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INFORMATION COLIFCTION & EXCHANGE

Peace Corps’ Information Collection & Exchange (ICE) was
established so that the strategies and technologies devel- -
oped by Peace Corps Volunteers, their co-workers, and' their
~counterparts could be maje available to the wide range of
development organizations and individual workers who might
find them useful. Training guides, curricula, lesson plans,
project reports, manuals and other Peace Corps~generated
materials developed in the field are collected and reviewed.
Save are reprinted ‘as is“; others provide a source of field
based informgtion for the production of manuals or for re-
search in particular program areas. Materials that you sub-
mit to the Information Ceollection & Exchange thus become
part of the Peace Corps' larger contribution to development.

Information about ICE PUbllcathIlS and services is avallable
through: '

Peace COT-'PS .:"‘?l?.‘ .
Information Collection & Exchange

Office of Programming & Training Coordination
806 Connecticut Avenue, N.W.

Washington, D.C. 20525

5

Add your experience to the ICE Resource Center. Send ma-
terials that you've prepared so that we can share them
with others working in the development field. Your tech-
nical insights serve as the basis for the generation of
ICE manuals, reprints and resource packets, and also
ensure that ICE is providing the most updated, innovative
problem-solving technicues and information available to
you and your fellow development workers.
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THE PURPOSE OF THE MANUAL

This manual brings together knowledge from two different kinds of develof-
ment organizations :gvolved in finding 1ow-cost, appropriate solutions to
problems in the Third World--the United States Peace Corps and VITA, Volun-
teers in Technical Asststance. '

The Peace Corps has information to share about grain storage based on the
practical field experience.of Volunteers l1iving and working at the grass
roots level in numevrous countries. VITA contributes the technical expertise
of {ts specialists. Too often, it seegiE innovative techniques for small

farms do not reach the field, and fiel
only in the area where they were devel True, it is good to design a
silo which is not too expensive for a farmer to build. It s even better
to plan a silo which is cheap and keeps out insects. But of what value is
the plan if only a few farmers know about it?...or if other farmers cannot-
adapt it to suit their needs? . It was ‘to bring such plans and new ideas to
farmers worldwide that Peace Corps and VITA prepared this manual.

proaches too often are applied

Small Farm Grain Storaﬂ_ is a.how-to manual. It is designed as a working
and teaching tool for development workers in their field activities. Grain
storage information 1is basic and straightforward; it is presented in a
form easily adapted to on-the-job needs. The manual brings together in one
volume the basic principles of grain storage and the practical solutions
currently being used and tested around the world to combat grain storage
problems. Of course, it is impossible in a single publication to cover all
the possible storage situations in the world. But farmers who understand
the basic, unchanging principles of drying and storing grain can adapt

ideas, suggestions, and technologies from another part of the world to their
Oown 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.




THE PEOPLE WHO PREPARED THIS MANUAL ‘

Small Farm Grain Storade is the first in a planned serias of publications
combining Peace Lorps 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 havé 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 skilTs.
This training helps them to 1ive and work closely with the peaple of their
host countries. It helps them, too, to approach development :oblems with
new ideas that make use of locally avatilable 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
clagsified in the Information Collection & Exchange system. The most useful
materials will be shared with the development world. The I[nformation
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 l1ived 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 pianting implement would 90

to an agricultural engineer. These VITA Volunteers, most of whom have lived
and worked in Third World countries, are familiar with the special problems
of these areas and are able to give useful, and appropriate, answers.

A number of VITA people worked on the Small Farm Grain Storage manual,
providing technical review and artwork. Many thanks are due to the
skilled and concerned Peace Corps and VITA people, as well as to numerous
others, who worked-to make this manual possible.
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staff assistance -- John Goodell ™

N
materials on section 4 -~ Frederick Bueche.

\
techn1cal review -~ Douglas Barnes, Merle Esmay. Henry Highland,
Lerry Van Fossen, Harold Willson, Keﬁton Harris

artwork -- George Clark, John Goodell, Kenneth Lloyd, Nicholas Reinhardt
Guy Helch

Thanks are also extended to the follow1ng 1ndividuals and 1nstitutioﬂs
that provided invaluable assistance in the early stages of work on the manual.

Francis Luzzatto, Peace Corps Office of Multilateral and Special Programs e

Mary Ernsberger and Margot Aronson, Peace Corps Program and Training Jourmal, USA -.

Brenda Gates, Peace Corps Information Collection and Exchange, USA N

Tropical Stored Products Center, TPI, Great Britain

Henry Barre and Floyd Herum, AgricuTtural Engineering Department, Dhio State
University, USA

Department of Grain-Science and Industry, Kansas State University, USA

Agricultural Research Service, Department of Agriculture, USA

Extension Project Implementation Department, Ministry of Agriculture, Ethiopia

F.W. Bennett, Midwest Research Institute, USA

Supervised Agricultural Credit Programs, SACP, Belize

Peter Giles, Nicaragua

Donald Pfalser Agricultural Cooperatives Development International, ACDI, USA

Technical Assistance Bureau, US Agency for International Development, AID

International Development Research Center, University of Alberta, Canaaa

League for International Food Education, LIFE USA

Institut de Recherches Agronomiques Trop1 ales et des Cultures Vivrieres,
IRAT, France

Post-larvest Crop Protection Project, Un1vers1ty of Hawaii, USA

Agricultural Engineering Service, FAQ

African Rural Storage Center, IITA. Nige: ia

Institute for Agricultural Research, Ahmadu Bello University, Nigeria
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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 heipful to 1llustrate grain
storage princiﬁles to farmers.

Leafl ts. Some of the material has been prepared in the form
f 11iustrated leaflets which can be used directiy by you with _
a farmer. They mav require 1ittle 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.

Constructicn Plans. Many of the construction plans have been
simpTified so that you will be able to wdrk more closely with
the farmer. Some of the pians are fully {llustrated. You could
add photographs of the work steps showing conditions in your
area. [t 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 {5 a good example
of a step-by-step, i1lustrated presentation.

Checklists. Some of the material most 1ikely to be useful for
smali-scaie farmers has been simplified and prepared in checklist
or hand-out for. This material would lend itself to illustra-
tions or photographs, so 1t can better fit into the local
situaticn. The checklis's on controlling grain storage insect
pests ave in this category. :

Examples. The appendices contain examples of leaflets that have.
been 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.




Further Information. Other appendices contain {nformation
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 ajms of Small Farm Grain Storage. You will probably
find added uses. Wnile it is not possible to make tnis manual specific

to the situations or culture of your particular area, the information is
presented s¢ that you can do this very easily by making additions or substi~
tutions to the ;jaterial.

For your convenience, the pages in each part of the manual are numbered
independently from those in the other parts. Key information is often
.included in more than one section so that all the facts needed to discuss
a subject can be found easily uithout-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 {llustrations. 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 location$s in the manual. So, please send in the results of your
..$11o or’dryer building. Let us know how you used the manual and how the

information could be made even more useful to you. Tell us how you changed
a plan to fit local needs. , ) .

Your experiemce will help us to produce manuals of growing usefulness to the
world-wide development community.

- !
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REPLY FORM L : -
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‘For your convenience, a reply form haé been provided here. Please send it
.An.and let us know how the manual has helped or can be made more helpful.
[f 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: - : T

GRAIN STORAGE
3706 RHODE ISLAND AVENUE
T, :AINIER. MD 20822




PLEASE RETURN THIS FORM

»

NOTE TO THE USER: This manual was published because Peace Corps and VITA
people wish to help in a problem area of worldwide concern. In order to
provide the most effective help, the authors need to know how the manual
is being used and how you feel it can be made even more responsive to
your needs. Please fill in the following form and return it to:

GRAIN STORAGE

3706 RHODE ISLAND AVENUE
MT. RAINIER, MD 20822
U.5.A.

WHEN WE RECEIVE THIS FORM, WE WILL AUTOMATICALLY PLACE YOUR NAME ON A
MAIL ING LIST SO THAT YOU WILL RECEIVE:

1. Updates and/or additions and corrections to the
manual as they beccme avajlable.

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.

” 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
vou get your copy?

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




0id you find the Manual easy to read, too simple or complex,
complete or incompleta?

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

Which plans have you used? 0id 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 importanmt.

Can you veconmend additional methods or equipment which you feel
should be¢ included ir 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 ary successes or problems completely.

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




PC/VITA GRAIN ]
STORAGE MANUAL

WHAT THIS MANUAL WILL TALK ABOUT:
THE GRAIN STORAGE PROBLE!

INTRODUCTION

Farmers a1l over the world lose much of
their grain after it is harvested. Farmers
work hard to plant and grow crops. And
often they do not receive good returns

for their time and effort. The grain is
attacked in the field and in storage by
insects. rodents, birds, and other Pests.
The grain that pests do not eat, they make
dirty with tieir droppings and their bodies.

Farmers have lived with these problems
for hundreds of years. 50 they have
developed ways to deal with them.

Many o1d ways are wasteful, but a
number of the old methods are good

and must be kept until they can be
replaced or improved.

In recent years, however, the grain
storage problem has changed (and, in

some cases, temporarily worsened) as

steps toward full development have

been taken. For example, now there

are new seed varieties which grow faster
and yield more grain. Farmers plant these
new seeds- -and-this grain is ready for
harvesting earlier than it used to be.
This grain is ready to be harvested during
the rainy season. The farmer has always
dried his crops in the sun, but there may
be 1ittle sun during this season. Also,
it is 1ikely 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). Byt 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.

16 .
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[qi' ' ~L. The farmer must find a way to dry his grain,
store it safely, and plant another crop --
all in the time he used to put in on one crop.
/ . His many old methods must be changed to help
il A’;

','I

with new problems.

The Probliem

The basic question then 1S 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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GOOO GRAIN STORAGE IS IMPORTANT TO FARMERS ' \\J/(

When people in Universities and-gevernment agencies talk about storage,

they are discussing a serious subject. They talk about such facts as . __

these: : .
Approyimately 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
1iving, 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 10ss, quality loss, food loss.

These concerns are real, And there is a definite need for people to
dea) 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 1ike quality and quantity. But he

can see that insects, rodents, and molds ruin

a 1ot 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 1oss of grain and the need for better

storage when they run out of grain for food
before the next harvest. Then they must use

what little money they have to buy food. Or

they must borrow against the next crop and

start out in debt,
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Another food loss is harder to measure. But it is real. Some insects
eat out the best parts of the grain. These are the parts which contain
the vitamins and minerals which make grain the healthy food it is. The
farmer may not see this loss. But he should be told about it. Lack of
nutritious food can lead to sickness and more problems.

Seed for Planting ~ ~ = o~

Part of the harvested grain is the seed for the .

po— next crop. The farmer must 1et the seeds rest o
. in a cool, dry place before he plants them. \\\\
Poor storage of seed grain means that some of
Seep the seeds, or many of them, will not germinate

(grow) when they dre planted. [f 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 Fi11 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. a.

F

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 1s not going to

grow much more than he needs for his family. This lack of safe storage

means that total proouction of grain remains low.

1 9 - “"'j"" T T T T e ——
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. st 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 Iead 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 graiw well. - Here-are some of the
characteristics of grain which will be discussed: e S
- . Growth of seed grain.

Protection of the kernel by the seed coat.

Respirétion (breathing)} of grain kernels.

Moisture (water)} in grain kernels.
Moisture movement between grain and air.

Farmers know a 1ot about planting and growing grain. But most farmers
will not think about grain in all the ways listed above. I[f 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.

A1l 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 of another section.
[t is an impcrtant section. Insects eat and ruin a lot of grain. Because
-they-graw _inside the grain kernels, some insects are not found in grain
until after they have done a lot of damage. The section on insects will
give information on the major grain storage insects, on where to look for
them, and on how to control them.

Insect activity, and the damage which results from this activity, is
closely related to temperature and moisture in stored grain. [t only takes
a few insects in the right conditions --. for example, ir 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 .ery 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 ard
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
~ - ~-malding, and they may not know what they can do to protect their grain
frdh\gold. 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 {n 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.

f/ / /f/ /
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Temperature

There are two temperatures which are important. Dne 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:

Insecfs start growing and breeding.
Mold spores start multiplying.

Molds, insects, and grains all 1ive 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 1ot 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
eéating their stored grain. The
section on rodents gives information
on the habits of rodents, the signs of rodents that a farmer shouId
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 tie condition of
their stored grain simply by cleaning and
repairing their present grain storage
containers and buildings, and by pitting
only healthy grain intc storage. This
manual helps spell out the necessary
steps vor farmers who wish to improve,

! (1) the quality of the grain they store,
;%?;y and (2} the container into uhich they put
: the grain.

Clbin  LRAW FToRAGE
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GOOO GRAIN STORAGE CEPENDS UPON BETTER DRYING AND BETTER STORING

Improved Orying

As mentioned before, drying is the key to storing grain safely. The
section on "Preparing Grain for Storage” covers the importance of
careful harvesting, threshing, and moisture measurement before putting

the grain into storage. "Grain Dryer Models" presents plans for a
number of grain drying methods.
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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 construction 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 in sacks. One village may be
ready to make an oi1 barrel dryer. JAnother 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 900d decisions can be made, and to provide some basic guide~
1ines in important grain storage areas.

The following leaflet provides an illustrated look at what good grain
storage can do for farmers.
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GOOD GRAIN' STOR: 3E HELPS FARMERS

Suggested Uses: This is a script which could be used to alert farmers
to the need for improved storage. Choose the points
you feel are most important and have them translated
and 11lustrated as necessary.

.> A good crop of grain means plenty of food.

. Farmers work hard to grow their grain. Grain is 1mportant.-

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 héve a good place to keep your grain after the
harvest. You cannot use all the grain right away.

It,fé 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.

/
A1l grain storage places must protect the g9rain from
insects, mice, rats, and other pests.

Rats and mice enter opén grain storage places easily.
They can eat and spoil a 1ot of grain every day.

Birds and chickens 1ike 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 9rain in the field before harvest.
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Insects lay many eggs. These insects eat-and spoil a 1ot of
your grain. - ’ '

Insects. rats, and mice eat s0 much grain that soon there is
Iess for you to sell and eat. '

Insects and rats rut the droppings from their bodies on the
grain while they are eating. This makes the grain dirty.
You cannot make as much money when jyou sell this grain.

People get sick from eating grain which rats and 1nsects
have put droppings on.

Molds also attack stored grain.

Molds are tiny plants. - You cannot See these‘pIants;
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 sme11 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 1f they eat grain with mold on it.-

It is important to keep insécts. rats, molds,and othér

dangers away from your stored grain. Good grain storage
means more money and more food. .

Your extension worker cah 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 11lustrating your own leaflets,
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WHAT AM | GOING TO 00 TO PROTECT MY GRAIN SO WE WILL HAVE ENOUGH
TO EAT FOR THE REST OF THE YEAR? .

1 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 RDDENTS AND OTHER PESTS IS DIRTY FROM THE PESTS'
BODIES. YOU CAN GET SICK FROM EATING THIS OIRTY GRAIN.

30




Stonage Problem -17-

MAYBE [ SHOULO PUT THIS GRAIN INTO A GOOO STORAGE PLACE. [ COULO STORE
THE GRAIN IN SACKS. DR MAYBE 1 SHOULD STORE IT IN JARS.
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MAYBE I WILL BUILD A SPECIAL BUILCING FOR STORING MY‘GRAIN. THIS TIME [
WILL PROTECT MY GRAIN FROM INSECTS, RODENTS, BIRDS AND CTHER PESTS.

18lustrations by VITA Volunteer, Guy T. Welch.
32

L}
\




PC/VITA m& 2
GRAIN IS A LIVING THING

The Structure of Grain

Grain kernels are 1iving 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 1s a large kernel with a triangular shape; it has a
hard coat and a large, oily germ which is easy to see on one end of the
kernel. Sorghum, on the other hand, is a round seed in a brittle or
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)}.

A RICE XERNEL
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The Seed Coat

Surrounds the embryo and the endosperm.

Protects th2 grain from attack by certain insects if
it is dry and un-cracked.

Cannot keep out molds and some insects. Those {nsects
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. [t is 80% of
the kernel volume in most grains.

. . Is the seed’s food-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
[s the part of the Seed which can develop into a new plant.

00n¥ains most of the protein, fat, and vitamins of the
grain. .

Is attacked easily by some insects and by molds. Seed
grain which 1s 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.

Paddy Gram . . The hulls on rice kernels protect that grain
with husk 27 o2 from attack by most insects.

A hard, dry seed coat with no cracks or splits in
it prevents molds and insects from getting into
the kernel easily.

The endosperm of dry grain is hard and 1s not as
easily attacked by insects.

Stored rice or wheat or maize, etc., act 1in 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 ther2 are many kinds of grain, this manual can not talk a lot
about each. Here it 1s 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 ?he 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 {s 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. S$low respiration is important for storage.
Growth does not happen at this low respiration level, but seed 11fe

continues.
d‘ib;h C"Pa% ‘
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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

(graws) because respiration has been speeded by water in the ground and the
warmth of the soil. .
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The way that grain, moisture, and temperature work together {s 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
;ontainer because the stored g9rains hold the
eat.

The temperature outside the Storage container does not have an ifmmedfate
effect on the grain in large Silos, but it can pe 2 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

A1l harvested grain holds a certain amount of
moisture. Most of the moisture is inside the
kernel; if the grain {s 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 1ooks 1ike 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 1llustrate
them for distribution to farmers in your area.

Each kernel of graim is a 1iving thing. Each grain is a
seed.

? seed can grow into a new plant jusf l1ike the one it came
rom. _

Most of the seed is food around 2 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 2
new plant. . oe _

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 grqund. [t 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 s?ed coat.

While they rest, seeds breathe and use tﬁe 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.

De not use high heat to dry the grain you are saving to plant
with. High heat will ki1l the embryo.

Store your'seed grain separately from the grain you plan to
sell or to use For food.
ﬂl“‘
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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.

Gocd 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.

&




PC/VITA GRAIN
STORAGE MANUAL

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
1ikely to think of lakes, rivers, wells, or containers of water. They
think of water as a 1iquid 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 Took 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

during drying, the grain becomes harder. The dryer the grain, the harder
it becomes. ’ : ‘.

F o ¥
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Grains hold different amounts of water at different timgs: 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.

E ]
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It 1s 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 1s 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 cénnot see this kind

of wetness when he looks at the air, because the moisture in the afr is
in the form gf vapor. _ s

B A y
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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 afr, 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,ﬁemperature goes up (in-
creases). The air, now warmer, can hold more /moisture. So the dew on
the land is taken up by the air. !
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pelative 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 amount
of moisture that air at that temperature could hold. WNor 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 humrdity

But they have good information 1f 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, ANO GRAIN INTERACT

Scientists say that grain is hygroscopic pecause 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.

A
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SAFE MOISTURE LEVELS IN GRAIN

Grain put into storage should not have more than a certain amount of
moisture inside its kernels. Although the amount of moisture grain
can hold in storage safely can change, depending upon storage condi-
tions. some general moisture-safety percentages have been established.

The chart which follows shows that maize can be stored safely at 13.5%
moisture (that is, 13.5% of the total weight of the kernel can be
moisture}, in air which is 25-30°C and has 70 relative humidity (that
is, the air at this temperature can hold 30% more water than it is
holding}. At this point the kernel of maize and the air are not 9oing




Modsture and An - 5-

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 0.W. Hall, published by Food and Agriculture Organization of
the United Mations, 1970.

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

MOVEMENT OF MOISTURE 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 (spoilinc) 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 heatiné.

Grain Condition

The farmer must store only clean,
healthy grain which has been
dried to .afe 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 jnside 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 living and breathing of insects and
moids -- 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 moid 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 2 moisture problem during storage.
This problem cften is the result of a difference in temperature between
the inside and outside of tihe storage container. When cool air and
warm air mix in the stored grain, the warm air cools and may be forced
to lose 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 in 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 depen@s upon where the farmer lives. Obviously, i1t is best to keep
stored grain at a relatively constant temperature. The storage section
will show various ways of dealing with this problem. -

46
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Insects, Molds,and Grain ileating

/

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 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 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 Ieavz’the heated spot
and go out into the grain mass to find better 11ving onditions, OthHer
trouble spots then can develop.
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from "Handling and Storage of food
Grains in Tropical and Subtrooical
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
orocess. 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% mcisture 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. Mafze 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. A
smali-scale farmer usually cuts and threshes 9rain by hand. When this
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method is used, farmers must be careful to make sure all weeds and N
straw are separated from the harvested grain. . A

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.

Ho matter what rethod 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
cannet afford these machines. And for the small farmer, hand harvest-
ing has advantages: 1t is easier to separate weeds from the grain,
.ad fe<s urain is lost during the harvest.

CEFANTN

Clean grain keeps in storage much better than dirty grain. After harvest,
grain often contains small amounts of straw, weed seeds, and dirt. These
unwanted materials decrease the value of the crop if they remain in the
grain. They also cause the grain to deteriorate during storage. Dirt
ficlds moisture, insects, and molds. Dirt also keeps air from moving well

51T,
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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 smalier
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 3 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
pieces of earth fall with the grain.
For good cleaning, winnowing must be
done over and over.. Some grain is
always lost, and so the method wastes
grain. Some farmers place this
waste material where chickens can
take the Tost grain from it,

R,

Farmers also should clean their grain each time they move it to a new
storage place, If this.cleaning is ~ot done, dirty grain from one place
may be mixed with clean grain from an. her. Even grain that has been.
cleaned quite well before may need cleaning again. Insects do not need

a long time to get into gra1n Both the insects and their dirt should be
removed beforeé 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 ur more quickly in wet grain.

Molds form vapidlv.

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.

Day A Moy AR
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The drying procéss 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 S not much wind.

Dry _ : Hot air passing through the
grain usually dries the grain

' more quickly than cold air
WapM — AIR —» Fast DainG does. From the previous

section, it is easy to see
/’( ‘ that there are three major

MonnG reasons for this:

1. Hot air can hold more water than an equal amount of cold .
air can. When dry air blows through the 9rain, the hotter
the air, the more water it can carry away from the grain.

Water evaporates more quickly when it is warm. Hot air
blowing past grain warms the moisture on the surface of
the grain. This meisture leaves the grain more quickly.

Hot air heats the grain itself. Moisture deep inside
the kernel moves through the kernel faster at high
temperatures. [t moves to the surface of the kernel
more quickly. When this moisture reaches the surtace,
it leaves the grain and is taken up as vapor by the
air. :
l
After Harvest

The above facts aiso apply to drying grain after it is harvested. Air
must pass through the grain to dry it. Moisture between the kernels
and on their surfaces is 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 9rain can the moist air
between the kernels be replaced by air which can take up more water-
from them. This 1S 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 !re presented in another section.

't is nearly imppssible to dry any grain completely. The last ten
Percent or.so of moisfure 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.

"
Q

SAFE DRYING TEMPERATURES

Whatever method a farmer uses to dry his grain, he must be careful not

to let the temperature in the drying grain get too high. Too high a
temperature causes the kernels of some grains to burst. Temperatures
which arre too high (when drying maize and rice) cause breaking, cracking,
and discoloration of the kernels. This leads to a decrease in milling

yield and protein quality. Maize which is used for 0il will produce
less 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
heateq 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 Usgs 45
Seed Graifs 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 graip. '
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{
TESTING GRAIN FOR MOISTURE CONTENT |

Grain that is too moist will heat in storage. All stored 3rain should
be examined frequently to see if it is heating. Heat build-up deep
within the grain is a serious danger signal. Unfortunately, wait.ing
until you can feel the heat in the grain is waiting toc long.

Various electrical moisture testing devices are sold. They are seldon
available when and where they are needed. Most of them are too compli-
cated or expensive for farmers to use. An appendix to this manual con-
tains a discussion of mofsture 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 completely dry grain
100 X

total weight of wet grain

There are Several ways to.megpan-
jcally 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 regisa
to region and depends upon the type of grain.
However, two methods used by experienced
farmers in mary places are: (1) pressing the
kernel of grain with the thumb nail to see how

. ta
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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 1ike 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

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

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

Clean 01d dirt and grain from harvesting tools.

Remove 01d 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 to0 ask your extension w0rker 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,0r 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
1ike 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 easiiy. 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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1t 1s betteroto take the grain out of the field.
You can bring the grain to a special drying place
and dry 1t in the sun. '

Keep the grain off the ground while it is drying.
Grain picks up water from the ground. Some people
caII this water, moisture.

. Spread the grain on mats or flat boards toldry 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. 1nsects
do not like hot sunlight. :

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

Some farmers like to yse open storage places called
c¢ribs. These ¢ribs have roofs on them,and they are
built on legs.

These cribs work well for unshelled maize on the cob
or for unthreshed mitlet, sorghum, or rice. Maize cobs
can dry in -the ¢rib 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 11t under
the grain to warm and dry the grain.

Artificial or mechanicai dryers can be used by groups
of farmers to dry their grain. Your extension worker
can tell you about these dryers.

Test the grain when you thirnk it is dry. The grain
must be very dry before you put it in storage.

Dry grain is hard to break. 1t is hard to break it
with your teeth.

Extension workers sometimes use special tools to see
1f the grain is dry. These tools are called mofsture
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 {f you do not
burn them. :

Put the grain into storage containers before 1nsécts
can get into 1t again.

Put each kind of grain into a separate container.

Do not put new grain with old grain. Store new grain \ -~
separately. n

Use old grain first.

Store 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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GRAIN DRYER MODELS

This manual already has talked about the need for dr&ing 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 1ike 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)

often and carefuIlg. 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 wel). Most of them require
the burning of fuel to heat the

air. This fact, together with

the cost of building the machine,
often limits the usefulness of
drying machines for use by

small farmers.

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 1t? If
it does not work, why not?

How much money will he have to spend for a new drying method?

Would he be able to maintain a new drying machine? Could he
fix it? Does he have enough time to operate {it?

Would the cost of the dryer be easy for him to get back because
of better storage leading to more grain to sell?

Would it be better to join a group of farmers and pay for the '
cost of a dryer with a group? Or does the farmer dry enough
grain to make use of a dryer by himself?

You will probably be abie to help by offering 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.

n-q-a-u-
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Here are some ideas for sun-drying grain:

Spread the grain in thin layers on trays which can be carried.
Stack the trays under sheds or roofs at night to protect the
grain from dew or from rain.
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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 tall out of the grain. Put the trays on

top of each cther 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
5¢m 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 graid 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 a]l
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 1n 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.

. Remembef 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. [t must be much drier
before it can be put into closed storage containers. If maize is put into
a ciosed 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 karnels are dryer, they can b shelled (taken off the cob) and stored
in airtight containers. To dry ma‘ze before shelling, some farmers keep
the husks on the cob. Then uiey tie the husks into bunches and hang these
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The Malze 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 cn 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. Th2se 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
dryirg time and the risk of molding.

So, a good way to dry and store maize would:
R T it

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 Iayers. 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 entaring.

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 mzize 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 Crib

After four months,check the grain moisture level. The maize may be dry
enouygh to shell and store in sacks or bins. The maize is dry when the
kernels crack sharply between your teeth and are not soft. I[f 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 will heat, and be attacked by mold and insects.

Rain which wets the grain through open crib walls is not generally a préb-
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 Im long will store
300kg of cob maize (yields 270kg of shelled maize).

Some General Remarks About The Improved Majze Dryirg and Storage Crib

Use materials that are easy to find in your local area.

._The crib will work best §f 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 grourd. Most rats cannot jump\this high.

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

The lTong 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 Caib

Tools and Materials

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

bamboo.

termites or any oth

" If bamboo S not available in your area, or if the bamboo in

pests. Lash it together the same way you would

your area 1is attarkg? by insect pests, use wood that is resistant to

lash bamboo.

L

For the bui]ding frame (211 bamboo or substitute):

~ (a)
(b)
(c)
(Q)
(e)

()
(g)

"3 vertical supports, 3 1/2m long, with V-notches and lfshing
slots in one end of each one

-3 vertical supports, 3m long, with V-notches ahd lashing slots

in one end of each one. 3
2 horizontal roof supports, 2 1/2m long
2 horizontal p]attorm (floor) supports, 2 1/2m long

6 vertical platform supports (with v- notches in one end of each),
1 1/2m long

6 notched horizontal width spacers, 70cm long *~

25 poles, 95¢cm long, for the platform surface

For the wall bracing and covering (raffia, small bamboo or other wood):

~(h)

(1)
(J)
(k)

together into a mat. The finished rat should be about 6m long

8 cross braces (optional if frame is very strong):
. 4 must be about 2 1/2m long
. 4 must be about 1,70m 1ong .

f

!

8 wall supports, 2 1/4m Iong /

8 wall supports, ]m 1ong |
i
raffia or other strong slats for the wall covering. Tie these

and 1 1/2m high.” e

\ ~
!

= -2
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For the roof (all bamboo or substitute, except for purlins, and roof
covering and loading cover):

(2) 2 horizontal pieces, 3 1/4m long

(m) 3 cross pieces, 1m long }

%

~{n) 2 angle braces, Tm-Iong-

(o) 7 purlins, 3 1/4m long. Six of these will be" Iashed-across
the cross pieces to support the roof covering; one may be
attached to the front loading cover.

(p) raffia mat or grass for-thatch to cover the roof, and also-for
the front loading cover. You will need a horizontal piece at
least 2 1/4m long to weave the loading cover material onto -- it
need not be bamboo or of & large diameter.

For rat guards (if you need them;:

See Section 6; Part 2 of this manual for directions on making
rat guards (bafers)

For the lashing material:

(qQ) You will need plenty of rattan, rope or t1e vine for 1ashing
a1l the wood pieces together.

~

Find a good site for your storage crib. Keep the érib auay_

from the fialds. This stops insects from flying to the drying
grain from the fields. ‘

Select a site.

Prgpare your materiaIs

Collect all the materiéIs you will need.

Make V-shaped notche$ 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 l l
of each of the three 3m vertical sup-

ports (b}. . -
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The Maize Cnib

Make V-shaped notches in one end of
each of the six 1 1/2m vertical (e)
support posts (e}. '

)//// . Make holes all the way fhrough
) each end of all six 70cm
/Q/ .-

(f) horizontal spacers (f}.

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

3. Make holes in the ground for the-legs.

Mark spots for holes for the vertical supports (legs)(a)} and
(b} on the ground. Make a mark for the first hole; measure
Im 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 Tm apart, in a line parallel to
the first line and 75¢m away. Each of the three new marks

should be directly opposite one of the first marks and 75cm
away. : a

Dig six holes, each centered on one of the marks. Make the
hoies 50cm deep and wide enough so that two vertical supports
will fit down into each one.




]
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The Maize C@&b

Erect the vertical supports.

r‘fjgf I
Lay the three 3 1/2m vertical '1
supports (&) on the ground
1m apart, with their ends
lihed up. Lash one of the
2 1/2m horizontal roof supports
(c) to the notched ?nds.

Lay the three 3m vértical
supports (b) on the ground
in the same way apd lash
the other horizontal roof

support {c) to the notched
enpds. -

Place the two aésemines
into the holes.

!;

Place the vertical platform
supports (e) into the holes
on the insides of the vert-
jcal supports you have
placed in the holes. Make
sure the V-notches are
facing upwards. ‘

Tie the platform supports to
the longer supports temporarily
until the next step is
completed.
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Install the platform support framework and make the structure

rigid. .

Place the two horizontal
platform supports (d} in the
V-notches of the platform
supports.

Lash three of the notched
horizontal spacers (f) to the
vertical supports (a) and (b).
across the width of the crib.

Level and square the framework,

Fi11 the holes around the
vertical supports with smal}l
stones and soil. Tamp down
firmly.

Lash all joints tightly.

Finish the platform.

Lash the twenty-five
95cm poles (g) next
to each other on the
horizontal ptatform
supports.” This forms
the platform.
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+ Install the cross braces.

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

ends of the crib.

Each brace should extend from
somewhere near a top corner .
to somewhere near the oppo-
site bottom corner. Leave
room for a loading cover on
the higher side of the crib.

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

Install the wall supports and wall covering.

Lash four of the 2 1/4m wall
supports (i) to the vertical
supports along the inside of
one 07 the long sides of the
crib. Lash the remaining four 0
suﬂpor%s to %he inside ofithe LHREERH
other long side of the crib.

g i n‘wuﬂ
Lash four of the Tm wall sup- Uik
ports (j) to the vertical '
supports along the inside of Zal
one end of the crib, and four 5 gt
of them along the inside of T
the other end.

iy

Lash the already-prepared wall
covering, ém x 1 1/2m (k)}, to
all the wall supports on the
iuside of the frame.
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The Macze Crib

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

Measure the distance between the
centerlines of the front and the
back horizontal roof supports (c)
which are lashed to the tops of
the vertical supports (a) and (b).

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.

Lash the two Im 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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1. 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 loading cover.

Lash raffia mat to a2 2 1/4m
long 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
is lashed in place up under
the front edge of the roof.

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

The crib is ready for use.

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

;.u;-—ﬂ"l:.a.-..n

‘:,1WT1 il
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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:

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 conditiqn.

make more mqney-from the sale of his grain.
Four different dryer plans are presented here. Two are made using oi)
barreis 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. [t 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 useéful to build a dryer that dries
grain to a Tow 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 ricedgust 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 lofig time in the dryer would be needed. In the two 0il barrel dryer
designs, heat is not 1ikely to flow evenly through the tightly packed
kernels: and much rice would
be damaged by cracking. I°€
fans are added to the oil
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 grains which also
pack tightly, but give up their
moisture more easily, and are not
Rice Dryen so likely 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 1onger. 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 15 difficult to control the drytng temperatures accurately 1n ofl
barrel dryers without fans and in solar dryers.

Moisture in Air. The weather in your area will
affect how .cng the grain takes to dry. In a
wet, cold ¢ -inate or season, grain will take
jonger to dry than in a dry, warm place.
Heated-air dryers might be very useful

where Jrying nust be done in wet or cold
conditions which cause farmers to lose

grain Lo insects and molds during

Tong natural drying times. But),

at teast in the cases of the

oil barrel and solar dryers,

thiz must be weighed against

orohiems caused by relatively

long drying times in the

dveer,

Simple 0¢¢
Bantef Drgen
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Fuel. wWhat 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. Faymers may have to
pay the labor costs for gathering these fuels. Try

to be sure farmers will not be spending more on fuel
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 0i1 Barrel
Oryer the barrels are sunk into a pit. The Simple 0i1 Barrel Oryer is
built entirely above ground. They each require mostly simple labor and
would be good projects for a group of farmers.

Cutavay of vhe Pt
JdL Barsed Dayen
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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. 011, kerosene
or rice hulls may be used for heating fuel, and a small gasoline or
diesel engine, or an electric motor may be used to power the fan. . It
requires more in the way of materials. Thus it may not be usable by
many farmers because of unavailability or high cost of -materials. But
the plan is included because there are farmers who are interested in
this kind of machine, and it does represent a relatively small-scale,
appropriate method of drying.

The solar dryers provide
faster drying and require no
fuel. By enclosing the drying A Modigted
grain, they retain the heat Solan Dryen
of the sun better than Jjust
spreading the grain out in
the sun to dry. They require
littie 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 heip make one of these plans more useful. If you know of
a plan for a smatl-scale dryer useful to farmers which is not inciuded
here, cend it to VITA for inclusion in the manual.
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A_SIMPLE OIL BARREL DRYER

- S
LT
g
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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 0il1 Barrel Dryer, but it is easier to build.

[t.rests on the 9round so you do not need -to dig any pits or trenches.

The drying grain is placed on a screen floor above four o0il 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 !+e 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.

75
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It is tetter 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 o
air through the barrels will reduce the amount of fuel needed.

e
- '

Do not use this dryer to dry grain kernels you will use later for plaﬁting.
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 Jocal 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

\ for the dryer. You may mix in cement with low-clay- soil to build earthen
L 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 {ts

\ heatirg capacity. : You can make a shorter dryer wider. A smaller dryer

y might aiso be very useful to dry smaller fruit or vegetable crops.

1

\ READ THE TNSTRUCTTONS THROUGH BEFQRE VOU BEGIN

| Tools and Materials - | ;
i\ . 4 220-1itre 011 barrels
about 375 mudblocks, each measuring 15 x 20 x 25cm
\ . woad to make a form fgr the mudblocks
about 2m of heavy wire, to join the barrels

. . 3 str1ps 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 Qarrels

13 6-10cm wide logs,for drying floor supports. Cut them about .
2m long, equal to the outside width of the dryer. / '

i .
6 1/2 or 7 square mgters wire mesh, for the drying floor f
OR
about the same aree of heavy woven mats, plus a total of 10m
of wire mesh strips about 20cm wide
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. A Simple 0¢£’Banae£ Dryen

. OPTIONAL: materials for making concrete, Plus reinforcing rods;
or heavy metal bars. These will make reinforcing crosspieces
across the barrels 1n the front and back walls of the dryjy’

-
-

. /
. Select and prepare a site,

Select a site that is well drained *nd can easily be de-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 dbout 6,50m x 4m. ‘

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

Assemble the o0il 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 barrel. This .

will make an opening into the chimney.




Dryen Models -74-

,‘of.." .
A Simple 04l Baanel Drnyer

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

Join the four barrels {ogether
by tying pleces-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
gt?er over top of the chimne
ole. , :

& ' ' ’

3. 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 fiiished
block will measure
- 15 » 20 x 25cm.

. You will need: about
375 mudbtocks. Let them dry
hard before using.
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A Simple 0{L Bawrel Dnyen

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 foundation. This will leave about Im at the back.
Leave about Iri on each side.

D

»
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!

@1low 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 mate~ial you used for the
blocks. Add just enough water so it is not too watery. T

83




|

Dryen Models -26-

A Simple 0if Barnel Dnyer

;g Lay down the first layer ¢f mudblocks. Place blbcks so that 20cm -
:is the thickness of the walls:and 15cm is the vertical dimension.

Mortar between the blocks. Allow about lcm between blocks for a
good mortar Joint. : '

It is important to make the right distance between the front and

the back walls. Since the assembled oil barrels will pe 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 barrels
to rest firmly on the first layer of blocks at each end. Later
they will be enclosed-around the sides by the finished end walls,
ma2king 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 pe drawn in through them,
warmed, and then rise through the grain to dry it.

Make the air vents each about 15¢m across. If you have troubtle
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.

Place the barrels.

Place six free-standing blocks down the middle of the dryer.

K These will support the barrels. Getting the barrels up off the

ground helps air to move around them and also reduces the chance
of their rusting.

Put a layer of mortar on each of the blé&ks down the middle of the
dryer and on the cen*er part of the front and back walls where the
barrel ends will touch.

Mﬂ

\ NN :
=
. APFROXIMATE SRAC/NG OF
' BLOCKS 70 SUPPORT B4RRELS

84
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Lay the barrels in place on the mortar and brace them temporarily
with sticks 1f 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 acrot3 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 hole 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.

CHINTHEY HOLE

/3 W TOP
-
] PLACE THE END OF

THE BARREL ON THE

OUFSIDE EDFE OF THE
WALL .

Continue the walls.

Lay down five more layers of mudblocks.

. Lay the blocks so that, as much as possibie, each block crosses
over a joint between blocks in the layer below., This will make
the walls stronger. d

. 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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A Simpte 0if Barel Dnyen

%

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 zn the spaces completely
with mortar so there will be no air lecks. For added strength
you can mix some cement with this morta:. ‘

If you think the ends -of the barrels are not strong enough to
support three or four layers of blocks above them, then make
crosspieces gut 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.

PLACE CROANIECES
IN THESE SPACES — 7
IF YOU USE THEM ,(/’

FiLL. THE. SPACES
BETWEEN THE BLOCKS
& THE BARRELS

WITH MORTAR, .

N\ﬁ“.

Yoo,
P

Y
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Hake a drying 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 ‘embedzed into the walls.

Check the size of the screen by stretching it 1ightly across
the topeof 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 &re
sat1sf1ed. set the screen aside

NOTE: Small-mesh screen is best But chicken wire can be
used. Place straw mats over ch%cken wire, or other
large-hole screen, so grain will not fall through
the holes. by

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.

&

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 log on each end and
the end wall next to it.
The 15¢m may be a little
different; 1t will depend
on the size of the logs.

~ The log ends should come to
th?]outside edge of each side
wall.
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A Simple 0if Bamnel Dryen

Fi11 the spaces between the logs with mortar up to the tops
of the logs.

Build up the front and back walls and the corners of the
dryer to the same height as the tops of the logs.

While the mortar is still wet on the tops of the four walls,
lay the screen you have made in place on top of the logs.

« . Center it so about the same width extends over each wall.
Stretch any wrinkles or kinks out of it.

Place a thick laver of mortar over the screen the width of '
the wall so that it filis the holes in the screen and gives
a good base to lay mudblocks on. Lay mudblocks in the usual
Nay L] 4
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A Simple 04t Barnnel Dryen
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, 5o no bumps or
loose pieces will be knocked into the dryer when it is in use.

Build a chimney.

BACK wALL
OF DRYER

LEAVE A
SPACE AROUND

. Build a chimney
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

walls, and mortar. Pos:tion

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 grai:. —
Make sure the.chimney is sealed and free of cracks, so0 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

Barnel Dryen ‘ Simple
Barrel Dayen

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, etcC.

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

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 chimney to give you more control of the draft.

Watch and control the fire at all times during drying. Do not dry
with too Iar?e a fire: you may ki1l or scorch the grain. A medium
size fire will give the best distribution of heat.

[f 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 0.4t Bawrel Dnyens ;

7. You can modify the dryers by installing a fan or fans to pdsh,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.

8. 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. Lload
it with a fresh batch as soon as the one before is dry.

9. Llimit 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 iivestock feed may be dried at higher temperatures.
1 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.

“1D. 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 lonje:'. Stir only to release
the heat if overheating occurs.

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

12. load small grain such as millet and sorghum in a layer 5-8cm deep.
Shelled maize and other grains may be loaded up to 1Dcm, groundnuts
up to 20cm, and maize on the cobs up to 30cm,

13. Maize may take one to two days to dry.

14. 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.

15. 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.

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

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

i
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THE PIT OIL BARREL ORYER

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 Oryer
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 Oryer.

JLProven 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 1ong 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.

[t 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):

[t 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 of farmers means more use and
less expense to each farmer in building.

-The fuel used in this dryer is often firewood; sometimes
maize cobs also are burned. Firewood is becoming harder
<o 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 graih which will be ysed for
planting.

%, ' )
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. It would be worthwhile to find other ecénomica1 natural
fuels (like maize cobs). )
. Banco construction (hand-rammed earth) works only where
,there is a high clay content in the soil.

Fans placed to drive the warmed air around the outside of the barrels 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 Vitre 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
- . low-clay soil to allow you to buiild the earthen walls.
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- READ THE INSTRUCTIONS - ‘THROUGH BEFORE YOU BEGIN. i

Tools and Materials
3 o1l barrels, 220 litres each . ]

9m2 checken wire or other screen, oOr a coﬁbination of

1 screen and woven mats .

[ron or steel "re-rod" (reinforcing anmature) for lintels /
émm diameter, 6m long - /

Materials for concrete: 25kg cement
1/2 barrel sand
| 1/4 barrel gravel
Heavy wire, about 2m
Thin wire, about 15m o o
10 logs, 8-1dcm diameter, 2, 15m long A FN

2 strips of small mesh screen, each about 180cm =~ /
iong, and a few cm wide.

Digging tools

1. Select a Site.

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

If you are in a swampy or drainage area, water uil? get
into the dryer and wear away the wails.

2. Make 2 lintels. / o ' ¢

The tintels are concrete horiZontal slabs which will support ,
the weight of the walls over the barvels. .

Make two forms out of boards or bricks. Line them with paper
The forms should each make a finished 1intel which ﬁeaSUres
120em x 30cm x 8cm.

\

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

Mix concrete in this proportion: 1 part cement
, - 2 parts sand
3 narts 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 tamp
firmly. ‘ o !

G . Lay 3 pieces of Im re-rod on top of the 4cm of concrete in
each form. ‘Space them.evenly, with the outside pieces about -
3cm from the edge. s o i

. Finish bburing concrete into the forms. Tamp firmly and IevéI |
.off the top surfaces. ) _ \

Cover them and keep them out of the sun or cover with grdss.
Keep them damp for about 7 days by sprinklintg three times _ i
a day. This slow drying cures the concrete it 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 - J
prevailing wind during the season when the dryer will be used L
most. This is important -- it keeps the smoke from blowing : {
back into the drying grain.

IStaké,out the stoking-pit against the upwind 2,80m side of the : !
drying arei. Make the stoking pit 2m x 2,Im. One of the 2,Im
J 2,8m side of the drying

sides should be right next to the upwin
chamber area. :

C — e o=

M UPWIND SIDE OF DRYING CHAMBER-
O‘J'AKE- OL’?T THF_ STOWING PLUT
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!

4. Dig top soil eut 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.
i
!
‘ )
g
B
=
>y
k.ﬁ ) ‘A :
-~ % A —
~ /’— s ! [ —
~C | ,,,..-"‘"" & \'\.4’,—"'}’
\'L_-.-- _ {(,
; 5. Dig a trench in the center of the staked/out area.
¢ . | . i !
Dig a trench centered in the middle 0# the drying area 70cm wide
and 14Jcm deep -- from ground level. It should extend 4,80m
from the chimney end of the drying area. This will leave 20cm
un;dug at the opposite end for a retaining wall for theiitoking
pit. , :
.~ Keep the diktlyou remove separate from the top soil you removed
befoqe. '
) I CHIMNEY
; I o B P
~20CM L
LEDGE '
—3

/ J

Tn-.suc.q/ CENTERED IN
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GROUND
LEVEL .
141: o
6. Make cut-outs for the lintels.

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

Remove the s$0il 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 long and dug down 35cm, or until the bottom
of the slot is 75¢m up from the trench floor.

CliMIEY END
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Make Cut-outs for the Chimney.

The chimney hole should be dug into the soil at the back wall
of the drying area. Centered at the end of the drying area,

dig out an area 30cm wide, which extends bygk 30cm beyond the
drying area to a depth of 30cm beiow the ground level.

Also centered at this end of the drying area, dig another area
15cm wide, which extends 15¢cm back. This channel wiil extend

below the hole just completed until 1t is 50cm from the trench
floor.

CHIMNEY
AOCM
oL x'.'.nc-ﬂ)

CHIMNEY
,.,5 // HOLE (15em

© CUTouTs
FoR.
LINTELS - -

LINTELS

Place the iinﬁels.

Lay a Scm layer of banco in each of the four lintel slots.
Lower the lintels into place. M:ize sure they are level,
and square with the side walis of the dryer.

: 9

X \SM
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CUIMNEY

in PLACE

L

!

FRoNT LINTEL
N PLACE

T\

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 45¢cm thick until they
reach a height of S0cm above the base of the front lintel. At
this point reduce their thickness to 30cm, leaving a 15¢m wide
ledge on the inside of each side wall. This ledge will support
logs for the drying floor.

The height you may build the walis in one day will depend on
the quality and consistency of the banco.

Before the walls are too high, remove some of the dirt between

each side of the oil barrel trench and the side walls. Make

a slope on each side of about 45° starting at the inside edge

of the base of each side wall and extending down to meet the

sides of the barrel trench about 40cm above the floor of the

trench. B :

Embed a strip of chicken wire, or other wire mesh you have chosen to
use, into each of the wal!ls, 10cm above the 15cm ledge you have made.
Each of the strips is 20cm wide and is as long as the wall it is placed
in. 10cm of the 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 048 Barrel Dayer

REAR. LINTEL
ROAX é'-‘pcm
Cmuué Y FLOOR LEDGE _
\ DRYING CHAMBER WwALL

LY ]

i GROUND LEVEL

RETAINING
WALL .

TREMCH SIDES
SLOPED.

| \
™

LinTeL

<ol T BE REMOVED
Fow STAIRS,
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Cortinue the front, back and side walls until they rise 40cm

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

20 CA WIDE
20 | EMBE
e PR oy NTO WALL.

!

3
GRDUND &

T

/|
Y
/

SOt

LINTELS MAY
SINK A LITTLE
ON THE WET
BANCO MORTAR,
AS YOU BUILD
THE wALL.
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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 wal) up from the floor of the original
30cm deep pit that you have dug out. Build it on three sides
of the stokiny pit area. . The fourth side is spanned by the
front wali of the drying area. :

Make it 20cm thick. The front wall of
the stoking pit will fit exactly on zpmal [-— :
the 20cm ledge you Teft at the front 5
f 4
end of the 140cm deep trench that ﬁgﬂl. m‘

extends down the center of the dryer <4
and stoking pit. Z +
30

/] IV
Buiid all three sides 50cm up from 5"“'; L

their base. This will bring them /') }F
20cm above ground level.

1. Buiid the chimney.

Buiid the chimney walls out of
banco up from the bottom of the
larger, top hole you have dug

CHirMaleY out at the end of the dryer.
The inside faces of the chimney
walls should be flush with the
sides of the lower, smaller
hole that is dug into the
bottom of the top hole.

Extend the chimney 20cm higher
than the top of the back dryer
REAR. wall. As you build upwards,
LINTEL gradually narrow the inside

: passage of the chim.ey until

: it measures about 10cm x 10cm

TREMH 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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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 2 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 eéenly spaced holes around the rim of each barrel
where it will join another barrel.

Join the three barrels together by tyinj 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 #ill also prevent rusting.
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: CuUT oNE END
ar Bod EWDS  aammet.
From (2) BARRELS _ OPEM NGz |N ONE
- ENMD OF THIRD

Z . BARREL.

P 2 L ‘ )

L . d /_. -

QJom BARRELS wiITH '/
HEAVY WIRE
(4) PLACES ARDUMD
CIRCUMFERENCE .

o

LOCATE BARRELS 18 TREMUCH
witd HOLE w1 EMD AT THE
ToP, NEXT TO CHIMUEY

C - :
SUPPORT wiiTH BRICKS
oR STAVES (10 e THICK).
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Seal the joints between the barrels by placing a strip df
screening around them and plastering with a mixture of mortar
(1part cement to 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 aﬁg::d the top of the

barrel to let cool air enter the drying ‘chamber -- this coo)

air is warmed and will rise up through the drying floor and °
grain.

AT THE.
CHININEY END ~-~

FiL.L IN THESE.

AREAS AROCUND
THE BARREL. \

AT THE FRONT END
(NEXT TO STOKING-
PIT) - ’
Fill. 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. ‘

P |
.
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Assemble the drying floor supports. '

Use 10 logs of solid wood. The logs 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 109 ends will rest on the 15cm ledges in '
the side walls. Resting the logs on tic ledges instead of fixing
‘them in place means they can be replaced more eisily if they weaken.

-

Place and '_'fasten screening on top of the log supports.

Stretch screening across the 1ogs 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.

Overlap 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 oves 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
Phitippines 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 crons in the time it used to take
for one crop.

However, becaJse the growing time is shcrter, 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
nexpensive, simple to make, easy to operate and maintain. We call it

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

¥

1“er. are advantages and disadvantages to the use of th?s dryer by small
taim. rs. Advantages are:

It can be USéd 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.
N
It is practical only- for wealthier farmers or a group
of farmers. -
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Phitippines Rice Dryer

LOS BANOS RICE DRYER'

The first rice dryer is from the Grain Processing Program of the Department
of Agricultural Engineering at Los Banos, Phjlippines. It has three main
parts: a bin which holds the grain {placedn 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:

Grd%n‘holdiqg_bin

Floor area is 1.8m x 3.6m.

2cm plywood .
Scm X S¢m lumber. -

Perforated sheet metal {sheet metal with holes}.




Burner
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Philippines Rice Pryer

58cm fan adapted from truck radiator fan.

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

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

No stirring is necessary.

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

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, needie valve between burner and housing, and

a double shell sheet metal housing. Uses 1.5 1itres 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 Rice Dryen

Kerosene Burner

Fan and Engine

Grain Bin

Plenum

pPerforated Metal Floor

Notes on Dperation of the Dryer

It takes 2 men an hour to assemble the dryer. This is the final
putting together of the pieces. This is the time it takes if
the grain bin is already made and all the parts are ready to
assemble.

The dryer must be used under a shed to protect it and the grain
frem rain,

The binholds about 1700kg.

The manometer is @ quide 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 tetween the burner housing and the fan intake.

Drying continues until the top layer of grain is at 4%
moisture. (It will take about 8 hours of steady drying to
bring moisture down from 26% to 14 or 13%.)

For detailed technical bulletins describing construction and use of the
Philippines Rice Dryer contact:

The Project Director

Training of Technicians for Grain Industries
Department of Agricultural Engineering
University of the Philippines at Los Banos
Laguna, Philippines

111 -
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IRRI BATCH DRYER

The IRRI Batch Dryer is different from the early University of the Phili-
ppines model in 2 important ways:

1.

It can use a self-feeding rice hull burner instead of gas
or kerosene. This burner uses 3-4kgs of rice hulls per hour
or 25kg per ton of rice dried. One ton of rice contains 200kg
of rice hulls, so there are plenty of hulls to feed the burner.
In other words, one ton of paddy produces enough hulls to dry
that same ton of rice kernels.

The fan used is a 47cm diameter vane-axial type rather than
varying sizes and models of truck radiator plans. The use of
a standard fan allows the operator to fix standard drying times.
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Other notes on the IRRI Batch Dryer

Drying capacity is 1 metric ton. It can dry this amount of
paddy rice in 4-6 hours depending upon the initial mofsture
content of the grain.

The 0i1 burner uses a 3 hp gasoline engine (a 2 hp electric
motor can be added to drive the blower}. A kerosene burner
is installed in the air duct. '

The rice hull furnace has a steel frame and 1s 1ined with

fire bricks. [t 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 o0il burner 1s 0.75 1itres per hour
for the gasoline engine and 2.0 1itres per hour for the
kerosene burner.

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

This dryer, like the Los Banos Dryer, may be hard to put together: in
some areas the materials may be expensive; in other places the equipment
is hard to find. These facts make it hard for many small farmgrs to use
such a dryer. A group of farmers, however, would be more 1ikely 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 Nutei-
tion Institute in Trinidad. VITA technical artist George (. Clark has
provided added illustrations, as well as a simp11f1cat1on of the building
procedure of the Model #1 dryer.

McDowell's plans in turn were c¢aveloped from the ideas and principles

of Or. 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, wii] have to learn by trial
and error.

Dryers are most useful only at certain hours of the day

and 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. I[f a farmer wants to dry move grain, he will have to
make a larger dryer or build several dTY%ES-'

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 atfecting 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 overali depth. But chianges
in area can be made to suit local conditions, and dimensions of materials
avatlable. [IMPORTANT: The only dimension which should be followed as
closely as possible 1s 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 Jess 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 10em less in length and width, and at least Scm 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. JThe dryer is supported about 15c¢m abova the ground on four legs
(which also form the main corner members for the hox)
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Solan Dnyens

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 piywood for sideé. ends, and bottom
of boxes. Use wood from old packing cases if it is
avaiiable. -

Lengths of timber:

4 pieces 5 x 10cm for legs

4 pieces 5 x 5 cm for legs

13 pieces 5 x 5 ¢m 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.

T

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 i
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.

117




Dryen Moreds -51-

Sedar Pryens

NAlLL. BOX TOGETHER

TO APPROXIMATE
DIMENSIONS SHOWN

Cut and nail the tea pieces to the corners as shown. '

NAIL LEGS TO BOX
AL SHOWN
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Sofar Dryenrs

BLLOCKS NAILED ' SPACER STRIPS
BETWEEN SPACER :
STRIPS

y l. TURN BOX UPSIDE DOWN
SPACER AND NAIL SPACER STRIPS
STRIPS ON BOTTOM OF BOX.

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

119




INSULAT ING
MATERIAL

Dryern Models ~63-

1. PACK INSULATION
BETWEEN SPACER
STRIPS.

2 PUT BOTTOM BOARD/

BOARDS IN PLACE’
AND NAILL AROUND .

EDGES.
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Totar Dryens

BETWEEN
BOARDD

WHENTWO OR MORE BOARDS MUST BE USED TO MAKE
UP A SIDE OR BOTTCM,THE TWO JOWNING EDGES
SHOULD BE COATED WITH GUM, PITCH, PUTTY, Roor-'
CEMERT OR CAULKING COMPOUND BEFORE THEN AR
NAVWLED ., SMEARING T ig UNDER SIDE OF THE BA‘\'TE.N
WITH THE SAME Ty &L 2B MATERIAL BEFORE MNAILING
1T OVER THE. CRATZY. AL TWEEN THE 80ARDS WlLL HELP
TO KEEBEP THE BOARE_“ WEATHER-TIGHT,

1
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®

. STAND BOX ON SIDE

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

3 REPEAT
SIDE @F ¢

INSULATING
MATERIAL
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Solar Dnyens -

INSUL ATING
MATERIAL s

L.STAND BOX ON EN

. 2.PACK INSULATION ON
END AND NAIL BOARD -
IN PLLACE.,
3.REPEAT FOR OTHER

END. 123
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. SET BOX UPSIDE. DOWN .
AND DRILL. HOLES THRU
BOTTOM OF BOX. MAKE
SURE HOLES ARE DRILLED
THRU SPACER STRlPS(SEE
DETAIL AT LEFT) .

2. WHEN ALL HOLES ARE -
DRILLED, NAIL THRU
BOTTOM INTO SPACER.
NAIL AT LEAST BETWEEN
EVERY OTHER HOLE.

- INSIDE 80TTOM
INSULATING MATERIAL
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3 DIFFERENT WAYS
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Solax, Oryens

Make the air outlet slots.

- Mark the position of the air outlet slots on the
upper sides.

- Cut out the slots in any of the three ways
pictured.

Paint or stain the inside of the box with a dark color.
A flat black is good. It is a good idea to put a wood
preservative on the outside if you have it. Then paint
the outside with gloss paint or marine varnish -- if
you can find them,
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Solar Dnyens

CONSTRUCT THE COVER (FOR MOOEL 1 and 2 ORYERS)

The same cover is used for both dryers. It consists of a rectangular
wooden frame with a central ridge piece. It is covered with a double
layer of polyethylene film

- Tools and Materials

Saw (preferably tenon saw), screw-driver, sharp knife or
scissors, tri square, marking gauge.

Lengths of timber: about Scm x 2cm.

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

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

Blued tacks (1cm) or large office stapler.
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Sofan Dnyers

READ THE INSTRUCTIONS THROUGH BEFORE YOU BEGIN

Make the frame So that its length and width are each 8cm greater than
thé box to be covered. The cover will overlap the dryer box by about
4cm in each direction.

1. Make the Ffame

Cut the pieces for the frame to the right lengths.

Put them together as Shown.

Treemrcce

AHacvinrg
T

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
Tonger than the frame.

Turn the frame upside down and lay
the plastic sheet in place. Fold W///////
one side of the polyethylene back | f4
on itself to form a triple jayer B

seam 2¢m wide. '
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Solar Dryens

Start at the middle of the frame and work toward both ends.
Stretch the plastic 1ightly but firmly lengtmise. Tack
or staple through the seam at 8cm intervais to fasten

this edge of the polyethylene to the frame. 00 NOT QVER-
STRETCH THE PLASTIC. POLYETHYLENE WILL "GIVE" !

LIKELY TO BREAK THROUGH DURING USE, IT IS BEVTER THAT

-

POLYETHYLENE SHOUCD BE SCIGHTLY LOOSE RATAER THAN QVER
STRETCHED. B -

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.
/Rvprtr Sheet
Q_V/ﬁ & l;z;'::-f

Stretch the polyethylene over the ridge and around to the
lower edge of the other side member. Make a folded seam
and tack or staple in place as before.

Stretch the polyethylene over one end of the frame, fold
and tack as before, cutting away any extra material re-
sulting from the slope from ridge to side member. Tuck
the corners of the sheet in neatly, and tack firmly in
place. Repeat for the other end of the frame.
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Sotar Dryers
4, ‘Attach the Covers to the Oryers

. The covers do not weigh much and are 1ikely to blow off the

. dryers even in a 1ight 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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Solan Dryerns

CONSTRUCT THE DRYING TRAYS

This 1s 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 slignhtly smaller than 1m x 1m so that it will fit
the dryer box well, It i1s a gnod idea to make two trays because they
are easier to handle than one large tray. Also, using two trays means

t?at 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, ¢r fibre matting stretched on

a frame also can be used. _

b
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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 e:rth
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 Sqlar 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
shouid be facing the prvailing wind.
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Sofan Drychs .

Tools and Materijals

Large knif‘e,’ axe, or machete

Coping Saw or wood rasp

2cm chisel

Clay bricks or bricks made from similar material
Mort7ar o;' clay. for laying bricks

Thick bamboo (6 to 7.5cm diameter)

READ THE INSTRUCTIONS THROUGH BEFORE YOU BEGIN

1. Prepare Site

Lay -out dryer size by building up the corner blocks.

LAYOUT THE SIZE O THE DRYER ON THE GROUND
AND LAY UP THE CORMER BLOCKS AS SHOWN.

ElLL N BETWEEN THE CORMERS TO
S wWARE ! ORMNER COMPLETE
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Solan Dryens

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 W NIFE MAY
BE USFD FOR
SPLITYING.

USE HALF-ROUND GOUGE OR
SIAALL CHISEL TO CUY OUT
MATERIA L AT JOINTD AFTER
BAMBOO HAS BEEN HPLIT,
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Sofan Dnyers

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 .o
HANDSAW .

ALVES OF BAMBLO
3{":20 10@511-&'-& LR,
TIED TOGETHER WITH
CORD.
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Solan Drayens
3. Finish the Walls

Place the bamboo pipes in position'in the second layer.
Cut the blocks short as necessary te fit in the bamboo
pipes.

BAMBCO

Puf down the third layer of bricks.
Pack the holes around the bamboo with mortar or clay.

Put down the top layer of bricks and cut out the air
outlet slots or lay the top layer of bricks leaving
one inch gaps as air-outlet holes spaced along the
two sides. ) ;

T I I IO




Dryen Modefs -82-

Solan Dryens

Paint the Inside

Paint the inside of the dryer a dark color. Charcoal,
mixed with clay, may be a good way of doing this,

Construct Cover and Orying 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 ¢louding 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 a2 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, 11¢m diameter pipe, or 2 number of smaller pipes can
be used. When using smalier pipes, difficulties in constructing a manifold
may ariseé., 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 UMDER THE
AIR-INLET PIPES.
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Solan Dnyens
An increase of 7.6cm (or one brick)} in height, should be suff1C1en£
The firebox may be built in clay or brick, or a section cut from an old
011 drum may be used for the purpose
The base of the firebox must be at a 10wer level than the dryer.

Make sure that this area is protected from any flooding which
may occur during heavy rains.

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

DAMPER —— 3| /

|
|

=
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HERTING FLUVE

Wher using artificial heat, the movement of air through thé dryer by

convection will operate as it does when solar heat s 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 wiil also ensure that any sparks from the chimney
are carriad away from the polyethylene cover.
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MOOEL #3  SOLAR ORYER

Description

This is a simple dryer. It is not as efficient as the otner 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
placed 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 later.

Ihé Portable Oryer

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, $0 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 togethor.
Turn the upper sheet 180° so that the .sheets are on top
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Solan Dayens

of each other. The upper sheet will tend to slip side-
ways and will not remain evenly positioned.

Mark a line. along the edges of
each sheet about 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
1ie properly together in the
correct position.

"«W.ﬂ/I/MY

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 1cm diameter
former {e.g., the handle of a wooden spoon) to form 6 loops.
Remove from the former and pull the ends of the wire so that
it forms a loose spiral. Cut this spiral with the pliers

so as to form a number of rings with overlapping ends.

Punch five holes through the flanges at one edge of each
sheet, using a nail and a hammer. These holes should be
positioned as follows: one hole about 7.5¢m from each end
of the flange, one hole in the centre of the flange, and
two holes midway between *hese holes.
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Solan Dryers

Pass the wire rings through these holes and close the
rings by pressing the ends together. This effectively
?inges the sheets together and allows accurate position-
ng.

3. Prepare the Dryer Box

. The shallow support and insulating box can now he 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 cach end between the corrugations of
the ?heet and the wooder frame by filling with cement, pi >
or clay.
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Solan Dryens

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 1f avaflable.

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 so0 that it is 15c¢m 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. Ffor 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 15¢cm beyond the
end of the dryesr. 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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Sofar Dryens

NAILED THRY
SHEET INTO
BOAR D,

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 betwe:.: the polyethylene and-the cerrugated 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.




Dryen Models -90-

Cross member
.. npailed ac‘;“c‘ss

<4 side member of cover frame
nailed to flange

.

Fill the spaces between the corrugations and the end battens.
with plaster, clay, or cement. Stretch 2 single Sheet -of poly-
ethylene over the frame. Tack or staple the shekt in place.

Keep the slots in the side piece of the frare (necessary to
accommodate the hinge rings) as small as possible. They should
only be cut enough to allow clearance fcr the rings.

The poiyethylene 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 wiil provide insulation. This type is built as
follows: .

Flange the sheefs and hinge together as described for the
portable dryer.

Nail wooden battens about 4cm x 2c¢m across the lower side
of the lower sheet at each end and at the middle, to
provide rigidity.

(M:;AT TEND WiTH

ROOFING NAILS OR LONG

NAILDS DRIVEN THRU

agr-reu AND CLANMCHED .
INT BENT AGAINST BOARD)

Construct a simple sloping clay platform the size of the
lower sheet and 15cm 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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Solarn Dryerns -

. While the clay is still wet and soft, bed the lower sheet
in position so that the clay mouvlds to the corrugations
of the sheet. Allgw the clay to harden.

CAUTION: Make sure to s-"o 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

PARTSTWO:

—

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 lot of heat to leave the dryer.

- Cleanliness

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

Keep the drying trays clean; wasﬁ 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)
1nterna1 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, add1t1onal outlets should
be cut in the upper edges of the sides.
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Shade Drying

Some materials, particularly green vegetables, carrots, plantaiin and some
varieties of sweet potato,may lose color and Vitamin A during direct
exposure to sunlight. For these materlaIS, 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 tha2 dryer. Put the nails in not more than
haif-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 hea t may cause it to melt). But the sheets should be
hignh enough Sso that hot air from beneath the sheet can still escape
through the dpper 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 z2re similar to those made by sunlight. Use of
metal shading sheets can, in fact, assist drying, since their presence
encourages more eifective convection air movement through the dryer.

Fogqing X -
If rogging 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 0 escape while the dryer is in operation, and then refasten the
polyethylene in place.

"Storage” Heating

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

4i1" enhance efficiency of drying during periods of intermittent cloud-
ing or rain, is the p]ac1ng of a layer of dark-colored (or black-painted)
rough-surfaced stones in the bottom of the dryer. These stones ‘should be
297 51zed or slightly larger,

Uuring 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,
either "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 1s 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. [t will then shatter in the drver.

But since all the seeds will be retained, this method of dealing with sesame
has great advantages. ;
Threshed grains should be spread 1n a lcm +0 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 deepccan be used. For groundnuts in the
shell, layers may be up to 5¢m deep. '

For very small-seeds, such as finger millet or sesame, trays with a very
fine mesh will be needed. MosqQuito netting or tightly stretched hessian
sacking would be appropriate.

150




‘\ | - ‘wf,,;-"j1_l?

: 1
: ) '
PC/VITA GRAIN 6 | '
STORAGE MANUAL |

ll r
ENEMIES OF STORED GRAIN = -
PART 1: INSECTS

This discussion of insects deals only with some of the insects that !
attack stored grain. [t 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 1nformati0n

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.

/"I rd
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 Other Facts About Insects:

. Insects have no bonés,and the soft inside parts are protected
in a3 hard case called the exoskeleton.

. %nsecgs bite . “f, scrape off, or chew food using their mandibles
. tjaws}). :

Somc insects are 25cm long. Most grain storage-insects are
onlv from 2 to 20mm 1ong. The length of an insect is measured
from the tip of the head to the end of the abdomen.

INSECT LIFg CYCLE

7

Humans grow from babies to children to
acults. This is the human 1ife cycle.

Most arain insects grow from eggs to :

larvae to pupae to adults. These growth @3
stages are the insects' life cycle. ' ]

It is not important for a farmer to know ' aff”//

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 egqs of insects often are not.

£ggs

Fach ferale insect can lay many e99s. The number of eqgs depends upon
the kind of insect; some females lay hundreds of eggs. And each of these
eqa9s could grow into a new adult. Some insects lay eggs on top of the
arain; some insects lay e99s inside the 9rain. The e99s are laid in
storage or in the field, depending upon the kind of insect.

Egg9s 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 iarva 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 1s 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. [t just slowly
changes jinto an adult insect.

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

% - HOW IMSECTS GET INTO GRAIN

Insects get into grain in a pumber 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 easily get to the grain.
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., Farmers store grain year after year in the same sacks, contafners, .
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 s 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 Qrain provides a perfect place for insects to live and grow because
food. air, moisture, and heat are provided.

Food

Obvicusly, grain provides food. But grain provides food for insects in
different ways. Some insects like certain kinds of grains better than
others. Not all insects eat the same part of the grain kernel. How they
eat the grain and the part of the grain they eat depends upon the type of
insect.

Primary Pests, Some insects, such as the
Angoum0is 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 inse-t
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 fs 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 1eft by the insects, he will be better able to
find infestations before they become a major problem. .

Atr

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 mofsture 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. .

L]
[

Insects c&n_take moisture directly from the wet surfaces of the grain
through special openings in their bodies.

The fact that insects require a certain amount of moisture- is important
because it underlines the need for careful drying of grain before it
goes into storage.

Heat

Insects live best within a certain temperature range. As the 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 359 C. they have a more dif-
ficult time living and die at 60° (.

Try to keep stored grain as cool as possible.

COMMON GRAIN PESTS

There are many kinds of insects which can attack stored grain. But it is

a much smaller number of insects which cause the major insect problems in
stored grain.

The foliowing pages contain information or 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
tte 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 1i1fe cycle.




GRANARY WEEVIL
Sitophilus granarius L.

WHAT IT LOOKS LIKE | ACTUAL sIZE
. Brown or black
. Long, thin nose *
. Strong jaws
. Long stripes on the body
. No wings

. 3.5mm long 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

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

73>,/ PUPA INSIDE KERNEL
row inside grain kernel & OF WHEAT
. See Picture = W

Larvae

Pupae
. See Picture

Adults
. Develop from e99 to adult
in 4 weeks, in warm weather
. Leave the seed and eats the AOULT 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.
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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 3nm long

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

LIFE CYCLE
. Life Cycle 1is completed in

about 5 weeks
. Each female lays from 300-500 eggs

Eggs
. Laid on the surface of the grain or
in spaces between grains
. Hatch in a few days

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

Pupae
ee Picture

Adults

T, Cut their way out of the kernel
. Feed on 9rain

ACTUAL SIZE
¥

ADULT
ENLARGED

LARVA IN KERNEL
'OF WHEAT

PUPA IN KERNEL
OFZHHEAT

7 ADULTS EATING

NGTE: 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.

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

WHERE IT LIVES ADULT
. In sorghum, majze,and other ENLARGED
cereals and flour .

HOW 1T GROWS
. Grows from egg to adult in 3 to 4
weeks in warm weather
. Each female lays about 300 eggs

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

Larvae
. Are straw colored
. Craw] among the grain cating broken
kernels
. Grow in this stage about 4 weeks

Pupae
. Form in a cocoon
. See Picture

Adults
. Adults live from 6 months to
3 years

ENLARGED

ACTUAL SIZE
X
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FLAT GRAIN BEETLE
Laemophloeus pusillus Schonherr

WHAT IT LOOKS LIKE
. Long antennae (feelers)

| ADULT
: $egd£;: ?;g:n.‘flat ENLARGED

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

ACTUAL SIZE

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

£ggs _
. Laid in cracks in grain or
in spilled grain

Larvae

. Yellowish-brown

. Like to eat the germ of
cereal grains

. May_not eat any other part of
grain

. Like to eat grain having mold
on it

r
r
¥
1

LARVA
ENLARGED

Pupae
ransform in a ¢ocoon

Adults
. Live from 6 -~ 12 months

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

the Rice Weevil.
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ANGOUMOIS GRAIN MOTH
Sitotropa cerealella Olivier

WHAT IT LOOKS LIKE

. Light, yellow-brown ENLARGED ' '
. 8-10mm long ACTUAL SIZE
" . 15mm from tip of uing to : '
wingtip
. Fringe on back wings <

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

LARVA ENTERS KERNEL AND

BEGINS
LIFE CYCLE GROWING

. Adults do not live long
and do not eat

Each female adult lays

50-100 eggs FULL-GROWN LARVA IN
Eqgs WHEAT KERNEL
' . Laid on the surface of grain

in the field or in storage

L s aa S N

Larvae
. Eat into kernel after hatching
. Grow inside kernel for 5 weeks

. Eat inside to the seed coat PUPA IN KERNEL OF ‘%.,
and they cut out_part of a WHEAT
circle (door) in the seed coat !

. Form inside a cocoon near the

Pupae Y
door cut by the larvae '

ADULT MOTH LEAVES THE
WHEAT KERNEL

Adults
ush out through the door
prepared by larvae
. Lay eggs on the stored g9rain
or fly to the fields and lay
eg9s on grain there

NOTE: PRIMARY PEST
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RICE WEEVIL
Sitophilus oryzae L.

WHAT IT LOOKS LIKE | ACTUAL S1ZE

. May have 4 1ight spots-on its back
. Long rose is easy to identify

. Reddish-brown or black

s Tong ADULT
ENLARGED

WHERE IT LIVES
. In warm places
. In sorghum, matze,and other

stored grain

HOW IT GROWS
. Female lays 300-400 eggs

Eggs

. Laid inside the grain kernel
. Sealed into the hole with secretion

which makes them difficult to see

Larvae ' ' . E PUPA. IN KERNEL

. Grow inside grain kernels

. Have no legs and are white AWV 0F WHEAT

and do most of the damage
. Stay in larvel stage about
5 weeks

Adults

eave the kernels. Half kernel is
eaten and-other half {s poor
quality

. Feed on the seeds .
. Looks like the Granary NeeviI but

NOTE:

.
this weevil can fly | ADuLTOEA;aEETKERNEL "

a

PRIMARY PEST. It can fIyL It flies from grain storage p1aées
to Ehe fields and back again. It can infest grain again and
again.
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INDIAN-MEAL MOTH
Plodia interpunctefls Hbn.

/
wHAT IT LOOKS LIKE
. Reddish-brown outer wings : ——
. Whitish-gray wings next to body : .
., 16mm from tip of one wing to ADULT
tip of the other o ENLARGED
. Easy to see in-grain

WHERE IT LIVES
. In broken grains and flour.
Also can attack whole gains
. In alt parts of world

HOW IT GROWS ACTUAL size
. 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 . ENLARGED LARVA
. 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 ADULT WITH
. Live 1less than 14 days / WINGS FOLDED

NOTE: Checking -and moving grain from time to tiAe is good protection
against this insect. Also, the Indian-anI Moth 1s attacked
by the parasite Bracon hetetor Say.

-




CONFUSED FLOUR BEETLE

1 Tribolium confusum J. du Val

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

WHERE IT LIVES
. In all parts of the world
. In storage places andvfIOur.m1115

HOW IT GROMS .
. Changes from egg to adult in
6 weeks in warm weather
. Female lays 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

X! . actuaL si1ze

r

)
*
o

G LARVA
3 ENLARGED
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DRUGSTORE BEETLE ADULT
Steoobium paniceum L, ENLARGED

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

ACTUAL SIZE
WHERE IT LIVES
. In many kinds of stored grain

. In a1l parts of the world

LIFE CYCLE s
. Develops from egg to adult
in 6-8 weeks
. Each female lays about 100 eggs

Eqgs
. Laid in any dry food substance

lLarvae
., omall and white
. Enlarged picture

 Adult u
“Looks 1ike cigarette Beetle -~ PUPA
. Adults live only 2 to 4 weeks ENLARGED
NOTE: Protect grain from this beetie 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.




RED FLOUR BEETLE

Tribolium castaneum Hbat.

WHAT IT LOOKS LIKE
. 3-4mm Jong

. Looks Tike Confused Flour Beetle

WHERE IT LIVES
. In warm countries /
. In grain dust and brokén grains

¢
i
!

HOW IT GROWS [
. Female lays 400 - 500 eggs
Eqqs

. Laid in dust, flour

Larvae s,/ :
. Stay in larval stage 5 weeks
. Feed on stored produce
. Whitish-yellow color | o
. Has two, dark; upturned, pointed
projections/at back end: of body
; !

Adults ?
. Eat and breed the same way
as Confused Flour Beetle
. Give terrible smell and taste
to grain in which they 1ive

Insects -25-

ADULT
ENLARGED T

ACTUAL SIZE
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KHAPRA BEETLE
Trogoderma granarium Everts I~
WHAT IT LOOKS LIKE ADULT
. Brown or black color ENLARGED

. Body has many fine, yellowish
hairs all over
. 1.5 - 3m long

" WHERE IT LIVES

. In stored grain
. In all parts of the world,

ticular] laces
particularly warm place | ACTUAL SIZE

HOW 1T GROWS
. Grows from egg to beetle in 4 - 6
weeks in good growth conditions
. Female lays 40 - 70 eggs each

Larvae
. Can take up to a year to hatch
. Yellow-white and have many hairs
. Leave many hairs in the grain ' L
. Grow to &mm in the larval stage. ‘ L
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

LARVA
ENLARGED

"~ Adults

- Life cycle can take years white

under poor conditions
. Breed quickly under 900d conditions ¢
. Live only about 14 days

’-NDTE: Primary Pest. Grain damaged by the Khapra beetle looks ik~ grain

which has been attacked by the Lesser Grain Borer.

167




Insects -29-

CIGARETTE BEETLE
Lasioderma servicorne F.

WHAT IT LOOKS LIKE
. Reddish-yellow or brown
. Head bent down toward body i

. 3mm 1 ADULT
mm long 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 ‘
. Dengops from egg to adult P g
in 6 to 8 weeks o e g QAR LARGED
. Female lays about 100 eggs RN, EN .

Larvae )
ee Picture

Pupae PUPA
. See Picture ENLARGED

Adult
. Looks 1ike adult Orugstore
Beetle
. Adults live from 2 to § weeks.

SIDE VIEW OF AOULT




FLOUR OR GRAIN MITE

Acorus sire L.

WHAT IT LOOKS LIKE
. Pale, gray-white color
. Smooth bodies with 1ots of hairs
- Breed quickly
- Real size no bigger than the dot
of an llill

ADULT
WHERE IT LIVES ENLARGED
. In warm, wet places
. In broken grain and flour

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

MITES 00 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

. Flzur which has had large numbers of mites in it is no good for
baking

TO DO ABOUT MITES

. Screen and fan the grain if you find mites.

. Ory 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 f100r.\
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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 grain is put into storage. There are many steps farmers
can take to protect their grain from pests. Some of these steps involve
insecticides, but all 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 insect?_.ides.
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 momey.
For just a 1ittle time and effort, the farmer can get better returns on
the effort he puts into growing and harvesting his crop.

Al} equipment which touches the 9rain should be clean. This includes
tools for harvesting and threshing. It also means cleaning the carts
and wagons used for carrying the grain.

Cleaning and repairing should include:

sweeping out grain, 9rain 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 thin wooden bins and sacks.
But all containers should be cleaned as carefully as possibie.

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 inte
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.

RIGHT WRONG
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Sometimes farmers cannot find or afford the correct insecticide. In
.these cases, careful c¢leaning 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 -- both with and without
the use of insecticides.

CONTROLLING 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 suniight. They do
not Tike heats higher than
40-44°C.. The sunning
. process, however, does not al-
ways kill eqggs 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 manua)
might include a chapter on using such plants and other natural control

methods. .
Mixind Sand or Wood-Ash with Grain. 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.

-
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Smoking. Some farmers Store unthreshed grain on raised wooden plat-
orms. They build small smoky fires ynder 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 S0 that no air can enter the 9rain. 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 pew 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.

Storane Crib Grain in the Field

Y

Infested Maize
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Most farmers know that dinsects 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 probtem.

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 1nsects. place/ insect-free grain, equal
to the amount in the other bags, in a small p}ast1c bag. Seal the bag
tightly and put it next to bags of grain wh/;h 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 wh1ch 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 CRECKLIST

!

|
Suggestions for Use: Pick out the points that will be most useful to
farmers in yqur 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 [S CLEAN. SWEEP Tht QALLS.

CEILINGS, AND FLOORS AND GET QUT 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 who]e, healthy gratns 1nto storage Do not store
broken grains.

Place grain into special containers which you can seal
tightly -- 1f possible.

Do rn~t 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. ThenLIet it rest out of
) direct sunlight for a while. Then check to see if

Y ' 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. .
Vo . Put the grain through a sieve.
\\ If tharge number of insects is present, dump all ehe

} ' grain out on a tray or plastic sheet under a hot sun.
! Do not put the grain directly on the ground.

'1 . Or put all the gfain through a sieve and remove.thé
\ 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 aqay.

i . 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

i knows how to use insecticide and get advice on your
problem.

W
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INSECT CONTROL WITH INSECTICIDES

Insecticides are poisons used for _killing
insects., But fnsecticides also can kil! 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 wor)d call all insecticides, DDT. They are likely
to go to market, pick un 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 appropriately and safe]y

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 1S 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 éxample
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 graih 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
.storége. .

Contact Chemicals. These are the contact p01sons 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 hindle 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. X

used on floors, flat surfaces, aﬁ& around the bottoms
of storage containers, part1cu1ar1y sacks, to control
crawling insects. .

J
may be mixed with grain at the time of storage. Use
only those dusts, for example, Ma1ath1on and Lindane, , ) ~
recommended for th1s purpose. - o . »

Wettable Powders (Dispersible Powders)

These contain a high concentration of insecticide. Wettable powders:
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

-y

, These are liquid concentrates which:

L

. rmu§t 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 availabYe, 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 formu]at1on of insecticide
which threy w111 not be able to use.

—-—_Other Forms These are liquid concentrates and powders which must be
used with srecial 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 hé 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/

FUMIGATION
LHH‘):RN%HNJ/

Gas can enter all the c¢racks in sivee 2
buildings to kill insects hiding there.

Gas can get between the tightly packed
grains in storage and, in most.cases,
can ki1l larval stages within the kernels.

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

But farmers shculd 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 OPERATOR
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.. Fumigants kill only insects which are a]Eeady 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 oil drum, or some other container which can
be made airtight before he can fumigzte his grain. Or
he must be able to cover his grain sacks with heavy
plastic and fumigate in this way. |

o . . |
Fumigation may hurt the ability of seeds to germinate.

Fumigants are available in the following forms:

Sotid 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
funigation caretully can use these
tablets safely. The fumigant is

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

j Liquid Fumigants and Low B4lfing

| Point Gases. Some of these are.
Carbon Tetrachloride, Ethylene
Dichloride, Ethyléne 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

1 ! 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 faymer. And he must have enough information about the insecticide
I — and its use so that he can use it safely.

Information on using insecticides with stored 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 in~ecticides 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-
cide Dichlorvos,which is released slowly
into the air over a period of some weeks.

BAYGON -- This is a trade pame 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
y..r 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 janguage which would give uses and non-uses

without words. o’
Phostoxin

FUMIGANT

The following pages contain information on some of the more important
grain storage insecticides. Each insecticide is listed on a separate
page so that you can remove material on those most available in your area.
Perhaps you can use the information to put together a short leaflet on
insecticide uyse 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.

‘“\\0“ |NSEP]~
W e,

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.

L3




OTHER NAMES:

(YPE:

FORMULATIONS:

WARNING:

CONTROLS:

USE TO:
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INSECTICIDE INFORMATION SHEET
~MALATHION

Malaphos, Malathon, Malphos, Cythion, Emmatos,
Carbophos, Mercaptolhion

Contact Chemical

Emulsion Concentrate, Wettable Powder, Dust,
Granules, Aerosol, Baits '

ONE OF THE SAFEST INSECTICIDES FOR MAN TO USE.
00 NOT USE OR PUT IN METAL CONTAINERS SUCH AS [RON.

Aphids, mites, flies, leaf hoppers, mealy bugs, BN
Japanese beetles, corn earworms, ants, spiders .
and many others. Some special grain storage notes
about Malathion:

works well against Saw-Toothed Grain Beetle,
Rice and Granary Weevils.

does not work against the Red Flour Beetle in
some areas.

does not control adult moths and mites as well
as BHC. =

MIX WITH GRAIN. Apply as a dust to grain when it goes
into storage. Use 125 grams of Premium Grade Malathion
1.0% Qust per 100kg. It should be used only with very
dry grain.*™Malathion does not work well in wet or
moldy grain.

SPRAY QR BRUSH ON BUILOINGS. It is unstable on
cement or whitewashed walis.

rs
DUST interior surfaces in contact with grain.




OTHER NAMES :

TYPE:

FORMULATIONS :

WARNING:

CONTROLS :

]

USE T0:
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INSECTICIDE INFORMATION SHEET

PYRETHRUM

Pyrethrum is used with piperonyl butoxide

-

Contact Chemical

Sprays and Dusts

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

A1l grain storage insects. They are not resistant to
itl

SPRAY STORAGE AREAS. It is a good insect repellant,
and controls moths.

MIX DUST DIRECTLY WITH GRAIN GOING INTO STORAGE.

It costs a lot. Pyrethrum is a natural insecticide. It is
made from the heads of a certain kind of flower. It repells
jnsects, but its power does not last long and breaks down in
oxygen, water, or light. This is why piperony) butoxide or
another stabilizer is added to the pyrethrum.

«
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TYPE:

FORMULATIONS:

WARNING:

CONTROLS:
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INSECTICIDE INFORMATION SHEET

LINDANE

Gammexane, Is‘otox,.Ganuna, Renesan, 0KO, 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 1S 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 tne adauit
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. ODosage should not 9o above 2.5 ppm ¢n cob
maiZe and above 5 ppm on unthreshed sorghum.

DUST on unshelled 9roundnuts; unthreshed sorghum, bags
of maize, wheat, rice, maize in cribs."

SPRAY STORAGE AREAS.




OTHER NAMES.
TYPE:

FORMULATIONS :
WARNING:

CONTROLS:

USE TO:

INSECTICIOE INFORMATION SHEET
DICHLORVOS

ODVP, 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 FO.

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

SPRAY STORAGE PLACES to ki1l flying insects. It
does not Tast fong.

Provide control of flying insects by hanging the

~ VAPONA PEST STRIi:. The strips give off poison for

about 3 months (depending upon climate)..
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TYPE:

T FORMULATIONS:
L

. WARNING:

CONTROLS :

USE TO:
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INSECTICIDE  INFORMATION SHEET
DDT

&
Chlorophenothene, Accotox, Anofex, Neocid, Neocidol,
Pentachiorin, Sillortox.

Contact Chemfcal, long-lasting.

Emu]sion 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 1S SOME CONCERN ABOQUT 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 QVER S0°F.
. DO NOT USE ON DAIRY ANIMALS OR IN DAIRY BUILDINGS.
DO NOT STORE IN IRON CONTAINERS.

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

Cod1ing moths, flea beetles, leaf hoppers, corn earworms,
corn borers, thrips, flies, mosquitoes, leaf miners,
Japanese beetles, sp1tt1e 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.
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INSECTICIDE INFORMATION SHEET

BHC

OTHER NAMES: Benzene Hexachloride, hch, hoch
TYPE: Contact Chemical, lasts a long time.

FORMULATIONS: Emulsion Concentrate, Wettable Powder, Dust and. Smoke.
Sometimes 1t is sold mixed with other pesticides.

WARNING: SAFE.TO USE IN THE CORRECT DOSAGES. READ DIRECTIONS
CAREFULLY. NEVER USE MORE THAN THE DIRECTIONS SAY
TO USE.

CO 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 CRDPS. 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 INSECTICIODE.

IT IS POISON TO FISH AND HONEY BEES.

CONTROLS: Grasshoppers, ticks, chiggers, aphids, lygusbugs,
"spittle bugs, thrips, fleabeetles, leafhoppers,
armyworms, wire worms, flies, mosquitos, ants,
termites, and others. -

ot TO: 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: HEOO
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 FROPS.

DO NOT DUMP EXTRA SOLUTION INTO LAKES, STREAMS,
OR-PONDS. IT WILL KILL FISH. PEOPLE WHO EAT
THESE FISH WILL GET VERY SICK.

IT IS POISON TO BEES.

. DO NOT USE TO TREAT GRAIN OR ANY PRODUCT TO
BE USED FOR FOOD, ANIMAL FEED, OR OIL PURPOSES.

USE TO: Protect storage buildings against insect attack:
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INSECTICIDE INFORMATION SHEET
PHOSTOXIN

. f
i .

OTHER NAMES: - Celphos Detia, DelAC1a Phosphine /

o /
TYPE: Fum1gant

FORMULATIONS: Pellets, tablets.or packets
WARNING: VERY DANGEROUS.

. THESE TABLETS GIVE OFF A GAS WHICH CAN
KILL A MAN IN A FEW MINUTES. :

THIS INSECTICIDE MUST ONLY BE USED IN -
AIRTIGHT SITUATION OR CONTAINERS. | | ;
TALK TO SOMEONE WHO KNOWS HOW TO USE
PHOSTOXIN IF YOU HAVE NOT USEQ THIS
FUMIGANT BEFORE.

» i)

CONTROLS:  Weevils, grain beetles, grain borers, flour

beetles, cadelle, flour moths, grain moths

and others ;
USE TO: Fum1ggte grain in airtight cond1tions. ' Mf

Fumigation must continue for at Teast 72 ,
hours. This poison kills the insects pre- ’
sent in the grain, but does not protect the

grain from attack again.
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RECOMMENDED INSECTICIDES AND DOSAGES

L]

FOR MIXING DARECTLY WITH FOOD-GRAINS:

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

“n

-
Lindane -- 120 grams of 10.1% Dust for ‘each 200kgs of grain.\

Pyrethrum -- 120 grams of D 2% pyrethrins plus 1.0% piperonyl

butoxide. Dust for. each 200kg of grain.

I

FOR MIXING PIRECTLY WITH SEED-GRAINS:

.\

It is poss1b1e to use more insectjcide on gra1n‘to be used only for seed
than can be used on grain for food. If there is‘any chance the grain
will bé used for food, use only the MaTathion, 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:

IMPORTANT :

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

DDT “- 10D grams of 3 or 5% DOT Dust for each 10Dkg
bf grain.

*

T
Y
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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r’f RECOMMENDED " INSECTICIDES AMD DOSAGES {Continued)

-

FOR SPRAYING STORAGE BUILDINGS: .

Note before spraying: |
Always clean the bdjlding before spraying. {

Dispersible Powdersi(DP) are better than Emulsion
. Concentrates (EC) for spraying on cement, brick
i stone or whitewashed surfaces.

-

] ‘Malathion -- Mix 400 grams of 25% DP or 200 millil1ters
L 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.

00T -------- Is sometimes used to spray building@. It
must never be used directly on food.

Lindane/ODT- Mix 100 grams of Lindane 50% DP a{d 200 grams
of ODT 50% DP in 5 liters of wate

OR

Mix 250cc of Lindane 20% EC and 400cc
of DDT 25% EC in 5 liters of water.

a f f A1l of these dosages will spray 100 sq.m. If a larger area must be spray-
! ed, m1xlmc insecticide. Reapply the spray as needed.

IMPORTANT: There may be othar insecticides available in youriarea
, which can be used for grain-storage work. Make sure :
{ you know what therse insecticides are and how lo use

' them.
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APPLYING INSECTICICES

This type of
applicator

can be made

from any kind

of container

with a 114

which comes off
and on, If using
it for Vquids,
punch tiny holes
in the 11d. If
using to apply
Tnsecticide dusts,
make the holes
somewhat larger.

THO TYPES OF
/HAND-HELD
SPRAYERS

v“‘..h

MIXING GRAIN AND INSECTICIDE
WITH A SHOYEL

Using a Sack
To Dust Insecticide

A compressed atr sprayer
with plunger handpump

b - duster-- . AQ #n
Plungeresype oot g oo

looks like a bicycle pump
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NOTE TO DEVELOPMENT WORKERS ON APPLYING INSECTICIDES
[

.
Many farmers in your area will have trouble f0119w1ng 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 a 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

} 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 BY USING IMSECTICIDE
A CHECKLIST

Suggestions for Use: Pick out the points that will be most useful to
farmers in your area. Translate and illuswrate 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 1iquids; 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 yse for each purpose.
Know how to use and handle insecticides properly.
Have good storage buildings and containers.

. Spray the walis of the storage building to kill insects
hiding in cracks i the ceiling and floor.

Qust the storage containers in and out with the appropriate
insecticide.

Mix insecticide into the grain befbre putting the grain
into storage. To do this, you can put the grein 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. 1IF 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 dnly remain
dangerous to insects for a period of time.

195




Insecls ~68-

To use insecticides safely you must:

Read the directions on insecticide containers carefully.
It will give you correct way$ to use the insecticide and
tell you what to do in case of an accident.

Make sure the mixture 1S correct for its purpose. Using
a wrong insecticide can poison the grain.

Do not use more than the recommended dose.

Wear rubber gloves when using insecticide.

Wash your hands with a lot of running water after you
use insecticide. Do this right away if your hands
touch the poison.

Take off any clothing that has tofiched 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 al) empty insecticide containers.




Insects -69-

HELPING SOMEONE WHO HAS BEEN POISONED BY
INSECTICIDE

HEADACHE WEAKNESS
NAUSEA SWEATING
DIZZINESS VOMITING

These are signs of poisoning.
IF: The person feels sick while using an insecticide or soon
afterward
THEN: Get the poisoned person to the doctor as soon. as possible.
Find the insecticide container or label so the doctor will know
which insecticide poisoned the person.
[F: The person swallowed a poison
and if ‘
he 15 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 1ie down. Keep him warm, and do not

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

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

Get the victim cutdoors or to 2 room free of gas.

Lay victim on the ground.
Give artificial respiration if needed.
C211 2 doctor 25 soon as you can. People using fumigants should have
kits which contain treatment for poisoning by the fumigant which 1s
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/WITA 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 ot 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 apout 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 1ike to climb more than they like to dig. They can ¢limb
outer walls of concrete, perpendicular pipes, wires, and trees. In
many areas, Rattus Rattus is the most dangerous stored grain rodent.

Mus Musculus * : v

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

long tail and pointed nose. Mice are usually brown-grey in color. Most
farmers are so used to seeing mice around that they may not be aware of

the damage mice can cause until the mice have multiplied into great 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 m°ce have big families. Most of the young rodents die before
they are grown. But the adults reproduce so quickly that it does not take
tong 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 live, and if.he knows
, what rodents will and will not do, there
. are many things he can do to fight rodents.
Here are some impcrtant things to know
about rodents: X

. Rats and mice usually do the same things every day at the
same time. They are most active from sunset unti) 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 possiblei If the food
is out in an open space, the rodent runs out, grabs it,
and runs back to his nath.

. Rodents stay away from new things. If a farmer places
food on a rodent path, some rodents wiil 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 c¢limb. Rats and mice can climb any straight
up-and-down surface on which they can find places for their
toerails. Vines, drainpipes, and wires are good runways for
rats and mice. Rats can reach about 32c¢m up a wall and c€an
do a standing jump of almost 60cm. They can do a running

Jjump as high as 90cm. Even 2 mouse can do 2 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 live close to food and water.
The roof rat 1ikes to nest in ceilings, but the Norway rat digs

\
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under tha grcund. Rafs dig down along a wall. [f something
blocks the digging, they stop. They do not go around the
thing which is in the way.

: Rbdents must use their teeth. The front teeth grow until the
rodent dies. ‘The teeth. will grow 10-12c¢m & 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 Iike‘are meat. grain. eqgqs, and potatoes. .

. Rodents use their boly hairs and whiskers to touch with. They
do not see as welt as humans do, and they cannot See colors.
They hear very well. They can smell other rats; they can
recogni’e certain rats by smelling the pathways and burrows.

. Rats and mice always can be found near man. There have been
large programs to kill rats and get them out of certain areas.
But the rats always return. It is not 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 2nd homes. :

Holes, Nests, and Burrows

Rodent holes are usually found outside houses and buildings. These holes
also appear inside in soft foundatitns or earth floors. To see if a hole
is being used a'l the time, the farmer can block it lightly with a piece
of earth. [f the earth has been moved, the farmer will know the hole is
being used. Holes ¥in yse are free of dust and spider webs. They look
used.

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

Rodent nests also can be foun& outside and inside. Outside, nexts are often

made of grass or leaves and are located near garbage and rubbish piles.
Inside, nests arc made of paper, dry hay, straw. shredded cloth, and so on.
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Norway rats 1ike 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.

-

RuUnway$ and Swears

Rodents use the same paths. So, after a number of days of using the same
path outside, : its make trails in the grass. Search-fu¥ these paths in
areas where the running ?%t would fee* most protected. On dirt, the runway
may appear.as a clegy-swept oath 5.7.5cm wide. '

Sometimes a rurnway which S used often is marked by a greasy smear from the
01l 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 rur. ‘

Mouse runways are harder to find because they are Smajler.
» >

[

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,

T
Droppings

| Q EPNVS
%ﬁﬁ? N . ol

HOUSE

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
pther places he feels rodents would go.

New droppings often are shiny and wet-looking. The color 1s. 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 i§ wise

for the farmet to think in terms of more rodents than droppings. Some
droppings may be, eaten by inserts, and some rodents will run by without
leaving droppings. .

B .
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Damaqge 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 graln Tt 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
ficht rodents by rot giving them food, water, and places to 1ive. Keeping
cats and dogs to chase and kill rodents will help, but not enough.

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 1nto them;
and to set out traps.

)
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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 sStorage place.

. place all food items in coverec 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

mortar, if possible. This keeps rats
from digging up through the floors.

. Keep the grass cut short around all oh~
farm buildings. Rodents like to ’*:EEL;'

- hide 1in tall grasses. . GRAR SToR

. Cut any tree limbs which touch windows AREAS
to keep rats from climbing the trees
and jumping in through the windows.

L3

——

Rodent-Proof ing

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. Farmer< 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 . DBarFLES
rat quards. 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 jtems as ladders to climb
into the stored grain.

. Build storage buildings or containers on a
concrete base at least 50cm high. The
floor should be concrete. If the bin is
made of tin sheet, the sheet should be
fixed in concrete. Farmers should place
sheet metal bands around mud or cement
silos to prevent rodents from climbing.
Some mudblock constructions use fired
bricks at the bottom levels because
rodents cannot 9naw 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
e packed with mud.

. Cover all windows and large openings with heavy wire netting.
Wire netting with an 8mm mesh is a good size. Holes in a
roof made of corrugated tin should be filled with cement
mortar.

. Cover the ends of any pipes which enter the building where
grain is stored with wire netting.

Setting Traps for Rats and Mice

Traps can be very effective if correctly placed and used. They need to

be reqularly 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 oick 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 ic 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 great. 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 apd 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. N

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
roderts 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 Cailed Wood Traps or Breakback Traps). These have a flat
wooden base. They ki1] 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 Jjaws.
When a rat steps on the platform and releases the trigger, the jaws snhap
together. A steel trap with 9cm jaws is good for rats. The problem with
steei 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 pot like oid 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-
gquires making special boxes to hold the poison, buying
the poison, setting it out, etc. Would it be cheaper to
use poison? Would it be easier?

. If there are a lot of rodents to control, would it be
cheaper for the farmer to use a combination of traps and
poison? Traps could be placed in areas, such as the house,
where poisons are not a good idea. Poison could be used
in the fields and other areas where rodents are appear-
ing in great numbers. After many rats are poisoned, traps
can be set to provide continuing control.

If traps are to be part of the farmer’s ‘rodent control program, there are
certain things he must know about traps:
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Scze and Condition of the Thap

. Mice can take the food from a rat trap without getting
caught. 1t is important to place mouse-size traps where

there ar2 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 dcm-square piece of
thin metal, screen, or cardboard to the’ trigger of
the bait holder.

. Traps should be kept clean, s0 they will work well.

. If a lot of bait is being taken, and rats and mice are
not being caught, the trap probably needs fixing.
Check for bent or rusted triggers, weak Springs, or
loose wires.

Baiting the Thaps

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. T T o

. Make sure the bait is fastened down very well. 1If the

bait is not held down well, the rat wil) stezl the bait
and run away.
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. Food baits should be changed every three days. Rats do
not like old food. Change from one kind of bait to
another.

Péacong the Taaps

flere is where the knowledga, of rodent habits becomes very useful.
Farmers will usualiy catch most rodents the first night. There-
fore, put out enough traps. Hot every trap will catch a rat;
the farmer should expect this. The farmer should:

. Place baited traps very near the rodent runways he has
taund. ’

. 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
ctily 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 flgor
is dirt.

, Place baited trans near holes, nests, and burrows. If the
area s one where peoble or animals are likely to go, the
faruer. should put a cover over the trap so that it will
be available to nothing but rats and mize.

. 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 jnto them. Traps
are also placed in burrows, hole gpenings, and corners.
For roof rats and mice, also place traps on shelves,
beams, pipes, and other high places

Many farmers will deciae 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

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 pojsons and
anticoagulant poisons.

Acute Poisons

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, Norbomide, 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 areajy—you might prepare infornation 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 2 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 jnside their bodies and die. :
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The best known anticoagulant poison is Warfarin. Others are Coumatetralyl‘
%RaCUmgn), Chlorophacinone, Pival, Fumarin, PMP, Diphacinone, Rodafarin
India}.

Choosing a Poison

The kind of rogent 1S important when choosing a poison. What kills one
kind of rat may not kill another kind. The farmer should be able to
recognize which types of rodent are attacking his stored grain. There

are some poisons which can ki1l 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 pgison, a lot of
bait, anda Tot 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 Anticoagulart 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). :

Oily Anticoagulant Baits. These baits are used instead of dry baits in
wet places, and 1n places where the bait will stay for some time. The
cereal does not have tc 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 sugar
1 part Warfarin Master Mix

. Stir well, so all dry ingredients are mixed.

. Add one part (by weight) 0i1 -- 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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b
Qamp Bait. Rodents like damp baits, but these baits dry out quickly.
Damp baits are usually used with acute poisons. There are several ways
of mak1ng damp bait:

1. et Cencal. Soak cereal gr;\hs overnight (wheat, sorghum,
etc.) in water. Drain the waler 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 OIRECTIONS FOR USE, 00 NO USE THE POISON.

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

Brewd Mash. Soak old ﬂread in water. Orain 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 possibl:. Liquid baits then are placed as drinking

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

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

Placing Baits

There must be plenty of bait stations.
Bait must be placed in runways, near
holes, burrows, and nests. Farmers
should remember when placing bait

that rodents stay close to home. Rats
usua]]y travel in an area of Qbout
45mtand mice stay within a 9marea.

"Placing Acute Poisons. Here is one methodr——— ——— ——— —

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

. Place poisoned food in the middle at one end.
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. Ro11 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 CHILOREN AND PETS CAN GET
THEM.

Another method of placingdpait’

. Cover the floor with small p1eces 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 .. least two weeks. Each pile of bait should be 200-250c¢m,
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 of 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 g";'
and boards, pipes,or cans in ;
certain places to hide the bait tj'"

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 piace if the bait is
not being eaten.

|4
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 s2ries 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.




WARFARIN

TYPE: 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 baft
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 uséd with great
care.

WARNING: ALL POISONS ARE DANGEROUS:.

Follow directions for use given on the poison
container. .

Do not eat, drink, or smoke when using poison.
Wash your hands very well after using poison.

Put poison containers away out of the reach of -,
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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DTHER NAMES:

TYPE:

FORMULATIDN:

USES:
WARNING:

KEEP AWAY FROM CHILDREN
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COUMATETRALYL.

Racumin .

Anticoagulant rat poison.

Ready-to-use bait (D.D5%).

Mix containing D.75%. Dilute 1 part mix
to 19 parts of bait. Final concentrate 0(n:379.

Dust (D.75%). Place on surfaces where rats
run. - -

Use as you would use Warfarin.

ALL PDISDNS ARE DANGERDUS.

[f you are not sure which poison to use,
ask somegone who knows how to use .poisons
correctly.

Read all directions carefully.

Do not-eat, drink, or smoke.when handling
poison. : '

WASH YDUR HANDS
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CHLOROPHACINONE

OTHER NAMF<:
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. ﬁ*y
These can be sprinkled into holes and runways
used by rats. Dusts should be sprinkled for
20 days. ,
WARNING: “ALL POISONS ARE DANGERBst
If you are npt _sur‘é which poison to use,
ask someone who knows. how to use poisons
correctly.
Read all directions carefully.
Do not eat, drink, or smoke thTe using
poisons. .7
-
Never use these formulations near food.
KEEP AWAY FROM CHILDREN WASH YOUR HANDS AFTER

USING POISON

S
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OTHER NAMES:
TYPE:
FORMULATIONS :

WARN ING:
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SODIUM MONOFLUOROACETATE

Compound 1080
Acute Rat Poison

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

VERY DANGEROUS TO MAN. THERE-IS NC ANTIDOTE TO
THIS POISON. :

Men and animals can be kitled or made sick by
eating rats that have eaten this poison. The
powder form causes imnediate death in humans
who breathe it. NEVER EVEN GPEN A CONTAINER
OF THE POWDER.

Do not get the poison on you clothes or your
body. If you do, wash with a lot of running
water.

Keep it away from other people and animals.

Burn or bury 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)

] 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 diameter at the narrow end. The size
will vary with the size of the leg which the baffle must fit.

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

. Cut out along the outside edges. 0o not cut the middie yet.

. Start with the thinnest leg first. Cut out the hole in the
middle of the baffle 1ittle by little. The baffle must fit
tightly to keep even the smaliest rodent from climbing
between the baffle and the Teg. 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 leq.

. 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
1s not round.

NOTE: You can use whatever thin metal is available. 0l1d tin cans can
be cut and flattened.




Rodents -9B- p '

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.
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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 dapage rodents do, and to the steps which can be
taken to control rodents.

The scripts have been prepared in some detaiI. you can choose the points
which best Fit the situation in your area. The points can be translated
and pictured quite easily. The f1lustrated material which follows these
scripts shows how VITA artist, Kenneth Lloyd, has used pictures to eprain
many facts about rodents.

SCRIPT # 1
RODENTS ARE EVERYWHERE

Rats live in your houses.

Rats live 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 1ike to 1ive 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 food 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 craw! on ropes and wires.
Rats can swim. They are not afraid of water.
Rats are smart. They can stay away from traps.

Rats have large families. One pair of rats can make a family of more
tharn 1,000 rats in a year.

i
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 1ive 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 a2 farm. You must look carefully to -
find them.

Look for nests.

Look for trails. Rats pack down the plants ?n places because they always
use the same road. o

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 far dirty, greasy marks at the bottom of walls and doors.

. Listen at night. 3om«times 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 9ive you information on how to get rats
away from your farm.
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SCRIPT # 3
FIGHTING RATS WITHOUT POISON

! |
» Rats must have food and water to live,

Rats like 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 old 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 stcrage 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 al! holes in wooden buildings with metal sheets or flattened tin
cans. .

Fi1l hcles in plaster, brick,or mud walls.
/

Use rock or concrete floors. Rats can come up through the 9round into
the stgrage area.

Store g=vin in covered containers. Place containers off the ground.

Put metal bands around the bottom or legs of 9rain 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 may have to use rat poison also. Contact 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.

Remember that some rat poisons can ki1l otker 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 poisﬁn kills,

Then you can use another kind of poison. Rats must eat this poison for
3 days or so before they die. Rats do not know they are dying. $So
they will keep eating the poison.

Some poison is already mixed with food rats 1ike to eat.

Food that rats 1ike to eat is called bait. Bait can be rice, corn meal,
bread.

You can mix this bait with poison yourself. Ask your extension worker
how much poison to mix with the bait.

Add some corn 0il, coconut oil, sugar or molasses to the bait and
poison. Rats 1ike the taste very much.

Try not to touch the poison. Wash your hands when you finisk 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 g9et 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 tim 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 heles.

Poison field rats before the grain js ready.- Rats will not eat poisdn
if they can eat grain.

Check al) bait containers very often. The poison bait must not get
too old. Rats will not eat old bait.

Remember: Check with your extension agent for help with poison.
Read the words on the poison box or jar.
Wash your hands after you mix the bait with poison.
Keep all poison away from food, animals, and peopie.
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Rat Control Series

., TR

SCRIPT # 5
s ' FIGHTING RATS WI'H 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 places where children might go. Poison

H is too dangerous. >
ﬂ Show your family where you are putting the traps.

“ .
] ‘-
! . Show your famiiy how,the traps work. Traps can hurt people.

% . You rmust put food that rats like in the trap. Try different kinds

k until you find a good bait. Try pieces of meat, dried fish, bread.

g: ' . Put traps near food places. Put traps on top of stored grain. Do not

I ' 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 sdi?? there.
. Do not touch dead rats. Rats carry cisease and sickness.

. Use a stick or shovel to get the rat out of the trap.

. Burn dead rats.

;)‘Nash trabs before using them again. WasSh your hands.

. Remember: Ask your extension worker about traps and how to use them.

Traps can hurt people and animals. Use them carefulliy.-
Do not let children play with traps.

Use traps near food and grain. Never use poison in these places.
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FEED OLD Ttood TO
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CLEAN  CGRRAIN STORAGE
AREAS




OTHERS MUAsT
BE MIXED.

ALWAYS wWaASH HANDS
AFTER MIXING OR
USING PoisonS.
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PC/WWTA 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 ds the right
ones for his situation or need. A farmer who stores his grain in :zacks i
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 storage
bags, or improving a stacking arrangement, or adding insecticides to sacked
grain could be a large, first step toward 1mproved storage.

[f a farmer is complaining about lnsects and rodents eating his stored
grain, you have an opening to say, "Let's do something about that probiem,"
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 %'ie
area where you work. Hopefully, the earlier parts of this manual have

. provided a lot 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. . :

Charige 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 farmer sees an improvement ir

. the quality of his stored grain, yOou have an opening to say, "Now perhaps
you would like to try a storage method that can do even more for you."
Perhaps that is the time to suggest a metal drum or a 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, férrocement. -
oiI-druq 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, together with the earlier parts of the manual, ought’to help
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 improyed
storage methods which are being used in certain partsfof

the world. These leaflets are jncluded to Provide suggestions
and gquides for preparing similar materials.

Appendix B -- A guide to selecting moisture meters.

Appendix C -- Guidelines and dosages for insecticid: 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

’

Ve

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 manuai, 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 DIRECTIR
GRAIN STORAGE

3706 RHCDE 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 thée manual

is being used and how you feel it can be made <:2n more responsive to

your needs. Please fil1 in the following form and return it to:

PROJECT OIRECTOR

GRAIN STORAGE

3706 RHOOE ISLAND AVENUE
MT. RAINIER, MO 20822
U.S.A.

WHEN WE RECEIVE THIS FORM, WE WILL AUTOMATICALLY PLACE YOUR HAME 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.

[f 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 Marual? How did
you get your copy? :

2. Which parts of the Grain Storage Manual have you found most,uééfu]?
Least useful? Why?
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3. Did you find the Manual easy to read, too’ simpIe or complex,
complete or incomplete?

4. Have You made improvements or changes in any of the plans? (For
example, when You were building a dryer or a silo, did you substitute
any building materials for the ones mentioned in the plans?) If
you have made improvements or changes, please describe what you did

that was different. Include photos, sketches, etc., 1f possible or
important.

5. 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
..__. Manuai? If you do know of such methods, etc., please include the
information here.

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

7. Do you have other comments and suggestions for following editions of
this Manual?
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STORAGE FRINCIPLES

Hhichevar 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 1ike 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 uell‘(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.

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.

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

Hatergroofing the buildings and containers as much as possi-
Dle, S done both by the way the building is constructed
and by applying materials which keep water from soaking into
the building material. Storage buildingsbshould be built on

well-drained locations. They should not be placed where they
"will ‘be flooded by ground water run-off during heavy rains.

Making sure containers are rodent-proofed in all possible uays

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 contaim some
of the important points to remember about finding,
cleaning, and repairing storage places. VITA Volun-
teer artist Guy T. Welch has provided 11lustrations
of some of these points to give some ideas on ways
this materfal can be presented through pictures.

-

Rats, mice, birds, insects,and mold destrdy a 1ot of
grain. It is not easy to keep these dangers away from
your grain. But you can do a lot to keep them away.

Fix a good place to put your grain before you bring
it from the field.

The place for grain storage is very important. Grain
storage places must be built on well-drained ground,

- so0 the building or container does not get flooded
or take on too much moisture from the ground.

Most insects and molds 1ike 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 buiid 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.

Remembrr 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 PLAQE
SCRIPT # 2

Your storage room or building must be clean. Insects
live and have families in dirty places. Rats, mice,
and other pests like dirty places too.

Take away and burn all dust, oid 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.

N

Fi1) and seal all cracks and holes.

Seal large holes in wooden storége places with sheet
metal, flattened tin cans, or pieces of wood.

Concrete and plaster make good sealing material for
plaster, brick,and concrete build.ngs.

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 L
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 ki1l insects and rodents.

The extension worker will know what poison to use. He - ;
will know how to use the pOiSOﬁ. _ 5 ;

1

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 tracks and small places where
insects like ito live.

Put out traps for rodents.

A good storage place is free of inseéts and rodents.
It is ciean and dry.

<r
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STORING GRAIN IN BASKET GRANARIES

Grain has been stored in basket-like ¢.ntainers made of grass, reeds,
bamboo strips, or small branches for thousands of years. The parti-
cular building materia) 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 kinds of baskets as the:v 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 protectign from rodents.

Baskets naised 044 the greound

AN\

NERILL

' |
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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 roof thatch
does nqt 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 9rain 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 storace without enough air, it will mold -
and rot quickly.

IMPROVED GRANARY ]

TRADITIONAL GRASS > 2 &
OR REED TNATCH Y

WOODEX COVER PLASTERED
JH PLACE AND SEALED
WITH CLAY AFTER
GRANARY 1S FILLED.

CLAY PLASTER

! —_—
INSIDE & OUTSIDE TIN WITH PRESS-ON LID

(e.g. COFFEE TIN} WITH
<« BOTTOM REMOVED. SET INTO
WALL TO PROVIOE INSECT~
PROOF EMPTYING SPOUT.

o i - b e e,
-

PLATFORM ———= [

LT 0w Lecs — ‘LL
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INSTRUCT ION SHEET FOR STORING GRAIN IN BASKETS

This instruction sheet includes some directions for using insecticide
in basket storage, You 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 uyse 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 to farmers in your area who use basket gramaries.

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.

C]eaﬁ out all grain dust and broken grairs 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 batket 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 gnain on a plastic sheet, clean §loon,
on hand-packed ground.

Sprinkle {nsecticide oven the grnain. Use 1 packet
{4 0z.) o4 Malathion or pyrethrum dust §on each 100
kg 0f grain.

Mix the grain and insecticide with a shovel untid
they ane mixed veny well,

14 you are stoning mone than 100kg of grain, you
must wse moRe Lnaecticide.

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:

winnoﬁ, 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.

Q M 267




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 9ive a lot
of natural protectijon 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 Stcrage for Farmers:

Grain stored in sacks made of fibers can have a little
higher moisture content than grain put into dirtight
storage. I[f 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. [t 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
a1l he can to protect his grain sacks.

COMTKOLL ING 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.

{neck the grain every two weeks. Suggest to the
faruer that he make checking his grain part of a
weekly or bi-weekly routine. Put his hapd into
+ sack of grain to check for heating. Hz can
srell the grain and look for dark kernels: signs
of mold. If these signs are found, he should
dumpr out the grain and dry it again.

Waterprcof the walls and roof of the building where
the Grain is stored. .

STACK THL SACKS ON PLATFORMS RAISED OFF THE FLOOR.
This Keeps sacked grain from taking moisture from
tne flocr. Farmers can make these platforms out

>f whatever materials. they have. [f no wood or
oeichs gve avaitable to make a platform, the

cround can be covered with plastic sheets. The
raisec platform is better than the/ plastic because
14 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.

i
FIRST LAYER SECOND LAYER

OPEN SPACE
IN CENTER FOR
AR CIRCULATION

CONTROLLING INSECT ATTACKS ON SACKED GRAIN

Mend cracks in the walls, roof,
and doors of the building where
grain is kept. This mending
keeps insects from getting in
and out of the building through
the cracks.

, . Remove and check sacks of grain
__LL__.._.@ left from the last harvest. The
farmer should take them outside
CLoSE cmbewd TGUTLY before he cleans the storeroom.
This grain should be winnowed,
sieved, and spread out in the
sun for a time before it is put
back into the bags. If the grain
is seived, light a fire and burn al1 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 I
protect the inside of the building. e

. - Suger SToRE Rponm THORDUGHMLY
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If Insecticide Is Available

Apply insecticide to the storage building. You can recom-
mend DDT, Malathion, and Lindane for use on buildings and
instruct jthe farmer on use of these three poisons. There
also are\other insecticides that can be ysed on buildings.

Dust insecticide on .the saCks before the grain is put 1in,
(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 @ stiff brush and then shake them well. Brush

both the outside and the inside of the sack. Put
Malathion on both the inside and the outside of the

sack.

Mix the grain with insecticide before it is placed in
bags. Use oniy 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, Ory the sacks in the hot sun. If sacks can
not be placed in water, 4rush them well and place them
in the sun. Make sure both the inside and the outside
get exposed to the sun,

0o saaey dHould BE wasdeD OuT «n HIT —um T DaX
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Use only clean, dry grain. Thé grain should be checked.
1t should be free of insects (the easily seen adults,
at least). ‘ ) ) :

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

Taei'Y 4ToRE Lliied od FLook,
O AbdhidsT THE wlail,

Check the grain regutarly. 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 grain. '

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

-- Keep the sacks off the floor. This does not stop
rats and mice -from attackinag the arain. but it does
make cieaning, poisoning and baiting. and looking
for rats and mice easier.

| : .237?2‘
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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/EOntrOI for more information
on using traps and poisons to control rodents).

KEY POINTS FOR SUCCESSFUL SACK STORAGE

Sacks and buildings which are clean.
Dry grain which is free of insects.

Good shelter which keeps out rain, insects, rodents,
and b1rds

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.

Instruct10ns for adding 1rsect1c1de 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

"~ .The following insecticides and dosages are recommended-for direct mixing
with grain:

_ -='Malathion. Use 126 grams of 1.0% dust for each 200kg
' ‘ of grain.

--'Lfndane. Use 120 grams of 0.1% oust for each 200kg of
‘ grain.

-~ pyrethrum. Use 120-§Fams -of 0.2% pyrethrins plus 1.0%

piperonyl butoxide dust for -each 200kg of
grain.

If you can 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 using 2.0% Dust,you need to use only 60 grams of 2.0% Dust
per 20Ckg. f

Apply the 1nsect1c1de 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 graiﬁ.

. Turn thé 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.
: TNSECTICTDES DO NOT WORK AS WELL IF THE GRAIN 1S T0O 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:

i. Layer by Layer

_____Spray or dust each layer of bags with Malathion or Lindane
T as the stack is being buiit.

Malathion -- 25 grams of 2.0% Dust per sack
or

50 grams of 2.0% Dust per Square meter.

Lindane -- 25 grams of 0.5% Dust per sack
or

50 grams of 0.5% Just PEP 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 dosa,_; commended for spraying
storage buildings.

When this treatment is finished. apply a band of insecticide around the
bottoms of the stacks to control crawling insects. Majathion.dis best
for this job, though where it is not available, Lindane or UDT 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.t They are sinply 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 szck 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, q]d 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 buildinas.

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.

Somez 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 paisons can poison the grain.

You can add sand and ash to the grain in the sack.
Insects do not Tike 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 of f 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 s room between the sacks.

Do not stack éacks‘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.

1f you find insects or mold, dump the grain out of
the sack and leave it in the sun. Sieve the grain.

Clean the sacké again.

-
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. Put the grain back into the sacks immediately after
cleaning.

REMEMBER: ;ﬁﬁRE ARE POISONS WHICH YOU CAN ADD TO THE SACKS OF GRAIN
;. OTHERS WRICH ARE TO BE USED ONLY ON NON-FUOD [IKE
COTIOR. ‘ _ ?

THESE POISONS CAN BE OANGEROUS.

DO NOT USE POISON BEFORE YOU TALK WITH YOUR EXTENSION
WORKER . ‘
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AIRTIGHT STORAGE

INTRODUCTION o ' | ‘

Insects can still grow and reproduce in very dr} grain. Grain dried to
a 12 or 13% moisture level will not mold, but can sti11 be very good food
for insects.

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

12% moisture and in using temoerature 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 1ive. 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
fs tight against the surface. S%eal 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
plastic sheet. Just make sure no air can enter the con-
tainer; .

Wait for a while. The insects will begin to move more
slowly. Finally, they will die. How long it - ikes for
the insects to die will depend upon the number of insects,
ciie amount of grain, and the size of the glass container.
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You can speed up the experiment bty placing a lighted
candle under the glass container. The flame on the
candle requires oxygen to keep burning. The flame
will use up the oxygen in the container quickly.

When the, oxygen is gone, the flame will go out. Soon,
the insects will die.

The lack of oxygen, which kills insects, does not ceem 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
targe container. 14 the container is a gourd,
for example, he can check for cracks by filling it
with water to see if there are any leaks. Al}l
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 kill insects in a few days. But
ff the container is not full, the insects take a
Tot longer to die. And before they die, they may
damage a 1ot of grain. .
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Keeping the storage container closed. Unless the
airtight container is quite small, farmers probably
will want to store the grain they use for food
separately. The storage container holding the food
grain is opened often. Every time a container is
opened, more air containing oxygen enters the
stored grain. This added air and frequent opening

' encourages insect growth.

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 :ay 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 dF} grain should work
toward. (REMEMBER: IF THE FARMER IS STORING GRAIN WHICH HAS A MOISTURE
CONTENT OVER 12-13%, HE SHOULD NOT USE AIRTIGHT STORAGE. Grain which has

a high moisture content should be stored so that air can Pass over the
kernels.)

. 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 waterprocf. Hopefully, this material
will serve a3 a useful guide to <ome 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 oil 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 airtic' *.

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 1s
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 is in each container.
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STDRING 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 pjt storage 15 used, ft ha$
served farmers well as a way nf avoiding theft of the grain {because the
pits are hidden). Also, because the pits are dug deep into the earth, they s
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. I[f a farmer s looking for a storage method, he s more
———+ikely to get afrtight storage by using of1 drums, plastic sacks, etc,

| B

DRY PITS

There are mar,, many kinds of pits. The pits themselves are not always
Aairtight 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 1s moldy. .The main part of the grain, however, stores well,

WET PITS

A

In some areas, farmers build w.t pits. During the rainy season,the water
fn the grourd 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. 1In this

case, making improvements may not be necessary. 1

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 = »ing.
The shelter should be used when it rains. The problem with this type of

shelter is that the farmer cannot keep the place of the pit a secret and
the grain may be taken by thieves.
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Improving Pit Linings *

The other area where pits can be improved is the lining ﬁsed in the pit.

Straw 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 lining and pouring the grain until
the pit 15 full,

Seal the pit.

. —y =T S > th ¢o 1 .
BT 'qf/. ﬁﬁg?f\ - - E{r vering

Waterproof
barrier

Cross-section of an
underground pit . X . .
\ _You ¢an make the

, . pit another shape

. Straw 11ning::\\k T . - ‘Matting layers

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

Disadvantages: Does not profect 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 {f 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 expgnsﬁve or hard-to-get.

r

PLastic Lining

Line the pit with large plast1c sheets or with plastic bags cut
open to make sheets,

Make sure the edges of the plastic sheet lie over each other.
Fi11 the pit with clear, dry grain and seal tightly. J

Advantages: Gives good protection from méisture if the
plastic is sealed

Disadvantages: Can be damaged eas11y.

Plast1c may be expens1ve, unavailabIe,and
hard to replace.
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 Using Plastic Lining and Plastic Bags in Large Pits

Lay plastic sheets or cut-open plastic bags on the floor.

. 'Fi11 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 plﬂstic sacks aga1nst the walIs
on top of the sacks already in the pit.

Fi1l the s;:sce 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 thé pit in the usual way.

Advéntageé: Keeps most of the gra1n
i very well,

{
{ Stores large amounts of
grain.

D1sadvantages: May be hard to find

plastic.
" May be expensive.

1)

Loses some grain because

it falls down between the . . .
, bags and the walIs of the /i R ‘
-_ pit. , ISR\ N))

Conc&ete Linings .

: \
i - plastic sheets

There has been work done on various concrete linings: for .underground
Because this method requires more labor, material and money, it is no
as easy for a small farmer to use. However, it will be outlined in more
detail in the pprt of this manual which discusses ferrocement.

i

ol
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STORING GRAIN I§ PLASTIC SACKS

Plastic bags make good airtight storage conuainers.
Use plastic bags which are .20 to .2tmm thick (500-700 gauge).

Make sure there are no holes in the plastic. Even the
smallest hole will cpuse problems. .

Some insects canpunéture;ﬂastic uhen trying to escape frdm
the sack. But this ¢an be stoppad by putting a cloth bag’

_ of tightly woven cotton inside the plastic bag. The i

i cloth 1s added protection. ‘

Use grain which is very dry.

Add insecticide to the grain. It can take a week or more
for insects to "'se up the oxygen which is in the bag.

F£111 the sacks and seal them tightly. j
Store the filled bags off the ground on a smodth surface so

that they will not be punctur2d by the flocr or anything
sharp.

-
Advantages: Plastic bags are easy to store.
P1astic dags are easy to move around.
They .provide good protection against insects.

" Plasti¢ 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 veplaced after that because
- small holes have been made in them.

Rodents can eat throdgh plastic.
- Plastic bags are expensive in some area.
- 5 )
The folIouing lfaflet. prepared_by VITA drtist, Ken Lloyd, 1s designed te
show farmers a /g0od procedure for}ptoring dry grain in. p1ast1c sacks.

A / - -
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_— o VNEW
PLASTIC
e e
LoTTon LIME
° = MAKE SURE THERE

" I>Two PIECEY ARE NO HoLES
OF 4TRING IN TUHE BAl.

s @ PUT CoTTon LINER
FoLp Back To P OF INSIDE THE PLASTIC
PLASTIC BACx BAG.

THEM FoLd ™E TOP
OF CotroN BAG OVER

THE PLAsTIC DAG.
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FoLD THE corTon BAG

OVER THE ToP ©oF TuE
GRAIM. TEE wiTH A

@ ALMoST FiLe uP WITH (MM(E SURE THERE ARE
GRAILL. NO 9EEDS BETWEEN

LINER AMD PLASTIC
BAG.)

SQUEEZE PLASTIC TIGHTLY
ABCVE THE TIED CorTroMN

. DRAW BACK THE BAG TD PRESS AIR OUT.
' PLASTIC CUFF
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(1) ro> up THE SURPLUS
PLASTIC AND THEN

BENMD TUE FOLD DBACK
OnN \TSELF.

ceer i AN ?

@' DouBlLE TIE 1T

@ TIE THE TWO HALVES OF

™E FoLDd TiGHTEY
T GETHER.
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STORING GRAIN IN METAL DRUMS

In many parts of the world, 220-1itre 0il drums
are available and not too expensive. If farmers
in your area can find 0il drums, this is a
storage method which may be a good improve-
ment.

Sorghum, maize, miliet, cowpeas, and groundnuts
are among the materials which can be stored
successfully in these drums. The grain shculd
be dry (12% moisture or less) when it is put
into the drum.

Here is the procedure for using a drug:
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 9ra'n settle; then fill it
again.

Make sure the drum is full.

Screw the cap on tightly. If the rubber ring on the
inside of the cap is missing, smear the cap with grease.

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 15 not expensive.

Makes a 9ood 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 carefuliy 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 bin§ can also be byilt 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

. . Built above the ground --
-W?/I(Zﬂ:?zﬂl/ either on platforms or on

cement bases when kept out-
side. The metal bottoms will
rust because of contact with
ground water if the bins are
on the ground.

Rounded in shape to hold the
pressure of the grain better:
a square bin would have more
seams and be more likely to.
break open.

Painted white or stored out of
the sun because metal conducts
(passes on) heat very well.

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 lightweight and may be moved easily.
A metal bin may pay for itself out of the farmer's increased
profit. This is true (for all improved storage methods) only

where initial costs are not too high or a good credit Program
is available.
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Disadvantages of Metal Bins

S

Metal sheets. for building the silo are more expensive than
most Jocally available materials, or, in some areas, cement.

Construction of a bin requires special equipment to cut and
weld the metal and people trained in working with metal.

Metal rusts quickly in hot, wet places. Sheet metal for bins
must be galvanized or painted regularly to protect the metal
from rusting. This is another cost to the farmer.

Blacksmiths and people with metal-working experience, who might be interested
in making bins to fit local needsgshould be encouraged to try to do so.
Experimenting with various designs will alve 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 small quantities of grain
indoors. It can be made in four sizes, ranging from 500kg to.3 tons.
The chart included here gives the dimensigns for each size of circular

steel bin.

==
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Description

Opens at the top for filling and has a spout at the bottom
for amptying.

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 Sheet
500kg - 125 80 28

1 ton 165 26
2 ton "1 24
3 ton 210 ) 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 Pradesl

India
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METAL BINS FOR HOME USE

A "Save Grain Campaign," begun in India in 1965, resulted in a numberfif
metal bins which were designed specially for use in the home and on a
small farm.

——a—
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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.

CAPECTTY PACDY* WATZE** WAEAT#%%

Cubic Meters kg kq : kg
0.42 230 300 . 315
0.68 375 485 510
0.82 450 580 615

1.35 ‘ 745 ‘ 960 1015

*  Approximately 550kg per cubic meter
**  Approximately 710kg per cubic meter
*** Approximately 750kg per cubic meter

The specifications and technical drawings for these bins are available
in booklet form from::

Save Grain Campaign-
Ministry of Agriculture
Department of Food
Krishi Bhavan

New Dethi, India
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-

SHEET METAL SILO | " - . s

» 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, 1rm thick, welded together at

the seams.. It has two openings, one for *illing 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.

3
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ot

FUMIGATIDN OF SMALL QUANTITIES OF STORED GRAIN

Fumigants are insecticides in the form of gas. This gas can kill adul4
insects 1iving outside the grain kerhels and larval stages 1iving inside the
kernels. Once the gas dlsappears 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.

) -
i ?‘-? =z
oo

Decomposi+son oF o Thostoxen '7:;fﬁﬁe1ﬁ

4t 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’ fumigants
But you should know how to use Phostoxin so that you can instruct and help
the farmer fumigate his grain,

o

'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
oil drums. _

REMEMBER: WEAR GLOVES WHEN YOU USE PHOSTOXIN.
KNOW WHAT TO DO IN CASE OF AN ACCIDENT,

KEEP ALL PEORLE AND ANIMALS AWAY FROM THE AREA WHERE
FUMIGATION 1S BEING DONE.
293
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J

FUMIGATING GRAIN IN PLASTIC BAGS
¢

. Usell pellet of PHQSTOXIN for each 100kg of grain.

Tabiets contain more poison'than pellets; 5 pellets are equal
to 1 tablet. If you cannot find pellets, you can cut one tablet

“.ir 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 beé sure there are no little pieces of the tablets lying
aroufdd 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. '

fi]] 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.

FoLp UP e SurRPLUW?

/i - PLASTIC AMD THEN

BEup THE FoLD BAcK
ON ITSELF.
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Place a warning on tne bag so no one wiil 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 1nsects

-
. f

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 gratn .
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- FUMIGATING SACKED GRAIN UNDER PLASTIC SHEETS

Use PHOSTOXIN.
3 tiblets 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.
I[f 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.

Teke 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 #n it., You

can do this by holding it up to the 1ight. Mend any holes or
tears with tape.

Spread the right number of tablets around the sacks. Spread
the tablets around so that they do not touch each other.

IMMEDIATELY COVER THE STACK WITH THE PLASTIC SHEET,

Make sure the edges of the sheet are sealed tightly. Use loose
sand, sand bags, poles, etc. to hold the sheet down.
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Kecp the doors and windows open if you are fumigating inside L
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.)

1

06 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 wil) not hit you in the face

when you 11ft the cover. Leave the stack as it 1s, with 1
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.

One characteristic of PHOSTOXIN which makes it relatively safe
for farmers to use 15 the very strong smell associated with
PHOSTOXIN. The smell, which starts being released almost
immediately, 15 a good warning to users because the smell 1is
noticeable before the gas reaches a poison strength which can
kill 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 filliﬁg 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.

[f the grain level in the bin 1s no more than 6m, you can
spread the tablets only on top 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 grawn and tablets until finished. Start
counting 4 hours from the time the first tablets are put in.

Seal the manhole just as soon as all the grain and tablets are
inside.

MAKE SURE THE MANHOLE IS TIGHTLY CLOSED. USE A THICK COATING
OF GREASE, WAX,OR CEMENT MORTAR TO SEAL IT.

Leave the silo unopened for at least 5 days. [f the grain is

not needed, keep the container sealed until the grain is
needed.

WARNING! Ygg MUST HAVE THE MANHOLE SEALED WITHIN 3 or 4 HOURS OF
ADDING THE FIR3T TABLET OF PHOSTOXIN. PHOSTOXIN GAS

CAN KILL.

NOTE: Metal drums are good containers in which to fumigate grain. Simply
drop in the correct number of pellets for the size drum, seal it
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. ﬁarth is available and easy to use.

More recently, there has been interest in improving mud granaries to make
them more airtight and waterproof, This 1s 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

a layer of plastic sheet between two

layers of mud bricks.

The mud bricks

protect the plastic from holes.

The

plastic keeps air and moisture out.

-

Advantages:

It 1s an airtight storage
structure.

The materials are often avail-
able locally.

Disadvantages:

Plastic Sheets are sometimes hard to get or expensive,
[t 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 1mpr0véd mud
silo, and is based on a plan prepared in Ghana.
VITA artist, George Clark, provided the 11lustra-
tions.

The silo is made of mud bricks. This silo was
improved by plastering and painting the walls.
Plaster is usually composed of cement, 1ime

and safd. 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.

deal 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 {s looEing for a material
which:

is water-repellant. ‘
sticks to the walls. |
lasts long enough so he does not have to re-apply often.

The improved mud silo presented here has the following advantages and
disadvantages:

Advantages
The materials are cheap.
Airtight storage can be achieved or nei;iy achieved.

[f 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 J
It requires regular painting or whitewashing. ~
. [t 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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o B

THE INOIAN 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 aT% 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. g

Protect the bin from rain. I[f 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 structure 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, Tike 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. s
airtight and waterproof only if the plastic sheet s made and used

correctly. The plastic sheet used should be at least 700-gauge thickness,
to resist tears and punctures.

If plastic sheet 1s 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 local waterproofing 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 galls You will need about 250 of thenm.

some sheet metal to cover mudblocks for the same purpose. You

will need 6-6 1/2 square meters, allowing for overlapping of

sections. [f you use sheet metal instead of hard bricks, add
" 250 mudblocks to the number given above.

éemgnt mortar 1f you use fired bricks

abouf‘s\square meters of 706-gauge plastic sheet for moisture-
proofing the bin. Or the same area of tar-paper, or a suitable
amount of ﬂaterproofing material to give a good, thick coating
or several coatings. .
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. a piece of 1ron 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 1ittle cement in with low-clay soil
to make good mudblocks.

A wood form can make Several mdﬂblocks 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 mudblacks
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 block 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 thé bricks, or whatever water-
-~ o~ —-—proofing material you are using. It should extend a few
centimeters beyond each edge of the layer-of bricks.

————
——————

' \
Lay down a layer of mudblocks and mortar on top of the plastic,
the same Size as the first brick layer.

- 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
1ike 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 to extend past
where the outside edge of the outer wall will be. You may

tilt it downwards s1ightly towards the .outside for easigr 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 2 joint between
blocks in the layer below it. This will make the walls stronger.

Build the walls to a total height of aboyt 16Dcm -- bdt wait
_ until installing the roof support frame (next step) before
putting in the final layer.

Install a roof support frame.

. Use wood that is naturally termite proof, or coat it with
~something to protect it against these and other insects.
Metal or reinforced concrete bars can be used, but they will
be more expensive. The roof must have strong support: use
the best available material.

Use four pieces as long as the distance between the outside

edges of the inner-wall -- two pieces about 120cm and two about
160cm. Wood should have at least a 5 x S5cm cross section.
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. form the frame in a double-cross
pattern. Interlock wood joints.
One of the corner spaces should
measure about 50 x 50cm, for a
manhole entrance.

Position the frame on top of the
next-to-last layer of blocks in
inner wall. Raise the ends up
on some mortar so the top surface
of the frame will be at the same
height as the top surfaces of the
final layer of mudblocks.




f

Indian Pusa Bin’ ) Storage Methods -83-

Mortar the frame and the blocks for the top Iayer of the wall
into place. Hake a smooth top surface on-the walls,

Build the inner reof.

Make mud slabs Scm thick for the inner roof.

You may make one or more to cover each space in the surport
frame, depending onTaou strong the slabs are. They will have
to support an yer of mud slabs tne 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 sIabf

. Position the slabs on mortar applied to the support frame and

_ the tops of the walls. Leave the 50 x 50cm manhole open.

F111 any spaces between the slabs with mortar.

Plaster the inside.

Plaster the insides of the walls and the noof. and the surface
of the floor with a smooth coating of mud or 'mortar. This will
leave no place for insects or dirt to lodge.

Make and install a plastic cover.

Measure the outside d1men51ons of each of the four walls and
the roof. \

Cut pieces of plastic sheet to cover each of the five surfaces.
Each pfece should be cut a little larger than the surface.
which it will cover -- at least S5cm ¢verhang on each edge.

The bottom edges of the sides must reach a few centimeters
beyond the plastic sticking out from the floor.

Fasten the pieces together in a hox shape Keep in mind the
right arrangement of pieces so¢ that when the cover is placed
over the bin 1t 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 th& iron is not too hot: it should hot 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.

7

/
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g the ahened exges
W Ve phaulic gpceta

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 plastié around the emptying spout. Seal it

" 'to the spout with something 1ike soft wax. This should make
an air- ‘and water-tight seal.
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Seal the bottom edges of the wall pieces to the edges of the
plastic in the floor. . :

. Cut a diagonal s1it through the plastic across the manhole.

9. Build the outer walls.

. Begin the walls from the earth ¥oundation. Build them right
up against the plastic over the inner walls,

. Use fired bricks or other hardened bricks and cement mortar for
the Agwer 50cm of the outer walls
Use mudblocks and mud mortar instead, building them up on the
metal sticking out from under the fioor. 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. 1If
there is any difference in height, fi11 with mortar.

Build the outer roof.

Place S5cm-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.

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 Fusa 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,

Prepare and use the bin for Storage.

When the bin is dry, clean the inside thoroughly. Light a small,
smoky fire to drive off insects. Take both of these steps each
time you get ready to load an empty bin.

Dusting the inside surfaces of the bin, and also the grain, will
protect the grain better.

Cover the manhole when you have put your grain into the bin.
Seal it with extra mud or mo-tar 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. 5
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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.

Flat rocks, as wide across as possible, to lay across the
foundation.

Sand for concrete and mortar.

Small ﬁtones 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.

0 . Earth to make mudblocks.

1 . Nails (1.8-2.4cm long).

Pitch, tar, or other waterproofing
material.

{SeIect a Site

. Find some solid ground on which
“to build the silo. .

Higﬁ grdund is best.

, - Make sure the silo is built {n

| a place where the ground under-
neath it will not wash away
during a rainy season.
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1. Make a Form to Mold Mudblocks

Use wood boards about 2.5c¢cm thick.

You will need: 2 boards 46¢cm 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 small board about 2.5¢cm 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 2.5¢m thick that

are 15cm long and about 5cm wide. Nail one across each
end of the box.

2. Make ﬂudeocks

Mix earth and water to make the same kind of mud you use to
build any building.

Wet the form.
Fil1 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.
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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, 2.5¢m x 5cm x 1.2

' 2 boards, 2.5c¢cm x 5¢cm x 1.1
4 boards, 2.5¢cm x 5¢m x §

1¢

m
m
m

Nail the 4 longer boards together. Butt

the ends of the 1.1m boards up against the ends of the 1.2m
boards. When the frame is 1ying 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 al1so be facing up when the frame
is 1ying 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.

ROARD NAWLED ACROSS .
CORNEBRS STRENG e.uu

AND MAY B D "
T REBURT FoR
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4. Make Frame "B8" for the Manhole

Prepare: 2 boaras, 2.5 x 8cm x 45¢m
2 boards, 2.5 x 8zm x 4Qcm

Cut part of the face off each end of the 4 boards.
This will make a slanted face. o

Nail the 4 boards together. Face the slanted sides out-
ward. Butt the ends of the 40cm boards up against the

ends of the 45¢cm boards.
L —40 ﬁ

[ |
- CD
L1 =]

Fn )
bt (D -]
="

FRAME B
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5. Make Frame “C" for the Collar

. Prepare: 2 boarhs 2.5¢m x 2.5cm x 53cm
1 board, 2.5¢m x 2.5cm x 56cm
1 board, 2.5¢m x 2.5cm 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 56tm boards up against the 66cm board. Leave Scm
of the 66cm board sticking cut on one erd.

6. Make Frame "0" for the Manhole Cover

You will need: 2 boards, 2.5¢cm x Scm x 61cm
. 2 boards, 2.5 x 5cm x S6em

. Nail the 4 boards together. Butt the ends of the 2 shorter
boards up against the ends of the 2 longer boards.

ERAME. O
#
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7. Mix the Concrete and Pour it into the Wood Frames

Mix the contrete in a proportion of: 1 part cement (out of the bag Y
' 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 1s 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 inte 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
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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 ? 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 p1ece 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 a1l 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 1s called

“euring.”

When the concrete is "cured," remove the wood frames. Remove
them carefully, so you can use them again.

CONCRETE

FRAME A -z

SECTION 2 2 THROUGH TOPSLABR

WITHH FORMS INPLACE AFTER POURING
CONCRETE.

w
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8.

9.

Make the foundation \-

Buila

fraw a circle on the ground where you want to bufld 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 smallef rocks to give more support. The air spaces between
the rocks will let air move through the foundation and will

keep moisture fram 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 vay as you would the flat rocks. Place
them so they come right up to the edge of the circle of rocks,
or overhang slfightly.

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 pfece.

Find the center of the foundation.

Mark off a 9lcm diameter circle from the center. This is the
inside diameter of the silo.

the Grain Chute (Optional)

Use hard wood about 2.5¢m 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, 2.5¢m thick, at least 13cm wide,and 20cm or
25cm long. This is for the sliding door
in the chute.

Place the edge of the sliding door board on one of the side boards
s5cm in from the short straight end. Trace the width of this edge
onto the side board. Make a groove. Remove the wood between the
2 lines you have traced to a depth of about 6mm. Make each
surface of the groove as smooth and as straight as you can.

325

1
i




Improved Mudblock S1l0 Storage Methods -95-

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 s1iding door. Match the
edge of the remaining piece with the far end of the groove. Cut
t?g le?gth of the top piece as needed to match the length of the
side piece. '

Mail the top and sides and bottom of the chute together.

Trtﬁ the width of the s1iding door board S0 that it will slide
through the opening in the top of the chute down the grogves.
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10.

You may have to trim the long sides of the openiné'too if the
sliding door 1s 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 tguch the bottom of the chute. This edge will
face the outside of the silo. This will make it ‘ezsier to keep
grains from lodging under the closed door which gight 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. - ¥

th; Walls

o v
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 10cem 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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N

Fi11 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 lays 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 f§lled 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.

11. Make a Slanted Floor

Use sand or soil to make a slanted floor. This will help the
grain move towards and out of the chute. I[f the chute is not
used, this slant will not be needed.

Pack the sand or soil down
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. —

mus BLock .« Make a mix of plaster. Use
WALL 1 part cement (out of the bag)
to 3 parts clean sand (mix dry).
Use enough water to make a
oram CHUTE | 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

MUD BLOCK SILO chute.

Smooth the plaster well after you put it on. This will make cleaning
easier and will leave fewer spots for insects to hide in. L
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Keep the plaster damp until it 1s 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 tb 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 q layers.

Hold the string at the top end, with the stone hanging down
from 1t at the other end. :

Hold the string out about 5¢m 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 1ayers 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.

I

13. ~e the Topslab /

When the mortar and the plaster in tﬁe silo wall are dry and
strong, you are ready to place the ;opslab on top of the silo.

Make sure that Frames A, B,and C pre removed from the concrete
topslab.

You will need people to help yqﬂ put the topslab in place.

Mix some fresk mortar (1 part cement, 5 parts sand, and water).
Place a layes of mortar "all afound 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 1n51de and
help. He can get out through the manhole.
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Remove the cover from Frame 0 and place.
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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 closed silo. [t 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 unt{l
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 maﬁze -- put kernels into the siio 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 pcison to the grain before you close
the silo. Insects are always present in grain. Insect larvae
live inside the kerneis where they can not be seen. Talk to
your extension worker about what poiscn to use and how to use it.

Remember, poisons can Lill animals and people. Do not use tnem
befqre 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 manhoile,

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
live where 1t is clean.

Check your sflo 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. y

You may have to-use the chute to take out small amounts of -
grain to sell or eat. Make sure you close the sliding door
carefully. Do not leave it open. Reseal it with mud. If
theft is a problem, the chute can be omitted and grain will
be removed from the top of the silo.

Do not leave grains scattered on the ground. 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 insecis and rodents.

Clean the silo well before you 111 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 kil) insects and insect eggs.

Sweep out the ashes, dust,and.pId grain.

When your silo is c¢lean 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., i§7§; and Trom “"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 king of reinforced concrete. Ferrocement is made of

wire mesh, sand, water, and cement. It is strong and durable, .Gonerally,
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 1like
the old one.

It is cheaper than a metal bin, in some places.

Building with ferrocement does not require a lot of
equipment or machinery.

It can be built almost anywhere, even in isolated locations.

It does not take very long for workers to learn to use
ferrocement.

It needs 1ittle maintenance after completion. Repairs,
1€ necessary, are easy to make.
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MATERIALS FOR FERROCEMENT

Reinforcing Mesh

Many kinds of mesh will work as 1ong 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 fiexible 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.

4§

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

A general mix is 1 part cement to 2 parts sand. Only enough water is
added to make a pastelike mixture. Experience will pe t* bHast way to
find out the best consistency for the mortar. Machines > used for
mixing, but hand mixing the mortar works very well and m., .ost 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 guickly. 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
is relatively expensive.
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AN OVERVIEW OF GRAIN STORAGE USES FOR FERROCEMENT

This section on ferrocement provides an introduction to ferrocement as '
a building material for grain storage yses. It includes descriptions of
ferrocement bins and a ferrocement 1ining for underground storage pits.

The That Ferrocement S110 {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 stiil 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 {s worthy
- of more investigation for use in your area.
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THAI FERROCEMENT SILO (THAILO)

Tools and Materials

Cement 1,900kg

sand 1,725kg

Aggregate 965kg (used in the base)
Mortgr plasticizer 2kg

Sealant for base ~ Skg

Paint I3/4kg

Chicken wire 2-R0115

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 will be much thicker -- 5 to 7.5em ==,

" 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 N,

earth. This should be done 1f 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 wefight: 1 part cement
' 3 parts sand
0.6 parts water .

Lay one layer of concrete over the apron and base. Make it
Scm thick.

Reinforce this concrete layer‘wiih lgmm‘yire mesh. (Chicken
wire can be used) after you have 1aid 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 paris uater 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. -

Se ction showing \ Ground
shape of the base "5’ N, Level
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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 thefoutside surface and
one layer of wire mesh on the inside.

Fasten mesh, reinforcing rod, and struts together with

short Rieces of wire threaded through the wall and
back. *Tie by twisting the ends with pliers.

3. Apply Mortar

Hand mix the mortar in the foIIoﬁing proportions, by weight:

1 part cement
1.75 parts sand

I

Enough water to make a thick paste.

|
Work 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 choices for the top.

1. Ferrocement outer cover With circles of rubber which act

as airtight seals. This can be made on site or erected
‘before cementing the walls

An inner 11d can be used This 11d can be an aluminum trash

can 1id. [If this inner 11d 1s used, place a polystyrene

1ining between the grain and the trash can 1id to insulate

against heat and prevent moisture condensation. '

2. 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 nafils are bent
up to shape a form.

. The topseal consists of 2 parts:

Aluminum 11d with polystyrene insert and a tubular
ring of plastic placed between the 1id and the wall.

A piece of sheet metal scréwed to the top with a
sealing gasket.

Some General Notes on Ferrocement Silos

IMPORTANT: Do .not mix too much water into the mortar and concrete
mixtures.

IMPORTANT: 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 chlof1nated rubber-base paint, coal
tar or bitumen should be done to make sure it is completely
/ airtight and watertight.

Fi11 the finished silo with water for one week if you wish to
test it. Water 1s heavier than the stored grain. If there
are cracks or weak places they will leak. Make repairs

as needed. The silo must be dried for 4-6 weeks particularly
if it has been filled with water. Remember that the shape
and size of the ferrocement 'silo can be changed to fit your
owWn needs.
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L ]

FERROCEMENT-LINED UNDERGROUND PITS

£
»

This material is adapted from Ferrocement: Applications in DeveIoging
Countries, National Academy of Sciences, Was 1ﬁgton.‘ . C., Feb., 1973,
The T1lustration 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. s . .

| 4

A traditional pit can be made into am air and watertight grain storage
container by using ferrocement to 1ine the pit. Ferrocement 1inings work

even in pits built in very wet ground. The cost of this pit was $20.00
{U. 5. currency) in 1972.

gy =nl 71
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Cros-section of ferrocement underground storage pit. Hard Core
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Here is an outline of the construction process.

1. Clean the pit

Remove trash
Make sure walls are smooth and free of termites.

Apply poison to kill termites if necessary.

2. Prepare the floor of the pit

Lay down a 10mm layer of hardcore..
Lay a layer of concrete on top of the hardcore. Use a

concrete mix 11ke 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 1ittle water as possible to make a paste.

4. Line the walls
#

Use hands and trowels td put a 2.5-3cm layer of mortar to
the walls.

Place wire mesh reinforcement, or chicken wire on the sur~
face of the mnrtar where it is wet,

See uaterproofing material before placing the second layer
of mortar. The ather method of waterproofing {s 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. g

Put another layer of mortar on top of the chicken wire.

5. Cure the lining ‘ o ,//

Keep the walls and inside of the pit damp for at least 5 days.
Seven days 1s better. '
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Do not let the pit dry out Quickly!

6. Materproof the lining There are 2 methods. Here is the most expensive.

J Brush off any loose concrete with a wire brush.

Use a stiff brush to ut on a first coat of Bitﬁmen Emulsion.

This first coat is diluted -~ 1 volume of emulsjon to 1 volume

of water.

Make sure the emulsion gets workéd 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 1nside of
the pit.

7. Make the 1ip

. 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 J
drawing. Drain pipes can be used to carry water even
further away.

. Let dry well.

B. Seal-the pit

A traditional 11d can be used.

A metal or concrete 1i1d which is sealed with bitumen makes
a very-airtight storage container,

If you choose to use a metal 11d 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 smaller batches of various types or
qualities of grain have to be preserved. For indoor use, although the
design will permit long exposure to sunshine and rain without deteriora-
tion of the contents.

The bin has an internal diameter of 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 h?ight of 1 metre makes it easy for the grain to removed from the top
manhole

The walls of the bin are 12mm thick and have a smooth internal finish
preventing lodging of any bacterial infestation. All corners and edges
are rounded off for the same reason and to facilitate cleaning of the
bin before loading.

This bin holds 0.4 cubic meters.” It will store 350kgs of wheat. The
bin weighs about 230kg when empty and 5B80kg when full.
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Ferrocement Grain Bin #2 (C8-2)

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 clcsed 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 “migation.

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 1,000k of
wheat% The bin weighs 340kg when empty and, therefore, about 1,350kg
when full.
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Ferrocement Grain Bin #3 (CS-1)

This 1s the first of the new Series of medium-size bins. " It 1s 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 stcol. A manhole of 450 mm diameter
with a detachable cover is provided in the roof, along with a pad10cking
arrangement.

Unloading 1s done at the base through a screw conveyor 1dentica1 to that
described under type CB-2. !

The capacity of the bin 15 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 serfes has the same inside diameter as type cs-1!
viz 1.5 meters, but the overall height {s increased to 2.9 metres. The
construction of this bin is generally identical with type CS-1. However,
because 0f the height the 10ading arrangement is different. Provisfon
has hean made for installing a pulley at the top manhole. One man standing
on the roof of the bin wi1l 11ft the sack by the pulley and empty that |
sack into the bin. A detachable ladder is provided for climbing up to
the roof.

Unloading arr. gements provided at the bottom of the bin are {dentical.
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 --
mudblocks, plastic, metal, ferrocement. The final construction material
discussed here is cement/concrete.

Three plans for storage structures which use cement are offered here.

—
The first, and simplest, was designed T
by Peace Corps Volunteers in Senegal I | 1 [
and built by local farmers. ] !
BRICK i 1 1 1
S1LO I R E
| 1
{ 1 |
| I |
[ 1 1
L |
_ The second plan includes
o - - COVER Siam 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
- TORTAR process has led to some design
StAVES SHEATM improvements and these have

been incorporated into the
plan included here,

EMPTYING
HOLE whTH
LotHABLE
COVER,

vinc .
TIGHTE HERS —fe . (-]

CITTOM
AR

FOUNDATION |

L4 & TON CEMENT STAVE \S5/L0




Storage Methods -122-

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

o?1how to construct square, multi-celled {each cell is relatively small)
silos,

MULTI-CELLED Sito
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BRICK GRAIN STORAGE SILO

Description

Traditional family granaries in West
Africa are constructed of clay, bamboo,
or millet stalks with 2 thatch roof.
They are easy prey for insects, rodents,
fire, and thieves. The silo described
here was designed by Peace Corps Volun-
teers to protect grain against these
dangers and, equally as important, to
be of 1ow cost and easy to build.

The silo is made of mortared concrete
bricks placed on a reinforced founda-
tion. A reinforced cover with 2 manhole
is cast to place over the bricks. The
manhole cover can be mide of sheet metal
for ease in handling, but 1f welding is
a problem, a cover can be cast in
concrete.

A11 Yabor was done by Senegalese villagers with the help of a Peace Corps
Volunteer. With the assistance of an experienced village mason, a farmer
can do the work necessary to build this silo.

Advantages:

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.
Disadvantages:

Making the manhole cover may be difficult.

Moisture may be a problem unless the silo is water-
proofed.
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Materials and Tools

Cement (for bricks, foundation, . \
cover, mortar, plaster) 7 bags

Rejnforcing rod {(6mm} - 36 meters

Sheet metal for manhole cover as needed.

Make Forms for Silo Base and Cover

D1g a hole 1.75m x 1.75m and 6cm deep. This is for the
silo base.

Dig a hole Y.6m x )1.6m and 8cm deep. This hole is for
casting the s{lo cover.

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

1]
I

]

2. -Make the Base and Cover

Cut reinforcing rod for both the silo and base.

Mix concrete and pour each form half full.

Set reinforcing rods into concrete.

Finish pouring concrete.

Pour c0ncréte 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 alre.dy poured concrete. Then pour concrete into

1
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the space between the two frames. This forms the 1ip
around the manhole cover. The manhole cover Should be
designed to fit around this 1ip. This gives increased
protection from insects and rodents.

[ |
THE pMavioLe LiP
. Remember. to set .
the staples for . e T e Se——

the locking arrange-
rment 1n the wet concrete
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 5.

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. _ b
\
4. Build the Walls ' Y

Mortar the bricks into place with 4
the corners overlapping alternately. B
for strength. ‘ \

Let the bricks and mortar set for \\
5 days. ;

Plaster the inside.
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5. Put on the Silo Cover

. Put a2 layer of mortar on the top edge.

. Put the cover in place.

6. Put on Manhole Cover

-

o ‘ -'
Make a steel manhole 1id and set it in place. Or put
in place an already prepared concrete cover.

. Lock the cover in place.
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F

THE 4.5 TON CEMENT STAVE SILO
f to.

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 {s 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
s{1os 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 2

HANHOLE

LEMENT ;ﬁg:;& '
STAVES
whR & .
EHPTYING
HOLE wWiTH
TIGHTENERS.
sorton
SLAB

FOUMDATION
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Advantages . .-

1

iy
Stores large amounts of grain

Gives good insect control: when insecticide ts added to the grain
to ki1l insects already in the grain.

Offers good protection for the grain from rodents.

[s 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
m01sture control. S

Py L}
Uses materials and equipment which make it more expensive to butld
than the mudblock silo.

-

. THE SITE

r

. Build the silo on h1gh. 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
soi
U "
Dig a small hole, about 65cm deep. If you do not reach
hard-packed earth or rock, try another location, if
possible. If there is no other location available, and
you are in doubt about whether the earth is hard enough
special precautions should be taken '

Locate the silo so that it is level. If a dryer, for
example, the Pit 011 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 '

LY
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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, o

It 1s important to build the shelter so that there is at
least 50cm on all sides of the silo (and dryer). This
will ensure protection:from rain.

SHELTER

]
i - — J .. al__.

The type of roof will depend on what the farmer can
afford. A thatch roof can always be replaced by a tin
rbof 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 1ike an ofil barrel dryer, can be put underneath
it.:

Tools and Materials

Digging tools

Tools for working cement and mortar e
Cement 16 sacks (50kg each)
Re-rod (6mm dfameter) 10 - 12 bars (each 6m long)
Galvanized wire {3mm diameter) 1 roll (4kg)
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' Wire tighteners 10
Coal Tar . 15 litres

Plastic or other suftable moisture barrier material

Some General Comments '

harden 1{f stored directly on the ground. - [f there are lumps

Cement should Be stored on log supporfs or'bIastic: it will
in the cemenzﬁand 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 COVEMIMNG
AGAINST RAIN

PuhsTIC SHEET UNOER

SACHS, OR, LOG SUPPORTE TO
! HERP SACKS OFF THE GROUND

i

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, of1, and chemicals. These
» weaken cement. If water will be.stored in barrels, these
i should be washed thoroughly before use.

: . Mixing should be done on cement or on swept, packed earth.

: Be careful not to scrape dirt into the mixture. When
mixing on dirt, all mixtures should be made on the same
spot since that spot will harden after the first mixing.

. Too much water causes cement to separate from the mixture
when it is tamped. Losing this cement weakens the mixture.
20-25 1iters of water for each 50kg sack of cement is about
right for all mixes. '
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1. Make the Forms for the Staves

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

Check the forms carefully
to make sure they have
very flat and regular in-

side surfaces.
m t'249a-—‘ 5 1 m

—

F‘ﬂ m., v/ %

MALLE 25cm 1 .
secTioN ¢-c! l—?S.?.r.mw-l

section d-d’

IT IS IMPORTANT THAT THESE SURFACES BE SMOOTH AND AT THE
CORRECT ANGLE. SINCE MORTAR IS NOT USED TO PUT THE STAVES
TOGETHER, ITS AIR-AND WATER-TIGHTNESS WILL DEPEND ON THE
TIGHTLY FITTING EDGES OF THE STAVES.

2. ‘Make the Staves
. Mix the mortar with a mixture of 1 pari -ement to 4 parts sand.
Tamp the staves down firmly, with a bottle, for example.
Be careful the cement is not so wet that water runs out
of the form or the staves slump.

Make 91 large staves and 26 small ones for the walls.

Make 5 more large staves as extras in case of breakage.
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LARGE STAVE a_'_,_l - » ¢ 6mm RE-ROD

Make one large stave
with a hole in 1t (12cm
in diameter) for in-

serting the emptying plug.

a_-‘v
—v-llOun

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

Cure the staves.

| WELL-TAMPED
STANES

’II

LVPAPER BAGS OR PLASTIC SHEET
'§§if ) 5;?:>” P

== 5mo0TH, FLAT AREA /Z=-
;9/ ;1 . ' ___/...:{Z/__

WATER CONCRETE. 3 TiMes/DAY
DURING CURING PERIOD
KEEP STAVES IN SWADE
OR COVER, WITH STRANM

;f;f}’k’z’zfﬁftirii;./’éiéfgz

& //((/4(1;/(
S el £E //
i et s L L L

I
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3. Make Bricks for thg Foundation

Make a form of 14x20x30cm for making bricks. This form
u:II give the size blocks used in this particular
plan. _

Use a mixture of 1 part cement to 4-7 parts of sand,
depending upon the quality of the sand and cement,

Make about 80 bricks for a foundation 1ike the four-
brick layer foundation pictured below. {The actual

number of layers depends upon how far down you must

dig to find hard-packed zarth or rock upon which to

build the foundation.}

Make 8 more bricks, if you feel the earth is soft under
the silo, or if you are not sure the floor slab is going
to be made of very good quality cement. These B bricks
will make a pillar in the center of the foundation.

Be sure to water and dry the bricks the same way as you
did the staves. '

Substitute regular, already made concrete blocks of
" the type used in houses, if they 2 j00d size to
use and if they are strong.

4. @Build a Foundation

Dig a hole with an outside diameter of 2.2m. The founda-
tion should rest on hard-packed earth or rock.

CONCRETE CENTER PLLLAR,
BLOCK waALLS (OPTIONALY

_..i_,? -
SR

HARD- PAN,

_ROCH, OR ABOVE GROUND
STABLE S01n
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Lay the bricks using a mortar consisting of 1 part cement
to 6-B parts sand.

Lay the bricks so that each one crosses over a joint between
bricks in the layer pbelow. This will make the wall stronger.

Be sure the foundation extends 15-20cm above ground level. -

Build the pillar, if required, by placing two bricks,
joined with mortar, in the center of the foundation hole.
Lay the second layer of bricks with mortar crosswise over
the first layer. Continue laying bricks and mortar until
the pillar is even with the top of the foundation.

Fill the foundation with sand and hard-pack (tamp) the sand to
the Tevel of the top layer of the foundation.

5. Waterproof the base

Use plastic sheets, coal tar, or tar felt.

Lay a 3cm layer of mortar'on top of the hard-packed

sand if using coal tar or tar felt. This is not required
when plastic is used. :

Overlap joints of tar felt 20cm and spread coal tar on
the seams.

Use 4 layers of coal tar if that material is chosen t» paint
over the 3 ¢m layer of mortar.

6. Make a Form for the Floor SlaB

Use 29 large staves (temporarily) to make the form for the
floor slab.

Place the staves around the outside of the foundation wall
in a 2.2m diameter circle. In other words, the circle of

staves wil) be flush with the outer perimeter of the founda-
tion wall.

Hold the staves in place using two wires and wire tighteners.
Line the inner face 6f the staves with paper, plastic, or

masonite to prevent cticking when the staves are later
removed.
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WELL IN EXCESS, MOISTURE BARRIER {PERHINENT)
OF 10 cm SLAR STAVES (RtmovreLe)
THICHNESS B SR/ AT LR, gy o LINER (ReErovaBLE)

LINER MUST EXTEND WELL ABOVE
10 M SLAB THICKHNESS

. WIRE TIGHTENERS MUST BE PLACED
M CENTER OF STAYE BACKS,

Mark the form to show a point 4cm above the base and
another point 10cm above the base. These marks will
guide you when you pour the concrete into the form.

7. Form the Re-rod Pattern for the Base

Form a 6.6m re-rod perimeter for the slab.
Use one ©6m picce of 6mm re-rod and one 1m piece.
Bend thé ends of each re-rod piece to form 10cm hooks.

Join these hooks together to make a longer bar for the
perimeter.

Leave an extra 10cm at each end when cutting re-rods.

These extra lengths will be bent to form hooks for attaching
the straight bars to the perimeter re-rod. The two

longest straight re-rods are each 2.3m long. A total of

1B straight re-rod pieces will be needed.
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8.

Mix

Put the re-rods into position.

A?tach all hooks and intersecting points with fine '
wire

Place the finished re-rod pattern into the form to be sure
it fits -- before you pour the cement.

BED

and Pour Concrete for the Floor Slab

-

Use a mixture of one part cement, two parts sand, and three
parts gravel (1:2:3).

Mix the concrete so that it can be worked easin but does
not flow.

Wet the inside of the form completely before pouring the
concrete.

Pour 4cm of concrete before placing the re-rod pattern in..

Tamp the concrete down well.

Put the re-rod in and finish pouring concrete to the 10cm
level marked previousily.

Tamp very well. THIS [S IMPORTANT.
Smooth and level the surface carefully.

Water the slab 3 times per day for 7 days. Keep the sIéb
shaded. : '
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9. Mount the Wall

CENTER WIRE TIGRYENERS
ON BAcKS OF STAVES

N0 cm ——

MORTAR
LAYER

ENPTYING
HOLE.

2~ R
TRIWM OFF g
ANY EXCESS BARRIER

Mark a circle of 100cm yradius from the center of the slab.

Place 13 large and 13 small staves around the circle,

alternating the large and small staves,with their smaller
faces inside. '

Place a thin layer of 1:6 mortar under the bottom row of
staves for proper seating.

Place tne large stave wiih the emptying hole in the first
layer, with the hole toward the bottom slab.

o

365




Storage Methods -138- Cement Stave Silq'

Place no mortar between the staves.
Place and tighten a retaining wire at each 25¢cm of height.

. Place 2 wires in the bottom 25cm, 8cm from the top and the
- bottom of the small staves (one above and one below the
emptying hole).

Place the tighteners for these 2 wires only on the large
staves. When tightened, the tighteners should be centered
on the large staves. '

Form each folluwing layer by placing 13 large staves in
the gaps until reaching a height of 2.0m (4 large staves
vertically).

Complete the final layer by placing 13 small staves in
the remaining gaps.

Hold these staves in place with 2 wires, 8cm from the top
and Bcm from the bottom of the small staves.

10. Make a Form for the Cover Slab

The cover slab is 1ike the floor slab except that it must have a
filiing hole and is only Bem thick.

Cover the top of the wall completely with solid boards. These
must extend beyond the edge of the wall.

Place an upright collar of masonite on the boardsS5cm outside
the edge of the wall.

Hold the collar in place with nafls.

Support the boards from within the silo if they are not
strong enough to support a man without sagging.

Cover the boards completely with paper or plastic inside
the masonite circle to prevent the concrete from sticking
to the boards or from leaking through any large cracks.

Place the manhole {for entry and fi1ling} form 20cm

* inside the masonite circle. The form should be about a °
50cm diameter circle made with an inverted basket, or
masonite held in place with nails.
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11. Form the Re-rod Pattern for the Cover

Formlthe re-rod pattern in the same way as you did the floor
sIabiexcept that space must be left for the manhole.

GRID PATTEAN

FERIMETER, NG -ROD
REINFORCIMNG RING®
JEATRA MECE OF ROD
& 50 cm MANWOLE ~

COVER SLAB
@ 220cm

4

TWE RE-ROD
~———— SLAB OUTUNE !
bmROD - e 55 cnwf INTERSECTIONS

Test the pattern in the form for fit before pouring concrete.

12. Make the Cover

Mix another batch of'T°2°3 concrete for the cover.

Pour and tamp a 4cm layer of concrete befbre placing
the re-rod pattern.

Place the re-rod pattern.
Pour the remaining 4cm layer of concrete.

Tamp and smooth out the slab with a slight slope awny
from the entry hole. /
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Make a manhole cover 6cm thick and 60cm in diameter ;
with the remaining concrete. , . ' :

. *Use a masonite strip or a hole dug in the ground and
1ined with paper as a form.

Place a re-rod, bent into the correct shape for a
handle, into the concrete. This re-rod alse gives added
strength to the cover. .

——— _ ”\- —
T a—— = -"* o - 6 cm

. q.zm]_% |

1 r‘—“ﬁ 60cm—%—‘

_ . Cure and dry the cover slab and the manhole cover in the
: same way as the bottom slab. (Wet the concrete 3 times a
day for 7 days and keep the concrete shaded.)} _
!
Be sure the slab is dry before removing the form (wait at
least 10 days). It is easiest to remove the boards by gentIy
levering the edges’ of the slab, s1iding out boards as you 'g0.

Be careful not to apply pressure to the strip betu@en the man-
hole :nd the outer wall. This strip is the weakest part of
the slab.
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]

Close the space between the cover slab and the upper ;'

walls with mortar after taking out the boards of the form. /
. Place a sealing ring cut ‘from a rubber inner tube, '

“for example, around the manhole. -Or make a sealing

ring of mortar. . If you use a piece of rubber, cover

the rubber with mortar. Cover the mortar with paper, - / '

and place the manhole cover on it. This will provide y

a raised horizontal joint tc prevent water from /

getting into the manhole. . .—r ’

HARNOLE
COWER

SEALING
RING

- '.-'.4.‘

’ CBVER SLAB
Make a Security Plate (Anti-Theft System)

g1 emmone . Use the bottom of an
L5X 5 ¢m SLOT  Two PLACES N 0i1 barrel or a piece of
\ ' ' My heavy sheet metal.
4om t -

Cut a piece 20cm x 25cm.

Pierce two holeson one of
the 20cm sides, 2cm in from
the side and 4cm from each
end. A hinge will pass

~ through each of these holes.

] . Cut a slot 5cm long and 1.5cm
-\——— 2Som ——— wide, centered on the other

HASP PLATE (Make {rom‘\»rrd bottom) §?fmetﬂ: teg;er?eta'l piece,

e
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\

‘Use the remaining re-rod material to make a staple . -
and two hinges.

MINGE (2 REGD)
STAPLE

14. Plaster.the Silo

. Make a 1:6~8 mortar mixture.

Install the security plate before pIastering the outside

App]y the mortar 2cm thick.

HITrG HOLE

Re0 Lup3

FPRST mus?

B, HASP ASSEMBLY AFTER

A. HASP ASSEMBLY IN PLALE APPLYING MORTAR

Plaster the outside walls to a thigkness of 2cm.
Close the inside joints with a cement wash or plaster

to keep grain from getting stuck in the joints and
to increase moisture resistance.
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Put the plastic plug into place and use mortar to form a
tight f't between the plug and emptying hole. BE- CAREFUL
NOT TO SEAL THE PLUG SO FAR INTO THE HOLE THAT YOU CANNOT
PULL IT QUT.

cunsy Auy
wel Tnd
vy matd

1S. Paint the Silo

. _Let the silo dry after pIastéFing for at least one month
before using it.

Do not apply toal tar té any plastered surfaces unt*? after
the plaster has been allowed to dry for at leasc . weeks.

Apply coal tar to the outside surfaces of the silo wall and
to the ¢cover slab to increase the silo's moisture resistance
further, E

Paint the inside floor with coal tar. If the floor is
painted, let it dry for at least twc weeks before storing
grain so that the grain does .not stick to the tar.

SEAL-RING

) H |
’ HORTAR SEAL
PLASTER, INS\DE

PLASTER whTH

JoInTS “'“"__l " moATax, THEM
PAKT  WATH

COAL TAR WHEN

pAY {1 wiExs)

o

. PANT
. FLODR, wi'™
Cone TAR

{
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INSTRUCTIONS FOR USE OF THE CEMENT STAVE SILO

To be sure of good quality storage foriyour grain, it is important to
understand the proper way to use the Cement Stave Silo. This can be
done easily by a few steps taken ap the right times.

The Shelter |

The sflo must have a good roof over it for protection from rain.

Check the roof often to be sure there are no holes in it
which will let rainwater fall on the silo.

Repair holes immediately.

~ Tne silo T coven 3une

Make sure the filling and

emptying holes are well
sealed during storage times.

| Each time you add grain to antser — g1 = * ,_m

the silo, carefully re-seal e e - .

i the filling hole.b Use M R L \
cement mortar or banco At D% P o

1 (hand-packed, wetted earth). ';ﬁﬂﬁiﬁffj‘?i et
Banco is, of course, less wieg N S B apnem et 2 beworuia
expensive and is easier to M NG aemon
use. [f the emptying hole : o e
does not seal tightly with

mortar, it can be sealed with
; melted candle wax or banco.

Clean the inside of the silo and check for cracks in the walls
shortly before the beginning of storage each year. Light will
pass through even the smallest cracks. If cracks are found,
cover them carefully with 3 mixture of cement and water.

Use insecticides when storing grain in this silo. Even though
the silo is completely closed and insects cannot enter to attack
the stored grain, there will always be some insects in the

grain at the time of filling. These insects not only destroy

the grain by eating it, they can cause conditions which lead
to rotting.

Open the emptying hole each month to make sure the grain is
storing well and that no-insects are alive inside. When you
open the silo, if it seems very waym inside, or if there is

a smell of rotting grain, empty the silo 1unediately Re-dry
the grain.

Q ‘ ! 372 '
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CONCRETE BLOCK SQUARE SILOS
FOR COOPERATIVE STORAGE

Many farmers form cooperatives and store their grain collectively in
large bins. This allows the farmer to get better qua11ty storage (and
drying) than he could afford as an individual.

The formation of farmers' cooperatives is an important subject. But
this manual edition will not deal with coop formation and processes.
However, the following plan is presented as an illustration of how
newer ideas and methods of storage can be applied to cooperative
storage situations. [t 1s presented as an alterpative to the larger.
round silos so often used for cooperative storage.

S-f'orage cells

e .

3 | '
2m ot 2.1 —2d / \ d"Y'”ﬂ
B.6m ' wcfghmj SiLo
an (cover off)
office area,

—U“-Q—Z.Ocm

;
Some of the Advantesges of the Square Silos

Less expensive to build than groups of round silos because
the walls are shared. Also, building a group of round
silos of the same capacity would take a greater area and
would mean greater roofing costs.

Easy to expand by adding nore storage cells on to the
ends and/or sides.

e
e — —
%‘é\\" l l

1

ey —
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Stress and pressure of the grain on the walls {s not
as great as in the round silo because each storage
cell is relatively small.

Only one cell has to b opened at a time to°get out a -
farmer's grain. This means that opening the bin is
not going to mean that the grain in all the other bins

- must be re-fumigated, as would be needed 1f a large
round silo had to be opened.

OESCRIPTION

This multiple celled storage bin has a capacity of 30 tons. It is
constructed of brick and re-inforced concrete with outside dimensions
of 9m x 4.6m. It has 8 storage cells with inside dimensions of 2m x
ém x 2m. A 4m x 4m open space for weighing and grain drying is

sheltered by the roof at one end. Each §torage cell will have an opening
on the top to fill the silo and a chute at the bottom to remove grain.
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1. Build the Walls
ODig down to solid sub-soil. -

Pour a pad of-revinforced concrete 25cm thick x 25cm wide.
This will extend under the inside and outside walls of the
., storage cells. .

Make wall bricks of fired clay brick or use concrete blocks.

Make two layers of re-inforced concrete: one, halfway up the
walls and the other at the top of the walls. These layers ..
of concrete will support the stress of the stored grain

and prevent bursting of the bin walls.

&
roin'ﬁ:rc/ ﬂ\
concrete

plank fc-ln'For:ed

la\yer

-7

of
g

N
Q y
‘ oncrefc-——:l '
. +ar er—=
. CP:P/' -Q};'\ ‘Foundcd'i on

(ground

Le_ o]

2. Make the Floor

Fi11 and pack sand or coarse gravel in the bins to

a height 20cm above ground level. This Iayer.of sand
or gravel will reduce the amount of ground moisture
which will be in rasntact with the floor slab.

Lay a 7cm thick floor slab of re-inforced concrete on
the hard-packed sand.

Put a layer of tar paper (nr other waterproofing material}
on the concrete floor slab. ;
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Coat all edges and seams of the tar paper with a heavy
layer of roofing . tar.

Pour, a final 3cm thick layer.of concrete on top of the
tar paper. This will protect the tar paper moisture
barrier from being damaged later during storage. The

:1na} floor level is approximately 30cm above ground
evel.

3. Fifish the Walls

Cover the walls with a rough .cement plaster on both the
inside and outside.

Paint the outside walls with coal tar or other water-
repellant material.

4, quer the Bins

Make 8 individual slabs of reinforced concrete.
Make the slabs on the ground using reusable wooden'frames.

. Make a form which leaves a 60cm x 60cm opening for filling
. the bins. :

Place the re-inforced slabs side by side to cover the silo
cells.

Join all edges and seams with a heavy layer of roofing tar.
Fill with grain, put concrete cover over the filling hole and
seal with roofing. ‘

5. Make a Roof

. - Cover the entire building with a roof, for example, of
corrugated sheet metal or local thatch.

o

6. Oig-a Orainage Ditch

- . Dig a gutter along the sides of the building where the roof
is pitched.

Slope the ground:away from the foundation; 6
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- Appendix A

This Appendix contains some examples of different ways of presenting
grain storage information. The examples are from As{a, Africa, and
South America, thus highlighting the fact that good grain storage {is
an important subject all over the world.
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IPELEGH SIWA

S

" GRAIN STORAGE IN MUD CRIBS

The traditional Botswana designs of mud cribs are )
. easy to build and the materials cost very little. By . -
taking more care over some details during construc:
tion, you can reduce the risk of insect damage
to stored grain. '

. £

Issued by the Deparunent of Agricuture, information Service, P:i'vate Bag 27. Gaberones.




BUILOING A MUD CRIB

Choose a place where the ground 15 firm and well drained, becauge a.cfib full of gran i
heavy and may sink i1n1o soft or wet ground.

Bring several large, smooth stones and bury them fiomly 1n the ground to form a base.

Use strong, straight potes for the main €nb supports and Jay them on the stones. Cut
notches of fux pegs at the ends of these poles to prevent the floor poles from slipping.

Hake‘»’% floor of mud and buiid up che mud walls.
Reinforce the mud cerling with poles.

Poles suDPOts .
ung toof, " e - Filing hele
s Plug.

Smoow mud |
Slevterad N . 3 Poies far floor
Chling. . , -1 wepon,
. "]

Carner Degit 1o
Precent polas

s pen
Ematr eotfes s

un.

Smooth woeed
placed under
walld

a——
Groana steping
awly fom the
crib.

Make an putlet at the boatton of each compartment to Permit €asy remOval of grain. Use an
ey coffee or o ed mitk Lo with A 10d of she press.an tyPe, Firss Gut out the hottam,
thet build the tinonto the walo at fioor level.

Buils the walls ripnt up 1o ke 20 hing $3 .22 eddn compartment «$ comdietely seParate
and there 1S 10 Zrance of insects moving {rom dne compartment 1o the neéxt,

Plaster the inside ~211S and ceilings. Insects hide wn cracks and creviges and in the poles
of the ceilings. Therefore plaster the c&ihings also, 50 that there 1s No gapP between
the walls and c&ilings

BEST COPY AvaiLABLE

PAFulToxt Provided by ERIC




Method of ramoving grain.

n off the mud cribs..

Wide thatch to keep rain and su




Cover the completed mud crib with a thatch roof supPorted on separate Poles, Thatch
should be thick and rain proof especially along the ridge. The roof must also extend
well beyondd=he crib so that rain cannot reach the mud walls, and the hot.rays of the
sun never shine on the crib,

The plug for filling the crib should be smeared over with mud 1o make the ¢rib airtight

and insect proof. Grain is removed by opening the lid of the Yin at the bottom of the
wall.

LI | -

USING AMUD CRIB

The enb should be repaired before each harvest. Mend the thatch and re-pPlaster over
cracks in the walls. floor and ceiling. -

Thotoughly clean out the emPty crib by brushing. Do not keep old baskéts. Skins, sacks,
etc. on top of the mud crib. These things harbour the beetles that attack grain and u
i1s easy for them to walk into the crib.

Make sure that new grain is alwars quite dry and has been winnowed or sieved before you
Put 1t into a crib. Never rix new grain with old grain remaining from the previous year.

To stop insects damaging your grain, admix KoPthion or Pyrethrumdust (| packet of dust
t0 each 100 Ib, of grain.) These insectizides arespreferred but the ash from cattle dung or
wood may be used, Mix not Jess than one bucket of sieved ash with each 200 Ib. of grain,
Examine the condition of your grain every 2 months by removing a sample and looking for

Live insects. If you find inem, remove the grain, winnow it and admlx Kopthion or py-
rethrum before returning 1t to the crib.

CAUTIDN :

Grain intended for human consumption should be first sieved or winnowed and washed —
especially if it has been treated with insecticide or ash.

If you would ke further helP, ask your Agriculturai Demonstrator.

KEEP THIS LEAFLET FOR FUTURE REFERENCE

Printe * by Government Printer Gaberones
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;o _ SAVE GRAIN
[ ]
g‘" -';'.::_ I
=5 |
gﬂmmaus“u&.ﬂhﬁ; Lo t‘-’.... b, ;'L_..q-m-ﬂd
\
PROTECT YOUR
GRAIN IN STORAGE
FROM DAMAGE
: :
& / i

SAVE [.IMIN CAMPALGN

“{ Country Wide Programme )
DEPARTMENT OF FOOD,. .
NEW DELHI-1.
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Apply the § Golden ‘I-\’ules :
1 ,

"

. . Dry and clean your grain before storing.
!

i Use dunnade to aveid moisture damage to grain
“stored in bags. '

+

[

. Use domestic bhins or improve your storage
structure. '

P . Fumigete with EDB ampoulzs to aveid insect
; damage. |

'! . Use anticoagulant for rat control.

1
i

- .
o -




Dy grain slores longer

Clesan grein stores better
»




2. Use dunnage to avoid moisture damags to grain
stored in bags.

Wooden ¢rate and bamboo mat prevent moisture pick up from ground.

4'3.° Use domestic metal bins.

Qelect The Liis to swit ;onr secds. lmproved bins are moislura
proanl and tal proal. 11is vasier 10 funngate gram in them lor
s b ocontral, N

. OR
Lings 3¢ youur storage shiasture

Eeamnee your Slorane stracture brelore stonng gram.  Chean it
ATler? 16 CFdt an aeerd « rer e and whetr-wash ot and alsa make st
rat praot and moisture proot a9 far as possibie.




el ¢
3_)‘&3‘ Fumigate with EDB ampoules to avoid
insect damage.

Fumigate when the grain is stored. Check periodicaliy and
fumigata again it you frad live insects.

Rats damz e stoted grain and contamnate it with their excreta

ERIC

PAFullToxt Provided by ERIC
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FOR ADVICE ON YOUR STORAGE
PROBLEMS AND TRAINING
CONTACT ANY OF THE
FOLLOWING PLACES
IN PERSON OR

BY POST :

SAVE LRAIN CAMPAIGN

Department of Food
Mitusiry of Agriculture
Krishi Bhavan

New Delhi-l.
OR -
Post Box No. 10 Post Box No. 7823
Hapur (U.P) Bombay
Fost Box No. 509 Post Box No. 22
Patna (Bihar) Bapatla (A.P.)

Post Box No, 158
Ludhiana (Pb )}

Prepared by :

INDIAN  GRAIN  STORAGE INSTITUTE

HAPUR (U . P.)
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MINISTERIO DE AGRICULTURA Y GANADERIA

- 4

Seccidn de Productos Almacenados-Extension

Nonagua, DN, Nicaragua, CLA.
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PRESERVE CORN SAFELY .IN STORAGE BARNS

MINISTRY OF AGRICULTURE

Division of Stored Products—-Extension

Managua, D.N., Nicaragua, C.A,

Preparado por: Ramiro Lépez

Asistente d ot eneton-de
Prcductgs Almacenados.

Revisado por: -AgTus Francisco Estrada
Jefe de Extensidn de
Productos Almacenados,
M.A.G.




EVITE PERDIDAS DE SU MAIZ EN LA TROJA.

Cada afio, durante el periodo comaprendido entre la cosecha y el momento en que
el producto llega al consumidor, el exceso de humedad del grano, el ataque de

roedores, hongos, insectos y pdjaros, originan pérdidas considerables al agricultor
y al comerciante.
~ HONGOs ROEDOREg

/]
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e
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ESTOS FACTORES AFECTAN EL BUE\I ALMACENA.MIENTO DEL MAIZ

La manera de evitar tales pérdidas, es el control sobre las causas antes mencio
nadas, mediante un manejo eficiente de los granos, y dindoles una adecuada protec
¢idén durante el almacenamiento,

La humedad, el primero de estos factores, puede controlarse de una manera
efectiva, mediante un buen secamiento del grano, antgs de guardarlo en el almacén
o granero; bajando su contenido de humedad hasta un 12% o sea cuando esté bien

seco. . \ S \\\\\‘, [///

Ve d

SECAMIENTO DEL PRODUCTO HASTA
2% DE C/H.
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PREVENT STORAGE LOSSES OF YOUR CORN IN THE BARN

Each year, during the périod between the time of harvest
and the time when the grain reaches the consumer, there are .
considerable losses for the farmer and merchant. These losses
are due to excess grain moisture, the attack of rodents, mo ds,
insects and birds.

MOfSTURE BIRDS MOLD . RODENTS INSECTS

These factors affect the good storage of grain

The best way to prevent such losses is to control the
causes by. proper handling and adequate protection of the grain
during storage. .

Dampness, the first of these causes of grain loss, can be
controlled effectively by good drying before storage. The safe
moisture content for corn jis 12% or lower, .

DRYING THE PPRODUCT TO 12% OR LOWER

- 391
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Précticamente, podemos calcular, sila humedad en el grano Testa', buena para
conservarlo, cuando al morderlo, éste se quiebra, sin presentar ‘elasticidad y que
no esté lechoso,

. S

También podemos saber que el grano no esti avn bueno para almacenarse, cuan
do al introducir la mano entre estos granos, sentimos el calorproveniente de ellos,
que por exceso de humedad se encuentra en plena actividad respiratoria:en cambio,
se sentird fresco el grano cuando debido al secamiento, haya disminuido dicha acti

- vidad; entonces los granos estarin reposando y podrin ser almacenados, sin mucho X
riesgo de que se desarrollen hongos, y sin peligro de que se pudran.

POCA
HUMEDAD

EXCESO DE
HUMEDAD

La humedad y el calor excesivos, son ambientes propicios para que se des-
arrollen hongos que ocasiorardn dafio al producto que se almacena.

El dafio por roedores puede evitarse en gran parte proporcionando al local «te
almacenamiento una adecuada proteccién, contfa el acceso de las ratas. También-
manteniendo los alrededores del granero limpio de malezas y (‘.lesperdicios, ya que
estos roedores prefieren no movilizarse por sitios despejados.

Es muy efectivo para su control el uso de raticidas en forma de cebos, de los
que sc¢ venden en el comercio, tales como Racumin, Zelio, etc.

No se deben dejar estos cebos al alcance de los nifios ni de los animales domés
ticos, porque son productos muy venenosos. :
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In practice, we can check the moisture content in the grain
which is safe for good storage by biting it. Dry grain is hard,
so it will break with a sharp crack, rather than crushing easily
like wet grain.

We can also find out if grain is in good condition for stor-
age by touching it. If we feel heat rising from the. grain, it
is too wet., If the grain is eXcessively wet, it will respire,
producing heat and moisture. On the other hand, dry grain will
feel cool. If grain is giving off heat, it should be dried
immediately to assure storage without risk of mold development
and rotting. '

DEATH
MOLD
- . F
TOO MUCH : LITTLE MOISTURE
HEAT . LITTLE HEAT
TOO MUCH - 12% MOISTURE
MOISTURE

Moisture and excessive heat are favorable conditions for
the growth of molds which will damage the grain.

Damage by rodents can .be avoided to a large extent by
protecting the storage area against the invasion of rats. Also,
the surrounding areas of the granary should be kept clean of
weeks and garbage as rodents prefer not to move through open,
clear areas. The use of pesticides such as Racumin, Zelio,
etc,,in the form of bait, is effective for control of rodents.

These pesticides should not be left within the reach-of
children or pets because they are extremely poisonous products
"and can cause serious illness or death. Rat poisons should
always be used very carefully, following recommended instructions.




COLOCACION DE CEBOS PARA RATAS

3
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EN LUGARES TRANSITADOS POR LAS RATAS,
FUERA DFEL ALCANCE DE NINOS Y
ANIMALES DOMESTICOS.

El dafio por insectos, es el que generalmente causa mayores perdidas en los
productos que se almacenan. Su control se debe ejercer desde el momento en que
estid comenzando a florecer en el campo el maiz que se piensa cosechar y almace-
nar. En este tiempo en que ya estd espigando el maiz, los insectos pueden estar en
alguna troja infestada, cercand al plantio de maiz; vuelan hacia el campo en busca
de nuevo alimento y comienzan a penetrar la mazorca por las aberturas de la tuza:

resultindoles mds ficil la penetracién, cuando esta tuza ofrece escasa proteccidn
al grano. '

Es por esto que algunas variedades mejoradas, se pican mas faicilmente que las
variedades criollas, pues éstas, generalmente poseen buena cobertura.

EL CICLO DE LA INFESTACION
EVITE QUE LOS GORGOJOS COMIENZA EN EL CAMPO

VUELEN HACIA EL CAMPO,
DESTRUYA LOS RESIDUOS

INFESTADOS Y LIMPIE LA

TROJA

GORGOJO%é —

TROJA
.[NFESTADA

-:—

MAIZ IN FESTADO

SELECCIONE SOLO MAZORCAS
SANAS PARA ALMACENAR




° A-17-1"
PLACEMENT OF BAIT FOR MICE/RATS
CANS BAMBOO - BOXES
IN PLA. "3 TRAVELED BY RATS OUT ~ ‘

oF TﬂE REACH OF CHILDREN AND FARM ANIMALS

Generally, the greatest losses in stored products are
caused by insect damage, Insect control shéuld be exercised
from the moment the corn is beglnning to mature in the field
- through the time when the corn is harvested and stored, Insects
may be in. an infested bérn, near the grain field, flying through
the field in search of new food, or already beglnnlng to
penetrate the ear of corn through openings in the corn husk,
The only natural protection of the corn cob is the husk, which
can be penetrated by insects, :

Some of the newly developed varieties of corn have husks
which are more easily penetrated than traditional domestic
varieties, Extra precautions against insect invasion rited to be
taken with these newer varieties,

THE CYCLE OF INFESTA-
TION BEGINS IN THE
o FIELD
PREVENT INSECTS FROM , ’ -
FLYING TO THE FIELD, .
DESTROY INFESTED REMAINS = ~
- AND CLEAN THE BARN

.~ v

INSECT - MATURE CORN
 INFESTED BARN .~

T ‘ INFESTED CORN

SELECT ONLY HEALTHY EARS OF CORN
FOR STORAGE
4 &‘,

¢
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6 ONZAS {175 c.c.) ,
MALATHION LIQUIDO 57%

Para evitar esta infestacién en el
campo, ~e debe limpiar el granero de
todos los residuos de la cosecha ante-
Tior, que puedan estar infestados, y que
marios o destruirlos. lLuego hacer una
aplicacion de Malathidn liquido al 57%,
diluyendo primero 17 1/2 cucharadas
(6 onzas) de este insecticida, en un ga

" 16n de agua. Con una bomba de asper-
<i6n rociar completamente eltecho, las
" paredes y el piso del granero, Con un
galén de esta ‘mezcla, se podrd gubrir
una superficie delll vardas cuadradas.

T ) .

M

APLICAR MALATHION LIQUIL
PAREDES, TECHO Y PISO DEL GRANERO.

¥,

7

:‘ 'ﬁ_ "
- 7 - " +
|
——) W~

—_— N =T o

BARRER Y LIMPIAR EL GRANERO ' N .
' LIMPIAR LOS ALREDEDORES QUEMAR LOS RESIDUQS’
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111 SQUARE YARDS

6 OUNCES (175 c.c.)
MALATHION LIQUID 57%.

1 GALLON WATER
8

In order to prevent infestation in the field, the granary
should be cleaned of all the remains of the prevmous harvest,
which may be infested, ,and these remains burned or destroyed
Next make an appllcatlon of Malathion llquld of 57% by diluting
17 1/2 spoons (6 oz.} of this insecticide in a gallon of water,
Using a sprayer, completely cover the ceiling, walls, and
floor surfaces of the granary. With a gallon of this mixture,
a surface of 1ll1 square yards can be covered.

APPLY MALATHION LIQUID ON THE
WALLS, CEILING AND FLOOR OF THE
GRANARY

MATURING CORN
SWEEP AND CLEAN THE GRANARY
CLEAN THE SURROUNDING AREA

BURN THE REMAINS
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Al llevar el maiz cosechado hacia la troja o granero, para almacenarlo, se de-

ben seleccionar las mazorcas sanas, evitando guardar mazorcas picadas que infes
tarian a las otras mazorcas.

SELECCIONE SOLO MAZORCAS SANAS PARA ALMACENAR

No se debe dejar €l maiz ya maduro doblado o sin doblar en el campo, por mu=
cho tiempo, porque queda expuesto a la infestacion de insectos y al ataque de ratas
y pdjaros, durante un periodo mds prolongado. Se debe proceder a la cosecha, tan

pronto como lo permitan las condiciones del ambiente y el contenido de humedad del
grano.

Para proteger al maiz que se va almacenar en trojas, se recomienda aplicar el
- insecticida Malathion en polvo al 2%, Este se debe aplicar por capas, es decir co-
locando primero, sobre el piso donde estara la troja, una ligera capa de insectici-
da, después se coloca la primera capa de mazorcas, luego otra capa de insectici-
da, y asi sucesivamente hasta dejar la troja llena a la altura deseada. Las dosis
que se recomiendan para el uso de este insecticida estan de acuerdo al tamaiio de
las mazorcas. Asi, tenemos que para los hibridos y variedades mejoradas, como
el tamaifio de la mazorca es un poco grande, hay que aplicar una onza de Malathion
2% en polvo (Tridngulo Verde} por cada 100 mazorcas con tuza. Para las varieda~
des criollas, como las mazorcas son mids pequefias, se debe aplicar una onza del
insecticida por cada 150 mazorcas con tuza.

APLICACION DE INSECTICIDA EN TROJAS DE MAIZ

POLVO
TRIANGULO VERDE
; T PARA CADA

100 MAZORCAS

PARA CADA
150 MAZORCAS

1L1AIZ :; ' @MAIZ IHIBRIDO

CRIOLLO O MEJORADO

H‘"‘--..\_
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When the harvested corn is brought to the barn or
granary for storage, the best ears of corn should be selected,
avoiding the storage of ears which are already infested with
insects, as these insects can easily infest other ears of corn,

SELECT ONLY HEALTHY EARS OF CORN FOR STORAGE

The ripened corn, whether piled on the ground or still
on the stalk, should not be left in the field too long be-
cause over a prolonged period of time it is exposed to the
attack of rodents and birds. The harvest should be carried
out as soon as the climatic conditions and moisture content

of the grain permit,

To protect the corn to be stored in barns, it is
recommended “hat 2% Malathion insecticide in powder be applied.

This should be applied in layers, First, dust a thin
layer of insecticide on the floor where the grain will be
- stored, Next, after the first ears of corn are placed, dust
another layer of insecticide and so-on until the barn is filled
to the desired level. Thz Adoses recommended for the use of this
insecticide are in accordance with the size of the ears of corn.
Thus, we have to apply one ounce of 2% Malathion in powder
{(green triangle) for every 100 ears of hybrid and newly developed
varieties, As the ears of the native varieties are smaller, one
ounce of insecticide for every 150 ears should be applied,
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Estc polvo debe ser espolvoreado sobre la superficic de todas las mazorcas, de
modo que las proteja totalmente. Se puede lograr una aplicacion uniforme, utilizan
do una media de tela de Nylon o cualquier bolsa de tela rala, que pcrimita al polvo
filtrarse fdcilmente hasta las mazorcas.

Aplique Malathion 2% en
polvo, uniformemente so
bre cada capa de maiz.

Se debe aplicar exactamente la cantidad de insecticida que se recomienda y se-
guir los métodos indicados, para evitar malos efectos del polvo por una defectuosa
aplicacion.

T D

Editado e impreso en la Seccidn
3IM de Publicaciones del SCCA del

Junio 1975, MAG.,.
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APPLICATION OF INSECTICIDE IN CORN BARNS

POWDER (GREEN TRIANGLE)

FOR EVERY 100 EARS
FOR EVERY 150 EARS

NATIVE CORN HYBRID CORN

This powder should be sprinkled on the surface of all
of the ears of corn in a-way that totally protects them, A
uniform application may be obtained by using a nylon sock or
any sack or bag with a loose weave which permits the powder to
easily be filtered through to the ears of corn.

.

Apply 2% Malathion in
powder uniformly over
each layer

In order to avoid problems caused by the improper

application of insecticide, the exact recommended quantity
should be used and the indicated methods followed,




Appendix B

This Appendix contains excerpts from an article which appeared in
Tropical Stored Products Information in 1971. It is included here to
give you some idea as to the types and number of moisture meters which
are available. A Table included at the end of this article also lists
the names and addresses of the manufacturers and/or suppliers of the
meters so that you can write for further information.
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The following material is taken from Tropical Stored Products Information,
Tropical Products Institute, 1971, vOL. 21

GUIDANCE IN THE SELECTION OF MOISTURE METERS ~
FOR DURABLE AGRICULTURAL PRODUCE )

by
T N Okwelogu s T

Tropical Stored Products Centre . \
{Tropical Producls Instiiute}, Siough

Py
Sources of Information

The (hree princepal sources of information avadlable 10 the proSpective yser are {1) newSpapers, maga-
zines and journals, (2} manulacturers' brochures, and (3) organizalions 1n a posSilion 1O give unbiased
iMOrmalion about movSlure melers,

Some newSpapers, magazi«nes and journals., whiCh occasionally contain inlormalion about melers, include,
the Financial Times, Electronic Age. and Power Farming. Whilst manulaclurers are aiways heipful in
supplying plenty of informalion aboul thesr Own range ©f meters, inlormahon aboul 2 much wider range of
melers wi 1) be more hikely 10 be.oblained from Organizations having unbiased inieresl in these inStrumenis,
Examples of such organizalions are {1} Tropical Stored Products Cenlre, {Tropical Producls Instiluie),
Siough, England, (2) Grain S1orage Depariment, Pg2st Infestation Control Laboratory, Ministry ol Agricul+
ture, Fisheries and Food, Slough. England, (3) National Institute of Agricultural Engineering, Wresl Park,
Silsoe, Beds, England, {4) Grains Division, Agricultural Markeling Service, Uniled States Department of
Agriculyre, Agricultural Research Centre, Bellsville, Maryland 20705, USA. Articles on moisture meters
sometimes appear 1n the publicahions of these and Other Similar OQrganizations,

Tables | and 'l give details of some available moiSture melers, particularly how they can be oblained and

the commodilies wilh which they may be used. These details are based upon information Provided by the
manufaciurers of the melers,

.

With every piece of ynlormahion, 1t is important (o ask the question’ 1s this inlormation Sulficient for a
decisive opimion lo be formed about Yhe meter? Where the answer 15 'no’, lurther €nquiries should be made.

Faclors to Consider in Making a Choice

Il can be seen from Tables | and 1t that for any specitic purpose, several meters can be found, making the
problem of choice a réal one, ndeed. A satisfactory selechon is likely to be achieved when adequate
thought has been given to the lollowing factors:

—

heter types and their wmplications, !
2. Characterislics al the commodity.

3. Requiremenls of the work for which a meler 15 sought.
4. Business considerations.

Q

ERIC

PAFulToxt Provided by ERIC
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Pringiples and Imphications of Meter Types

8Ost nanulactuters indicate the ponciples upon whech the action of therr meters 1s based. An :IpprECIa-
Lot af the aapd.catians ol such pringipies will, no doubl. be of ~onsiderable value n deciding vhich of
soveral metets wli be the mest suaabte, The melers Commory used with durabie agricultural producis
Iabl ino Live groups. ascording to the prnciples of thear action

1 Thome tnyolving chemacal mteciction betwen calcium cartide and 1the product water, with the
avolution al acelylene gas, the pressure o which is subsequently measured.

Theme thiv-lani e -geying 0f the product, the attendans 105S being ascribed 10 evaporated
frecciigne Sealer,

1 e nvpbern e medeatement of clectinsal cunduCtvvity (OF resistance) of the product, sinCe
D vt o 181, propetly 18 felatable 10 the morsture contenl. willin a suilable range of

g siury Lonlends,

T hepne ol e measntenent o the dielectine constint of the product (or capacnance of
e electine il syt of wiieh the product 16 0 component), since the value ol thus property
chodeges with e rodune content, vethm a satdile ringe ol n0tsture contents,

T his e pre o dnaneg e e rement G that atmosphenC iehitive Lumadity which 1 an equihbriom
e product Herlufe. Since, onden ¢ b conditions, there 1s a delinite relatyonship
et seen 2y me dore content of 4o product and the A bient relative hunndity .

He -drping metneds sequire @ suttabie sance ol power-supply or luel, which may not be
Avashibte Lelhest Lased an the evoleDon of acetylene s reguire regular supphies ol fresh ¢alCium
Carbinte, winch s nol & sile canunodity 1o handle by pust, because of the nsk of exptosion. Meters measur-
ing the intersgranalare relative homidity reaire, hlslly, a4 mnuwledge of the relationship betw.een the pro-
dice moisiure conlent ant e relative iwncdity of the iter-granular arr. secondly, a penodic check on
ther colibrdtions and thardty n some ¢ases, 1arGe quantities of produce which must have remained undis-
turbed 1or someime prior to teshing,

The electrnical neters re Lisler, and an e main, less geniading ¢a cabbration checks, but require

Shilled servicing. Aiso, they give less reliable read:ings outside the middle region of the range ol mois-

tiure contents for ek Heey re calithirated, The acouracy of the probe-Type electncal meters «s alfected

By wariihioas oo "he e re ovortag by the poduce on the elecliodes. while the consistency ol the read-
s o thase Mol S nedasate the geeledinc consiant s alfected by Inconsistent packung ot the
SJdmpie l_p [he Tt ofoler, e —_—

Attention hus Leen focused 1wove an tha less tavouribie features of the nieter groups mainty because they
Aret mpast Likely 1o be overlos e, Infornuition on the menits of any meter w4l not normally be difficuit 1o
obtain, und Tables { and 11 shwe the telative ments of the meters discussed in the present arlicie.

Charactenistics ol the Commodity

Tre commpedf, t¢ bu tesiod irg anes o tembel of entihons, and these must be taken 1ato account wnen
considertng e yee ol any npler, Pertiaps the best vay o do Hus s 10 answer questions such as the
following.

First, 15 the cheimc.d natare of any normal pre-treatment of the produce hikely 10 interfere vwith the use of
the meter? FOI instance, melers measuning electncdl conducuivity may not be suitable for produce, hike
salt-tish, which witt becone mighly conductive when damp. Again, for commodmes like drred egg or milk,
a heat-drying meter may not be suitabie,

Second, 15 the csbire content 10 by measyred outsids the rasae e aluch the meter 1s cahbraleg? For
example, very few ereCinica! =weters are hnown 12 b saitab'e for o L roduct ke made -teq whose moisture
Coment s nurmwaily 1o L' to be Delow S oper cent * ot as oulsice o 1aige cf moistyre cunten's lor
which most electrnical m@ters ate € iabrated,

PAFulToxt Provided by ERIC
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Third, is the mitling properly ol Ihe produce incompatible with lhe elfeclive use of |he meter? For
example, commodities like macadaniia nuls, paim kernels nd copin ate not easily ground. while ot hers
like cashew nuls (not lhe kernels) are Simply nol amenabie 10 grinding.

Fourth, are the umil s1ze and shape of the produce likely 1o aflect the efticient yse of the meter? The
construction of the meter may be such that il cannot be pushed inlo Houry of powdery produce wilhoul
hampering the measuremen! of moislure. Again, l2rger products like cocoa beans, upshelled groundnuts,
cashew puts and pieces of 1llipe puis (Shorea spp.) will presenl packing probléms with som@ meaters.

tf \he answer 10 each of the above queslions is an ungualihed 'No’, then the meler may be considered
suilable tor the product. But & "Yes’ answer can make all the ditference between a meler being chosen
or rejected. !n such a case, stePs should be laken to see what, il anything has been done to sotve the
problem, eilher by the manutacturer Or by someone elsa.

Nalure ol the Sttuation Needing a Moi;iure Meler

tn an article of lhis kind, it 1s not easy, even il 11 15 possible, to cover all the siluations where the yse
of a moisture meler may be desired. However such siluations are tikely to tall (nlo one or the other of
the lollowing calegories:

1. Knoaing whether grain 1s at the righl stage lor harvesling.

. The processng. {€g drying or.milling}, of foodstulfs,

2
3. Bulking or packaging produce lor storage.
4

. Commerciai transaclicn. where moisture content s parl of the basis tor payments.

5. rroduce Inspeclion Service.

All the above siluations require moisture melers which are nol fragile, which are consislently accurate
wilhin himils acceplabie 1or the parlicutar purpose, and whose perlormance is litlte alfec’ed by the operal-
ing condslrons of space. lemperalure, pressure, lighl. dust or wind. They also require, to a greater or
lesser exlen). melers that are sumple lo operale. porlable and capable of taking remote measurements, as
wilh probe-eleclrodes. or slem hygromelers.

Business Considerations

The purpose 1or which the use ol a meter 1s usuaMy contemplated is two-101d: 10 increase OF improve
productivily. {that is, the flow of goods and services}), and 10 ensure economical operations.

Productivily can be improved by empicying.-a meter which can give resulls rapidly; a meter tor which
spares and faciiities for servicing and/or cahibration are easiiy ava.lable: a meter which does nol depend
upon sources of operaling power that run out, break down, of become short in supply (eg battery. mains
suppties, gas, parattin and other tuel),

Economy of operalion imphies keeping down to the minumum both cap-tal and oPeraling cos!s. and/or
increéasing the return 10 unil cost. Addilionally, the wider 1he range ot ~_.moarties that a meter can test,
the more economical wiil be 11s use. Likew se, the less destructive a test is, the less will be the
incidenlal loss to produclion. caused by the use ol a meler, Althougt this kind ol 1oss may appear small,
it must be realised thal 1ts magnitude will depend on how much produce is damaged at each test, and how
many Limes such 1ests are carried oul On a given product.

S

Conclusioans
"

it shouid .be clear trom these discussions lhat very tew meters, if any, can win {he top position in every
conceivable area of consideralion, and that there 1s no magic formuia for choosing a meler. But where a
choice has 1o be\ made. the final responsibiiily (or 1t must be that of the buyer.

He musl have a knOWIedge of the commodily 10 be lested and the accuracy reQuired ol a delermination of
its moisture content. the avaulabinty of the meter. and the cost of operating i1; the condilions under which
the méter will be operaled. the ease of oblaiming spares and tacilities for servicing or calibraling the
meter: the type of power supply\teQulred and available. And when a provisional choice has been made,

is often adwisabie to oblain 1he meter on (oan for tnai before buying.
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Table 1 Delails of some available proprielary moisture meterst

Melers under principles
ol aclion

Price raling:

* Under £50
**L50 - £100
*** Over 100

Power supply:
B Battery
G Seif-generating
M Mains
N None requited

Test speed Accuracy

+ Under 1 min (Wilhin *3 MC)

+ 15 min k]
s eover Smin

Manufaciurer/Supplier

CHEMICAL (C)
Speedy

Thomas Ashworih & Co Ltd
Sycamore Avenue,
Burnley, Lancs, England

DRYING (D)
X17 Agal

Cenco Moislure

Balance

Oynatronic IR

MosSlure Analyzer
Mark 11 ’

15 Crop Tester

Vacuum MotSlyre
Tester

AB.GL. Jacoby
Box 23014Y, Stockhedm.23
Sweden '

Cenco Instrumenten Mij, n.v.
Konijnenberg 40, Post Box 336
Breda, Holtand

Lab-Line instrumenis
International Lab-Line Plaza
15th & Bloomingdale Aves,
Melrose Park, 1linois, USA

Tower Silos Ltd
2 Brock Streel, Bath
Somersel, England

Townson & Mercer Ltd
Croydon CR9, 4EG, Engiand

ELECTRICAL CONDUCTIVITY (EC)

Ec KPM Aqua Boy

Ec.2 Universal Moisture
Tester

Ec.3 Sate Crop Morslure
Tesier

B

G

K.P. Mundinger GmbH
0-7253 Renningen, v, Germany

Burrows EqQuipment Co
1316 Sherman Avenue
Evansion, 11ltnors, 60204 USA

Foolnotes are explained on p. 28,

407
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Table | (contd)
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Melers under principles Power supply: 7 Test jpeed: Accuracy
ol acti n B Battery + Unde: 1 min {Within % MC)
G Sell-generating « +1 1-5 min
M Mains » s OVEr 5 min

N None required

Price rating:
* Under £50
** £50-£100

. *** Over £100

Manufacturer ‘Supplier

o/

ELECTRICAL CONDUCTIVITY (Ec) {conid}

Ec.4  Agit Moisture Meter B + 1.0 -2.0 . Agil Lid, Nicholson House
Nicholson's Walk
_ Maidenhead. Beiks, England
Ec.5 Hart Moisture Meter B.M - * T02 tee Hart Moislure Me_l'érs, Inc
K101. K103 400 BayviewAve, Amityville ~
N.Y. 1|1?01, USA
Ec.6 'Hydraprobe’ B . . 2.0 - . Coe’s (Derby) Ltd -
Copra Moisture Thirsk Place, Ascot Drive
Meter Derby, DE2 84L. England
Ec.?  Marconi Moisture BM e 0.5 i Marconi Instruments Lid
Meter TFS338 " Longacre, 5t Atbans
. . Herts, England
Ec.3  Protimeter B e 0.5 . Protimeter Lid
Grainmaster ¢ Field House Lane
Marlow, Bucks, England
Ec9 ScotMec-Oxley G * 1.0 b Scottish Mechanical Light
Industries Ltd
42-44 Waggon Road, Ayr
) Scottand
Ec.t0 Siemens Moislure BM : i 0.5 ot Siemens (UK) Lid
Meter Grt West House, Grt West Re
Brentford, Middx, England
DIELECTRIC CONSTANT (Ed)
Ed.1  Cera Tester _ B 0.3 .. A/ N. Foss Electric
) 39 Roskildevej, 3400
Hilleréd, Denmark
4 0 y {Contd)

4i0




Table | {contd)

- o

Meters under principles
of action

Fower supply:
8 Battery
G Selt-generaling
M Mains

N None required

Accuracy
(Within % MC)

Price raling:
* Under £50
"t £50-£100
*** Qver £100

Test speed;

+ Under 1 min

t+ 1-5min
44+ OVer 5 min

Manufacturer/Supplier

DIELECTRIC CONSTANT (Ed) (contd)
Kappa-Janes B.M
Moisture Meter -

Burrows MoiSture
Recorder

Lippke Moisture
- Meler FK-R-6
Wile

SuperMatic Foss

Transhygrolair

Sleinlite Meters

Dole 300 Moisture
Tester

Cae Moisture
Meter Model 919

Kappa Janes Electronics
27 Stewart Avenue
Shepperton, Middx, England

Burrows Equipment Co
1316 Sherman Ave, Evanston
linois 60204, USA

Paul Lippke K.G. 545 Neuwied
PO Box 1760, Germany

OY Fima Ltd. Helsinki 70
Finland

A/S N, Foss Electric
39 Roskildevej, 3400
Hillerédd, Denmark .

l.es Applications
Industrielles de |a Radio
236 Chenin des Vitarelles
Tournefeuville (31) France

‘Seedburo Equipment Co
618 west Jackson Boulevard
Chicago, lllinois 60606 USA

Eaton Yale & Towne Inc
Bole Division, 19% E North
Avenue, Carol Slream
llinois 60187, LSA

Canadian Aviation Electronics
Lid, Winnipeg 4, Canada

{Contd}

[+ -]
[ ]
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Table i (contd}’

Meters under principl.s Power supply: Tesl ipeed’ Accuracy Price rating: Manulacturer/Supplier
of aclion B Baltery « Under 1 min {Within % MC) * Under £50
G Sell-generating ++ 1-5min ** £50-£100
M Mains ++y Over 5 min *** Over £100
N None required :

G-c-Wyndham B € J Chapman & Co Lud
Moisture Meter Martley, worcester, England

C.D.C. Automatic M . Compagne des Compteurs {(GB)
Moisture Meters . Ltd. Terminal House

Hyb 24, Hyb 25 . Grosvenor Gdns, London SW1
Hyb 42, Hyb 43 England

INTER-GRANULAR RH {H)

Dip-Shalt . Abrax Inc, 179715 Jamaica

Humidsty indicator Ave, Jamaica,
New York 11432, USA

Quicktest . Opancol Ltd
Models 1 and 2 10/11 Gamage Building
- Heolborn Circus. London EC1
England

' Al the information given in this table has come trom the manulacturers

— Data not available

NB The exciusion ot an instrumeni l}om this table does not necessarily
imply 1he author's disapproval of i1s use wilh agricultural produce.




Table 11 Commodities and some candidate moisture meters*

Mo sture ket

Range of
Produce
Mursture
Contem
t"ll]

M Max.
range
encountered
i Practice

SAMPLE SI1ZE 1q)

S small

COMMODDITIES 14}

10
100
abuve 100

1 -

s under
Cocoa peans ang products

M moderate
L large
Cashewnut
Cerears and-produc!s
Coconul tcopral
Coconut gesiccaled
Cuitee beans
Cotlonseed
Cuowpeas “peas/qrams
Dned lrunl\and ms

T ¥
Fishmeal- 'shreds
Groungrut

Hurtrculivral seed

Ehik powded

Paim kerne!

Sesame ur Bensced

Sunllower seed

Tubaccu

Speedy

X 17 Agar Moisture Meler
Cenco Mossture Bajance
Dynatronic 1A M. Analyzer
ts Crop Tester

Vacuyum M. Tester

KPM AQua Buy

Uevi. M., Tester

Sate Crop M Tesier

Agu ta. Testor

Har &, Meter K 107k 103
Hydraprobe” Copra M.K.

_Marcom ML TF 9338

Protsteeter Gram.Master
Scoitiec -Ontey
Swangns M. Tester

Cera Tester
Kappa-Janes M.M,
Burrows M. Recorder
Lipphe M.M. Fk-A-G
Wile

Super Matic Fuss
Traushygrohasr
Steiniste Melers

Dule 300 w3, Tester
Cae Moisture 8 Nogde! 9
G C-Viyngham LM,
C.0D.C. Moisiure Meter-

Oip-Shalt Hunudily Ing cator
Quickrest Mugers 1 amy [

M

230
9.1}
1130
1400
Vasab'e

4.1a
425
10.35
10-2%
3-45
8.30
0 540
634
0-20
10.34
G40
9.40
4.3
L-30
925
1050
534

(8]
K

()]
L
&

o
p
==

Trter o oe

-
-

a

TerrZrec = |r§m

~r -

AVAILABLE NUMBET OF METERS

lat 1k leastl

“*As ysed n Tabte | ol thes articie.

=Data nol availavie.

" ALl the walonmalion 1n thes 1able has come feort P7e mamdachuers,

NB The exctusoon&linsnstrmncn: frair thes table Sue s mot necessand

ERIC

PAFullToxt Provided by ERIC

¥ UBpty the author’ s disapproval ol 11s use with agficultural produce.




Appendix C

The following material is taken from Guideiines for the Use of
Insectidides, published by the

Agricultural Research Services
- and Forest Service of the
United States Department of Agriculture

The section of the Guidelines included here contains information on
applying insectidides with sprayers and power dusters, safety pre-
cautions, and protection of wildlife from insecticid»s. The section

of this book pertaining to insecticide dosages, forw islations, and
appIications for use with stored grain 1s included in entirety This
information 1s included because it is often hard for development workers
to get such complete information.

The entire publication includes insect control for crops, 11vestock.
households, forests, and forest products.




OTHER MEANS OF INSECT CONTROL

In addition to the use of insecticides, there are 3 number of othet ways to
control or to help control injurious insects. Natural controls. such as
parasites, predators, diseases, and adverse westher conditions, are continually
at work, Often they reduce populations of injurious insects and keep them at
levels that are not economically damaging. Also, good sanitation and
housekeeping are essential for the effective control of house flies. stzble flies,
cockroaches, fleas and stored-product insects. even when these practices are
supplemented by chemical controls. Cultural practices and mechanical devices
aid materially in the control of the pink bollworm, boll weevil, tobacco

hornworm, white: pine weevil, and certain bark heetles. Crop varieties *

resistant to insects have been developed and are availaole to avoid or reduce
damage by such insects as the hessian fly, wheat stem sawfly, spotted alfalla
aphid, and the Eutopean com boter.

When harvested products are subjected to hest or extreme cold in storage.
insect infestations are often destroyed or inhibited. Insect-(ree commodities
can be protected by insect-resistant packaging and sanitation in storage and in
marketing channels.

More satisfactory control of insect pests may frequently be obtained hy
carelully integraiing the use of insecticides or fumigants with biological
control agents and other nonchemicsl measures. This approach to insect
control is most elfective when the total population of the insect is stticked
on a continuous basis (compared with treatment of seasonal infestations in
individual fitlds). Often when such integrated control is practiced, insecti-
cides are needed only to supplement the other control measures. However,

for this method, all means of control of 8 pest jnsect must be considered to -
coordinate them to the greatest advantage and with the least harmful effect

on other living organisms in the environment. Consult your State agricultural
experiment sialion (or the latest information. Do not use insecticides of
fumigants unless they are needed,

APPLICATION OF INSECTICIDES

The key to etfective use of an insecticide without injury to the treated
plant. animal, or agricuitural product is to (cllow directions on the Jabel. Do
not use any insecticide preparation (or any purpose for which it is not
specified. Most oil sprays prepared for application to walls of buildings will
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injure living plants or animals. Insecticide concentrates prepared {or applica-
tion to plants may :njure or kill treated animals or result in illegal residues in
snimal tissues or byproducts.

Only general informarion can be given here on the eftective application of
insecticides since much dspends on the habits of the insect pest. the kind of
damage that it causes. the nature and condition of the infested plants,
animals. or commodities to be treated. weather conditions, and application
equipment, as well as the type and formulation of the insecticide to be
applied. For information to meit special needs. consult your State agricul-
tural experiment station.

Weather Conditions

Wind. fain, and sun play an important part in the control you get from
outdoor use of insecticides. Keep an eye on the westher. Locai weather
reports may be helpful in planning insecticide applications. Before you start
to treat, watch the tops of trees or use other means to determine the
direction 2:.d the amount of wind. Some air movement is helpful. Winds.
however, can cause an insecticide dust or spray to be unevenly distributed on
the plants and to drift sway from target areas.

If sain is predicted, postpone treatment, jf possible. Rain falling soon after
you treat may reduce the effectiveness of an insecticide deposit. Cold weather
may have the same effect. Some insecticides must be applied at temperatures
above 50° F. to be effective. ,

Extremes in weather during or following the spraying ci f uit trees may
lead to fruit or foliage injury. Russeting of fruit may be incrcased by pesticide
sprays if they ate applied at night or during cool, rainy, or Humid weather.
Emukifizble materials are more likely to cause injury u:an are wettable
powders, '

High wind and low temperature make control of insects by fumigation
difficult. High winds may reduce gas concentration even in wellscaled
warchouses. Insects are difficult o kil by fumigation at temperatures below
60" F.

Condition of Hoat Plant or Animal

The type and density of plant foliage. as well as the extent of coverage

needed, may influence the cholce of formulation that is spplied. In some
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instances, a coarse spray will control insects more effectively; in others, s fine
spray, mist, or fog will be morte effective. Plants with smooth leaves are likely
10 have a quicker minoff nf spray material than those with rough leaves.
However, stickers that are jncluded in the formulation, or that may be added,
help the material adkere 10 the planss.

Sick, emaciated. or stressed animals may peact unfavorably tc some
treatments that normatly are harmless. Thick hair on livestock may Keep the
insecticide from penetrating. Consider all such circumstances in selecting an
insecticide. type of formulation, or type of equipment that will provide the
best and safest control of the target pest.

Diluting and Mixing Sprays

Most sptay material sre formulsted with enough wetting and sticking
agents to correct for water hardness and to improve other physical properties
of the spray.

Before mixing two or more pesticides or adding wetting or sticking agents,
read the labels and consult the manufacturer, a spray compatibility chart, or 3
spray bulletin regarding possible iniury to plants.

Calibration of Equipment foi Applying Insecticides'

At the start of each growing season, thoroughly inspect and calibrate all
equipment you will use to apply insecticides. Repeat whenever you use s
different rate of application. Apply the correct dosage, not only to control
the insect pest effectively but also to svoid plant injury and to be certain that
any residue remaining at the time of harvest or feeding does not exceed the
tolerance established for that particular chemical on the ¢crop you treat.

Power Sprayers, —Belore calibration, the spray nozzles should be checked
for obvious wear, foreign material, and choice of proper type and size. Where
the sprayer has many nozzles. the flow rate of each fiozzle should be checked
using water at the planned operating pressure by catching all of the spray for
s measured time. Nozzles that differ by more than 5 percent from the gvorage

of the rest should be replaced befors calibrating the sprayer. if possible, the -

"Information furalshed by 1he Agricultural Research Service, USDA. 4 2 ij
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sprayer should be calfbrated with a liquid containing no pesticide but similar
In welght and viscosity. Then, the calibration should be confirmed by
measuring the application of a small measured amount of actual pesticide
mixture when beginning on the area to be treated and the equipment or the
mixture ratio adjusted to correct for the change, If any, in the rate with
actual pesticide material. Usually, water Is most logical material to use for
calibration, but occasionally some peéticide mixtures flow more like fuel oil
or vegetable oil, in which case these mixtures should be used for calibratton.
When a liquid containing no pesticide can be ysed for calibration, the user can
use the Simplified Method described below. If the pesticide or the sprayer
construction somehow requires use of the actual pesticide for realistic
operation. then the Full Calculation Method must be used.

-

Simplified method: (1) Place two markers {stakes, cans, and so forth) on
the ground 40 rods (660 feet) apart. {2¥ Partially fill the sprayer with water
{or the other liquid being used) and operate until all nozzles are discharging
evenly. Fix a vessel of appropriate size (3 2%-gallon can, for example) under
one nozzle po that it will collect all the spray coming from it, (3) Operate the
sprayer one round trip between the markers at the speed, pressure, and other
settings as you intend to use them, with the sprayer in full operation. Spray
only between the markers. (4) Measure the amount sollected from the nozzle
and multiply it by the total number of nozzles to get the total amount
sprayed. {5) Multiply the number of gallons sprayed by 33 and divide by the
number of fert of width sprayed. The result of this calculation will be the
number of gallons applied per acre.

Example: Suppose the boom on the sprayer contained |2 nozzles and
covered a swath of 20 feet, and that you collectcd 3% pints of spray from
one nozzle during the round trip. Twelve times 3% pints equals 39 pints,
or 4.875 gallons. This times 33. divided by 20, equals 8.0 gallons per acre.

It may not be practical to collect the spray used during 2 run in the field
with certain types of equipment. Aircraft sprayers, mist blowers. and foggers
are examples of such equipment. For this equipment. the amount used during
the ca]ibrqu'on run must be found from the net amount taken from the tank,
To do this, the tank must be filled to an accuraie liquid level mark
(preferably fillcd to just to the point of overflow). The sprayct is then
operated over the calibration distance and the amount required to refill the
sprayer to the same level is measurcd. To be accurate, the sprayer must be in
exactly the same position {preferably levcl} both times when the level is
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measured. In certain types of sprayers, such as aircraft, it may not be possible
to make an accurate level mark of to fill the tenk to gverflow. With this
equipment, the sprayer must be first partially filled, then operated uptl all -
lines and booms are filled, and then the tank drained. A measured amount of
liquld is then put into the tank and the spmyer is opemated gver the
calibration distanez, and the tank then drained as before, measuring the
amount that drains out. The amount used is the difference between the
amount that was put into the tank and the amount that was drsined out.

Full caleulation method: To caleulate the application mfe of the sprayer,
you must know the speed of the sprayer, thc width of swath sprayed, and
total flow fate from the sprayer nozzles.

1. The speed may often be taken from a specdometer, If there 1s no -
speedometer avallable, ieasure the time it takes to drive the equipment at
the intended speed over & measured course at the intended speed with the
tank half full. The speed can be calculated from these measurements.

Example: Suppose it requires 3 minutes and 20 seconds (200 seconds)
to go 80 rods (% milc). The speed equals % divided by 200, multiplied’
by 3,600 (the number of seconds in an hour), which would be 4.5 mph.

2. The flow rate can be calculated by multiplying the number of nozzles
times the rating given by the manufacturer for operation at the ptessure
being used, if the nozzles are new and have not wom very much.

Example: Suppose the sprayer has 12 nozzles rated at 04 gallon/
minute 3t the pressure you intend to use. The total flow equals 12
times 0.4, which is 4.8 gallons/minute.

You may not be able to use the manufacturer's rating if the nozzles have |
worn somewhat, or if the manufacturer has not supplied a rating at the
pressure you intend to use, or the manufacturer’s rating is not conven-
iently available. Then, the flow rate will have to be obtained by measuring
the spray caught from 2 nozzle for a measured time.

Example: Suppose there are 12 nozzles on a sprayer and you catch 1
quast and 6 Nuid ounces {38 Nluid ounces) from one nozzle in 1 minute,
Sincc there are 128 fluid ounces in a gallon, the flow rate of the entire
sprayer ¢quals 38 times 12, divided by 128, which is 3.56 gallons per
minute.




3. The swath width must be determined by 3 method appropnate to the
spraycr ‘being~used. The swath width of an airplane sprayer. air-blast
sprayer. or fogger will have to be deter.nined from the manufacturer’s
titerature or perhaps from a research repost on the particular zquipment.in
use. A boom spraycr will have a swath €qQuat to thie boom width plus the
width covered by end nozzle, if there ate nozzles on the very ends of the
boom. .

Example: Suppose a sprayer has a boom 18 feet 4 inches fong, having 2
nozzle at each end that also covers 20 inches aplece Recognizing that
only half the spray from each end nozzle will go outside the boom, the
swath will be 18 feet 4 inches plus 20 inches which equals 20 feet.

in contrast, if you are only spraying a narrow band over each row of 3
crop grown in rows, the total swath will be equal 1o the width of the band
~ times the number ¢f rows. .

Example: Suppose you have spray equipment stiached to 3 B-row
pianter, which sprays only a 12-inch (1 foot) band over each row. The
actnal swath being tréaged is equal to 8 times one, which is 8 feet width
of swath: . . :

4. The application gate of the sprayer can be calculated when the speed,
_swath width, and flow rat: are known. The following formula can be used
to take into accounf the number of feet in a mile, the number of square

fect in an acre, and the pumber of minutes in an hour. »

495 x (total flow rate In gallons/min.)
(swath width in feet) x (speed in mph)

= gallons per acre

Example: Suppose the flow rate is 4.8 gallons per minute, the swath

width is 20 feet, and speed is 4.5 mph. Then the volume of spray

applied 13 495 times 4.8, divided by 4.5, divided again by 20, which ls
26.4 gallons per acre.

Changing or adjusting the appiication rate: If the spplication rate found
from the calibration is not what is desired. it may be changed by changing the
size and number of nozzles, the speed, or the pressure. If large changes are
necessary, the size and number of nozzles must be changed. Decreasing the
speed will Increase the application rate proportionately, while increasing

.
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speed will decrease it. However. the acreage that can be cevcred per day will
be reduced if speed is_reduced. 50 users may not wish to make very large
changes in specd. You s‘lould not try 1o change application rate, very much by
changing pressure, bmuse this will also change the pattem and the droplet
size uf the spray. it is useful to know, aiso, that increasing pressure 10 n
percent increases the nozzle fiow only 5 percent, 21 percent increases nozzle

flow 10 percent, and 44 percent increases nozzle flow 20 percent, so that . -
changing nozzle fow -requires proportionately much larger changes in ¢ '
pressure. '

- 9-9

Power Dusters. —Before starting a dusting operstion, check the application N e
rate of the dusterunit. Dust mixtures vary in density, and the lppliulion fate
can vary at a given setting of the feed regulator. .

' 1. Measure off s convenient area between one-fourth acre and | acre.

Example: Eight 404nch rows % mile long, which equals 0.808 acre.

-

2. Fill the dust hopper to an accurste level mark and set the dust feed®
regulator accordifig to the manufacturer’s recommendation for the desired
apphcatlon mte . .

- ;}b\
3. Dust the measured ares. Drive at 1 constant speed because the speed
affects the application rate. Use a speedometer if possible.

4. Refill the hopper. to the previous level from a weighed amount of dust.
Subtract from this weight the amount left over after refilling the hopper,
which gives the amount applied to the measured ares. This amount divided
by the area gives the application rate. Example: Suppose 3 bag containing
50 pounds was used to reflll the hopper, after which it contained 34
pounds. The amount used was then 16 pounds. Dividing this by 0.808 acre
gives 19.8 pounds per acre.

Y Applicators For Gramules -Many equipment manufacturers and some
producers of granular insecticides provide tables showing the proper settings
of the feed mechanism for selected flow rates of specific materials. This will
provide an approximate guide for the user in adjusting the equipment,
Because of manufacturing differences in both the granular material and the
application equipment, the user should check Wk with 2 measured
callbmtion.
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Disconnect the tubes from the spreaders, and affix paper bags in place of
the tpresder, to colloct dll of the granules fed out. Run the spreader over a
measured coune of 1,320 feet and weigh the materisl collected. Multply this
weight by 33 and divide by the numter of feet of width the applicator covers
from the dispenser measured. This will give the pounds applied per acre.

Example: Suppose the discharge: from two tubes are to be spread over one
40-inch (3.3 feet) row width, and you collected 4 pounds of material when
operating over & total of 1,320 feet (40 rods each way, round trip). Four
times 33, divided by 3.3, equals 40 pounds per acre. :

If this calculation shows the application rate Is not what is intended, adjust
the settings appropriately. and repeat the calibration procedure. Remembet
that the feed mechanism of most granular applicators does not feed the
material at a rate propoftional to the speed of the equipment, even though it
is often driven by a wheel on the ground. Because of this, the speed of the
squipment must be constant, and the application rate ¢an be increased or
decreased by decreasing or increasing, respectively, the ground speed of the
equipment.

Confirming calibration with first application: After calibration, you should
try a partial load of actual pesticide mix to confirm that the calibration
measurements and calculations were accurate. This will give you a chance to
make 2 last minute adjustment in the operation of your equipment before
treating an entire field. ‘

Example: Suppose 2 field % mile long is being treated with a sprayer
having a swath of 20 feet, and the calibration indicated that it was
applying 8 galions per zcre. Since [0 swaths the length of the fleld equals
6.06 acres, which should require 48.5 gallons, the operator might put
about 53 galions in the tank for the first load. After 10 swaths have been
completed, the tank can then be checked to see about how much more ot
less than the expected 4.5 gallons of spyay mixture remain.

PRECAUTIONS

The following safeguards are to protect handlers of insccticides and treated
objects, consumers of treated crops and animals, honey bees, fish, wildlife,
doniestic animals, fish pools, bird baths, creeks, feeding dishes of animals,
our basic natural resources—water, soil, and air.
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Pesticides used tmproperly can-be injurious to men, enimals, sad plants,
Follow the directions and heed all precautions on the labels.

Store pesticides in original contalners under lock and key—~out of the resch
of children and animals—snd sway from food and feed.

Apply pesticides so that they do not endanger humans, livestock, crops,
beneficial insects, fish, and wildlife. Do not apply pesticides when there ia
danger of drift, when honey bees or other pollinating insects are visiting
plants, or in ways that may contaminate water ot leave fllegal residues.

Avoid prolonged inhalation of pesticide sprays or dusts; wear protective
dothing and equipment if specified on the container.

If your hands become contaminated with a pesticide, do not eat or drink
until you have washed. In meapmicideismliowdorpuhtbew.
follow the first ald treatment given on the label, and get prompt medical
attention. If a pesticide is spilled on your skin or clothing, remove clothing

lmmediudymdmmmmushly

When spraying near dwellings, be gure you have left no puddles of spray on
hard soil surfaces. Also check children’s playthings such as mud pie dishes or
other containers that may. retain the spray solution and eéndanger small
children who may enter the area later. :

Do not clean spray equipment os dump excess spray material near ponds,
streams, or wells. Because it is difficult to remove all traces of herbicides from
efquipment, do not use the same equipment for imectlcide: or funsicldu that
you use for herbicides.

Dispose of empty pesticidc containers promptly. Have them buried at a
anitary land-fill dump, or crush and bury them ina level, isolated place.

NOTE: Some States have restrictions on the use of certain pesticides.
Check your State and local regulations. Also, because registrations of
pesticides are under constant review by the Federal Environmental Protection
Agency, consult your county agricultural agent or State Extension specialist
to be sure the intended use is still registered.
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Protection of Persons Using Insecticides

s
In handiing any insecticide, avoid repeated or prolonged contact with skin
and prolonged inkalation of dusts, mists, and vapors. Wear clean, dry
clothing, and wash hands and face before eating or smoking. Launder clothing
daily,

Avoid spilling the insecticide on the skin and keep it out of the eyes, nose,
and mouth. If you spill any on Your skin or clothing, remove contaminated
clothing immediately and wash the skin thoroughly with soap and water.
Launder clothing before wearing it again. If the insecticide gets in the eyes,
flush with plenty of water for 5 minutes and get medical attention.

The following insecticides can be used without special protective clothing
or devices, In all cases, follow the label precautions.

Abate . ovex
Bacillus thuringiensis paradichlorobenzene
calcium arsenate paris green
carbaryl Perthane
.chlorobenzilate piperonyl butoxide
cryolite pyrethrins
dicofol ronnel
diphenylamine rotenone
Kepone ryania
lead arsenate sabadilla
lime sulfur Strobane
matathion sulfur
metaldehyde TDE
methoxychlor tetradifon
mirex trichlorfon
naphthalene zineb
oxythloquinox

The followlng insecticides can be absorbed directly through the skin in
harmful Quantities. When working with these insecticides in any form, take
extra care not to let them come in contact with the skin, Wear protective
clothing and respiratory devices as directed on the fabel.
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benzene hexachloride ethion
binapacryl . fenthion
chlordane heptachior
chlorpyrifos Imidan
coumaphos findane
crotoxyphos maled
crufomate Nemacide
diazinon phosalone
dichlorvos propargite
dimethoate propoxor
dioxathlon toxaphene
endosulfan .

The following insecticides are highly toxic and may be fatal if swallowed,
inhaled, or gbsorbed through the skin. These materials should be spplied only
by a person who is thoroughly familisr with their hazards and who will

sssume full responsibility for proper use and comply with all the precautions

on the labels,

aldicard endrin
aldrin . EPN
Bux famphur
azinphosmethyl methomyl
carbofuran methy] parathion
carbophenothion Methyl Trithion
" compound 4072 © mevinphos
Dasanit mexacarbaté
demeton monocrotophos
dichloropropane-dichloropropene nicotine sulfate
mixture pansthion
dicrotophos phorate
~ dieldrin .. ... phosphamidon
disulfoton : e Telone
DN-111 : ' tepp

Dyfonate ' [ '

]

The following insecticides are used in dowdspuojesufumipnu. Because
of their volatility and toxicity, they are considered to be hazardous when
inhaled. In closed spaces these fumigants should be used only by a licensed
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pest control operator or by u qualified person who Is thoroughly famfiliar with
their hazards. who will assume full responsibility for their proper use, and
who knows he must comply with all precautions on the Isbels. The value
given In parentheses after each material is the maximum average stmospheric
concentration (threshold limit) of the insecticide, by volume. to which
workers may be exposed for an 8-hour duy without injury to health. These
threshold limit values were adopted at the 30th Annus! Meeting of the
American Conference of Governmental Industrial Hyg *nists, May 1968.

acrylonitrile (20 p.p.m.) ethyl formate (100 p.p.m.)
aluminum phosphide ethylene dibromide (25 p.p.m.)?

(as phosphine 0.3 p.p.m.) ethylene dichloride (200 p.p.m)
calcium cyanide (5 mg. dust per ethylene oxide (50 p.p.m.)

cubic meter)? - hydrogen cyanide (10 p.p.m.)
carbon disulfide (20 p.p.m.) methyl bromide (20 pp.m.)*
carbon 1etrachloride (10 p.p.m.) methy! formate (100 p.p.m.)
chloroform (50 p.p.m.)? propylene oxide ([00 p.p.m.)
chloropicrin (0.1 p.p.m.) sulfuryl fluoride (5 p.p.m.)

Reduce the danger of skin exposure 1o insecticides by wearing protective
clothing and equipment as specified on the label. If specified, wear »
respirator or mask designed for protection against the particular insecticide
being used. Directions for use gr illustrative material must contain the names
of the pesticide being used. Fullface masks should always be worn by persons
applying fumigants in buildings or warehouses. They should also be worn by
persons applying ‘the type of insecticide aerosols used in commercial
greenhouses and warehouses. In many cases masks or respirators are needed
by persons toading insecticides into aircraft or applying them by aircrafi.

The gas methyl chloride used as a propellent in greenhouse aerosols and
the liquid fumigants carbon disulfide, ethyl formate, ethylene oxide, methyl
formate, and propylene oxide are flammable and explosive. Never use them
near heat or fire in any form. Never open containers of 1hese chemicals where
there is little air in circulatiun without wearing an adequate fullface mask. Do

not transfer any liquid funtigant from one container t¢ another in a closed

room; d¢o not breathe 1he fumes.

?Not from list of threshold bimit values.
* Ceibing limit ot 1o be excecded.
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Protection of Persons Handling Treated Plants or Objects

If you must transplant or otherwise handle plants within 5 days sfter
treatment with azinphosmethyl, demeton, disulfoton, endrin, or parathion or
within 1 day after treatment with methyl parathion or mevinphos, protect
your skin by wearing clewn, dry cotion gloves. I gloves become wet, thor-
oughly wash the hands and put on clean gloves. If you must work in close
contact with treated crops. as in thinning or harvesting, you should also wear
dry, clean, tightly woven clothing.

If concentrated pesticide is spilled on the ground, remove or bury the
contaminated soil. This is especially important in areas where gmall children
play.

Trestment for Poisoning

If u pesson is poisoried by an insecticide, call u physician and give first ald
immediately, 1If brelliling has stopped, give artificial respirstion. If 1wo
persons are present, one should give first ald while the other obtains the
insecticide container and calls the physician. Tell him the name of the

insecticide and obtain instructions.

In general it is advisable to inducé vomiting if the victim has swallowed a
high toxic insecticide and is not in an unconscious stute and u physician will
not be available within 30 minutes. A tablespoonful of salt or baking'soda in
a glass of warm water will help induce vomiting. Have the victim lie down snd
keep him quiet until you get advice from a physician. Keep the victim wam.

1f a concentrate or oil solution has been spilled on the skin or clothing,
remove contaminated clothing and wash skin with soap and water. If u person
feels sick while using an insecticide or shortly afterward, call a physician
immediately. In ail cases snake available the insecticide container and any
attached labeling. Information provided by them is extremely valuable to the
physician. Inform him of recent contacts with insecticides. The one most
obvious to you may not be the one to blame.

ifa person is overcome by the vapor of a fumigant, prompt, on-the-spot
action:-' is essential. Carry the victim outdoors or to a room free yuf gas and lay
him down. Remove contaminaied clothing and keep him warm. Administer
fist aid treatment immediately. If breathing has stopped. give artificial

|
|
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respiratieon. (sl a ]:hysiciil immediately. Fumigaiors should have Kkits
propesly cquipped wil antidoies requnid for fist aid treaiment of a victim
of the specific fumigant being used and nstructions on treatments that are (0
be adininistered only by a physician.

In many cities a Pensen Cuntiol Center witl have avaiizble infonnation
cancermng symplonis and treanment of cases of actual or suspected poisoning
by pesticides. consult your local telephone directory. For a list of poison
contiol venivrs. sce Public Vlealth “Directory Poison Control Centers,” 1971
single copy avallable from Bureau of Chemical Hazards. Consumer Products
Safety Comanission, 5401 Westbard Ave., Bethesda, Md, 20016, or “Pesticide
liandbook - Entoma,” by D. E. 14, Frear (24th ed., 1972), College Science
Publishers, College Station, Pa. 16801. -

Protection of Fish and Wildlife

iNa chenucal control of insects should be undertaken unless the expecied
benefits outweigh possible hazards to other animals. To minimize damage to
fidy wind wildhfe, do not use persistens « hlormated hydrocarbon insecticides
witin alternatve peecnvides of lesser harard are available. Select insecticides
and methods of application that are least hazardous and apply them at
Mmmmmum effecnve Jusages. .

Asandd dindt of anseeriades as much ps pessible and limit 2pplications of
wisectivndes to he warger 2ica Tu prevent Jamage to figh, sisds. and other
Nilnals, pe Caicral 2ot contanunate streams, lakes, marshes, and grazing or
hrowsing dreas by uaprons: application or excessive duft of insecticides.
Whete dnft s Qifticult o control, use sprays r granules instead of dusts, and
ground applicauons instead of ar applications.

Aircraft spraying in forest areas should be kept under aerial and ground
surveillance at b times to insure precise application. Operztions should be
suspended any time the deposit pattern is not right. Menitor spray projects
before. during. and after spraying to evaluate the effects of the mnsecticide on
fish, wildlife, tivestock, beneficial insects. waler, soil, and plants. Pilois should
fly spray planes at least 500 feet high when going back and forth between the
anstrip and spray block. They should carefully choose a route parallel to but
not over streams and avoid flights over lakes, ponds, farm buildings, of
pastures.-They should check frequently to be sure that calibration is correct
and all components are in good operating condition.
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Field borders, hedgerows, ditchbanks, stream margins, lnd"wood edgesare o

prime wildlife habitat. insofar as feasible, avoid treating them. “Dressing the L

ficld margins” can be very hard on desirable animal life. Be careful to avoid
leaving treated seed or insecticide granules on the surface; this is especially
necessary at turnrows. Overapping swaths of insecticides are dangerous in
doubling or tripling the danger to wildlife. This danger is greatest near aerial
turning points, where ssveral swaths may overlap, if care is not taken to
prevent it,

Do not clean spray equipment or dump excess spray materials in or rear

streams of other water arcas where drainage could contaminate water.
. *

In forest spraying by aircraft, lay out spray blocks and flight lines to
minimize drift into water, marshes, grazing, and other sensitive areas. Spray as
near treetop levels as safety permits to minimize drift. Leave a nonspray strip
along critical streams, lakes, ponds, and any other areas that may be adversely
affected. Spray only when the wind velocity is less than 6 miles per hour and
the temperature is less than 68°F. Early moming or late evening hours are
usually best for air operations. In aerial spraying of nonforest areas, take
similar precautions.

Protection of Insect Parasites and Predators

A program of crop or forest pest control should be designed to take
maxsmurn advantage of any biologica) control factors that may be present.
Whenever possible, ihe insecticide should be selective against the pest species
concerned and of minimum danger 10 beneficial insects. If parasites or
predators are abundant, it may be advantageous (o defer or omit insecticide
treatments.

Protection of Honey Bees and Other Insect Pollinators

Mare than half the crops listed in this han.book are dependent on insect
pollination. An insecticide applied lo 1hese crops is of doubtful value if it
destroys the pollinators while destroving the harmful insects. Most of this
pollination is performed by honey bees. Protect them. Much of the damage to
bees by insecticides can be prevented if you do not treat crops in bloom while
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bees are visiting the fleld. Treatment at night Is safest. Other steps that will '

reduce bee losses are:

. Use pesticides only when needed. -

¢ Use the lowest effective dosage and mal:e 2 minimum numbet of
applications.

¢ Use 3 material that is lesst hazardous to bees but will control the insect
pest, il applications must be made while bees are actively visiting the
area.
Use granules or dilule sprays instead of dusts. They are usually less
hazardous. Application with ground equipment is less hazardous to bees
than application with aerial equipment.
Avoid diift of insecticides into bee yards and adjacent crop or wild
plants in bloom.
Do not apply insecticides if apiaries are near enoudi to be unavoidably
affected; notify the beekeeper so he can move the hives in time.

The following lists indicate which insecticides are’ hazardous to honey
bees, as determined by laboratory and field tests. These materials are
hazardous to bees when applied as foliar treatments to agricultural and
ornamental plants (including home garden applications), mosquito abatement
treatments {except granular products) and foliage treatment to forests or
shade trees. The materials are not hazardous when used as soil applications or
dormant applications. For further information consult the pesticide container
labed. For information applicable 10 local conditions, consult your State
agricultural experiment station.

Hazardous. ~The following materials are highly toxic to bees exposed to

dircct treatment or rcsuducs Do not apply these materials while plants are in
bloom. .

aldwcarb Bux
aldrin calcium arsenate
azinphosmethyl carbaryl
henzene hexachloride carbofuran
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chloropyrifos
crotoxyphos
Dasanit
diazinon
dichlorovos

dicrotophos

dieldrin
dimethoate
dyfonate
EPN
famphur
fenthion
heptachlor
imidan

lead arsenate

‘ lindane

malathion (as ULV or dust)
methy! parathion

Methy! Trithion

mevinphos

mexacarbate _.

monocrotophos -

naled -
parathion
phosphamidon
propoxur
1epp
(Trichlorfon as a dust)

The following materials ar¢ toxic to bees and should not be npplied when

bees are actively visiting the area:

carbophenothion

chlordane
coumaphos
crotoxyphos
demeton
disulfoton
endosulfan
endrin

malathion as E.C.

mirex

naled s EC.
perthane
phora'te
phosalone
propoxur
ronnel

TDE

Avoiding Harmful Residues in or »n Food and Feed

Residues in excess of the established legal tolerances can be svoided by
applying only those insecticides specified for use on the crop or livestock and
by folfowing indicated schedules. Do ‘not exceed recommended dosages.
Observe carefully the safety restrictions, especially the required interval
between the last application and harvest or feeding, and between the last
application and staughter of animals.

Avoid drift of insecticide sprays or dust to nearby crops or livestock,
especially from applications by aircraft and other power equipmant. Do not
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allow poultry, dairy animals, ur meat animals to feed on planfs,of drink water
contaminated by drift of insecticides.

Certain root crops. such as sugarbeets. peanuts, carrots, and parsnips, are

susceplible (0 contamination frum residues of certain organochlorine insec.

ticides in the soil. Do not apply aldrin. chivrdane, dieldrip, endrin,
heprachlor, or toxaphene o soils where the crop rotation includes one of
these ¢ro3s unless a finite tolerance has been established for the insecticide.

Byproducts from a numher of crops treated with insecticides may be
safely fed to hvestock or poultry if the crops-are harvested or fed after the
specified waiting period. However, when byproducts from some crops treated
with certain insecticides are fed to livestock. insecticide residues in excess of
established toletances may appear in meat, milk, or eggs. Before using an
insecticide. read carefully the safety restrictions in the last column of the
tables beginning on page 1.1 of this handbook to deicrmine if such
byproducts as sweet corn husks. citrus pulp, bapasse. alfalfa threshings. apple
pomdace, bean and pea vines, sugarheet 10ps. ¢ull potatoes, trimmings from
leafy vegetables, and gin waste from cotton are safc for feeding to dairy
animals, poultry, or animals being finished for slaughter.

In storage areas apply only those insecticides registered for the purpose. A
commodity that comes i contact with floors or walls treated with an
insccticide not registered for use in storage arcas may become contaminated
and be hable to confiscation. Repeated applicauons of some fumigants will
cause residues to build up in the commodities. Be sure to lollow the
instructions un the registered label. Such 2 label will include an Environ-
mental Protecion Agency (EPA) Registration Number.

Safe Disposal of Empty Insecticide Containers and Surplus
fnsecticides

The careful disposal of empty insecticide containers and surplus insecti.
cides is an important part of safe insecticide use. When possible. growers
should carry their empty insecticide containers to a sanitary land-fill and have
them buried. Do not abandon them on the land-fill. Inform the operator of
the nature of the residues in the containers. Wam him of any danger of
poiscnous vapors if bumed. Crush or puncture containers to prevent reuse.

If s suitable land-fill is not available. break or crush glass and metal
containers {except pre-surized cans) and bury them in an isolated place where
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they will not contaminate water supplies. Pour excesi insecticides into a hole
st least 18 inches deep, dug in level ground in an uolated place where they
will not contaminate wazer supplies. Cover will‘l dirt. If you have trash
co'lection service, wrap small empty oomamers,r in several layers of news
papers before placing them in trash cans. N

Sell large drums that contained insecticides 19 a firm dealing in used drums_
or barsels. The firm should have equipment to/neutralize the toxlcity of the
adhering insecticides. Do not attempt to use/the drums where they could
become a source of contamination to feed or water. Old pesticide drums used
as floats corrode and thus cause serious fish kills.

Do not dump con tainers ©F leftover chemicals in gullles, ditches, streams,
woods, or trash heeps. ;

For more specific information on the safe use of insecticides, consult your
State agricultural expzrinient station or onc of the following U.S, Department
of Agriculture publications:

Program Aid 622, “Farmers’ Checklist for Pesticide Safety”
Program Aid 589, “Safe Use of Pesticides in the Home~in the Garden™ ¢

ARS 33.76-2.
Insecticides”

“Respiratory Devices for Protection Against Certain

Program Aid 727. “Use Chemicals Safely in the Production of Beef Cattle,
Swine, and Sheep.”

TOXICITY OF INSECTICIDES

All insecuicides must be considered potentially toxic to man and animals.
However, the degree of toxicity is one of several factors in the use of
insecticides that determine the hazard to man, The primary hazard lies in
failure to follow the precautions and directions for use indicated on the
insecticide label and summanized in this handbook. These precautions and
directions depend not only on the degree of toxicity and the pawre of
toxicity of the insecticide but also on its stability. Somée ‘highly toxic
insecticides that mus: be handled with great caution dissipate 30 rapidly upon
exposure on plants or animals of In the =il that they creste no serious residue
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problems. On the contrary, some insecticides of low toxicity persist in the
wil, on plants, and in meat and fat of animals that feed on these plants and
may thus create critical residue problems.

In general, arsenical insecticides are very stable and may accumulate in the
soil in quantities sufficient to injure plants. Small quantities: are taken up by
plants, which in time are eaten by animals.

Some organoch]orinc insccticides may also persist in the soil for years.
Cenzin crops grown, in such soils may pick up enough insecticide through
contamination or translocation to exceed tolerances, even though the
insecticide was not applied to them but to previous crops in the rotation. For
example, enough aldrin or chlordane may persist in soil from year 10 yeas to
contaminate such sensitive root crops as sugarbeets or carrots.

Organophosphorus insecticides generally ase more toxic to animals than
oy, mochlorines. However, the organophosphorus insecticides usually do not
leave highly persisient residues on trcated plamis or animals and are less likely
to accumulate in animal tissues. Diazinon and parathion applied to the soil
become incffective within 2 or 3 months and are not problems in rotation of
crops. The persistence of insecticides is rcflected in the waiting periods
required between application and harvest. Tne toxicity of insecticides is a
major facror in derermining the tolerances set. The tolerance is set at a safe
leve! as determined by data obtsined in animal feeding studics. An adequate
safery factor is used in translating animal data to man. However, a tolerance is
not established at a level higher than required for the purpose in accordance
with good agricultural practice even if the toxicity of the pesticide is so low
that a higher tolerance would be safe. Many factors must be considered in
sclecting an insecticide for a specific purpose. Whenever possible, preference
should always be given to insecticides that have low toxicity, persist only 2
short time. and do no1 accumutate in animal tissues.

The f.llowing two tables provide information on the acute toxicity of
various insecricides. In the first table, acute oral and detmal LDsg (lethal
dosage) valucs are” given for most of the compounds included in this
handbdok. An LDy, value is a stanstical estimate of 1he dosage necessary to
kil 50 pereent of a population of whne rats or other 1est animals within a
specified peciod under standardized conditions in the laboratory. The toxicity
of a chemical 10 such animals miay vary, however, with species. age, sex, and
nutritional state, and witl: the fonnulation of the insecticide and the manner
of admimstration. Also the LDsq values are usmally expressed in termis of a
smgle dosage. which prowides little or no information on possible cumnulative
effects of repested dosagas of l compound.

In the second table are given the acute LC; ¢ values (lethal concentration)
of some of the common insecticides for two fresh water fishes~ralnbow trout
and bluegills.

LDgy or LCyo values are useful in comparing different chemiéal
compounds. However, they have certain limitations, and caution must be
used in interpreting them in relation to actual use hazards. Since the values
ase obtained for other animals o fish, they can be applied to man only with
reservations. Under comparable conditions and dosages, highly toxic sub-
stances are more hazardous than less toxic substances. However, such factors
as dosagé, frequency of application, and characteristics with respect to”
accumulation and persistence in anima} tissues must be considered. For
example, a highly toxic matenal applied at a low dosage may be less
hazardous than a much less toxic one applied at a high dosage.

Acute Oral and Deemal LD o Valy. s of Insecticides for
Test Animals

(Dat2 assembled by the Aslanta Toxicology Branch, Division of Pesticides,
Bureau of Science. Food and Drug Administration, Consumer Protection and
Environmental Health Service. Public Health Service, U.S. Department of
Health, Education, and Welfare. Most of the values are based on standardized
tests by the Atlanta Toxicology Laboratory of the Division of Pesticides; a
few are based on publications from other laboratories. All values are I'or white
rats unless atherwise indicated.)

Oral LD; 0 (ng ks-)

Females Males

. Dermal LDso (Mg /Kg)

Insecticide . Males - Females

Organochlorine Insecticides

aldrin 39 60
benzene hexachloride ! 1,250 ..
chiordane 335 430
chlorobenzilate [.040 1,220
dichloropropane- .
dichloropropene . ' 140 .
dicofol 1,100 1,000
dieldrin 46 46
endosulfan 43 18

Sce lootnotes a1 end of table.
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Acute Oral and Dermal LD;, Values of Insecticides
for Test Animals—Continued ‘\ '

Acute Orsl 3nd Dermal LD, , Values of Insecticides
for Test Animals~Continued

Onal LD (mg./kg.)

Desmal qo,. (mg./kg)

Males Females

f

Males Females

Ornal LDy (mg./kg.)

Males  Females

Dermal LDs, (mg./kg.)
Females

Males

Organochlorine Insecticides— Continued

endrin

ethylene dichloride
"heptachlor

Kepone

lindane
methoxychlor
mirex
paradichlorobenzene
Perthane

Sirobane

TDE

Telone

tetradifon
10xaphene

! 250-500
' >14,700

17.8 7.5
' 770 ..
100 162
125 125
88 9l
§,000 5,000
740 600
3850 3900
>4,000 4,000

' 200

>4,000

>4,000

90 80

’ 18 .
1,2 3,890
195
>2,000
1.000

>2,000
'+ 2 >5,000
22 >4,000

1% >10,000
1075

Organophosphorus insecticides

Abate
szinphogmethyl
carhophenothion
chloropyrifos
coumaphos
crotoxy phos
crufomate
Dasanit
- demeton
diazinon
Sex Jootnotes st end of table.

8,600 13,000
13 1
30 10

155 82
4 15.5
110 74
635 460
4.1 1.8
6.2 2.5
108 76

439

>4,000
220

54 -
202
860
375
19
14
900

dichicrvos
dicrotophos
dimethoate
dioxathion
disulfoton
Dyfonate
EPN
ethion
famphur
fenthion
Imidan

malathion |

L3

- Organophosphorus Insecticides—Continued

80 56 107 75

21 16 * a3 42
215 245 610 610
43 23 235 63
68 2.3 15 6

' >16.5 .. L 2%150 .
36 7.7 230 25
65 27 245 62

! >3s 12 1 460
215 330
113 " >2,000
1375 >4.444

330
1,550
>4,444

245
160
1,000

methyt parathion 14 24 67- 67

Methy! Trithion 98

mevinphos

monocrotophos

naled
Nemacide
parathion
phorate
phosalone

phosphamidon

rotinel

tepp
tetrapopy!

thiopyrophosphate

trichlorfon

190 -

4.2
112

120
6.1 3.7

175 20

250

270 .. ..

13 36 21
2.3 11 6.2

120 135170 1,390

238 23.5 143
1,250 2,630
1.05 .

215
4.7
126
800
6.8
25
107

5,000
24 .

¥ 1450
630

2,100 1,800
>2,000 .>2,000

See footnotes at end of table.
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Acute Oral and Dermal LD, , Vadues of Jnsecticides Acute 24-Hour LCys Vilues of Insecticides for
for Test Animals—Continued ] Rainbow Trout and Bluegills

Oral LDso (mg.lk;.) Dermal LD, (ﬂ'll-’k&) . (Dltl PNW‘M by Fish-Pesticide Research: l.abonloty. Us. Dmrtmem

: of the Iaterior, Columbia, Mo. Rainbow trout were tested at $5° P. and

Insecticide Males Females Males Females bluegills at 65° or 75°. Certsin persistent insecticiGes exhibit cumulative
: -, toxicity for fish and shelifish at levels lower than shown in this study )

J Corbamate Insecticides
ddicarb 0.8 0.65 Insecticide LCso for ainbow  LCsq for bluegills
Bux 95 63 trout (p.p.b.) (ppb)

carbaryl 8S0 500 .
Abate 8,200
catbofuran 87 8.0 aldrin 14

mexacatbate 19 34 .
. azinphosmethy! 14
uneb >5000 23,000 benzene hexachloride %
binapacryl : 42
Other Insecticides carbaryl - 3,500
binapacryl 63 58 810 carbophenothion -
i chlordane 22
calcium anenate .. 298 - :
cryolite 1200 .. chiorobenzilate 750
chlorpyrifos . © 326
crotoxyphos 140
cryolite 160,000

s > cube extract formulation 32
metaldehyde ca. 1.000 (4.85 percent rotenone)

napthaiene _ 2,200 2,400 >2.500 _
nicotine sulfate - 83 x ::‘zie.::nn 380
' 2,050 . . - '
avex .
oxythioquinox 1,800 1,100 >2,000 ﬂ:.z:,;sho, 0
paris green . . 100 : dicofol
propoxur ' 83 86 >2,400 dieldrin
pytethrins 470 263 “I>)1880 = dimethoate
rotenone ' 50.75 . ‘.2 >940 i dioxathion
. 1 1,3
ryania 1,200 X *7 24,000 " disulfoton
Uniroyal DO14 1,480 1,480 250 endosulfan

endrin

LSex not indicated. *Value for guinea pigs. EPN
2vatue for sabbits. $value for doss, ethion
3 Approximste LDsg. fenthion

DN-111 ' 330 . 144 >1,000"
ethylene dibromide 146 117 12,3 300

iead arsenate 1,050




Acure 24-Hour LC, o Values of Insccticides for
Rainbow Trout and Biuegilli—Continued

LC4 0 for rainbow LCy, for bluegills ke used in “Acceptable Common Names and Chemical Names for the
Insecticide wrout (p.p.b.) (Ppb) . 5 gredients Statement on Pesticide Labels,” 2d od., 1972, Pesticides
g gulations Division, Environmental Protection Agency.}

heptachlor 15 o 35 ! Identity
Kepone 66 260 | _
Lime sulfur 10 ' 48 , 0.0.0°,0 “tetramethyl 0,0 “thiodl-p:phenylene
lindane 30 61 . phosphorothioate -
malathion 100 120 peryloniteile acrylonitrile
methoxychlor 20 31 jaldicath (Temik®) . . . . 2-methyl-2{methythlo)propionaldehyde
methy] parathion 7.000 8,500 O{methylcarbamoyl)oxime
Methyl Trithlon 1,800 1.200 ; hexachlorohexahydro-endo, exo-,
mevinphos 34 41 dimethanonaphthalene 95% and related
mexacarbate 7.000 - / compounds 5%
mirex 126.000 100,000 aluminum phosphide . . %dunﬁnumphospldde
monochrotophos 12,000 23,000 ¢ azinphosmethyl . . ... .0.0,-dimethyl $-[(4-0xo-1,2.3-benzo
oxythioguinox 1.550 110 triazin-3(4H)-yi)methyl] phosphorodithioate
Nemacide 1,600 4,300 of several isomers and containing a specified
ovex 860 870 J percentage of gamma jsomer
parathion 2,000 56 | ®*binapacryl ., 2:3ec-butyl-4 S-dinitrophenyt 3-methyl-
Perthane 9 21 2:butenoate
photate 25 10 sodium tetraborate decahydrate
phosalone 11,000 5,000 /  boric acid boric acid
phosphamidon 4,500 26,000 ! Bux® ............ amixture of 3 parts m-(1-methylbutyl)phenyl
piperonyl butoxide - 8.800 methylcarbamate and ) part m-(1-ethylpropyl)-
pyrethrins extract’ 56 78 phenyl methylcarbamate
ryania - 24,000 - calcium arsenate . . . . . calcium arsenate
Strobane 12 15 calcium cyanide . .. .. calcium cyanide
TDE 30 56 *carbaryl .+ » 1-naphthyl methylcarbamate
tetradifon 3,700 1,100 *carbofuran (Furadan®). 2,3-dihydro-2,2-dimethyl-7-benzofuranyl
toxaphene 7.6 1.2 methylcarbamate
trichlorfon 27,500 5,600 carbon disulfide .. . . . . carbon disulfide
carbon tetrachloride . . carbon tetrachloride
. enothion ..., §-
it i i1 et o s cohotenol ... oot 0 ity

naled 250 2.200 / benzene hexachloride . 1,2,3 4.5 6-hexachlorocyclohexane, consisting
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Name Used [dentity Name Used : Identity

chlordane, technical . . octachloro-4,7-methanotetrzhydroindan 60% and diphenylamine ....... diphenylamine
related compounds 40% disulfoton .......... 0,0-diethyt S-[2{e thylihio)ethyl] phosphoro-
chlorobenzilate ..... ethyl 4,4’-dichlorobenzilate dithioate ‘
chlotoform . .- ... .. chloroform DN:N®........... 4 b .-dinitro-o<yclohexylphenol,
chloropicrin . .. .. ... trichloronitromethane dicyclohexylamine salt
*chlorphyrifos(Dursban®) 0,0-diethyl 043.5,6-trichloro-2-pyridy!) dormantoll ......... 2 formulation of petrolesm oil phytotoxic 10
phosphotothioate {oliage prepared for sprays on dormant plants,
Compound 4072 . ... 2<hloro-1{2.4-dichlorophenyl)vinyl diethyl usually an emulsifiable concentrate of high oil
phosphate - content '
coumaphos . ....... 0.0-diethyl 0{3-chloro-4-methyl-2-ox0-2H-1. Dyfonate®....,..... O-ethyl S-phenyl ethylphosphonodithioate
' benzopyran-7-yl) phosphorothioate. *2ndosulfan .......... 6,7,8,9,10,10-hexachloro-1,5,52,6 9,-9a-
crotoxyphos . . .. . .. . dimethyl phosphate of alpha-methylbenzyl hexahydro-6,9-methano-2,4,3-benzodioxathiepin
' 3-hydroxy-céscrotonate J-oxide
*crufomate {Ruelene®) . 4-rerr-butyl-2-chlorophenyl methyl endrin ............. hexachloroepoxyoectahydro-endo-endo-
methylphosphoramidate dimethanonaphthalene
eryolite ... ........ sudiuvm hexafuoroaluminate . EPN ........... .. Oethyl d-(p-nilmph'cnyl)
Dasanit® . ... ...... 0,0-diethyl O-{p{methylsulfinyl)phenyl] phenyl?hc')sphonothmale
phosphorothioate . *ethion ............. 0.0.0 .0 “tetraethyl
demeton . .. ....... 0.0-dicthy! O-f2{ethylthio) ethyl} $.$ “methylenebisphosphorodithioate
phosphorothioate and 0,0-diethyl $-{2- ethylene dibromide . .. . 1.2,-dibromoethane
{erhylthlo) ethy!] phosphotothioate ethyhene dichloride . . . I,2.-didﬂor?elhanc
dazZinon ... o.n.nn. 0.0-diethy] 04 2-isoprohyl-6-methyl-&-pysimi- ethylene oxide ....... cthylene oxide
" dinyl) phosphorodithioate. ethyl formate . ....... ethy! formate
dichloropropane- dichloropropane -dichloropropene mixiure famphur ............ " 0,0, dimethyl O [p{dimethyl-
dichloropropene. sulfomoyljphenyl] phosphorothioste
dichlorovos, technical . 93 percent 2,2-dichlorovinyl dimethyl phosphate fenthion ............ 0,0-dimethyl O-[4-(methylthio}
and 7 percent related compounds m-tolyt] phosphorothioate
dicofol -............ 1. b-bis(p-cWlorophenyl)-2,2,2-1chloroethanol Flit MLO® ...... . ... Mosquito larvicide oii (99% mineral oil)
dicrotephos ......... dimethyl phosphate ester with 3-hydroxy-V.N- heptachlor .......... heptachlorotetrahydso4.7- methanoindene and
diinethyl-¢is-crotonamide related compounds
dieldrin ............ hexachlotoepoxyoc tahyd ro-endn.exo- hydrogencyanide ... .. hydeocyanic acid

dimethanonaphthalene 85% and related

idn®. ... N ;aptomethyl) phthalimide
compounds 15% {midun® {mercaptomethyl) p imi

$-0,0-dimethyl phosphorodithioate

*dunethoate .. ........ 0.0 dimethyl S{N-methylcarbamoy! methyl .
phosphurodithioate Kepone® . .......... decachlorooctahydro-1,3 4-m2theno-
sdioxathiun .......... 2.3p-dioxancdithiol 5,5-bis(0.0-diethyl 2{{-cyclobutalcd]pentalen-2-one
phosphurodithioate) lead arsenate ........ lead arsenate
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Name Used

lime sulfur

lindane
rulathion

mataldehyde
*methomyl

methoxychlor, technical

meihyl bromide
methyl chloride
methyl formale
méthyl parathion
Methy! Trithion®

mevinphos, lechnical ..

Identity

30X calcium polysulfide and various small

amount of czlcium thiosulfate plus water and

free sulfur

1.2.3.4.5.6-hexachlorocyclohexane, gamtma isomet
of not less than 99% purity

0.0-dimethyl dithiophosphate nf dimethyl
mercaptosuccinate

metaldehyde

S-methyl N-[(methylcarbamoyl)oxy]-
thioacetimidate

I.1.1trichloto-2,2-bis(p-methoxy-

phenyl)ethane 88% and related compounds

12%

bromomethane

chloromethane

methy| formate

0,0-dimethyl O{p-niirophenyl) phosphorothioate
S-[ {(p-chlorophenyl)thio] methyl] 0,0-dimethyl
phosphorodithioate
2-carhonethoxy-1-methylvinyl dimethyi phosphate
alpha jsomer and related compounds

mexacarbale (Zectran®) 4{dimethylamino)-3,5-xylyl meihylcarbamate

monocrotophos

naphthalene
Nemacide

oxythioquinox
paradichlorobenzene . . .

pans green

dodecachlorodctahydro- 1.3 .4-metheno-14-
cyclobuta|cd ] pentalene

dimethyl phosphzte of 3-hydroxy-
N.N.dimethvl-cis-crotonamide
1,2.-dibromo-2.2.dichlornethyl dimethyl phosphate
naphthatene

042.4-dichlorophenyl) 0,0-diethyl phosphorothi-
oate

p<hlorophenyl p-chlorobenzenesulfonate
6-methyl-2,3-quinoxalinedithlol cyclic §,S-
dithiocarbonate

p-dichlorobenzene

0.0-diethyl O<{p-nitrophenyl) phosphorothioate
copper acetoarsenite
diethyldiphenyldichloroethane and related
compounds

Name Used

piperonyl butoxide,
technical.

* propargite

propoxur
propylene oxide
pyrethriny ...... veas

rotenone . .

ryania (ryanodine} . .
sabadilla

Stcobane® ... .. Caaea

sulfuryl fluoride
summeroll ..........

tariar emelic

Telone® ............

177 s
*setradifon . ...... e

tetrapropyl
thiopyrophosphate
(Aspon®).

toxaphene ...

trichlorfon

zineb ........ Faanaa

Identity _‘.':
]

0.0-diethy] S- [(ethylthio)methyl] phosphorodi.
thioate

0.0-diethy) S-[(6-chloro-2-oxobenzoxazolln-3-
yl)methyl] phosphorodithioate
2-chloro-2-dietf1ylcarbamoylol -methylvinyl
dimethyl phosphate

(butylcarbityl) 6-propylpiperonyl) ether 30% and
related compounds 20%
2-(p-terd-butylphenoxy)cyclohexyl

2-propynyl sulfite

o-isopropoxyphenyl methylcarbamate

propylene oxide

the actlve insecticidal constituents of pyrethrum
(,0-dimethyl 0-(2,4 5-trichlorophenyl)
phosphorothloate

the primary active compound of derrisand cube
Tools

. powdered stemwood of Ryaniz speciosa

ground seeds of sabadilla containing veratrine, a
complex mixture of alkaloids

terpene polychiorinates (65 percent chiorine)
sulfur

sulfury! fluoride

a formulation of petroleum oil prepared for use
in sprays to plant follage, usually an emulsifiable
concentrate of high oil content

antimony potassium tartrate
dichlorodiphenyldichloreoethane

mixed dichloropropenes

tetraethyl pyrophosphate

4.chlorophenyi 2,4,5-trichlorophenyl sulfone
0.0.0,0-tetrapropy| dithlopyrophosphate

. chlorinated camphene containing 67-69 percent

chlorine

dimethyl (2,2,2 trichioro-1-hydsoxyethyl)-
phosphonate

zinc ethylencbis[dithiocatbamate]




EXPLAN ATIOIN OF TABLES THAT FOLLOW

The tables that follow list the insecticides to use in the coatrol of the
major insect pests gnd give the formulations to purchase, dosages t0 use, and
brief instructions on where and when to apply these insecticides. The tables
also include the lega) tolerances for insecticide residues permitted on food or
feed products and the minimum time that must be allowed after applying the
suggésled dosages of insecticides in o;der 10 meet these tolerances. Other
safely restrictions on the specific use of certain insecticides are given in the
last column of the same page as the insecticide. Always read these safety
resirictions 1o see if any of them apply to the jnsecticide that you plan to use
and then observe those that are appropriate. For general precautions in the
use of insecticides. see page

With a few exceptions, the crops, insects, and insecticides are listed
alphabeiically. See page  for the identification of the insecticides.

The insecticides listed for each insect are alternatives and are to be used
sc;{;mlely unless mixtures of two Or more materials are jndicated by plus (+)
signs. '

“Formulation” refcrs to the form of the insecticide, usvally as purchased.
Dusts. baits, fumigants, aerosols, and gFanules are generally applied at the
sirength purchased. Emulsifiable concentraies, wettable powders, suspension
concenltrates, and powders are 1o be diluted with water unless otherwise

indicated. The ammount of water 10 use will depend on the output of the

eguipmem.

A single entry in 2 box applies 10 all the insecticides and formulations
opposite that box, except as specificd.

A duash in iny column indicates that there is no appropriate entry.

The word “extended” in the tolerance column means that the registration
for this particular use of the insecticidc has been extcnded to allow time for
the establishment of a finite tolerance. It will be withdrawn when the
extcnsion expires. Therefore. the insccticide must not be used on the
indicated crop or animal without determining whether the tcgistration is still
in effect. Check with your county agricultural agent or with your St
agricultural expenment station.

The term “nonfood use™ in the toleranc: column means that*a tolcrance is
not needed. The Pestiaides Regulation Division has determined that based on
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consideration of the pattern of use and the nature of the chemical, there is no
reasonable expectation of any residue reaching and being retainad in or on
food or feed.

The word “safe” in the tolerance column means that the insecticide Is
""genenally tecognized as safe GRAS" ypder the provisions of 21 CFR 120.2
of the Federal Food, Drug, and Cosmetic Act as amended. A tolerance is not
needed for such insecticides. Also, when "“exempt’ appears in this columa, it
means that under the provisions of this act, the insecticide used in this
specific way has been exempied from the requirement for establishiment of a
tolerance.

The foltowing zbbre\nallom are used:

Bait

Fumigant

Granules

Solution

Spray

Ultra low volume concentrate
Wettable powder

The insecticide dosages given in this handbook are the maximums
suggested for mature plants and animals. Often they may be reduced for
immature plants ocapimals without loss in effectiveness. Effective dosages
may also be reduced by careful attention to application under favorable
weather conditions. However, be careful not to exceed the suggested dosages
except as indicatcd on the registered insccticide label. Dosages larger than
those suggested in these lables may leave illegal residues on the harvested
producl unless more time is alowed beiween the last application and harvest
than is suggested in the table.

The principles l‘ollowed in the commercial use of insecticides on crops.
livestock, or stored products should also be followed in their use in th. home
and the hone garden. However, untrained persons should not use any
insccticide labeled POISON and illustrated with the drawing of the skull and
crossbones.

Ttade names are used in this handbook solely for the purpose of providing
specific information. Mention of a trade namc does not constitute a guarantee
or warranty of the product by the U.S. Depariment of Agriculture.
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STORED-PRODUCT INSECTS

COMMODITY,
SYORAGE, AND
INSECT

INSECTICIDE
on
TYREATMENT

TOLEMANCE
{p. p »}

FORMULATION

DOSAGE
fastive ingeedionr
pee 1,000 ou. fi.
unless oheruing
wlated)

. HOW. WHERE. AND WHEN TO APPLY

]

SAFETY RESTRICTIONS

FRUITS, DRIED~-
Aaiting
{processed} lcon.}

In bulk 33 1b cassy
Saw-toothed and
merchant grain
beetles. dried-fruit
beetles, Indian
meal moth

Ethyl formats or
mathyl formate

Quring summer in caset just bafors
maling. '

Quring winter in cases just before
sealing.

In storage
Saw-toothed snd
merchant grsn
beetiel, dried fruit
beeticy, Indian
mes! moth

Storage life is about 1 yeer # molsture
Imntmtiunoubon'lﬁﬂ-m

|
|

FABRAICS—
f urnishingsl

FURNISHINGS—15ae page 14.10

FURS

In the home
Clothes moths and

carpet beeties

Cold storage

34 - 40° F. and
44%-55% reiative
humidity.

Prolessional storage is advimbie.

GRAIN-Barley
ISee GRAIN-Corn,
shelled) N

Control measures for insects in stored barley ars the same 88 in GRAIN =Corn, shelisd, page 14.24.

GRAIN-Corn, e

In bags in ware-

house
Grain wetvils, letier
grain borer, grain
bestles, Argoumois
orain moth, Indisn
meal maih

-

Space fumigation.

Fumigants should be applied
onty by a trained operator,

Do not fumigate with  °

Space fumigation. 24 houry st 60° F.
or above,

hydrogen cyanide (HCN) at
temperatures below 80° F.
Aerate for 24 hours afrer F

Space fumigation. 24 hours at 6O ~
B F. _

eatmant.

Aarate after fumigation
with methy! bromide,

imued October 972
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STORED-PRODUCT INSECTS

COMMOTIMTY,
SYDRAGE, AND
INSECY

INSECTICHDE
on
YREATMENY

FOMMUL A YION

DOSAGE
fottive ingrediynt
Pue H A, ft.
oaleas sihtrwin,
ssnd}

HOW, WHERE, AND wHEN TO APPRLY

'
SAFETY RESTRMCTIONS

GRAIN-Com, sar
loon)

in perforated reed
crib bing
Graen wasvile, lopser
grain borer, grain
bostiss, Angoumols
grein moth, indian
moal moth

Cover crib with gestipn tarpeulin,
28-hours ot 80" F. or shove.

In woodn crib bing
Grain woevlls, lesr
grain bocar, gran
beaties, Angoumols
grain moth, Indian
meal moth

Carbon mtrachloride
+ earbon disuifide
{80:20 mixturs)

© gul./1,000 bu.

Distribute tumigant eventy over murface.
Cover criy with gastight ~arpsulin.

Ethylene dichioride
+ carbon tetrachlorics
{75:25 mixture)

© gul./1,000 by,

Distribute fumigent evanty over surface.
Wcribmpm tarpaglin,

GRAIN-Corn,
shelled or ser

in bulk
Indian masl
moth

1.6 Ib./1,000 cu.
ft. of spece sbowe
gran,

Applyufhmvorvwhtom '

over top of grain o control moths in
awtece layer. 70° F. or sbove.

Fumigents shouk! be sppiled
only by & trained operstor,

Do not releass seroesot
nest an Open flame.

2 1.1,000 cu. fr
of space sbove grain.

Apply m fing spray or vepor into space
o of grain to control moths in
surface Tsyer. Balow 70° F.

Mineral oil o mest -
specification sntablished

2 qr./100 . ft. of
surface or 5 Qt./3,200
bu./bin.

Protective treatment with oil spray on
surface. In South—First spplication
after grain it fumigated; second in

July or August. In North—First spplics
tion after harvest following fumigation;
wcond in Apeil or May of next yeer,

by Food end Drug
Administration,

+

Use Pesticides Safely—Foliow the Labet
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STORED-PROOUCT INSECTS

N
AGE
CMD‘TY. INSECTICIDE “OLEMAMCE l’mi??. wediest - )
STOMAGE, AND on 0 FORMUL ATION pes 1,000 ou, i MOW, WHERE, AMD WHEN TO APPLY SAFETY AESTRICTIONS
1hSECT . TREATHENT iy p- o) veless ailsrwise
- atated)
GRAIN-Corn,
— shelled or aar {con )
Flying insscts Pyrethvim + 3+ Qil win. % by wi. 0.008 + .08 b/ - Apply with thermal swoeol generator,
plperonyl butoxide Pyrethrirg 0.2 + 1.000 cw. ft. of
piperonyl butoxide slrapae.
2.0+ tetrachioro-
ethylerw 60.0 ¢
deodorited kerowne
47.8 -
In warghOums Malgthion 8 EC 0.83 1b./1,000 bu, Spray into grain stream as it goes into Soft inect-suxceptible
_Grain weavils, Semer {premium grade} storage. Mix with weter—3 - 8 gal/ vasigties are difficuit
@ w0 bover, grein 1,000 bu. to pretect. Tne dust will
bestiés, Angoumols cayse dovwngrading of
grain moth, Indisn 0.32Ib.n 1w 2 Surtsce mprey. Will not comrol market grain,
maal moth ool, woter/ 1,000 insects extablished benesth the suriace. :
m. ft. ' Fumigsnts should be
spplied only by a trained
Pyrwihvir + I+ 200 EC or oll soin, 0.08 + 08/ Spray into grain streem 8¢ i goes into OPIrAtor.
plperony| butoxice 1,000 bu. storage. Mix with weter— 3 - 6 gal./
1,000 bu, Do not recirculate phosphine
from sluminum photphide,
D Q.05+ 081/ Protectant dust, Befors com b
1,000 bu, infestad, when molrure contant is 12% Under no conditions shall
or lesa any processed food or
snimal feed come in
contact with any
GRAAIN-Corn, - ahaminum phosphide nor
shelled {siso Barley . with sluminum phosphide
_and Qats) residues,
In conceeta O Aluminum phosphide | 0.1°* F 3 wblets/ton or Add to grain streem. Fumiguts for
metal upsight bins, {phosphine) 90 tablsta/ 1,000
3,200 bu. metsl bu. Sdaysm54° - 60° F,,
hing, or ferm- 4 deyset 60" - 68° F, or
typs metal bins 3 deys 0t 69° F. or sbove,
Grain weevils, lesmer
arain borer, grain 10 peltety/ton or Adg to grain stresm. Fumigsts for
bestles, Angoumois 300 patiets/ 1,000
grain math, Indian bu. ddaysm54’ - 68 F,
mesl moth ddayser 60" - 80° F ., or
2 deyr a1 89° F. or sbove.
*Tolerance for pyrethving and piperonyl butoxide on cats is 1 + 8 p.p.m.
**The tolerance for phosphine on procemmsd commaodities is .01 p.p.m, snd on rew produca, 0.1 p.p.m.
lmwad October 1972 ' U Pusticides Selely—Follow the Label
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! STORED-PRODUCT INSECTS
&
DOSAGE
STORAGE, anND oR FORBUL ATION pet L o i HOW, WHERE, AND WHEN TO APPLY SAFETY RESTRCTIONS
INSECT TREATMENY ipp =) calses otherwice
staicd)
GRAAIN-Com,
© shwlled (siso Barley e
and Oats) (con.) .
In concrets OF Calchum cyanide =% F 12 - 15 16./1,000 bu, Mix lnto grain streem 70" F. or Fumigants should be
mated upright bine, {hydvogen sbove, applisd onty by s tralned -
3,200-bu. matal cyanide} Operator.
bing, or term.
type matal biny Carbon ttrachioride Exempt F 3901./1,000 bu.* Gravity-distribution fumigetion. Aacate ofter tumigation.
Grain weevils, lewer + carbon dinsilide Surface spplication or layering method. .
ain bover, rain §80: 20 mixture} 80" F. or sbove.
heelles, Angoumols
grain moth. Indian 115 00l." F orced-distribution fumigation. Clomsd-
maeal moth recirculation of single-pass.
80" F. of sbiwe,
T Forced-distribution fumigstion. Clowed-
reciculation of single-pas.
Below 60" F.
Chioroform + carbon | 50 F 2.25 on) /1,000 bu. * Gravity-distribution fumigation,
digulfide + sthylene (inorganic Surface 3pplication or layering method.
dibromide bromide} 60" F. or above,
COthens
mampt 2.75 gl /1,000 bu.* Gravity-distribution fumigation.
Surface spplication o layering method,
Beiow 60" F.
Chioropicrin Exsmpt F 31b./1,000 by, * Gravity-distribution fumigation.
Surface application, 70° F. or shove.
416./1,000 by, * Gravity-disiribution fumigation, .
Surface spplication, Below 70° F.
- Chioropictin + Exempt F 2b. Forced-distribution fumigation. Closed-
mathyl chioride recirculation or single-pass.
{85: 15 mixture} 70* F. or above,
m. Forced-distribution fumigation. Closed-
tacirculation OF single-pass,
Below 70 F.

*Doubls the dowge if used in wooden bing.

Igued October ¥72
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STGUEE D PROHUC T 10 C1Y

DOGAGE

COMMOIM TN, INSEC TWCIDE furiree tagecdinnt .
STORMLI, ANE oR ToLERANCE FORMUL & THON por 1000 .0 Ir. ; HOW. wHERE. a0 WHEN TO APPLY SAFETY RESTRICTIONS

A S TREATMCNT v p o) unfoan ntherutae
ainted}

GRAIN-Corn,

shelled [al3o Barley
~and Oats) fcon.] |

In cancrete of metal Ethylens dibromde 24 . 36 02./1.000 Gravity-distribution fumigstion, Fumigants thould be

uptght bins, 3.200 by, +« methyl bromide bus, : Surfece application of layering math oo, apphed only by 8 trained

me1at bing. .0r larm type §  (70:30 ouxturel 70" F. or above in farm-type bins. operator.

e —a

mnetal bins - -
Gran weeviis, lestar : g % 36 o:.}l.l:fw bu._ | Probe "”'"“.'m l.mo m Aerats aftar fumigation.
grain borer, graun Ethylens dibromice L125. 151, Forced distribution fumigation.
beatles. Angoumon + methy| bromde Closed- recirculation of single-pasy.
grain moth, Indian 130:70 mixture) 70° F. or above. . Do not fumigate with
meal molth 2:3m° Forced-distribution fumigation. hydrogen cypnide {HCN)

T bl | vy

ow . . s for

Ethylene dichioride 45 gal. 71,000 bu.* Gravity dintribution Turmigation. hours after trestment.

* carbon tatrachlovidel ' Surface application of layering method. Do not recirculete Mﬂ

{75:25 . . .
mixiure) 70° F. of sbhove from sluminum phosphide.

' 25 gal.* Forced-distribution fumigation.
Cioped-recirculation or singie-pass.
70° F. or above,

d5gal.* Forced-distribut'on furnigation,
Closad-racirpulation of single-pas,
. . Below 70° F,

€ thylene dibromide 5¢ 4. 5gal./1,000 bu.* Gravity-distribution fumigation.
* ethylene dichionde Surface pplication or lyering method.,
+ carbon tetrachloride]  bromece) 70° F. or above.
(5 35: 60 mixture)

[ Hydrogen cyanide 100 { 3ib, Forced-distribution fumigation.
Closed recirculation o single-pass.
Methy! bromide 50 21b. Forced-distribution fumigation.
{inorganic Closed-recircutation or single-pass.
brormide) 24 hours at 60° F, of sbove.

Jib, ,Forced-distribution lumigation.
Closed recirculation of single-pam.
24 hours at below 60° F.

In {lat slofege Aluminum phosphide J tabletw/ton oF Probe tablets into corn. Fumigate fos
Beetles and moths 90 ublaw/1.000 bu.
Sdayvat54° - 60° F,,

ddaysat60'- 08" F. or
3 days at 89" F. or sbove.

*Doubls the dosege I used in wooden bing.
** The wolerance for phosphine on procwmed commoditias is 0.0T p.p.m. and on rew products, 0.1 p.p.m.

BEST COPY AYAILABLE

Imusd Gerober 1972 U-Tghmv—&lowﬂ-w
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STORED-PRODUCT INSECTS

COMMODN Y Y,
STORAGE, AND
INSECT

MSECTICIDE
R

TREATMENT

TOLERANCE
fp. p- m.)

FOMUUL ATION

OOSAGE
faruve ingrediens
pre £.000 ru. o,
waleet othernise

stoted)

HOW, WHERE, AND WHEN TO APPLY

SAFETY REATMCTIONS

GRAIN-Corn,
shelled (siso Barley
_and Oars} {con.)

In 113t storage
Grain weeviby, lessar
grain borer, gran
beclles. Angoumons
grain moth, {ndian
medl moth

| ESTTIS B P TP o

ERIC

PAFulToxt Provided by ERIC

Calcium cysnide

2%

{hvdeogen
cvanide)

15.20 b/
1,000 bu.

Mix into grain a3 it is being placed in
storege.

Carbon telrachioride
+ carbon disuifide
{BG: 20 minture)

Exempr

Chioroform +
catondisuifide +
ethylene dibromids
121.25:23.75:50
Minture}

Chioropicrin +
methyl chioride
{B5.15 mixiure)

Elhyiene dibramids
+ melhyl bromide
{30 70 rrum el

Eth civie diw o made
v amethy! Bieonoede
(20 e tured

—_——— —

50
{norganic
tromide)
Others
exempt

4.5 gal.

Gravity-distribution fumigation.
Surface 3Phcation or Iayening method.
70° F. or above.

Agrata sttar fumigation,

2 gal.

F orced-distributinn fumigation.
Closed-recirculation or single-pass.
60" F. or above,

2.25 pah.

J.75 gal./1.000 bu.

Forced distribution fumigalion.
Closed recuculahion oF single-pass.
Below 607 F.

S ——

Fumigants shouid be
applisd only by 8 trained
operator.

Qravily-disthibuton fumigation,
70" F. or aboveo

4.25 gal./1,000 bu.

Gravity-distr.bution fumigaion.
Below 70° F,

Exempt

50
{inorganic
e ormicie)

IJO

Liaargamg
lagmuge)

25 b

| 30 36 ar./1.000
[ b

Forced-distnihuon fumigation.
Closed: recirculation or single-pass.,
70" F. or above,

Forced distnbution fumigation,
Closed recirculation oF single Dass.
Beiow JO° F.

T ———————————

Forend disinbution fumiganon.
Closed recirculanon or single-pass,
0% F. yr uvove,

|
|
' ... .
' Forzed deinibwtion furmigstion.
{losed recotolatian oF SIngle pass,
Buiow 70 ¢

i

1

Probys Sonnng 1 anto botshot

eoot Gord At laile

Liwe Prestaenles Saidurly Frellow 10 i Lot}
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STORED-PRODUCT INSECTS

COMMODITY,
STORAGE, AND
INSECT

GRAIN-Corn,
¢ sheited [als0 Barley
_and Cats) {cor}

In fat storage

Grawn weewils, hesser o

grain borde, yran
beetles, AngOumans
rdin moth. Indun
meal math

INSECTICIDE
arR
TREATMENT

FORMUL ATION

DOSAGE
fariive uhyredivat
pes §.000 cu. ft.
walesy orhvrmor

staied)

NOwW, wHERE, AnO WHEN 1O ARPLY

\ _

L]
SAFETY -\gmml:'nons

E thvllcnc dichlotide
+ cartion tetrachiosice
{75 2% minturel

L]

E lhvlme dibromide +
ethvlene dichlonde +
carbon tetrachiornde
(5 35 60 mixwre}

Hvd!ogen cysnide

6 901./1,000 bu.

Z75 gal. |

Geavity-disir'bution fumigation,
70" F. or above,

Forced-distribution fumigation,
Closed.recirculstion of single-pess.
0 F. or sbove.

375 .

-

Foreed distribution fumigation,
Closed-recirculation of single-pam.
Below 06

S0
binorgare
bromde)
Others

4.25 gal./ 1,000 bu,

Gravity-distribution fumigation.
70" . or sbove.

Meihyi bromide

Forced distribution lumrglatmn
Closed re:urculalnon or single-pass.
Forced dlsmbutlon fumigation.
Closed recircuiation oF single-pasy.
24 hours a1 60° F. o sbove.

“Maiathion
{premium grade}

0.63 1b./1.000 bu.

Forced-distribution Iumrgmoﬂ
Closed-recirculition of tingle-pass,
24 homs 81 below 60° F.

Muu with water 3. $ ga)./1.000 bu.
Spray on grain stream as it goes
into storage.

032 15./1,000 50,
ft. of surface area.

Surface sPray. Will not control insects
sirsady established beneath the surfece.

0.6 1b./1,000 bu.

Mix dust in10 wheat batore ftoring.

Fumigants should b.\-d
applied oniy by a trai
Asrata after fumigation.! -
Do not fumigsta with h

Cranide ( at lampefatures
below F. Agrate for

24 hours after trestment. \

it

Fumigants should be
applied only by 8
trained Opetator.

Repealed suriace sprays
with malathion may Caumw
sucessive retidoss

muad October (972

ERIC

Aruitoxt provided by Eic:

BEST COPY AVAILABLE

Use Pasticides Safely—Foliow the Label

464




Q

E

PAFuiToxt Provided by ERIC

RIC

e s Ik e S T el L Tt i = b L A O OV ISR -
‘ . . .
- f !
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STORED-PROOUCT INSECTS { / )
' / T
! DOSAGE
COMMODITY, INSECTICIOE
STORAGE, AND oR TOLERANCE ATION foetcve ingredieal
MSECT TREATMENT .p.m) FORMuL ::;':,og?l::w!:‘ AOwW, WHERE, AND WHEN TO f”"" SAFETY MESTRICTIONS
siated}
/
GRAIN-Corn,
shelied (3130 Basley .
ord Qats) lcon.}
tn fiat storsge Pyretheing + 3+20° EC or oil win, 0.08+061./ Fumigants should be /
Grain weevily, lasser piptronyl Dutoxide K 1,000 bu. applied only by s wained
grain borer, grain operatos. ..
beetles. Angoumois. = - :
gram moth, Indian o 0.06 + 0.831./ - Mix dust into wheat before storing, Repested surfice sprays with
meal moth 1,000 bu. malathion may Caume sxcessive
- A - - residues.
In bulk, i freight Ethylene dibromide + | 50 F 5.75 gal./1.000 bu. Apply trom outrside of car using hand
cars ethylene dichloride ¢ 1 {inorganic OF pOwer sprayer,
Gramn weevily, lesser carbon tetrachloride bromixie) .
grawn borer. grain 15, 35; GO mixture) | Others
beetles. Angournoit ' exempt
g+ din moth, Indian
meal moth
In bulk, in freight Chloropicrin ‘ Exempt F Jib. Recirculation fumigation,
cars and van 70° F, or abova.
truChs
Grain weevils. lesser 4 b, Recirculation fumigation.
grain borer. gramn Beiow 70" F.
beeties, Angoumdis
gran MOth, Indan '
meal moth N '
Storage bin Malsthion V 6 on grain £C 0.45 1./1,000 Mix with water. Af lsast 2 4 weeks
Grain weevilt, lesser {premium grade) Z m. it betore grain s binned. spray intide
gran borer, grain 3 , wally and floor of bin at rate of Zgal./
beetles, ANgoumois MéthaxyChlor 2 on geain wP, £C 0.4 19./1,000 1.000 3q. t1. '
grain moth, Indi2n m. f1. .
meal moth [ !
Pyrethring + : 3+20 Soln 0.013-0.13 ./ Mix with water and apply to walp and .
pipeiony| butoxide 1,000 :q. ft. tioor of empty stotage at the rate of
. 2 gal /1,000 sq. fr.
P .

*Tolerance tor pyrethring and piperonyl butoxigde on osts'is 1 + 8 p.p.m.

igued Ociober 972
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STORED-PROOUCT INSECTS

b

COMMODETY,
STORAGE, ahD
INSECT

INSECTICIOE

TREATMENT

TOLERANCE
ip. p.m.)

FORMUL ATIOH

DOSAGE
faeins agredienn
rer L0 ru i
wniess orthernine

saied)

HOW, WHERE, AHD WHEN TC APPLY

SAFETY RESTRMICTIONS

GRAIN-DOat1 (See
GRAIN-Corn,

T

Control measures 1or insects in Mored Cats ere the same 83 in GRAIN-Corn, shelied, page 14.24.

+

GRAIN--Popcorn

In bags in fraight

cany
Grain weevils, lexper
ran borer, grain
beetles, Singoumois
grame-math, Indian
megl motih

Methyl bromids

15 tb. in refrigerastor
.

¥4 I, in wooden
car.

10 1b, n sesl
o,

Fumigats 1or 24 b,

In bags in ware

houses, w1 fymga-

110N chamopers, o

under tarpailing
Grain weevils, lessor
Qrain borer, griin
beetles, Angournais
gren moth, Indisn
maal moth

Hydrogen cvanide

100

1ib.

Methyl bri, de

240
(inorganic
bromide)

1.51b.

Perforsted steel cribs should be
coverad with tarpauling
Fumigete 24 hr. ot 70° F. or sbove.

In bulk, ‘n packer
bing wath circula-
. tion syrlems

Grein weevily, lxmr
rain borer, grain
besties, Angoumois
grein moth, Indian
megl moth

Aecirculation fumigation,
24 he. at 70° F. of sbove,

Recirculstion fumigation:
24 hr. at 60° - 69° F.

Recirculztion fumigation,
24 v, a1 50" - 59° F.

Recirculstion fumigation,
itw. a4l - 40" F,

in perforated sl
¢rib bing
Grain weevily, lecwr
grein borer, grein
bestles, Angoumols
grain math, Indien
maal moth

Cover crib with gartight tarpaulin,
24 tw, st 80" F. or sbove.

Fumigants should be’
spplied only by e trained
operator.

Do not fumigate with
hydrogen cysnide (HCN)
‘of Tamperé low
60° F. Aovate for 24
hours after trestment.

Asrated after fumigation,

lmead October 972
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STOREOC-PROOUCT INSECTS

DOSAGE
COMMOINTY, INSECTICIDE )
TOLEMANCE fantive ingredienr
“ot:;gg:r o T™"e :'::ewr ip.p») FORMUL aTION ::;' :.0:3*::' !:- HOW. WHERE, AND wHEN TO APPLY SAFETY MESTRICTIONS
stared}
GRAIN-Popoorn
{con}
In small lots Carbon tatrachloride Exempt 1 0z, In 100-1b. Distribute fumigant eveniy over surfece Fumnigenis should be
Grain weevils, lemer + earbon disultide et con. and axpose 10r 24 hr, applled only by a
grain borer, grain {80:20 mixture) trained operator, Awets
beetles, Angoumois strer furrigation.
¥ainmoth, Indian Ethytene dichloride Exempt
meal math + carbon wetrachioride -
175:25 mixture)
In wooden ctib birsg Carbon tawrachloride | Exempt 8 gal./1,000 bu. Distribute fumigant svenly over surisce.
Grein wesvils, et + carbon disulfide : Cover ctib with gastight tarpaulin,
Prain horer, grain {80. 20 emixturs) 60" F. of abows.
beeties, Angoumols
grain moth, Indisn € thytens Dichloride Exsmpt 6 gal./1,000 bu. Distribute tumnigant svenly over surface,
meal moth + carbon tetrachioride Cover crib with gastight terpadin,
+ {75:25 mixture) 7¢° F. of above. '
in wooden of metal Carbon tetrachioride Ensmpt & pat./1,000 bu. Dis1sbute fumigant svenly over surfsce.
himt * carbon disulfide Covet crib with gastight Wwpaulin.
Grain weevils, jeyxser {80:20 mintura) 60" F. o above. '
gran borer, grain -
beetbet, Angoumois Ethylene dichioride Exempt 5 gal./1,000 bu. Distribute lumigant evenly over surfaca.
grain moth, indian + carbon tetraechioride Cuver crib with gastight tarpaulin.
meal moth 175:25 minytre) 10 F. or above.
GRAIN-Rica >
mriched
in packeges Aluminum phosphide | 0.01° In tarpaviin turmigation place tablets of Fumigants should be
Saw-100thed grein {phosphine) peilers in wrays gt each cofner of stack, appliod only by @ ireined
bestle, flpur beethm, operatof,
Indwn mesl morh 45 ublets Fumigate for
Aerate products 48
Sdavsat54' - 59 F,, nours belore offeting 1o
4 daysat 60° - 68" F_ or consumer. .
3daviat 69 F. of above. .
—— e e e a— — —— - ——

lsued Ottober 1972
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STORED-PAODUCT INSECTS o
’ w
COMMODH T INSECTICIDE - 0038 GE ) ®
. 1, mgreds
STORAFE, AND onr roa.(nm;:e FOMMUL ATION ‘:: To;é‘ :...}:‘ HOW, WHERE, AND WHEN TO APPLY SAFETY RESTRICTIONS
. INSECT TREATMENT ip.p = cnless othermise
stated) . . .

GRAIN-Rice ' : - )
wwiched {con.) y
in packeges Aluminum phompnide | 0.01°* F 1665 peliets Fumigate lor

Sewtocthed prein {phosphine} .

Sastle, flovr bestim, ddeysat 54° - 50° F., Under no conditions shall

indisn mal moth ddays 860" - 68" F,, or ) any procetasd food or

2dayr it 80" F, or sbove anima! feed corme in
- contact with any plumingm
nor with
phosphide
- J .
3 v
;
r ) -
¢ L=}

°mmuMonpm-umnuhom p.g.m. and on rew products, 8.1 p.p.m. ¢

usd Ocrober 872 : Use Pasticides Safely—Follow the Label
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STORED-PRODUCT INSECTS

o0SAGE
COMMODITY, INSECTICIDE ) { ; -
TOLERANCE sctive cageedinst
STORAGE, AND oR FORMLL ATION i 1 €. AND ¥ SAFETY RESTRICTIONS
IHSECTY TREATMENT (p.p.m.} - ::;':' .a:-.'...":', uow_ wER WHEH TO APPLY ,
stasedt
GRAAIN-Rics.
anwichad {con.)
in packegen Muthyl bromide 126 F 1.5 01./1,000 1b, 4.0t 70" F. or shove in Fumigents should be
Saw-toothed prein {inorganic stmosphaer ic chamber. wpplisd oniy by » trained
beetle, tiour Dewties, bromide) 1.76 Ib. operaior. .
Lndien meal moth 1 021,000 . 6w, a1 70" F. or sbove in ) frar formiaath
stmospheric chamber. with methy! beomide.
15 Under
0.5 011,000 tb. 12w, 21 70" F. o sbove in oy ":c"w““’,';‘:;':""
wimaspheric chamber. "animal teed come in contact
0.75 Ib. with any sluminum photphide
. 1.5 02.71,000 Ib. 2tw. 0 65° F. of above mﬂ%"-?tma im prosphsde
vatuum chamber. hours before oftering 1o
Aw. consumer. -
0.75 01./1.000 b, Atw. a1 65* F. or sbowe in ,
Repellent pyretheins +
YiGuum chamber, piperony} butoxide
) 2 treatment not 10 be used
In bage Pyrethring + pipsronyl | 1 + 10 WP 5 s 1 myg. pyrethring The insect-répelient treatment is 1o ba on "‘9’:' fess than
Saw-toothed grain butoxide + insect. . +50s 10mg. aPplied on the paper uged as the cuter 50-Ib. nize.
bestle, tlour beetles, tight kraft bans, piperonyf butoxide piy of multiwall bags havingTinsect-tight
Indian mesl moth . /sq. tt. of ban construction as In specifications
surface. aveilable trom ARS. .
GRAIN-Rice T
In bags or cartons in Akuminum phosphide | 0.01* F in tarpautin tumigation, Place tablets or
fumigation chambers {phosghine) peltets in tra¥s at each corner of stack.
Saw-toothed grain . rm—— e e
beetle. Hour Deetles,
Indian mea! moth 45 tablets Fumgate tor .
5days at 54° 59 F,
. 4davs a1 607 B8°F. or
+ I davs at 59° F or above.
165 poilets c [ Fumigate tor
. 4 days a154° - 59° F,
Idaysam 60° - 68° F,, or
. 8 2 daysal 69° F. or above.
e mm—— —_— L — e e
* Tha tolersnce for phosphine on processed commaodities is 0.01 p.p.m. and on rew producis, 0.1 p.p.m.
lesuad October 972 U Pesticides Safely—Foliow the Label
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STORED-PRDDUCT INSECTS

COMMODTY, IHSECTICIDE TOL ERANCE f-ru?:;?fdlmt "
STORAGE, AND oR FORMUL ATION per 1.000 cu. fr. HOW, WHERE, AND wHEH TQ APRL YT SAFETT RESTRICTIONS
INSECT TREATMENT o pot unleas otheratee
sleied)
- _ —_
GAAIN-Rics. &
mulied {con.} *
In bags in lumigation Methy! bromide 125 F 1.5 oz./1,0001b. 4 hr. st 70° . or sbove In Fumigants should be
chambers linorganic stmospheric chamber, e spplisd only by & treined
Saw-t100thed grain g tromide) 1.75 ib. : operstor.
bewtle. flour besthes,
indisn mesl moth 1 02./1.000 Ib. S nhr.e1 70" £, or shove in Asrate sfter fumigation
stmospheric chamber. with mathy! bromide.
- 151,
— .
' . 0.5 02./1,000 ib. 12 hr. a1 70° F._ or sbave in
mmospheric chamber.
0.75 Ib.
1.5 02./ 1,000 1b. 2 hr. st 65° F, or sbove in
Tacuum chamber.
31b.
——
0,75 0z./1,000 1b. 3 hr. #t 65° F. or above in
——{ vatuum chamber.
2w,
In bins Methyi L dmice 125 F : 11b. Fumigate in packer bins for 15 hr. Asrats atter fumigetion
Saw toothed geain linorganic with methyl bromide.
beetle, flour beetiey, bromide)
Indian masl moth
Storage bin Malsthion ] EC 0.45 1b./1.000 Mix EC or WP with water. Spray irside
Saw-toothad grain (premium gradal . tH. walls snd fioor of bin at rate ot 2 gel./
boetle, flour beethes, 1.000 0. Tt o1 lust 2 waeks befora
ndien mes) moth Methoxychior 2 WP, EC 0.4 1b./1.000 prain is binned.
0. ft. »
Pyrathrins + 3+ 20 Ol woln, - 0013. 13/
piperonyl tutoxide 1.000 »q. fr. o .
c 476
. 470 *
Une Pagticides Safely—Follow the Labes
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STORED-PRODUCT INSECTS

COMMODITY,
STORAGE, AND
INSECT

NSECTICIDE
ar
TREATWMENT

TOLERANCE
fp. p. m.}

FORMUL ATION

+

:

.

DOSAGE
factive ingredien)
10 1.000 co fr,
unlvas otherwnse

stoted)

:

f

HOW, wHERE, AMD WHEN TO APPLY

o

7 ¥ 4
SAFETY RESTRCTIONS

GRAAIN—-Rics
milled lcon.)

In cartons in

fumigation chemben
Sawe-toothed grein
boetie, Tlour Deetles,
Indisn mesl moth

.

1.25 o2./1.000 1b,

1.75 ib,

15 hr. st 20° F.or sbove In
simospheric chember,

Fumigants should be
applied only by e trelned
operator.

2 0z./1,000 Ib.

4.251b. -

2hr. a1 65° F, or sbove in
vatuum chamber.

Asrate sfrer fumigation
with mathy! beomide.

1.5 02./1.000 tb,

I

A hr. ot 65* F. or sbove in
vacuum chamber.

1.26 02./1,000 tb.

251b,

12 by, ot 65" F. or sbove In
vacuum chamber.

Miil equipment
Saw-toothed grain
bestls, tlour hesthes,
Indwan meal moth

Carbon tnirschioride
+ athylerms dichloride
+ wthylerw dibromide
[21:64: 15 mixture)

Ethylene dibromide
+ mathy| bromvide
170:30 mixtre)

Ethiflena dichloride
+ corbon tetrachlo.
tice [75:25 mixturs)

05-1.5ptin

ares 10 be tieeted.

Spot tumigation of Machinery every 2
weeks, .

1ved Octoder 972
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BEST COPY AVALABIE.

STORED-PRODUCT INSECTS ;
COMMODITY ’ INSECTICIOE - uosm:‘
$TORAGE, ANO R ToLERANCE FORMUL ATION f;’.‘:fﬁ’:.f }:.‘ MOW, WHERE, AND WHEN To APPLY SAFETY RESTAICTIONS
thsSECT TREATMENT ip.pm} wnlrss olherunse ’
f staled)
- ]
GAAIN-Rics, ,- } .
_milled lcon.} | ,
In packages i the Freeting .. . Whenever infestation is uipeclied, hotd Fumigants should be
home in Irgezer 01 0" F. for 4 days. Store in spplied onty by e treined
Saw-toothed grein i -proot containers such as glam " Opergtor.
bestle, our bestie, ] ill'li \ .
tndisn maesl moth . . .
|
Hagting - Whenaver infestation it uvq".-trd, heat
to 120° F. in oven, Hold for 0.5 lw, Store
in insect-proot conteinery -nlh » gl
. fors. .
, ‘ ’ Aerate sfter fumigation.
E;I_;iﬂ-mu. f ‘ Do not cecirculate
oo, ' . shuminum ghosphidy’
10 bage i wareivum © | Methyl bromide 50 F 1.25 b, Exposefor 16-24he, |
Rice weevil, linorganic !
Angoumois grein bromide) - l.'
moth, lesser grsin
borer. geait besthe :
I bags under Aluminum phosphide] O1° F Place tablers of peilets on metsi treys
Wrpauling ’ {phosphine) ateach corner of stack undsr tarpaulin,
Rice weevil, ! _ -] - -
Angoumois grein | \ 45 ubhets Fumigate for . i
moth, lemer grein: f
borer, grein bestles Sdeyset 54" -58"F,
! : Adaysm 60 - 68" F_ or .
f I days et 69" F. or above. :
165 pellsts Fumigate for ; : -
. AdsysotS4° - SO°F., |
t Adeyset 60" - 68° F., or
v 2 days st 60" F. or sbove. X
1 ! L -
[N : . 48 u
3 J ; T .
. v
. *The toleranuve for pHosphine on processed commadities is 0.01 p.p.m. and on raw products, 0.1 p.p.m. ; .
. ! !
U Pagticides Safely—Folicer the Label



STORED-PRODUCT INSECTS"

COWMODHTY,
STORAGE, AND
INSECT

INSECTICIDE
]

TREATMENT

TOL ERANCE
p.p o)

FORMUL ATION

OOSAGE
factrve ingredien
pecd, eu. i
onlesy otherueae

naed)

HOwW, wHERE, a0 wHEN TO APPLY

SAFETY RESTRICTIONS

GRAIN—Rics.
rough {con.}

5

\
4

PAFullToxt Provided by ERIC

i

In bags under
tarDauling
Rco weevl,
ANQoumoks grein
math, leser grein
borer, grein beetles

Expom for 24 he, ot 70° F, or sbove.

Fumigants should be
splied only by a trained
operator.

Asrste sfter fumigation

In flat Jtorege,

concrate of metel

upright bing, of

Tarm- type martsl

bins
Rce weevi!,
AnNQoumois grein
math, lesser grain
borer, grain beatles

Aluminum phosphide’

3 tabteta/ton of
80 tablata/d40 owt.

Foed tabiets into grain streem of inesrt
Into grain mas. F:-migate for

5 davs a1 54° - 59° F.,
4dayset 60" - 68° F,, ot
Idays a1 69° F. of above.

with methyl bromids.

10 pelioty/ton or
300 patiets/440 cwi

Add to grain stresm. Fumigate for

4daysat54® - 588" F,
3days 60" - 68° F., o
2 days a1 69° F. or stcve.

Do not recircu'2te Sluminum
i

Do nat use slymipum
phosphige on rice storsd

on the ferm,

12 1b./440 cwi.**

Mix into grain, Do not use in fist
storage,

Carbon tetrachioride
* carbon disulfide
{80: 20 minture)

Jga./aa0 cwr""

Gravity-distribution fumigation,
At 75° F. or sbove.

4 - 5gs)./440 cun.

Probe fumigant into hospot.

Ethylene dichloride
* carbon tetrachio-
ride 17525 mixlure}

3 9al./440 cwt.**

*Tha tolerance Igr phosphine on processed commodities 1s 0.01 D.p.in. and on rew productt. 0.1 ppm.
**Oguble the dosage if used in wooden bing.

Itued Octobar 972

Gravity-distribution tumigation,
A1 15° F. or above.
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STORED PRODUCT INSECTS

COmMODI T,
5TORAGE, aND
INSECT

/ms:c'r.c-o:
oR
TREATMENT

TOLERANCE
fp.p m}

FORMUL ATION

DOSAGE
forio ¢ sagrediead
per 1000 e fi
walesy Othrrane

riatrd)

HOwW, WHERE, AND WHEN TO APPLY

SAFETY RESTRICTIONS

GRAIN- Pice,
rough [gon.}

In 1lal torage,
concrete of melsl
uprght bint. or
form type metsl
brns

Rice weevi],

Angoumds gean
math, lesser gran

borer, grein beetiem )

Malgthion
(Premum radel

0.63 1b./440 cwt.

Treat o1 rice it being placed in ttorege.

Fumigants shovid be
applied only Dy » treined

Pyrethring +
piperonyl butoxids

0.2 + 201b./440
cwt,

Trest as rice is being piaced in storage.

opefator.

Methyl bromide

80
linorganic -~
bromide}

5. 210

Foreed-distribution fumigation in fist
storage. Expose for 24 - 36 hours.

Agrate sfter tumigation
with methyl bromige.

Do not relesse sorosol
near opon flamek,

In flat storage,
concrets Of metsl
upright bings, or
form-type metsl
bing
Moths, surface
infextation

Malgthion
{premium grade}

0.02 10./900 x. f1.
of surface ares.

Suriece spray will not control insects
siready sttrablished beneath purface.

Aerosols may be used
ageingt axpowd Insects

Methyl bromide

50
{inorganic
bromice}

tlb,

Expose for 16 10 24 hr. #1 60° F. or
sbove. Dosage cslculsted for overhead
space only.

only.

Pyrethring +
piperonyl butoxids

3+20

Oit s0in. % by wt.
Pyrethrins 0.2 +
piperony! butoxids
2.0 + tetrachloro-
ethylene 50.0 +
deadornized keropeno
478

0.006 + 0.06 Ib./

1,000 cu. ft. ot .
sirspace over tha -

load.

Apply with therma! serosol generator.

Pyrethring 0.5 +
piDerany) butoxide
5.0 + tetrachlore
ethylene 50.0 +
deodonzod kerosene
445

0.006 + 0.06 Ib./
$,000 cu. ft. of
airspace over the
load.

Apply with mechanical serosol
generstor OF as & mist SPray.

In fraight carg
Rice weevil,
Angoumois grein
moth, Iesser grain
borer, grein beaties

Methy| bromide

F

10- 12 lo./cor,

Bags or bulk in steel frelght car.

Fumigants should be

12- 15 lo./car.

Bagn or bulk In wooden frelght car.

applied only by » treined
operator.

483
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STORED-PBRODUCT INSECTS

-

COMMODITY,
STORMAGE, AND
INSECT

IHSECTICIDE
. OR
TREATMENT

TOLERANCE
i p. =)

FORMUL ATION

O0%SAGE
fective ingredieas
per 1, w1
anfess osherwine

stated}

HOW, WHERE, AND WHEN TO APPLY

SARETY AESTAICTIONS

GRAIN-Ric,
rough {con.)

Storage bin
Rice weevil,
Angoumon grain
moth, lexser grain
bocer, grain beetley

8 on grein

EC

0.45 1b./1,000
3q. .

Methoxychlor

2 on grein

WP, FC

0.4 1b./1,000
s, ft,

Mix with weter. AT laast 2 - & weels
befrea grain is binnad, spray intide
watis snd floor of bin st rete of 2 gal./
1,000 3q. Fe.

Pyrethring +
piparony| betoxide

3+

Soin.

0013 .03 1b./
1,000 3q. 1.

Mix with water and spply 10 walle and
ftoor of empty storage st the cate of
2921./1,000 3q. 1.

GRAIN-RAys {See
GRAIN-Whest)

Control measures for insects in stored rye are the same 83 in GRAIN — Whest, page 14,51,

_GRAIN-SOOM

in haqs 10 warehouse
Grain weevils,
hester OF min borer,
gramn Deetles,
Angoumo:s gran
moth, Indan mest
nwiit

Aluminum phosphide

0.1*
1phasphine)

In tarpaulin fumigation place tablets or
peliets in tray s st aach corner of stack.

Fumiganis should be
spplied only by & treined

45 tablets

Furmigata lor

5daysat54° -~ 59° F,,
4 cdays n 60" - 68" F_, or
3 days at 69° F, or sbove,

oparstor,

165 pelints

Fumigate lor

dcdays a1 54" - 59° F,,
3days 160" - 68" F, or
2 days a1 69° F. or abova,

Under no conditions shall
my processad food o
sninal feed coma in
contact with sny sluminym

ide nor with
duminum phosphige
resicues.

Meathyl bromide

Space fumigation. 60° £ . or sbove.

Fumigants should be

Space fumigation. Below 60° F.

applied only by s treined
operaior.

*Tha tolerance for phosphing on processed commaodities is 0.01 p.p.m. and on raw products, 0.1 pp.m.

Issued Ocrobar 1972
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STORED PRODULCT INSECTS |

COoMG o Tr,
STOUAGE, Anf)
INSECT

INSECTCIDE .
oR
TREATMENT

TOLERANCE
tp p om}

Fl

FORM L AT ON

GRAIN-Sorghur
{con.)

1

DOSaGL
idatene m.(fhl't-'rr
e §.0603 vu, fi
unlees othatwese

stuird?

HOW,. WHERE, aND wHEN TO aPPLY

SAFETY RESTRICTIONS

in buik
Moths, surlace
inlestation

Chiorogicrin

1.5 1p./1.000 cu
ft. of swace above

grain.

Apply a3 line Wray or vapor intu sDace
over top ol grain to control moths in
turlace loyer. 70° F. of sbave.

21b./1.000 cu. ft.
of space above grain.

Apply as fine 3Pray O vapor into space ’

over top ol grain to control moths in
surface layer. Below 70° F.

Inbulk
Groin weevls.
lesser 9r8in borer,
grain beetles,
Angoumais grain
maoth. Induan mesl
math

Malathion
(premium grade)

0.631b./1.000 bu.

Mix with water J - 5 gal./1,000 bu.
Spray on grain stream as it goes
into slorage.

0.32 1h.71,000 3q.
f1. ol sirface area.

Surface speay, Will not control ingects.
already established benaath the sorface,

€.6 1b./1.000 bu.

Mix dust into grain before stoving.

In buik, in concreta
or metsl elevator
tins, 3.200-bu.
metal bins, or
larm-1¥YPe metal
bins
Grain weavils,
lessar grain borer,
oréin beetlet,
ANQOumois grain
math, indisn mesl
moth

"3 tablets/lon of
90 tablats/ §,000 bu,

Add to grain stresm. Fumnigate tor

Sdayr s 54" - 59" F,
ddays 60 - 68° F,, or
J days at 69" F. or above.

10 peliets/ton or
300 peltots/1,000 bu.

Add to grain stream. Fumigate for

ddevsat54° - 58° F,
Jdeysnt 60" - 68° F.or
2 days at 88" F. or above,

Mix into grein &8 it _il being binned,

r

Aerate after fumigation
with methyl bromide,

Fumigants should be
applied Only by & trained
operator.

Do not recirculsats
slupinum phosphide.

Do not apply calcium
W_lnidt in wooden hiny,

48/

*The tolersnce for phosphine on procemed commaodities bs 0.0t p.p.m. snd on-r-u products, 0.1 p.p.m.

laved Dctober 922
Q
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STORED-PRODUCT INSECTS

D TY,
STORAGE, AND
INSECT

INSECTICIOE
" om
TREATMENT

TOLEMANCE
fp. » =)

FORMULATION &

DOSAGE
(artive iagredient
per LO00 cu. .
enlees nihensiee
etared)

HOW. wHERE, AMO WHEN TO APBLY

SAFETY RESTRICTIONS

_ GRAIN--Sorghum {con.)

In bulk, in concrete
o matsd slevator
bina, 3,200-bu.
matal bing, or
torrifty pe mated

" bins T

Grain weevils, lemer
Fain Horer, grein
beatles,

grain moth, Indlen
masl moth

wmml
+ tarbon disu) fide
(90:20 mixture)

4 9l./3.000 bu. *

Gravity-distribution fumigation,
Surfree application oF lsywing method.
80" F. of shove,

2.25 gal.

F orced-distribution fumigation,
Clowd-recirculation or single-pas.
80" F. or showe,

3.6 gul.

Foroed-distribution fumigation,
Closed-recirculation or single-pam.
Below 60" F,

-

Chioroi'smm +
carbon dimiilide +
sthylens dibromide
(71.25: 23.76:

5.0 mixture)

3.5 gel /3,000 bu.”

Gravity-distribution fumigation,
70" F. or sbove.

Fumigants shouid be applied
onty by a traived oparator.

4.5 g8l./1,000 bu.”

Gravity-distripition fumigation,
Below 10 F,

Astate sfter fumigation.
3

Chioropicrin

41b/1,000 bu.* *

Gravity-distribution fumigation.
70° F. or sbove.

6 ib/1,000 bu.**

Gravity-distribution fumigation.
Selow 10 F.

Chioropicrin +
methyl chioride
{85; 15 mixture)

4)1b.

Forced-distribu’ on fumigation,
Closed-recircute. on oF single-pars.
10" F. of sbove.

Forced-disttibulion fumigation, 4
Closed recirculation oF single-pass.
Below M F.

E thylene dibromide +
ethylens dichloride +
carbon tetcachloride
{5: 35: €0 mixturel

4 9a0./1.000 bu. **

Gravity-distribution fumigation. "
Sutface agplication or |ayering method.
70° F. or sbove, '

*Double the dosaye if used ifh wooden bin.
**Double the dosage if used in wnoden bin, Maximum chioropicrin dowigs to be 6 ib./1,000 bu.

Igtued October 1972 U Posticides Safely—Foliow the Label
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- 3
STORED PRODUCT INSECTS

.,-/""‘_

- . OOSAGE
CUMMO ¥y, INSECTICIDE tucten - Ingeedorat
S1OuaGF, AND oH TOLERANCE poe 2N g, fr,
a4 CT TREATMEN? ippr= ealrer athrweie ©
staied?

FORMUL ATION HOW, WHERE, ANO WHEN TO APPLY SAFETY AESTRIC TIONS

GRAIN- Sorghum llcon i

In bulk, in CONCreta
of metal elevator
bins, 3,200 tw.
metal bins, or
farm-t¥ype metal
bins
“Grain weevils,
lesser grdin borer,
gran beetles.
Angoumot grn
moth, Indian mesl
moth.

Ethyiens dibcomide
+ methyl bromide
(7030 mixture)

[ 48 - 60 0z./
1,00y Gy,

Probe fumigant into hotspot

F=" § mne dichionde
* carbon tetrachtoride
(75:25 mixture}

5 9a1./1,000 bu.*
#

Gravity distribut.sn fumagation.,

Surface application of 1avering mathod.

10" F. or sbove.

Ethviene dichloride
+ cacbon tetrachioride
175:25 mixture}

.25 qal.

Forced-distribution fumigation.
Closed-recifculation or single pas.
0 F. or above.

Fumigants thould be
woplied only by a tran »d
operator.

4.75 qal,

Forced dittribution fumigation,
Closed-recirculation or tnﬂOFe-pns.
Below 70° F.

Ethylens dibromide
+ mathy! bromide
{30: 70 minture}

225-3b.

Forced.-distnbution tumigation,
Closed-recirculation or single-pass.
80" F. or above,

Asrate after fumigation,

Forced-distribution fumnigation.
Closed recirculstion or single pass.
_Below 60° F,

In bulk_ in concrete
ar mety bing
Grarn weevils, Jesser
Hain borer, Fain
beetles, Angoumo:s
grain moth, indian
mest math

Methvl bromide

Farced-distribution lumigation.

Closed-regirculatiun or single- pats.

60" F. ar abova.

d-distribution fumigation.
Closed.recirculation or single-pass.
Below 60° F.

In bulk, in freght
cars and van trucks

Grain weevils. lesser

gran borer, gréin
teetles. ANgOumoIs
grain moth, indn
meal math

Chiorapicrin

Recirculation fumigation.
10" F. or above.

- Rocurmlsuw h.nrmgltlon.

Below 70° F.

4 'Q Pouble the dosge if used in wonden bine

ERI

Aruitoxt provided by ERic

Insusd Detobur 1972
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Aruitoxt provided by Eic:

STORED-PRODUCT INSECTS

COMMODITY,
STOLAGE, AND
INSECTY

.

il

INSECTICIOE
DR
TREATMENT

TOLERAMCE
fp. p. o}

FORNUL ATION

DOSAGE
Tastive ingeedient
pre LOOO cu. fo.
waleas othermiue

slaied)

HOW, WHERE, ANO WHEN TO APPLY

SAFETY RESTRICTIONS

GAAIN-Sorghym (¢on.)

b bulk, in freight

cars and van trucks
Grain wewils, lemer
grain borer, grain
beettes, AnQoumaois
gramn moth, Indisn
meal moth {con.}

Mathyl bromide

41b.

Recirculation fumigstion.
70° F. or abovs.

Fumigants should be
spplied only by » trained

G1b.

Recircuiation fumigation.
Below 70° F.

operatar,

Ethylens dibromide

+ sthylene dichloride
+ carbon tetrachloride
(5: 35: 60 mixtsre)

w )
{inorganic
bromide)
Others
xempt

2.25 gal /1,000 bu.

.

Apply from cutside of car ysing hand
OF DOyRT prayer, :

Aerate sfter fumigation,

In{1at storage
Grain weevils, lesser
gréin borar, grain
beetles, Angoumois
gran moth, indisn
medl moth

Aluminum phosphide

ot
{phosphine)

3 tablats/ton or
B0 tablets/ 1,000 bu.

Gravity-distribution fumigstion,
Fumigate for
Sdaysat54°- 50° F,,

4 deys atgl" - 68° F..or
A daysat €9° F. or above.

Calcium cyanide

2%

{hydrogen
cyanids)

15 . 2015./1,000
bu.

Mix Into grain ag it is being placed in
SLOrage.

Carbon tetrachioride
+ carbon diwlfids
{80:20 mixture)

Exempt

6 gol./1.000 by,

Gravity-distribution fumigation.
60" F. or abavs.

275l

Forced distriburion fumigstion,
Closed recirculation or single-pass.
60" F. or pbove,

4 gol.

Forced-distribution fumigstion,
Closed recircularion or single-pass.
Betow 60° F,

* The tolerance for phosphing on processed commodities; i5 0.01 p.p.m. and on raw products, G.1 p.p.m,

twued October 1972
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STORED PRODUCT INSECTS

COMWMMDONTY,
STDRACE. AND
INSECT

INSECT'CIDE
DR

TREATWMENT

oL ERANCE
e p.om)

DOSaAGE
furfanr amgreditni
per 1.OUD cu. fr.
unieas osheryuae
rared)

FORMUL ATION

HOW. WHERE, AND WHEN TO APP| Y

SAFETY RESTRICTIONS

GRAIN-Sorghum [zon.)

In flat storege
Gran weevils, lesser
gramn boter, gzain
beetles. Angiumais
grain math, ‘adan
meal moth (con.)

Chioroform + 50 5.5 gal./1,000 bu. Gravity distribution fumigation.
carbon disuttide + finorganic ) 70" F. or above.

ethylene dibromidet bromide) :

{21.25. 23.75: Oihers 6.5 pal./1,00Q0 bu, Geavity-distribution fumigation,
50 mixturel axempt Below 70" F.

Ethylene dibromide 50 8 gal.7 1,000 bu. Gravity-distribution fumigation.
+ ethylene dichloride | linorganic 70° F. or above,

+ Carbon tetrachloride |  bineidel

{5:35:60 mixture) Ty

Chloropicrin +
mathyl chioride
(85:15 mixture)

Exempt

41b.

Foreed-distribu tion fumigation,
Closed-recirculation or single-pass.
10° F. of sbove.,

5lb.

Forced distribution fumigation.
Ctosed recirculation or single-pass,
Below 70" F.

Ethylene dibromide
+ meth¥l bromide
{30: 70 mix ture}

i

{inorganic
bromide)

225-3b.

Forced - distribution fumigation,
Closad-recirculation or single-pars.
10" F. or sbove,

4lb.

Forced-distribution fumigation,
Ciomd retirculation or singe-pans,
Below 10° F,

Ethyiene dibromide
+ methyl bromide
{70:30 mixture)

48 02./1,000 bu, *

Probe fumigant into hotwpot.

Fumigants should be spplied
only by o trained opelor,

Asrste after fumigation,

ERIC

Aruitoxt provided by Eic:




VA FullText Provided by ERIC

STORED-PRODUCT INSECTS

L COMMODITY,
STORAGE, AND
INSECT

INSECTICIOE
oR

TREATMENT

TOLERANCE
ip.p.m)

FORMUL ATION

DOSAGE
faetive ingerdient
pre §.000 ca. fi.
unless otherwise

siared)

HOW, WHERE, AND wHEN TO APPLY

SAFETY RESTRCTIONS

GRAIN-Sorghum (con. )

In {ist ¥orege

Grain weevils, lomar
grain boref, 9fain
beetles, Angoumois
grain moth, ladisn
meal math {con.)

Ethylene dichloride
+ carbon tetrachioride
{75: 25 mixture)

1.5 gei./ 1,000 bu.

Gravity-distribution fumlgstion,
10" F. or shove,

376 gal.

Forced: distribution fumigation,
Closed-recirculstion o¢ single-pass.
70° F. or sbove,

5.25 gal.

Forced-distribution fumigation.
Closed-recirculation or single-pam,
fielow 70° F.

Aarata st tumigation,

Meth¥l bromide

Forced-distribution fumigation,
Closed-recirculation or single-pass.
60" F. or sbove.

Forced-distribution fumigation,
Ciosed recirculation or inglepam,
Below 60° &.

Storage bin

Grain woevils, leame
grain borer, grain
beetles, Angoumois
grain moth, | ndian
meal Mmath

Malathion .
{premium grade)

0.45 1b./1,000
q. it

Methaxychior

0.4 16./1,000
. i

Mix wilh water. At least 2 - & weeks
belore grain is binned, pray intide
walls and flaor of bin at rate of 2 gal./
1,000 sq. ft.

Pyrethring +
piD&runv! butaxide

0.013-0.3 b/
1,000 3q, f1.

Mix with water and apply 10 walls snd
lloor of empiy tiorage at the rete of
2 gal /1,000 . fr.

Inued October 972
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STORED-PRODULT fNSECTS

COMMOLTY,
STCRAGE, aND
INSECT

INSECTICIOE
oR
TREATUMENT

TOLERANCE
fp.p md

FORMUL ATION

D05»GE
{artive ingredieny
per 1.G00 ew. fi.
waleas otherwise

soted)

HOW, WHERE, AND WHEN TO APPLY

SAFETY RESIRICTIONS

GRAIN=Wheal and
Rys

In bags 1n warehouss
Gran weevils, lesser
Prain bored, grain
bewtlis, Angoumois
grain moth, Indien
meal moth

Space fumigation, 60° F. or sbove.

Fumigants should

Space fumigation. Gelow 60™F,

-y

~N

~

spplied only by 2 tre
OPOatoe.

in bulk
Grain waevily,
lesser grain bhorer,
o mn bestley,
Angoumos §f din
math, indian mesl
moth

Malsthion
{premuim grace}

-0.63 1b./1.000 bu.

Mix wilh waler 3 - 5 gal./1,000 bu.
Spray on grain stresm as it goes
into storage.

0.32 1b./1,000 q.
fu of wrfsce ares.

Surface ®ray. Will noT control insects
diready established benesth the surface.

Do not retexss serpgol
nesr an open fiame.

D

0.6 16./1,000 bu.

Mix dust into grain befora storing.

Agrate sfter fumigation
with methyl bromide or
chloroplerin,

Pyrethring ¢
piperonyl butoxice

EC or ail soin.

0.06 + 06 1b./
1,000 bu.

Mix with water, 3 - 5 gal./1,000 bu.
Applv as protective spray 10 grain
before it it stored.

'0.06 + 0.83 b/
1,000 bu.

Mix dust into grain before storing.

Motha, wrface
- infestation

Chiloroplicrin

v

1.5 1b./1,000 cu.
fu of space above
wina

Apply as line Spray OF vapor into $pace
over 1op of prain 10 control moths in
surfece laver, 70° F. or sbovd.

216.1,000 cu. tu
of wpace sbove ¥3in,

- Apply st fine spray Or vapor into mpacs

overt 10D of grein 10 control moths in
surfece layer. Below 70 F.

In bulk of In bage
Flying insects

Pyrathrirs ¢
pipsronyl butoxide

il soln. % wi.
Pyrethring g& +
plperonyl butoxide
2.0 + tetrachioro-
sthylens 50.0 +
deodorized kerosens
47.8

0.008 + Q.08 1b./
1,000 cu. 11, of
srpeos.

.

Apply with tharmasl serosal gensrstor,

[

ERI

Aruitoxt provided by Eic:
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AFullToxt Provided by ERIC

STORED-PRODUCT INSECTS

DOSAGE
COMMODITY, NSECTIC:OE faveise ingredient . ’
SYORAGE, ANO on TOLENANCE FORMUL ATION * 3 APPYL '
- INSECY YREATMENY fp. p. m.} v .'.'.';'.:'.off. ::-;'_I.-.‘ HOW, WHERE. AND WHEN TC v SAFETY. RESTRCTIONS
atcred)
GRAIN-Wheast and
__Rva(con.}
In bulk, In concrate Aluminum phosphide] 0.1* 3 tabiets/ton or Jvdd 1o preln siream, Fumigate for F umigants should b
or metsl bin, tphowphine) $0 ublat/1,000 . spplied only by & trained
famm-typs metal bu.** Sdaysan 54" - B F., OPeIIOT. ’
bing, or farge ddayaat60° - 658° F., or
#teal tanks 3 dava 21 69" F. or above.
Grain weevils, teser
oraln bover, grain 10 peliary/ton or Add to grain streaen. Fumigata for
beettes, Angoumoh 00 pellets/1,000 bu.
gt moth, Indian ddevs154°- 59" F,, Do nat reclrculate
mesl moth 3dsys 81 60 -68° F., or glyminum phosphide,
2 days at 69° F. or above. B
Caiclum cyanide % 12- 151b./1,000 Mix into grain,
(hydrogen bu.
cyanide)
20 1b./1,000 bu. Mix into grsin. In 3,200-bu. metsl
bing.
Corbon tetrachioride | Exempt 2.5 gat. /1,000 bu.* * Gravity-distribution fumigation,
+ carbon diwlfide 60" F. or above,
(80:20 mixtum)
1.5 gat.** Forced-distribuion lumigation,
Closed-recirculation or single-pam,
60" F. or above,
1.75gaL"* Forced-distribution fumigation.
Closed-recirculation of single-pas.
Below 60" F.
Chloratorm + carbon| 50 1.75 oab./1,000 bu.** | Gravity-distribution fumigation.
disulfide + wthylens {inorganic 70° F. or sbove.
dibromide bromide) -t
{1N.25: 23.15: Others 2.75 gal./ 1,000 bu.** | Geavity-distribution fumigation,
5.0 mixturs) RBMpL Below 20" F.

RIC

*The wiersnca for pbospl-nm On procesed commuodities is 0.01 p.p.m. and on rew products .1 p.p.m.
* * Doubie the dossge i usd in wooden bins
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A ruiToxt Provided by ERIC

STORED-PRODUCT INSECTS

COMMODULTY
SIORAGE. A+ N
INSECT

INSECTICIDE
QA
TREATWMENT

TOLERANCE
fp. p. m.}

FORMUL ATION

OISAGE
factive ingredient
per 1,000 cu. fo.
unless otherwiac

stated)

@

HOW, WHERE, AND wiiEN TO APPLY

SAFETY RESTRICTIONS

GRAIN-Whest #nd
Ave-lcon.)

In bulk, 1n conciets

of metlat bing,

farm-type metat bing,

or large meel tanks
Gran weevils, lessor,
orhn borer, gran
Dewties, ANQOUMOis
orr i moth, | ndwan
mosl moth (con.}

Chloropiarin

216./1,000 pu.*

Gravnyigtriburion fumigation,
70" F. or above:

K

316,000 bu.*

Geavity distribution tumigation.
Below 70° F.

Chioropicarin +
mathvi chiotide
(85:15 mixturel

Forced-distcibution fumigation.
Closed-recirculation or single-pass.
70" F. of above.

Forced-distribution fumigation.
Closed-recirculation or single-past.
Below 70° F.

v

Ethylene dibromide

+ ethylene dichloride
+ cacbon tetrachloride
(5: 35: 60 mixturel

2.25 9al.N1,000 pu.*

Gravity-distribution fumigation,
Surface application of layering method.
70" F.or above.

Ethylens dichloride
+ carbon tatrachloride
{76:25 mixture}

3 gal.1,000bu *

Glavity-disttibution fumigation.
70° F.or above.

Eorced -distribution fumigation.
Closed-recirculation or single-pass.
10" F. or above,

rorced distribution fumigation.
Closed-recirculation or single-pess.
Below 70" F.

Fumgants should be
applied only by 8
trained operator.

Da not fumigate with hydrogen
cyanide (HCNE a1 1emperatyrem
balow F. Aerate for 24
hourt after trestment.

*Doubls the dosage # used in wooden bine.

lomsd Octobr W72




PAFulToxt Provided by ERIC

}PORED-PRODUCT {NSECTS

COMMODTY,
STORAGE, AND
INSECTY

INSECTICIDE
on
TREATMENT

TOLERANCE
ir.r.=)

FORMUL ATION.

DOSAGE
{active ingrediens
par 1000 oy fi.
unfeas otherwise

siated)

.

| HOW, WHERE, ANG WHEK TO APPLY
J

SAFETY AESTRIC TIONS

GRAIN-Whest snd
Rye {con.)

In bulk, in concrets
or maal bine,
farm-type metal
bing, or kge

sneel tanks

grain moth, Indisn
masl moth (con.)

Fumigants should be
applisd cnty by » trained
Operstor,

Forced distribution fumigetion,
Closed recirculation or single-pem.
BelowGO* F. .

Forced-distribution fumigation,
70° F. or shove.

Forced-distribution fumigetion,
Below 70° ¥,

t + methyl bromide
[70:20 mixturs)

Probe fumigant into hotspot.

L}

-

In bulk, in treight

cars and van trucks
Grain wosvils, lewer
grain borer, grain
beeties, Angoumois
grain moth, Indian
meal math

Aluminum phosphide

Fumigate for

5dayss54° -59°F,
ddays st 80" -88° F_, or
3 days ;e 69* F. or sbove.

Recircutation fumigation,
" F. or sbove,

Do not recirculste

Recirculation fumigstion.
Below 70°F. .

sluminum phosphide,

lwued Ocrobes 972
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STORED-PP.ODUCT INSECTS
.
A OOSAGE
COMMODI Ty, INSECTICIOE TOLERANCE fortive tagecdient :
STORAGE, AND OoR FORMUL ATION per 1,000 cu, fr. HOW. WHERE, AND WHEN TO APRLY +AFETY RESTMCTIONS
HSFCT TREATMENT iy o) " waless otherwise-
_staled)
GRAIN=-Whcat and
* Rye {con.}
:_.'::;"‘:& ";"';iz"c;' Methyl bromida 50 ¢ 216, Aecirculation furnigation.
¥ inorgan F. or shove.
Grgin weovils, lexer: :;::,mm;c 0. o0 :
973in bores, grain 3, Recirculation fon.
bewtles. Angoumais _ Bl tumiget _
pram moth, ndign xﬂ_‘
maeel moth {con.) Ethylans dibromide 50 F 5 gal./ 1,000 by. Apply from cutside of car uting hand Fumigents should be
: + sthylene dichloride {inorganic OF POWET SPTaYSS, spplied only by a tralhed
+ corbon tetrachioride | bromidal operator,
. {5: 35: 6O mixture) | Others
exempt
In etevator Ethylens dibvomide | 50 ‘ 1.5 . 2 oz./boot Apply a3 often as necessary 1o prevent Do nat tecirculate sluminsmn
machine y + methyl bromide linorganic or ey, infestation from becoming established. phosphide.
Gran weevily, fermr 170:30 mixture) bromige} .
gran borer, graif v - - .
beetles, Angoumals Ethylena dichioride Exempt F 1.5 pt. in small Apply as often s necetsary 1o prevent -
grain moth, Indign + cwbon 1eirachlorids boots. infestation from becoming enablished.
ment moth {75:25 mitxture) ! .
’ 0.5 gel. in large
boots.
. 4 ozdH. in wrow
COMveyors,
In elevator tunnals, Methoxychior 2 EC or WP / 04 1b./1.000 Apply a8 1esidus] spray sbout 3 times
Qallery Hoor, and . #t. during the summer. Closn srea
headhouse = .thoroughly before spreying.
. Grain weev.ls, [sr Pyrethring + 3+20 G 0.013- 0.131b./
g\ din borer, grain. piperony | butoxide 1,000 sq. ft . ‘
teetlos. Angoumois
grein moth. Indian 4
meal moth ) .
In fist storage ‘ Aluminum phosphide | 0.1° F _ 3 tablets/ton o Place tablets in‘grain mam. Fumigts
Grain weevils, lessor (phosphine) - $0 wblenn/ 1,006 bu. for .
grain borer, grain .
bewties, Angoumois 5daysat 54' - 50: F.,
grain moth. indian 4dayuat 60 - 68" F, or
meal moth - 3 days st 69" F. or above, .
" 1. Cakcium cyenide * F 15 - 20 15./1.000 Mix into prain, P
50°¢ ihydrogen : : o038
AW . _cyanide) .

.
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STOREO-PRODUCT INSECTS.
—
0OSAGE -
COMMODITY, INSECTICIOE fectine ingredicas e
STORAGE. AND [ TOLERANCE FORMUL ATION ~
INSECT TREATMENT (.0 w ::;‘:,.a:i::‘;:; HOW, wiERE, AND WHEN TO APPLY SAFETY RESTMCTIONS
atated}
GRAIN-Wheat and
Aye (con.} .
1n fiat storege Carbon tetrachioride |  Exempt 4 gal /1,000 bu. Gravity-distribution fumigetion, Fumigents should be
Grain weevils, lesser + corbon disultide 80" F, or sbove, spplisd only by a tralned
o 2in borer, gfaln {80: 20 mixwre} Qpetator. .
beetles, Angoumois 1.75 gd. Forcad- distribution fumigation,
grain moth. Indisn 60" F, or sbove.
meal math (con.}
FET R Forced-distribution fumigation.
Below 60" F.
Chilorotorm + &0 3.25 gal /1,000 bu. Gravity-distribution fumigation.
carbon disultide + {inorganic 70" F. or sbows.
sthylene dibromide bromide)
{1, 26: 23, 75: Others 3.75 gal /1,000 bu. Gravity - distribution fumigation.
5.0 mixtural amempt Below 70° F,
Chloropicrin + Exsmpt 2ib Forced-distribution fumigation,
methyl chioride 70" F. or sbove.
(85:15 mixture)
Jib Forced-distribution fumigation.
Ralow 70° F,
Ethylens dibromide 50 .75 gal./ 1,000 bu. Gravity-distribution fumigation. 3
+ athylane dichlotide |  {inorpenic . 10° F. of above.
+ carbon tetcachboridd,  bromide}
(6: 35: 60 mixturel | Othens \
axempt
Ethylsne dibromide 80 115 -1.61b. Forced-distribution fumigation,
+ methyl bromide {inorganic 70° F. or sbove,
{30: 70 mixtucet bromide)
23 F oreed distribution fumigation.
Below 10" F.
Ethylene dibromide +| 50 2036 or./ Probe furnigant into hotspot.
methy! bromida linorganic 1,000 bu Aerata after fumigetion,
{70:30 mixture} bromide}
Izsued Detober 972 U Pesticides Sufety~Follow the Label
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STORED-PRODULCT INSECTS

COMMOINTY,
SEORAGE, AND
INSECT

INSECTICIDE
OR

TREATMENT

TOLERANCE
) {,n, P -}

FORMULATION

OOSAGE
faetive sngeedient
prr 1.000 ru. fu
anfess acherwige

stated)

HOW, WHERE, AND WHEN TO APPLY

SAFETY RESTRICTIONS

GRAIN-Wheat snd
Ayeicon)

Infigl storage
Grain weavily, lessar
grain borer, grein
beetlet, Angoumois
@rein moth, Indian
mest moth fcon.}

Ethylenn dichioride
+ carbon tetrachioride
{75: 25 mixture}

4.5 gal./1,000 “w,

Geavity-diswribution fumigmion.
10" F. or sbove.

2gal.

Forced-distribution fumigation.
M F_or shows,

Jgui.

Forced-distribution fumigation.
Betow 10" F.

2t

Forced-distribution fumigation,
Recirculstion of single-pes.
60° F. or sbove.

Foarced-distribution fumigstion.
Racircylation or single-pem.
Betow 80" F,

Storage bin or

ship's hold .
Gitmin weevits, iexer
grain borer. grein
bestias, Angoumols
grain moth, ladian
mesl moth

Malsthion
{premium gradel

0.45 16./1,000
w. ft.

Methox ychior

0.4 1b./1,000
. ft.

Mix with water. At least 2 - 4 weeks
betors grain is binowd, spray inside
walls and floor of bin st rare of 2 ged./
1,000 3q. tr

Pyrethring ¢
pipsronyl butonide

a013-0.12 b/
1,000 9q. f1.

Mix with weter snd apply to walls and
flooe of empty storage ot the rats of
2 gal./1,000 9q. fr.

‘Gums

1 storage
Sapw-toothed snd
at graun bostles,
flour bewriie,
cigaretis bestle,
T Py

indun meal moth

Follow manulscture’s dirctions on
label,

Fumigents should be

spplied only by & trained

OPITRLOS.
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Appendix D

The following article is extracted from a manual prepared for VITA

by Joseph H. Boatwright. S+, It is included here because, in many parts
of the world, soil is used vor construction. A farmer may not be able

to buy tar or asphalt to use for waterproofing his silo. But he can 100k
around and see what is available locally for making his silo waterproof.
He ¢an try these methods on an underground storage pit or on his home.
You may find some interesting ideas to pass on from this material.




WATERPROOFING SOIL CONSTRUCTION
BY

Joseph H, Boatwright, Sr.

PREFACE

This manual is concerned with the methods of waterproofing all types of
soil construction. It shows how to make use of all forms of local
vegetation to produce qums, resins, and oils that can be used as water-
proofing agents. Very few tools are necessary, and they can be made from
local materials.

The ptants which contain these gums, resins, and 0ils are different from

one part of the world to another. So no effort is made to identify the

. various plants; some of the more common ones are given as examples of
what one might expect to find and use.

One part of this material is devoted to the method of getting out the gums,
resins, and oils; the other part talks about making necessary equipment
from local materials. All measurements are given in terms of the height
of a man, the width of a man's hand, the length of a finger, etc; there is
no need to use rulers or tape measures.

TREES

Trees are a good source of waterproofing material. The first and best
place to ¥ .k is the sap of the tree. :

Many trees will not have a free flowing sap; many will not have a useful

sap. All kinds of trees in the neighborhood must be tested, To test a
tree -- cut through the bark $0 the wood with a knife, leaving a bare
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place on the wood about the width of one finger and as long as a man's
hand. This cut should siant downward, so any sap that drains will flow
toward the lower end. At the bottom of the lower end, place a cup to
collect any liquid that flows. These cups can be made from gourds,
coconuts, or a section of bamboo stalk See Figure 1. below showing how
this should be done.

Testing the Sap

Watch this cut for several days to see if any sap flows. If it does not,
no other trees of this type should be tapped. If the sap does flow,
collect a cupful. Test the sap to see if it will waterproof mud or soil
walls. To do this,brush or wipe the sap on the walls;be careful to soak
all of the wall in the test area. It is better to have too much Ssap on
the wall than not enough. Alow the Sap to remain for two or three days -
it may, or may not, dry. Then throw water on the test area. If the color
of the wall darkens, it indicates that the water has wet the mud or soil,
and the sap did not waterproof the wall. If the color of the wall does
not change, then this sap is a good waterproofing agent.

Collecting the Sap

Be sure to remember which kind of tree supplied this sap. All trees

of this same type should be tapped for their sap. Search for these
trees. Tap every one of them just like the first tree. If there are
not enough trees of this kind in the neighborhood, then test other kinds
of trees for their sap. Test the sap in the same m:nner as before,
Collect the sap from each tree.every few days, and store it in a larger
container - this container may be a bucket, skin, or a large section of
bamboo. When a large amount of sap has been collected, waterproof
another section of your home. Continue the process until the entire
building has been waterproofed. Then waterproof the inside just Jike
you did the outside. :
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D-5

Test Fruits for 0il

If none of the trees in the neighborhood give sap, try the fruit of the
tree - berries, nuts, seeds, or fruit. Allow the fruit to ripen on the
tree. Then pick it. Place it in the sun so that it dries completely.

Then the seeds may be picked out easily. Collect enough seeds to make -

a pile at least as high as a man's knee. Several _piles this high will
have to be collected to produce enough oil. The seeds should be crushed.
Do this by placing them on a large, flat rock, and mash them with a smaller
stone. Crush them thoroughly, deposit them inm a cloth bag, and -place

the bag in a large pot. Add water to the pot until) it cuvers the bag, and
then place the pot on a fire. Heat until the water comes to a boil. If
oil comes to the surface of the water, skim it off and collect it in
another container. Continue cooking the seeds until no more oil comes '
to the surface. At this point take the pot off the fire, drain off all

the water, and put the vag in a press. See Figure 2.

cer s .;..f" ,.-.-!{,.';;,r/)ﬁ,_.v.

Fi Eur‘e 2 »

071 and water will come out of the seeds. Ssparate the oil from the
water, and save it with the other 011 you have collected. Continue
pressing until no more oil comes out. Since this is a rather involved
operation, it is not a one-man-job. !(

Test the Nuts

If the tree has nuts instead of berries or seeds, the hulls must be

~ removed before the nuts can be crushed. Save the hulls separately,

© as they may contain a resin or oil. Crush the nuts, and express the
oi)l from them as outlined above. .
Test the hulls of the nuts to see if they have any oils or resins. Place
the hulls on a sheet of metal, or in a metal can, and put it on a small
fire of hot coals, no flame. [f the hulls contain oil or resin, it will
flow out onto the metal. Do NOT let the metal get red hot, because the
resin or oil will be burned. Any resin or o0il should be collected
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and added to the oil already saved. The resin or oil from the hulls
usually has a very high melting point,so it will turn solid when cooled,
and cannot be applied. It must be mixed with other oils with a lower
melting point. Hulls that produce no resin or oil may be thrown away.

Test the Leaves

Some trees produce a gum, and, deposit it on their leaves. To see if
the leaves have a usable gum:
Dry the leaves.
Cook them on metal as above.
If a gum flows out on the metal sheet, save it and mix it wtth
your oil.
These gums also must be mixed with oil, or they cannot be used ;

Bamboo, and possibly other grasses with tough stalks, contains 2 resin
d1spersed throughout the fibers of the stalk. To collect this resin:
Dry the bamboo in the sun until it is brown.
Crush the dried bamboo with rocks until it 1s broken up into
small fibérs.
Place the fibers on a metal sheet, and Spread them out so
that they form a thin layer.
Place the metal sheet over glowing coals.
Heat until the resin flows out on the metal.
Collect the resin as it drips off the sheet, and immediately
mix it with oil. One warning: if too much resin (from the
bamboo or other plants) is mixed with oil, the oil mixture
will begin to harden as it cools. If this happens,add more
" 0il until the mixture stops hardening as it cools.

Cocohut Palms

Coconut palms may be treated separately, since they are a fairly common
tree in many parts of the world. The trees will yield no sap or gum,
but an excellent o0il can'be obtained from the coconut itself:

Remove the husk from the ripened coconut.

Break the nut open.

Drain the milk.

Remove the meat from the shell after it has heen dried.

Cook the meat as soon as a sufficient quantity has been

gathered from the dried shells. Cooking alone may yield
sufficient 0oils pressing may be tried after cooking, but
only if a significant amount of o0il can be obtained.

By-products from each of the above should not be discarded, but saved
and used to the best advantage. The meal from the seeds, berries, nuts,

—_
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etc. is rich in protein and can be used as a food suppiement. There

is the danger that some seeds, such as the bastor bean, can be harmful
to human beings. Therefore,it is wisest to use the meal from trees as
fodder for cattle, hods, etc. Only the meal obtained from grain and
grasses is completely safe for human beings. If excess oil is produced,
it may be used in lamps or made into soap, as described later. Coconut
shells are most useful as cups, dishes, lamps, containers, etc. The
residue from cooking bambgo, nyt hulls, etc. may be used as a form of"
charcoal for almost flameless fires.

BUSHES

Bushes may be treated in the same manner as trees, except that there

js little reason to try extracting the ‘sap from them since the stalk of
most is so small it is impractical to tap them. However, they do produce
berries and nuts that may ‘be dried, crushed, and pressed as described.
earlier in TREES. Many bushes produce an edible ‘fruit which should be
eaten first, and the seeds saved and dried for crushing and pressing.

VINES

4

Most vines produce berries, some of wh1ch are edible. The seeds, in
either case, may be crushed for oil, just as shown earlier in~this manual.
There are other vines from which the sap will flow quite readily. In
this case,the vines are simply skinned, or cut, on one side, and the sap
will begin to flow out. This sap, 11ke that of the trees, will have to
be tested. Since the sap from some vines is as thin_as;water. it cannot
be used just as it comes from the vine. A sap such as ‘this will have to
‘be cooked over a Tow flame first to try to thicken it. If cooking does
not thicken the sap, throw it away, and do not use that vine again. If
cooking does thicken the sap, apply the thick sap to the walls of a house,
and test it as was done with the sap from trees. If the thick sab acts
as a waterproofing agent, tap as many vines of this type as can be found.
After a large quantity of sap has been collected, cook all of it at once,
and then use it as a waterproofing agent.

£

GRASSES

Al1 grasses produce seeds of one kind or another, but most are much
smaller than those found on other types of plant life. While it-may seem
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impractical to bother with grasses, this is the largest source of veg-
etable oil for many people today.

The seeds should not be gathered until the grass has turned brown;
then the seeds will be easy.to remove by hblding the stalk between the
thumb and index finger. Draw ‘the stalk through the two fingers, and the
seeds will faJl off in the hand. Collect as many seeds as possible,
since each s#d yields only a very, very small amount of oil. <Cirush
the seeds as discussed before. Cook and press them. If enough seeds
are used, a large quantity of oil can be obtained. This oil may be
used as is without testing, since it is well known that such oils are

. excellent waterproofing agents.,

It must be added here that the oil, the meal, and the whole seed it-

self are highly nutritious. If the village is lacking in.food, forget
about waterproofing, and use all the edible. seeds for food-purposes. If
the people have adequate food, then the seeds may be crushed, and the meal
fed to any domesticated animals on hand: <cattle, horses, hogs, sheep,

or similar animals. Under no cyYrcumstances should excess seeds, oil,

or meal be discarded; it should be used as food. Y

OTHER PLANTS

Plants which do not fall into the category of trees, bushes, vines,or
grasses still produce seeds of one kind or another. We sudgest that all
seeds be picked regardless of their origin, and cooked and presged to see

if they contain oil in sufficient Quantity to be useful. If the oil yield
is large enough, gather all the seeds of that type, a?d use them as a source
of oil. '

¢

EQUIPMENT

One of the first pieces of equipment needed will be a brush. B8ristles

- for a brush cZn be vegetable fibers, hairs from a horse's,; tail, or hair
from the tail of any animal, if the.hairs are long enough, stiff enough,
and straight ‘@nough. The hairs should be fairly stiff {about as. stiff
as those from horse's tail or mane, or those from hogs), straigat, and
as tong as from the tip of the middle finger to the wrist. The handle
can be any kind &f hardwood; a piece of bamboo is excellent. To make a
brush: '

;Choose a piece of hardwbod about as big around as the little
finger, and twice as long as the bristles.




Grasp a small bundle of bristles within a circle made by
the thumb and forefinger. .

Ihséft the handle in the middle of this bundle of bristles

so that one half the length of the bristles is along the
handle, and the other half is loose

Tie the bristles around the hand]e withea leather thong,
veggtable fiber, or any strong cord. .
. Tie once at the end of the handle, then once at the end of the
¢ bristies, then tie once between these two. Be sure to tie as
tight as possible, so the bristlies will not come loose. It
is better that two men make the brushes because one man will

find it difficuTt to hold the bristles and tie at the same
time.’

.. Trim the bristles at the loose end, so.that ai] of them are
. the same length from the handde. See Figure 3 below.
v :

T= BRSTLES CuT
Brses CEVENLY
Fiqure 3.

The next piece of equipment needed is a cup for collectind the sap as it
drains from the: tnee or vine. Any hollow object can be used with ease.
We mentioned earlier that gourds, coconut shells, or sectjons of bamboo
stalks’'may be-used. Figure 4 below Shows how these will appear.

CoconuT
SHE‘-—‘-—

T~ ©

GOUR D

B ari00 SECTION
Figure 4,
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Cook the meal in bags made of any coarse fiber or cloth, Their size is
immaterial; the only requirement is that they are not wider or longer
than the stones in the press (they should be somewhat smaller). See
Figure 2, They may be made in a square or round shape, and made-to -~
contain as much meal as may be cooked at one time. The cloth should

be strong enough to withstand the pressure of the press. If the cloth
is not strong, the bags will burst, and the meal will spill out.

BUILDING PRESSES

. i I| - -
Two -types of presses may ‘be constructed: one is shown in Figure 2.,
and will be described below. The other, the Chinese wedge press, will
be described and illustrated.

A small stone base, about ankle high, will support the flat

bottom stone of the presSs. The bottom stone of the press should be
slanted so the oil flowing onto it drains toward.one end into the
container placed there, A flat stone about the same size as the
bottom stone is the top stone of the press. A log about 3s long

as the height of two men and as thick as a man's thigh is; the lever
for the press. This 1og will have to be very strong to support

the weight of five or six heavy men. One end of this log is
anchored as close as possible to the stone base, and to the ground
very securely,so it will not rise when the men press on the othér
end. To use the press, place the bottom stone on the base, and

the collecting cup at one end. Place the bag of mea¥ on the bottom
stone, and the flat top stone on top of the bag. Next, place the
long, heavy 1og on the top stone, with one end anchored securely.
When all of the equipment and log are in place, abput five or six
heavy, strong men should press down on the free epnd of the 1na,
appiying all of their weight to the log at once t0 exert as much
pressure as possible. As they press, oil and wqier will be ex-
pressed from the meal. The mixture will run down the bottom stone,
and be collected in the cup. Continue pressingruntilbaII the

meal has been pressed, and all the oil collected. After the
mixture has been standing a while, the oil will float on top of

the water. Scoop off the oil, and discard tke water. This process

may be repeated until enough 0i1 has been prepared for the entire
, village.
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Figure 5.

Chinese Wedge Press

Obviously, from the appearance of the press, it will require tools

for both its construction and operation. If the tools are available,
or can be constructed, this press is far more efficient than that

shown in Figure 2. If tools, such as saws, axes, mallets, and an

ample supply of cloth (for the bags) are available, we suggest that the
wedge press be used. '

| X WEDGES EvEN %

NEw WEDGES ALDED
WEDGES AT START '

Trees are the end braces since they are sturdy. If two closely placed
trees are not available, two strong logs may be used in thejr place:

each log should be as thick as the thigh of a man, and should he two-
thirds as tall as a man. Each 1og should be buried upright in the ground
one-half of its length. Then each lot should have an angle brace (see
Figure 7) on the outside; the press will be placed betyeen the logs .
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. Any number of bags may be placed in the press at the same time, as the
force exerted by the wedges will be distributed equally throughout. Place
the first two wedges in the press, and then add enough bags to fill the
press tightly. The bags should have flat stones larger than the bags
placed at each end so that neither the tree or wedge will press unevenly
into the end bags. The bags may .be of the same general size and shape
as those used in the other press. The base trough may be made of wood or
stone, as 1ong as its shape permits the oil to flow into a container.

The drain may be in the center, or at either end. The wedges should be

- started as shown in the diagram in Figure 5. The wedges are to be ‘placed
horizontally so that they may be driven from the sides. As the wedges
are driven in, new wedges can be added to increase the pressure., (The
meal will be compacted as the pressure is increased, and more wedges
will be needed to maintain the pressure). The wedges may be made of
nearly any kind of wood, but hardwood is preferable. The wedge should
be as long as a man's arm from his wrist to his elbow, and as wide as
the meal bag. The wedge should have a fairly fine edae at one end, and
be as thick as the breadth of a man's hand at the other end. The wedges

should be driven with a wooden mallet, which can be made very easily
(See Figure 8).




Cut a log as thick as a man's thigh and as long as a man's foot. 1In

the center and in one side, a hole should be drilled (burnt, carved, etc.).
A1l the way through the 1og. The diameter of the hole should be the width
of two fingers. Insert the handle {which is made of very tough wood)

into this hole., The handle should be about as long as a man's arm. Drive
it into the hole as deeply as possible, and so tightly that two men cannot
pull them apart. When the handle is tight, the mallet is ready to use.

When all the oil and water have been pressed from the meal, take out the
old bags and add a new lot. The operation can be repeated until all the
cooked meal has been pressed.

One further note: when driving the wedges, one man should drive the wedge
on one side, while another man drives the wedge on the other side. They
should strike their blows at the same time. 1f this is not done, it is
possible that the bags and wedges will buckle, and everything will be
pushed out of the press.

PAINTING

Before painting, brush off all loose dirt, trash, vines, vegetable growth,
etc. The soil should be as firm as possible for best results. It is
also important to paint only in dry weather.

In painting soil construction with sap, oil, etc. make sure to cover the
surface completely. Fill the brush before each stroke. The strokes
‘should be made horizontally. Start painting at the top of the wall, and
work toward the bottom. If any of the sap or oil runs down the wall,
brush it out as you work down the wall. It is easy to tell if any areas
have been left unpainted because these waterproofing agents will darken
the soil. 1t is much wiser to apply too much agent ‘to the wall than not
enough: one small unpainted area can absorb enough water to ruin the
rest of the wall, These agents also may be used on wde framing,
windows, etc. ' . !

If the soil, or wood, is wet or even damp, the waterproofing agent will
not stick well and will not protect the walls.

While the resins in sap and gums will dry to a fairly hard film, the
0ils will usually not dry at all. But they still make the building very
waterproof. In fact these oils will be effective waterproofing agents
for a longer period of time.

The easiest way to find out if the walls need repainting is to throw
water on them. If the walls darken in color (from absorption of water
by the soil), they need repainting. If they remain essentially unchanged
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in color, the waterproofing agent is still effective, If repainting is
needed, add a new coat of waterproofing agent., It does not matter which
type of agent has been applied first,nor does it matter which type is
“used for the second or even the third coat. Any type may be applied
over the other with good results. On the average,these waterproofing

agents should last from one to two years, depending upon the weather,
etc.

GENERAL

The classification of gums, resins, and oils is very general. The gums
occur as solids as described earlier; the resins, while mentioned, are
not identified - they are a component of the sap, and remain as a solid
substance when the sap dries. The oils are found in virtually all seeds
and nuts regardless of their source,

It is impossible for us to identify the various trees, bushes, vines,
yrasses, etc. that will provide the various types of waterproofing agents.
The selection of these will have to be entirely on a trial and error method.
Saps from several different types of trees often can be mixed together, but
this too will have to be on a trial and error basis. The gums can be mixed
with each other, occasionally with the oils, but seldom with the saps.

A1l oils can be intermixed; in fact, the seeds and nuts themselves can be
mixed together prior to crushing, and then cooked and pressed together.

Sometimes 0ils can be mixed with saps, but this will have to be done on a
trial and error basis,

While it is easy enough to construct new brushes, it is also very easy

to keep the original brushes in good condition. Since water will not

clean these brushes, there is no point in trying to wash them. The best
solution is to saturate each brush with oil, and then place it in a container
of water. Cover the container so the water cannot evaporate. The oil will

pravent the resins and gums from hardening, and thé water will stop the
of1 from drying.




‘Appendix E

WORKING PAPER ON THE
VOLUNTEER ROLE IN GRAIN STORAGE

The following working paper was originally presented at a regional
grain storage seminar held in Cotonou, Benin, West Africa, in 1974,
The seminar was sponsored by the International Secretariat of Volun-
tary Services, the UN Food and Agriculture Organization, and the
U.S. Agency for International Oevelopment.

The seminar's purpose was to encourage the initiation of farmer-oriented
storage extension programs through the sharing of practical information
and field experiences. It was attended by over 100 participants from
nineteen countries in Africa, Europe, and North America. A handbook/re-
port was published, by the German Agency for Technical Cooperation Ltd.,
which includes all working papers, discussions (swmarized), #nd con-
struction plans for various silo and dryer models reviewed duving the
seminar. Several of the modified plans presented in this manual are
included in the seminar report. It is available from the seminar secre-
tary, Mr. Oavid Dichter. His address is: David Dichter and Associates,
Oevelopment Assistance Programmes, 9 rue de Vermont, 1202 Geneva, Swit-
zerland. '
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INTRODUCTION

Since 1967, the Agriculture Service of Dahomey and the United
States Peace Corps have cpllaborated in creating, implementing and
evolving a farm-level grain storage prodram in southern Dahomey. fne
result of this joint program is the actual construction of over two
hundred and fifty individual storage units. Another result is
seven years of cumulative exoerience in working through some of
the practical day-to-day problems of poPularizing new farm-level grain
storage technolog¥Y. This shared exPerience by two organizations, one
a qovernmental agency and the other an international volunteer agency,
forms the basis for this paper.

The authors see the Primary burpose of this PaPer as a Pre-
sentation of some of the major considerations in the Planning and
establishment of a farm-level grain storade orogram. 9f secondary
importance is' a brief history, attached as an appendix, of the
collaboration of the Agriculture Service and the Peace CorPs in,
evolving the Program.

while the authors' DProdram is limited to DahomeY and Primarily
one type of sturage facility; it is hobPed that their practical
experience will be of benefit to others initiating similar programs,
regardless of the storage method adopted. The paper is not an
instruction manual nor a "how-to-do-it” quide to popularizing new
techniques in grain storage. Rather, it is a brief discussion,
with specific exambles based on the author's exoerience of five
major areas of concern in planning a new grain storage oroject:

Assessment of the problem

Choice of the improved method to Pobularize

Financial considerations

Stimulating interest in imProved storage methods

The extension and integration of the DrOJect into the
local infrastructure.

1 See "Construction Manual for'the 4.5 Ton and 2.5 Ton Cement Silo
and the Mud Walled Grain Dryer” by L. S. Peace Corps Volunteers,
Nnctober 27, 1974.
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. Part 1. Assessment of the Problem’

The initial phase in the planning of a project to improve grain
storage technology is an analysis of the problem from-the noint of
view of the farmer in the particular locality to be served. He is
the key ingredient. Any program must be based uvon realities as seen
by the farmer who will be storing his grain.

In Dahomey, the traditional corn-arowing farmer lives in a
small village and annually cultivates up to 3 hectares {7 . 1/2 acres)
by hand. His annual yield with two growing seasons could he estimated
at 600-8D0 kg/hectare or a tota) of 1,800-2,400 kq. This is classic
subsistence farming, probahbly not unlike that of most corn-qrowing
farmers in the developing world.

Traditional storade methods. Initially in the consideration,
choice and planningd of an improved storage program it is advisable
to analyze local traditional methods in order to (1) understand their .
shortcomings and therefore the need for improved techniques and (2)
investigate for possible simple, yet effective, improvements. Certainly,
minor and effective chandes to existina methods of storage are easier
to popularize than the introduction of complex and costly alternatives.
For example, perhaps improved sealina of traditional Qranaries or
a broad-based program of insecticide treatment could have significant
.immediate effects.

At any rate, the important point is to think about the traditional
methods of storage from the farmer's viewnoint. Does he find that the
traditional methods are inefficient? Does the rapid rate of insect
multiplication make it impossible to store Qrain over a long period
of time with his traditional method? Do mold arowth and rotting present
.problems? What about rodents and birds? How much grain does he actually
lose with his traditional methods of storage?

Market Price Realities. As a practical matter, farmers will not
be inclined to change their traditional storage methods unless there
will be sufficient financial returns from whatever additional labor,
time or cash inputs are required by the improved storage technidues.

Therefore, the economics of the improved technioues as affecting sub-
sistence farmers must be carefully studied.

¥

Local market price information is needed. "“hat are the brices
of grain at harvest time and at the vearly high? Also, does the farmer
have large financial demands-at-harvest time?-Mhat-are his soending
habits? Does he normally have to sell his grain before pPrices have
started to reach their seasonal hiah? How much fluctuation is there in
the price on the local market? Are there other more lucrative markets

he can reach easiTy? 1s transportation of his crobps to the market expensive
or impractical?

There are other economic and market factors to consider. For
example, traditionally, grain in Dahomey is sold in markets by volume
rather than by weight. This could work aQainst the adoption of improved
storage methods. The improved quality of well-stored Orain, for instance,
could bring few benefits if the farmer not using improved methods can mix
a large proportion of his damaged corn with aood drain and thus sell it
at the same orice as well-stored Qrain, 5
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Eﬁmi1arly. are grain orices keeoing nace with inflationary orice
rise in the cost of the new storage techniques? Also, increased trans-
portation orices, for example, c¢an reduce potential profits. In short,
the economies, that is, the practical benefits of a new method, must be
thought through from the farmer's standooinc or, it may fail to be
accepted because of simple economic realities. '

Social Customs and Traditions. Similarly, local customs and
traditions should be carefuily studied from the farmers viewpoint to see
wha. impact they might have on the introduction of a particular storage
technique. The use of insecticides, for examole, may require careful
olannina. 1f farmers are used to leavina their maize unhusked durina
storage, will thev resist? Will insecticide-treated grain have a chanaed
taste or odor? Is treated grain acceptable hy ihe farmer for his own
consumbtion? Is it acceptable for sale locally? Have there been any
bad experiences in the locality as a result of the misuse of insecticides?

Another example of the importance of social customs is the farmer's
attitude toward centralization of storade facilities. Does the farmer
traditionally build a grainary in his field and leave the crops stored
there until needed? Would a central storaae silo cause him transportation

problems? W4ill he resist co-operative storing because he ddfesn't want
his neighbor to know how much he has produced? Social factors such as
these can affect the success of a new storage program.

Having anaiyzed the problems from the point of view of the farmer,
the nlannina agency .or organization must decide upon the scope of the
program it hones to introduce and to what extent it can suoport the program.

Personnel considerations. The oroviding of new information and
training and support for the introduction of imnroved storage methods,
requires considerable oersonnel. [oes the agency have sufficient madpower?
Will the personnel need training in the new techniques? 4ill voluntary
extension oersonnel be needed? To whom will volunteers be responsible?
What will their role be in relation to the oermanent extension personnel?
How will coordination be arranaed? I[Is the orgapizing agency willing to
assign permanent personnel to assure the success of the program? Staffing
and trainina therefore, are extremelv imoortant in planning a new prodram.

Material dvailability. The suoply of necessary materials must-be— "

assured as well. To what extent is.the oroiect debéndent unon vital

materials which are influenced by outside forces, ie., regional or world
shortaqes, inflation. Cement, insecticides, tin sheetina, re-rod, sand,

water, screening, wood ---- are they readily availahle? "Who will be

resoonsible for assuring the suoply of needed materials? How reliable

is that person or aaency? How reliable is, the sunoly? Lack of critical

items when needed will undermine the farmer's confidence in the program.

Transocrtation. Are local transportation facilities available and
adequatc Tor thé needs of the program? If they are not, orovisions for
vehicle supoort must be made. In such a case, decisions must be made as
to the use of the vehicles before precedents are set. If farmers are
dependent on a proiect to transport their harvests, this may prevent the
develonment of Jocal transport and cause difficulties when the proiect
can no longer continue such support.

- 33¢.
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Commercialization. Marketing success of Orains stored using
improved methods Will influence the raoidity with which those methods
are accepted. For example, if local market prices do net fluctuate
as qreatly as those in urhan centers, the sponsoring agency may want
to consider the plaming and support of organized transportation for
commercialization. The program should consider the available means of
commercialization and look for improvements to enhance the value of the
improved storage techniaues. For examole. the sponsorind agency may want
to reward farmers for the improved quality of their grain by introducing

some system of quality grading or sale by weidght to help popularize their
techniques. ‘

The above brief summarv includes some of the major factors an
agency must evaluate in deciding at what level it {5 willing to and
capable of participating in a orogram for new grain storane techniques.

Having thus considered the Problem, bne is better vreoared to choose
the particular means of improving storage which is best suited for the new
program.
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Part II. Choice of the Imoroved Method to Popularize

The choice of an imbroved storage technique for popularization
should result from an analysis of the existing problems. Clearly, the
economic factor will weigh very heavily. In dealing with subsistence~
Tevel farmers with very limited cash resources, the total cost of con-
struction, repair and utilization of a new technique must be measured
carefully against the effectiveness and Practical benefit to the farmer.
This type of calculation generally requires time for both study and testing
of the new method, two factors which are important to the Process of choesing
a storage technique.

Scientific testing. The imbortance of scieitific testing cannot be
over-estimated. Such analysis, before introducing the new storaqe technique
to the farmer, can avoid many problems.

Scientific testino tends authenticity and permits the snonsoring °
agencv to defend confidently such factors as reliability and efficiency.
For example, the Institute of Research for Tropical Adriculture (IRAT),
in Dahomev, has greatlv advanced storage techniques in that country by
its testing of many storage methods, amonq them; local drainaries with
and without insecticides, cribs, artificial dryers, cement stave and metal
silos. The results of these exoeriments have produced information imbortant
to the planning, choice and poticy of grain storage Prodrams in Dahomey.

: Testing, therefore, is an important step in chooSing a Dartlcular
" method’ of imbroved grain storaqe.

. Field Experience. Less formal, but equallv revealing, is field
exoerimentation. For examnle, field trials can help to verify the

adaptability of local materials as substitutes for more obvious and costly
imported materials.

Field tests uncover hidden problems and unanf1C10ated soc1al
impediments.
nosed new technique.

o

An example of the value of field tests in Dahomey was_demonstrated
when they revealed that storage in butyl bags was imoractical because common
over-filling caused bursting, and rats or sharp objects easily pierced
the bag destroying jts air tightness. In effect, the field testing of
a new technique provides a kind of market samnling of the docality before
larger-scale popularization.

The use of permanent extension agents or Voluntéers in performing fiéld
tests can be effective. In Dahomey, for example, Peace qups Volunteers
performed useful field exoerimentation in the early years that resulted
in much practical information essential to developing the grain storage
program here, .

Such field experiments must he cearly described as <uch to farmers
to avoid false imbPressions and to permit adjustments of the program. Thus
_ protected, one can obtain valuable information pPertaining to such additional
questions as (1) how much training time and supervision is necessary to
assure’nroper construction and/or orooer use? (2) can the farmer maintain
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the technique himseif? (3) are special tools required? (4) will the
existing agriculture extension system support the new technique? .

The final choice of a particular storage method to pooularize will
be a balance of many of the factors previously discussed in the context !
of local conditions. To help the reader assess the-various grain storage )
. methods presented during the seminar, a “table of consideration” is attached
to aid in one's analysis. Participants can®ill in any information whic.;
they feel is pertinent and valuable to their specific purposes.
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Part 111. Methods of Financing the Introduction of New Storage Techniques

The organization of the financial aspects of a new program of improved
grain storage techniques is essential to the smooth start of the nrogram.
There are several types of financing available from which to choose, among
which are included:

1. Direct cash investment by oartic1aat1ng farmer
2. Credit financing
3. Price supports .
4. frants

1. Direct cash investment by participating farmer

Cash payment for any improved storage techniQue is the simplest
and most direct method of financing. It requires a minimum of administra-
tive, financial and coordinating burdens for the sponsoring agency. Further-
more, cash programs usind the personal financial resources of the farmer
can be the method of financing which qives the widest and fastest possible
popularization of a proaram, providing that they are relatively inexpensive
and accessible to small farmers. )

$100, such as Dahomey, many methods of storage which are relatively low-
cost will still be beyond the means of the average small farmer. In this
case, high cash requirements can severely limit the scope of a program
and the speed of its acceptance.

' If the cost of the new technique is foo high, the benefits derived
from the improvements may be concentrated in the hands of farmers at the
highest income 1evel or even with merchants and civil servants who are
quick to see the monetary advantages of improved storate methods.

In countries with an average annual per capita income of less t:j?

Thus, other methods of financing will have to be considered if the
average farmer 1S to participate in improved storage programs. Later,
as a result of his use of improved methods, his increased income may permit
him to assume more financial responsibility for additionmal improvements.

2. Credit Financing

Credit financing can increase the potential availability of improved
storage methods to the low-income farmer.

A. Selection of credit recipients is an important consideration. If
the project uses financial criteria similar to those used for bank loans,
most small farmers will not have sufficient resources or collateral to
merit credit. In order to make credit available to those who need it

most, without risking a Tow rate of repayment, it may be necessary to allow
repayment of loans in kind “or make provisions for a commercialization
program for the grain stored.

To participate in a credit program, a farmer should be asked to show his
degree of interest in the project, beforehand. This can be judged through

- the requirement of a cash advance or the supplying of specific materials

or labor.
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B. The System of repayment of the credit loan should be well-planned
before the program begins. Provisions should be made for the eventuality
that a certain proportion of the loans uilﬂ not be repaid sometimes due

to circumstances beyond his control, such as crop failure. The terms and
requirements of the credit program must be clearivy explained to all farmer

participants and to all extension personnel to assure that all parties
concerned understand the responsibilities being assumed.

3. Price Supports

Another way of financing a nrogram of imoroved grain storade
techniques is by price support contributions by the sobonsorind agency.
This is a form of gift but it is for the purpose of underwriting the
program. For example, it might involve granting a portion of the cash
value of construction materials or transoortation expenses, the remainder
being paid for by the interested farmer or cooperative.

Price suoports can provide a valuable alternative to cash and
credit financing, esoecially when there are rapid increases in the prices
of buildina materials or insecticides without eQuivalent increases in
the prices that farmers receive for their produce. Price supports used
in coniunction with a cash program can serve to avoid the repayment problems
inherent in credit, thus decreasing the administrative burdens of the
program. ‘

Un-renayed credit becomes a gift. If a hiah percentade of reimburse-
ment cannot be assuired by a credit proaram, it might be better to distribute
the available financial resources through the usé of price suoocorts. This/
would make it possible to extend the benefits of the program to more oeople,

, & price support orodram, while limited by the resources available,
has many of the advantages of a cash program. The Project persannel has a
smaller and less complicated administrative work-load than a credit program.

~Another advantaae is that the interest of the farmer is assured by his cash
participation.

4. Grants

irants provide a means of havina orograms quickly accepted by
farmers; their scope is limited only by the financial capabilities of the
aranting agency. However, grants can present problems to the long-term
development of a orogram. 0Nnce the ovroiect funds have been exhausted for
grant financing, it may be difficulit to convince farmers to pay their own
money for what others have beer given free. 1In this case, there may be

a lag in popularization while farmers wait to assure themselves that no
further gifts will be forthcoming.

There is another problem that may result from the donation of
grant:: Since the investment by the farmer is minimal, his intereg;/éi the
upkeeo and propber use of the items received mav also be minimal.

~ 1f grants for the total cost of the storage method are to be given
to farmer participants, better results may be assured by careful selecticn
of recipients, thorough explanation of the practical advantages and use of
the storade method, followed by continued sunervision in its proper use.

J3:
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Part TV. Stimulatina Interest in Imoroved Storage Methods

There are manv methods nf nooularizing a new storage technique or
of stimulating interest in it. The manner in which it is done can directly
‘ffect the numher of farmers who will choose to try the new technique.

It is best that the orodram be completely planned before commencing
active nooularization at the farmer level, in order to avoid confusion
or delays. For examPle, proiect field aaents should be trained and fully
informed ahout the proaram before they begin discussing it with farmers.
The storage method should have heen tested. The financial arrangements
should be settled and adreed uoon. Transportation oroblems should be
resolved. Provisions should he made for the raoid accePtance and expansion

of the preqram. o0nce all these matters are nreoared, than the popularization
can hegin.

Demonstration Methods

Demonstration of imoroved storage methods can he very effective in
convincing farmers to adoot the new method for themselves. DNemonstration

"models should be highly visible and built to attract a lot of attention.
rossible locations for demonstration sites are: near the home of an individual
farmer, at .farmers' cooPeratives, at aqricultural ycuth clubs, at agricultural
exoositions or on ouhlicly owned land. -

Imoortant considerations in attracting the farmers' attention are:
Is the location easily seen? [s adequate, easily interoreted information
provided? If it is huilt for an individual farmer, is he well-respected?
Will he use the site? Are there local personnel available who can exolain
the method? Will the site he attractive and well-maintained?

On Farm Demonstrations

Because of ‘some traditional farmers' reluctance to adopt new methods,
the initial demonstration sites may need to be huilt on a total qift or
price-supported basis, perhans with a quarantee to reimhurse any losses
in the event of failure. However, when the demonstration site is installed
as a nift, recinients mav have little stake in its success. Since the
purpose of a demonstration site is to spread the knowledge of good results,
special care shoitld be taken that such sites are well chosen to reduce problems
of mis-use or abahdonment. It is a good idea for the selection of farmers
for demonstration sites to be done with the aid of 1ocal agricultural extension
or government authorities. Additionally, close supervision and careful
exolanation of storage techniques i1l heln to assure good results and posi-
tive propaganda. )

Aqricu]turai Fxpositions

The high visibility offered by agqricultural fajrs presents an
excellent opportunity for disnlay, explanation and discussion of demoOn-
stration models. An exolanation in the local lanquaqge by a farmer already
convinced of the method through personal experience and success can greatly
increase the impact of an agricultural fair demonstration., FOllow-through
is increased by handing out simnle flyers which briefly exolain the storage
method and give names and addresses to contact for more detailed information
and assistance. . 5 ~

‘ _ . . 36
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Demonstration Sites on Public Lands

Sites near market places, health clinics or local aqricultural
offices can be very effective demonstration locations.-.Since this type
of site generally has no sinyle owner or Person resbonsible for its
operation, assurante should he made in its plannina to provide for
continued and proper use because an unused storade unit can be a bad
advertisement. Increased credibility and effectiveness can be provided
by assistance of local adricultural extension agents in demonstration site
operation and information dissemination and by invitind local farmers
to participate in all asbects of its use. Whenever Possible, transportation
of interested farmers to a demonstration site can increase its impact.

lse of Radio and Newspaoers

For more widespread Pobularization PurPoses, adricultural radio
programs and newspapers can be used. Since these methods lack the visuatl
impact and opportunity for questions provided by actual demonstration sites,
explanations must be clearly and convincingqly focused at the level of
knowledge of the prospective users, preferably in the local landuage or
with simple self-exPlanatory diagrams and pictures.

Conclusion

With all of the above methods for creatind interest through
demonstration and information dissemination, emPhasis should be placed
on the practical benefit of the new storage method and all nobularization
efforts should be designed for high visibility and comprehension at the
level of the farmers for whom the Project is aimed.
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Part V. Intearation into the Local Infrastructure

A grain storage program can have a more lasting and broader impact
if it is c]ose1¥ integrated with agricultural extension services, farmers'
organizations, local craftmen and the local marketing structure. Additionally,
such integration can reduce the program's organizational and logistical
responsibilities. For examnle, the manaqement of insecticide supplies
miaht be turned over to merchants' or farmers' organizations. Craftmen,
once trained in storage construction skills, can take over further training
through apprenticeship of younaer craftsmen. Agricultural agents can Super-
vise drying, treatment and storage. Involvement at all levels of the agri-
cultural, economic and social sectors will help bring about an integration
which hopefully results in adaptation of the storage method. ’

Coordination with other related projects can also extend the long-
range effect of a grain storage project. For example, a broader more effective
base might be gained by joining forces with grain commercialization procrams
or imoroved production Proiects which encourage the use of fertilizers,
improved seeds and/or animal traction. This type of coord*nation can provide
complementary benefits for other sectors of activity as well.

To achieve real and continued integration, one of the project's
conscious qoals must be iust that, intearation. Contact between project
coordinators through redqular meetings or frequent interchange can help
to keep communication qoina and to facilitate cooperation. In addition,
comPetent and thorouah trainina will increase the value of the project
extension workers' contribution toward inteqration. Training sessions
can be held "on site" for direct experience or, in the case of large groups,

short instruction courses can be 1ncorDorated at locatl training institutes
or schools.

Given the temporary nature of third-rarty developmental aid, a
project relying on this type of support cannot expect to have tong-term
duration if integration into existing infrastructures is not undertaken.
The sooner inteqration beains, the less is the risk caused by the eventual
or sudden loss of outside nroiect support, local participation and local
adaptation.
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APPENDIX

Brief History of the Grain Storage
Program of the AQriculture Service
of Dahomey and the U. S. Peace Corps

It was in 1967 that the Agriculture Service of Dahomey under the
Ministry of Rural Development first asked for U.S. Peace Corps volunteers
to assist it in implementing a new prodram of Qrain conservation at the
farm level in southern Dahomey. Problems with grain storage had always
been acute in Dahomey. ’

The vast majority of maize oroduced annually in Dahomey is grown
in the southern half of the country where there is constantly hidh
humidity and temperatures which foster rotting as well as the multipli- \
cation of maize-consuming insects. The traditional method of storage in !
southern Dahomey is in loosely-woven Palm thatched 9ranaries raised on ‘
wooden stilts. The only real protection against attack by rodents and
insects is offered by the husk on each ear of maize, resulting in 30%
average loss of the 300,000 tons aporoximate annual production. The
estimated value of Maize lost annually to the combined effects of insects,
rodents and rot is a minimum of 600,000,000 CFA {about $3million).

The idea behind the original request was to introduce to individual
farmers the use of the insecticide, Phostoxin, with steel drums and butyl
sacks furnished by the Nffice of AgQricultural Commercialization of Dahomey
(now 5.0.C.A.D.) under a grant by US AID.

Thus, the initial imoetus to the project was aimed at popularizinmg
a new storage technique at the farm level. It also entailed assessment of
traditional systems of storade and experimentation with a variety of potential
improved methods of storage. fne of these methods was the cement stave silo,
adapted from larger models used in the United States, and the mud-walled
Brooks dryer, developed at Ibadan, Nigeria, and adopted by the Institute of
Research of Trooical Agriculture (I.R.A.T.) at Miaouli, Dahomey.

Since the process of artificial drvying and storage in a new type
of silo was experimental, and the results could not be guaranteed, the
majority of the exPenses of constructing the first units for individual
pilot farmers were paid for by the ¥.5. Embassy Self-Help Fund.

nver the first few years, the Agqricultural Service and the Volunteers
constantly tried modifications in the desian of the silos and dryers. During
this period of experimentation Dahomean Aoricultural extension agents and
local officials offered their help and advice. Cumulative results of field
testing did indicate to the Adricultural Service and the Peace Corps that
the Cement stave silo merited carefully controlled scientific experimentation
to determine its reliability of performance.

By 1971, it was clear that (1)} farmers in Southern NDahomev were
ready to accept new methads of storing corn, (2) the earthen dryer was
effective and had potential for vopularization, and (3) there were two
types of silos -- cement stave and sheet metal (the latter developed by

1.R.A.T.) which appeared promisino for farm level storage.
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At this point, it was decided by the Aqricultural Service, the
Peace Corps and 1.R.A.T. that controlled tests should be performed.
Accordingly, an experiment was installed at the I.R.A.T. station at Niaouli.
Twelve cement stave silos and twelve sheet metal silos were built and placed
under a large shelter. The silos were filled at the end of Nctober, 1971,
periodically tested and emntied in June 1972. They were then refilled with
new maize in November, 1972, similarly tested and emptied in May, 1973. _
The results of these trials demonstrated that both types of silos, if )
treated with insecticide, store maize extremely well. It was determined
that maize dried to a moisture content of 12% and treated with any of a
variety nf insecticides could be stored in cement stave siltos for at least
six months with average losses of not more than 3 percent.

Durina this time, volunteers had been working with local agricultural
officials to popularize and build silos and dryers for interested farmers
who could afford the units which had an averaqe cost of $70-3$80 (without
expensive tin roofed shelter}. 1t was after the 1.R.A.T. tests that the
director of the Dahomean Agricultural Service decided to officially adopt
this system, and the Mational Cereals Commission of Dahomey committed 5 million
CFA (%20,000) for the credit construction of 100 storage units for individual
farmers each consisting of a 4.5 ton cement stave silo, an earthen dryer,
and a tin-roofed shelter. The first ten units were built in the region
of Sakété, under the supervision of a technical agent of the Agricultural
Service and a Peace Corps Volunteer. These completed units were officially
accepted by the Minister of Rural Development and Cooperative Action in
June, 1974, and work has been authorized on construction of another twenty
in the three southern provinces of Dahomey.

The National Cereals Commission has established criterja for the
100 farmers who are to receive this credit. The participants must:

1. be a farmer

2. cultivate at least two hectares (5 acres) of maize per year

3. reside in the district where the silo is to be built

4. be recugnized by local agricultural agents as a progressive
and ceooperative individual

5. be willing to sign a contract for the repayment of the loan

6. make a 10,000 CFA ($40) cash advance as an indication of

serious intent.

The 1oan is tp be paid off in six equal annual payments at 2%
interest. Payment can be made in cash or the equivalent value of maize
at a pre-determined value of 25 cfa/ka (the averaqge price of maize at the
time of harvest has been from § to 1N cfa/ka).

Over the years, the collaboration has arown between the Peace Corps
and the Agricuttural Service and particularly its Division of Crop Pro- - B
tection which has a supervisory role with respect to the volunteers.
Requests for and assignment of volunteers is handled through these offices.
A volunteer with experience in the program in Dahomey has traditionally
been designated as "Coordinator” by the Dahomean officials and Peace
Corps staff, and he acts as a liaison between the grain storage volunteers
in the field, the Peace Corps staff in Cotonou, and the government agri-
cultural officials in Porto-Novo. The Peace Corps, besides furnishing
volunteers, has helped find outside funding for program related projects.

o4y




Appendix F

BIBL IOGRAPHY

The information in this manual is not and can not be compliete. The
information presented here cannot be immediately applicable or appro-
priate to all regions or to every storage need. You may well require
further technical assistance in adapting these materials and others
to your grain storage situation. Some of that help can come from
books; much, from organizations and people.

The Tropical Products Institute (TPI) may already be a familiar name
to you. This agency does a great deal to gather and distribute infor-
mation worldwide on grain and grain storage problems. Materials from
the TPI library have been of great value in the preparation of this
manual. ‘

Peace Corps and VITA are grateful to TPI for its permission to reprint

that agency's bibliography of materials on the various aspects of farm
level grain storage. '
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Tropical Products Institute

Ge4  Crop storage bibliography
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Conversion Tables

Simple methods are given here for
converting English and metric units
of measurement, Following thase is
a series of useful conversion tables
for units of area, volume, weight,
pressure and power.
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LENGTH CONVERSION .

The chart in Figure 3 is useful
for quick conversion from meters and
centimeters to feet and inches, or
vice versa. For more accurate results
and for distances greater than 3 meters,
use either the tables in Figure 2 or
the equations,

The chart in Figure 3 has metric divi-
sions of one centimeter to three meters,
and English units in inches and feet
to ten feet. It is accurate to about
plus or minus one centimeter,

Example:

An example will explain how to use
the tables. Suppose you wish to find
how many inches are equal to 66cm. On
the "Centimeters into Inches" table look

4

down the leftmost column to 60cm and then

right to the column headed 6cm. This

gives the result, 25.984 inches.
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AND GRAMS

KILogrAMms

il ! E__
WEIGHT CONVERSION =
FIGURE 5 =

The chart in Figure 5 converts pounds g ——
and ounces to kilograms and grams or o Y
vice versa. For weights greater than =
tZ. pounds, or more accurate results, -
use the tables (Figure 4) or conversion =4

-equations., See "Length Conversion," 3 _
Figure 2, for an example of the use of 8——
the tables. ]

On the chart, notice that there are —_:{-_-
sixteen divisions for each pound to o
represent ounces. There are 100 divi- =
sions only in the first kilogram; and 77—
each division represents ten grams, 3—
The chart is accurate to about plus = 3
or minus twenty grams. —
Equations: =

66— —

1 ounce = 28.35 grams 3

1 pound = 0.,4536 kilograms 2 3.

1 gram = 0,03527 ounce S -

1 gram = 2,205 pounds s o -

Q =
5§ —
! . FIGURE 4 KI1LoORAMS 1NTO POUNDS p—
. (L kg. = 2.204631b.) % =
ksl'llull 2 ' 4!5!nl' ' P __:_—--z
O TTITT T T ot = o
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FIGURE 1

TEMPERATURE CONVERSION .

The chart in Figure 1 is useful for

uick conversion frem degrees Celsius
?Centigrade) to degrees Fahrenheit and
vice versa. Although the chart is fast
and handy, you must use the equations
beiow if your answer must be acCcurate
to within one degree,

Equations:

Degrees Celsius = 5/9 x (Oegrees
Fahrenheit -32)

Degrees Fahrenheit = 1.8 x {(Degrees
elsius) +32 .

Example:

This example may help to/clarify the
use of the equations; 72F pquals how
many degrees Celsius?

72F = 5/9 (Degrees F -3¢)
72F = §/9 {i¢ -32)

72F = 5/9 (40)

72F = 22.2C

Notice that the chart reads 22C, an
error of about 0.2C.
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Conversion Tables

Units of Area

1 Square Mile 640 Acres 2.5899 Square Kilomsters

1 Square Kilometer 1,000.000 Square Meters 0.3861 Square Mile

1 Acre 43,560 Square Feet

1 Square Foot 144 Square Inches 0.0929 Square Meter
1 Square Inch 6.452 Square Centimeters

1 Square Meter 10.764 Square Feet

1 Square Centimeter = .155 Square Inch

Units of Yolume

1.0 Cubic Foot = 1728 Cubic Inches - 7.48 U.S. Gallons
1.0 8ritish Imperial Gallon = 1.2 U.S. Gallons

1.0 Cubic Meter 35.314 Cubic Feet 264.2 U.S. Gallons
1.0 Liter 1000 Cubic Centimeters 0.2642 U.S. Gatlons

Units of Weight

1.0 Metric Ton 1000 Kitograms ) 2204.6 Pounds
1.0 Kilogram 1000 Grams . 2.2046 Pounds
1.0 Short Ton ' 2000 Pounds




Conversion Tabies

Units of Pressure

n

1.0 Pound per square inch 144 Pounds per square foot

27.7 Inches of Water*

it

1.0 Pound per square inch

1.0 Pound per square inch 2.31 Feet of Water*

1.0 Pound per square inch 2.042 Inches of Mercury*

tl

1.0 Atmosphere 14.7 Pounds per square inch (PSI)

33.95 Feet of Water

i

1.0 »mosphere

1.0 Foot of Water = 0.433 PS] 62.355 Pounds per square foot

¥4.223 Pounds per sijuare inch

1

1.0 Kilogram per square centimeter

1.0 Pound per square inch 0.0703 Kilogram per square centimeter

"% at 62 degrees Fahrenheit (16.6 degrees Celsius)

Units of Power

746 Watts = 0.746 Kilowatt (KW)

1.0 Horsepower (English)

1.0 Horsepower {English) 550 Foot Pounds per second

1.0 Horsepower (English) 33,000 Foot Pounds per minute

1.34 Horsepower {HP) English

1.0 Kilowatt (KW) = 1000 Watts

1.0139 Metric Horsepower {cheval-vapeur)

1.0 Horsepower (English)

1.0 Metric Horsepower 75 Meters X Kilogram/Second

1.0 Metric Horsepower 0.736 Kilowatt = 736 Watts
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