetrachloride
(75:25 mixture)

I

4.75 gil.

Forced-distribution fumigation.
Closed-recirculation or lingl.pass.
Below 70" F.

2.25- 3 lb.

Forced-distribution fumigation.
CI9Sl!d-recirculation or Iingie-plllS.
6t1' F. or above.

4 lb.

Forced-distribution fumigation.
Closed-recirculation or single-pass.
Below6O" F.

3 lb.

Forced-distribution fumigation.
Closed-recirculation or lingle-pass.
6t1' F. or above.

5 lb.

Forced-distribution fumigation.
Closed-recirculation or IingIe-paB.
Below6O" F.

~

Fumigllnts should be
epplied only by a trained
oper1I1Or.

\.Q

~

Ethylene dibromide

50

+ methyl bromide

(inorganic
bromide)

(30:70 mixture)

In bulk, in concrete
or metal bins
Grain weevil.. lesser
grain borer. grain
beetles, Angoumoil
grain moth. Indian
meal moth

Methyl bromide

In bulk, in freight
can and van trucks
Grain weevils, lesser
grain borer, grain
beetles. Angoumoil
grain moth, Indian
meal moth

Chloropicrin

50
(inorganic
bromide)

Exempt

F

F

F

4 lb.

Recin:ulation fumigation.

7ff F. or above.
6 lb.

Recin:ulation fumigation.
BeIow7ff F.

Aerate after fumig8tion.

SA~i:l~CTtO".

GRAIN-Sorghum (con.)
In bulk, In freilttt
can end VIIn truck.
Grein _ i l.. -.r
grein borer. grein
beetles, Angoumol.
grein moth, Indilln
meel moth (con.)

Methyl bromide

60

+:""
\0
VI

41b.

Recln:ul_ion fum/gltlon.

60

Ethyl... dlbromlde

+ ethyl_ dichloride
+ c-:bon telrKttloride

F

0.1

Recln:uletion fumigltlon.
Below 7ft' F.

7.25 .... J1.ooo bu.

(inorpnic
bromide)
Others
lJCempt

Aluminum phosphide

Fum/pnU Ihould be
IIPplied only by e tnlned
opentor.

7ft' F. or ebove.
6/b.

(5: 35: 60 mbcture)
In flet itOI'.
Grein _ill, _ _
greln bar•• grein
beetles, Angoumoll
grein moth, Indian
meel moth

F

(inorpnlc
bromide)

Aerete efter fum iglItion.

Apply from outside of I*' using n.nd
power spreyer.

01'

F

Grwity-distribution fumigltlon.

3 teblettlton 01'
90 t8b1etII1.ooo bu.

(phosphine)

I

Fumi~efOl'

I

Celclum cyenlde

1

Cerbon tlItrKhIorlde
+ cerbon diallfide
(80:20 mixture)

I

25

J:

(hydrogen
cy.nid.)
Exempt

F

I

t ':'.20 1b./1.ooo

I

6 ...../1.000 bu.

2.75 .....

4 .....

Do not rKlrculm
lIuminum DttosDhidl.

5 deys et 54- - 59" F.•
4 deyset 60" - &r F.• or
3 dey. et 69" F. or ebcwe.

I

Mix Into grein - It II being pIKed In

1tOBgI.

Grwity.-diltribution fumi~ion.

60" F. or above.

Forced-distribution fumigetion.
C1osed-recirculetion or Iingie-ptD.
60" F. or ebove.

I

Forced-distribution fumlgetion.
Closed-recirculation or Iingie-ptD.
Below 60" F.

•

-The tollnnce for phosphine on proc:e.ed commodltiellt 0.01 p.p.m. end on rM pmdue:ts. 0.1 p.p.m.

I. .

oetlWllJn

U. Pwltlcidel Wily-follow the L'"
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STORED-PRODUCT INSECTS

I

~

N
COMMODITV,
STORAGE, AND
INSECT

INSECTICIDE
OR
TREATMENT

TOLERANCE

DOSAGE
(adi ..·,.

i,.",.tlir.'

pr, 1,000 , •. If.
....1,.•.• Ddenft.e

FORMULATION

(p. p, •• J

HOW. WHERE, AND WHEN TO APPLY

SAFETY RESTRICTIONS

.t.teJJ

GRAIN-Sorghum I-:on.)
In flat storage
Gr.in weevils. lesser
grain borer. grain
beetles. Angoumois
grain moth. Indiln
meal moth Icon.)

5.5 gal./1,OOO bu.

Gravity-distribution fumigation.
7(1' F. or above.

Fumigants should be applied
only by a trained oJ*8tor.

6.5 gaI./1.000 1;Ju.

Gravity-distribution fumigation.
Below 7(1' F.

Aerate lifter fumigation.

F

8 gaI./1.000 bu.

GrllVity-distribution fumigation.
7C1' F. or above.

F

4 lb.

Forced-distribution fumigation.
Closed-recin:ulation or single-pea.
7C1' F. or above.

SIb.

Forced-distribution fumigation.
Closed-recirculation or single-paa.
Below 7ft F.

2.25 - 31b.

Forced-distribution fumigation.
Closed-recirculation or single-pea
7C1' F. or above.

41b.

Forced-distribution fumigation.
Closed-recirculation or single-paa.
Below 7ft F.

48 .J1.ooo bu.

Probe fumigant Into hotspot.

Chloroform +
carbon disulfide +
ethylene dibromid~
171.25: 23.75:
5.0 mixture)

50
(inorganic
bromide)
Others
exempt

F

Ethylene dibromide
+ ethylene dichloride
+ carbon tetrlChloride
15:35:60 mixture)

50
(inorv-nic
bromide)
Othen
exempt

Chloropicrin +
methyl chloride
185: 15 mixture)

Exempt

~

\0

0\

Ethylene dibromide
+ methyl bromide
(30: 70 mixture)

Ethylene dibromide

+ methyl bromide
(70:30 mixture)

.... 0et0IIIr II1Z

60

F

(inorganic
bromide)

60
(inorpnic
bromide)

F
-0

..............,.,., Fo...........

HOW, WH£RE" ANO WHEN TO APPl.y

SAFETY R£STNCTIOIIS

,

GRAIN-Sor9tum Icon.)
Exempt

Ethyl_ dichloride

In flat ItOr8ge
Grain_ns, _ _
grain borer, grain
beetles, Angoumoil
grain moth, Indilln
meel moth Icon.)

F

7.6 pl/1,ooo bu.

+ c.bon tetrachloride

GrIIlrity-diltribution fumlptlon.
7a' F. or 8bove.

176:25 mixture)

176 gil.

Foreecklistribution fumlption.
IQc.d-reciraJl8tIon
or
7a' F. or 8bcMI.

Iingl&-p8B.

I Fon:ed-distribution fumigltion.
CIosed-recin:ulltion or 1ingI.....
Below 70" F.

Methyl bromide

I

60

F

41b.

Forced-distribution fumigltion.
C1osed-recirculltion or Iingl&-p8B.
611' F. or 8bcMI.

51b.

Fon:ed-distribution fumigltion.
Closed-recirculltion or sing/&-p8B.
Below 60" F.
Mix with W8te1'. At ' - t 2 . 4 -u
before grain il binned, IPfIV inside
_lis and floor of bin 8t rate of 2 gIlJ
1,000 sq. ft.

1In«g111'11c
bromide)

~

'"

J
Storage bin
Grlln _ill, ' - r
grain borer, grlin
beetles, Angoumois
grain moth, Indian
meel moth

. . . Oetaller

.n

FumipnU lhauld be

IPPlIed only by I traIn8d
operator.

6.25 gil.

~

I

Melethion
Ipremlum grade)

8 on grain

EC

0.45 1b.J1,ooo
sq.ft.

Methoxychlor

20ngrain

WP,EC

0.41bJ1,ooo
sq. ft.

Pyrethrins +
piperonyl butoxlde

3+ 20

5o1n.

0.013·0.131b./
1,000 sq. ft.

I M-8t1 efter fumigetlon.

I

Mix with _ter and lIPPly to walls and
floor of empty storage 8t the rete of
2 gaI./1,ooo sq. ft.

u........... Sefelr-F" tile t..aMI
n
I

•
W

n

STORED-PRODUCT INSECTS

I

:.p.
.pa

COMMOOITY,
STORAGE, AND
INSECT

DOSI'.GE
INSECTICIDE
OR
TREATMENT

TOLERANCE

FORMULATION

(p. p• •• J

(...Ii..e/;8"~ie.'

'I.

"ed.
....
we...
I1I....e

HOW. WHERE. AND WHEN TO APPLY

SAFETY RESTRICTIONS

."'e~J

GRAIN-Ythat end
Rye
In bigs in warehou.
Grein _lis, 1 _
grain bor«, grain
beetles, Angoumoi.
grain moth, Indian
rneelmoth

Methyl bromide

In bulk
Grain lIWieYiI.,
1 _ grein borer,
grain beetles,
Angoumois grein
moth, Indian m.I
moth

Malathion
(pnmulm grIdIl

\0

F

8

3+ 20

Spece fumigltion.

4 lb.

Spece fumlgetion. Below 80" F.

0.831b./1.ooo bu.

Mix with water 3·5 ge1J1.000 bu.
Spray on grain stream II it goes
into storage.

0.32 Ib.l1,ooo sq.
ft. of surface area.

Surface spray. Will not control insectl
already established beneath the surf_.

0

0.61bJ1,ooo bu.

Mix dust into grain befora storing.

EC or 011 soIn.

0.06 + 0.6 Ib.l
1,000 bu.

Mix with water, 3 - 5 gelJ1,ooo bu.
Applv II protective spray to grain
before it is stored.

0

0.06 + 0.83 IbJ
1,000 bu.

Mix dust Into grain befora storing.

1.5 Ib.l1,ooo cu.

Apply II fine spray or vapor into space
over top of grain to control moth. In
surface lay«. trt F. or ebovi.

EC

OJ

Moths, surfece
Infestltlon

Chloroplcrln

Exempt

F

ft. of spece above
greln.

In bulk or In bIgI
Flying InIIC1I

Pyrethrlns +
plptronyl butDIClde

3+20

80" F. or abcwe.

2 lb.

linorgenlc
bromldel

Pyrethrins +
piperonyl butollide

.t;-'

IiO

all soln. "

by wt.
Pyrethrins 0.2 +
p1peronyl butoxlde
2.0 + ..trae:hl~
ethyl_ 50.0 +
deodorized kll'OllN

47.8

21b./1,ooo cu. ft.
of space above greln.

Apply II fine spray or vapor Into space
over top of grein to control moth. In
...rfece leyw. Below 7C1' F.

Q.OOlI + 0.08 IbJ
1,000 cu. ft. of
eIrapece.

Apply with thermeI . .0lOI fIIMI'MOr.

Fumlpntllhould be
applied only by • tnIln1d
opeMor.

Do not release IIf'OIOI
near an open flame.
Aerate aft« fumlgetion
with methyl bromide or
chloropicrin.

MOW, _EM. ANO _EN TO APPLY

SAFETY "DTRtCTiONS

GRAIN-w.-t Mel
Rye (con.l

In bulk, In conc:rftI
or mee.1 binI,

finn-tYPe mee.1

I

Aluminum

phosphldel

0.1

(phaIph1ne1

I

F

3 tIbIetIIton or
90 tIbIe1II'1,ooo

Add to ...In strliIm. Fumlpte for

Fumlgentslhould be
eppIled only by I trllned

bu,-

6"'1ts.c-- &r F..
4"'ltscr- as- F.,or
3 dlySIt W F. or lIbowe.

operItOr.

binl,or ......

_Itanks
Gl'llin weevlll, ...,
gIlIln borer, gIlIln

10 pelletslton or
300 pel1ets11,ooo bu.

beetlel, Angoumols
gIlIin moth, Ind. .
meal moth

I

Add to ...In m-n. Fumlpte for

4 dllYllt 54· - SIr F.,
3 dIys It 60· sa- ·F., or

Do not reclrcullte
aluminum phosphide.

2 days It 69" F. or lbove.

Cllclum CVWIIdI

25

F

(hydragIli
..l=""

12· 16 IbJ1,ooo
bu•

Mix into grein.

20 1bJ1,ooo bu.

Mix into grein. In 3,2OQ.bu. metII
bins.

cyIflidel

""
\.0
c.bon tIItI'IIchIoridl
+ C8rbon dladfidl
180:20 mIx1unrl

Exempt

F

Gravity-distributlon fum~lon.

2.5 gelJ1,ooo bu.-

6ft F. or Ibove.
1.5 gal.-.

Fon:ecf.distribution fumigation.
C1~recirculltion or singl~

6ft F. or lbove.
1.75 geI•• -

ForcecHlistribution fumigation.
CIOIlld-recireulltion or singh~pnL

Below 60" F.
O'iioroform + CIfbon
d. .lfidI + lIthylene
dibromide
(71.25: 23.75:
6.0 mixture)

&0
(Inorpnlc
bromidel
Others

F

1.7591111,000 bu.--

I

Gravity-distribution fumigation.
7ft F. or lbove.

2. 75911111,000 bu. --

I

Gravitv-distribution fumigation.

exempt

Below 7f1' F.

-The toIInIlC8 fur phosphine on proceDld commodities is 0.01 p.p.m. Mel on I'IIW pnxIuc1s 0.1 p.p.m.

--00ubIe the dosIgIlf utld in wooden bins.

......... m

..

U. .......... Wely-F..... till ......
n
I
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n

STORED-PROOUCT INSECTS

I

0\
DOSAGE
COMMODITY.
STORAGE. AND
INSECT

INSECTICIDE
OR
TREATVENT

TOl.ERANCE

FORMUl.ATION

(p. p• •. J

(dditJ~,;;sr~~i~.'

Ca.r,.

p~r/.
a./~
Ol'~...n.~

..

HOW. WHERE. AND WHEN TO APPl.Y

SAFETY RESTRICTIONS

.101~CJ

GRAIN-Meet and
Rve Icon. I
In b·Jlk. in concrete
metal bins.
h1rm.type metal bins,.
I)f 1.'118 ItlIeI tanks
Gr.in _ils. ' - '
grain borer, grain
beet.... Angoumoil
IJI'lln moth. Indian
~I moth (con.1

Chloropicrin

Exempt

2 Ib.l1,OOO bu. •

GrllYity-distribution fumigation.
7r1' F. or above.

3 IbJ1.000 bu.•

GrllYity-distribution fumigation.
aelow 7r1' F.

2 lb.

Forced-distribution fumigation.
Closed-recirculation or single·pass.
7r1' F. or above.

3 lb.

Forced-distribution fumigation.
Closed-recirculation or single·pass.
Below 7r1' F.

F

2.25 1181./1.000 bu.·

GrllYity·distribution fumigation.
Surface application or layering method.
7r1' F. or above.

F

3 gal.l1,OOO bu. •

GrllYity-distribution fumigation.
7r1' F. or above.

1.751111•

Forced-distribution fumigation.
Cloted-recirculation or sing""""
7r1' F. or abowe.

2.75 1111.

Forced-diltribution fumigltion.
Cloted-recircullltion or sing......
Below 7f1' F.

F

I)f

Chloropicrin +
methyl chloride
(85:15 mixturel

Exempt

F

~
<:)
Ethylene dibromide
+ ethylene dichloride
+ carbon tetnlChloride
(5: 35: 60 mixturel

50

(inorganic
bromidel

ou.s

exempt

Ethylene dichloride
+ carbon t8tn1Chloride
(15:25 mixture)

-Double till dOIIgI if .... ·111 woodin bini.

Exempt

Fumigants should be
applied only by a
trained oper.tor.
Do not fumigate with ~
ItlQoIl at temper.tu....
below 60" F. Aerata for 24
hours after treatment.

~

HOW. WHERE, AND WHEN TO APPLY

GRAIN-WIlM Iftd
Rw (con.)

. . . . . . 1-,.. . . .

or""" ~

F

50
(1norgIn1c
bromide)

_ _typebini,
_I

Fon:ed-(jbtrlbutlon fumigltlon.
Cto.ckecirculltlon or ling.......
lIO" F. or 1bcMt.

2 lb.

I

SAFETY RESTRICTIONS

I

Furnlpntl thould be
IPPlied only by I tnlned

opemor.

blnt,or"
...IWtkI
G"In_I"'~

...In bonIr. greIn
bIettes, AngoumoiI
...In moth,. 100'"
meal moth (con.)

I
~
Ethylene dlbramlde

+ INIhyI bromide

I

VI

...

(30:70 mlxtunt)

50
(Inorpnlc
1 bromide)

I

I

3 lb.

I

Forc:ed-(jillrlbutlon fumigltlon.

C~-nJCirculltlon.orling.......

Below 60" F.

I

F

11.5 lb.

I

Forc:ed-(jistribution fumiptlon.
7(1' F. or 1bcMt.

I Aemeltter furnlglltlon.

0

I

I

2.5 lb.

Forc:ed-(jittribution fumiptlon.
Below 7(1' F:

F

30 . 38 oz./UXXJ bu.

Probe fumigenl into hotspot.

(70:30 mixture)

50
(inorpnlc
bromide)

Aluminum photphidI

0.1

F

3 mbletslton or
90 tIlb1etsl1.000

Fumipte for

bu.

5 deys 8t 54" - 59" F••
4 deys 8t 60" - tl8" F•• or
3 deY'lt 69" F. or lbove.
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Appendix 0
e following article is extracted from a manual prepared for VITA
Joseph H. Boatwright, Sr. It is included here because, in many parts
the world, soil is used for construction. A farmer may not be able
buy tar Dr asphalt to use for waterproofing his silo. But he can look
und and see what is available locally for making his silo waterproof.
can try these methods on an underground storage pit or on his home.
OU may find some i nteresti ng ideas to pass on from this material.
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WATERPROOFING SOIL CONSTRUCTION
BY
Joseph H. Boatwright. Sr.

manual is concerned with the methods of waterproofing all types of
construction. It shows how to make use of all forms of local
ation to produce gums. res i ns. and oil s that can be used as water
ing agents. Very few tools are necessary. and they can be made from
materi a1s.
lants which contain these gums. resins, and oils are different from
rt of the world to another. So no effort is made to identify the
4S plants; some of the more common ones are given as examples of
One might expect to find and use.
art of this material is devoted to the method of getting out the gums.
s, and oils; the other part talks about making necessary equipment
local materials. All measurements are given in terms of the height
man. the width of a man's hand. the length of a finger. etc; there is
ed to use rulers or tape measures.

are a good source of waterproofing material. The first and best
to look is the sap of the tree.
rees will not have a free flowing sap; many will not have a useful
All kinds of trees in the neighborhood must be tested. To test a
- cut through the bark to the wood with a knife. leaving a bare
507
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place on the wood about the width of one finger and as
hand. This cut should slant downward, so any sap that
toward the lower end. At the bottom of the lower end,
collect any liquid that flows. These cups can be made
coconuts, or a section of bamboo stalk. See Figure 1.
this should be done.

long as a man's
drains will flow
place a cup to
from gourds,
below showing how

COLL. eCT\t-o.lG

r+tI~'t\-......;:::;

CLJP

Figure 1.
res ti ng the Sap
watch this cut for several days to see if any sap flows. If it does not,
no other trees of this type should be tapped. If the sap does flow,
collect a cupful. Test the sap to see if it will waterproof mud or soil
walls. To do this,brush or wipe the sap on the walls;be careful to soak
all of the wall in the test area. It is better to have too much sap on
the wall than not enough. Alow the sap to remain for two or three days 
it may, or may not, dry. Then throw water on the test area. If the color
of the wall darkens, it indicates that the water has wet the mud or soil,
and the sap did not waterproof the wall. If the color of the wall does
not change, then this sap is a good waterproofing agent.

I
I

Collecting the Sap
Be sure to remember which kind of tree supplied this sap. All trees
of this same type should be tapped for their sap. Search for these
trees. Tap everyone of them just like the first tree. If there are
not enough trees of this kind in the neighborhood, then test other kinds
of trees for their sap. Test the sap in the same manner as before.
Collect the sap from each tree every few days, and store it in a larger
container - this container may be a bucket, skin, or a large section of
bamboo. When a large amount of sap has been collected, waterproof
another section of your home. Continue the process until the entire
building has been waterproofed. Then waterproof the inside just like
you did the outside.
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f none of the trees in the neighborhood give sap, try the fruit of the
ree - berries, nuts, seeds, or fruit. Allow the fruit to ripen on the
ee. Then pick it. Place it in the sun so that it dries completely.
en the seeds may be picked out easily. Collect enough seeds to make
pile at least as high as a man's knee. Several piles this high will
ave to be collected to produce enough oil. The seeds should be crushed.
this by placing them on a large, flat rock, and mash them with a smaller
tone. Crush them thoroughly, deposit them in a cloth bag, and place
e bag in a large pot. Add water to the pot until it covers the bag, and
en place the pot on a fire. Heat until the water comes to a boil. If
il comes to the surface of the water, skim it off and collect it in
nother container. Continue cooking the seeds unt"il no more oil comes
the surface. At this point take the pot off the fire, drain off all
he water, and put the bag in a press. See Figure 2.

\ \ PUSH

~_>FLA' STONe:
- BAs e

STON•

.s

Figure 2.
1 and water will come out of the seeds. Separate the oil from the
ter, and save it with the other oil you have collected. Continue
essing until no more oil comes out. Since this is a rather involved
ation, it is not a one-man job.

t the Nuts
the tree has nuts instead of berries or seeds, the hulls must be
Oved before the nuts can be crushed. Save the hulls separately,
they may contain a resin or oil. Crush the nuts, and express the
from them as outlined above.
t the hulls of the nuts to see if they have any oils or resins. Place
hulls on a sheet of metal, or in a metal can, and put it on a small
of hot coals, no flame. If the hulls contain oil or resin,it will
out onto the metal. Do NOT let the metal get red hot, because the
n or oil will be burned. ~y resin or oil should be collected
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and added to the oil already saved. The resin or oil from the hulls
usually has a very high melting point,so it will turn solid when cooled,
and cannot be applied. It must be mixed with other oils with a lower
melting point. Hulls that produce no resin or oil may be thrown away.
Test the Leaves
Some trees produce a gum, and deposit it on their leaves. To see if
the leaves have a usable gum:
Dry the leaves.
Cook them on metal as above.
If a gum flows out on the metal sheet, save it and mix it with
your oil .
These gums also must be mixed with oil, or they cannot be used.
Bamboo, and possibly other grasses with tough stalks, contains a resin
dispersed throughout the fibers of the stalk. To collect this resin:
Dry the bamboo in the sun until it is brown.
Crush the dried bamboo with rocks until it is broken up into
small fibers.
Place the fibers on a metal sheet, and spread them out so
that they form a thin layer.
Place the metal sheet over glowing coals.
Heat until the resin flows out on the metal.
Collect the resin as it drips off the sheet, and immediately
mix it with oil. One warning: if too much re~in (from the
bamboo or other plants) is mixed with oil, the oil mixture
will begin to harden as it cools. If this happens,add more
oil until the mixture stops hardening as it cools.
Coconut Palms
Coconut palms may be treated separately, since they are a fairly cOlTVllOn
tree in many parts of the world. The trees will yield no sap or gum,
but an excellent oil can be obtained from the coconut itself:
Remove the husk from the ripened coconut.
Break the nut open.
Drain the milk.
Remove the meat from the shell after it has been dried.
Cook the meat as soon as a sufficient quantity has been
gathered from the dried shells. Cooking alone may yield
sufficient oil; pressing may be tried after cooking, but
only if a significant amount of oil can be obtained.
By-products from each of the above should not be discarded, but saved
and used to the best advantage. The meal from the seeds, berries, nuts,
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etc. is rich in protein and can be used as a food supplement. There
is the danger that some seeds, such as the bastor bean, can be harmful
to human beings. Therefore,it is wisest to use the meal from trees as
fodder for cattle, hogs, etc.· Only the meal obtained from grain and
grasses is completely safe for human beings. If excess oil is produced,
it may be used in lamps or made into soap, as described later. Coconut
shells are most useful as cups, dishes, lamps, containers, etc. The
residue from cooking bamboo, nut hulls, etc. may be used as a form of
charcoal for almost flameless fires.

be treated in the same manner as trees, except that there
is little reason to try extracting the sap from them since the stalk of
most is so small it is impractical to tap them. However, they do produce
berries and nuts that may be dried, crushed, and pressed as described
earlier in TREES. Many bushes .produce an edible fruit which should be
eaten first, and the seeds saved and dried for crushing and pressing.

ost vines produce berries, some of which are edible. The seeds, in
ither case, may be crushed for oil, just as shown earlier in this manual.
here are other vines from which the sap will flow quite readily. In
his case,the vines are simply skinned, or cut, on one side, and the sap
ill begin to flow out. This sap, like that of the trees, will have to
e tested. Since the sap from some vines is as thin as water, it cannot
e used just as it comes from the vine. A sap such as this will have to
e cooked over a low flame first to try to thicken it. If cooking does
ot thicken the sap, throw it away, and do not use that vine again. If
Cooking does thicken the sap, apply the thick sap to the walls of a house,
and test it as was done with the sap from trees. If the thick sap acts
~s a waterproofing agent, tap as many vines of this type as can be found.
fter a large quantity of sap has been collected, cook all of it at once,
nd then use it as a waterproofing agent.

SSES
11 grasses produce seeds of one kind or another, but most are much
maller than those found on other types of plant life. While it may seem
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impractical to bother with grasses, this is the largest source of veg
etab 1e 0 il for ma ny peop 1e today.
The seeds should not be gathered until the grass has turned brown;
then the seeds will be easy to remove by holding the stalk between the
thumb and index finger. Draw the stalk through the two fingers, and the
seeds will falloff in the hand. Collect as many seeds as possible,
since each seed yields only a very, very small amount of oil. Crush
the seeds as discussed before. Cook and press them. If enough seeds
are used, a large quantity of oil can be obtained. This oil may be
used as is without testing, since it is well known that such oils are
excellent waterproofing agents.
It must be added here that the oil, the meal, and the whole seed it
self are highly nutritious. If the village is lacking in food, forget
about waterproofing, and use all the edible seeds for food purposes. If
the people have adequate food, then the seeds may be crushed, and the meal
fed to any domesticated animals on hand: cattle, horses, hogs, sheep,
or similar animals. Under no circumstances should excess seeds, oil,
or meal be discarded; it should be used as food.

OTHER PLANTS
Plants which do not fall into the category of trees, bushes,'vines,or
grasses still produce seeds of one kind or another. We suggest that all
seeds be picked regardless of their origin. and cooked and pressed to see
if they contain oil in sufficient quantity to be useful. If the oil yield .
is large enough, gather all the seeds of that type, and use them as a source
of oil .

EQUIPMENT
One of the first pieces of equipment needed will be a brush. Bristles
for a brush can be vegetable fibers. hairs from a horse's tail, or hair
from the tail of any animal, if the hairs are long enough, stiff enough,
and straight enough. The hairs should be fairly stiff (about as stiff
as those from horse's tailor mane, or those from hogs), straight, and
as long as from the tip of the middle finger to the wrist. The handle
can be any kind of hardwood; a piece of bamboo is excellent. To make a
brush:
Choose a piece of hardwood about as big around as the little
finger, and twice as long as the bristles.
512

0-9

· Grasp a small bundle of bristles within a circle made by
the thumb and forefinger.
Insert the handle in the middle of this bundle of bristles
so that one half the length of the bristles is along the
handle, and the other half is loose.
· Tie the bristles around the handle with a leather thong,
vegetable fiber, or any strong cord.
· Tie once at the end of the handle, then once at the end of the
bristles, then tie once between these two.
Be sure to tie as
tight as possible, so the bristles will not come loose. It
is better that two men make the brushes because one man will
find it difficu~to hold the bristles and tie at the same
time.
· Trim the bristles at the loose end, so that all of them are
the same length from the handle. See Figure 3 below.
~.!,.

~
BRlSTL.ES CUT
EVEt--IL.'(

Fi gure 3.
next piece of equipment needed is a cup for collecting the sap as it
ns from the tree or vine. Any hollow object can be used with ease.
entioned earlier that gourds, coconut shells, or sections of bamboo
ks may be used. Figure 4 below shows how these will appear.
C.OCONUT

S""'E\-\

~

'GauR

D

figure 4.
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Cook the meal in bags made of any coarse fiber or cloth. Their size is
immaterial; the only requirement is that they are not wider or longer
than the stones in the press (they should be somewhat smaller). See
Figure 2. They may be made in a square or round shape, and made to
contain as much meal as may be cooked at one time. The cloth should
be strong enough to withstand the pressure of the press. If the cloth
is not strong, the bags will burst, and the meal will spill out.

BUILDING PRESSES
Two types of presses may be constructed: one is shown in Figure 2.,
and will be described below. The other, the Chinese wedge press, will
be described and illustrated.
A small stone base, about ankle high, will support the flat
bottom stone of the press. The bottom stone of the press should be
slanted so the oil flowing onto it drains toward one end into the
container placed there. A flat stone about the same size as the
bottom stone is the top stone of the press. A log about as long
as the height of two men and as thick as a man's thigh is the lever
for the press. This log wi 11 have to be very strong to support
the weight of five or six heavy men. One end of this log is
anchored as close as possible to the stone base, and to the ground
very securely, so it will not rise when the men press on the other
end. To use the press, place the bottom stone on the base, and
the collecting cup at one end. Place the bag of meal on the bottom
stone, and the flat top stone on top of the bag. Next, place the
10ng t heavy log on the top stone, with one end anchored securely.
When all of the equipment and log are in place, about five or six
heavy, strong men should press down on the free end of the log,
applying all of their weight to the log at once to exert as much
pressure as possible. As they press, oil and water will be ex
pressed from the meal. The mixture will run down the bottom stone,
and be collected in the cup. Continue pressing until all the
meal has been pressed, and all the oil collected. After the
mixture has been standing a while, the oil will float on top of
the water. Scoop off the 011, and discard the water. Thi s process
may be repeated until enough oil has been prepared for the entire
village.
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TRee
BA..SE

Figure 5.

appearance of the press, it will require tools
oth its construction and operation. If the tools are available,
n be constructed, this press is far more efficient than that
in Figure 2. If tools, such as saws, axes, mallets, and an
Ii! supply of cloth (for the bags) are available, we suggest that the
e press be used.

WEDG~ E"E~

Ne:\N

WEDG.ES

/-\Doeo

Figure 6.
are the end braces since they are sturdy. If two closely placed
,. are not available, two strong logs may be used in their place:
log should be as thick as the thigh of a man, and should be twoas tall as a man. Each log should be buried upright in the ground
a1f of its length. Then each lot should have an angle brace (see
e 7) on the outside; the press will be placed between the logs.
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4--PRESS --..,'"

Figure 7.

Any number of bags may be placed in the press at the same time, as the
force exerted by the wedges will be distributed equally throughout. Place
the first two wedges in the press, and then add enough bags to fill the
press tightly. The bags should have flat stones larger than the bags
placed at each end so that neither the tree or wedge will press unevenly
into the end bags. The bags may be of the same general si~~ and shape
as those used in the other press. The base trough may be made of wood or
stone, as long as its shape permits the oil to flow into a container.
The drain may be 1n the ce~ter, or at either end. The wedges should be
started as shown 1n the diagram in Figure 5. The wedges are to be placed
horizontally so that they may be driven from the sides. As the wedges
are driven in, new wedges can be added to increase the pressure. (The
meal will be compacted as the pressure is increased, and more wedges
will be needed to maintain the pressure). The wedges may be made of
nearly any kind of wood, but hardwood is preferable. The wedge should
be as long as a man s ann from hi s wri st to his e'l bow, and as wide as
the meal bag. The wedge should have a fairly fine edge at one end, and
be as thick as the breadth of a man's hand at the other end. The wedges
should be driven with a wooden mallet, which can be made very easily
(See Figure 8).
I

I-tOL-=:

Figure 8.
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cut a log as thick as a man's thigh and as long as a man's foot. In
the center and in one side, a hole should be drilled (burnt, carved, etc.)
All .the way through the log. The diameter of the hole should be the width
of two fingers. Insert the handle (which is made of very tough wood)
into this hole. The handle should be about as long as a man's arm. Drive
1t into the hole as deeply as possible, and so tightly that two men cannot
pull them apart. When the handle is tight, the mallet is ready to use.
When all the oil and water have been pressed from the meal, take out the
old bags and add a new lot. The operation can be repeated until all the
cooked meal has been pressed .
. One further note: when driving the wedges, one man should drive the wedge
on one side, while another man drives the wedge on the other side. They
should strike their blows at the same time. If this is not done, it is
~ossible that the bags and wedges will buckle, and everything will be
'ushed out of the press.

efore painting, brush off all loose dirt, trash, vines, vegetable growth,
etc. The soil should be as firm as possible for best results. It is
also important to paint only in dry weather.
In painting soil construction with sap, oil, etc. make sure to cover the
rface completely. Fill the brush before each stroke. The strokes
hould be made horizontally. Start painting at the top of the wall, and
rk toward the bottom. If any of the sap or oil runs down the wall,
rush it out as you work down the wa 11. It is easy to tell if any areas
ave been left unpainted because these waterproofing agents will darken
~e soil. It is much wiser to apply too much agent to the wall than not
nough: one small unpainted area can absorb enough water to ruin the
st of the wall. These agents also may be used on wood framing,
1ndows, etc.
f the soil, or wood, is wet or even damp, the waterproofing agent will

ot stick well and will not protect the walls .

.ile the resins in sap and gums will dry to a fairly hard film, the
15 will usually not dry at all. But they still make the bU'llding very
terproof. In fact these oils will be effective waterproofing agents
r a longer period of time.
e easiest way to find out if the walls need repainting is to throw
ter on them. If the walls darken in color (from absorption of water
the soil), they need repainting. If they remain essentially unchanged
517

D-14

in color, the waterproofing agent is still effective. If repainting is
needed, add a new coat of waterproofing agent. It does not matter which
type of agent has been applied first,nor does it matter which type is
used for the second or even the third coat. Any type may be applied
over the other with good results. On the average,these waterproofing
agents should last from one to two years, depending upon the weather,
etc.

GENERAL

The classification of gums, resins, and oils is very general. The gums
occur as solids as described earlier; the resins, while mentioned, are
not identified - they are a component of the sap, and remain as a solid
substance when the sap dries. The oils are found in virtually all seeds
and nuts regardless of their source.
It is impossible for us to identify the various trees, bushes, vines,
grasses, etc. that will provide the various types of waterproofing agents.
The selection of these will have to be entirely on a trial and error meth
Saps from several different types of trees often can be mixed together, but
this too will have to be on a trial and error basis. The gums can be mixe~
with each other, occasionally with the oils, but seldom with the saps.'
All oils can be intermixed; in fact, the seeds and nuts themselves can be
mixed together prior to crushing, and then cooked and pressed together.
Sometimes oils can be mixed with saps, but this will have to be done on a
trial and error basis.
While it is easy enough to construct new brushes, it is also very easy
to keep the original brushes in good condition. Since water will not
clean these brushes, there is no point in trying to wash them. The best
solution is to saturate each brush with oil, and then place it in a contai
of water. Cover the container so the water cannot evaporate. The oil willS
prevent the resins and gums from hardening, and the water will stop the
oil from dryi ng.
p
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Appendix E
WORKING PAPER ON THE
VOLUNTEER ROLE IN GRAIN STORAGE

following working paper was originally presented at a regional
in storage seminar held in Cotonou, Benin, West Africa, in 1974.
e seminar was sponsored by the International Secretariat of Vo1un
ry Services, the UN Food and Agriculture Organization, and the
S. Agency for International Development.
e seminar's purpose was to encourage the initiation of farmer-oriented
rage extension programs through the sharing of practical information
d field experiences. It was attended by over 100 participants from
eteen countries in Africa, Europe, and North America. A handbook/re
t was published, by the German Agency for Technical Cooperation Ltd.,
ch includes all working papers, discussions (summarized), and con
uction plans for various silo and dryer mod~ls reviewed during the
inar. Several of the modified plans presented in this manual are
luded in the seminar report. It is ava"ilab1e from the seminar secre
y, Mr. David Dichter. His address is: David Dichter and Associates,
e10pment Assistance Programmes, 9 rue de Vermont, 1202 Geneva, Swit
land.
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-WEST AFRICAN

SEMINAR ON THE VOLUNTEER ROLE IN FARM

AND VILLAGE-LEVEL GRAIN STORAGE

DECEMBER 13-23. 1974
COTONOU, DAHOMEY

WORKING PAPER No. 1

PROBLEMS RELATED TO POPULARIZING NEW FARM-LEVEL
GRAIN STORAGE TECHNOLOGY

Carl L1 nb1 ad
~ark Newman
Roqer Vinita
United States Peace Corps
Volunteers to Dahomey (Benin)
Attached to the
Agriculture Service
of Rural Development
and Cooperative Action

~inistry
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INTRODUCTION
Since 1967, the Agriculture Service of Dahomey and the United
States Peace Corps have collaborated in creating, implementing and'
evolving a farm-level grain storage proqram in southern Dahomey. On~
result of this joint program is the actual construction of over two
hundred and fifty individual storage units. ~nother result is
seven years of cumulative. experience in working through some of
the practical day-to-day problems of popularizing new farm-level gra
storage technology. This shared experience by two organizations, on
a governmental agency and the other an international volunteer agency
forms the basis for this paper.
The authors see the primary purpose of this paper as a pre
sentation of some of the major considerations in the planning and
establishment of a farm-level grain storage program. Of seconda~y
importance is a brief history, attached as an appendix, of the
collaboration of the Agriculture Service and the Peace Coros in
evolving the program ..
While the authors' program is limited to Dahomey and orimarily
one type of storage facility; it is hoped that their practical
experience will be of benefit to others initiating similar programs,
regardless of the storaqe method adopted. The paper is not an
instruction manua 1 nor a "how-to-do-i til qui de to popul ari zi ng new
techniques in grain storage. Rather, it is a brief discussion,
with specific examples based on the author's exoerience of five
major areas of concern in planning a new grain storage.project:
1. Assessment of the problem
2. Choice of the improved method to popularize
3. Financial considerations
4. Stimulating interest in improved storage methods
5. The extension and integration of the project into the
local infrastructure.

1 See IIConstruct~on Manual for the 4.5 Ton and 2.5 Ton Cement Silo
and the Mud Walled Grain Dryer by U. S. Peace Corps Volunteers,
October 27, 1974.
ll
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I.

Assessment of the Problem

The initial phase in the planning of a project to improve qrain
torage technology is an analysis of the oroblem from the ooint of
jew of the farmer in the particular locality to be served. He is
he key ingredient. ~ny program must be based uoon realities as seen
y the farmer who will be storinq his qrain.
In Dahomey, the traditional corn-qrowing farmer lives in a
11 village and annually cultivates up to 3 hectares (7 - 1/2 acres)
hand. His annual yield with two growing seasons could be estimated
600-800 kg/hectare or a total of 1,800-2,400 kg. This is classic
bsistence farming, probably not unlike that of most corn-qrowing
rmers in the developing world.
Traditional storage methods. Initially in the consideration,
hoice and planning of an improved storage program it is advisable
analyze local traditional methods in order to (1) understand their
ortcomings and therefore the need for improved techniques and (2)
vestigate for possible simple, yet effective, improvements. Certainly,
nor and effective changes to existinq methods of storage are easier
popularize than the introduction of complex and costly alternatives.
r example, perhaps improved sealinq of traditional granaries or
broad-based program of insecticide treatment could have significant
edi ate effects.
At any rate, the important point is to think about the traditional
thods of storage from the farmer1s viewooint. Does he find that the
aditional methods are inefficient? Does the rapid rate of insect
1tiplication make it impossible to store qrain over a long period
time with his traditional method? Do mold qrowth and rotting ~resent
oblems? What about rodents and birds? How much grain does he actually
Se with his traditional methods of storage?
Market Price Realities. As a practical matter, farmers will not
inclined to change their traditional storage methods unless there
11 be sufficient financial returns from whatever additional labor,
me or cash inputs are required by the improved storage techniques.
erefore, the economics of the improved techniques as affectinq sub
stence farmers must be carefully studied.
Local market price information is needed. what are the orices
f grain at harvest time and at the yearly hiqh? Also, does the farmer
ve large financial demands at harv'est t'ime?' "'Ihat are his spending
~ its? Does he normally have to sell his qrain before prices have
arted to reach their seasonal hiqh? How much fluctuation is there in
~ price on the local market? ~re there other more lucrative markets
can reach easi Iy? Is transportation of his crops to the market expensive
impractical?
There are other economic and market factors to consider. For
traditionally, grain in Dahomey is sold in markets by volume
!her than by weight. This could work against the adootion of improved
~rage methods.
The improved quality of well-stored qrain, for instance,
uld bring few benefits if the farmer not using imnroved methods can mix
large proportion of his damaged corn with qood qrain and thus sell it
the same orice as well-stored grain.
~mple,
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Similarly, are grain prices keeping pace with inflationary price
rise in the cost of the new storage techniques? Also, increased trans
portation prices, for example, can reduce potential profits. In short,
the economies, that is, the practical benefits of a new method, must be
thought through from the farmer's standpoint or, it may fail to be
accepted because of simple economic realities.
Social Customs and Traditions. Similarly, local customs and
traditions should be carefully studied from the farmers viewpoint to see
what impact they might have on the introduction of a particular storage
technique. The use of insecticides, for examole, may require careful
planning. If farmers are used to leaving their maize unhusked during
storage, will they resist? '''i11 insecticide-treated grain have a changed
taste or odol'? Is treated grain acceptable by the farmer for his own
consumption? Is it acceptable for sale locally? Have there been any
bad experiences in the locality as a result of the misuse of insecticides?
Another example of the importance of social customs is the fanner's
attitude toward centralization of storaqe facilities. Does the farmer
traditionally build a graina~y in his field and leave the crops stored
there until needed? Would a central storage silo cause him transportation
problems? Will he resist co-operative storing because he doesn't want
his neiqhbor to know how much he has produced? Social factors such as
these can affect the success of a new storage program.
Having analyzed the problems from the point of view of the farmer,
the planning agency or organization must decide upon the scope of the
program it hopes to introduce and to what extent it can support the program
Personnel considerations. The providing of new information and
training and support for the introduction of imnroved storage methods
requires considerable personnel. Does the agency have sufficient manpower?
Will the personnel need training in the new techniques? '4111 voluntary
extension personnel be needed? To whom will volunteers be responsible?
1,~hat will their role be in relation to the permanent extension personnel?
How will coordination be arranged? Is the organizing agency willing to
assign permanent personnel to assure the success of the program? Staffing
and training therefore, are extremely important in planning a new program.
Material .A.vailability. The supply of necessary materials must be
assured as well. To what extent is the proiect dependent unon vital
materials which are influenced by outside forces, ie., regional or world
shortages, inflation. Cement, insecticides, tin sheeting, re-rod, sand,
water, screeni nq, wood ---- are they readi 1v ava 11 abl e? II/ho wi 11 be
responsible for assuring the supply of needed materials? How reliable
is that person or agency? How reliable is the supply? Lack of critical
items when needed will undermine the farmer's confidence in the program.
Transportation. Are local transportation facilities available and
adequate for the needs of the program? If they are not, Drovi sions for
vehicle support must be made. In such a case, decisions must be made as
to the use of the vehicles before precedents are set. If farmers are
dependent on a project to transport their harvests, this may prevent the
development of local transport and cause difficulties when the project
can no longer continue such support.
524
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Commercialization. '1arketin~ success of grains stored usin~
improved methods will influence the rapidity with which thos~ methods
are accepted. For example. if local market prices do not fluctuate
as greatly as those in urhan centers. the sponsoring aqency may want
to consider the planninq and support of organized transportation for
commercialization. The program should consider the available means of
commercialization and look for improvements to enhance the value of the
improved storage techniQues. For example. the sponsorinq agency may want
to reward farmers for the improved quality of their grain by introducing
some system of quality qradin~ or sale by wei~ht to help popularize their
techniques.
The above brief summary includes some of the major factors an
agency must evaluate in deciding at what level it is willing to and
capable of participating in a program for new qrain storaqe techniques.
Having thus considered the problem. one is better prepared to choose
the particular means of improving storage which is best suited for the new
program.

I

I
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Part II.

Choice of the Improved

~ethod

to Popularize

The choice of an improved storage technique for pooularizatio
should result from an analysis of the existinq problems. Clearly,t
economic factor will weigh very heavily. In dealinq with sUbsistence
level farmers with very limited cash resources, the total cost of con~
struction, repair and utilization of a new technique must be measured
carefully against the effectiveness and practical benefit to the fa
This type of calculation generally requires time for both study anq
of the new method, two factors which are important to the process o~
a storaqe technique.
Scientific testing. The importance of scientific testing ea
over-estimated. Such analysis, before introducing the new storage t~
to the farmer, can avoid many problems.
....
Scientific testing lends authenticity and permits the sponsoring
agency to defend confidently such factors as reliability and effielenc~.
For example, the Institute of P..esearch for Tropical Aqriculture (IRAn,
in Dahom~y, has greatly advanced storage techniques in that country by
its testing of many storaqe methods, amonq them; local grainaries with
and without insecticides, cribs, artificial dryers, cement stave and me
silos. The resul ts of these exoeriments have oroduced i nformati on ilTlPo
to the planning, choice and policy of qrain storaqe proqrams in Oahom~y~
Testing, therefore, is an important step in choosing a
method of improved qrain storaqe.
Field Exnerience. Less formal, but equally revealing, is field
experimentation. For example, field trials can help to verify the
adaptabil i ty of loca 1 material sas substitutes for'more obvious and
imported materials.
Field tests uncover hidden problems and unanticipated social
impediments. They can indicate the level of farmer interest in the
posed new technique.
An example of the value of field tests in Dahomey was demonstrated]
when they revealed that storage in butyl bags was imoractical because co~
over-filling caused bursting, and rats or sharp objects easily pierced
the baq destroyinq its air tightness. In effect, the field testing of
a new technique provides a kind of market samoling of the locality before
larger-scale popularization.
The use of permanent extension agents or Volunteers in performin9 field
tests can be effective. In Dahomey, for example, Peace Corps Volunteers
performed useful field exoerimentation in the early years that resulted
in much practical information essential to developinq the grain storage
program here.
Such field experiments must be cearlv described as such to farmers
to avoid false impressions and to permit adjustments of the program. Thus
protected, one can obtain valuable information pertaining to such addition
questions as (1) how much training time and supervision is necessary to
assure proper construction and/or orooer use? (2) can the farmer maintain
526
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the technique himself? (3) are special tools required? (4) will the
existing agriculture extension system support the new technique?
The final choice of a particular storage method to popularize will
be a balance of many of the factors oreviously discussed in the context
of local conditions. To help the reader assess the various grain storaqe
methods presented during the seminar, a "table of consideration" is attached
to aid in one's analysis. Participants can fill in any information which
they feel is pertinent and valuable to their specific purposes.
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Part I II.
The organization of the financial aspects of a new program of 1m~
qrain storage techniques is essential to the smooth start of the program.
There are several types of financing available from which to choose, am
which are included:
1.
2.
3.
4.
1.

Direct cash investment by participating farmer
Credit financing
Price supports
r,rants

Direct cash investment by participating farmer

Cash payment for any improved storage technique is the simplest ,
and most direct method of financing. It requires a minimum of administra
tive, financial and coordinating burdens for the sponsoring agency. Furt'
more, cash programs using the personal financial resources of the farmer
can be the method of financing which qives the widest and fastest possibl
popularization of a program, providi ng that they are relatively inexpen$
and accessible to small farmers.
.
In countries with an average annual per capita income of less th
$100, such as Dahomey, many methods of storaqe which are relatively 16
cost will still be beyond the means of the average small farmer. In thfS
case, high cash requirements can severely limit the scope of a program
and the speed of its acceptance.
If the cost of the new technique is too high, the benefits derived
from the improvements may be concentrated in the hands of farmers at the
highest income level or even with merchants and Civil servants who are
quick to see the monetary advantages of improved storaqe methods.
Thus, other methods of financing will have to be considered if the
average farmer is to participate in improved storage programs. Latert~):
as a result of his use of improved methods, his increased income may perm
him to assume more financial responsibility for additional improvements.
2.

Credit Financing

Credit financing can increase the potential availability of improV
storage methods to the low-income farmer.
A.
Selection of credit recipients is an important consideration. !f
the project uses financial criteria similar to those used for bank loan,.'
most small farmers will not have sufficient resources or collateral to .
merit credit. In order to make credit available to those who need it
most, without risking a low rate of repayment, it may be necessary to a11
repayment of loans in kind or make orovisions for a commercialization
program for the grain stored.
.
To participate in a credit program, a farmer should be asked to show his
degree of interest in the project, beforehand. This can be judged throUq
the requirement of a cash advance or the supplying of specific materials
or labor.
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B.
The System of repayment of the credit loan should be well-planned
before the program begins. Provisions should be made for the eventuality
that a certain proportion of the loans will not be repaid sometimes due
to circumstances beyond his control, such as crop failure. The terms and
requirements of the credit program must be clearly explained to all farmer
participants and to all extension personnel to assure that all parties
concerned understand the responsibilities being assumed.
3.

Price Supports

Another way of financing a program of improved grain storage
techniques is by price support contributions by the sponsoring agency.
This is a form of gift but it is for the purpose of underwriting the
program. For example, it might involve granting a portion of the cash
value of construction materials or transoortation expenses, the remainder
being paid for by the interested farmer or cooperative.
Price supports can provide a valuable alternative to cash and
credit financing, especially when there are rapid increases in the prices
of building materials or insecticides without equivalent increases in
the prices that farmers receive for their produce. Price supports used
in conjunction with a cash program can serve to avoid the repayment probl ems
inherent in credit, thus decreasing the administrative burdens of the
program.
Un-repayed credit becomes a gift. If a high percentage of reimburse
ment cannot be assured by a credit program, it miqht be better to distribute
the available financial resources through the use of orice supoorts. This
would make it possible to extend the benefits of the rrogram to more people.
A price support orogram, while limited by the resources available,
has many of the advantages of a cash program. The project personnel has a
smaller and less complicated administrative work-load than a credit program.
Another advantage is that the interest of the farmer is assured by his cash
participation.
4.

Grants

r,rants provide a means of havinq programs quickly accepted by
farmers; their scope is limited only by the financial capabilities of the
granting agency. However, grants can present problems to the long-term
development of a orogram. nnce the oroject funds have been exhausted for
grant financing, it may be difficult to convince farmers to pay their own
money for what others have been given free. In this case, there may be
a lag in popularization while farmers wait to assure themselves that no
further gifts will be forthcoming.
There is another problem that may result from the donation of a
grant: Since the investment by the farmer is minimal, his interest in the
upkeep and proper use of the items received mav also be minimal.
If grants for the total cost of the storage method are to be given
to farmer participants, better results may be assured by careful selection
of recipients, thorough explanation of the practical advantages and use of
the storage method, followed by continued suoervision in its proper use.
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Part IV.

Stimulatinq Interest in Improved Storage Methods

There are many methods of popularizinq a new storage technique or
of stimulating interest in it. The manner in which it is done can directly
affect the number of farmers who will choose to try the new technique.
It is best that the program be completely planned before commencing
active popularization at the farmer level, in order to avoid confusion
or delays. For example, proiect field agents should be trained and fully
informed about the program before they begin discussinq it with farmers.
The storage method should have been tested. The financial arrangements
should be settled and agreed upon. Transportation problems should be
resolved. Provisions should be made for the rapid acceptance and expansion
of the program. Once all these matters are prepared, than the popularization
can begin.
Demonstration

~ethods

Demonstration of improved storage methods can be very effective in
convincing farmers to adopt the new meth0d for themselves. Demonstration
models should be highly visible and built to attract a lot of attention.
Possible locations for demonstration sites are: near the home of an individual
farmer, at farmers' cooperatives, at agricultural youth clubs, at agricultural
expositions or on publicly owned land.
Important considerations in attracting the farmers' attention are:
Is the location easily seen? Is adequate, easily interpreted information
provided? If it is built for an individual farmer, is he well-respected?
Will he use the site? Are there local personnel available who can explain
the method? ~ill the site be attractive and well-maintained?
On Farm Demonstrations
Because of some traditional farmers' reluctance to adopt new methods,
the initial demonstration sites may need to be built on a total gift or
price-supoorted basis, perhaps with a guarantee to reimburse any losses
in the event of failure. However, when the demonstration site is installed
as a gift, recipients may have little stake in its success. Since the
purpose of a demonstration site is to spread the knowledge of good results,
special care should be taken that such sites are well chosen to reduce problems
of mis-use or abandonment. It is a good idea for the selection of farmers
for demonstration sites to be done with the aid of local agricultural extension
or government authorities. Additionally, close supervision and careful
explanation of storage techniques will help to assure good results and posi
tive propaganda.
Agricultural Expositions
The high visibility offered by agricultural fairs presents an
excellent opportunity for display, explanation and discussion of demon
stration models. An explanation in the local language by a farmer already
convinced of the method through personal experience and success can greatly
increase the impact of an agricultural fair demonstration. Follow-through
is increased by handing out simple flyers which briefly explain the storage
method and give names and addresses to contact for more detailed information
and assistance.
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Demonstration sites on Public Lands
Sites near market places, health clinics or local aqricultural
offices can be very effective demonstration locations. Since this type
of site generally has no single owner or person responsible for its
operation, assurance should be made in its planninq to provide for
continued and proper use because an unused stora~e unit can be a bad
advertisement. Increased credibility and effectiveness can be provi~ed
by assistance of local aqricultural extension agents in demonstration site
operation and information dissemination and by invitinq local farmers
to participate in all aspects of its use. \~henever possible, transportation
of interested farmers to a demonstration site can increase its imDact.
Use of Radio and Newspaoers
For more widespread popularization purposes, aqricultural radio
programs and newspapers can be used. Since these methods lack the visual
-impact and opportunity for questions provided by actual demonstration sites,
explanations must be clearly and convincingly focused at the level of
knowledge of the prospective users, preferably in the local language or
with simple self-explanatory diagrams and pictures.
Conclusion
With all of the above methods for creating interest throuqh
demonstration and information dissemination, emphasis should be placed
on the practical benefit of the new storaqe method and all nODularization
efforts should be designed for high visibility and comprehension at the
level of the farmers for whom the project is aimed.

I
j
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Part V.

Integration into the Local Infrastructure

A grain storage program can have a more lasting and broader impact
if it is closel,Y integrated with agricultural extension services, farmers'
organizations, local craftmen and the local marketing structure. Additionally
such integration can reduce the program's organizational and logistical
.,
responsibilities. For example, the management of insecticide supplies
might be turned over to merchants' or farmers' organizations. Craftmen,
once trained in storage construction skills, can take over further training
through apprenticeship of younqer craftsmen. Agricultural agents can super
vise drying, treatment and storage. Involvement at all levels of the agri
cultural, economic and social sectors will help bring about an integration
which hopefully results in adaptation of the storage method.
Coordination with other related projects can also extend the long
range effect of a grain storaqe project. For examole, a broader more effective
base might be gained by joining forces with grain commercialization programs
or improved production projects which encourage the use of fertilizers,
.
improved seeds and/or animal tracti on. This type of coordi nat ion can provide
complementary benefits for other sectors of activity as well.
To achieve real and continued integration, one of the project's
conscious goals must be just that, integration. Contact between project
coordinators through regular meetings or frequent interchange can help
to keep communication going and to facilitate cooperation. In addition,
competent and thorough training will increase the value of the project
extension workers' contribution toward integration. Training sessions
can be held lion site" for direct experience or, in the case of large groups,
short instruction courses can be incorporated at local training institutes
or schools.
Given the temporary nature of·third-party developmental aid, a
project relying on this type of support cannot expect to have long-term
duration if integration into existing infrastructures is not undertaken.
The sooner integration begins, the less is the risk caused by the eventual
or sudden loss of outside project support, local participation and local
adaptation.
.
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I\PPENDIX
Brief History of the Grain Storage
Program of the Aqriculture Service
of Dahomey and the U. S. Peace Corps
It was in 1967 that the Aqriculture Service of Dahomey under the
Ministry of Rural Development first asked for U.S. Peace Corps volunteers
to assist it in implementing a new proqram of qrain conservation at the
farm level in southern nahom~y. Problems with grain storage had always
been acute in Dahomey.
The vast majority of maize produced annually in Dahomey is grown
in the southern half of the country where there is constantly high
humidity and temperatures which foster rottinq as well as the multipli
cation of maize-consuming insects. The traditional method of storage in
southern Dahomey is in loosely-woven palm thatched granaries raised on
wooden stilts. The only real protection aqainst attack by rodents and
insects is offered by the husk on each ear of maize, resulting in 30%
average loss of the 300,000 tons approximate annual nroduction. The
estimated value of maize lost annually to the combined effects of insects,
rodents and rot is a minimum of 600,000,000 CFA (about $3million).
The idea behind the original request was to introduce to individual
farmers the use of theinsecticide, Phostoxin. with steel drums and butyl
sacks furnished by the Office of Aqricultural Commercialization of Dahomey
(now S.O.C.A.D.) under a qrant by US AID.
Thus, the initial impetus to the project was aimed at oopularizing
a new storage technique at the farm level. It also entailed assessment of
traditional systems of storage and exoerimentation with a variety of potential
improved methods of storage. nne of these methods was the cement stave silo,
adapted from larger models used in the United States. and the mud-walled
Brooks dryer, developed at Ibadan, Nigeria, and adopted by the Institute of
Research of Tropical Agriculture (I.R.A.T.) at Niaouli. Dahomey.
Since the process of artificial drying and storaqe in a new type
of silo was experimental. and the results could not be guaranteed, the
majority of the expenses of constructing the first units for individual
pilot farmers were paid for by the U.S. Embassy Self-Help Fund.
Over the first few years, the Agricultural Service and the Volunteers
constantly tried modifications in the design of the silos and dryers. During
this period of experimentation Dahomean ~qricultural extension agents and
local officials offered their help and advice. Cumulative results of field
testing did indicate to the I\gricultural Service and the Peace Corps that
the Cement stave silo merited carefully controlled scientific experimentation
to determine its reliabili~y of nerformance.
By 1971, it was clear that (1) farmers in Southern Dahomey were
ready to accept new methods of storing corn, (2) the earthen d~yer was
effective and had potential for popularization, and (3) there were two
types of silos -- cement stave and sheet metal (the latter developed by
I.R.A.T.) which appeared promising for farm level storage.
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At this point, it was decided by the Agricultural Service, the
Peace Corps and I.R.A.T. that controlled tests should be performed.
Accordingly, an experiment was installed at the I.R.A.T. station at Nia
Twelve cement stave silos and twelve sheet metal silos were built and p
under a large shelter. The silos were filled at the end of nctober, 19
periodically tested and emptied in June 1972. They were then refilled,
new maize in November, 1972, similarl.v tested and emptied in May, 1973.
The results of these trials demonstrated that both types of silos, if
treated with insecticide, store maize extremely well. It was determinec
that maize dried to a moisture content of 12% and treated with any of a
variety of insecticides could be stored in cement stave silos for at lee
six months with average losses of not more than 3 percent.
During this time, volunteers had been working with local aqricult
officials to popularize and build silos and dryers for interested farmer
who could afford the units which had an averaqe cost of '$70-$80 (without
expensive tin roofed shelter). It was alter the I.R.A.T. tests that the
director of the Dahomean Agricultural Service decided to officially adop
this system, and the National Cereals Commission of Dahomey committed 5
CFA ($20,000) for the credit construction of 100 storage units for indiv
farmers each consistin~ of a 4.5 ton cement stave silo, an earthen dryer
and a tin-roofed shelter. The first ten units were built in the region
of Sakete, under the supervision of a technical agent of the Agricultura
Service and a Peace Corps Volunteer. These completed units were officia
accepted by the Minister of Rural Development and Cooperative Action in
June, 1974, and work has been authorized on construction of another twen'
in the three southern provinces of Dahomey.
The National Cereals Commission has established criteria for the
100 farmers who are to receive this credit. The participants must:
1.
2.
3.
4.
5.
6.

be a farmer
cultivate at least two hectares (5 acres) of maize per year
reside in the district where the silo is to be built
be recognized by local agricultural agents as a progressive
and cooperative individual
be willing to sign a contract for the repayment of the loan
make a 10,000 CFA ($40) cash advance as an indication of
serious intent.

The loan is to be paid off in six equal annual payments at 2%
interest. Payment can be ma~e in cash or the equivalent value of maize
at a pre-determined value of 25 cfa/kg (the averaqe price of maize at the
time of harvest has been from 6 to 10 cfa/kq).
Over the years, the collaboration has Qrown between the Peace CorD:
and the Agricultural Service and particularly its Division of Crop Pro
tection which has a supervisory role with respect to the volunteers.
Requests for and assignment of volunteers is handled through these office~
A volunteer with experience in the program in Dahomey has traditionally
been designated as "Coordinator" by the Dahomean officials and Peace
Corps staff, and he acts as a liaison between the grain storage volunteers
in the field, the Peace Corps staff in Cotonou, and the government agri
cultural officials in Porto-Novo. The Peace Corps, besides furnishing
volunteers, has helped find outside fundinq for program related projects.
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BIBLIOGRAPHY

The infonnation in this manual is not and can not be complete. The
information presented here cannot be immediately applicable or appro
priate to all regions or to every storage need. You may well require
further technical assistance in adapting these materials and others
to your grain storage situation. Some of that help can come from
books; much, from organizations and people.
The Tropical Products Institute (TPI) may already be a familiar name
to you. This agency does a great deal to gather and distribute infor
mation worldwide on grain and grain storage problems. Materials from
the TPI library have been of great value in the preparation of this
manua1.
Peace Corps and VITA are grateful to TPI for its permission to reprint
that agency's bibliography of materials on the various aspects of farm
level grain storage.
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Tropical Products Institute

G64

Crop storage bibliography
(\Nith particular reference to
the storage of durable
agricultural produce in tropical
and sub-tropical countries)
Mrs. S. M. Blatchford and A. J. Wye

This bibliography has been produced by the Tropical Products Institute, a British
Government organization which helps developing countries to derive greater benefits
from their renewable resources.
Reproduction of this bibliography, in whole or in part, is gladly permitted provided that
full acknowledgement is given to the Tropical Products Institute, Foreign and
Commonwealth Office, (Overseas Development Administration), and to the authors.
Requests for further information on this subject should be addressed to:
Tropical Stored Products Centre
(Tropical Products Institute)
London Road
Slough SL3 7HL
Bucks.

Tropical Products Institute 56-62 Gray's Inn Road London WC1X 8LU
Foreign and Commonwealth Office
IOverseas Development Administration)
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This bibliography attempts to bring together a selection of the more important
dealing with tropical crop storage; it clearly cannot be exhaustive.

Where possible, the prices (at time of publication) and addresses are given fot
publications listed here, excluding scientific papers. A list of the most common...
appears below.
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Superintendent of Documents, U.S. Government Printing Office, Washington D.Q~
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INFESTA TlON CONTROL.
Reports of the Infestation Control Laboratory (Ministry of Agriculture,
Fisheries & Food). London: HMSO. Priced.
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Annual reports of the Nigerian Stored Products Research Institute, Federal
Ministry of Trade. Lagos: Fed. Minist. Inform., Printing Div. Priced.
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Annual reports of the Pest Intestation Laboratory (Agricultural Research
Council). London: HMSO. Priced.
TROPICAL PRODUCTS INSTITUTE.
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EASTER, S.S.
1947
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FREEMAN, J.A.
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countries in 1954 and 1955. Org. eur. econ. Coop., eur. Productivity Agency·
Project No. 212, Feb. 1958. Paris: OEEC, 1958,169 pp. Price 57Yzp.
(OEEC Dist. & Sales Serv., 33 Rue de Franqueville, Paris 16e and overseas
agents).

FURMAN, D. L.
1968

Suggested guide for the use of insecticides to control insects affecting crops,
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Dep. Agric., agric. Res. Serv., agric. Handbk No. 331, 1968, rev.• edn, xvi +
273 pp + 2 app. Price S1.50.

HALL, D.W.
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agric. Dev. Paper No. 90. Rome: UNFAO, 1970, xiv + 350 pp.
Price US S6 ((2.40).
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JOUBERT, P.e. and DE BEER, P.R.
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Conversion Tables

Simple methods Ire given here for
converting English Ind metric units
of melsurement. Following these is
I series of useful conversion tlbles
for units of lrel, volume, weight,
pressure Ind power.
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LENGTH CONVERSION
The chart in Figure 3 is useful
for quick conversion from meters and
centimeters to feet and inches, or
vice versa. For more accurate results
and for distances greater than 3 meters,
use either the tables in Figure 2 or
the equations.

FIGURE 1
Eguations:

= 2.54cm
= 30.48cm
= 0.3048m
1 yard = 91.44cm
= 0.9l44m
1 mile • 1.6Q7km
= 5280 feet
1cm
= 0.3937 inches
1m
= 39.37 inches
= 3.28 feet
= 0.62137 miles
lkm
= 1000 meters

1 inch
1 foot

The chart in Figure 3 has metric divi
sions of one centimeter to three meters,
and English units in inches and feet
to ten feet. It is accurate to about
plus or minus one centimeter.
Example:
An example will explain how to use
the tables. Suppose you w1sh to find
haw many 1nches are equal to 66cm. On
the "Centimeters into Inches" table look
down the leftmost column to 60cm and then
r1ght to the column headed 6cm. This
gives the result, 25.984 1nches.

FIGURE 2
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WEIGHT CONVERSION

FIGURE 5

The chart in Figure 5 converts pounds
and ounces to kilograms and grams or
vice versa. For weights greater than
ten pounds, or more accurate results,
use the tables (Figure 4) or conversion
equations. See "Length Conversion,"
Figure 2, for an example of the use of
the tables.

-+--4

On the chart, notice that there are
sixteen divisions for each pound to
represent ounces. There are 100 divi
sions only in the first kilogram, and
each ·division represents ten grams.
The chart is accurate to about plus
or minus twenty grams.

7
-"""--3

Eguati ons:
1
1
1
1

ounce = 28.35 grams
pound = 0.4536 kilograms.
gram = 0.03527 ounce
gram = 2.205 pounds
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FIGURE 4
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TEMPERATURE CONVERSION

11'0

The chart in Figure 1 is useful for
quick conversion from degrees Celsius
(Centigrade) to degrees Fahrenheit and
vice versa. Although the chart is fast
and handy, you must use the equations
below if your answer must be accurate
to within one degree .

•

,.0

ISO

.40
150

Equations:

Ito

Degrees Celsius = 5/9 x (Degrees
Fahrenheit -32)
Degrees Fahrenheit
Celsius) +32

"0

= 1.8 x (Degrees

100

Example:

90

This example may help to clarify the
use of the equations; 72F equals how
many degrees Celsius?
72F

= 5/9

80

70

(Degrees F -32)
80

72F = 5/9 (72 -32)
10

72F = 5/9 (40)
72F = 22. 2C

--1::._

so
40

Notice that the chart reads 22C, an
error of about 0.2C.

so
20
10
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-110
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Conversion Tables
Uni ts of Area

= 2.5899 Square Kilometers
1 Square Kilometer • 1,000,000 Square Meters = 0.3861 Square Mile
= 43,560 Square Feet
1 Acre
= 0.0929 Square Meter
1 Square Foot
• 144 Square Inches
= 6.452 Square Centimeters
1 Square Inch
= 10.764 Square Feet
1 Square Meter
1 Square Centimeter = 0.155 Square Inch
1 Square Mi le

= 640 Acres

Units of Volume
1.0 Cubic Foot

= 1728 Cubic Inches

1.0 British Imperial Gallon

= 1.2

=

7.48 U.S. Gallons

U.S. Gallons

1.0 Cubi c Meter

= 35.314 Cubic Feet

1.0 L1 ter

= 1000

Cubic Centimeters

= 264.2 U.S. Gallons
= 0.2642 U.S. Gallons

Kilograms

• 2204.6 Pounds

1.0 Ki 10gram

= 1000
= 1000

Grams

= 2.2046 Pounds

1.0 Short Ton

=

Units of Weight
1.0 Metric Ton

2000 Pounds
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Conversion Tables
Units of Pressure

1.0 Pound per square inch

= 144 Pounds per square foot
= 27.7 Inches of Water*
= 2.31 Feet of Water*

1.0 Pound per square inch

=

1.0 Pound per square inch
1.0 Pound per square inch

2.042 Inches of Mercury*

= 14.7 Pounds per square inch (PSI)
Atmosphere
= 33.95 Feet of Water
Foot of Water = 0.433 PSI
= 62.355 Pounds per square foot
Kilogram per square centimeter = 14.223 Pounds per square inch
Pound per square inch
= 0.0703 Kilogram per square centimeter

1.0 Atmosphere
1.0
1.0
·1.0
1.0

* at 62 degrees Fahrenheit (16.6 degrees Celsius)
Units of Power
1.0 Horsepower (English)

=

1.0 Horsepower (English)

= 550 Foot Pounds per second

1.0 Horsepower (English)

= 33.000 Foot Pounds per minute

1.0 Kilowatt (KW)

= 1000 Watts

746 Watts

=

0.746 Kilowatt (KW)

= 1.34 Horsepower (HP) English

1.0 Metric Horsepower

= 1.0139 Metric Horsepower (cheval-vapeur)
= 75 Meters X Kilogram/Second

1.0 Metric Horsepower

= 0.736 Kilowatt = 736 Watts

1.0 Horsepower (English)

