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THE PURPOSE OF THE MANUAL

This manual brings together knowledge from two different kind of develop-
ment organizations involved in finding low-cost, appropriate solutions to
problems in the Third World--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 1iving 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 1t 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 Storage is a how-to manual. It is designed as a working
and teaching tool for development 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 solations
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 will
focus on such areas of concern as reforestation, fish culture, and wells
construction.
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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 lived 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 1lived
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, wh2 worked to make this manual possible.
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HOW TO USE THIS MANUAL

Development workers can use material from this manual in a number of ways:

Discussions. The manual provides clear presentations of grain
storage principles from which you can take material to lead
discussions with farmers and village leaders.

Demonstrations. There are suggestions for demonstrations and
experiments which you might find helpful to illustrate grain
storage principles to farmers.

Leaflets. Some of the material has been prepared in the form

of illustrated leaflets which can be used directly by you with

a farmer. They may require little or no adaptation by you. But,
if you prefer, you can use the structure of the leaflet and
substitute photographs specific to your area. The material on
rodent control is a good example of this kind of leaflet.

Construction Plans. Many of the construction plans have been
simplified so that you will be able to work more closely with
the farmer. Some of the plans are fully illustrated. You could
add photographs of the work steps showing conditions in your
area. It is likely that after you introduce the material, far-
mers can follow the instructions themselves. The plans are
written so that they would be easy to translate into local
languages. The Improved Maize Drying Crib is a good example

of a step-by-step, illustrated presentation.

Checklists. Some of the material most 1ikely to be useful for
small-scale farmers has been simplified and prepared in checklist
or hand-out form. This material would lend itself to illustra-
tions or photographs, so it can better fit into the local
situation. The checklists on controlling grain storage insect
pests are in this category.

Examples. The appendices contain examples of leaflets that have
een prepared by development workers in several countries. These
examples have been included to give you some idea of how the
materials in this manual might be organized, illustrated, trans-
lated, and presented to reach farmers.

Sources. Wherever possible, addresses are given so that you can
write for more information on a subject.
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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 aims of Small Farm Grain Storagé. You will probably
find added uses. While it is not possible to make this 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 manuai 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. Con-
version tables follow Appendix F.

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 marual 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 form has been provided here. Please send it
in and Tet us know how the manual has helped or can be made more helpful.
If the reply form is missing from your copy of the manual, just put your
comments, suggestions, descriptions of problems, 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 manua!
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
Your Name Agency, if any

Your Address

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? Wnhy?

Xi



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

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

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.

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.

What were your successes using the Manual or implementing any of the
plans? Problems? Please describe any successes or problems completely.

Do you have other recommendations for following editions of this Manual?
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PC/VITA GRAIN ]
STORAGE MANUAL

WHAT THIS MANUAL WILL TALK ABOUT:
THE GRAIN STORAGE PROBLEM

INTRODUCTION

Farmers all over the world lose much of N
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 a
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 1ittle sun during this season. Also,
it 1s T1ikely 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
the grain down to 13% or lower, the grain
will rot and mold.
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The Problem

The basic question then is 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 1ife 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.
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GOOD GRAIN STORAGE IS IMPORTANT TO FARMERS

khen 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 all over 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 can taste

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 1ittle money they have to buy food. Or
they must borrow against the next crop and
start out in debt.
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Another food luss 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 shouid 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, or 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 their
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.
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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 A LIVING THING

Grain has certain characteristics which farmers must understand if they
are to be able to dry and store their grain well. Here are some of the
characteristics of grain which will be discussed:

Growth of seed grain.

Protection of the kernel by the seed coat.
Respiration (breathing) of grain kernels.
Mofsture (water) in grain kernels.
Moisture movement between grain and air.

Farmers know a lot about planting and growing grain. But most farmers
will 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, all can
cause changes in grain put into storage.

A11 factors which are most important to good
grain storage are presented in the following
paragraphs; some are discussed in greater
detail in other places in the manual.
REMEMBER: all of the following points are
related to one another.
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Insects

Insects and their part in grain storage are the subject cf another section.
It is an important section. Insects eat and ruin a 1ot 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, ic
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 heat 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 there 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 the sight and smell of grain damaged
by mold. But they are probably not aware of the conditions that lead to
molding, and they may not know what they can do to protect their grain
from mold. Helpful information and suggestions are presented later.
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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.
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Temperature

There 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
never gets too hot. In very cold weather, insects and molds do not grow
very quickly, or at all. Seeds do not breathe as much.

In 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.

Even in this brief look at temperature, it is easy to see the need for
keeping grain cool and dry. Keeping storage containers protected from
the hot sun is important. Farmers who understand this fact have dis-
covered an important grain storage principle.
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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 farmers 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 often do not realize how important it is to clean the place for
storing grain. Even grain that is healthy and whole when put into

storage can be damaged by insects or ruined by molds if stored incorrectly.
Farmers need to know that good grain storage requires planning for a good
storage 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,

J%%; and (2) the container into which they put
e ) the grain.
\ CLEAN GRZAW SToRALS
AREAS

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 mofsture measurement before putting
the grain into storage. "Grain Dryer Models" presents plans for a
number of grain drying methods.
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Improved Storing

The manual section on storage discusses methods already being used by
farmers, and gives ideas for improving these methods. Also, the section
provides plans and construciion procedures for a number of grain bins.
Each of the storage methods is presented in terms of its possible ad-
vantages and disadvantages for use by farmers.

Your Role

You 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
good storage practices for storing grain 1n sacks. One village may be
ready to make an o1l barrel dryer. Another village might 1ike to try
solar dryers. These are decisions which you and the farmers in your

area must make together. The purpose here simply is to provide information
upon which good decisions can be made, and to provide some basic guide-
lines in important grain storage areas.

The following leaflet provides an illustrated 1ook at what good grain
storage can do for farmers,
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GOOD GRAIN STORAGE HELPS FARMERS

Suggested Uses: This is a script which couid 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 it 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.

A11 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 1ot 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.
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Insects lay many eggs. These insects eat and spoil a lot of
your grain.

Insects, rats, and mice eat sc much grain that soon there is
less for you to sell ard 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 1ike 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
grain storage.
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The following pictures show how one artist has chosen to present the
subject, "Good Grain Storage Helps Farmers." 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.
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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?

*
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I AM AFRAID THAT RODENTS AND BIRDS:
. WILL ATTACK MY GRAIN. .
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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 RODE
NTS AND OTHER P .
BODIES. YOU CAN GET SICK FROM EATING THI?ER’IT? géﬂ: FROM THE PESTS
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MAYBE I SHOULD PUT THIS GRAIN INTO A GOOD STORAGE PLACE. T COULD STORE
THE GRAIN IN SACKS. OR MAYBE I SHOULD STORE IT IN JARS.
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MAYBE I WILL BUILD A SPECIAL BUILDING FOR STORING MY GRAIN.  THIS TIME I
WILL PROTECT MY GRAIN FROM INSECTS, RODENTS, BIRDS, AND OTHER PESTS.

Ielustnations by VITA Volfunteer, Guy T. Welch.
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STORAGE MANUAL
GRAIN IS A LIVING THING

The Structure of Grain

Grain kernels are living things. Grain which will be used for seed must
be kept alive. Living seeds also store better.

Maize, rice, sorghum, wheat, millet, and so on, are all cereal grains
which belong 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
hard coat and a large, ocily germ which is easy to see on one end of the
kernel. Sorghum, on the other hand, is a round seed in a brit. ~r
leathery 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).

mé?/o/

A RICE KERNEL
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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. It is 80% of
the kernel volume in most grains.

Is the seed's foou storage place. It is mostly starch
and protein.

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, fat, and vitamins of the
grain.

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

The hulls on rice kernels protect that grain

Paddy grain , 4 ,
from attack by most insects.

with husk 7.

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.

Because there are many kinds of grain, this manual can not talk a lot
about each. Here it is most important to point out that the structure

of the grain (the way it is made) plays an important part in what does

or does not happen to that grain in storage. The structure of the grain
affects the length of time the grain can be stored and what kind of
storage container it should be put into. You may want to prepare materials
for the farmers in your area which talk directly about the structures

of the grains they grow and which storage containers are best for their
grain.
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Respiration

Grain breathes. Each kernel gets oxygen

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. _N\
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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.

KespirmrioN
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The way that grain, moisture, and temperature work together is important
for farmers to understand. Grain put into storage with a lot of moisture
in it breathes much faster than dry grain does. This moist grain makes
more heat and creates conditions leading to mold growth and insect
attack. The farmer who understands this will see the need for storing
cool, dry grain.

Heat Producing and Heat Holding

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.

The temperature outside the storage container does not have an immediate
effect on the grain in large silos, but it can be a problem for the
farmer who has a small metal storage bin which stands by his front door
and faces the sun for some hours each day. The heat from the sun warms
the bin, and this warming spreads to the grain inside. Any insects and
molds present in the grain will grow much more quickly.

Moisture

A11 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
store grain safely. Since moisture and drying are so important, they are
discussed more fully in another section.

Grain has other characteristics, such as flow and pressure. These are
subjects not particularly important to a small-scale farmer. Mainly he
needs to know what the grain looks Tike inside and what there is about
grain that makes it act in certain ways in storage.
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GRAIN IS A LIVING THING

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

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

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.

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. It must pro-
tect the grain from insects and other dangers.

Do not use high heat to dry the grain you are saving to plant
with. High heat will kill the embryo.

. Store your seed grain separately from the grain you plan to
sell or to use for food.
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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.
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GRAIN, MOISTURE, AND AIR

WHAT MOISTURE IS

Moisture is water or wetness. But moisture is a better word to use when
talking about grain storage. When farmers use the word water, they are
likely to think of lakes, rivers, wells, or containers of water. They
think of water as a liquid which is very easy to see and to measure.

A farmer is not as familiar with the word moisture. Moisture is a good
word because it can describe something which is wet or contains water
without looking wet. For example, the earth can have moisture and not
look wet. A plant does not look wet, but when you crush it, you will
feel moisture (wetness) on your hand.

MOISTURE IN GRAIN

Each kernel of grain has moisture inside. But the grain kernel does

not look wet when you look at it. The farmer can tell if it is wet by
cracking it between his teeth. Wet grain is not hard because the water
inside is wetting the seed and keeping it soft, just like pouring water
on hard earth makes the dirt soft. When the moisture leaves the grain
durgng drying, the grain becomes harder. The dryer the grain, the harder
it becomes.

A PR AR Y
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Grains hold different amounts of water at different times: the amount of
moisture in harvested grain depends mostly on the time of the harvest.
For example, grain harvested in the rainy season may have more moisture
than grain harvested in dry, sunny weather.
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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 fall off the
stalks. Both maize and rice 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.

/«\'%W i &‘l(ﬂd\/ o i Q{%,}’/

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. 5o the dew on
the Tand is taken up by the air.
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Relative Humidity

Most farmers will not be familiar with words such as relative humidity.
Nor do they really have to be. It is not important to most farmers to
understand that relative humidity is a percentage measurement of the
amount of moisture actually in the air as compared to the maximum amaunt
of moisture that air at that temperature could hold. Nor do most farmers
need to understand that if the moisture content in the air remains the
same and the air temperature goes up, the relative humidity goes down.
Relative humidity is a meaningful phrase only to those who can measure

it and apply the knowledge to drying times, etc.

Most farmers do not have instruments which measure relative humidity.
But they have good information if they understand two facts about air and
moisture:

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 humidity), rain is likely.

HOW AIR, MOISTURE, AND GRAIN INTERACT

Scientists say that grain is hygroscopic because it loses or gains (adds)
moisture from the air around it. At this point, it would be easy to get
involved in a long discussion 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
moisture 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
two things containing water will push that water back and
forth until a balance is reached. The more moisture there
is, the harder the moisture can push. That {is, if there is
comparatively more moisture in the grain than there is in
the air around the grain, the moisture in the grain will
push out into the air.

The key to the drying process,then, is placing grain in the
sun or in a drying machine so that the kernels of grain can
be touched by warm moving air which has less moisture in it
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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 1ot 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 not 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.
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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-
tiors. some general moisture-safety percentages have been established.

SAFE MOISTURE LEVELS IN GRAIN

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
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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,
but it is very hard to keep grain stored at conditions which keep
equilibrium.

MAXIMUM MOISTURE CONTENT FOR ONE
YEAR (OR LESS) STORAGE AT 70%

GRAIN TYPE RELATIVE HUMIDITY AND 27° C
Wheat 13.5%
Maize 13.5%
Paddy Rice ‘ 15.0%
Milled Rice 13.0%
Sorghum 13.5%
Millet 16.0%
Beans 15.0%
Cow Peas 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.

Remember, the figufeé above are maximum recommended moisture leyels.
Generally, farmers should dry their grain as thoroughly as possible.

MOVEMENT OF MCISTURE IN STORED GRAIN

Grain which is dry and cool will keep for a long time if it is stored
correctly. However, there are a number of bad things which can happen
to grain while it is in storage. And moisture is a key part of most of
the process of deterioration (spoiling) that can occur in stored grain.

To discuss the role of moisture in the storage container, it is necessary
to talk about:

grain condition
temperature

insects, molds, and grain heating.

Grain Condition

The farmer must store only clean,
heq]thy grain which has been
dried 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 insects, 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, 1ittle heat builds up inside the
grain from the 1iving 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.
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As the temperature goes up, molds and insects grow
faster. The grain respires more quickly. If the
grain contains a lot of moisture, this process goes
even faster.

Hot spots can form in areas of the grain where the most
mold and insect activity is occurring. These hot spots
spread and cause great damage and loss of the stored
grain.

The above points show how temperature and moisture work together.
Therefore, grain placed into storage should be as dry and cool as
possible. Even then there can be a moisture problem during storage.
This problem often is the result of a difference in temperature between
the inside and outside of the storage container. When cool air and
warm air mix in the stored grain, the warm air cools and may be forced
to Tose moisture. This lost moisture becomes water which can be seen
at the top and bottom of the storage container. The following drawings
show what may happen when there are differences 1in temperature between
the inside and outside of the storage container:
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These changes caused by temperature can be seasonal, or they may be daily.
This depends upon where the farmer lives. Obviously, it is best to keep
syored grain at a relatively constant temperature. The storage section
will show 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 temperature gets too high, insects will leave the heated spot
and go out into the grain mass to find better 1iving conditions. Other
trouble spots then can develop.
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From "Hand1ing 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.
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WHERE YOU ARE NOW

Now the background for the subject of grain storage is complete. If

you have been using this manual with a farmer or group of farmers, they
now know what grain is in a scientific way; the relationship among grain,
water, air, and temperature; and some of the ways grain storage problems
occur. In other words, they have some scientific ideas about good

grain storage. The next section deals with the subject of preparing

grain for storage. That discussion applies some of the ideas from this
section.
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STORAGE MANUAL
PREPARING GRAIN FOR STORAGE .

INTRODUCTION

This section discusses the steps a farmer should take to prepare grain
for storage. It gives these steps in the order he takes them. Each of
these steps is looked at here as an important part of the storage
process. Good harvesting, threshing, cleaning, and drying practices are
important for the success of any storage method a farmer may use.

HARVESTING AND THRESHING

Some grains, such as new varieties of rice, should
be harvested when they contain quite a bit of
moisture. Other types of grain, such as maize,
can be much drier when harvested. But even when
the grain can be allowed to dry in the field,
there is often too much moisture in the air,

or even rain, and the grain does not lose a lot
of its moisture. Therefore, for one reason or
another, the farmer has to harvest very moist
grain. Then he must somehow dry the grain to
about 12-13% 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 dry as possible
while it is still in the field. In some dry, sunny
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 rodents, birds, and insects can attack the grain
while it is drying.

Threshing is the separating of grain kernels from stalks and husks  F
small-scale farmer usually cuts and threshes qrain 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,
grafn 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 grafin to deteriorate during storage. Dirt
holds moisture, insects, and molds. Dirt also keeps a?r from moving well
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through the grain. Dirty grain heats more and deteriorates more quickly
than clean grain does.

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

Most modern harvesting machines get grain pretty clean. They usually
blow air through the grain: this removes very light materials such as
chaff, husks, and dust. The grain then is sieved. The pieces smaller
than the grain kernels are removed by passing them over a fine mesh
screen. The larger pieces of waste are passed over a screen that has a
mesh size larger than the kernels.

This screening technique can be used even when a machine is not available.
However, it requires screens of proper mesh size. When screens are not
available, or when a substitute cannot be found for them, there are other,
less effective cleaning methods.

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 aside by the
wind. But the heavier stones and
L', . pieces of earth fall with the grain.
L 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 Tost grain from it.
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Farmers also should clean their grain each time they move it to a new
storage place. If this cleaning is not done, dirty grain from one place
may be mixed with clean grain from another. Even grain that has been
cleaned quite well before may need cleaning again. Insects do not need

a Tong time to get into grain. Both the insects and their dirt should be
removed before the grain is added to grain already in the storage areas.

The 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 grain.

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 multiply 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
1ife 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 kernels 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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contains a lot of moisture, or if there is not much wind.

Dry Hot air passing through the

grain usually dries the grain

more quickly than cold air
WarM — AR — Fast DrinG does. From the previous
’//, section, it is easy to see

that there are three major
MovinG reasons for this:

1. Hot air can hold more water than an equal amount of cold
air can. When dry air blows through the grain, the hotter
the air, the more water it can carry away from the grain.

2. MWater evaporates more quickly when it is warm. Hot air
blowing past grain warms the moisture on the surface of
the grain. This moisture ieaves the grain more quickly.

3. 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 raches the surface,
ip leaves the grain and is taken up as vapor by the
air,

After Harvest

The above facts also apply to drying grain after it is harvested. Air
must pass through the grain to dry it. Moisture between the kernels
and on thetr surfaces 1s carried away first. The moisture deep within
the kernels must first come to the outside of the kernel. Only then
can it be removed by the flow of air. Air must be moving for drying
to continue. Only if new, dry air enters the grain can the moist air
between the kernels be replaced by air which can take up more water
from them. This is the principle behind some drying methods which
force 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 niethod 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

{ie1d and protein quality. Maize which is used for oil will produce
ess oil.

Grain used for baking and milling can be dried at temperatures higher
than grain to be used for seed. Grain 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 drying grain.

USE 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 heat, to dry moist grain than it is to run the
risk of parching or burning the grain.
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TESTING GRAIN FOR MOISTURE CONTENT

Grain that is too moist will heat in storage. All stored grain should
be examined frequently to see if it is heating. Heat build-up deep
within the grain is a serious dancer signal. Unfortunately, waiting
until you can feel the heat in the grain is waiting too long.

Various electrical moisture testing devices are sold. They are seldom
available when and where they are needed. Most of them are too compli-
cated or expensive for “armers to use. An appendix to this manual con-
tains a discussion of moisture meters. This will show you the kinds of
commercial meters which are available.

Extension workers should know that
grain moisture percentages are cal-
culated in the following way:

PERCENT MOISTURE = weight of compietely 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 enough
by smelling it for an "off" smell or by rattling grain kernels in a tin
can to hear if the dull sound of wet grain has given way to a sharper
sound of dry grain.

The scope of this first manual edition can not be broad enough to allow
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 is
more involved with wheat, and you feel there are additional facts farmers
should know, or there are drying methods you have found particularly
helpful and would Tike 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

Suggested Use: A shortened version of the text. This could easily
be illustrated and translated for use by farmers.

Check the grain in the field before you harvest. Make
sure the grain is free of insects and disease.

Clean ol1d dirt and grain from harvesting tools.

Remove old grain and dirt from carts or anything
used to carry the grain from the field to the
storage place.

Use insecticide on all bins, sacks, and equipment.
Remember 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 molds like
to live in harvested grain.

Sift, screen, winnow,or pick out by hand all dirt,
straw, chaff, broken pieces of grain, rocks, 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
Tike moist grain. Dry grain:is harder for them to
attack.

Some farmers dry grain in the field. Insects, rodents,
and birds can attack this grain easfly. 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

Keep the grain off the ground while it is drying.
Grain picks up watgr‘from the ground. Some people

call this water, moistur

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. Insects
do not like hot sunlight.

You must watch the drying grain to protect it from
rodents and birds.

Some farmers 1ike to use open storage places called
cribs. These cribs have roofs on them,and they are
built on legs.

These cribs work well for unshelled maize on the cob
or for unthreshed millet, sorghum,or rice. Maize cobs
can dry in the crib until they are dry enough for
shelling.

Some farmers build large drying machines to dry their
grains.

The grain is put in the dryer. A fire is 1it under
the grain to warm and dry the grain.

Artificial or mechanical dryers can be used by groups
of farmers tc 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. It is hard to break it
with your teeth.

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.

Do not put new grain with old grain. Store new grain
separately.

Use old grain first.
Stoie rice with the outer coat on. This coat helps

protect the grain from insects and mold. The grain
will be good for a longer time.
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STORAGE MANUAL
GRAIN DRYER MODELS

This manual already has talked about the need for drying of the grain.

Unshelled maize, rice, millet, or sorghum often is stored in cribs for
further drying. The cobs, or heads, do not pack tightly. Because the
cribs are open to the wind, air moves through the stored grain and dries
it. Even so, storage in cribs is more effective in the dry season. The
more humid air of the wet season may actually add moisture to the grain.
In addition, insects and rodents can cause serious damage to unprotected
grain stored in cribs for long periods.

Threshed grains, particularly those with small kernels like millet, dry
very slowly during storage. The kernels pack tightly together. As a re-
sult, air cannot move easily through the grain. Such grains can be spread
in thin layers in the sun for drying. If possible, the grain should be on
a screen to let air enter the bottom. The grain should be tumbled (stirred)
oftgn and carefully. The grain kernels can crack if they are stirred too
hard.

The newer drying methods described
here use heated air to dry the grain.
Hot, dry air is blown through the
grain. These methods dry the grain
quickly and well. Most of them require
the burning of fuel to heat the
air. This fact, togethcir with
the cost of building the machine,

often limits the usefulness of .:-fiég
. : SNEH H PR
drying machines for use by R RS
small farmers. IR R
P z._‘;.i::a? ine

4%4
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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 type
of drying method to use for his crop. Here are some of the considerations
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 spe-d for a new drying method?

. Would he be able to maintain a new drying machine? Could he
fix 1t? 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 coes the farmer dry enough
grain to make use of a dryer by hi=self?

You will probably be able to help by offeri:ng alternatives. For many farmers,
an improved method of crib drying for maize or sun drying for smaller,
thresEea grains, would be a step easily taken. Such a step would insure

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 nigh: to protect the
grain from dew or from rain.
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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 fall out of the grain. Put the trays on
top of each other under roofs or sheds at night and when it

is raining.

SUN DRYING USING PLASTIC SHEETS

Find a plastic sheet. Or use several plastic sheets joined
together. You need a sheet about 10m x 3m. The plastic should
be at least .004 gauge thick.

. Build 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. Do not make the grain more than
S5cm deep.

. 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 hours, 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.
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. Or place an extra piece of plastic over the grain.

Remember to put soil, boards, rocks, and heavy things on the corners
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
maize 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.

Drying Maize

Harvested maize must have air passing around it to dry the kernels. When
the kernels are dryer, they can be shelled (taken off the cob) and stored
in 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
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The Maize Crib

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-weave
basket granaries or 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 it
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 does
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 needing
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 storage
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 20-25cm deep. Dust the layer with insecticide. Put down another
layer of cobs, and then more insecticide. Continue until the crib is full.

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 is still working. The insecticide put inside the crib will
last only four or five months. But while it is working it can reduce the
amount of maize damaged by insect attack.
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The Maize Crnib

After four months, check the grain moisture level. The maize may be dry
enough to shell and store in sacks or bins. The maize is dry when the
kernels crack sharply between your teeth and are not soft. If the grain
is not dry enough, remove all the maize and put it back into the crib
again, layer by layer, dusting with insecticide as you go.

Faster Drying

Keep the crib no wider than Im. Between 60 and 100cm are good widths for
dryer/storage cribs. The narrow width helps maize to dry more quickly.
Air cannot move through wider cribs to cool the grain in the middle. The
grain in a wider crib wili heat, and be attacked by mold and insects.

Rain which wets the grain through open crib walls is not generally a prob-
lem. Only the surface of the maize on the sides gets wet, and this dries
quickly after the rain stops. This rain causes no increase in moisture
content of the grain if there is sunny weather afterwards.

The following plan is a modification of a crib designed and tested by
the Nigerian Stored Products Research Institute and the FAO Rural
Storage Center at IITA, Ibadan, Nigeria. The plan is for a 2m long
crib. It stores 800kg of cob mize (this will give 540 kg of shelled
maize). A crib which is 1,50m high, 0,60m wide and 1m long will store
400kg of cob maize (yields 270kg of shelled maize).

Some General Remarks About The Improved Maize Drying and Storage 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 2,00-2,25m 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.

. If bamboo in your area is attacked by insect borers, use
another local wood for the legs. Make sure the wood is termite
proof. These legs must have rat guards put on them.

The long sides of the crib must face the sun. That is, they
should face the east and west. The short sides will then face
north and south.

Make the crib larger by adding more sections. Make it longer.
Do not make it wider.
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The Maize Crib

Tools and Materials

This is a guide. You can use what you have available. The frame is

bamboo. If bamboo is not avaiiable in your area, or if the bamboo in
your area is attacked by insect pests, use wood that is resistant to

termites or any other pests. Lash it together the same way you would
lash bamboo.

For the building frame (all bamboo or substitute):

(a) 3 vertical supports, 3 1/2m long, with V-notches and lashing
slots in one end of each one

(b) 3 vertical supports, 3m long, with V-notches and lashing slots
in one end of each one

(c) 2 horizontal roof supports, 2 1/2m long
(d) 2 horizontal platform (floor) supports, 2 1/2m long

(e) 6 vertical platform supports (with V-notches in one end of each),
1 1/2m 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 1/2m long
. 4 must be about 1,70m long
(i) 8 wall supports, 2 1/4m 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 1/2m high.

": %ﬁ
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The Maize Crnib

For the roof (all bamboo or substitute, except for purlins, and roof
covering and loading cover):

(2)
(m)
(n)
(o)

(p)

2 horizontal pieces, 3 1/4m long
3 cross pieces, Im long
2 anqgle braces, 1m long

7 purlins, 3 1/4m 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.

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 1/4m long to weave the loading cover material onto -- it
need not be bamboo or of a large diameter.

For rat guards (if you need them):

See Section 6, Part 2 of this manual for directions on making
rat guards (baffles).

For the lashing material:

(q)

You will need plenty of rattan, rope or tie.vine for lashing
all the wood pieces together.

\\\\\‘wx.___-.

1. 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.

2. Prepare your materials.

Collect all the materials you will need.

Make V-shaped notches in one end of each (a) & (b)
of the three 3 1/2m 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).

1
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The Maize Crib
Make V-shaped notches in one end of @@’

each of the s1x 1 1/2m vertical (e)
support posts (e).

P i

)//// . 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 (iegs)(a) and
(b) on the ground. Make a mark for the first hole; measure
1m and make another mark. Measure Im from that mark in the
same direction and make a third mark. You should now have

3 marks in a straight line. Each mark will be the center of
a hole.

Make three more marks, each 1m 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.




Dnyen Models -11-

Erect the vertical supports.

—
Lay the three 3 1/2m vertical C?
supports (a) on the ground R o E

Im apart, with their ends B ‘—14%—-L*- —¢‘TH—JE——L' -L*W§~L-J
lined up. Lash one of the s U B

2 1/2m horizontal roof supports | | ~]

(c) to the notched ends. . I ~ |
Lay the three 3m vertical | 4 ] &J N |
supports (b) on the ground |

in the same way and lash ] - | 1L

the other horizontal roof [ -
support (c) to the notched
ends. -

N Y |
l
S

Place the two assemblies
into the holes. | cEi~

j
1)

?

i

=

LN
IEIL'
e
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N
N

Erect the vertical platform supports.

Place the vertical platform |
sucporis (e) into the holes L

on the insides of the vert- =
ical supports you have n
placed in the holes. Make T
sure the V-notches are - L
facing upwards.

Tie the platform supports to
the Tonger supports temporarily -
until the next step is
completed.

)
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6.

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. o

Level and square the framework. (

Fill the holes around the

The Maize Cnib

Install the platform support framework and make the structure

rigid.

vertical supports with small
stones and soil. Tamp down
firmly.

Lash all joints tightly.

[1})

1_:Eﬁ!51:::]:_
110t
| H T
1 d
d

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 Maize Cnib

8. Install the cross braces. T

If you think the frame is not
sturdy enough by itself, lash
the cross braces (h) loosely
to the vertical supports on
the outside of the crib.

The 2 1/2m cross braces are
paired on the long sides of
the crib, and the 1,70m cross

braces are paired on the AR
ends of the crib. o
&H’q:
Each brace should extend from u
somewhere near a top corner ii
to somewhere near the oppo-
site bottom corner. Leave !'
room for a loading cover on "
the higher side of the crib. l

. Make sure the frame is straight
and even. Lash the braces
securely.

9. Install the wall supports and wall covering.

Lash four of the 2 1/4m wall
supports (i) to the vertical T 11
supports along the inside of
one of the long sides of the )
crib. Lash the remaining four 1 nanmn
sugpor%s to the inside of the mw
other long side of the crib. N
e

. Lash four of the 1m wall sup- I
ports (j) to the vertical a lyb
supports along the inside of ’
one end of the crib, and four Aafmﬁﬂ
of them along the inside of

the other end. | i %f{ﬁ H

=
=
==

N\
b/

=
/

—— —

Lash the already-prepared wall
covering, 6m x 1 1/2m (k), to
all the wall supports on the
inside of the frame.
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The Maize Cnib

Build the roof. . Call the high side of the crib
the front and the lower side
the back.

Measure the distance beiween the
centerlines of the front and the
back horizontal roof supports (c)
which are lashed to the tops of

the vertical supports (a) and (k).

Lay out the two 3 1/4m horizontal
roof pieces (£) 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, Im 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.

V\: ' H. s QE -\W\ '

/4
o X\ Ar \/
L/

A i

Lash the two Tm angle braces (n) to the horizontal roof members so
that they extend diagonally across the two spaces in the roof frame.

Lash six 3 1/4m purlins (o) on top of the three cross braces so that
they extend longways along the roof frame. Lash the first and last
purlins near the ends of the roof cross braces.

Lash raffia mat in overlapping layers to the roof frame.
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The Maize Cnib

Install the roof.

Place the roof on top of
the frame as shown
(1ooking at the end).

Lash the roof in place.

Make and install a
front Toading cover.

Lash raffia mat to a 2 1/4m
Tong bar to form the front
loading cover. The mat should

be made large enough to hang '

down beyond the top edge of ‘
the wall covering when the bar WJ

is lashed in place up under

the front edge of the roof.

Lash the bar holding the raffia mat up under the front horizontal
roof piece.

The crib is ready for use.

Load the crib. Lash down the bottom corners of the loading cover
to the frame during drying and storage.

A
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NEWER DRYING METHODS

Some farmers have more money and are more in
need of a faster, more reliable way of drying
their crops. Controlled drying, or drying
with a device which creates heated air for
drying, can be very helpful to farmers who are
ready and able to make use of newer methods.
Used appropriately, these drying methods can
help a farmer to: f

. harvest earlier and get his land
ready for a new crop sooner.

avoid grain losses to insects,
birds, and rodents during 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.
Four different dryer plans are presented here. Two are made using oil
barrels and are heated with a fire. The Philippines Rice Dryer uses a

fan and also uses heated air. The solar dryers are three variations of
the same idea.

Be Sure a Dryer Will Suit Farmers' Needs

There are several factors which may determine the usefulness of faster
drying to farmers in your area. It is not possible to give guidelines
for what a farmer could do in every case, but these are some of the basic
ones.

The Storage Method. It will not be as useful to build a dryer that dries
grain to a low moisture level, and then store the grain in something
which will not keep it this dry -- such as cribs, unsealed gourds or
baskets, sacks, most kinds of earthen pits, or mud-walled structures
which do not have extra protection against moisture. Airtight storage
will make the use of these dryers worthwhile.
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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 contain
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 o0il barrel dryer
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 o0il
barrel dryers to force a more
even flow of warm air up through
the grain, farmers should be able
to dry rice successfully. The
Philippines Rice Dryer uses this
method. It may be difficult or
impossible to dry rice in solar
dryers. Other grainz which also
pack tightly, but give up their
moisture more easily, and are not
Rice Dryen so 1ikely to crack and shatter,
may be safely dried as long as
not too thick a layer 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 contrel the drying temperatures accurately in 0il
barrel dryers without fans and in solar dryers.

Moisture in Air. The weather in your area will
affect how fong the grain takes +1 dry. In a
wet, cold climate or season, graii' 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

of1 barrel and solar dryers,

this must be weighed against

probiems caused by relatively .
long drying times in the s
dryer. E

e
Simple 048~ AXUP0 e ay,
Barel Dryen '
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Fuel. What kinds of fuel are available, and how much

is the cost? You must know this to determine the

value of heated drying, especially if you expect longer

drying times in a dryer. Firewood is not always \
plentiful -- or even available -- in an area. Even if ’)/
available, it may be costly. Maize cobs or some other

natural fuel may be available. Farmers may have to (4»622?/
pay the labor costs for gathering these fuels. Try XY
to be sure farmers will not be spending more on fuel sl

than they will be saving by marketing more and better
quality grain.

Other Important Factors. If the grain is to be used to seed, it should
not be heated beyond 45°C. It will be difficult or impossible to control
the drying of seed grain in these dryers.

Other possiblecosts, the availability of some materials, and
cultural values or local preferences must also be taken into account.

Some Notes on the Dryers

There are many dryers being developed all over the world. But much of

this research is being carried out for use in large-scale drying operations.
This manual is concerned with the small-scale farmer and his problems.

The drying method he chooses must be appropriate for his situation.

The two dryers made out of oil barrels and hand-rammed earth or mudblocks
have only one part which may be expensive -- the 0il barrels themselves --,
but the materials are available almost everywhere. In the Pit 0il Barrel
Dryer the barrels are sunk into a pit. The Simple 0i1 Barrel Dryer is
built entirely above ground. They each require mostly simple labor and
would be good projects for a group of farmers.

Cutaway of the Pit
04L Bawvrel Dnyen
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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. 0i1, kerosene
or rice hulis 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
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 1
fuel. By enclosing the drying A Modified

grain, they retain the heat Solan Dryen

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.

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.




Dryern Models -21-

A SIMPLE OIL BARREL DRYER

This design is based on material prepared in 1973 by the Institute for
Agricultural Research at the Ahmadu Bello University in Zaria, Nigeria.
It is similar to the Pit 011 Barrel Dryer, but it is easier to build.

It rests on the ground so you do not need to dig any pits or trenches.

The drying grain is placed on a screen floor above four oil barrels
fastened together. Warm air from the fire -- which is built in the front
half of the barrel chamber -- passes through the barrels and out the
chimney. This warms the air around the barrels, which rises through the
screen floor and dries the grain.

Grain can be harvested without waiting for any drying in the field and
during any weather (if you build a shelter over the dryer). Problems of
insect and rodent damage during drying in fields or cribs are avoided.
Construction materials are easy to find in most places.
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It is better for a group of farmers to share in the building and use of
this dryer. Make sure there is enough fuel in your area to operate the
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 use later for planting.
It gets too hot.

In this plan mudblocks are used to make the walls. Hand-rammed earth may
also be used without putting it into blocks first. You may substitute an
available local material that will be as strong and resistant to wear and
heat, such as burned brick. Sandcrete (cement and sand) or concrete blocks
will crack with the heat. If banco (earth and water) is already used for
construction in your area, the same high-clay-content soil will work well
for1the dryer. You may mix in cement with low-clay soil to build earthen
walls.

This dryer is made with four barrels. You can build one with more or less
barrels. If you make it too much longer you may have trouble getting a
good draft from the fire going through them. You should also narrow the
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.

Tools and Materials

4 220-1itre 0il 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 logs 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
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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.

1. Select and prepare a site.

Select a site that is 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 6,50m x 4m.

Tamp the earth down firmly so it will not shift or crumble
under the finished dryer.

2. Assemble the 01l drums.

Cut one end from a
fourth barrel. Cut a

hole about 20 x 20cm

across near the edge in the

other end of this barrei. This

will make an opening into the chimney.
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3.

A Simple 04L Bannel Dryen

Make mudblocks.

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 mudblocks. Let them dry
hard before using.

Punch four evenly spaced holes
around the rim of each barrel
where it will join another
barrel,.

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.

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.
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A Simple 04if Barrel Dniyen

4. Begin the dryer walls.

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 3,50m 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 foundaticn. This will leave about Im at the back.
Leave about Im on each side.

D
WDIRECTION

7y

¢
/

H(“] e A

Allow for variations in the actual size because of differences
in the mudblocks 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.
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A Simple 04L Barnrel Dryen

Lay down the first layer of mudblocks. Place blocks so that 20cm
is the thickness of the walls and 15cm is the vertical dimension.

Mortar between the blocks. Allow about 1cm 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 o0il barrels will be about
3,45m long, make the distance between the inside edges of the front
and back walls about 3,10m. This will allow the ends of the barre]f
to rest firmly on the first layer of blocks at each end. Later
they will be enclosed around the sides by the finished end waiis,
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 the
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 15c¢cm across. If you have trouble

getting a 3,10m 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. i
These will support the barrels. Getting the barrels up off the °
ground helps air to move around them and aiso reduces the chance
of their rusting.

Put a layer of mortar on each of t T
dryer and on the center part of the front
barrel ends will touch.

wn the middle of the
back walls where the

Q

o Q.

s
an

APPROXIMATE SPAC/NG OF
BLOCKS 70 SUPPORT B4RRELS
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Lay the barrels in place on the mortar and brace them temporarily
with sticks if they want to roll. Make the chimney end of the
barrel assembly flush with the outside edge of the back wall.

This should cause the front end of the barrel assembly to lie most
of the way across the front wall. Make sure the hole that will
let smoke into the chimney is on the top of the end.

Seal the joints between the barrels. Place a strip of screen
around each one and plaster with a mixture of mortar, one part
cement to eight parts sand, and water.

Test the seals at the joints. Light a smoky fire in the first

or second barrel from the front and see if smoke escapes anywhere
except the nole for the chimney. Don't let it burn long enough to
dry the mortar on the joints. Keep the mortar damp until it is
hard.

N CHINTNEY MOLE

/3 cW TOP
3)//;5;1AGE THE END OF

THE BARREL oN THE
QUTISIDE EDOE OF THE
WALL .

6. Continue the walls.

l.ay down five more layers of mudblocks.

Lay the blocks so that, as much as possible, each block crosses
over & jo'nt between blocks in the layer below. This will make
the walls stronger.

The air vents are only as high as the very first layer of blocks
(15cm). 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 ts
support three or four layers of blocks above them, then make
crosspieces out of reinforced concrete or use iron 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.

BACK
PLACE CROSIPIECES /—\’5_2_‘"_'.'.'_'.‘
N THESE SPACES ———~ / /+ =t
IF YOU USE THEM / - , e
] r (.

Ay y FILL THE SPACES
Ry { / gﬁ‘lWEBN THE BLOCKS
.- N THE BARRELS
vl | L M WITH MORTAR .

\l\\\ y
(
N
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////Zﬁ
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barype e ;‘h(\n \\\\\\;{q\w\i\\\\
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7. Make a drving 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 1,80m. This will allow
about 10cm on each side to be embedded into the walls.

Check the size of the screen by stretching it 1ightly across
the top of the dryer. If it overhangs beyond the outside edge
of 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.

NOTE: 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.

8. Place the drying floor supports and screen; finish the walls.

Put a layer of mortar
down on the top of each
side wall.

. Lay the thirteen logs
down on the mortar,
from one side wall to
the other. Space them
evenly. You should
leave about 15cm between
each one and between
the Tog on each end and
the end wall next to it.

T?:flScm may be a 1ittle A\ ® R e
different; 1t will depend N\ —anll B
on the size of the logs. \\‘ g - :;:::;;
The log ends should come to O\

the outside edge of each side
wall.
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Fill the spaces between the logs with mortar up to the tops
of the Togs.

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.
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Lay down two layers of mudblocks above the screen. This will
make a drying chamber a 1ittle more than 30cm deep, which should
be plenty for the most bulky grains, such as maize on the cobs.
Smooth any rough spots on the tops of the walls, so no bumps or
loose pieces will be knocked into the dryer when it is in use.

9. Build a chimney.

BACK WALL
OF DRYER

LEAVE A
SPACE AROUND )
THE HOLE IN - 1 -

|

Build a chimney Y -

up against the back —
wall of the dryer.
Center it on the smoke

outlet hole cut in the
end of the back barrel.

. You can use mudblocks the
same size as in the dryer A 5“\«;\
walls, and mortar. Position \(r”;z
the 20cm edges vertically. This
will give about a 12 x 12cm smokehole
in the center, which is Targe enough to allow easy smoke escape,
but small enough to keep down heat loss from the barrels.

Leave a space in the chimney wall against the hole in the barrel
end. It will start after two layers of blocks and be about two
layers high. Fill in irregular-size spaces in the brickwork with
cut blocks or mortar. Center a full-size block over top of the
space you have made. Continue laying blocks until the chimney
rises at least 1/2 meter above the tops of the dryer walls.

This will keep smoke out of the drying grain.

Make sure the chimney is sealed and free of cracks, so there is
only one way for smoke to go: through the hole in the barrel end
and out the top of the chimney hole.
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INSTRUCTIONS FOR USING THE OIL BARREL DRYERS

. -~w&\\ .
Pit Bael Dryen Simple AL

1. A shelter over the dryer will protect it and drying grain from rains.
Build an open-sided one to overhang the dryer at least 1/2m on each
side, and more on one side if you wish to have room for storing fuel,
a work area, etc.

. 2. Gather dry wood, maize cobs or other fuel before drying begins.
3. Build the fire in the first barrel or mid-way into the second barrel.

4. Prop one of the cut-off barrel tops against the front opening into
the barrels on a block or a rock to adjust a good draft for the fire.
A piece of a barrel top can also be placed part-way over the top of
the chimrey to give you more control of the draft.

5. Watch and control the fire at all times during drying. Do not dry
with too large a fire: you may kill or scorch the grain. A medium
size fire will give the best distribution of heat.

6. If you have trouble getting enough heat, in the Simple Dryer you may
try partly covering the side vents to get a better draft up around
the barrels.
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Using the 04L& Barrel Dryens

7.

10.

11.

12.

13.
14.

15.

16.

16.

You can modify the dryers by installing a fan or fans to push a
steady flow of air up around the barrels and through the drying
grain. The resulting larger volume of less-hot air will dry the
grain faster and with little danger of overheating.

The dryers will take some time to reach operating temperature
while the walls are heating. Continue drying operations day and
night to make best use of the heat built up in the dryer. Load
it with a fresh batch as soon as the one before is dry.

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 then proceed cautiously.
These grains must not be heated to more than 45°C.

Do not stir the drying grain. Grain in the top layers receives
moisture passed up from the warmer 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. Stir only to release

the heat if overheating occurs.

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.

Load small grain such as millet and sorghum in a layer 5-8cm deep.
Shetled maize and other grains may be loaded up to 10cm, groundnuts
up to 20cm, and maize on the cobs up to 30cm.

Maize may take one to two days to dry.

Do not let dirt build up in the dryer. Do not let the air vents that
let air up around the barrels get clogged. Keep the area clean.

Check for rust holes in the barrels and for cracks in the joints. _
Replace badly rusted barrels and re-seal cracked joints. Smoke leaking
into the drying grain will discolor it and change its taste and smell.

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

If one of the logs supporting the screen in the Simple Barrel Dryer
becomes weak or rotied, you will be able to replace it by chipping
some of the mortar away from each end, and pulling or knocking it
out. Slide in a new log and mortar the spaces around the ends.
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THE PIT OIL BARREL DRYER

This dryer is based on a plan prepared in 1974 by American Peace Corps
Volunteers in Benin, West Africa. It is called the 0il Barrel Dryer
simply because it is made from oil barrels. It actually has received
different names depending upon the country where it was used. The
first oil barrel dryer was built in Samoa to dry coconut meat. Since
then, this dryer has been built and tested in a number of countries,
including Nigeria and Benin. The dryer also is known as the Low Cost
Bush Dryer and the Brooks Dryer.

Proven advantages of the 0il Barrel Dryer:

It is useful in areas where grain must be 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 1ot 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.

Possible disadvantages (depending upon area or situation):

It is a better dryer for a group of farmers than it is for
one farmer. One farmer would not need it very much during
a year. Sharing by a group ¢ farmers means more use and
less expense to each farmer in building.

The fuel used in this dryer is often firewood; sometimec
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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The Pit 0L Barwrel Dnyen

. It would be worthwhile to find other economical natural ‘
fuels (1ike 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 up
through the drying grain would increase the efficiency of the dryer. It
will be necessary to find a suitable power source for the fans. In areas
where there are many small motor bikes, it must be possible to construct
a power drive made from a motor bike which permits temporary hook-up and
easy detachment of the bike as a power source.

The dryer is made of hand-rammed earth, known in different areas as banco,
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 three
220 litre metal oil drums joined together end to end.

You may substitute an available local material that will be as strong and
resistant to wear and heat as the banco, such as burned brick. Sand-
crete (cement and sand) or concrete blocks will 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
Tow-clay soil to allow you to build the earthen walls.




Dnyen Models -37-

The Pit 0if Bamrnel Dryen
READ THE INSTRUCTIONS THROUGH BEFORE YOU BEGIN.

Tools and Materials

3 0il barrels, 220 litres each

9m2 checken wire or other screen, or a combination of
screen and woven mats

Iron or steel "re-rod" (reinforcing armature) for lintels.
6mm diameter, 6m long

Materials for concrete: 25kg cement
1/2 barrel sand
1/4 barrel gravel
Heavy wire, about 2m
Thin wire, about 15m
1C logs, 8-10cm diameter, 2, 15m long

2 strips of small mesh screen, each about 180cm
long, and a few cm wide.

Digging tools

1. Select a site.

Find a place for the dryer which is high and well-drained.
If you dig too near a tree, roots will get in your way.

If you are in a swampy or drainage area, water will get
into the dryer and wear away the walls.

2. Make 2 lintels.

The 1inteis are concrete horizontal slabs which will support
the weight of the walls over the barrels.

Maké two forms out of boards or bricks. Line them with paper.
The forms should each make a finished lintel which measures
120cm x 30cm x 8cm.

Cut the re-rod into 6 equal pieces each measuring Im long.

Mix concrete in this proportion: 1 part cement
2 parts sand
3 parts gravel.

Mix sand and cement thoroughly first, then mix in gravel. Then
add just enough water to make the concrete thick and smooth,
but not watery.
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Pour concrete into the forms up to a level of 4cm and tanp
firmly.

Lay 3 pieces of lm 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. Tamp firmly and Tevel
off the top surfaces.

Cover them and keep them out of the sun or cover with grass.
Keep them damp for about 7 days by sprinkling three times

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 chamber, as shown, on the site you have chosen.
It will be 2,80m 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 2,80m side of the
drying area. Make the stoking pit 2m x 2,1m. One of the 2,Im
sides should be right next to the upwind 2,8m side of the drying
chamber area.
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4, Dig top soil out of the staked areas.

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

walls.

GROUND LEVEL

5. 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 4,80m
from the chimney end of the drying area. This will leave 20cm

uqidug 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.

CHIMNEY
e ST rne
e- 4634 END
-20CM
LEDGE 2
—d |- 5£3

TRENCH CBNTERED IN A
DPRYING CHAMBER,
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GROUND
LEVEL

6. Make cut-outs for the lintels.

The Pit 042 Banrel Duyer

T

ldo em

GRould Lever

Mark points at 2,70m and 3m from the chimney end on both sides
of the trench.

Remove the soil between these marks, and extending from the edge
of the trench to a distance 30cm back. Dig it down 40cm. This
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 lorg and dug down 35cm, or until the bottom
of the slot is 75cm uz from the trench floor.

CUIMMEY END
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7. 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
15¢m wide, which extends 15cm back. This channel will extend
below the hole just completed until it is 50cm from the trench

floor.
CHIMNEY
BOCM
HoLE (”u!MDC*;)
o YT i i “"‘" «Hr“" CH IMNEY
o ] ety 7 doLE (150
: § o h ¥ 15 CM
GR Ilb A ; g
L.VEL' , ! x 3"‘
= L L !:g“b
{4 (=-1~2
1 LINTELS

4 jéigﬁr ::::7 %kf
£ ¥

CUToUTS FoR
LINTELS

8. Place the lintels.

Lay a 5cm 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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The Pit 048 Bawrel Dryen -

CUIMNEY

HolLE REAR LINTEL

N PLACE

FRONT LINTEL
IN PLACE

9. 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 o0il 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 plac
in. 10cm of the wire should stick out flat into the drying area.
Later these strips will attach to the drying floor screen.
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The Pit 04 Barwrel Dryen

Continue the front, back and side walls until they rise 4Ucm

above the wire strips. The top of the finished dryer walls
will be 75cm above ground Tevel.

720 CM WIDE
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10. Build a retaining wall around the stoking pit.

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
30cm 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 2pc.u-| I-—

the 20cm ledge you left at the front

end of the 140cm deep trench that eﬁub ¥

extends down the center of the dryer ‘-% Zocn
/]

and stoking pit.

Build all three sides 50cm up from 7 W
their base. This will bring them 7%
20cm above ground level. ' )

11. Build the chimney.

Build the chimney walls out of
banco up from the bottom of the
larger, top hole you have dug
cHli Mgy out at the end of the dryer.
The inside faces of the chimney
walls should be flush with the

REAR sides of the lower, smaller
WALL™ Cz_?;,‘é’;‘_b hole that is dug into the
bottom of the top hole.
/6010- . Extend the chimney 20cm higher
than the top of the back dryer
REAR. ' / wall. As you build upwards,
LINTEL / gradually narrow the inside
/ passage of the chimney until

it measures about 10cm x 10cm
at the top. This will help
reduce heat loss.

12. Finish the stoking pit.

Cut stairs in the dirt next to the stoking pit. Make four equal
steps each 30cm high and 40cm across.

Leave a ledge 30cm thick between the lowest step and the front
dryer wall, to help brace the dryer wall.
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The Pit 048 Barwrel Dryen

You may excavate any dirt that is left in the stoking pit

so that the dirt walls in the front and opposite the stairs
are flush with the inside surfaces of the retaining wall which
rests on them.
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13.

& &

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 in
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.




g
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The P4t 048 Bannrel Dryer

CUT OuE END
FRoM THIRD

BARREL.
OPEM IS N OWNE
BEND OF THIRD
BARREL.
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HEAavy WIRE 1
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N TrREJCH
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Seal the joint: between the barrels by placing a strip of
screening around them and plastering with a mixture of mortar
(1part cement .o 8 parts sand).

Close the trench around the barrel assembly ends under the lintels
with banco. Make sure you seal completely around the barrel at
the chimney end to prevent any smoke "backflow". 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.

il-l NTEL.

AT THE
CHIMNEY END ~-

FiL.L IN THESE.
AREAS AROCUND
THE RBARREL.

AT THE FRONT W////// g '-'"”'7///////////”

(NEXT TO STOKING-

PIT) --
FiL IN ONLY THESE
AREAS.

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.
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14. Assemble the drying floor supports.

Use 10 Togs of solid wood. The Togs should be 8-10cm in
diameter and 2,15m long.

Space the logs evenly across the drying chamber from one end
to the other. The log ends will rest on the 15cm ledges in

- > - » .
the side walls. Resting the logs on the ledges instead of fixing

them in place means they can be replaced more easily if they weaken.

15. Place and fasten screening on top of the log supports.

Stretch screening across the logs and attach it to the 10cm

of wire mesh sticking out from each wall. Make the
screening longer than the inside length of the chamber because
the weight of grain will make the screen sag between the logs.
Oyerlap all sections 5 or 10cm and fasten together with thin
wire.

Small mesh screen is best. But chicken wire can be used.

Place straw mats over chicken wire, or other large-hole screen,
to keep grain from falling through the holes. Some kinds of
woven mats are very strong. These can be used in place of
screening. Fasten woven mats to wire mesh strips embedded

in the walls the same as you would metal screen.
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Farmers in the Philippines grow a lot of rice. Scientists working in the
Philippines and other countries have discovered new kinds of rice seed
which grow more quickly. This means the crop is ready for harvest sooner;
often a farmer can plant and harvest two crops in the time it used to take
for one c¢rop.

However, because the growing time is shorter, the rice is ready for harvest
during the rainy season. Before, the rice would not be ready until the rains
were finished. The farmer must harvest, but he cannot dry his grain out-
side in the sun. The problem he faces is simple, and it is a problem for:
farmers all over the world who must harvest during wet or humid times:

how to get the grain dry before it is ruined by insects and molds.

Scientists working at the University of the Philippines and the International
Rice Research Institute in Manila, Philippines, have come up with answers.
They have designed two versions of a dryer model they feel is relatively
lnexpensive, simple to make, easy to operate and maintain. We call it

here the Philippines Rice Dryer. FEach version of this dryer will be discussed
separately.

There aré advantages and disadvantages to the use of this dryer by small
farmers. 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 1s practical only for wealthier farmers or a group
of farmers.
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Philippines Rice Dryen

LOS BANOS RICE DRYER

The first rice dryer is from the Grain Processing Program of the Department
of Agricultural Engineering at Los Banos, Philippines. It has three main
parts: a bin which holds the grain (placed on sheet metal with holes) over
a container of hot air (plenum); a fan to force air from the plenum through
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 e
5cm x 5cm lumber,

Perforated sheet metal (sheet metal with holes).



Blower

Engine

Burner
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Philippines Rice Dryer

.8cm fan adapted from truck radiator fan.

Pushes 8.5 cubic meters per minute of air against a total
pressure of 2.5cm water column.

Size of the blower is chosen to fit the size of the grain
bin.

No stirring is necegsary.

Mount fan with flange bearings, sheet metal housing.
Reinforce with angle bars.

5 hp gasoline or diesel engine.
V-belt and pulley.

A power tiller which has an 8 hp engine can be used.

43°C recommended temperature so as not to damage milling
quality.

Developed direct flame kerosene burner. Consists of 3-part
iron casing, needle valve hbetween 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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Philippines Ricy Dryen

Kerosene Burner
Fan and Engine
Grain Bin

Plenum
Perforated Metal Floor

Notes on Operation of the Dryer
. It takes 2 men an hour to assemble the dryer. This is the final

MO O >
L] L] L] L]

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 binholds about 1700kg.

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: l

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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Philippines Rice Dryen

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.

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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Philippines Rice Dryen

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.

motor can be added to drive the blower). A kerosene burner
is installed in the air duct.

The 0il burner uses a 3 hp gasoline en?ine (a 2 hp electric

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 293to 43°C at an air flow rate of 30-35 cubic meters
of air/min/m° of grain.

Fuel consumption for the oil burner is 0.75 litres per hour
for the gasoline engine and 2.0 litres per hour for the
kerosene burner.

The rice hull furnace burns 3 to 4kg per hour of rice hulls.

This dryer, 1ike 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 1likely 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. 0. Box 933

Manila, Philippines
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SOLAR DRYERS

PART ONE: CONSTRUCTION

INTRODUCTION

The following plans are based upon a construction manual written by James
McDowell as a result of his experiences at the Caribbean Food and Nutri-
tion Institute in Trinidad. VITA technical artist George C. Clark has
provided added illustrations, as well as a simplification of the building
procedure of the Model #1 dryer.

McDowell's plans in turn were developed from the ideas and principles

of Dr. J. Lawand and associates of the Brace Research Institute, McGill
University, Quebec, Canada. Now with UNICEF in Kenya, McDowell has used
the dryer to dry grain from 25% to under 12% moisture in one day or less.

Solar Dryers have several possible advantages

There are no fuel costs.
Sun drying time is reduced because the heat of the sun is
made stronger by covering the drying grain with a double
layer of clear plastic film.

. They can be used to dry other crops -- copra, cassava,
fruits, vegetables. ;

There can be disadvantages also

Temperatures in the dryer may build up to 65-80°C. This
means that grains such as rice, which crack at tempera-
tures above 50°C, or seed grains (which can be dried at
temperatures no higher than 40-45°C) can be damaged. A
farmer has to watch the grain carefully, and, if no
thermometer is available, will have to learn by trial
and error.

Dryers are most useful only at certain hours of the day
anq would be of limited use during long periods of
rainfall or very cloudy weather.
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NOTES ON THE SOLAR DRYER MODELS

The dryer models here were designed and tested for drying cereal grains,
root crops, fruits, and vegetables. The dryer holds 8 to 11kg for each
square meter of drying floor. Dryers of the size presented here will dry
18-24kg 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 sketches for Models 1 and 2 are based on a useful, practical working
size of 2m in length, Im in width, and 23-30cm overall depth. But changes
in area can be made to suit local conditions, and dimensions of materials
available. IMPORTANT: The only dimension which should be followed as
closely as possible is the thickness 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 5cm should be used. Also,
the internal depth of Models 1 and 2 should not be less than 15cm.
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MODEL # 1 SOLAR DRYER

Description

This model consists of an outer box and an inner box. The inner box

is at least 10cm less in length and width, and at least 5cm less in depth
than the outer box. The space between the boxes is packed with suitable
insulating material.

Lower air holes are drilled through the bottom of the boxes (and through
spacer boards fitted in the insulation space for this purpose). Slots
are cut in the upper edges of the sides of the box to provide upper air
outlets. The dryer is supported about 15cm above the ground on four legs
(which also form the main corner members for the box)
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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 it is

available.

Lengths of timber:

4 pieces 5 x 10cm for legs

4 pieces 5 x 5 cm for legs

3 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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NAIL BOX TOGETHER
TO APPROXIMATE.
DIMENSIONS SHOWN

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

NAIL LEGS TO BoX
AS SHOWN
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BLOCKS NAILED SPACER STRIPS
BETWEEN SPACER

STRIPS

L TURN BOX UPSIDE DOWN
SPACER ¢ AND NAIL SPACER STRIPS
STRIPS ON BOTTOM OF BOX.

2. NAIL. SPACER STRIPS
ON SIDES AND ENDS
AS SHOWN.




INSULATING
MATERIAL

Solarn Dnyens
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I. PACK INSULATION
BETWEEN SPACER
STRIPS.

2. PUT BOTTOM BOARD/

BOARDS IN PLACE
AND NAIL AROUND
EDGES.
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Solar Dnyens

/ 0 / BATTEN
CAULK

BETWEEN
BOARDD

-

WHENTWO OR MORE. BOARDS MUST BE USED TO MAKE
UP A SIDE OR BOTTOM,THE TWO JOINING EDGES
SHOUL.D BE COATED WITH GUM, PITCH, PUTTY, ROOE
CEMERT OR CAULKING COMPOUND BEFORE THEY ARE
NAILED. SMEARING THE UNDER SIDE. OF THE BATTEN
WITH THE SAME TYPE OF MATERIAL BEFORE NAILING
IT OVER THE CRACK BETWEEN THE BOARDS WILL HELP
TO KEEP THE BOARDS WEATHER-TIGHT.



Sclan Driens

INSULATING
MATERIAL

Dryen Models -6°%-

®

. STAND BOX ON SIDE

2.PACK INSULATION ON
SIDE. AND NAIL BOARD
ALONG BOTTOM AND
ENDS. TOP EDGE TO
BE NAILED AFTERI(TIS
NOTCHED.

3 REPEAT FOR OTHER
SIDE OF BOX.

Oi'\\_\
[\
S
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INSUL ATING
MATERIAL

. STAND BOX ON END.

2.PACK INSULATION ON
END AND NAIL BOARD

IN PLACE.
3. REPEAT FOR OTHER
END.
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Solar Dnyens

|. SET BOX UPSIDE. DOWN
AND DRILL. HOLES THRU
BOTTOM OF BOX. MAKE
SURE HOLES ARE DRILLED
THRU SPACER STRIPS (SEE
DETAIL AT LEFT)

2. WHEN ALL HOLES ARE

_______ OUTSIDE DRILLED, NAIL THRU

&1 BOTTOM BOTTOM INTO SPACER.

3 / NAIL AT LEAST BETWEEN
EVERY OTUED &im =

' SPACER

) § R




Sofar Dnyens

CUTTING OF A\R OUTLETS
3 DIFFERENT WAYS
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Solan Dnyens

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 wocd
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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Solan Dryens

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 5cm x 2cm.

Transparent plastic (polyethylene) film (preferably .127mm
or heavier).

Screwnails (1.6cm x 8s C.S.).

Blued tacks (lcm) or large office stapler.
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Solan Dnyens

READ THE INSTRUCTIONS THROUGH BEFORE YOU BEGIN

Make the frame so that its Tength and width are each 8cm 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 8cm wider and 8cm
longer than the frame.

Turn the frame upside down and lay

the plastic sheet in place. Fold ¢//4;Z;3;/1:2;E:;/
one side of the polyethylene back // /
on itself to form a triple layer ,%E?

seam 2cm wide.




Put
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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"™ 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.

the Upper Plastic Sheet on the Frame

Cut a piece of polyethylene 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.
P S

—
&Lk%ﬁ:}

Stretch thé’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 in 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 off the
dryers even in a light wind. The cover can be kept on by
fastening hooks of stiff wire to each corner of the cover
and swinging these hooks into place around nails or pegs
fixed in the sides of the dryer.

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.
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CONSTRUCT THE DRYING TRAYS

This is a simple wooden frame with fine wire mesh stapled to its under-
side. Two support runners are nailed to the underside (over the edge

of the wire mesh). If necessary, two small pieces of wood may be tacked
over the edges of the wire mesh to hold it in place at the ends. However,
folding the edges of the mesh over upon itself before stapling may be

all that is needed.

Make two trays, each slightly smaller than Im x Im so that it will fit
the dryer box well. It is a good idea to make two trays because they

are easier to handle than one large tray. Also, using two trays means
that grains at two different moisture levels can be dried at the same

time.

Simpler trays may be made from local materials. Papyrus reed matting,
or a frame with slats of reed or split bamboo, for example, make an
excellent support on which material can be dried. Coarse hessian
sacking material, or open weave grass, or fibre matting stretched on
a frame also can be used.
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MODEL #2 SOLAR DRYER

Description

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

Choose a Site

A good 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
should be facing the prvailing wind.
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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 7.5c¢cm diameter)

READ_THE INSTRUCTIONS THROUGH BEFORE YOU BEGIN

1. Prepare Site

Lay out dryer size by building up the corner blocks.

LAYOUT THE. SIZE OF THE DRYER ON THE GROUND
AND LAY UP THE CORNER BLOCKS AS SHOWMN .

FiLL iN BPETWEEN THE CORNERS TO COMPLETE
THE WALLS.
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Prepare a floor of hard-packed earth or concrete mortar.
Dig a drainage trench around the dryer to protect it from

heavy rain. The trench should be 23-30cm wide and 23-30cm
deep.

2. Prepare Bamboo Pipes

Choose bamboo of even thickness with as few joints as
possible.

. Cut bamboo to the same length as the width of the dryer.

Then prepare the pipes as follows:

MACHETE , AXE , OR
LARGE KNIFE MAY
BE USED FOR
SPLITTING.

USE HALF-ROUND GOUGE OR
SMALL CHISEL. TO CUT OUT

MATERIAL. AT JOINTS AFTER
BAMBOO HAS BEEN SPLIT.
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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
MAY BE CUT WITH
HANDSAW.

HALF-ROUND
WOOD RASP

ALVES OF BAMBOO
S-W:ED TOGETHER OR
TIED TOGETHER WITH

CORD.




3. Finish the Walls

Solan Dnyens
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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.

BANBOO
PIPES

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 iayer of bricks leaving
one inch gaps as air-outlet holes spaced along the

two sides.

L1

Plee (4 e

0O o _c¢c 9

5 0 O O

o O 0 9 O O

[*J~]

O 0 9-0 O

|

flii fles q1¢

L

ToPRP V/IEW



Dryen Models -82-

Solan Dnyens

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

A Dual-Purpose Solar/Fuel-Heated Dryer

It is possible to build solar dryers which can work on solar heat for most
of the time, but which can, if necessary, be artifically heated during
periods of heavy clouding or rain.

A modification of the Model 2 dryer will allow for this dual-purpose
operation. This modification consists of building-in a metal flue pipe
which runs through the length of the dryer. This pipe carries the heat
from a firebox built at one end of the dryer. When drying has to be done
in cloudy conditions, the fire can be 1it to provide heat for drying.

Either one large, say, 1lcm diameter pipe, or a number of smaller pipes can
‘be used. When using smaller pipes, difficulties in constructing a manifold
may arise. But it may be possible to adapt an exhaust manifold from an

old gasoline or diesel engine for this purpose.

THE ONLY BASIC MODIFICATION NEEDED IN CONSTRUCTING THIS DRYER IS THAT THE
WALLS MUST BE BUILT HIGH ENOUGH TO ALLOW THE FLUE PIPE TO PASS UNDER THE
AIR-INLET 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
0il 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 {E?
may occur during heavy rains.

The flue tube running through the dryer should slope upwards towards the
chimney to assist draught.

DAMPER — 3| /
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HEATIVG FLUE

When using artificial heat, the movement of air through the dryer by
convection will operate as it does when solar heat is being used. However,
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 through
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

Description

This is a simple dryer. It is not as efficient as the other two in
conditions where it is exposed to cooling winds, but it will provide
more efficient drying than direct exposure to the sun, and will also
protect the drying matarial from rain. It is essentially a “"sandwich"
of two sheets of corrugated galvanized iron roofing material placed so
that they form a series of tubes. The lower sheet is bedded in insu-
lating material to reduce loss of heat. It is set in a sloping position
with one end raised about 15cm higher than the other. This position
allows hot air to rise and escape at the upper end, creating a draught of
air over the material being dried. The material which is being dried is
piaced in the hollows of the lower sheet.

There are a -number of possible ways of siting and constructing this dryer.
It can be permanently sited or made portable. Certain refinements can be
added to increase its efficiency. For this reason the construction of a
simple portable model will be described first; possible modifications will
be described 1later.

The Portable Dryer

In this model, the corrugated sheets are fastened to a shallow wooden box
which contains a bed of insulating material. The box will be about 10cm
high and 80cm wide. The dimensions of the box will depend on the final

size of the prepared corrugated sheets, so the sheets are prepared first.

Tools and Materials

. Hammer, saw, tri-square, wood chisel, pliers
2 sheets corrugated galvanized iron
Timber for bottom and sides of box
Nails or coat-hanger wire

Black paint

1. Prepare the Sheets

When purchased, the sheets will be packed closely together.
Turn the upper sheet 180° 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 Tine aiong the edges of
each sheet about 1cm 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

so0 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 and close the
rings by pressing the ends together. This effectively
hinges the sheets together and allows accurate position-
ing.

3. Prepare the Dryer Box

. The shallow support and insulating box can now be constructed

to fit the dimensions of the lower sheet of corrugated iron:

- 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.



Dryen Models -88-

Solan Drnyens

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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NAILED THRUY
SHEET INTO
BOARD.

APPROX. 2.5 - 7.5em

ALLOW EDGE, OF
METAL TO EXTEND
ABOUT 15cm BEYOND -
END OF CORRUGATED
SHEET THEN BEND
DOWN.

Fitting a Polyethylene Cover

The efficiency of the Model 3 dryer can be greatly increased by fitting
a polyethylene cover over the top metal sheet. The plastic creates an
insulating air space between the polyethylene and the corrugated sheet.

Build a simple wooden frame over the top sheet using two
vertically placed battens along each of the flanges, and
two joining battens across each end of the sheet.
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Cross member . //’//

'(- Side membér of cover frame
nailed to flange

Fi11 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 sheet in place.

Keep the slots in the side piece of the frame (necessary to
accommodate the hinge ringsg 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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THE PERMANENTLY SITED MODEL 3 DRYER

The dryer described above can be permanently sited on a clay platform,
thus avoiding the need to construct a support and the lower insulating
box. The clay platform will provide insulation. This type is built as
follows:

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.

/ RS THINGE RING HOLES
NAIL, TO BATTENS W\TH

ROOFING NAILS OR LONG
NAILS DRIVEN THRU
BATTEN AND CLINCHRED
(POINT BENT AGAINST BOARD)

Construct a simple sloping clay platform the size of the
lower sheet and 15c¢m 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

PART TWO:
OPERATING INSTRUCTIONS

General Instructions

Start drying as early as possible in the day to get maximum exposure to
the sun. Once material has been placed in the dryer and the cover placed
in position, do not 1ift the cover until drying is completed for the day:
taking the cover off will allow a 1ot of heat to leave the dryer.
Cleanliness

Brush the dryer out daily to get out dust, and to remove any pieces of
dried material spilled from drying trays.

Keep the drying trays clean; wash them often.

Temperature Control

Control the temperature inside the dryer by opening or closing the upper
air outlets. Temperature may be measured by putting a thermometer in one
of the upper air outlets. When doing this, shade the thermometer from
direct sunlight by inserting a card beneath the cover. Temperatures
measured in this way will be the maximum (not necessarily the average)
internal temperature.

Or, temperatures at the level of the drying material may be measured
by drilling a hole through the side of the dryer and inserting a thermo-
meter. Again, make sure that the bulb is shaded from direct sunlight.

Closing the upper ventilation outlets will increase internal temperatures.
However, if moisture begins to collect inside the dryer you must start
opening the outlets.

In cases where opening all the upper outlets still results in temperatures
which are too high for the material being dried, additional outlets should
be cut in the upper edges of the sides.
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Shade Drying

Some materials, particularly green vegetables, carrots, plantain and some
varieties of sweet potato,may lose color and Vitamin A during direct
exposure to sunlight. For these materials, shade drying is useful (but
not completely necessary).

To do shade drying, fit sheets of thin metal immediately below the cover.
Paint the metal (galvanized sheet or beaten-out tin containers) black on
both sides. The size of the metal sheet should be just less than the
internal length and width of the dryer. Support the sheet on nails driven
into the inner sides and ends of the dryer. Put the nails in not more than

half-an-inch below the upper edges of the sides.

Make sure the sheets do not touch the lower side of the polyethylene cover
(otherwise their heat may cause it to melt). But the sheets should be
high enough so that hot air from beneath the sheet can still escape
through the upper air outlets.

When fitted properly, as described above, these sheets will send almost
all of the heat they receive to the air inside the dryer, and

the internal temperatures are similar to those made by sunlight. Use of
metal shading sheets can, in fact, assist drying, since their presence
encourages more effective convection air movement through the dryer.

Fogging

If fogging occurs during use, withdraw tacks or staples from a short
length at each end of the cover, open up the polyethylene to allow mois-
ture to escape while the dryer is in operation, and then refasten the
polyethylene in place.

"Storage" Heating

A simple modification to either the Model 1 or Model 2 dryers, which

will enhance efficiency of drying during periods of intermittent cloud-
ing or rain, is the placing of a layer of dark-colored (or black-painted)
rough-surfaced stones in the bottom of the dryer. These stones should be
egg sized or slightly larger.

During periods of sunshine, the stones will become heated. Then when the
sun is covered by clouds, the stones maintain the internal temperature
by giving up heat to the air.
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DRYING GRAIN CROPS

To make sure crops do well in storage, they should be carefully dried,
aither "in the head" or after threshing, before they are placed in storage.
If dried "in the head," grains should be threshed before storage since
closely packed grain is less subject to insect attack.

Groundnuts can be dried either in the shell or after shelling. Storage
in the shell provides protection against insect attack.

Shattering sesame may be harvested before pods are quite ripe and dried

in trays with very fine mesh bottoms. It will then shatter in the dryer.
But since all the seeds will be retained, this method of dealing with sesame
has great advantages.

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

trays of appropriate mesh size, so as to give a loading of about 7-10kg
per square meter. For bulky material such as unthreshed finger millet

or sorghum, layers up to 7.5cm deep can be used. For groundnuts in the
shell, layers may be up to 5cm deep.

For very small seeds, such as finger millet or sesame, trays with a very
fine mesh will be needed. Mosquito netting or tightly stretched hessian
sacking would be appropriate.
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ENEMIES OF STORED GRAIN
PART 1: INSECTS

This discussion of insects deals only with some of the insects that

attack stored grain. It is designed to help you provide farmers with

the information they need to control insect infestation in their stored
grain. If you find insects in your area that are not discussed here, or
if you require more information on insects in general, there are more
detailed books which will help you name the pest and will give information
on controlling the pest.

WHAT IS AN INSECT?

Insects have six legs. Farmers may see other insect-like creatures in
or near their grain, but they are not insects if they have more or less
than six legs. Spiders, mites, and scorpions have more than six legs,
so they are not insects.

Most insects have two pairs of wings; some insects can fly and some cannot.
A1l insects have three main parts to their bodies: head (front); thorax
(middle); abdomen (behind). The legs and wings are attached to the thorax.
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Some Qther 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 mandibles

(jaws).

Some insects are 25cm long. Most grain storage insects are
onlv 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 m—\
adults. This is the human 1life cycle. Y
Most grain insects grow from eggs to

larvae to pupae to adults. These growth

stages are the insects' 1ife cycle.

It is not important for a farmer to know ‘éraf’/
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.

Eggs

Each female insect can lay many eggs. The number of eqgs depends upon
the kind of insect; some females lay hundreds of eggs. And each of these
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.

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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gets too small. The larva throws the cuticle away, keeps eating, and
forms a new skin. This whole process might happen three or more times
before the larva is full size and passes to the next stage.

Pupae

This is the transformation stage. Sometimes the
larva forms a cocoon or other protective covering
around itself as it goes into this stage. As a
pupa, the growing insect needs no food and moves
only in very small movements. It just slowly
changes into an adult insect.

Adult

khen 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.

HOW INSECTS GET INTO GRAIN

Insects get into grain in a number of ways, depending upon the kind of
insect:

. Some insects infest the grain while it is still in the field --
befor§ 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 eas11y get to the grain.
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. Farmers store grain year after year in the same sacks, containers,

and buildings. Bins made of wood or woven grasses have cracks
and spaces which fillup 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. Insects
infest grain because grain provides food. Unfortunately, in too many cases,
stored grain provides a perfect place for insects to live and grow because
food, air, moisture, and heat are provided.

Food

Obviously, grain provides food. But grain provides food for insects in
different ways. Some.insects 1ike 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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Secondary Pests. Other insects follow these first attackers. These are
secondary pests. They feed on the grain that now has
broken and cracked seed coats. The Rusty Grain
Beetle is a good example of a secondary pest.

This beetle will not attack healthy, undamaged

grain, but it will attack spoiled grain. A

farmer should know which beetles attack first

and which do not. If a farmer sees a Rusty

Grain Beetle in his stored grain, it is a sign

that he should look for other, worse insect
attackers.

Tertiary Pests. 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.

Air

Insects do require a certain amount of air containing oxygen to live.
Storing grain in containers which keep out air is based on knowledge of
this fact. Airtight storage will be discussed later. Briefly, in air-
tight storage, the respiration of the grain, and of insects in the grain,
uses up the oxygen quickly: any insects present in the grain will die.

Moisture

Insects need some moisture to live, and they can get it from stored grain
in several 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. Insects

can take this moisture into their bodies. When the hot spot becomes too
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.

Haa ¢+
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Insects live best within a certain temperature range. As the temperature
in the grain gets lower, 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 increases
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 dif-
ficult time living and die at 60° C.

Try to ke~p 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
insect's habits and life cycle.
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GRANARY WEEVIL

Sitophilus granarius L.

ACTUAL SIZE

d

WHAT IT LOOKS LIKE
. Brown' or black
. Long, thin nose
. Strong jaws
. Long stripes on the body
. No wings
. 3.5mm Tong ENLARGED

WHERE IT LIVES
. In many kinds of grain
. In all parts of the world

LIFE CYCLE
. Develops from egg to adult LARVA INSIDE KERNEL
in.4 weeks, in warm weather OF WHEAT
Eggs

. Female lays 50 - 250 eggs
inside the grain kernel
after female makes hole
with strong jaws

PUPA INSIDE KERNEL

Larvag OF WHEAT

. Grow inside grain kernel
. See Picture

Pupae
. See Picture
Adults
. Develop from egqg to adult
in 4 weeks, in warm weather
. Leave the seed and eats the ADULT EATING KERNEL
kernel while getting ready OF WHEAT
to lay eggs

. Adult lives 7-8 months

NOTE: A Primary Pest. It looks a lot 1ike 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 fly;
the Rice Weevil can fly.




LESSER GRAIN BORER
Rhyzopertha dominica F.

WHAT IT LOOKS LIKE
. Shiny, dark brown or black
. Head turned down under body
. Strong jaws which cut wood
. 2.5 to 3mm long

WHERE IT LIVES
. In warm places all over world
. In many kinds of grain

LIFE CYCLE
. Life Cycle is completed in
about 5 weeks
. Each female lays from 300-500 eggs

Eggs
. Laid nn the surface of the grain or
in spuces between grains
. Hatch in a few days

Larvae
. Crawl around grain eating flour
left by the boring of adult beetles
. Bore holas in damaged grains
. Finish growing inside grain kernel
. Picture of larva inside kernel of
wheat. See Picture

Pupae
. See Picture

Adults

. Cut their'way out of the kernel
. Feed on grain

NOTE:

Insects -9-

ACTUAL SIZE

2]

ADULT
ENLARGED

LARVA IN KERNEL
OF WHEAT

PUPA IN KERNEL
OF WHEAT '

Y ADULTS EATING

A Primary Pest, both the beetles and the larvae of the Lesser Grain

Borer are very dangerous insect pests. They bore holes in the grain

and leave behind a powder from the chewed-up grain.

Here is a

picture which shows kernel of wheat full of holes made by the
boring and feeding of the adult and the larvae.
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SAW-TOOTHED GRAIN BEETLE

Oryzaephilus surinamensis L.

ACTUAL SIZE

WHAT IT LOOKS LIKE ¥
. Narrow, flat, small, dark brown
. 3.5 mm iong

WHERE IT LIVES ADULT
. In sorghum, maize,and other ENLARGED

cereals and flour

HOW IT GROWS )
. Grows from egg to adult in 3 to 4
weeks in warm weather
. Each female lays about 300 eggs

Eags
. Laid among the grains
. Hatch in 3 to 5 days

Larvae
. Are straw colored
. Crawl ameng the grain eating broken
kernels
. Grow in this stage about 4 weeks

Pupae .

. Form in a cccoon
. See Picture

Adults
. Adults live from 6 months to
3 years

ENLARGED
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FLAT GRAIN BEETLE

Laemophloeus pusillus Schonherr

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

ADULT
ENLARGED

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

# ACTUAL SIZE

HOW IT GROWS
. Grows from egg to adult in
5 weeks

Eggs
. Laid in cracks in grain or
in spilled grain

Larvae
. Yellowish-brown
. Like to eat the germ of

cereal grains f;
. May not eat any other part of ¢ LARY &
grain ENLAT 2ED
. Like to eat grain having mold {
on it
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.




ANGOUMOIS GRAIN MOTH
Sitotroga cerealella Olivier

NHAT IT LOOKS LIKE
. Light, yellow-brown
. 8-10mm long
. 15mm from tip of wing to
wingtip
. Fringe on back wings

WHERE IT LIVES
. Attacks all grains in
storage and in the field
. In all parts of the world

LIFE CYCLE
. Adults do not live long
and do not eat
Each female adult lays
50-100 eggs '

Eggs
. 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

Pupae
. Form inside a cocoon near the

door cut by the larvae

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

Ingects -15-

ENLARGED

BEGINS GROWING

“ LARVA ENTERS KERNEL AND Q

ACTUAL SIZE

&5 FULL-GROWN LARVA IN
i SH WHEAT KERNEL

PUPA IN KERNEL OF
WHEAT

- @

ADULT MOTH LEAVES THE
WHEAT KERNEL




RICE WEEVIL
Sitophilus oryzae L.

WHAT IT LOOKS LIKE
. Reddish-brown or black
. May have 4 light spots on its back
. Long nose is easy to identify
. 2.5mm Tong

WHERE IT LIVES
. In warm places
. In sorghum, maizeyand other
stored grain

HOW IT GROWS
. Female Tays 300-400 eggs

Eggs
. Laid inside the grain kernel
. Sealed into the hole with secretion
which makes them difficult to see

Larvae
. Have no legs and are white
. Grow inside grain kernels
and do most of the damage
. Stay in larval stage about
5 weeks

Adults
. Leave the kernels. Half kernel is
eaten and other half is poor
quality
. Feed on the seeds
. Looks 1ike the Granary Weevil,but
this weevil can fly

ADULT
ENLARGED

Inscets -17-

ACTUAL SIZE

PUPA IN KERNEL
OF WHEAT

1‘. '
ADULT EATING KERNEL ¥
OF WHEAT ’

NOTE: PRIMARY PEST. It can fly. It flies from grain storage places
to the fields and back again. It can infest grain again and

again.




iNDIAN-MEAL MOTH
Plodia interpunctella Hbn.

WHAT IT LOOKS LIKE
. Reddish-brown outer wings
. Whitish-gray wings next to body
. 16mm from tip of one wing to
tip of the other
. Easy to see in grain

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

Eggs
. 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

Pupae
. Light brown

. Develop in a cocoon

Adults
. Usually attack grain already
attacked by other insects
. Live Tless than 14 days
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ADULT
ENLARGED

ACTUAL SIZE

.

A N

-
7

-

rj. ,;(& ENLARGED LARVA

ADULT WITH
WINGS FOLDED

NOTE: 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.




CONFUSED FLOUR BEETLE

Tribolium confusum J. du Val

WHAT IT LOOKS LIKE
. Shiny, reddish-brown, flat
. 3-4mm long

WHERE IT LIVES
. In all parts of the world
. In storage places and flour mills

HOW IT GROMWS
. Changes from egg to adult in
6 weeks in warm weather
. Female Tays 450 eggs
. Eggs are sticky and stick to
boxes, sacks,and storage
containers

Larvae
. Larvae eat flour, grain dust,
and broken surfaces of grain
kernels

Pupae
. First white, then change to
yellow and then to brown
color

Adults
. Live about 1 year

Insects -21~

ADULT
ENLARGED

¥ AcTuAL SIZE

P LARVA

:i;: ENLARGED



DRUGSTORE BEETLE

Stegobium paniceum L.

WHAT IT LOOKS LIKE
. Small, fat, reddish colored
. Body covered with soft hairs

WHERE IT LIVES
. 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

Eggs
. Laid in any dry food substance

Larvae
. Small and white
. Enlarged picture

Adult
. Looks 1ike cigarette Beetle
. Adults 1ive only 2 to 4 weeks
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ADULT
ENLARGED

PUPA
ENLARGED

*

ACTUAL SIZE

NOTE: 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 castaneum Hbst.

ADULT

WHAT IT LOOKS LIKE ENLARGED

. 3-4mm long
. Looks 1ike Confused Flour Beetle

WHERE IT LIVES
. In warm countries
. In grain dust and broken grains

K| ACTUAL s1zE

HOW IT GROWS
. Female lays 400 - 500 eggs

Eggs
. Laid in dust, flour

Larvae
. Stay in larval stage 5 weeks oy

. Feed on stored produce y ¥
. Whitish-yellow color ¥ ¥
. Has two, dark, upturned, pointed o
projections at back end of body »
Adults : ‘4,:.“ LARVA
. Eat and breed the same way % ENLARGED

as Confused Flour Beetle
. Give terrible smell and taste
to grain in which they live
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KHAPRA BEETLE

Trogoderma granarium Everts

I}mm

WHAT IT LOOKS LIKE
. Brown or black color
. Body has many fine, yellowish
hairs all over
. 1.5 - 3mqm Tong

ADULT
ENLARGED

WHERE IT LIVES
. In stored grain
. In all parts of the world,

icular] 1
particularly warm places E ACTUAL SIZE

HOW IT GROWS
- Grows from egg to beetle ind4 -6
week's in good growth conditions
. Female lays 40 - 70 egas 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
insecticide

Adults
. Life cycle can take years while
under poor conditions
. Breed quickly under good conditfons
. Live only about 14 days

[b mm

LARVA
ENLARGED

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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CIGARETTE BEETLE

Lasioderma gerricorne F.

WHAT IT LOOKS LIKE

. Reddish-yellow or brown %
. Head bent down toward body ADULT
. 3mm 1

mm fong ENLARGED ACTUAL SIZE

WHERE IT LIVES
. In stored products all over
the world
. In grain left too long in
storage in the original sacks

LIFE CYCLE ' > Feprg®
. Develops from egg to adult 2. LARVA
in 6 to 8 weeks 22 ALNSE  ENLARGED
. Female iays about 100 eggs

Larvae
. See Picture

Pupae PUPA
. See Picture ENLARGED
Adult
. Looks like adult Drugstore
Beetle

. Adults live from 2 to 4 weeks.

SIDE VIEW OF ADULT
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FLOUR OR GRAIN MITE

Acarus siro L.

WHAT IT LOOKS LIKE
. Pale, gray-white color
. Smooth bodies with lots of hairs
. Breed quickly
. Real size no bigger than the dot
of an "{"

ADULT
WHERE IT LIVES ENLARGED
. 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 dead
bodies of mites. If you see these masses, ACTUAL SIZE
there are many, many mites in the grain

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
. Elzqr which has had large numbers of mites in it is no gooua for
aking

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 farmer 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 arain is put into storage. There are many steps farmers
can take to protect their grain from pests. Some of these steps involve
insecticides, but ail of them depend upon thorough cleaning of storage
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 farmers
can save many grain losses by careful cleaning of storage containers,
bins, and buildings. And cleaning does not cost large amounts of money.
For just a little time and effort, the farmer can get better returns on
the effort he puts into growing and harvesting his crop.

A11 equipment which touches the grain shculd 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
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Sometimes farmers cannot find or afford the correct insecticide. In
these cases, careful cleaning will help the problem. In fact,
insecticides will not work properly unless they are used under dry,
clean conditions. So the following material presents information on
steps the farmer can take to control insects -- hoth with and without
the use of insecticides.

CONTRCLLING INSECTS WITHOUT INSECTICIDES

Traditional Methods

Farmers have been fighting insects for hundreds of years. They accept
the fact that insects are going to eat and destroy a certain amount of
their grain. Here are some insect control methods farmers use:

Sunning. Insects leave

grain which is placed in

hot sunlight. They do

not like heats higher than
40-44°C.. The sunning

process, however, does not al-
ways kill eggs and larvae which
are inside the kernels of grain)

Mixing Local Plants with Grain. In many areas, farmers mix local plants
with grain. Information about which plants, and which parts of the
plants, should be mixed with grain is passed on within the family; the
plants differ from one part of the world to another. Such natural
control methods, or methods which provide active control without insecti-
cide, need to be looked at more closely. Future editions of this manual
mi%2t4inc1ude a chapter on using such plants and other natural control
methoas.

Mixing Sand or Wood-Ash with Grajn, This is another natural-control

method. Some farmers mix sand or wood-ash with threshed grain to keep
insects from breeding. The sand scratches the covering or cuticle of
the insect's body and the insect loses moisture through the scratches.
If the grain is dry, insects will not be able to get enough moisture
to replace the moisture lost though the scratches, and they will die.




Insects -36-

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 quite 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 on maize and the hull of rice offer
some protection from insect attack. If the rice hull is hard and dry,

it is more difficult for insects to attack the grain kernels. Many farmers
store their grain without threshing 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 in
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

:
Y

Infested Maize
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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. Do not store
broken grains.

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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INSECT CONTROL WITH INSECTICIDES

Insecticides are poisons used for killing
insects. But insecticides also can kill or
hurt humans and animals if they are not used
correctly. Use only recommended insecti-
cides on clean, dry grain. Insecticides
must always be used with care.

Most farmers know something about
insecticides. But often they are not
aware of exactly what insecticides
should be used for or of the
differences among insecticides.

Farmers may use insecticides without knowing how to apply the insecti-
cide they are using or on what materials that insecticide can be used.
Some insecticides are safer than others; some insecticides can poison
grain as well as insects. The danger in insecticide use is that farmers
do not have enough information about insecticides to use them correctly
for their type of grain and their storage situation. For example,

. many farmers around the world call all insecticides, DDT. They are likely
to go to market, pick up some DDT powder, and sprinkle it around.

This section of the manual presents information on insecticides in a
form which should help you provide farmers in your area with the infor-
mation they need to use insecticides appro;-iately and safely.

The use of insecticides cannot be separated from the kind of storage
container and the purpose for which the grain will be used. Some
insecticides can be used on grain for seed, but cannot be used on grain
for food. Some insecticides can be used for treating both kinds of grain.
The following is a basic discussion of types and kinds of insecticides
used in grain storage work. These insecticides also are discussed in

the section on storage methods.

TYPES OF INSECTICIDES

Many different poisons kill insects. But there is a much smaller

number of poisons (insecticides) which are useful in grain storage work.
Some insecticides are made from parts of plants. Pyrethrum is an example
of this type. Some, such as Cyanide, are inorganic chemicals; others are
man-made organic chemicals such as Malathion and BHC.
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The insecticides available to farmers to use for grain storage purposes
are of two major types -- contact chemicals and fumigant gases. These
insecticides can be bought in a number of forms (formulations); they are
applied differently depending upon the type of grain and the type of
storage.

Contact Chemicals. These are the contact poisons: the insect must
actually get these insecticides on its body. The contact chemicals are
available in the following formulations:

Dusts

These contain a low concentration of insecticide mixed with powder.
This makes them safer to handle than some of the other formulations
available. Dusts also:

are ready to use.

|
must be kept dry or they will not mix evenly, and the |

insecticide will not work as long.

used on floors, flat surfaces, and around the bottoms
of storage containers, particularly sacks, to control
crawling insects.

may be mixed with grain at the time of storage. Use
only those dusts, for example, Malathion and Lindane,
recommended for this purpose.

Wettable Powders (Dispersible Powders)

These contain a high concentration of insecticide. Wettable puwders:
must be mixed with water before they can be used.
require careful mixing.

are used to spray outside surfaces of sacked grain,
storage containers,or buildings.

are never used directly on grain.

can be applied with simple sprayers which can be
purchased or made.

Emulsion Concentrates

These are liquid concentrates which:

must 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.

Emulsions of pyrethrum or Malathion are available, and the directions
for mixing are usually given on the labels of the containers. But
farmers should know of the need for special equipment to apply these,
so that they do not spend their money on a formulation of insecticide
which they will not be able to use.

Other Forms, These are liquid concentrates and powders which must be
used with special equipment. These formulations are used with fogging
machines and smoke generators; they are not appropriate for use by most
farmers.

REMEMBER: It is important for the farmer to know which formulations
are available in his area, which of these formulations he can use,
which he should not use, and how they should be applied.

Fumigants

The second major category of insecticides is the
fumigants. Fumigants are gases. Fumigants have
several advantages as an insect control method:

DANGER-/ . Gas can enter all the cracks in storage

buildings to kill insects hiding there.
FUMIGATION
. Gas can get between the tightly packed
0“55'“"‘“,/ grains in storage an¢, in most cases.
can kill larval stages within ihe ke:nels.

Gas does not leave marks on the grain as
some insecticides do.

But farmers should also know that there are problems involved in using
fumigants:

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 OFERATOR
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Fumigants kill only insects which are already in the
grain. They do not protect grain from new attacks.

Fumigants must be used in airtight containers. If the
farmer is storing his grain in jute sacks, he will have
to find an 0il drum, or some other container which can
be made airtight before he can fumigate his grain. Or
he must be able to cover his grain sacks with heavy
plastic and fumigate in this way.

Fumigation may hurt the ability of seeds to germinate.
Fumigants are available in the following forms:

Solid Fumigants. These fumigants are in tablet or packet or pellet
form. The active chemical is Aluminum
Phosphide. The tablets release
Phosphine gas when moisture touches
them. Fortunately, the tablets take
about three hours to release enough
poison gas ‘to kill a person, so the
person who follows the rules for
fumigation carefully can use these
tablets safely. The fumigant is

sold under the trade names Phostoxin,
Detia, and Celphos.

Liquid Fumigants and Low Boiling

P sad N [ £ &
Point Gases. Some of these are

Carbon Tetrachloride, Ethylene
Dichloride, Ethylene Dibromide,

and Methyl Bromide. They are all
dangerous to apply and must be applied
by trained people wearing full protective
clothing. Do not recommend these formulations to farmers for individual
use. Warn very strongly against them. They can kill people, if used
incorrectly.

The number of insecticides which can be used on stored grain products
is really not large. Knowledge of these insecticides is important to
the farmer. And he must have enough information about the insecticide
and its use so that he can use it safely.

Information on using insecticides with stosed grain is included in the
storage section of this manual (Section 7).
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SOME CLOSING NOTES

In more and more places around the world, farmers are able to find and
buy some of the newer formulations for insect control. Here are two

examples of insecticides which may be useful to control flying insects
in the home 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-
1EEE§§f 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 they can
be harmful when used without proper directions. BAYGON, for example,
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. ®
@
'Phoslonn

FUMIGANT

The follow*ng pages contain information on some of the more important
grain storage insecticides. Each insecticide is 1isted 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:

Recommended 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.
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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 have
been used, or are being used, by development workers in various parts of
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 information about insecticides and their applications which
is of interest to you, but not necessarily to the farmer, is included in
Appendix C.
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INSECTICIDE INFORMATION SHEET

MALATHION

OTHER NAMES: Malaphos, Malathon, Malphos, Cythion, Emmatos,
Carbophos, Mercaptolhion

TYPE: Contact Chemical

FORMULATIONS: Emulsion Concentrate, Wettable Powder, Dust,
Granules, Aerosol, Baits

WARNING: ONE OF THE SAFEST INSECTICIDES FOR MAN TO USE.
DO NOT USE OR PUT IN METAL CONTAINERS SUCH AS IRON.

CONTROLS: Aphids, mites, flies, leaf hoppers, mealy bugs,
Japanese beetles, corn ez wams, ants, spiders
and many others. Some specii' grain storage notes
about Malathion-

works well against Savi-Tc:ched 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.

USE TO: 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. It is unstable on
cement or whitewashed walls.

DUST interior surfaces in contact with grain.




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: A1l grain storage insects. They are not resistant to
it.

USE TO: SPRAY STORAGE AREAS. It is a good insect repellant,

and controls moths.

MIX DUST DIRECTLY WITH GRAIN GOING INTO STORAGE.

NOTE: It costs 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 stabilizer is added to the pyrethrum.




OTHER NAMES:

TYPE:
FORMULATIONS:
WARNING:

CONTROLS:

USE TO:

Insects -51-

INSECTICIDE INFORMATION SHEET
LINDANE

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

Contact Chemical
Dust, Wettable Powder

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.

Aphids, lygus bugs, grasshoppers, roaches, mange

mites, termites. It is very good against weevils which
have developed resistance to BHC and against the aduit
stage of the Angoumois Grain Moth.

TREAT YOUR SEED FOR PLANTING. Use 113g to 454q

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
maiZe and above 5 ppm on unthreshed sorghum.

DUST on unshelled groundnuts; unthreshed sorghum, bags
of maize, wheat, rice, maize in cribs.

' SPRAY STORAGE AREAS.



OTHER NAMES:
TYPE:

FORMULATIONS:

WARNING:

CONTROLS:

USE TO:
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INSECTICIDE INFORMATION SHEET

DICHLORVOS

DDVP, Vapona
Contact Chemical and Fumigant
Spray, Pest Strip

CAN BE DANGEROUS TO PEOPLE AND ANIMALS IF NOT
HANDLED CORRECTLY.

HANDLE PEST STRIP WITH GLOVES.
DO NOT LET PEST STRIP TOUCH FOOD.

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

SPRAY STORAGE PLACES to kill flying insects. It

does not last long.

Provide control of flying insects by hanging the
VAPONA PEST STRIP. The strips give off poison for

about 3 months (depending upon climate).



OTHER NAMES:

TYPE:
FORMULATIONS:

WARNING:

CONTROLS:

USE TO:

Insects -55-

INSECTICIDE INFORMATION SHEET

DDT

Chlorophenothene, Accotox, Anofex, Neocid, Neocidol,
Pentachlorin, Sillortox.

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. BUT
SINCE THIS POISON DOES STAY ON THINGS FOR A LONG
TIME, THERE IS SOME CONCERN ABOUT WHETHER DDT
CAN HURT PEOPLE WHO USE IT VERY OFTEN AND FOR

A LONG TIME. USE IT CAREFULLY.

DO NOT USE NEAR FOOD.

DO NOT USE TO DUST SACKS OF STORED GRAIN.

DO NOT USE WHEN THE TEMPERATURE IS OVER 90°F.

DO NOT USE ON DAIRY ANIMALS OR IN DAIRY BUILDINGS.
DO NOT STORE IN IRON CONTAINERS.

DO NOT USE TO DUST INSIDE OF GRAIN STORAGE CON-
TAINERS.

Codling moths, flea beetles, leaf hoppers, corn earworms,
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 DDT 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.




OTHER NAMES:
TYPE:

FORMULATIONS:

WARNING:

CONTROLS:

USE TO:
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INSECTICIDE INFORMATION SHEET

BHC

Benzene Hexachloride, hch, hoch
Contact Chemical, lasts a long time.

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

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
CATTLE 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 INSECTICIDE.

IT IS POISON TO FISH AND HONEY BEES.

Grasshoppers, ticks, chiggers, aphids, lygusbugs,
spittle bugs, thrips, fleabeetles, leafhoppers,
armyworms, wire worms, flies, mosquitos, ants,
termites, 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
TYPE: 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.




OTHER NAMES:
TYPE:
FORMULATIONS:
WARNING:

CONTROLS:

USE TO:

Tusects

INSECTICIDE INFORMATION SHEET

PHOSTOXIN

Celphos, Detia, Delicia, Phosphine
Fumigant

Pellets, tablets,or packets

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 WHQO KNOWS HOW TO USE
PHOSTOXIN IF YOU HAVE NOT USED THIS
FUMIGANT BEFORE.

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.

-61-
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RECOMMENDED INSECTICIDES AND DOSAGES

FOR MIXING DIRECTLY WITH FOOD-GRAINS:

Malathion -- 120 grams of 1.0% Dust for each 200kgs of grain.
Lindane -- 120 grams of 0.1% Dust for each 200kgs of grain.

Pyrethrum -~ 120 grams of 0.2% pyrethrins plus 1.0% piperonyl
butoxide. Dust for each 200kg of grain.

FOR MIXING DIRECTLY WITH SEED-GRAINS:

It is possible to use more insecticide on grain to be used only for seed
than can be used on grain for food. If there is any chance the grain
will be used for food, use only the Malathion, Lindane, or Pyrethrum at
the dosage recommended for food grain. -

If the farmer is certain the grain will be used for seed, he can use:

Malathion, Lindanq,or Pyrethrum ~- 2 to 5 times more
Dust than can be used for food grain.

DDT -- 100 grams of 3 or 5% DDT Dust for each 100kg
of grain.

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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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,
stone, 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 ~--meme- Is sometimes used to spray buildings. It
must never be used directly on food.

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% £C and 400cc |

of DDT 25% EC in 5 liters of water.

A11 of these dosages will spray 100 sq.m. If a larger area must be spray-
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

from any kind

of centatner
with a 1id

which comes off
and on, If using
it for 1iquids,
punch tiny holes
in the 1id. 1If
using to apply
insecticide dusts,
make the holes
somewhat larger.

TWO TYPES OF
HAND-HELD
SPRAYERS

MIXING GRAIN AND INSECTICIDE
WITH A SHOVEL

A compressed air sprayer

with plunger handpumﬁ/”’/,,,

Door for fiiting and Baads 202 put b
empiying the drum this Jron drum

Plunger-type duster--
looks iike a bicycle pump

A DRUM FOR MIXING
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NOTE TO DEVELOPMENT WORKERS ON APPLYING INSECTICIDES

Many farmers in your area will have trouble following directions for
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 & simple measure
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 dosage
depending upon the kind of insecticide, the types of measures (match-
boxes, tin cans, etc.) farmers are likely to have, and on the kinds of
storage container most used in your area.
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CONTROLLING INSECTS BEY USING INSECTICIDE
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. Add
the names and dosages of those insecticides most 1ikely to be used by
farmers in the area.

Insecticides are poisons used for killing insects. There are many types
of insecticides. Some insecticides can be added directly to grain;
others may be sprayed around grain storage areas or on the outside of the
containers, but should never be placed directly on the grain. Some
insecticides are liquids; some insecticides are powders. Some insec-
ticides are gases which you use by adding them to the grain, sealing the
container up tight,and letting the fumes of the poison gas kill the
insects in the grain.

Never use an insecticide until you are sure you know how it should be
used and all the rules for applying it.

Insecticides are not magic. They should be used with clean, dry grain
in good storage conditions if they are to work well.

To use 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.

Dust 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
pile in a place protected from wind. Add the right
insect poison from a tin can with holes punched in the
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 add 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 Tot 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
1. HEADACHE WEAKNESS
NAUSEA SWEATING
+ DIZZINESS VOMITING

These are signs of poisoning.
2. 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 know
which insecticide poisoned the person.
3. 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 vomit!
Make the victim lie down. Keep him warm, and do not

Tet him move until you can get him to the doctor.

4. IF: The person spilled a insecticide concentrate or oil 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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5. 1IF: The person is overcome by breathing the gases of a fumigant.
THEN: ACT QUICKLY!
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.




PC/VITA GRAIN
STORAGE MANUAL

SECTION 6/PART 2

ENEMIES OF STORED GRAIN
PART 2: RODENTS

Rodents in many countries are healthy enough to provide a meat source for
humans. In many cases, this is because they feed so well on the farmers'
grain.

Rodents damage crops in the fields and in storage. They can eat a lot of
grain. They make the stored grain dirty while they are eating it. They
damage buildings, storage containers, and many other things on the farm.

Rodents also carry diseases which people can catch from eating and handling
grains the rodents have contaminated (made dirty).

There are many kinds of rodents, but rats and mice do the most damage to
stored grain.

STORED GRAIN RODENTS «

The type of rat and mouse
may differ depending upon
the country or the area.
But, in many parts of

the world, there are
three important rodents
which can be found moving
from house to fields to
storage looking for food,
water, and good living
conditions. These three
are:

Rattus Norvegicus

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

Also called Roof Rat, Ship Rat, Black Rat,or Alexandrine Rat. This rat
weighs about 250 grams when fully grown. It has a long tail and a
pointed nose. These rats can be brown, grey, black, or light brown.
These rats like to climb more than they like to dig. They can climb
outer walls of concrete, perpendicular pipes, wires, and trees. 1In
many areas, Rattus Rattus is the most dangerous stored grain rodent.

Mus Musculus

This is the well-known house mouse. 1t weighs only 16 grams. It has a

Tong 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 numbers.
Mice eat a lot of grain. Also, because they usually eat only part of the
whole grain, mice ruin even more grain than they eat.

Rats and mice have big families. Most of the young rodent§ die before
they are grown. But the adults reproduce so quickly that it does not take
long for rats and mice to become a big problem for a farmer.
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HABITS AND CHARACTERISTICS OF STORED GRAIN RODENTS

Fortunately, if the farmer understands

how rats and mice 1ive, and if he knows
what rodents will and will not do, there
are many things he can do to fight rodents.
Here are some important things to know
about rodents:

. 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
during the day and night. If grain is stored in a dark,
cool place, they will go in at any time of day.

. Rodents always go the same way. When a rodent is going
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.

. Rodents stay away from new things. If a farmer places
food on a rodent path, some rodents will 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
toenails. Vines, drainpipes, and wires are good runways for
rats and mice. Rats can reach about 32cm up a wall and can
do a standing jump of almost 60cm. They can do a running
jump as high as 90cm. Even a mouse can do a running jump
of 60cm.

. Rodents can swim. They are not afraid of water. They look
for drains under water. Piping systems underground are often
travelled by rats.

. Some rats can dig. Rats and mice 1ive close to food and water.
The roof rat likes to nest in ceilings, but the MNorway rat digs
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I W el

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 1ike some foods more than others. Some of the foods
they 1ike 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
recognize certain rats by smelling the pathwayvs 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 likely that a farmer
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 farm and eat his grain.

FINDING RODENTS ON THE FARM

A farmer must know where rats are before he can fight them. And there are
things a farmer can look for which will tell him where rodents are living
and show him their pathways and homes.

Holes, Nests, and Burrows

Rodent holes are usually found outside houses and buildings. These holes
also appear inside in soft foundations or earth floors. To see if a hoie
is being used all1 the time, the farmer can block it lightly with a piece
of earth., If the earth has been moved, the farmer will know the hole is
beigg used. Holes in use are free of dust and spider webs. They look
used.

Mouse holes (2.5cm in diameter) are smaller than rat holes (7.5cm) and
also are found inside and outside.

Rodent nests also can be found outside and inside. Outside, nexts are often
made of grass or leaves and are located near garbage and rubbish piles.
Inside, nests are made of paper, dry hay, straw, shredded cloth, and so on.
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Norway rats like to live in the ground. Their burrows (underground nests)
can be found along the outside walls of buildings and in dirt basements.
Some of the burrows are away from buildings in brush, bushes, and piles

of dirt. Often these burrows are joined under the ground.

Runways and Smears

Rodents use the same paths. So, after a number of days of using the same
path outside, rats make trails in the grass. Search for these paths in
areas where the running rat would feel most protected. 0On dirt, the runway
may appear as a clean-swept path 5.7.5cm wide.

Sometimes a rumway which is used often is marked by a greasy smear from the
oil and the dirt that rats and mice have on their bodies. Check for these
smears around gnawed holes, along pipes, on edges of stairs, along walls

or other places a rodent might run.

Mouse runways are harder to find because they are smaller.

Footprints and Tail Marks

These are found when rodents have been running over dusty or wet places.
Some farmers will find tracks on the surface of grain sacks. Rat tracks
are large: the back foot of the Norway rat can leave a print 37mm long.
Mouse footprints are much smaller and harder to find.

Droppings

%’ @ S0 I?Touse
NORWAY RAT ROOF RAT MOUSE

Each kind of rodent drops a different shape of feces from his body. The
farmer should check for droppings near runways, holes, corners, food, and
other places he feels rodents would go.

New droppings often are shiny and wet-looking. The color is usually black,
but changes depending upon what the animal eats. The number of the droppings
can give some idea of how many rodents are eating the grain. It is wise

for the farmer to think in terms of more rodents than droppings. Some
droppings may be eaten by insects, and some rodents will run by without
leaving droppings.
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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. It is a very
obvious sign that rodents are present.

CONTROLLING RODENTS WITHOUT USING POISON

Rats and mice need food, water, and places to hide. Rodents usually choose
to live where these things are available close together. They do not

like to travel far from home to find food and water. They like to live
beneath wooden floors near chicken houses, barns, granaries, corn-cribs.
They live in piles of wood, lumber, and trash, and in straw hay. Rodents
need room to grow undisturbed.

Farmers who use their knowledge of rodents' habits and characteristics can
fight rodents by not giving them food, water, and places to live. Keeping
cats and dogs to chase and kill rodents will help, but not enaugh.

The three most important things 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 them;
and to set out traps.




Keep the Farm and Storage Area as Clean as Possible

. Do not pile food or trash around the outside
or inside of farm buildings.

. Bury or burn all garbage and old food away
from the house or storage place.

. Place all food items in covered containers.
. Store grain sacks off the floor.
. Sweep out all dirt, dust, straw, old

cloth that rodents might nest and
hide in. !

. Cover dirt floors with a thin layer of l
mortar, if possible. This keeps rats
from digging up through the floors.

I
. Keep the grass cut short around all gh

farm buildings. Rodents like to =
hide in tall grasses. -e -
CLEAN (aRAIM SToRAGE

. Cut any tree limbs which touch windows AREAS

to keep rats from climbing the trees
and jumping in through the windows.

Rodent-Proofing

This simply means the farmer must store his grain so that the rats and
mice either cannot get in or have to work very hard to do so.

. Construct granaries of mud. Farmers in some areas have found
these are not attacked by rodents too much, especially when
they are built off the ground. In other words, storing grain
above the ground helps keep rodents away.

Place cribs for grain storage, such as the
one described in this manual, at least 75cm
above the ground -- because rats can jump.
Put barriers on the legs of the cribs so
that the rodents can not climb the legs.
These barriers are called rat baffles or
rat guards. Baffles can be made from tin
cans. The instructions for making these
baffles are on a separate page at the end
of this section.
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. Never place a bicycle or other piece of equipment against

storage places. Rodents use such items as Tadders 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 climbirig.
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 ngtting.

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 kinds.

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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This trap works if the number of rodents is not too qreat. A small-scale
farmer can easily put several water traps around his storage area.

The best traps consist of a base, a spring,and trigger and heavy wire. The
heavy wire is bent back and held by a spring. The spring is released when
a rodent steps on the trigger. The wire snaps down on the rodent. These
traps can be made, but it usually requires too much time to .make enough
traps.

On the other hand, traps can be expensive if a farmer needs many of them.
The number of traps he needs depends upon whether he is seeking to control
rodents in his grain fields, in his storage area, in his home, or in all
these places. He can protect his grain best by controlling rodents at all
these points. So a farmer has to figure the number and kind of traps he
needs. There are a number of kinds available:

Snap Traps (Also Called Wood Traps or Breakback Traps). These have a flat
wooden base. They ki1l with a heavy wire which is pulled back by a spring.
When a rat or mouse touches the trigger, the wire comes down over the rat,
breaking its back.

Snap traps come in a number of sizes. The trap for a rat should be about
9 x 22cm. The traps for mice need to be only 5 x 10cm. Some farmers
place pieces of food (bait) in these traps to attract mice and rats.

Putting food in the traps is not necessary if the farmer places the trap
in a rat runway.

Steel Traps. These traps have a base with a trigger and two steel jaws.
When a rat steps on the platform and releases the trigger, the jaws snap
together. A steel trap with 9cm jaws is good for rats. The problem with
steel traps is that rats usually do not die, but are caught. This means
the farmer must kill the rat himself.
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Tunnel, Box, and Cage Traps. These do not use bait. They are placed in
runways and other places 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. How much would it cost
to buy all the traps?

. 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
food in it. Rodents do not 1ike 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. MWould 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 Condition of the Trap

. 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 wel:.

. 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.

Baiting the Traps

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 man's
finger.

. 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 1ike old food. Change from one kind of L2it to
another.

Placing the Traps

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 should expect this. 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 traps with straw, dust,or other material which
hides all of the trap except for the bait. This is done
only when there is no danger that people and animals
will step 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 place traps on shelves,
beams, pipes, 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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CONTROLLING RATS WITH POISON

N
Using poisons to control rodents is cheap,

in most places, and effective.

BUT RODENTICIDES (POISONS WHICH KILL RATS
AND MICE) CAN POISON HUMANS AND OTHER
ANIMALS AS WELL. IT IS VERY IMPORTANT,
THEREFORE, THAT FARMERS KNOW WHICH
POISONS TO USE AND HOW TO USE THEM.

There are two kinds of poison used for
killing rodents: acute poisons and
anticoagulant poisons.

Acute Pofsons

These are also called single-dose poisons. Rodents need to eat only a
few mouthfuls of this poison. Death occurs quickly -- usually within a
half hour.

The most common of the acute poisons are zinc phosphide, arsenious oxide,
and sodium fluoroacetate (also called 1080). Some tropical countries are
also using thallium sulphate, yellow phosphorous, aluminum phosphide,
calcium cyanide, strychnine, MNorbomide, Eastrix, and Antu. Some of

these are only good for mice, some for rats. This manual discusses only
some of the most common poisons effective against grain storage rodents.
If one of the other poisons mentioned is being made available to farmers
in your area, you might prepare information sheets on the proper use of
that poison -- such as the ones attached to the end of this section.

Anticoagulant Poisons

These poisons must be eaten by rodents for a number of days before death
occurs. They are used at a Tow dosage. In other words, there is only a
Tittle mixed in with the food each day. These poisons cause rodents to

bleed inside their bodies and die.
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The best known anticoagulant poison is Warfarin. Others are Coumatetraly]
%Racum;n), Chlorophacinone, Pival, Fumarin, PMP, Diphacinone, Rodafarin
India).

Choosing a Poison

The kind of rodent is importiént 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 ones
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 1ot 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.

Preparing Bait

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 bait.

Here are directions for mixing baits:

Dry Anticoagulant Baits. To make 10kgs of Warfarin or Coumatetralyl ready-
to-use bait:

. 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).

Qily Anticoagulant Baits. These baits are used instead of dry baits in
wet places, and in places where the bait will stay for some time. The
cereal does not have to be as fine as for dry bait. Rats like the bait
when it has sugar, molasses,or some sweet food in it.

. Mix (by weight): 17 parts cereal
1 part sujar
1 part Warfarin Master Mix

. Stir welly so all dry ingredients are mixed.

. Add one part (by weight) 0il -- liquid paraffin or
white 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 1ike damp baits, but these baits dry out quickly.
Damp baits are usually used with acute poisons. There are several ways
of making damp bait:

1. Wet Cereal. 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. Damp, Coawwse Ceneal. Soak (by weight) 2 parts cereal
in 1 part water for 1 hour. Stir several times. Add
poison and use.

3. Bread Mash. Soak old bread in water. Drain off extra
water. Pound wet bread to a paste. Mix in poison and
use.

Liquid Bait. These are useful in dry situations. Rats living in stored
grain areas have to go looking for water. Other sources of water should
be removed as much as possible. Liquid baits then are placed as drinking
water.

Liquid baits are simply poisons dissolved in water.
They may be acute or anticoaguiant types of poison.
Sodium fluoroacetate, Warfarin,and Pival all are
used in making liquid baits.

Liquid baits, however, lose their power in two or
three days in warm weather.

Placing Baits

There must be plienty 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
usug]ly travel in an area of gbout
45m~and mice stay within a 9m“area.

Placing Acute Poisons. Here is one method:

. Prepare 10cm x 10cm square papers, banana leaves,or like
material.

. Place poisoned food in the middle at one end.
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. Ro11l 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.

Another 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.

Placing Anticoagulant Poisons. These poisons are probably the best ones
for you to recommend to farmers. They must be used carefully. But they
are relatively easy to use.

It is important to keep enough bait out for a long enough period of time.
Keep bait out at least two weeks. Each pile of bait should be 200-250cm,
and 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 6f bamboo. The bait can be
placed directly on the ground, but it may get wet and moldy.
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. Construct bait boxes and use them E;;::::f

and boards, pipes,or cans in
certain places to hide the bait tf’“‘“'

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
not 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.

FORMULATIONS: . 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
will nibble at it.

These formulations are easy to use. But they should be used with great

care.

WARNING: ALL POISONS ARE DANGERQUS!.
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
children.

NOTE: If someone swallows Warfarin, make him vomit. To make someone

vomit -- stick your fingers down his throat or make him drink
warm water with salt in it. Vomiting empties the stomach. Get
the poisoned person to a doctor as soon as you can.
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TYPE: Anticoagulant rat poison

FORMULATION: 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%). Place on surfaces where rats
run.

USES: Use as you would use Warfarin.

WARNING: 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.

KEEP AWAY FROM CHILDREN WASH YOUR HANDS
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CHLOROPHACINONE
OTHER NAMES:
TYPE: Anticoagulant poison.
FORMULATION: . 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.

WARNING: 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 while using
poisons.

Never use these formulations near food.

KEEP AWAY FROM CHILDREN WASH YOUR HANDS AFTER
USING POISON
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WARNING:
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SODIUM MONOFLUOROACETATE

Compound 1080
Acute Rat Poison

Must be used as a Tiquid. When using the liquid,
you must obey all the safety rules for handling
poison.

VERY DANGERQUS TO MAN. THERE IS NC 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 1ot of running
water,

Keep it away from other people and animals.

Burn or bury all the tools and containers used
to mix and hold the poison.

USE RUBBER GLOVES AND WASH YOUR HANDS CAREFULLY
AFTER MIXING THE POISON.




RAT BAFFLES

Materials and Equipment

* 1 flat tin sheet (30 gauge, 0.9 x 2m)

1 pair tin shears or sharp chisel

1 hammer
Chalk, charcoal, 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,Qiameter at the narrow end. The size
will vary with the size of the lTeg which the baffle must fit.

. Mark out baffles on tin sheet with chalk or charcoal be-
fore cutting them out.

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

. Start with the thinnest leg first. Cut out the hole in the
middie of the baffle 1ittle by Tittle. 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 leq. 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
is not round.

NOTE: You can use whatever thin metal is available. 01d 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 Teg with nails or wire.




Rodents -99-

RAT CONTROL SERIES

SUGGESTED USES: This series of scripts is a short version of the material
in the rodent section. The scripts could be used as part of a campaign
to alert farmers to the damage rodents do, and to the steps which 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 ahout rodents.

SCRIPT # 1
RODENTS ARE EVERYWHERE

Rats live in your houses.

Rats 1live in your fields.

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. There is less grain for you
to sell and eat.

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 farm.
Remember: Rats bring sickness to you and your family.

Rats steal tood and grain.
Rats make your grain dirty.
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Rat Control Series
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. They are not afraid of water.
Rats are smart. They can stay away from traps.

Rats have iarge 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. They make nests using straw,
feathers, papery and other pieces of trash.

Rats hide around homes and storage places. Rats like to live near
food.

Some rats live under the ground. They like to live near grain growing
in the field.

Rats 1ike to eat at night. Rats move around at night.
Rats use the same road every time they make a trip.

Rats find many places to hide on a farm. You must look carefully to
find them,

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. 01d 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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Rat Control Series
SCRIPT # 3
FIGHTING RATS WITHOUT POISON

. Rats must have food and water to live.
Rats T1ike dirty places.
Keep your home and grain storage places CLEAN.
Make sure rats do not get food.

Put old food into a covered container if you want to use it later.
Do not leave food on tables or shelves.

Feed o1d food to the pigs and chickens right away.
Bury garbage. Or burn garbage.

Clean around the outside of buildings. Do not leave piles of garbage,
rags, paper, leaves,and cans. Rats like to hide in these things.

Keep grass cut short.

Cut tree branches that grow near your home and grain storage area.
Remember rats can jump. They can jump from the tree to the building.

Make sure rats cannot get under the door of your home or storage area.

Put strips of metal along the bottom of doors. Rats cannot bite through

metal.

Close all holes in wooden buildings with metal sheets or flattened tin
cans.

Fill holes in plaster, brick,or mud walls.

Use rock or concrete floors. Rats can come up through the ground into
the storage area.

Store grain in covered containers. Place containers off the ground.

Put metal bands around the bottom or legs of grain containers. This
keeps 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 mav have tn uce rat nnienn alen Cantar sion worker
You may nave o use rat pPo1son aiso. vonitall your extension worker.
Do not use poison before you talk to the extension worker. POISON
IS DANGEROQUS.
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Rat Control Series
SCRIPT # 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 which poison to use. He will know how to use the
poison. He will know where you can get the poison.

Remémber 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 will not eat this poison. They know this poison kills.
Ther. 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 workek
how much poison to mix with the bait.

Add some corn 0il, coconut o0il, 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
these boxes and containers.
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There are different kinds of bait boxes and containers.
You can put bait in pipes made of bamboo or metal.
Put bait in tin cans.

Put bait in small dishes made out of bamboo or tin cans. Put dishes
inside the bait 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. Rats will not eat poison
if they can eat grain.

Check all bait containers very often. The poison bait must not get
too old. Rats will not eat ¢ld 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, animals, and people.
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Rat Control Series
SCRIPT # 5
FIGHTING RATS WITH TRAPS

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

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

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. Do not
use rat poison in these places.

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. Make sure the bait is still there.

Do not touch dead rats. 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 carefultly.

Do not let children play with traps.
Use traps near food and grain. Never use poison in these places.
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- ITlustrations by VITA Volunteer Ken Lloyd
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PC/VITA GRAIN
STORAGE MANUAL

STORAGE METHODS

INTRODUCTION

Each farmer has some method of storing his grain. Any improvement in

this storage method must be made by steps the farmer sees as the right
ones for his situation or need. A farmer who stores his grain in sacks in
a corner of his house may not be ready to build a cement silo. Because
this farmer is afraid that thieves will take his grain, he may not want

to build any type of storage container outside his house.
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For this farmer, trying a different drying method, or cleaning his storace
bags, or improving a stacking arrangement, or adding insecticides to sacked
grain could be a large, first step toward improved storage.

If a farmer is complaining about insects and rodents eating his stored
grain, you have an opening to say, "Let's do something about that problem."
But if the farmers in your area feel, "It's always been that way, and there
is nothing we can do about it," your first job is to convince the farmer
that there is something he can do about his problems.

Only you can introduce the material from this manual because you know the
area where you work. Hopefully, the earlier parts of this manual have
provided a 1ot of helpful information and material. If a farmer is not
ready to make improvements in his storage method, perhaps you can find the
material in this manual to put together leaflets which would help show
what change could do for him. One convinced farmer may be all it takes

to get things started.

Change only begins when farmers believe that new ideas and technologies can
be helpful to them. They may start out by making only small changes in

the method already being used. But the important point is that something
different is being tried. Then, when the fariner sees an improvement in

the quality of his stored grain, you have an opening to say, "Now perhaps
you would 1ike to try a storage method that can do even more for you."
Perhaps that is the time to suggest a metal drum or 2 mud silo.

You know from your work that change seems to be accepted very slowly. It
is good to keep in mind the fact that for a farmer who has always done
things the same way, adding a small amount of insecticide to a sack of
grain is a large change. It is very easy to give people more than they
want or are ready to receive.

This section of the manual brings together all the grain storage information
which was introduced earlier:

It discusses and shows some traditional storage methods
and gives specific directions for improving these methods.
Some of these methods are sack, basket, and pit storage.

It gives plans for, among others, mudblock, ferrocement,
0il-drum and cement-stave silos.

It describes other storage possibilities to give some
idea of the range of methods in use.
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This section, tngether with the earlier parts of the manual, ought to he]p
you to help farmers define their choices. To provide even more information,
there are some valuable appendices to the manual:

Appendix A -- Examples of leaflets illustrating improved
storage methods which are being used in certain parts of

the world. These leaflets are included to provide suggestions
and guides for preparing similar materials.

Appendix B -- A guide to selecting moisture meters.

Appendix C -- Guidelines and dosages for insecticide use
with grain stored under a variety of conditions.

Appendix D -- Part of the text of a VITA publication des-
cribing ways of testing and using local plant materials to
provide waterproofing for buildings made of earth.

Appendix E -- The text of a paper dealing with the problem
of 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-
zations, and individuals concerned with small-farm level
storage problems.

Appendix G -- Conversion tables.
FEEDBACK

As stated earlier, this manual will be reviewed and updated as new ideas,
plans, improvements, etc., become available. For the revision process to
be most valuable to you and other users of the manual, please send in your
comments and the results of your use of the manual. There is one reply .
form located at the very beginning of the manual, and another is attached
here for your convenience. If the reply form is missing from your copy
of the manual, just give all your comments, a description of the problem
you are 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

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:

PROJECT DIRECTOR

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 possibie,
the authors will try to provide or direct you to an answer.

Date

Your Company or
Your Name Agency, if any

Your Address

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 rost useful?
Least useful? Wny?
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3.

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

Have you made improvements or 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 cnes mentioned in the plans?) If

you have made impraovements or changes, please describe what you did
that was different. Include photos, sketches, etc., if possible or
important.

Do you know of other methods or equipment which| are not included
here but which you Teel should be included in a new edition of the
Manual? If you do know of such methods, etc., please include the

information here.

Did you have any problems using the Manual or implementing any of
the plans. If you did have a problem, please describe it completely.

Do you have other comments and suggestions for following editions of
this Manual?




Ston e Methods -7-

STORAGE PRINCIPLES

Whichever kind of storage method a farmer uses, there are certain principles
upon which every method is based. Every storage container, no matter what
it Tooks like or what it is made of, should:

keep grain cool and dry.
protect grain from insects.
. protect grain from rodents.

A1l storage methods try to do the above three things. But to do these
things requires the following good storage practices:

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

2. Putting only clean 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 grain regularly while it is in storage to
make sure it is not infested, and following recleaning
instructions to destroy insects, if they are found when
the grain is checked.
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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 which follow in this section,
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

Suggested Use: 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. g

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,
so0 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
thick walls.

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
1ive 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.

Fi1l 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. This
will keep out rats, chickens, and birds.

The roof must keep rain from coming in. The grain
must be kept dry.

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 € tension worker will know what poison to use. He
will know how to use the poison.

Always remember that many poisons can kill animals and
people.

Use insecticide on the inside and outside of your
storage area.

Put insecticide on all cracks and small places where
insects like to live.

Put out traps for rodents.

A good storage place is free of insects and rodents.
It is clean and dry.




-17-

Storage Methods
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STORING GRAIN IN BASKET GRANARIES

Grain has been stored in basket-like containers made of grass, reeds,
bamboo strips, or small branches for thousands of years. The parti-
cular building material depends upon the plants available near a farmer.

These basket granaries are so traditional and widely used that it does
not seem necessary to include a plan for making them. There are almost
as many different kirds of baskets as there are villages making them,
and the skills for this kind of work are passed on within families.
What this manual will present is some suggestions for improving basket
granaries so that grain stored in them is more protected from insects
and molds.

To increase the protection of grain kept in baskets:

Keep the basket off the ground. Make a strong platform
upon which the basket can sit. The shape of the plat-
form will depend upon the shape of the basket. Putting
the basket on a platform prevents moisture from coming
through the ground into the basket. The platform also
offers more protection from rodents.

Make sure the basket is well-protected from the rain.
If it is a grass or reed basket, keep it in the house
or some other dry building. If it is woven of material
which can be kept outside, make sure the rocf thatch
does 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

baffles.)

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 N
OR REED THATCH

WOODEN COVER PLASTERED
IN PLACE AND SEALED
WITH CLAY AFTER
GRANARY IS FILLED.

CLAY PLASTER

{
¢
I
{
[ §
}
—_

INSIDE & QUTSIDE } TIN WITH PRESS-ON LID

1

. _ (e.g. COFFEE TIN) WITH
<~ BOTTOM REMOVED. SET INTO
WALL TO PROVIDE INSECT-
PROOF IMPTYING SPOUT.

PLATFORN ——3 %

Y

o Lecs — | )
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INSTRUCTION SHEET FOR STORING GRAIN IN BASKETS

This instruction sheet includes some directions for using insecticide
in basket storage. VYou should include the names of insecticides avail-
able in your area which are appropriate for use with grain being stored
in baskets. (Malathion and Pyrethrum are mentioned.)

You may want to use the information to make two instruction sheets:
one explaining good basket storage without insecticide; the other,
with use of insecticide. Also, you may want to illustrate the sheets
if you hand them out tc farmers in your area who use basket granaries.

CLEAN THE BASKET AND THE AREA:
Make sure the area around the basket is clean. Baskets
should 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.

Clean 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 basket 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 dry grnain on a plastic sheet, clean fLoon,
on hard-packed ground.

Spruinkle insecticide oven the ghain. Use 1 packet
(4 0z.) of Malathion on pyrethrum dust fon each 100
kg 0f ghadn.

Mix the grain and {nsecticide uith a shovel until
they ane mixed verny well.

1§ you arne stoning more than 100kg o4 grain, you
mudt use more ind-cticide.

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. IF YOU FIND
INSECTS:

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 PEQPLE TO EAT.
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STORING GRAIN IN SACKS

Putting grain in sacks (bags) is a very old
method of storing. Storage sacks are made
of woven jute, hemp, sisal, local grasses,
cotton -- whatever material is available
in the area. Sacks are relatively expen-
sive as they do not often last for more
than two seasons. Sacks do not give a lot
of natural protection against insects,
rodents, and moisture. But sack storage
has some advantages for the small farmer,
and there are things farmers can do to
protect their sacked grain.

The Advantages of Sack Storage for Farmers:

Grain stored in sacks 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.

Sacks are easy to label. Farmers can label old
grain sacks and new grain sacks to keep them
separate. Seed grain can be marked and kept
separately from the other 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 village's
farmers. It is easy to mark sacks so that each
farmer's 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 dry as 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 platforms 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

sacks.

FIRST LAYER

OPEN SPACE
IN CENTER FOR
AIR CIRCULATION

SECOND LAYER

CONTROLLING INSECT ATTACKS ON SACKED GRAIN

[ )

VS

Clo%E CcrRMKS TIGHTLY

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, 1ight a fire and burn all the insects found, so they
will not move right back into the grain.

+  Clean the room well before placing
the sacks inside. Make sure there
is no dust, dirt, and old grain left.
Sweep walls and ceilings as well as
the floors. Some farmers may want
to burn a small, smoky fire in the
room to drive out insects, if they
are not going to use insecticide to
protect the inside of the building.

SWEEP STORG ReomM THOROUGHLY
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If Insecticide Is Available

Apply insecticide to the :torage building. You can recom-
mend DDT, Malathion, and vindane 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
Malithion 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.

0D sAzus sHould BE WASUED LAY SAWKS OQuT N HaT <uM T DAY
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Use only clean, dry grain. The grain should be checked.
It should be free of insects (the easily seen adults,
at least).

Mix ash from cattie dung or wood or fine sand with the
grain if insecticide is not to be used. Use one, 10-liter
bucket of ash for each 100kg of grain.

Stack the sacks carefully (as shown earlier). The plat-
form holding the sacks must be placed away from the walls
because, for example, there are insects which live in
wood and thatch which will move to the stored grain.

Dar'y STORE GRAIM od TLaoR,
OR AGAIIAT THE waLL,,

Check the grain regularly. If no insecticide has been used,

a farmer may have to dump the grain out, get the insects out,
and re-bag the grain every two months or so. If, for example,
Malathion is used, that insecticide possibly will have to be
reapplied after four months of storage.

CONTROLLING RODENT ATTACKS ON SACKED GRAIN

Keep the area around the sacks clear of dirt,
broken grains, grain dust, and trash. This clearing
makes it harder for rats and mice to find home and
food near the stored gratin.

-- 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 attacking the orain. but it does
make cleaning, poisoning and baiting, and looking
for rats and mice easier.
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-- 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 information
on using traps and poisons to control rodents).

oA

KEY POINTS FOR SUCC=SSFUL 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

ng insecticides and dosaz.s are recommended for direct mixing

athion. Use 120 grams of 1.0% dust for each 200kg
~of grain.

-- Lindane. Use 120 grams of 0.1% dust for each 200kg of

grain.

-- pyrethrum. Use 120 grams of 0.2% pyrethrins plus 1.0%

If you can

piperonyl butoxide dust for each 200kg of
grain.

find Malathion, for example, only in 2%, 5%, or .5% mixtures,

you will have to adjust the strength of the insecticide. For example,

if you are
per 200kg.

using 2.0% Dust, you need to use only 60 grams of 2.0% Dust

Apply the insecticide to one half sack of grain at a
time.

Empty one half of the grain from a sack onto hard-packed
earth, a plastic sheet, or clean floor.

Put 60 grams of insecticide dust on the grain.

Turn the grain over and over with a shovel. Make sure
the grain and insecticide are well-mixed.

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

Put the rest (the other half -- 60 grams) of the in-
secticide on the grain.

Mix very well.

Put the grain back into the bag and close it tightly.

REMEMBER:

THE GRAIN MUST BE DRY BEFORE THE INSECTICIDE CAN BE USED.

INSECTICIDES DO NOT WORK AS WELL IF THE GRAIN IS T00 MOIST.
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TREATING STACKS OF BAGGED GRAIN
RECOMMENDED INSECTICIDES AND DOSAGES

There are two ways to apply insecticide to stacks of bagged grain:

1. 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 Q.5% Dust per square meter

2. 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.

When this treatment is finished., apply a band of insecticide around the
bottoms of the stacks to control crawling insects. Malathion is best
for this job, though where it is not available, Lindane or DDT may be used.
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STORING GRAIN IN SACKS

Suggested Uses: This is an easy-to-read summary of the important

things to remember for good sack storage. Pick out
the points that best fit your 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. You can store them in a corner
of the house.

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. It is easy to show which grain
belongs to you.

Insects, rats, and molds can attack grain kept in sacks.

You can protect the sacks from these dangers. You must start
before the grain goes into the sack.

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 in with 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. Smell for
mold. Look for wet places.

If you find insects or mold, dump the grain out of
the sack and leave it in the sun. Sieve the qrain.

Clean the sacks again.
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Put the grain back into the sacks immediately after
cleaning.

REMEMBER: THERE ARE POISONS WHICH YOU CAN ADD TO THE SACKS OF GRAIN
AND OTHERS WHICH 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

INTRODUCTION

Insects can still grow and reproduce in very dry grain. Grain dried to
a 12 or 13% moisture level will not mold, but can still be very good food
for insects.

The moisture level in grain has to be 9% or less to slow dawn insect
development. Very high and very low temperatures also slow down insect
growth. But most farmers will have trouble getting their grain below

12% moisture and in using temperature to control insect development.

They often do not have the special equipment necessary to do these things.

More and more farmers do use insecticides to control insects in grain.
But some insecticides are dangerous; some are expensive; sometimes they
are not available; and there is increasing concern about using chemicals
of any kind on food products.

HOW IT WORKS

Airtight storage simply means putting grain into containers which keep

air from getting into the grain. Some air is let into the container at
the time the grain is put into storage. But after the container is sealed,
no more air enters. The respiration of the grain and any insects in it
uses up all the oxygen. Insects need oxygen to live. They die without

it. 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 1id or a g
p]astig 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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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 insec*s, 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 1ight 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. A1l
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 used for this.

. Filling airtight storage containers to the top
is important. Full containers, which are sealed
against air, can ki1l 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 1ot of grain.
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Keering the storage container closed. Unless the

7 ‘vtight container is quite small, farmers probably
w111 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 keeps 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
airtight when used correctly and are very likely to make up their costs
by good storage of grain. Other methods, such as the Improved Mudblock
Silo, are harder to make airtight, take longer to build, and require more
upkeep. But they can hold large amounts of grain, and they can be made
with local materials.

Airtight storage is something farmers who store dry grain should work
toward. (REMEMBER: IF THE FARMER IS STORING GRAIN WHICH HAS A MOISTURE
CONTENT OVER 12-13%, HE SHQULD NOT USE AIRTIGHT STORAGE. Grain which has

; hig? mgisture content should be stored so that air can pass over the
ernels.

The rest of the material included in this section describes storage
methods which are, or can be made by making the various improvement des-
cribed here, quite airtight and waterproof. Hopefully, this material
will serve as a useful guide to some:of the storage possibilities that
are available to small-scale farmers.
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STORING IN GOURDS AND BASKETS

Gourds are the hard, dried outside cases (skins) of certain fruits. They
are found in many places and are used for storing small amounts of grain.
Grain for planting is often stored in gourds.

Scientists are working to discover ways of making gourds effective airtight
containers for grain that has no more than 12-13% moisture in it. Here
are some of the findings:

Linseed 0il or varnish painted all
over the outside of the gourd
makes it almost airtight.

The stopper or cover for the gourd
has to be sealed well.

Pitch and bitumen are easier for
farmers to get and seem to make the
gourds airtight.

Any thick substance which will stick
to the gourd will work very well.
There are probably local materials
which can be found and made to seal
the gourd. See Appendix D. It is
1ikely that some of the materials
found for waterproofing soil would
be useful to seal the gourds. If
the material stays sticky and does
not dry, sprinkle sand or earth all
over it.

If gourd-shaped vessels made of clay or other local materials are avail-
able in your area, perhaps these can be made airtight in the same way.

Baskets made of local materials also can be made more airtight. Cover the
baskets inside and out with mud plaster. Make sure the cover closes
tightly. The outside of the basket can then be coated with a waterproofing
or sealing material.

Possible advantages: Disadvantages:
Useful for storing seed grain - Gourds do not hold large amounts
and smaller quantities for food. of grain.

Easy to get to the grain and to
check for insects.

Easy to label,so the farmer knows what
kind of grain 1s in each container.
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STORING GRAIN IN UNDERGROUND PITS

Farmers store grain in underground pits (holes) in many parts of the world.
Pits are used for storing threshed sorghum and maize. They also are used
for wheat, peas,and beans. In areas where pit storage is used, it has
served farmers well as a way of avoiding theft of the grain (because the
pits are hidden). Also, because the pits are dug deep into the earth, they
keep the grain cool. In addition, some pits are relatively airtight.

However, pit storage is generally not a storage method to encourage a
farmer to adopt. If a farmer is looking for a storage method, he is more
likely to get airtight storage by using oil drums, plastic sacks, etc.

DRY PITS

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

WET PITS

In some areas, farmers build wet pits. During the rainy season,the water
in the ground may rise right into the pit., The grain in this case is full
of water. But the grain respires more quickly when wet and uses up the
oxygen. Insects and molds 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 his
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 suggestions
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 pe taken by thieves.
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Improving Pit Linings

The other area where pits can be improved is the lining used in the pit.

Sthaw and Mat Lining

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 1ining and pouring the grain until
the pit is full.

Seal the pit.
Earth covering

------ 2 "R
A ”(q.__ﬁ?g\

Waterproof
— barrier

Cross-section of an

underground pit
\ You can make the

pit another shape

Straw 1ining~\\\\ 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.
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Plastic Bags

Place very dry grain in
plastic sacks.

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

Advantages:

Airtight if the bags are well
sealed.

A farmer 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.

Plastic Lining

. 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.
Fi1l 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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Using PRastic Lining and PRastic Bags 4in Larnge Pits

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.

Pour dry grain into the space between the floor and the tops
of the sacks.

Put another layer of filled plastic sacks against the walls
on top of the sacks already in the pit.

Fill the space with grain.

Continue placing plastic sacks against the sides and pouring
in grain until the pit is full.

Cover the top of the grain with plastic.

Seal the pit in the usual way.

—-— - - == m e
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Advantages: 5:$55w2??? of the grain X __\-plastic sheet

Stores large amounts of
grain.

Disadvantages: 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. {

. \ )
Concnete Linings plastic sheets

There has been work done on various concrete linings for underground pits.
Because this method requires more labor, material and money, it is not

as easy for a small farmer to use. However, it will be outlined in more
detail in the part of this manual which discusses ferrocement.
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STORING GRAIN IN PLASTIC SACKS

Plastic bags make good airtight storage containers.
Use plastic bags which are .20 to .25mm thick (500-700 gauge).

Make sure there are no holes in the plastic. Even the
smallest hole will cause problems.

Some insects canpuncture plastic when trying 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.

Fil1 the sacks and seal them tightly.

. Store 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.

The following leaflet, prepared by VITA artist, Ken Lloyd, is designed to
show farmers a good procedure for storing dry grain in plastic sacks.
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MAKE <UuRE THERE
ARE NO HOLES
IN THE BAl.

OF 4TRING

®

_ @ PUT Cotron LINER
Fod BAcK TeP OF INSIDE THE PLASTIC
PLASTIC BACG BAG.

THEMN FoLd THE TP
OF CotroN BAG OVER
THE PlLASTIC BAG.
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GRAIN.

@ Draw BAWK THE
PLASTIC CUEF

FoLd TUE corTon BAG
OVER THE ToP oF TUE
GRAIM. TIE wiTH A
STRING.

(MAuE SURE THERE ARE
NO 9EEDS BETWEEN
LINER AND PLASTIC
BAG.)

@ SQUEEZE PLASTIC TIGHTLY
ABOVE THE TIED CotrTTond
BAG TO PRESS AIR OUT.
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@ FoLb uP THE SuRPLUS
PLASTIC AND THEN
REMND THE FoLD BACK
ON I TSELF.

@ TIE THE TWO UALVES OF

THE FoLDd TIGHTLY
To GETHER.
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STORING GRAIN IN METAL DRUMS

In many parts of the world, 220-litre oil drums
are available and not too expensive. If farmers
in your area can find oil drums, this is a
storage method which may be a good improve-
ment.

Sorghum, maize, millet, cowpeas, and groundnuts
are among the materials which can be stored
successfully in these drums. The grain should
be dry (12% moisture or less) when it is put
into the drum.

Here is 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 settle; then fill it
again,

Make sure the drum is full.

Screw the cab on tightly. If the rubber ring on the
inside of the cap is missing, smear the cap with grease.

Each drum holds about 660kg of grain.
Advantages: Provides good airtight storage control of insects.
Protects the grain from rodents.

Works well for seed grain; does not seem to hurt
the ability 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 1id is sometimes available.
But this 1id 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

Metal bins are being tried for small-scale use in many parts of the world.
In some areas, farmers can buy metal bins in different sizes. They are
sometimes expensive, and they rust in moist areas. Often a farmer needs

to be a member of a credit program to get the money to buy this type of
metal silo or bin. Then he repays the money for the cost of the bin. Hope-
fully, the bin pays for itself by reducing losses to the stored grain due

to attacks by insects and rodents.

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

CHARACTERISTICS OF METAL BINS

P . Built above the ground --
L Zén{ either on platforms or on

7?161( cement bases when kept out-
side. The metal bottoms will
rust because of contact with
ground water if the bins are

Zé;z4uzzt. on the ground.

Aovp, . Rounded in shape to hold the
Af/1nﬂ5¢21%;?h pressure of the grain better:

a square bin would have more

y d seams and be more 1ikely to
mwﬁ break open.
éﬁnZWAﬂz— ! ;
ZZ' . Painted white or stored out of
~~a ‘ the sun because metal conducts
e (passes on) heat very well.

Advantages of Metal Bins

. Good control of insects, molds, and rodents if bins are well-
made, well-sealed, kept off the ground, and out of the sun.

. Small metal bins are 1ightweight 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 tno 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 reqgularly to protect the metal
from rusting. This is another cost to the farmer.

Blacksmiths and people with metal-working experience, who might be interested
in making bins to fit local needs, should be encouraged to try to do so.
Experimenting with various designs will give information which can help

you decide what kind of metal bin will work best in your area.

The following information on various metal bins is provided to give some
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 sma11 quantities of grain
indoors. It can be made in four sizes, ranging from 500kg to 3 tons.

The $h§¥t included here gives the dimensions for each size of circular
stee n.

— = DIRNETER —— e .
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Description

Opens at the top for filling and has a spout at the bottom
for emptying.

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.

Capacity Height (cm) Diameter (cm) Gauge Steel Sheel
500kg 125 80 28
1 ton 165 100 26
2 ton 210 124 24
3 ton 210 150 24

For further information on this and other bins which might be of use
to small farmers in your area, please write to:

The Grain Storage Research & Training Center
Department of Food

Government of India

Hapur, Uttar Pradesh

India
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METAL BINS FOR HOME USE

A "Save Grain Campaign," begun in India in 1965, resulted in a number of
metal bins which were designed specially for use in the home and on a
small farm,
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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* MATZE** WHEAT***

Cubic Meters kg kg kg
0.42 230 300 315
0.68 375 485 510
0.82 450 580 615
1.35 745 960 1015

* Approximafer 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 form from:

Save Grain Campaign
Ministry of Agriculture
Department of Food
Krishi Bhavan

New Delhi, India
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SHEET METAL SILO

This silo was developed by the Institute of Tropical Agriculture Research
in Benin (formerly, Dahomey), Africa. It is a good example of an easily
made metal storage container.

The model below is made of sheet metal, 1mm thick, welded together at

the seams. It has two openings, one for filling at the top of the bin and
one for emptying at the bottom. The cost of the 3 ton model shown here

is about $175 (U.S. currency) when manufactured in small numbers.
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FUMIGATION OF SMALL QUANTITIES OF STORED GRAIN

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

BECAUSE FUMIGANTS ARE GASES, THEY MUST ONLY BE USED IN CONTAINERS THAT
WILL NOT LET ANY OF THE GAS GET OUT. THIS GAS CAN KILL HUMANS AND ANIMALS

AS WELL AS INSECTS.

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

It is not a good idea for a farmer to use Phostoxin himself -- unless he has
used it before, and you are sure he understands the use of this fumigant.
But you should know how to use Phostoxin so that you can instruct and help
the farmer fumigate his grain.

So the following pages present fumigation procedures which will be most
helpful to the small-scale farmer: fumigation for stacked grain sacks;
fumigation in plastic bags; fumigation in small metal bins, silos, and
011 drums.
REMEMBER: 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 peilet 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 grain.
CUTTING PHOSTOXIN TABLETS IS DANGEROUS AND MUST BE DONE VERY CARE-
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.

Fi11 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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Place a warning on the bag so no one will touch or open the bag.

Leave the bag as it is for at least 5 days. It is even better to
keep the grain in the bag tightly sealed until it is needed. Gas
cannot protect against new attack, but once fumigation has killed
any insects present, the plastic bag will maintain airtight storage
conditions which will control insects.

NOTE: 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 1,125kg 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 in 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.

e '(;v :
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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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Keep the doors and windows open if you are fumigating inside
a building. (This is of course true only when you are fumi-
gating under a plastic sheet inside a building -- not when you
are fumigating an entire building. In this case, you would
want to close the doors and windows tightly.)

Do not let anyone enter the fumigation area.

Leave the stack under fumigation for at least 5 days. Some
PHOSTOXIN users prefer to remove the sheet while wearing a
gas mask. But a gas mask is not necessary, if you follow
these simple suggestions: 1ift the plastic sheet at one
corner using a long pole. This means that if there is any
gas still under the sheet, it will not hit you in the face
when you 1ift the cover. Leave the stack as it is, with
the one corner lifted up, for 1 or 2 hours.

Remove the plastic sheet after 1 or 2 hours if there is
no strong smell.

5

NOTE: One 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
immediately, is a good warning to users because the smell is
noticeable before the gas reaches a poison strength which can
ki1l or hurt people.
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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 fiiling 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, you can
spread the tablets only on tep of the grain.

Spread the tablets as you pour in the grain only if the grain
can be sealed up within 4 hours. Remember to place the tablets
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,O0R CEMENT MORTAR TO SEAL IT.

Leave the silo uropened 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
DDING THE F BL HOSTOXIN. OXIN 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
tightly, and wait for 5 days.
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STORING IN EARTHEN STRUCTURES

Farmers for thousands of years have been storing grain in bins and other
containers made of clay. Earth is available and easy to use.

More recently, there has been interest in improving mud granaries to make
them more airtight and waterproof. This is especially important in areas
where insecticides are hard to get and where there is a lot of rain.

The Pusa Bin, which is discussed here, was
developed in India. It is made of mud
bricks. The walls are made by sealing 2
a layer of plastic sheet between two
layers of mud bricks. The mud bricks
protect the plastic from holes. The
plastic keeps air ana moisture out.

Advantages: j
. It is an airtight storage ‘g ’\

structure.

The materials are often avail-
able locally.

Disadvantages:

Plastic sheets 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 Clark, 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 stones can
be added to the mud used to make the bin walls.
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Local material also can be used to paint and coat the outer walls. Some
materials which can be tried on the walls are:

asphalt resins
organic oils ox-blood
paints

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 local
materials to waterproof soil construction. When looking for a coating for an
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 fo]lowing 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 rewetting.

Since these earthen structures seem to be more easily made by small
farmers than the metal bins, the construction plans are given in more
detail. The mud silo presentation includes a set of instructions for
use of the silo.
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THE INDIAN PUSA BIN

\\\\(\\\

The Pusa Bin was developed in India by members of the Agricultural
Research Institute in New Delhi. It is relatively simple and inexpensive
to construct and maintain. This bin is double-walled all the way round
-- including the floor and roof --, with a separating layer of plastic
sheet. The plastic protects against moisture and keeps air from entering
the stored grain.

Protect the bin from rain. If the bin is not erected under a shed and it
rains often, it will require too much repair and rebuilding, and the grain
may get wet and mold. However, complete shading from the sun is not
necessary because mud walls do not hold heat. This is one advantage of

a mudblock strocture over a metal bin.
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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 fired, or "burned", bricks. These bricks are harder than
un-fired bricks, 1ike 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
form of waterproofing will be needed in warm rainy areas. Check out what
is available locally. Tarfelt -- heavy paper impregnated with tar --

can be used. Experiment with bricks containing cement. Try painting the
bin with asphalt, coal tar or any other Tocal waterprodfing substance.
See Appendix D, "Waterproofing Soil Construction." Remember, the bottom
of the bin must be waterproofed to stop migration (seeping) of moisture
from the earth below.

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 "burned," bricks, concrete bricks or bricks of some
other hard, rat-proof material for the floor and lower 50cm
of the gg]ls. You will need about 250 of them.

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 mudblocks 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. Coated
wood will also work.

some wax or similar material to seal some joints

¢

mud for making roof slabs

Select a site.

Choose a place that is as high and dry as possible. It is
better to build up the earth a 1ittle for extra protection
against collecting rainwater. Level and firmly tamp down
the earth.

Make the foundation area at least 1 1/2 x 2m.

Make mudblocks.

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.

Make 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 down 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 about 15cm
beyond the outside edges of the bleck platform that will be
laid on top of it.

Allow about 1cm 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 vou 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.

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 10cm in diameter,

or use a plastic pipe the same size. Fit one end flush against
the inside of the wall. Make it long enough tc 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 walls 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.

'Insta11'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 Tong as the distance between the outside
edges of the inmer wall -- two pieces about 120cm and two about
160cm. Wood should have at least a 5 x 5cm cross section.




Storage Methods -82- Indian Pusa Bin

Forn the frame in a double-cross
pattern. Interlock wood joints.
One of the corner spaces should
measure about 50 x 50cm, for a
manhole entrance.

y

v (1]
UL

?V \ Position the frame on top of the
memm““\, 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.

i
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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.

6. 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, depending on how strong the slabs are. They will 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.

7. 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.

8. 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 1ittle larger than the surface
which it will cover -- at least 5c¢m overhang on each edge.

The bottom edges of the sides must reach a few centimeters
beyond the plastic sticking out from the flgor.

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
bin. 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.

R
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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 finner walls.

Use fired bricks or other hardened bricks and cement mortar for
the éower 50cm of the outer walls

R
Use mudblocks and mud mortar instead, building them up on the
metal sticking out from under the floor. Cover them to a height
of 50cm 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 5cm-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.

Fi1l 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 the rains.
Make it at least a half meter larger than the bin on all sides,
and high enough to give plenty of room to load grain and get

in and out the manhole. There is no need to enclose the sides

of the shelter.

12. Prepare and use the bin for storage.

When the bin is dry, clean the inside thoroughiy. 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 periodically.

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

Tools and Materials

Rocks about 20-25cm across for the foundation of the silo.

cks, as wide across as possible, to lay across the
ion

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 mudblocks.
Nails (1.8-2.4cm long),.

Pitch, tar, or other waterproofing
material.

Select a Site

Find some solid 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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Make a Form to Mold Mudblocks

Use wood boards about 2.5cm thick.

You will need: 2 boards 46cm x 10cm
4 boards 10cm x 15cm

Line the 2 long boards up side by side.

Nail the 4 small 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 smail 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 Tong and about 5cm wide. Nail one across each
end of the box.

Make Mudblocks

Mix earth and water to make the same kind of mud you use to
build any building.

Wet the form.
Fi11l the form with mud.

Pack the mud tightly into
the form.

Take any extra mud off the
top.

Lift the form carefully off
the mudblocks.

Dry the blocks in the sun.
Make about 300 blocks.

HANDLE

SEE DETAIL. A

EOR OPTIONAL
STYLe
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3. Make Frame "A" for the Outside of the Topslab

+« To make this topslab you must make 4 wood
frames. Later you will pour concrete into
these frames.

Prepare: 2 boards, 2.5cm x 5cm x 1.2m
2 boards, 2.5cm x 5¢cm x 1.1m
4 boards, 2.5cm x 5cm x 5lcm

Nail the 4 longer boards tegether. Butt

the ends of the 1.1m boards up against the ends of the 1.2m
boards. When the frame is lying on the ground, the 2.5cm edges
of the boards should be facing up.

Nail these cross pieces in place from the inside. The 2.5cm
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.

BOARD NAILED ACROSS ﬂ\

CORNERS STRENGTHENS os L \X
FORM AND MAY BE USED — St Nt o)
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ERAME 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.
This 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.
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5. Make Frame "C" for the Collar

Prepare: 2 boards 2.5cm x 2.5cm x 53cm
1 board, 2.5c¢cm x 2.5cm x 56cm
1 board, 2.5cm x 2.5¢m x 66 cm

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.

6. Make Frame "D" for the Manhole Cover

You will need: 2 boards, 2.5cm’x 5cm x 6lcm
2 boards, 2.5 x 5cm x 56cm

» Nail the 4 boards together. Butt the ends of the 2 shorter
boards up against the ends of the 2 longer boards.
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7.

Mix the Concrete and Pour it into the Wood Frames

Mix the concrete in a proportion of: 1 part cement (out of the bag)
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. This will keep
the concrete from sticking to them.

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 all 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. Tf you do this right, the rods will help
make the concrete much stronger.

FRAME A
FRAME B
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Level the concrete even with the top of Frame A. Frame B will
stick up 2.5cm above the wet concrete.

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. This
will be the manhole cover.

Place Frame D on 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. Level off the top of the concrete
to the top of the frame.

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 evenly and not crack. This is called

"curing."

When the concrete is "cured," remove the wood frames. Remove
them carefully, so you can use them again.

CONCRETE FRAME C
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SECTION AL A\ THROUGH TOPSLAL
WITH FORMS INPLACE AFTER POURING
CONCRETE..
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8.

9.

Make the foundation

Buiild

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. This will make
the top more level.

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 cement 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. This is the
inside diameter of the silo.

the Grain Chute (Opticnal)

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 15x25cm - for the bottom of the chute.

2 boards, 2.5 x 10cm that are 25¢m 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 Tong. This is for the sliding door
in the chute.

Place the edge of the sliding door buard 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 Tines 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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Repeat this process on the other side board. The groove should
be in the same place on each side board.

GRAIN CHUTE

Cut the top board into two pieces. One piece should be 5cm
long. This will fit the space between the front of the chute
and the beginning of the groove for the sliding door. Match the
edge of the remaining piece with the far end of the groove. Cut
the length of the top piece as needed to match the length of the
side piece.

Nail the top and sides and bottom of the chute together.

Trim the width of the sliding door board So that it will slide
through the opening in the top of the chute down the grooves.
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10.

Begin

You may have to trim the long sides of the opening too if the
s1iding 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 ledging under the closed door which might let air
and moisture and insects into the silo.

Paint the chute and the s1iding door with pitch or tar or some
1ike material to protect it from insects and moisture.

Drive a few nails into the chute near its slanted end. They should

stick out a couple of centimeters. The nails will help anchor the
chute into the walls of the silo.

the 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 10§m wide.

Place about 18 mudblocks 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.
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Fi1l the spaces between the mudblocks and the spaces between the

mudblocks and the chute with mortar.

Lay down a layer of mortar on top of the circle of mudblocks.

Place the second layer of mudblocks on top of the first.

Place

each block so that it Tays across the space between the blocks

in the first layer.

This will make the wall stronger. You
may have to cut blocks to fit next to the chute.

Do not leave

a large space that will have to be filled with mortar next to

the chute.

Continue putting on mortar and mudblocks in the same way until
you have laid down 4 layers of mudblocks altogether.

Make a Slanted Floor

Use sand or soil to make a slanted floor.
grain move towards and out of the chute.
used, this slant will not be needed.
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Smooth the plaster well after you put it on.

This will help the
If the chute is rot

Pack the sand or soil cown
hard.

The floor should be 30 cm
above the bottom of the
chute at the place opposite
the chute. The floor near
the chute should be even
with the bottom of the
chute.

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 mudblock wall.
Make sure you cover all the
surfaces completely.

Plaster carefully around the
chute.

This will make cleaning

easier and will Teave 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 before.
Check every 3 or 4 layers for straightness.

The finished silo wall should have about 14 Tayers of blocks.

Mix some plaster the same way you did for the slanted floor
and the inside of the first 4 layers of mudblocks.

. Plaster the inside and the outside of the silo wall. Remember
to put the plaster on very smooth.

13. Place the Topslab

When the mortar and the plaster in the silo wall are dry and
strong, you are ready to place the topslab on top of the silo.

Make sure that Frames A, B,and C are removed from the concrete
topslab.

You will need people to help you put the topslab in place.

Mix some fresh 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

1ift the topslab together. One person can stand inside and
help. He can get out through the manhole.
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Remove the cover from Frame D and place.

14. Whitewash the Silo

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. It is important
to keep the grain cool and dry.

Whitewash will also make your silo look nice.
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HOW TO USE YOUR MUDBLOCK SILO

Put only clean, dry grain into your silo.

Wet grain will rot in the clused silo. It will
get moldy. :

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 place.

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
Tive inside the kernels where they can not be seen. Talk to
your extension worker about what poison to use and how to use it.

Remember, pcisons can ki1l animals and people. Do not use them
before you talk to an extension worker.

Put the cover on the manhole as soon as possible. Flying
insects can enter the grain if the cover is not on the manhole.

Put mud all around the cover so nothing can get into any cracks
between 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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Put mud over the chute to protect it from rodents and in-
sects.

Keep the area around the silo clean. Rats do not like to
Tive where it is clean.

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 <1iding 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. These grains
will attract insects and rats.

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

Materials in this section have been adapted from articles in Ferrocement:
Applications in Developing Countries., National Academy of Sciences,
Washington, D. C., Feb., 1973; and from "Hermetic Storage of Rice for
Thai Farmers by Smith, Boon-Long, Loo, Nutalaya and Pataragetvit, Thai
Journal of Agricultural Science, July, 1971.

Ferrocement is a kind of reinforced concrete. Ferrocement is made of

wire mesh, sand, water, and cement. It is strong and durable. Generally,
ferrocement structures are from lcm to 5cm in thickness. The reinforce-
ment is layers of steel mesh with thin steel reinforcing bars placed
between the layers. Ferrocement has been used as a material for building
boats for many years. Now ferrocement is being used with increasing success
for grain storage in a number of countries.

Ferrocement is appropriate for building structures in many areas of the
world:

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 Tong for workers to learn to use
ferrocement.

It needs 1ittle maintenance after completion. Repairs,
if necessary, are easy to make.
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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 structure, the mesh has to be more flexible than it would have
to be for a straight-sided container.

For grain storage uses, chicken wire can be used as reinforcing mesh.
Chicken wire is usually available, though in some areas it can be expen-
sive.

In cases where chicken wire or wire mesh is not available, the mesh can
be made by using straight wire. This allows the user to make the size
mesh he wants, 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.

Cement, Sand, 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, leaves, or
other organic matter in the sand, 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

R general mix is 1 part cement to 2 parts sand. Only enough water is
added to make a pastelike mixture. Experience will be the best way to
find out the best consistency for the mortar. Machines can be used for
mixing, but hand mixing the mortar works very well and may cost less.
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Putting the mortar on the wire mesh

Before mixing the mortar, the mesh structure should have been formed in

the shape desired. Then, using fingers and trowels, push the mortar into
the mesh structure. Some kind of vibrating movement helps push the mortar
into the mesh and packs it in better. For grain storage purposes, just put
a handle on a piece of wood and create a vibrating movement.

When placing the mortar, there are two important points to keep in mind:
you must completely cover the steel wire mesh with mortar so that the
steel cannot rust and lose its strength; at the same time, the wire mesh
should be as near the furface as possible. This means that the covering
over the wire mesh must be thin but complete.

Curing the Mortar

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

FERROCEMENT FOR GRAIN STORAGE

There are many things about ferrocement which make it good for grain
storage; it is particularly good in areas of the world where high tempera-
tures and damp air cause grain to rot and mold easily. (However, if wire
is very costly, and cement powder relatively inexpensive, the farmer may
want to build a cement stave silo.) Ferrocement:

can provide watertight storage, if treated.

can be made to provide airtight storage, and, therefore,
insecticides are not needed.

does not heat the stored grain as much as metal bins do.

Disadvantages

One major disadvantage to ferrocement at the moment seems to be that the
use of ferrocement for grain storage is still new, and knowledge of the
technique is not widely available. Also, for the small farmer, ferrocement
1s relatively expensive.




Storage Methods -106-

AN OVERVIEW OF GRAIN STORAGE USES FOR FERROCEMENT

This section on ferracement provides an introduction to ferrocement as

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 rice,
is presented in some detail.

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. Hopefully,
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 worthy
of more investigation for use in your area.
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THAT FERROCEMENT SILO (THAILO)

Tools and Materials

Cement 1,000kg

Sand 1,725kg

Aggregate 965kg (used in the base)
Mortar plasticizer 2kg

Sealant for base 5kg

Paint 3/4kg

Chicken wire 2 Rolls

No. 2 rod 80m

water pipe (19mm dia.) 32m

These are materials available in Thailand; they may not be easy to find in
other places. But other materials may be substituted. For example, the
silo has been built using bamboo poles instead of water pipe. The pipe was
substituted to prevent termite infestation. If it is not clear that termites
will be a problem, experimenting with other available materials will be
needed. Using bamboo, means the walls wiil be much thicker -- 5 to 7.5cm --,
requiring more cement. Walls using water pipe are only 4cm thick.

The sealant is to help protect the silo in areas where flooding is a
problem. Any kind of asphalt seal should provide protection.
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1. Build the Base

The base is saucer shaped and can be built on a pile of hard
earth. This should be done if the area has seasonal flooding
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. Make the
mortar using, by weight: 1 part cement

3 parts sand

0.6 parts water

Lay one layer of concrete over the apron and base. Make it
5¢m thick.

Reinforce this concrete layer with 19mm wire mesh. (Chicken
wire can be used) after you have laid down half the thickness
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.
Treat the concrete with an asphalt seal. In Thailand, a brand
called Flintkote is used in 2 coats. (Flintkote is simply a
bitumen emulsion). The first coat is mixed with water -- 1
part Flintkote, 3 parts water. The second layer contains no
water.

. Put down another layer of 5cm thick concrete with mesh reinforce-
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.

Section showing \ Ground
shape of the base %G \\\ Lovel
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2. Build the Wall Support 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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Bring mesh up from the base and fasten to struts with
wire.

Wire horizontal hoops of reinforcing rod to the struts.

Put one layer of wire mesh on the outside surface and
one layer of wire mesh on the inside.

Fasten mesh, reinforcing rod, and struts together with
short pieces of wire threaded through the wall and
back. Tie by twisting the ends with pliers.
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Apply Mortar

. Hand mix the mortar in the following proportions, by weight:

1 part cement
1.75 parts sand

Enough water to make a thick paste.

. HWork the mortar into the mesh structure using trowels and
hands.

The wall thickness inside and out should be about 4cm (if
using steel pipes) and 5-7.5cm (if using bamboo).
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4, Make the cover or Top

Here are 2

1.

choices for the top.

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 1id can be used. This 1id can be an aluminum trash
can 1id. If this inner 1id is used, place a polystyrene
1ining between the grain and the trash can 1id to insulate
against heat and prevent moisture condensation.

Build a small piece of formwork 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 topseal consists of 2 parts:

Aluminum 1id with polystyrene insert and a tubular
ring of plastic placed between the 1id and the wall.

A piece of sheet metal screwed to the top with a
sealing gasket.

Some General Notes on Ferrocement Silos

IMPORTANT:

IMPORTANT :

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 ieak. 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 silo can be changed to fit your
own needs.
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FERROCEMENT-LINED UNDERGROUND PITS

This material is adapted from Ferrocement: Applications in Developing
Countries, National Academy of Sciences, Washington, D. C., Feb., 1973.

~ The illustration is from a report prepared by R. A. Boxall for the United
Kingdom Committee of the Freedom from Hunger Campaign and Christian Aid,
1971-72.

A traditional pit can be made into an air and watertight grain storage
container by using ferrocement to line the pit. Ferrocement Tinings work
even in pits built in very wet ground. The cost of this pit was $20.00
(U. S. currency) in 1972.
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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 poisen to kil termites if necessary.

2. Prepare the floor of the pit

Lay down a 10mm 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 Tittle water as possible to make a paste.

4. Line the walls

Use hands and trowels to put a 2.5-3cm Tayer of mortar to
the walls.

Place wire mesh reinforcement, or chicken wire on the sur-
face of the mortar where it is wet.

See waterproofing material before placing the second layer
of mertar. 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 & days.

Seven days is better.



6.

7.

8.
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Do not let the pit dry out quickly!

Waterproof the lining There are 2 methods. Here is the most expensive.

Brush off any loose concrete with a wire brush.

Use a stiff brush to put on a first coat of Bitumen Emulsion.
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 Emulsion and let dry.

Mix 1 volume of water to 1 volume of cement to 10 volumes

Bitumen Emulsion and brush this over the entire inside of
the pit.

Make the lip

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 1ip 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.

Seal the pit

A traditional 1id can be used.

A metal or concrete 1id which is sealed with bitumen makes
a very airtight storage container.

If you choose to use a metal 1id 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 1id.
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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 illustrate
further the ranges of ferrocement shapes and applications. These plans
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 smalier batches of various types or
qualities of grain have to be preserved. For indoor use, although the
design will permit Tong exposure to sunshine and rain without deteriora-
tion of the contents.

The bin has an internal diameter of 750mm 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 equipped
with a facility for padlocking. The bin can be easily sealed by caulk-

ing wet clay all around the cover. Since the bin will be placed directly
on the floor no opening is considered necessary at the bottom, since this
will make the extraction of grain at ground level a very tedious operation.
The height of 1 metre makes it easy for the grain to removed from the top
manhoTe.

The walls of the bin are 12mm thick and have a smooth internal finish
preventing lodging of any bacterial infestation. A1l corners and edges
are rounded off for the same reascn and to facilitate cleaning of the
bin before loading.

This bin holds 0.4 cubic meters. It will store 350kgs of wheat. The
bin weigns about 230kg when empty and 580kg when full.

M
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Ferrocement Grain Bin #2 (CB-2)

This has an internal diameter of 1,000mm and a height of 1,500mm. A man-
hole diameter is provided at the top for loading of grain. The manhole
can be closed by means of a loosely fitting manhole cover with a padlocking
arrangement. At the bottom of the bin a square opening is provided and
this is fitted on with nuts and bolts on to the recessed enclosure of the
opening. This cover will be normally opened once a year, when the bin
has been emptied and is to be thoroughly cleaned before fumigation.

For unloading grain, there is a 8cm diameter sheet metal screw conveyor
fitted over the cover. This is manually operated and is estimated to
discharge at the rate of about 15kg per minute by manually turning the
conveyor at 60 RPM.

The capacity of this bin is 1.4 cubic meters. It will store 1,000kg of
wheat. The bin weighs 340kg when empty and, therefore, about 1,350kg
when full.

[ emetn—
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Ferrocement Grain Bin #3 (CS-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 overall
height of 1.5 meters. Because of their large size, these bins will
usually be kept outdoors or under open verandahs or corridors. The roof
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 diameter
with a detachable cover is provided in the roof, along with a padlocking
arrangement.

Unloading is done at the base through a screw conveyor identical to that
described under type CB-2.

The capacity of the bin is 3m3, and it will store 2-3 tons. The bin weighs
700kg when empty and 3,000kg when full.
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Ferrocement Grain Bin #4 (CS-2)

The second bin in this series has the same inside diameter as type CS-1

viz 1.5 meters, but the overall height is increased to 2.9 metres. The
censtruction of this bin is generally identical with type CS-1. However,
because of the height the loading arrangement is different. Provision

has heen made for installing a pulley at the top manhole. One man standing
on the roof of the bin will 1ift the sack by the pulley and empty that

sack into the bin. A detachable ladder is provided for climbing up to

the roof.

Unloading arrangements provided at the bottom of the bin are identical
with Type CB-2.

The capacity of this bin is 5.4 cubic meters. It will store 4.5 tons of
wheat. The bin weighs about 1,100k: when empty and 5,600 when full.
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STORING GRAIN IN CEMENT/CONCRETE STRUCTURES

This manual has already discussed a number of materials used‘for storage --
The final construction material

mudblocks, plastic, metal, ferrocement.

discussed here is cement/concrete.

Three plans for storage structures which use cement are offered here.

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

TON CEMENT STAVE \S/L0
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The third plan is for building and establishing Concrete Block Square
Silos for cooperative storage.

Since small farmers 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 alternative to
the traditional large round silo,and the problems of keeping strict
measurements of each farmer's input to the silo, by giving information
on how to construct square, multi-celled (each cell is relatively small)
silos.

MULTI-CELLED Si\Lo




BRICK GRAIN STORAGE SILO

Description

Traditional family granaries in West
Africa are constructed of clay, bamboo,

or millet

They are easy prey for insects, rodents,

fire, and
here was d
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stalks with a thatch roof.

thieves. The silo described l
esigned by Peace Corps Volun-

teers to protect grain against these |

dangers and, equally as important, to

be of low

The silo i

cost and easy to build.

s made of mortared concrete

bricks placed on a reinforced founda- J

tion. A reinforced cover with a manhole
is cast to place over the bricks. The

manhole cover can be made of sheet metal —

for ease i
a probiem,
concrete.

n handling, but if welding is

a cover can be cast in

A1l labor was done by Senegalese villagers with the help of a Peace Corps
With the assistance of an experienced village mason, a farmer
can do the work necessary to build this silo.

Volunteer,

Advantages

Disadvanta

Protects against insects and rodents.
Easy to build.

Does not cost a lot of money.

Holds 3m3 of grain.

Easy to reach to take grain in and out.

ges:

Making the manhole cover may be difficult.

proofed.

Moisture may be a problem unless the silo is water-
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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.

i. Make Forms for Silo Base and Cover

. Dig a hole 1.75m x 1.75m and 6cm deep. This is for the
silo base.

Dig a hole 1.6m x 1.6m and 8cm deep. This hole is for
casting the silo cover.

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

1
L1 ]
SIDE VIEW
2. Make the Base and Cover

TOP VIEW

Cut reinforcing rod for both the silo and base.
Mix concrete and pour each form half full.

L' . Set reinforcing rods into concrete.

Finish pouring concrete.

Pour concrete for the cover up to a level of 8cm. 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 1ip. This gives increased
protection from insects and rodents.

— o

L
rif/ﬁ:::::::% :;;::=”>”;7

THE MaNHOLE 1P

Remember to set
the staples for )
the locking arrange- o 1 v e e v e

L L A I T T T
\1lflllfl‘)JJ[[LL.lJ]'4LAL
ment in the wet concrete A%?%Tl ' - EE

of the silo cover.

Make a manhole cover now if a concrete manhole cover is to
be used.

Keep the concrete damp. Wet it 3 times a day and keep it shaded.

3. Make Bricks

Make 100 sandcrete bricks with a mixture of 1 to §.
The exact number of bricks needed depends upon the

size of the brick.

Dry and cure the bricks for 3 days. Keep them damp
so they dry slowly.

4. Build the Walls

I A

Mortar the bricks into place with

| .
**—~*r“* the corners overlapping alternately
__L “[”“J'"J ~~[; for strength.
T 1 ) . Let the bricks and mortar set for
: ! . r l 5 days.
N l 1

Plaster the inside.
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5. Put on the Silo Cover

Put a2 layer of mortar on the top edge.

Put the cover in place.

6. Put on Manhole Cover

Make a steel manhole 1id and set it in place. Or put
in place an already prepared concrete cover.

Lock the cover in place.

%IIITIlX\ll\\II\\IJTI\(\!\!I\?
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THE 4.5 TON CEMENT STAVE SILO

This silo was developed in Benin, West Africa, by local agricultural
extension agents and U.S. Peace Corps Volunteers. Over 250 of these
silos have been built. The plan in the following pages is adapted from
one prepared by Peace Corps Volunteers. The drawings were done for this
manual by Nicolas Reinhardt, a VITA Volunteer.

The cement stave silo, if protected from rain by a shelter, will keep
unwanted moisture away from the stored grain better than earthen-walled
silos which have not been specially treated.

In drier areas, the higher cost of the cement stave silo means that
farmers should check out other, cheaper types of silos. However, the
cement stave silo will work in drier areas as well as more humid ones.

COVER SLAB
HMANHOLE.

------

CEMENT ! | . YIORTAR,
staves : SHEATH
‘:‘ [N &
MhRE———4< s
s EMPTYING
. /—HOLE WITH
- LOCKABLE.
WIRE AN s T COVER,
TIGHTENERS O] AR Do INERRY e
R E'L¢;;fu:- N EE BorToM
g SLAB
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Advantages

Stores large amounts of grain.

ntrol when insecticide is added to the

ady in the grain.

od insect
.i

0 C
nsects alr

Gives
.i

to kil

— )

]
e

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 55cm 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 encugh,
special precautions should be taken.

Locate the silo so that it is level. If a dryer, for
example, the Pit 0i1 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.
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THE SHELTER

A straw or tin-roofed shelter can be built before building the cement
stave silo.

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.

SHELTFR

) OO QY A S T

SILO

| . |
1

LEL N e L

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 dryery Tike an o0il barrel dryer, can be put underneath
it.

Tools and Materials

Digging tools

Tools for working cement and mortar

Cement 16 sacks (50kg each)
Re-rod (6mm diameter) 10 - 12 bars (each 6m long)

} . Galvanized wire (3mm diameter) 1 roll (4kg)
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Wiré tighteners A 10
Coal Tar 15 Titres

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.

PLASTIC SHEEY OR
OTHER COVERING
AGAINST RAIN

PLASTIC SHEET UNOER
SACKS, OR.LOG SUPPORTS TO
KEEP SACKS OFF THE GROUND

Road sand can be used if it is clean and does not have too
much clay content.

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 mix