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'FOREWORD

o f
s 7_\,4 L i

 This is the th|rd* in a series of trainmg manuals developed by David
Dichter & Associates, m,cooperatlon thh the Government of the Fede-
‘ral Republic of Germany, devoted to- |mproved grain storage practlces?'
at the farm and village-level in the developlng countries of Asia, Afnca ‘
and Latin America.’ Thls Manual |s largely based on mat\erlal developed
for the EAST AFRICAN WORKSHOP/IF{AINING COURSE ON M-
PROVED FARM & VILLAGE-LEVEL GRAIN STORAGE METHODS he,ld
“at the East African. Communlty Management Institute in Arusha, Tan-
, zania from 28 Februaryto 12 March 1977. The course was sponsored by
the Ministry of Agric‘uItUre of the Government Qf,Tanzania,.(KiIimo)énd"f
by the-Gerran Foundation forTnternational Development (DSE). David
Dichter & Assomates of Geneva Switzerland served as the Workshop
Secretariat. L AR g ‘ : .
Whereas much of the lnformatlon centan‘}eglm ﬁms ManUal was pre-
- pared for use in the East Af’ncan Reglonal Workshoi! it, was also de-
_signed to serve the needs of many other regions in the developing
¢ --Wworld, partlcularky as agenera%;rammg guide for technical and exten-
sion personnel engaged l'n redL?mg post harvestprann ‘storage Iosses'
Accordingly every effort has been made tg produce a book which can -
’ be used not only as a practlcal teachlng device, but also as a com-
5 prehenswefleldtrammg manual. The faCtthat morethan half of the par-
ticipants’ time at the Arusha Workshop was devoted to on-the-job tram-
ing in snlo/dryer construction, maintenance, and appropnate utiliza-,
tion, serves to emphasize‘the ‘self-nelp’. approach of thlséManuaI
‘Many of the dry%nd storage units featu"“-"'“' in this Manual have been
successfully used for a number of years invarious parts of West Africa
and the Sahel, regions-which have comparable temperature and humi-

<

. “WEST AFRICAN SEMINAR-ON THE VOLUNTEER ROLE 1N FARM & VILLAGE-LEVEL GRAIN STOA-
“ AGE", tgnou ‘Dahomey, December 13-21, 1974. Pubhshed by the German Agency for Tephn al
Cooperatibn (GTZ), PostfacH 5180, Eschborn 6236, F. R. Germany 1975,
. "WORKBOQK FOR EAST AFRICAN WORKSHOP/TRAINING COURSE ON IMPROVED FARM & VI
LAGE‘LEVEL GRAIN STOHAGE ME, JODS", Arusha, Tanzania, February 28—March 12 1977, Germam
Foundation forlnternatlonal ' 8 mng F. R. Germany: . - . (




dity eonditions to man parts of East Africa. Thus, the organlzers of the
Course felt that it wd reasonable‘to introduce these modals to the
tralnees attendlng X e Arusha course. In addltlon to applylng the suc-
cessful experlences gamed in West Afrlca an effort was made dunng
the Workshop to, analyse dlSCUSS —.and in-some cases actually con-

struct — those types of gram storage and drylng systems which have
been found totproduce}trhe best results for subsmtence farmers in East

Africa. = wi ‘ . -

To make best use of thls tralnlng gunde it is recommended that the
reader first ledrn as much as possible about the areain which he or she
is worklng To assrst him in this effort, a Fleld Questlonnalre is. Ln— '~
cluded as the last chapter. Besides provrdlng srmplLdata gatherlng
techniques on local 'social and economic condltlons the “Questl ;

naire’ enables the'user to- ‘make a systematlc analysrs ofthe lnformatlon
collected about local grain storage practlces a

The Manual itself is divided-into ten chapters If used in conJunctlon
wntha tralmng course,each chapter provides info rmation for approxi-
rhately.a half- day s study. Two of the, chapters “Storage Systems!’ and "’
"Dryer Systems - contain detailed burldlng plans of |mproved grain- -
storage/dryer units for use in an:pn-the-job t‘ralnlng prugramme. ;
Although the manuah contains data about various types of improved
farm andvillage-level grain storage and dryer systems, it is not meantto
be a canplete reference work in itself. It does offer, ‘however, informa-
tion on sele&ed models which have proved suooessful inawide vanety
of operational and elimatic condltlons The useris encouraged to make

any necessary |mproven1ents or modlflcatluns based on local COﬂul-

PR N

t|ons S RN C s
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We reco imend,’ especrally if the Manual is being used in a tramlng
course, gthe reader first look over the book qurckly in‘order, to see
’lOW the subject matter has been presented He should then read care- 1
lully each chapter before Jtis dlscussed in class L

—

ﬁ\s part of thesystematlc approach used in th|S\ l\there is aserles :
of quéstions at the end of each chapter. The user is:ddvised to try and »
answer the q‘bstlons\after becoming familiar wnth th subject matter,
hus flxmg the most l)'r\’nportant features in his ml\nd Experlence has




of the Manual is first to answer the quest|ons in pencrl and later Jot
down comments and questrons which he may- have in order to dlscuss“

them with his Colleaguesmthe classroom; at his place ofwork ortnthe . ‘

field. After-the-classroom. penod or after he has consulted hlS super-f'

visors, it is suggested that he recopy the answers and addltlonal notesf‘

in ink as'a permanent record.

: o
1 3

' There isa blbllography of books and other works at the end of the Ma-t’ .

nual that may be useful |f more detalled mformatron on the subject is re-_‘ :
quired. : : &

May 1978
Geneva, SV\’/itzerIand' ;

. Davio Dichter

Seniof Associate“ ,

DAVID DICHTER & ASSOCIATES
9 rue de \{errnont‘ ‘

7202 Geneva, Switzerland
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INTRODUCTION

, 3
Feeding the world's population has dlways been one of mankind’s

greatest nroblems, and yet it has taken on even greater importance in:

recent years. Widespread famine is now a reality. The year 1972 re-

presented a turning point downwards for the first time in over twenty o

yearq worldwide production of cereal grains decreased, while thcr;

world’'s population continued to increase at an alarming rate.
Reactions to this crisis were man;{ and diverse. International organiza-
tions mobilized their resources, new agencies were created and mas-
‘sive relief shipments were begun, gnd in-some partlcularly hard-hit
areas airlifts were instituted. The affected countries in the West African
and Sahellan regions for example, banded together to work on. both)

short and long-term solutitns to their food problems. The Unﬂited Naf ”

tions, through its Food and Agricultural Organlzatlon held a World ~
Food Conference in Rome in 1974. :

The statistics, however, continue to be disheartening with deaths re-
portedinunits of 10,000 or even 100,000 accompamed by predictions of
possibly even greater catastrophes in the future. Thelong -term damage
to agriculture and herds in the affected regions is virtually incalcuable
to humarn society in terms of brain damage (through malnutrﬂti@n) and
other horifying afflictions. Plans for making just one of these regions —
the African Sahel — famine-proof, call for the expenditure of billions of
dollars. S ‘ ¢

g e

In an assessment prepared by FAQ for the World Food Conference in

1974, it was estimated that the demand for cereals in the developing
‘countries would reach 929'mllllon tons by 1985, yet the report predicted
that production would not rise over 853 million tons. The deflCIt of 76.
million t{ﬁ would be about 100 million tons if the cereal exportlng
countries among them were excluded. Assuming that losses in the
post-harvest period are not more than 10 %, which FAO believes is a
rather conservative estimate, this means 86 million tons lost per year by
1985 if no action is taken to prevent it. Furthermore, if one considers
that these statistics include bulk storage facilities where losses can be
vmuch better controlled, then the on-farm and village-level grain storage
'Iosse/s/ln developing countries are obwously going to be higher than

L3
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{0 in fact perhaps as high as 20—-30 °ofor graln stpred six munthsto )
ayear. and most likely substantially hlgherfor carry-over stocks of more ,

. than a year. Thé\;ﬁf\b report econcludes that with the recent weighted -

L/

export price of US $ 176 per ton, thiswould represent a loss in foreign
exchange to developing countries of the order of approximately

US $ 7.5 billion per year. . ‘ o S -
International aid programmes and many extension services have"trédj— '
tionally concentrated their attention either on increasing the volume

and means of production or on introducing new systems of marketing

and distribution. Actually, it is in the middle — between harvest and sale_
(or harvest and consumption) —that the greatest losses occur, espe—

cially to the individual farmer's grain. The effects of these losses are |
5tagger|ng when applied to overall grain product|on of the less de—'
veioped countries of Asia, Afrlca and Latin America. They are tragnc
when measured against the circumstances of the individual subsis-
tence farmer. who is still the mainstay of agriculture in most developing
countries.. Add to this fact that 80 % of the average subsistence far-
mer’'s grain crop Is kept on Lhe farm orin his village for seed and con- .
sumption. anij the effect of t@se storage losses becgmes readily appa-
rent. The problem of maintaining adequate food security stocks at the
farm and viliage-level is of vital concern to government officials in the
developing countries, Becau§é of ihnad‘é;quafe storage facilities at the
local level. however, there is little if any effective carry—éve:r stocks of
cereal grains from one year to the next. Under se:ri’bus droﬂght ¢condi-

_tions. or in the event of other natural or man-made disasters, this often

causes severe hardsths for subsistence farmer"s and their families in
the affected regions: ~ . ‘
Because-subsistence farmers in most developmg%guntrles are unable
to store their éxcess grain adeqpately, for more: th@n a few months be-
fore it begins to deteriorate, the practice atﬁharvest time in most de-
veloping countries is for farmers to try to sell off their surplus amount
immediately. This represents wirtually their only cash income from
cereal production for the season. Since thousands of other farmers in
the region are also sellmg their surplus at the same time, the inevitable

. o

result Is either plummeting grain prlces (in a free market S|tuat|on) or

~

where there is 8 smgle\purchasmg authority, bottlenecks and delays

o
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was most in need o\rash and likely to get a better prlce o /1t, but most

- A
. L . . -
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brought on by oVertexed centralized storage facilities and inadequate

inland transport. However, just before the next harvest season, when
their cash reserves are likely to be attheir lowest level and their personal
grain stocks hardly sufficient to malntam therrfamlhes ona subsmtence
basis. local farmers invariably find themselves in very dlffncult cifcums-
tances. It is a common practice for subsistence farmers to go into seri-
ousdebtbecausetheywereforcedtobuygralnstocks oftenatmflated
prices — from private dealers in order to replemsh thejr household sup—
plies. . ==‘. L

Whereas efforts to combat the problem through the lntroductlon of
cooperatlves price supports and the like are very usefuland dofin some

- cases help subsistence farmers to pull themsélves out of this vicious
economic ‘cycle, there is another’solution that is perhaps often over- l
looked because of its inherent simplicity. If the farmer had gccessto in-
expensive. efficient farm and village-level storage/dryer sylstems for his . -

grain (and wkhere‘necessary some form of agricultural crigq;
not only hold bac‘&hfs grain until later in the agrlcultural y&ar oy en he
mmortant of all. guasantee himself and his family a E uch more secure
as well as nutritious fhod supply during the Comlng year >
As urbanization has gdvanced in varying degrees in the developmg
countries with the regultant growth of population in cities and towns,
the m}meeate demaﬁd by non- producers for food grains'has grown
steadily. Tme growing demand has been met during the .good crop
years by surplus produc’uon on farms which could be offered for sale.
The more recent years of- drought and reduced production, have seen
commercial sales from the nations’ farms5|gn|f|cant|yreduced leaving
governments in Asia, Africa, and Latin America little choice but to im-
port large amounts of grain. often utilizing badly needed foreign ex-
change reserves. | ° ' .
It is well known by this time that‘local storage lossés are ~wideepread
among subsistence farmers in developing countries, Many traditional

storage methods, however, are not wholly-appropriate or technically ef- .

ficient and also require modifications or improvements to their basic
designs or the introduction of new techniques. Consequently, many

- experts agree that much largff’quantities of grain could be made avail-

i
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able for commercial sale if improvements were made, thus providing
subsistence farmers with additional cash income.

Our experience has shown that the technology is now aVaiIable for con-

structing effective, relatively inexperisive farm and village-level grain
étorage/dryer facilities using locally available material and employing

labour-intensive methods. Furthermore, we believe thatthe questuoﬁ of

significantly reducing local grain storage losses is essentlally a man-
agement problem—notatechnical one—and one which can be resolved
through the establishment of clearly defined national policies-What is
urgently feeded at this time is to bring this knowledge to the approp-
riate “"change ageynts" in.the developing\Countries"and to assist these
personnel in devising the most effective procedures: for assuring its
rapid and widespread application at the farm and village-level.-

David Dichter. Ph. D. s
Geneva Switzerland
September 1977 !
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CHAPTER I: WHY STORE GRAIN

!Ylf

<

C >
During the past ten years. technologicalladvances in agriculture have
been responsible in large part for a worldwide increase in total food
production. But the disappointing fact remains that the population
gfowth of the globe has canceled out most of these gains. As a result,
ﬁ’here is actually lower per caplta food production today than there was
in 1970, and global food reserves in 1974 were approxmately 25 per
cent of what they were in 1961. .
Itis now widely recognized that the struggle to feed the world is Inten—
sifying. The United Nations Food and Agriculture Organization has re-
cently estimated that nearly 500 million peopte throughout the world
suffer from some form of‘malnourishment. But FAO has afso estimated
that over 200 million tons of grain are destroyed each year by insects,
molds. rodents. birds, and other pests. This 200 million tons of grainis
enough to feed 500 million people.for one year and essentially eliminate
the present food gap. |
These statistics illustrate why-world food shortages must be solved not
only by increased food produ ion, but also by reducing food losses.
This need was recognized at tfe World Food Conference, held in Rome
in November 1974, when its official conference report recognized the
factthat "in many developing countries larges«quantities of food are lost
between the farm field and the consumer, and that deterioration in the
nutritional value of food before it reaches the consumer is a serious
problem . And later in the same Resolution, the Conference “requests
all countries to reduce to a minimum the waste of food and of agricul-
ture resources . : -
Asyou are already aware, great efforts are being made in all countries to
improve a_&;ricultural production and to raise the level of well-being of
rural families. Such efforts are everywhere more necessary than ever. In
many parts of the world there is acute hunger even to the point of star-
ation. Many of you are aware of the vast loss of life due to lack of food -
that took place in the Sahel countries of West Africa. The same drought
situation which began in 1972 had serious effects in Ethiopia and in
parts of East Africa. The scars left from the drought are still plainly visi-

B 13




ble. and it will take a long time before the' anlmal herds can be bth up
again. » ' T : P

Although actual starvation is g dramatlc and extreme S|tuat|on malnu— '
“trition is much more common in developrng countries, and especrally;

among children. According to the World Health Organlzatlon 10 million
chitdren in the Third World under the,age of\ﬂVe\are chronicallyand
severely malnourished, and some 90 million more a\ré\moderately af-
fected. These Unitéd Nations fjgures show that of all the deaths in the
poor countries. more than half occur among children under five, and
perhaps 2as many as 75 per cent of the deaths are due to malnutrition
complicated by infection —that is, the child does not die of malnut«ition,
but because malnutrition has<already weakened him, he is more-sus-
ceptible to disease. Malnutrition must thus be overcome, because an
inadequate diet makes all people, but especially children, less able to

2
&
l

combat diseases. Children who are malnourished have less energy and -

do less well in school, too. Men and Women who are malnourished are

lessproductive, more easily tired and less able to do areal day's work. A
wife who is pregnant must eat well if the new child is to be healthy. For
all these reasons, the farm family is interested in having more ang better

" food.

From the point of viewof the nation as awhole food is as vrtal to the life
of the country as it is to the life of a, man

- Self-reliance is lng?easmgly recogmzed as afundamental goal of all de-

veloprng nations ‘fand as the precondition for proper-development. As

long as a nation is dependent upon other nations for its very livelihood,
it leaves them in a weakened position. Many countries fear that food —

because it can be sold or held back ~ depending on another nation’s -

policies — puts them at a serious disadvantage. Furthermore, when-a -

country is not self sufficient in its basic food needs, then money — often
involving hard currencies — has to be spent to impbrt food. This money
has to be earned by exporting goods, and the world's terms of trade are
usudlly unfavorable to the exports of poor countriés. It is far better fora

deve!oplng country to be self-sufficient in its food needs and t6 use its

money to lrnport goods and machines so as to be able to increase pro-
duction in a variety of sectors.

14
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Thus, self- sufﬂelency in food is the pollcy of most Asian, African, and
Latm American states, but real efforts will Rave to be made to bring the
policy to reality. '

Fr@m‘a’nat\ional point of view, increased food pro’&uction and better
storage of food isimportant so that life may be made more rewarding for

rural people. If such improvements can be made,’it is likely that it will
help siow down the flow of young peoplé tq the cities, where there is of-

ten nc productive work for them.

s

[}

For a more rewarding life in the rural.areas, farmfg;ilies must get-the -

ce'more, but also
to lose less. It is to help overcome the great losses that occur between
the time grain is harvested and consumed that this Manual has been
produced.

most from their efforts. They must be helped to pro

-Con&de;ably more attention is now bemg gwerfto the problem of re-

ducing post-harvest grain storage losses at the: farm and VIII? level. .

Of course. a great amount of work has been done to improvg’storage
facilities 'in countries that export much of their grain, and in the same
way. a googf deal of agricult&rarb experimentation and extension work.in
a number of Third World countries has gone into work o'p “export
crops’ . "

Now. however. the need to improve methods at the farm and village-

level is beingrecognized. Effective improved storage at the farm and vil:

lage-level is of crucial importance, for it is on the farm or in the village

that the great bulk of grain is stored, both for use of the farm family, and

.until it can be soid at the market.

Itis also at the farm and village-level that great losses occur, Iosses due
to molds and other forms of bacteriological deterloratlon {6 insects

and rats. Mold spores are similar to seeds, for nfolds are really a large -

number of very, very small plants. With moisture, these mold spores
start to grow, as is the case with any plant, and they need food to keep
on growing. Thus the molds enter into the kernels of the grain and use
up the nutritive value “of the kernel. It is at.the farm and village-level,
~ therefore, that the first-determined efferts must be made to lmprove
grain storage techniques for the benefit of farm fam hes and for the na-
‘tion as a whole.

/ 15
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By concentrating at the farm and village-level, we do not mean to over-

look problems at central colle*éﬁon points of larger-scale Storage
facilities. It is sumply that the managers of larger storage facilities can
get help from storage specialists more easily than can the local farmer.
The drying and pres’grvation of food at the farm and village-level is im-
portant. Food preservation and storage will enable one region to supply
food to others. and such preservation may serve as the base for local in-
dustries. Thus, proper preservation of food is not Ilmlted to the storage

ofgrain. The proper drying of fish, of meat, ofvegetables and of fruitcan
allpe part of a program for better nutrition and for sale on the local mar-

ket:
This workbook. however, is designed to help improve the storage of

grain at the farm and village-level, for grain is of great 1mportance both

in-tocal diets and as a cash crop. "

Most people throughout the world depend on food grains to live. Maiz‘de,

millets and sorghums, and rice are the basic foods for most people*in
the world. In some areas, root crops such as yams and manioc also play

fae part. but there seems to be a trend for food grams to increase in
Bortance as gralm is easier to transport. Thus grains play an important
role in feeding the increasingly large populations in cities. The need to
feed people living in the urban centers means that farmers can sell their
crops for cash to buy goads necessary for their welfare.

Grains have other uses also. In some parts of the world, grain is fed to
fivestock such as cattle, pigs and chickens. Althoﬁgh relativel& little
grainis used in developing countries for Ii\;estock production, itis likely
that more may be used in the future as techmques of animal production
are modified. ‘

I . (," ()

Thus. more grain_is needed both for the individual farm family and for’

the nation as a whole. The quality of the grain must also be improved.
There are many efforts being made to increases production — better
seeds, new tools, the use of compost (green manurmg) or chemical fer-

4tilizers. But some of these techniques are often costly or/reqUIre people ,

to d4arm in very different ways. Farmers are often refuctant to change
their ways of doing things, and so it might be more useful to try, if possi-
ble, to improve what is already being done locally.
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This is why improvements in storage methods are a real possibility. We
Rnow that farmers already store a Iar’fge part of their grain. The aim of
this Manual is to help the farmerto imprﬁe what he is already doing and
to have him understand better some of the results he is getting. We will- -
look briefly at the three maJor reasons farmers already store-grain: '

~ — More food for the family.
— More stable prices.
. — Better seeds for better trops.

“h

L~ rs ° N 1

More Food for the Family
Food for the family has always beep the concern of.everyfarmer. Itis his
first thought when he is planting or hunting or fishi‘né When thereisa -
- food shortage, the farmer sees it reflected dlrectly in-the faces of hIS
wife and children.
Whenever possible, the farmer likes to vary his meals and to have extra
food in order to be able to invite family and friends to eat with hrm There
are specral feast days throughout the year when smany people are in-
vited to eat. . - ‘
Today we also know from scientific studies that there is a close link bet-
ween health and proper nutrition. We have already mentioned some of
the profound and sad consequences of malnutrition. Malnutrmon can’
be of two sorts: chronic and seasonal. Chronic malnutrltron is the case -

. whenri a person never gets enoughto eatorwhen his dietis permanently A
unbalanced through a poor choice of food. Seasonal malnutrltlon isthe .
type experienced in the Sahel for some five to seven years It usually oc-
curs when fgod from one harvest has been largely used up and the new
harvest has not yet come in. ' \
if larger and rmproved storage facilities can be built and losses cut .

_down, then Me is real hope of ellmrnatrng seasonal hunger and mal—

nutrition. '
) .Thefarm famllyshould betheflrstto benefitfrom morefoodforthefam-
ly. . |
K - 17
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More Stable Prices - R

More and more farmers in the Third World are selling their surplus grain -
on the local market. There are very few farmers left totally outside a
‘ money economy. Cash is needed for household and farm improve-
ments, for taxes onschool fees, apd foranincreasing number of thmgs
that cannot be had without buymg them with money. hig
Those of you who read about the Nairobi meetings of the United Nations
Conference on Trade and Develbpment, held in May 19786, will re-
member that the group of developing countries has been working hard
1o try to'stabilize the prices of their agricultural export,covrnmodities. In
the past, the price paid for coffee or tea or jute on the world market
changed from year to year sometimes going up, more often going
down. Itis very difficultfora nationto plan itsinvestments—the building
of industry, of schools,etc. — ifit does not know how much money W|I|
be coming in during the ¥ear. -
What is true for the nation is also true for the individual farmer. It is dif-
ficult for a farm famlly or forarural cooperatlve to planif prices change
too much. ' '
Ih many countries of the region, market prices follow what has been cal-
leda“law" of supply and demand. Basically, this means that the more of
the same product there is on the market at the same time, the lower the
price will be. If there is a great deal of fruit on the market, the price will
be lower than if there were only a little bit. So it is with the cereal grain
- market. At harvest time, when all the farmers have just brought in the
grain and there is too much to store, the price paid the farmer will be at
the Idwest point of the year. In some countries, the farmer has no /
choice. Either he must beH__;h|s grain at the low price, or it will go to-
waste, for he cannot eat it all at one time; he cannot store it properly;
and he cannot trade it with his neighbors, most of whom have grain al-
so. Insuch cases, before the next harvest, when his cash fundsare likely
to be exhausted and the family's personal grain stocks are hardly suffi-
cientto maintain life on a subsistence basis, the farmer is forced to bor-
" row money in order to sustain himself and his family. As a result there,

afe many farmers in developlng countries who become trapped in a
pefpetual debt cyCIe ‘ e ‘ ey
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One of the benefits -of the cooperative system wphich is spreading
throughout the Third World |s that if farmers can store and sell in com-
mon., it is easier to control the supply and thus the price. Moreover; if a
farmer does not have enough grain for his own family needs, he can buy-
from the cooperative at a fairer price than if he had to buy it from the
merchant.

- Today many governments are trying to make grain prices more stable by
foung a basic price throughout the year. However, for the government
such efforts are difficult because the government cannot store all the
grain itself. In the longer run, proper storage at the farm and village-
level will help stabilize year-round prices.

Thusitis very important from the standpoint of both the farm family and
the state that grain be properly stored, to be available when and where
needed. at a price that is just, so that the farmer will be rewarded for his
work. yet low enough'so that the workers inthe cities will also be able to
feed their families properly.

Thus, you must know some things aboutthe economic situation in the
local area where you are working, such as the average prices for gr£
harvest time and the yearly high, aswell as the government’s policy with
regard to grain prices. You must know something of the habits of the
farmer, so that you can point out the economic advantages of proper
grain storage. |
Bacause social and economic conditions can influence the acceptance
or rejection of new techniques, the replies to the sdcial and economic”
qUestionnaire will-help you to detetmine the economic problems of the
local farmer. But it is likely that more stable prices are in the interest
both of the local farmer and of the nation as a whole.

inat

Better Seeds for Better Crops

R
g

Generally farmers do not buy new seeds to plant, but use seeds stored
from the past harvest. This, of course, is natural and good, especially if
the seeds selected are the best from the past harvestand have beenwell
stored so that the largest number of them will take root. e
As we shall see later, the gram must be kept alive during storage
Otherwise it will not take root.

~




It has been estimated thatin Africa about 3 per cent of the average maize
harvest should be set aside for seed grain for the next planting. The ears
of maize should be well chosen, as large and even as possible, for the
quality of.the grain wilt determine the quality of the plant.

Grain for seed should be stored separately from grain that is to be used
for family food or for later sale. The farmer should never use grain that is
merely left over from the famlly food supply.

Since the guantities needed for seed are much smaller than those
needed for food or for sale, grain for seed can be stored in different
wavs than gram to be used for family food or for sa\l?f'Gram forseed can
"be placed in plastic bags or closed mud jars — both®*methods that would
be too expensive or take up too much space if a great deal of grain had
to be stored in this way.

Conclusion

3

We have seen that from the point of view of the local farrkrjw family there
are three basic needs that can be met through‘lmproved techmques of
storage & the farm and vnllage level: more food for the family, stable
prices for the sale of grain, and better seeds for better crops.

We have also seen that from the standpoint of the government and the
national interest, there are three additional reasons for a program of
improved storage of grain at the farm and(village—le'velz

Improved health and higher productivity due to improved nutrition and
the reduction of seasonal malnutrition:

Self-sufficiency by making more locally-grown food available at the
farm and village-level, and better year-round supplies for urban cen-
ters; :
Self-reliance through an increased availability of locally-grown food.
The increased sepply of good locally-stored grain will help reduce the
importation of food, thus saving badly needed foreign exchange other-
wise required for industrial development. o
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Workbook Exercises

&

1. What are some of the basic consequences of malnutrition?

Notes: V ’ T

)

Notes:




[t

3. Why is malnutrition so dangerous for children?

? W kg!
Notes: . .
3 . P
\4 From the point of view of the farm family, proper and effective stor- ‘ #

age of grain at the farm and village-level istimportant for the follow-
Ing reasons: )

Notes -




»

5. What are the consequences to the farmer of the less of stored
grains? ' T

Notes: : : t

x

6. What are some of the ways that Qrain ist lost or destroyed during -
storage”

Notes:
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. Why do fgrmers today not store larger amounts than they do at the
farm and/village-level? (Give examples that you know.)

»

Notes:

. From the point of view of the over-all well-being of the country,
what are some of the reasons for the importance of improved grain
storage at the farm and village-level?




t

&

9.. What government regulations and practices exist in your area for
, .

the sale of cereal grains?

- Concerning prices?

G
S

Concerning quality?
Notes: ’
;) .
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"10. Why should grain for planting the new crop be sp‘ecially selyected‘ Vo

and separately stored?

.
=
3
]
r.
v B
T
£
Notes:
i
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CHAPTER II: THE GRAIN YOU STORE

w

- Ifitwere necessary to name any one category of food as the mostimpor-

tant in the world, the answer would go to'cereals. Cereals come closer
than any others to being compylete foods.
Actually. no entirely complete food — meaning one which can sustain
adult health with no coﬁ‘rplément from other sources — exists, but cere-’
~als lack little (chiefly vitamin A and calcium). Despite these few-missing
elements, cer.Eals constitute today#e indispensable basic food for all
‘the people of the world, providing the ehergy for physical and mental ef-
fort with a minimum intake in volume — 100 grams of grain will generate
350 calories. Thus, cereals have been called the “staff of life’".
Cereals are defined as those members of the grass family cultivated
primarily for their edible seeds — chiefly wheat, maize, sorghum, rice,
milletand oats. All these cereal grains belong to the same family, and al-
though they may look rather different, they are quit'e similar in nature.
On a world-wide basis, wheat LS the most widely grown cereal —some 31
per cent of all cereals grown; then maize, some 23 per cent; and then
rnce These arethe "bigthree"” on aworld.basis, followed by barley, oats
and rye. then millet and sorghum.
Rice. maize..and other food and feed (cereal) grains are actually seeds
being grown by the plant for the purpose of reproduction. Consequent—
. ly. each seed is a living organism that breathes, requires nourishment,
grows and dies. As you miéht expect an optimum enviornment is there-
fore required for the Iivfn’g orgénism to remain alive and in gobd condi-
tion. The seed embryo is particularly sensitive to moisture and the sur-.-
~rounding temperature and humidiiy. 4
" Under the circumstances the original high quality of harvested cereal
grains must be preserved over a period of months in order to be
"economically marketable and also wcc,)“ns,umable as a human food.
Primarily the seeds must be reduced in moisture content to a range of ’
12to 13 per cent wet basis. Storage conditions must then be provided to
“maintain the grain seeds at the low moisture content in order to keep

them viable but inactive. ) O) |
In order for the farmer to get the greatest benefit frofn his production of .
grain, the grams must be well stored so as to keep ther nutritive value

‘\\
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until used. Uttfortunately, storage conditions usually result in the de-
terioration of the grain. This deterlaranop should be minimized by using
proper storage management, techniques and facilities. The deteriora-
tion which occurs results in two major categories of{change. quantity
and quality.

The most easily seen changes are the loss of quantity. Insects and ro-
dents, for example, can consume large quantities of cereal grains. The

farmer can see the-maize cobs eaten by the rats or the holes in grain -

made by insects. )
Loss due.to a deterioration in the quality of the grainis less easnly seen.
Thatis whyit is mecessary for the farmer to know s@xe basic facts about
the physical structure of the grain that he is storing.

Thedfarmer, of course, already knows agreat deal about cereaklsfrom.his
long experience, but usually his knowledge is of a vgry practical nature
and nagalways systematig. The local farmer is probably not going to be-
come a scientist doing résearch on grains, but he should be aware of

the following points which are essential for understanding the reasons

behind the improved storage methods. )
It will be your task to present him with basic informétion‘ab‘out the na-

ture of grains when necessary for understanding the improVed storage ..
.techniques and facilities. in order to be better able to take care of the

grain that has been stored after harvesting, it is useful to have the fol-
lowing knowledge of the physical structure of cereal grains:

First, it is- important to know that all grain kernels are really living or-
ganisms. {f you'wish to use them for planting the nextseason the grains
must be kept alive through proper storage practices. ° .
Secondly, living seeds resist deterioration better than dead seeds.
Thus, seeds kept alive are better for food use also.

Each kernel of grainis actually a fruit of the grass plant and consists
basically of three parts: | '

- First a protectrve coating: the seed coat.

- %econd the endosperm ‘

~ Third, the embryo — the’ germ of new life.

\\The protectlve C{Oatmg protects the s&ed from 4moisture, from some

molds and somejinsects. In many of the older varieties of cereal grains
.and especially i ' maize, this outer coat was thick and afforded a good
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deal of protection (see Figure 1). There is very littfe food content in the»
coat, however, and so improved varieties of maize have thinnef'coats,
with more roomfor the nutritional content. But a farmer must be more
careful in using imp[pved varieties of maize because the coat breaks
open fairly easily. It is very impartant that the protective coating not be
broken open. This can happen during harvestingprthrashing,_lt isone
reason why you should take a lodk at harvesting préctices too. For the
way grain is harvested and thrashed will influence the quality of the
grain to be stored. . '

You should store only unbroken whole grain. If you have too many‘
broken kernels, insects and malds will surely invade your grain. s
Even with good, whole grain, there is asmall “'tip cap’’ by which the ker-
nel is attached to the growing plant, and through this very small hold,
mold and moisture can reach the heart of the seed. .
The endosperm —the second part — consists primaril‘y of carbohydrates
(starches) and protein. It forms the greatest part of the seed — about 80
per centin most grains. This is the *‘food stora_ge area’ of the seed itself
and will provide food for the seed when the seed starts to grow. Thus the
endosperm is also largely what we eat when we eat grain (see Figure. 2).
- The third section, the embryo, is the germ of I‘/ife, that part of the seed
which will produce the new Crbp whén planted. One part of the embryo
will grow above ground and be the shoot of the new crop;the other part
of the embryo will grow underground#and be the roots. .

The embryo is a highly nutritious part of the seed, containing proteins,
N&fats and vitamins. It is also the part of the seed which is most readily de-
stroyed by molds. When the embryo is h}th it will not grow, and oncé’
dead, iseven more likely to be attached by molds. A seed can grow intoa
new plant just like the one it came from. Although there are sometimes

accidents wjgen a good seed grows into a real plant, itis essentlallytrue :
thatitis bestito use the best seeds for plant|ng the new crop. You should

be careful notto overheat seeds that you will use for planting, espemally ‘
if you use fire to dry the seeds, for overly great heat will kill the embrvo

Since the farmer should select only the best seeds to plant, it |s a good_
idea to store gralnS“to be used as seed separatefyfrom the rest, lest they ’
be confused with the graln 1o be eaten or sold. ‘?it
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rlttve qua ties for the perlod of
normal storage —most often up to a year at t &'farm and village-level.
Thus, healthy grain can be kept |§fforage t\onger than grain which is

Properly stored graln will keep |ts"( U

broken or damaged. Careful handighg of the?raln protects it from dan-,

gers. - ™ 3
Because graln is a living thing, lt‘breath“r
Each kernel gets a little bit of oxygen froth
food from its storehouse — the g[
- and carbon dioxide. This proo“ .?m grain is _called resprratlon
Respiration is slower when gré&‘r;fls cool and dry Then there is onIy
enough respiration to keep the embryo alive, and growth (germination)
dces not take place.

However, if the stored grain has too much moisture in it, the grain be-
gins to breathe faster. When seed grain is planted and the farmer wants
it to grow, it does germinate because respiration has been speeded up
by water in the ground and the warmth of the soil.

Grain produces heat durlng respiration. If the grain is cool and dry, very

like alf other living things.

little heat is produced If resplratlon speeds up, however, more heat is )

produced, and you can get “hot spots” in the stored grain.

One of the reasons you should check stored grain, perhaps every two
weeks to a month is to see if the grain is getting too hot. “Hot spots” are
a sign that the gram has too high of a hum|d|ty"wcontent and must be
dried some more. -

Thus temperature also plays an important role in the proper care and
storage of grain, but it is difficult to'control or change the temperature.
There are two kinds of tem perature which interest us in the proper stor-
age of grain: temperature in th'e‘air outside the storage container; and
temperature of the grain within the storage container.

The basic principle hereis that the lower the temperature, the easieritis
to store grain. It IS éasier to store grain in the cooler, higher plateau
areas than in the hot humid plains.

At the farm and vnllage%vel care should be taken to prov1de some in-

sulation to pMent the stored from getting too hot. g

5%
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’ the air and burris off a bit of -
osperm. This process gives off heat.




Workbook Exercise Questions

1. Why.are cereal grains so important in the diet?

'

3. What are the cereals most comrhonly grown in the area in which
you work? ’ )

r
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4. Why should efforts be’'made to keep cereal grains alive? N .

~ /-/
\ /
. /
\ h) /
- 3 A} \‘.
‘Notes: . -
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5. What are the consequences of overheating cereal grains?
_ N
d
s
f
& - ‘@
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Notes:
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6. Why should only clean, unbroken grain be stored?
. T
Notes . :
\ : [N ‘\\ . .

~
.

x

7. What are the names and us%‘snof the three sections of an individual-

seed”? .
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8. What.is respiration?
. )
-. \
4
"l
. ¢ =
- Notes: v
. -
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9. Is respiration faster or §lower when grain is moist? ‘
Notes: 5 -
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10. Is respiration faster or slower when grain is hot? DL s %
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CHAPTER lIl: DRY GRAIN ~ SAFE STORAGE
7 g 0

One of the frrst consnderatlons in connectlon with the drying of grainfor °

" safe storage is to be familiar.with the crops, the climatic conditions un-

der Wthh ‘they are grown and harvested and the climatic Qondltlons
under which they are. belng stored: .' T

Thisinvolves determining what part=|culer Cereal gralns are being pro—
duced (maize; sorghum, milfet, rice, etc.), and'in what quantltles they
are being produced. Practical selutiohs to grain- storage problems vary

consrderably from cnuntry to country and even from area to area W|th|n‘
a srngle country. Farm and vrllage Ievel storage problems are made a
good deal more complex by local ee:onom|c social and geographlo |
considerations. The Questionnaire wijl help yau recognize a number of

social and economic factorsqbut remember thisis often a long and de-
licate task. Also.the economic possmltmes available to:one 'farmer

.. might be impossible to mateh in the case:of a less well-6ff neighbor. In .

some vilages, farmers fear to build stordge facilities outside their habi-

- tations because of theft, but they maybe reluctant to dlscuss this faot at

the start of your inquiry.

¥

- Geographic rn’formatlon is very important and is ea8|eruto gather be-

cause itis more neutral information. You might perhaps make | nquiries

“from the-docat meterological official or government department directly _

concerned with collecting geographlcal data

Thefirststepisto gatherinformationon monthly rainfall—which are the
wet months, which the dry months? When can you expect the heaviest
rains? In what month is each type of crop planted? What js its growing

season’? in-which month is ltﬂharvested’? Cond|t|ons of harvest play an
|mportan1 rolein determlmng whether the gram will need to be dried be- -

fore sdle storage is possible. If grains are harvested during warm, humid

- orwet weather, it will be necessary to dry the grain in some manner be-

fore it can be storeq safely. Rain and high humidity during-the harvest
season will not allowkgrains to dry naturally to a safe storage moisture

~ Content. . e

One needs to be aware of tne climatic condltrons under which thecereal

,Agrams are, 10 be stored, also. As will be pointed ogt later, the conditions '
of temperature and humldlty under WhICh agrainisto be stored canand

X‘-‘A

. | 37

-y




7"'

will aftect the: storablllty of the\gramu Not onlyQWr te;mpera,ture and |
humldlty affect the condltlon ofthe grain, :but tuhey can also be a con%rd—
eration” in the type of: storage )faClllty and materlals from which the‘
facrhtles are constrUCted qu lnstanf*e, if there are wnde day nlght
temperatu reﬁfluctuatrdns one would attempt‘to mr’nlmlze these fluctua—
tlons within the storage facrllty by shad1ng lnsulatlon ; ar some
Other method lt humldltles are. hlgh* attempts at reducmﬁ exchange of
the atm@sphere wrthln‘a graln mass with, that of the outS|de mlghtpe at-
tempted through near alr tlght storage or other me‘thods o )
Elevatl'on (or altltude) canyprovde more favorable storage condltlons
through Iowertemperatures hich are generally encountered at higher
elevatlons Asa general rulg one can expect approx1mately 2 degrees F
reductlon in temperatur

3%, every 1,000 ft. of aititdde (about 12C for™:
each SOO meters). qul‘temperatures can be an lmportant facter in the

N

storage of grains.: ‘ R ;f‘ ;/1 o

You should also gather |nfurmat|un on the pre:vallmg wmds, Wthh can
play a role in the technlques of, drylng espeClaIIy where errb stqrage is ]
cofcerned. ¢ . R ST ¢ b;_af i g
Information on ‘the slope. of Lhe land and the dll’eCtIOI'lS in which- r,am
runs off.is also 1rnportant in order not to bqu storage faCllltles inan’
ared that retains moisture. ot Coha . ’
Thls type of. mformatlon is vital, |n worklng out the rnost approprlate
measures for drylhg the grain, the de31red capaCIty of Jthe storage
*facmtles -and whether storage-of graln unthreshed orthreshed may be

2 ;? Y e

more destrable P t -

5
1 - e e i s o -3

Mols’ture R L \ /
Mousture IS the m05t lmportant factor brlngmg about harmful changes ,

because - unllke rats or blrds - you cannot see m0|sture ;
Moisture is water of wetness. Buit m0|st‘ure is a better word to use when .
talking about grain storage Whensfarmers use the word water  they-
are likely to thml? of lakes, rivers, wells They thlnk of water as a IICle .
Which is easy to see and to measure. b

Afarmeris not as familiar with the word m0|sture MOIsture is:a good

word because it can describe somethlng which'is wet or contains yvatert
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dMousture in the Air ’ .

~dew seen in the cool early mornlng

»t

w1thout Iooklng wet For example the earth can have monsture and not
Iook wet. A plant does not look wet but when you crush it, you will feel
monsture (wetness) T ! '

Each kernel of graln has'moisture msnde But the grain kernel does not

look wet when you look at it. The farmer can telI ifitis wet. by cracking it

~between his teeth. Wet graln isnot hard becadse the water inside iswet-

ting thé seed and keeplng it soft. When the maisture Ieaves the graln

duringdrying, the grain becomes harder The dryerthe grain, the harder 7

it becomes. S : te T
Grains hold different amounts of water at dlfferent times: the amounﬁ of

" moisture in harvested grain depends mostly on the time of the harvest.

For example, grain harvestéd in the ramy season will have more mors— ‘
LU

ture than grain harvested m dry, sunny weather

e - F ’ S Mo
. - e

&
Air contains m0|sture algso. Of course, the farmer Cannot see this klnd of
wetness when he looks-at théalr because the molsture in the &ir IS in .

" the form of vapor. 5o ' ;v ¢

Just as grains hold- dlfterent amounts of water, air holds dn‘ferent
amounts of water. Warm a|r can hold more moisture than cool alr

Ona very hot day, there can be alotof moisture i in the air. When-evening

comes and the temperature goes down, the air, now cooler, cannot holds,
aH 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 alr is the -

3

As the sun nses higher during the day,ﬁthe air temperature goes up ‘fihe

i alr how warmer, can.hold more moisture. So the. dew on the Iand is

taken up by the air.. . : -

Relative Humidity . N - ’

Most farmers will not be familiar with the words 'relative humldrty 'vNor
do they really have to bD It is not important to most farmers to under-
stand that relative humldlty IS a percentage measuremeﬂt of the amount

~of moisture actually in the air as compared to the maximum amount of
‘moisture that air at that temperature could hold. Nor do most farmers’

need to understahd that if the mousture content in the air remalns the
same and the arrtemperature goes up, the- relative humidity goes down.
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Relative humidity is a meaningful phrase only to those who can mea-

sure it and apply-the knowledge to drying times. o

Most farmers do not have instruments with which to measure relative

humidity. But they have good information if they understand two facts

about air and moisture: ‘

1. Warm a|r can hold more mOIsture than cold air can.

2. Alr 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 per cent relative humidity), rain
is likely. (See Table 1 for relationship between temperature and rela-

~ tive humidity as it attects‘difte\rent crops.) ‘ |

How Air, Moisture and Grain Interact

Sciéntists say that grain is _hygrescopic because it loses or. gains

moisture from the airafound it. Thus, since all things containing mois-

" ture.have pressure, grain and air have pressure. Grain dries in the sun
® " because moisture vapor is%movmjg from higher pressure in the wet grain
to lower pressure in theair, untll the grain and the air reach equilibrium =
i »apor pressure. :
The more moisture therei |s the harderthe moisture can push Ifthere is
: - *comparatively more monsture in the grain than there i is in the air around
\\ - the grain. the moisture m the grain will push out into the air. ”/

* The key to the drymg process, then, is placmg grain in the sun or'in a ‘f
'drying machine so, that the kernels of grain can be touched by warm

. ~~moving air'which has less moisttre in.it than the grain has. The heat in
the moving, air will make the moisture in the grain evaporate. FHe

“‘.«e o m0|stu re wnll become water vapor and be absorbed and carrted away by —— "
the moving a|r : ‘
I useful for.a tarmer to know that drying continues only aslong as the
air around the grain is abte to absorb more moisture*f(orh%\grain. If
the air contains a fot of maisture, the"grain is likely to take in that mois-
ture from the air. The.farmer should understand thls fact because it ex-
bla ns the need to"keep dry grain away from m0|sture as much as pOSSI- N ‘w
ble. Grain-that is not sealed in a closed.container will continue tg ex-
Ce change moisture with the air. During the rainy season, for examble
grain wrll take on moisture if.left in an open contamer In the hot dry

season grain will lost the moisture agarn

L
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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 gram can
hold in storage safely can change, depending upon storage condmons

some general moisture- safety percentages have been establlshed (see
Tables 2 and 3). :

The chart which follows shows that. maize 'gan be stored safely at 13.5‘

-per cent moisture (that is, 13.5 per cent of the total weight 6f the-kernel

can be moisture), in air which is 25-30°C and has 70 per cent relative
humidity (that is, the air at this temperature can hold 30 per cent more
water'man it is holding). At this point, the kernel of maize and the airare
not going to exchange moisture back and forth. Thls is an equilibrium
point. This equilibrium is the condition good gram storage triesto set
up. but itis very hard to kee’p graln stored at condltlons which ‘keep e-

" MAXIMUM MOJSTURE CONTENT ‘FOR ONE

. ? YEAR (OR LESS) STORAGE AT 70 PER CENT
GRAIN TYPE RELATIVE HUMIDITY,AND 27°C (Table 2)
Wheat ) . 135% )
Maize | 13.5%

Paddy Rice 2 : .. 15.0% .

Milled Rice N - 13.0% R
Sorghum © 13:8% 7
Millet ' | 16.0%

The table below shows grain moisture contents normally recom-
mended for safe storage of grain. The portion of grain with the highest
moisture content in the lot should be used as anindexas to whether or
not the grain is safe for storage.

Grain . Required for safe storage

for 1 Yr. - for 5 Yrs.

f o (wb) % (w.D.)
Barley 13 11 -
Gorn 13 10-11
Oats .14 11
Rice U 12-14 10-12 )
Rye - 13 11
'Sorghurr{t, 12-13 . 10-11 '
Whea_tc 13-14 1“1—12 (Table 3)
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The-table below shows a relationsh ip between corn morsrures tempe—
ratures and allowable storage time. Safe storage perlods increase mar-
kedly as gram temperatures are |owered and moisture contents are de-

creased e
. : (Table 4)
S S —
Storage . N i
Temperature ) Corn moisture content (%, w.b.)

°F 15 .20 5 & 30

i o (Safe Storage Period In Days)

75 116 12 4. 2 .
70 155 * 16 5 3.
65 ‘ - 207 21 7 4
60 T 259 27 9 A 5 .
55 . 337 35 12 ) 7
50 ‘ 466 . 48 17 - 10,
45 : 726 75 27 16
40 906 94 34 20

35 -~ ' 1,140 118 42 . ¢ 25

Remember. the figures above are maximum recommended moisture
levels.-Generally, farmers should.dry their graln as thoroughly as possi-
ble.

It is not easy to know the percentage of morsture wrthout havrng some
testing instruments — instrumenswhich are not oﬁ‘en avarlable in rural
areas. ’ ’

Farmers have always had their own methods for assessrng the amount
of moisture in grain. These methods include predsing the gh\arn with the
thumbnail: crushlng grarns betweenthe fingers orthe teeth; rattllngthe
grainina tin can: or gettlng a feelof the grain by smelling ahandful and

- shaking it. But sucﬁ techniques depend on the expenence and the ser

_of the farmer who uses them n many cases, such techmcques can be a
good gurde but in other cases,if a farmer is rnexperrehced or not feel—
ing well, his senses may betray him. ’

‘Commercial moisture ‘meters have been developed that should be
avarlable to regional agrloultural extension workers (they are too ex- -
'pensrve for the individual local farmer). The types of commercral meters

" available will depend-on the persons responsrble for the purchase of

materral for the Ministry of Agrrculture There are two main types of
meters m common freld servicesa halr hygrometer probe and an

electric moisture meter. _ ' . o s o

1 Iy
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| he agricultural exten-
ny farms as possrble in a short time, for
most farmers will be harvesting, drying and storrng grain at the same

tlme ’ a

" Movement of Moigture in Stored Grain -

Grain which is dry and cool will keep for a long time if it is stored cor-
rectly (see Tables 2 and 3). However, there are a number of bad things

skt A A A s e A n+,-‘.-n,-.n n,-l mn'..—dr..yf\ 1o oA oAy
Wnicn cdn dppb‘ll lU gldIlIVVIlIIUILIbIIIbLU ayje. HU TTHuIolUre 1o a Ry
part of most of the processes of deterioration that can occur in stored
grain.

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

— grain condition o : |

- temperature : o ‘
- insects. molds. and.grain heating.

tGram Condmon ,
'The farmgr must store onty chean healthy gram which has been drted to,

“safe storage levels Broken grains and preces of straw or dirt increase -

the chances of storage trouble. And, if the stotage contarner does not
Keep out moisture or insects, even healthy, clean dry grain can de-
teriorate. Trouble is less hikely to happen if the grain startsin good con-a ;

¥

dition. = W o o . : .

i

Temperature . : )
There are two, kmds of temperature temperature in the air om‘zttsrde the
storage contarner and temperature of the grain r,nsrde the storage copn-:

L . .-‘ Yo

5 . P
There are seme tHings to remember about temperature “" L

— Low temperature is better than hrgh temperature for gram storage
‘Insects and molds do not grow-as well at, low te»mperatures

- Gram breathes very slowly at low temperatures

~ Atlow temperatures, little heat builds up inside the grarn from the, IB/
ing and breathing of rnsects and molds — and-the grarn

— Rrsrng femperatures. outside the confainers can incréase the tempe-

rature msrde the container. — partrcularly if the oontamer is -not

h B /) . v f ‘ .
shaded. o o , | o e
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- Rising temperatures can lead"to insect and mold growth. Even in
grain that looks clean, insects are almost alWagls there to some de-
gree; molid spores are present everywhere". As the temperature of the
grain goes up, these insects and molds will start to grow.
- Asthe temperature goes up, molds and insects grow, faster. The grain
respires more quickly. If the grain contains much moisture, this pro-
cess goes even faster. ‘
- Hot spots can form in areas of the grain where the most mold and in-
sect activity is occurring. These hot spots spread and cause great
damage and loss of the stored grain. :
Therefore, grain placed into storage should be as dry and cool as p"ossi-
ble (see Table 3). Even then, there can be a moisture problem during
storage. , -
This problem often is the result of a difference in temperature betwigen
the inside and outside of the storage container. When céol 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. :
These changes caused by temperature can be seasonal, orthey:may'be
daily. This depgnds upon where the farmer lives. Obviously, itis best to
keep;-’Stored grain at a relatively constant temperature.

Insects,. Molds, and Grain Heating -
Remember the dew and how it forms be}ause cold air and wdrm. air
cannot hold the same amount of morst@’re’P This same thing is what
happensin stored grain when cold air and warm air meet gach other be- N
cause of changing temperatures. The farmer who understands dew will
be able to ynderstand how his grain got caked and moldy even,if it was
- dry when He put it inside the storage tin or contalner
" The pools of water formed by the moisture forced out of the alrmake the
~ stored gram wet. This wet graln begrns to respire at. a. faster and faster-
rate- If there are insect larvae and mold spores present they begin fo
grow: and reproduce. Soon the lnsects -molds, and grain all are giving
off heat. Thls produces hot spots. When thetemperature gets too high,
insects will leave the heated spot and go out into the grain mass to find
better llvmg conditions. Other trouble spots. ‘can then develop.

4
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Molds also make the grains ba&—tastjng; as well as less nutritious, so
‘that you do not like to 'eat moldy grain. In fact, some molds create a sort
of poison which can make you very ill. ‘ ’ ’
“You will have to be on the look-out forthe gfowth of molds all during the
period the grain is stored. \ - : ‘

Thus, proper drying of grain is vital to safe storage of cereals.
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- Workbook Exercises

1. In order to"determine proper drying-dnd st@rage facmtles whatsort .
of baSlC mformatlon IS needéd?
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5.

6.

PN g A
Why is moving air important in the drying process? = 7
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Notes: X SR
. 3
Why must the farmér,store only clean, healthy grains?
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. Why are molds harmful?

Notes:

. What are “hot spots” and why are they daﬁger signs?
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9. What are the ways a farmer tests for moisture in your area?
e o R
4
QY
Notes: .

$

3

v . ‘\‘\.“
10. What types of moisture-testing equipment are available in your

54

area?

Notes:

>
-
R
LN
DU o SR _ e
~
o3
€T
~ ke N
-
5
!
s
4a . -
kd e




CHAPTER 1V: CHOOSING YOUR STORAGE SYSTEM

Since most farmers are already storing part of theirgrain harvest, stor-
age is not so much introducing a new idea as it is trying to improve on
what is being done.
Th_e successful implementation of a national programme aimed at re-
ducing post-harvest farm and village-level grain storage losses should
involve a flexible. practical field work approdch. Thus, the initial plan-
1ing foradopting a national strategy analyses the problem as seen from
the point of view of the farmer in the particular locality to be served. He
Is the key figure! ‘Any successful programme must be based upon'the
realities of the situation as seen by the individual farmer storing his
grain. : ,
Accordingly. before any consideration, choice, and planning is given to
an improved grain storage (dryer) system, it is essential to first study
local traditional methods in order to: :
1. Understand their shortcomings (if any), and therefare the need for
improved techniques, and
2. Determine possible simple, yet effective needed improvements.
Itis well understood here that minor and effective changes of existing
methods of grain storage are easier to popularize than the introduction
of complex and costly new alternatives. Furthermore..in the search for
finding efficient methods for drying and storing grain at the farm and
village-level it is also important to keep in mind who is going to use the
stores. i.e.. isit the subsistence farmer or a group of fermers, the clima-
tic conditions (especially relative humidity) involved, and also the
amount of grain to be stored. ' .
It is true that there are some types of food storage that may be totally
- new to an area. such as making pit silos to store grass for cattle or the
technigues of preservation of fruits. With the introduction of such new
concepts. you will have to take fiore social ard econpmic items into
consideration than with grain storage. Any improvement in his storage
method must. however be made in accordance with steps the farmer
. sees as the right ones for his particular situation or need.
With grain storage, great care must be taken in helping farmers to
choose the appropriate improved grain storage system. Nevertheless,
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there. are certain basic principles that can be carried out in all storage

systems, and these are reviewed at the end of the chapter.

)
{

Thus, in helping the farmers to make the appropriate choices, you must -
take a number of considerations into account. ‘
These considerations have been grouped into a convenjent, éasy—to-
use chart. In your.ared, you should be able to use this table whery dis-

cussing possible storage systems with local farmers.

P

The Considerations for Choice of Farm and
Viilage-Level Grain Storage Methods
1. The Geography of the Area

2.

3.

4.
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Temperature, average rainfall during the period of harvest and of
storrage, winds, type of soil on which storage facrhtles are to be

b

built (rocky. sandy, clay).

Type of Grain to be Stored and the Use to be Made of It
Grain that is to be used for-food by the farm family is often being
opened constantly, and thus the ease of use is of fjrst irriportance.

‘Grain held for longer periods, till sold on the market, may be stored

differently.

~Quantity of Graln Currently being Produced and the Amount to be

Stored - '
if productivity per individual farmer is low, collective storage

facilities may be necessary.' The possibility of collective storage

through the creation of cooperatives will vary from place to place.

Acceptance will depend on*past experiences, on government poli-
cy.-on the degree of cooperative work already being done. In many._
cases. a group of farmers working together will be able to get more
done than working Lndtvudually and thus store larger quantities of
grain. Homwever, storage facnlltles should be no larger than needed.

Half-filled storage facilities are wasteful. It is better to add new stor-
age facilities as production and storage needs grow.

Length of Time Grain is to Be Stored
This factor depends on the number of harvests per year— usually
either one or two.




5.

10.

. Skills Necessary

Construction Costs

Costs are usually calculated for comparative reasons by cost per
ton to be stored. Appropriate storage technologies must be inex-
pensive Most farmers have little cash revenue and thus costs must
not seem to be greater than benefits, especially as some benefits —
such as better health through better nutrition — are not easily trans-
lated into cash terms. Thus, the practical benefits of a new method
must be thought through from the farmer’s standpoint if it is not to
be rejected becads'eof simple economic realities.

Efficiency
Has the method been tested in the field in the local area or not?

What has been the previous result of its use?

Availability of Materials

- What materials are needed (cement, plastic sheets, insecticides,

wood, water, screening)? Are special tools required?

How much training time and supervision are: necessary to. assure
proper construction and use? Can the farmer maintain the new »
technique or structure by himself? Once the storage facility is built,”’

can the farmer build others without external help? Can the farmer's
neighbors b\ld the storage facnllty with just his help’?

- 7 %”\ .

. Marketing Considetatio_ns

Asitis Ilkel); thét part of the stored grain will be sold on the market,
marketing considerations can play a role in thé selection of, the

“most appropriate technology. What sort of cereals are most in de-

mand? What quality is demanded? Is graln sold to a government
marketing board or to private buyers?

The Influence of Tradition and Current Practices

As has been mentioned before, current social and cultural prac-
tices influence what can be done. If all work on grain storage must
be done by women, then the type and size of storage facilities may

~.
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- be different from what would be the case if men did the building. If
farmers are used to building with mud brick, it wjll be easrer to in-
troduce a mud silo than if people only use wood. If work is already

" done collectively, it may be easier to store collectively than if it is
done individually. ‘
There are a wide variety of techniques of storage already in use; the
technigues chosen usually depend upon the amount of grain produced
and traditional techniques in use. Thus farmers with a small grain pro-
duction usually store grainintheir dwellings, very often above the cook-
ing area. Similarly, groups of people who are good at makihg clay pots

will store grain in large clay pots, while those who are good at making..

baskets will store grain in closely woven baskets. —
Many of these traditional methods are useful and are a base on which t70
build improvedstorage techniques. Many of these techniques can con-
tinue to be used, especially for the storage of grain that is to be used as
seedfor p!antmg Only alimited amount fw: rain needs to be kept for re-
planting. C
However. the basic problem with many of the adequate traditional tech-
niques —such as storage in clay pots —is that they are not adapted to the
storage of larger amounts of grain. Man'y of the traditional techniques
were of use when a farmer grew grain only for his own family. However,
as the scale of production changes in order to sell grain on the market,
so storage techniques also have to change in scale. ’
A chart has been made of the aforementroned ten points. If you expect
to us’E itina Workshup/Tramlng sessmn you can try filling in each sec-
tion for the different types of storage being discussed. Once you are
"back in your local area, you can use the table in discussions wrth local
farmers in trylng to find the most appropriate methods. .
Even with this Table of Considerations-to assist you, the Choice of ap-
propriate storage methods can be difficult. One problem is whether you
should select comparatively compiicated techniques which can bring
great advantages to a fairly small number of better-off farmers (on the
assumption that the number of these farmers WIH increase over the
years) or whether you should introduce simpler techmques which can

be adopted easily by the average farmer. This is a question and will, have_,

to be discussed openly with the local leaders. o SR

&
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However, whatever kind of storage system a farmer uses, there are cer-
tain basic principles on which every method is based. Most have been
mentioned before, but it is useful to review them here.

Every storage container — to the maximum extent possible — no matter
how large or how small, no matter of what material it is made, should:
— Keep grain cool and dry; 7,

— Protect grain from insects;

— Protect grain from rodents. ‘

All storage methods shouldXry to accomplish these three bbjectives
“and pa'rticularly where "closedy systems are involved.

But nu slorage container is aded\ate without good storage techniques
'V'r_ven points represent a suggested"
Code of Good Storage Practices, and thus offer'a set of guidelines in
the adoption of an appropriate storage system. , "
1. Drying grain well before putting it into storage. The grain must be

kept dry. ‘ _

2. Putting only clean grain into containers which themselves have had
all old grain, dust, straw and insects removed. All dust, old pieces of
grain, dirt, straw should be burned, for they are likely to contain in-
sects. ) .

3. Keepingthe grain cool and proctected from large changes inoutside
temperatures. This can be done in a number of ways- by using build-
ing materials which do not easily pass on changes in outside temp-
eratures to the stored grain, by keeping or building storage contain-

and management. The foHowi—ng

ers away from direct sunlight, by applying a coat of white plaster to
the outside of the containers. ‘

4. Prkotecting the grain from insects by following rules for cleanliness
and drying, by applymg insecticide, and/or by puttmg the graininto
airtight storage.

5. Waterproofing the buildings and containers as much as possible.
This is done by the way the building is constructed and by applying

- materials which keep water from soaking into the building material.

Storage buildings should be built on well-drained locations. They
should not be placed where they will be floodod by ground water
‘run-off during heavy rains.

~ 6. Maiking sure containers are rodent-proofed':in all possible ways.
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FOR CHOICE OF FAR
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7. Checking the grain regularly while it is in storage to make sure it is
notinfested, and following re-cleaning instructions to destroy insec-
ts, if they are found when the grain is checked. Check the grain every
two weeks and suggest to the farmer that he make checking his grain
partof aweekly or bi-weekly routine. Put his hand into asack of grain
to check for heating. He can smell the grain and look for dark ker-
nels: signs of mold. If these signs are found, he should dump out the
grain and. dry it again.

A farmer who has these seven points firmly in mind will know why a par-

ticular silo or storage method has been built-or changed in a certain

way. He can then do much to improve his own storage facility by apply-
ing the knowledge to his awn problems.

Storing Grain in Sacks

A very common method at both the farm.and village-level and in the
storage centers of meréhants, IS the storage of grains in sacks.
Putting grain in sacks or bégs 1s a very old method of storing. Storage”
sacks are made of woven jute, hemp, sisal, local grasses, cotton —what-
ever materral is available in the area. Sacks are relatively expensive as
they do not often last for more than two seasons, and they do not give
much natural protection against insects, rodents, and moisture. But
sack storage has some adyantages for the small ?(mer, and there aré
things farmers can do to protect their sacked grain.

Sacks are easy to label Farmers can Iabéqf—"old grain sacks and new grain
sacks to keep them separate. Seed grain can be marked and kept sepa-
rately from the other grains.

Sacks are easy to move around, and can be used as they are needed.
Farmers in one village may decide to build a shed to hold the grain be-
longing to all the village's farmers. It s easy to mark sacks so that each
farmer’s grain can be found simply.

However, grain stored in fiber sacks is easily attacked by insects, ro-
dents, and molds. Often these attacks are worse because a farmer has
not done all he can to protect his grain sacks.

There are a few measures that the farmer can take, such as to water-
proof the walls and »&oof of the building where the grain is stored.




Thé farmer should also stack the sacks on platforms raised off the
floor. This keeps sacked grain from taking moisture from the floor. Far-
meré can make these platforms out of whatever materials they have. If
no wood or bricks are available to make a platform, the ground can be
covered with plastic sheets. The raised platform is better than the plas-
tic because it also allows air to flow under the sacked grain. :

Finally. as we have said before, whatever choice of improved storage
syé'tem 1s decided on, that decision will have to be made by the farmer
himself. However, you can help introduce the material from this training
manual to him because you know the area where you work.

Although there are a number of different types of improved farm and vil-

lage-level storage units for farmers to choose from, in the following
chapters this Manual will concentrate on four selected models which
years of usage in West Africa have confirmed their operational effec-

tiveness under a wide variety of geographical and climatic conditions,

and also. from an economic point of view, are within the means of most
subsisfence farmers on an individual as well as ¢ollective basis. These
include: . ’

- IMPROVED MAIZE CRIB

adapted by FAO from a model originally developed by the Nigerian
Stored Products Research Institute: combines drying and storage.
Northern Ghana" iIMPROVED MUD BRICK SILO

which has proven to be an ideal container for home storage needs,
not only in the dryer areas but also has been recently improved to
meet the requirements of humid zones as well; basic model holds 1.5

tons. ‘
— 4.5 ton CEMENT STAVE SILO
has been found to be one of the most versatile yet inexpensive stor-
age units in use; particularly popular with cooperatives and village-
level groups.
- — CEMENT BLOCK (Square) SILO ,
this silo can be made with storage capacities ranging from 1to 7 tons;
either as a single unit or joined togetlher in a series of compartments.

L
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Workbook Exercises

1. What are the current ways in which grain is stored in your area?

.

Notes:

2. What quantities of grain are being stored in your area, by the indi-
vidual farmer, on a cooperative basis?

Notes:
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3’ What are the advantages that the farmers see in the methods they

are now using? : .

Notes:

4. What are the disadvantages that the farmers have mentioned of the
methods they are now using?




5. What are the construction costs in money and time of the methods
of storage in current use? ' '

» L T
R .
B - g
. Notes:
6. What are the three basic aims of all grain-storage systems?
S
Notes:
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7. What are some of the measures that are currently being taken to
waterproof buildings or contdiners for grain storage? ‘

e

8. What are some of the measures currently being taken to make stor-
age facilities as rodent-proof-as possible?
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9. What are some of the advantages of putting grain in sacks?

10. What are some of the disadvantages of putting grain in sacks?"

Notes: ~-




11. How can some of these dis‘advantages be overcome? |

Notes.

’; RTINS

12. What plan of action will you follow.in discussing the different types
of improved storage containers with local 'v'iltlage Igaders?




8

CHAPTER V. CONSTRUCTION & UTILIZATION _
OF VARIOUS IMROVED FARM &VILLAGE-LEVEL GRAIN STORAGE
FACILITIES '

>

INTRODUCTION - .

In most developing countries it is estimated that upwards of 75% of
fo'odgrains are stored and consumed on the farm. This is especially true
where farming is carried out predominantly at the subsistence level.
Losses in farm storage caused by insects, rodents, birds, and moulds
~occur in nearly all grains and in all climatic zones, but are.particularly
severe on maize in the humid tropics and'on pulses in both dry and -
humid zones. The importance of improved farm and \/illage-level grain
storage methods to developing countries cannot be overestimatécf, and

m view of the large quantities of grain stored at this level, it is rather

\ f?‘onic that greater emphasis has not been given in the past to this activi-
ty. »
Traditional methods of storage used by subsistence farmers in develop-
ing countries have achieved varying degrees of success. These vatia-
tions are mainly a result of climate, local natural resources and social
customs. The majority of the traditional storage bins constructed of in-
digenous materials (largely of an organic nature), suffer from the same .
problem of not being air tight, insect resistant or rodent proof. Many of

- them do protect the stored grain from exposure to liquid water but not
from the vapor form, especially in high humidiiy climatic areas where
microorganisms and insegts flourish particuarly during tropical rainy .
seasons. ) o ' . P
Modern storage methods are basically improvements over traditional .
practices. Although these units are essentially based on sound en-
gineering principles involving the best available appropriate technolo-
gy, the real test of their usefulness depends on whether they meet the
criteria dictated by local economic and social conditions. It is not
enough to have an expertengineer put some modern building materials
together in order to make a strﬁpturally sound and air tight bin; what is
of prime importance is whether subsistence farmers can afford to own,
operate, and maintain such a unit. '




Thus, in the search to find efficient and safe.methods for drying and
storing grain at the farm and village-leve, itis important to keep in mind
the specific needs and requnrements of the subistence farmers who are
goingsto. use them. Experience has shown that the foIIowrng general
conditions have to be met in order to successfully promote.any new
storage/dryer technology at the local level: ‘
a) Cheap and simple to construct and operate ; ~
b) the materiats used for construction should be easy to find Igcally,
and. : )

c) Safe to operate. If the method introduced i;'nvolves a certain amount
of risk for the farmer, he is not likely to accept it. '
With threse rules in mind?oaref‘ully study the following improved farm
and village-level grain storage systems. Remember, the typical subsis-
tence farmer is by naturé a cautious ‘person and often suspicious of alI
that is new and unknown to him. Adopting a new method normally
means an extra outlay of money and also a risk of losing his crop; so-
methlng he is not prepared to do unless he is sufficiently convmced of
the advantages offered by the new storage methods. l J

: ;

CONS"TRUCTING AND USING YOUR
STORAGE SYSTEM (OPEN)
MODEL 1 - IMPROVED MAIZE CRIB

The stor-age of. nusked and unhusked maize is a common practice :

. amopg subsistence farmers in many developing nations. A number of

variations are used but the two essential requirements for successful
open storage age: '

1. that drying take place while the crop is being stored, aﬁ'd

2. that your are able to control insect attack at the same time.

In many parts of Afrrca forexample one flnds“farmers hamging:bunches
of undehusked malze (or corn) on poles set in the ground, in fhe ~
branches of trees, and in the foofs of cooking or living shelters. Some—A
times farmers remove the husks and pile the cobs loosely in open-
weave basket granarres orin covered crib grananes The latter contain-
ers partly protect the grain from rain and also allow air to pass over the

*‘grarn and help dry lt better..
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In humid wetter areas, it is more advisable to put the crop ina crib-type

storage container. In many countries of sub-Sahara Africa, the tradi-

tional storage crib is either round or ectangular, and is built approxi-
mately 2 meter off the ground, with walls made out of mud and/or paim

leaves. This type of storage unit is easy and cheap to make, but thesgtor-'

age losses due to insects and rodents are often as high as 40 per cent.
Insects are the main problem, because they are able to attack maize»dry-
ing in these traditional cribs very easily, especially in the case of Maize,
when farmers choose to leave the husk on the maize cob. This method
provides some protection from insect attack, but is also means‘that clry-
ing takes longer because the air cannot pass freely over the-cob. Also,
the husks are full of moisture which increases the risk of molding.-

During the last several years, experts at the FAO African Rural Storage
Centre in lbadan, Nigeria, have designed a crib (based on a model origi-
nally developed by the Nigerian Stored Products Research Institute)
which offers subsistence farmers a number of.advantages over tradi-
tional open storage systems. The following plan is for a 2m long crib

‘ which holds approximately 800 kg of cob maize (orsome’'540 kg of shel-

led maize). Another variation of the same crib, whichis 1 m1éhg, 1.50 m
high and 0.60 m Wlde will store 400 kg of cob malze or 270 kg of shelled
corn.
Insect Control in Cribs ‘ S,

To reduce losses due to lns“ects a number of” msectrcndes have been

tested for open crif storage. The malze putinto the cribs must have. the ; )
* husks removed so that thg |nsect|C|de can. Cover the whole surface of" )

v

the kernels on thé cob. .
Apply the msectnmde to the maize cobs in layers Put down a lay of
cobs 20—25 cm deep. Dustthe layer.with insecticide. Put down ano‘t, er
 layer of cobs, and then more insecticide. Cbntmue until the ceb J i fh:

When the crib is full, put lnsectlmde on the OUtSlde walls of the crlbatg

prevent insects from enterlng S

The wind, rain, and sun all can affect how long the insecticide lasts. You

can put more insecticide on the outside of »the crlb every threeto four

weeks..Look at the raize’in the crib every few weeks to see if the insec-
The msectlmde put thlde—the Cl’lb w1ll last only .

ticide is still workln
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Figure 5 Improved Crib
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Source: African Rural Storage Centre
Drawing by — Harald Thorshaug
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four or five months, But while it is working, it can reduce the amount of

maize damaged by insect attack.

After four months, check the grain moisture level. The maize may be dry
enough to shell and store in sacks or bins. The maize is dry when the
Kernels crack“sharply between your teeth and are not soft. If the grain is
notdry enough, remove all the maize and putis backinto the crib angin,
layer by layer, dusting with insecticide as you go.

Faster Drying ' . B

Keep the crib no wider than 1 m. Between 60 and 100 cm are good
widths for drye@storame 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 ina wuder drib will heat, and be attacked by mold
and insects. -

Rain which wets the grain thrOugh open crib walls is not gernallyft
problem. Only the surface of the maize on the sides gets wet, and tlis
dries quickly after the rain stops. The rain causes no increase in mois-
ture content of the grain,if there is sunny weather afterwards.

Some General Remarks About the Improved Malze Drymg
and Storage Crib
— Use materials that are easy to find in your local area.
— The crib will work best if it is no wider than 60-70,cm.
— A good height for the crib is 2.00—2.25 m from the ground to the roof.

There is at least 50—75 cm between the bottom of the crib and the,.

., ground. Most rats cannot jump this high.

— lfbamboo in your area is ‘attackec@y insect borere. use another local
wood forthe legs. Make sure the wood is termite-proof. These-legs
must have rat guards put on thefh. ’

— The long sides of the crib must face the sun. That.i is, they should face

 the east and west: The short sides will then<face north and south.

- Make the crib larger by,adding more sectlons Make it Ionger Do not
make it wider." © . :

| Following is a detailed description of how to construct the Maize Crib..
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THE MAIZE CRIB 7
DY
Tools and Materials R4 ,

- This is a guide. You can use what ‘you have avallable The frame |s
bamboo. If bamboo is not available in your area or if the bamboo in
your area is attacked by insect pests, use wood that is resistant to ter-
mites or any other pests. Lash it together the same way you would lash
bamboo. '

For the buiiding frame (all bamboo or substitute):
(a) 3vertica! supports, 3'2 m long, with V-notches and lashing slots in
one end of each one ’ ) '
b} 3 vertical supports, 3 m long, with V-notches and Jashing slots in
\ one end of each one i '

\ {cy 2 hornizontal roof-supports, 2'2 m tong

{di 2 hornizontal platform (fioor) supports, 2'2 m long

(e) 6 vertical platform supports (with V-notches in one end of each), -

1"2m iong ’

{fi 6 notched horizontal width spacers, 70 cm long

(g) 25 poles. 95 cm long. for the platform sutface

Forthe wall brac”ihg and covering (raffia, small bamboo or other wood):-

‘h! 8 cross braces (optional if frame is very strong):

— 4 must be about 2" 2 m long
- 4 must be about 1,70 m long

(1) 8 wall supports,.2'4 m long

Pl

)y 8 wall supports 1 m long
(k) raffia or other strong slags for the wall covering. Tle these together
mto a mat. The finished mat should be about 6 m long and 1'/2m

nigh. _
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For the roof (all bamboo or substitute, except for purlins, and roof cov-

ering and loading cover):

() 2 horizontal pieces, 3'/a m long

(m) 3 cross pieces, 1 m long S

(n)} 2 angle braces, 1 m long

(0) 7 purlins, 3"s m-long. Six of these will be lashed across the cross
pieces to support the roof coygring; one may be attached to the

a

front loading cover. | '

(p) rafflfamatar gfass for thatch to'cover the roof, and also for the front
loading cover. You will need. a hori‘zontal%iece at least 2'/a m long
"to weave the loading cover Fnateri_ai onto—it need not be bamboo or
of a large diameter. '

For rat guards (if you need them):
See Section 6. Part 2 of this manual for directions on making rat
guards (baffles). ' )

For the lashing materlal

(i You will need pienty of rattan, rope or tie vine for Iashlng all the

\ wood pleces together. ¥ w

) 1; Select a site. ' '
td - Find a good site for your storage crib. Keep the Crlb away from the
fields. This stops insects from flymg to the drying grain from the

fields. ’ )

2. Prepare your materials.

12

= Cdllect all the materials you will need .

— Make V-shaped notches in one end of each of the three 3'/2 mver-
tical supports (a ) and cut some grooves on each side just beneath
the notches to provide a hold for the lashing there. Do the same on
“one end of each of th@ three 3 m vertical supports (b)

;
i
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- Make V-shaped notches in one end of each of the six 1'/2 m verti-

cai support posts (e). -
Make holes all the way through each end of all six 70 ¢cm 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;smeasure 1 m and make
another mark. Measure 1 m from that mark in the same direction
and make a third mark. You should now have 3 marks in a straight
hine Each mark will be the center of a hole.

Make three more marks. each 1 m apart, in a line parallel to the
firStline and 75 cm away. Each of the three new marks should be
directly opposite one of the first marks and 75 cm away.

- Dig six noles. each centered on one of the marks. Make the holes

50 cm deep and wide enough so that two vertical supports will fit

“down mto eaﬂha(;.neu ; .




Assembling matenials to make wall bracings Photo - Erk Bentzen .




4. Erect the vertical supports. X _ :

— Lay the three 32 m vertical supports '("a) on the ground 1 m apart,
with their. ends lined up. Lash one‘"‘fof the 272 m horizontal roof
supports (c) to the notched ends. B

— Lay the three 3 m vertical supports (b) en the ground in the samé
way and lash the other horizontal roof suppo‘rtl(‘c) to the notched
ends. - . . L "

— Place the‘'two assembligs into the holgs.
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5. Erect the vertical platform supports. AN
— Place the vertical platform supports (e) into the holes on'the in-

sides of the vertical 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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6. Install the p‘tfét_form suppqr-t framework and mal;é the ‘structure’ - p
rigid. . | ‘ | ' “ . ' e }
— Place the two horizontal platform supports (d) in the V-notches of &
the platform supports. S I ;
— Lash thre:e of the not%ched;horjizontal s“p-acers (f) to the vertical -
supports (a) and (b), across the width of the crib.
— LevBl and square the framework.: .
- Fillﬂthe holes around the vértical supports with small stones and i b
~soil. Tamp down firmly. /| o c _—
~ Lash all joints tightly. | ; ..
ey | K ] ] L »\“r ] 1 :
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7 Finish the platform.

— Lash the twenty-five 95 cm bolés (g) next to each other on the
. horizontal platform supports. This forms the platform. 4
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Using local materials found in the bush nearby, participants at a West African Workshop on Improved Farm and Village-Level ’
Grain Stprage Methods are shown here Tashing the wall supports to the legs of the Field Maize Crib, using step-by-step con-
& struction procedures. The completed crib can be used for drying and also short-term storage of husks and cobs of maize.-
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. Install the cross braces. ' B

— If you think the frame is not sturdy enough by itself, lash the cross
braces (h) loosely to the vertical suvpports on the ouiside of the
crib. - , sl :

— The 22 m cross braces are pai‘re.d on the long sides of the crib,
and the 1.70 m cross bfaces are baired on the ends of the erib. 4

— Each brace should extend from somewhere near a top corner to_
somewhere near the opposite bottom corner. Leave room for &
loading cover on the higher side of the crib. ‘ '

—$Make sure the frame is straight and even. Lash the brac;es secure-
ly. : .




-4
9. Install the wall supports and wall covering.
~ Lash four of the 2"« m wall supports (i) to the vertical supports
along the inside of one of the long sides of the.crib. Lash the re-
maining four'supports to the inside of the other long side of the
Crin. .
 — Lash four of the 1 m wall supports (}) to the vertlca!supports along
the inside of one efid of the crib. and four of them along theinside
of the other end. . |
— bashthe already-prepared wall covering, 6 mx 112 m (k). to all the

wdll supports on the inside of the frame.




o -

!
10. Build the roof. '

- Call the high side of the crib the front and the lower sinde the ;
back . ~ : .

— Measure the distance between the centerlines of the front and
the' back horizontaj roof supports (c) which are lashed to the tops
of the vertical sudports (a) and (b). 0

- Layout thetwo 3‘1 m horizontal roof pieces (l) on the ground so
their centerlines are the same distance-apart as the measure-
ment you have just made. :
Lash the three 1 m cross pieces (m) o_n,tob of the horizontal roof

pieces, imapart. When the roof is placedon top of the frame, the

cross pieces should cross over the ends of the vertical supports
of the frame.




— Lash'thetwo 1 mangle braces (n)to the horizontal roof members
so that they extend diagonally across the two spaces in the roof ‘
frame. ‘ ' |

® -~ Lashsix3'sm purlins (0) on top of the three cross braces so that
they extend longways along the roof frame. Lash the frist and last
purlins near the ends of the roof cross braces.

— Lash raffia mat in overlapping layers to the roof frame.

f ‘)
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13. J’he"i:(ib*”is ready for use.,
.;x, — Load the é’ri‘_\ﬁ'.‘ Lash down the bottom corners of the loading -
-, cover to the frame during drying and storage. R
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. WORKBOOK EXERCISES

1. What are the two main requirements for a s'u:ccessfu‘l open’storage

system?

f

2. Describe what steps should be taken to limit in

sect attack in open

crib storage”? : & X
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3. Describe how
methods?

farmers in your area use open storage system
L J i .
.*“ i
Notes: ; -,
’ . G
o
< IR . 2
‘4. What are tfle advantages and disadvantages between “open’” an
“closed"” storage systems? ,
3 3
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5. Are local building materials available in your area for constructing
the Maize Crib described in this chapter? = ‘

& -

s g

&

6. How would you prevent rodents from-attacking maize stored in the
FAO Maize Crib?




4

7. Canyou suggest any other type of open storage system which offers
satisfactory results? '

Noles:

8. Whatinfluence does the prevailing wind have in choosing a location
for your Maize Crib? ‘
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CONSTRUCTING & USING YOUR STORAGE SYSTEMS (CLOSED) *
MODEL 2 - IMPROVED MUD BRICK SILO

INTRODUCTION | ‘

The “Northern Ghana Mud Silo" as it was originally called, was initially
developed at the Garu Agricultural Station in the Upper Region of Gha-
na. The project was a joint Ghanaian-West German agricultural de-
velopment undertaking aimed at improving the traditional mud silo °
common to the area. Their principal objective was to try and make the
traditional mud silo more airtight and durable and at the same time still
incorporating low construction and operating costs. This silo as firstin-
-troduced in northern Ghana was built on a layer of large rocks, had mUd
brick walls. a wooden unloading shute, and a cement slab serving as as
the top cover. It was soon found, however, that with certain modifica-
tions. this model could be effectively utilized in othgr regions as well,
especially where humidityiwas a factor and where rocks were not avail-
able as a buillding material.

MODIFICATIONS
Accordingly. the following changes were made on the silo to render it
more adaptable to other geograbhical and climatic regions:

1. Constructing the silo on piliars and insulating the silo from ground

maisture by puttmg tar paper between the pillars and the bottom
slab. .

2. "Making the bottom and top slabs out of reinforced concrete to give

added strength to the structure.

3. Replacing the wooden unloading shute with a plastic pipe cap which
__,_.;__EJS a”tg,b‘ e et e et i o i e g ..»:m-»-‘»we—»'dm erben
T4 Ehmmatmg the stoping floor inside the silo to increase capactty

Topping the silo with an inverted thatch cone to prote:%lt against the
syn and rain, and

N

\

A

6. Painting the Silo with a coat of coal tar to inhibit mous’rur‘3 absorp-
tion. ‘

Although these changes increased the cost a little in comparison to the

original “Northern Ghana Mud Silo", the improved model is in terms of

increased efficiency still much cheaper than a one fon cement silo or

one ton's-worth of metal barrel storage.
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RESULTS OF TESTING (Peoples Republic‘df Benin, West-Africa)

Several interesting facts were learned about these silos. One important
thing is that after construction t‘hey must be allowed to dry completely
before they can be filled. This was learned in a previous test in 1975.
When grain Is put into asilo, the grain should not be tamped with'a stick.
Since the silo has no reinforcing around the sides, tamping can cause

cracking of the silo walls, especially if the silo walls are not completely
dry. '1

Improved Mud Brick Silos
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As there are no big rocks in the south.of Benin to use as a silo founda-
tion. it was decided to adapt a sy,»éiéfn of. pillar bricks and a reinforced
bottom slab (such as is used on the cement stave silos developed in Be-
nin). Between the pillars and the bottom slab, pieces of tar papier were
placed. When.the ground is really wet, cement tends to transmit humid-
ity from the ground up into whatever structure is above the ground. In

the case of a silo. a humid bottom slab will mean wet, mouldy corn. The

tar paper has proved to be an effective method of stopping the humldlty
transmission.

With the addition of the plastlc pipe cap for the emptying hole and the
sealing of the entry hole in the\top slab, the silos have been fou\wd to be
nearly awhght/ff e silois full and has not many insects, carbon dioxide
will build up"vﬁ t&lo and control the insects. However, if many insects
are present. the silo can be treated with a fumigant such as Phostoxin to
assure the complete and immediate control of the insects.

In northern Ghana a roof on the silo isnot really needed during the time '
of storage. However, in the southern humid of Africa regions, storage '

many time takes place during at least part of a rainy season. With the
additicn of the thatch cone roof,"a cheap and effective method of pro-

tecting the silo was found. The reof is lightenough to be lifted into place

by two men

Questions as to whether the whitewashing of the snlos as is done in
Ghana. would protect the silos against the rain and humidity of the
south weré raised. Thus, one of the two silos tested at Niaouli* was
whitewashed while the other was painted thh‘coalta‘r. (The silo in

Cotonou was whitewashed. The idea behind painting,‘gthe silos with

whitewash is to minimize the change of temperature inside the silo. This .

change in température is caused by the sun heating the SI|O in the day-
time and the cooler fiight air cooling the silo at night. The neanng and
- cooling .causes air currents in the silo which may form pockets of
hu’midiiy. leadingto roktting of the grain. Whitewashing a silo causes the
sun’s rays to be reflecfed, resdlting in a cooler silo.) However, it was

- wondered if whit‘ewash would provide enough protection against rain
and humidity. Coaltar is impermeable to water so one silo was painted

with it. Coaltar is black and the color black absorbs lieght fays, so the

* Agricultural Re'search Station near Cotonou

,é\




partof the silo hit by the sun’s rays was protected with a reed mat: In this
way. it was hoped to minimize the effects of heating and cooling of the
silo. Results showed’the corn stored in the whﬁewashed silos had-a
slightly higher level of humidity at the end of testmg(a:b‘compgred to the
corn stered in the coaltarred silo. However, corn in the whitewashed

» silos was still in the safe hﬁ-ﬂidity range for storage in silos or closed -
containers. :

Construction Summary . ®
Duetoalackof largerrocksin the south of Benin, it was decided to place
the silo on a cement foundation and pillar bricks. Three holes aré dugin
the ground and a foundatlon of cement 10 cm deep is poured On the
foundation three pillars of two bricks each are mounted. Between the
pillars and the bottom slab of the silo, pieces of tar paper must be placed
in order {o insulate the slab from moisture commg up through the pil-
lars )
The bottom siab can be made on the ground ina circular formwork.
Diameter of,the slab is 1.20 m and the thickngss is 8 cm. The cementin
the slabis reinforced with 6 mm rerod. The slab should beswatered three *
times a day for seven days to insure proper curing of the cement. Once
cured the siab may be lifted by several men and placed in posultion on
: ' top of the pillars. provided the tar papier has already been placed.
The wall of the silo is made of 325 mud bricks. These bricks can be rec-
tangutar or have beveled ends which fit more nicely the circular form
and demand less mortar. The beveled bricks-are lO'cm high, 10 cm
wide. and 15 cm long on one side and 18 cm long on the other side. To
mount the.wall. a circle one meter in diameter is traced on the bottem
slab. Alayer of mortaris placed between the circle and the outside of the
slab. The first Jayer of bricks may then be placed on the mortar. Space
must be ieft for the plastic prpe cap that serves as the emptying hole.
Once the bricks and the pipe cap have been mortared in place, the se-
cond layer of brrcks may be placed The silo wall ends up 17 bricks high
‘with 19 bricks per layer. The mortar used to mount the wall and plaster -
over the bricks may be a mixtire of cement and sand; cement, sand, and
ctay mud: or clay mud only if it has good bonding propertles - -
_The top slab for the silo can be made on the grouhd in a clrcular form-
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work just as the bottom slab is made. The top slab has a hole 50 cm in
diameterinthe center‘which;éer\zés‘as the filling hole. Itis large enc')}ugh
to permit a man to enter into the silo in order to cof‘npletely empty and
cleanthesilo. Thisslabis 6 cm thick.and 1.20 m in diameter and is rein-
forced with 6 mm rerod. Once the slab has cured for one week, several
men can place the slab on a layg¢ of mortar on top of the wall.

Since the top slab has the fillingfole in it, amethod of sealing the hole is
needed. Thus. a small cementcover slab is made. The cover slab is
made 5 cm thick and 10 em larger than the filling hole or 60 cm in
diameter. There is a simple rerod handle embedded in the slab to aid the
removal of the cover slab from the filling hole. A'small mortar lip is
placed around the filling hole. Once the mortar is dry and the silo filled,
the cover slab can be placed on the lip and the crack between the two
can be sealed with clay mud or a light mortar mixture. If the emptying
hole and filling hole are both well sealed, the silo will be insect and rat-
proof plus airtight. |
Options and possible modifications in the silo construction - e

if stealing is a probtemin the area where tﬁpe silo is to be built, rerod can
be imbedded in the wall on either side of the emptying hole and in the
slab on either side of the filling hole. Bars can then either hinge on or
slide through the rerod pieces and be locked with a padiock. This is a
simpie and effective way of eliminating most thefts.

The foundation and floor slab of the silo could possibly be done in
-another way. although if is still experimental. A hole with an outside
diameter of 1.30 m would be dug to a depth of 30—50 cm or more until
hard-packed earth or rock was reached. A circular foundation of bricks

would be built around the edge of the hole, leaving the center empty.
The foundation should extend 15-20 cm above the ground. Once the
foundation bricks had been Iayéd. the hole could be filled up with sand
which 'was hard-packed and level with the top of the foundation. To
waterproof the base, plastic S'heets“, coaltar, or tar felt (tar paper) would

be used. The plastic sheets\can be layed directly on the sand and found-

ation,bricks. If one-is using the coaltar or tar felt, a 3 cm layer of mortar
. must be placed on top of the hard-packed sand. One would overlap -
jeints of tar felt 20 cm and spread coaltar on the seams. With the coaltar
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Thatcn and wood for cone roof -

cm thick would beaplace ThlS mortar Iayer would serve asthe ﬂoor of

the silo and the Base for tneﬁwalls N g
The top'slab c@uld be built using only cement $sand, and gravel no re- o
rod. Four or more boards could be. placed across the- top wall-to form it et

Y

sqUare which would serve to support the slab’s weight. Thus, onecoulds
conceivably do away with the negd for rerod in both the top'and bottom =~ #
slabs. As mentioned in the paragraph above‘ these ideas are still ex- B
perlmental Time and money have nof yet been found to prove Qrdis-",
prove them. The ideas are presented?o show a cer‘tarn desrgn Should

o

not always be thought ofas perfect Reasonable desrgn changeé should

Y

" be sought after and looked mto , oL : ce
The rmproved Mud Brick Silo provrdes a reasonably cheap and effectlve \

* method of storing one'ton of grain. The silo works indry regrons and has

‘now beeh adapted to work jn "humid regions. The silo, can even be built -
onalightly larger bottomeab, havethe wall brlcksturned sotheirshort -
side faces-outside, and have a Iargertop slabtoincrease capaglty to one
and a half tons. The silo;works and is so adaptable because it is some—

thing basically uncompllcafed inan mcreasmgly complrcated age. “
Sy ) ;
v) ’ ¥,
Contructlon Materlals o ,/15 S T Y R L DUV RS T 4 ~
*Mud brrcks ‘ 325 ., Lo R
Cement . -  4- Sf:eac;,,ks R .
Rerod . 3sixmeters bars (6 mm dlameter)
Tar felt 1 square meter m?2 T et | e
Plastic prpe cap o "1-(10 12 tm dlameter) R 5 S
“Gravel” S 25&&1“3 cubic meter ol
.Sand- C 75 m3 cubic meter el e
‘Coal Tar , : 3 4 lrters R e R
Whrtewash A S I ’ | W
% 4 s T R B

T




. Mixture Proportions .

Foundation, pillars, I ‘“wm“/é ‘:"
top and bottom: R i part cement 2 parts sand 4
slabs, and manhole cover 3 Parts gravel ,

Mortar joints and plaster Job 1 part cement — 4 parts sand/ora -
' ‘ - mlxture of cement, sand and mud.
Wall bricks - all mud/or mud and cement Gependlng on quality of mud.

MOLD SIZES LXW XH o .
Pillar bricks . 30 cm x-30 cm\»x,zo cm .
Mud Wall bricks - 15em x 10°cm x 10 cm or bricks with ome long

side 18 cmtong and the other long Slde 15 crh
: tong x 10 cm x 10 cm. These bricks Conform

better to tJhe circle and need less mortar

between their joints. - >

. 3

BN

""-CQNSTRUCTIAON OF THE SILO

MUD BRICKS S 3

The number of mugwall brlcﬁs will depend on the helght and dlameter

of the silo. A silo with a 200 m interior hefightanda 100 minterior diame-
ter will need 325 bricks. Lt
Good quality mud should be at least '/s sand an 5—30% clay. In Benln ae
. distinct red q/olour indicates a good clay content and:makes solid
bncks“Abrovx/\ntcryellow*cotcm'rmeans afnigh- sandcontent‘()lay Gould—'“
be added to make this sqil better for bnck making. §O|I dark brown or-
black has a high humus contentandi is not recommended for brlcR mak-
ing. - L, , . ,._ )
To prepare the soil, clean the soil of all orgaﬁ’lc debris and break up
clods. Adjust the composutlon if’ becessary by addlng sand or clay- rlch ,
soil, which is unavailable, broken-up termite hills may be used. Add Just

. enough water to be workablelxceee water causes clay to swell and ‘
then shrink when drying causing crackmg of the brlck’s

In so«ryne regions plain sun-dried mud bricks are very strong Other reg- L
ions have mud that makes strong bricks if mixed with a little (1:15- 20) v

‘]OO/ ) "J .







'\ement Some types of sorlqbecome Tess strong when mixed with ce-

“ment. Thus. a few bricks should’be made to try the different possrble

. comblnatrons ‘When the bricks have drred break them-and see WhICh
mixture produoed the strongest bricks. ;

Once the type of mrxtureshas been selected, bricks can be made. Select

a good. flat, shelteredgarea on which to burld the bncks Mix the mud

and water taking care not to add too much water. To be strong the

bricks should be well tamped and thep weli dried. Be sure and protec

‘, the bricks from rain or é\tse you mlgh&:\ave to start over again. //

' L e ¢
- ST N 4

‘o, ¥ .

PILLAR BRICKS -
+Six bricks 30 x)30 x 20 cm are needed to form three prllars of two bricks
. each. The bricks can either be dopne with a mixture. of concréte wjth the
proportions 12,3 or with a mixture of. mOrtat with-the oroportron
1 4-6 (according to the quality of sand and Cement empl@yed)
One. could ‘also .use cement blocks that are used for houseuurldlng |f,
‘their size and strength are- ssmrtar to the regular erar bricks, The pillar
bricks must be watered 3 times a day for seven. daystn orderto be Well

] NN

- cured and strong: - > L .

1 0

PILLAR CONSTRUCTION .
Trace a circlé with a La/dl,us\of 60 cm on the ground ThIS gtves the Gir-
cumfererrce of the {ilo's inferior siab. Next: from the samepoint, “tracea
circledvith a radiug véds cm and divide the clrcle rnto three'equal parts
To divide the circle: rr‘hﬁyee parts. pick a point on the circle and W|th >
the radius of 45 cm marktwo more pdtfnts onthe crrcle oneoneach Slde
of the chosen point. From each oneof these 1o points, mark two mote
~ néw points, again wrth ‘the 45 ¢m radius. These last two pomts and the .
first point chosen divide the cirlce in three equal part\stThe three points -
oh the cirlce will be the centers of the pitlars. Fromtone center to
.another should be approximately.79 cn. Around each pomt tracea Cik-, .
~ clewith a»radlus of25¢cm and dig a Hole 50 cm deeb In each hote poura -
foundation of concrete (1 12 -3) 10 cm deep. Tampthe concrete well and-
level entirely. After this, construct the ptllgrs usmg two plllars br|cks
_oneon top the other. in Dach hole. Put the first brlcks on thelr srdes so
. © their30cm Iong sidesare perpendrculartp theaﬁ)xls runnmg through the

By
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center pointin between the tnree pillars (see dlagram) The 20 cmsides

are parallel with-the axis. Next place a layer of motar T—2cm thlck on
- the first bncks and set the second‘ bricksin place The thrée pillars must
" belevelto Dermrt an equal distribution of the slab 8 werght and to |nsure
the’ slab Wlll not crack under load. ’
INFERIOR SLAB N A _* ,,: v
Theldrameter of the slab.is, 1 20 m with a thickness of 8 cm. lt lS rern—
forced With 7. 5 m (o6 mml of relntor»crng rod and poured W|th a mlxture
_ ol concretg, (1:2:3). 3 '

4y

To facihitate cnnstructlon of«tpe sifo, the b rn‘?and top slabs ‘can be

.
T

pdured on the ground and later lrfted into place A form work should be .

made either dug into the grot’lnd or srttmg:on the ground Diameter of

“the formuorkls 1.20-m. LlﬂE the tormwork with paper tu prevent the

CEment from. STICk‘lﬂg and Wet the paper before pourt,ng the concrete To
rnake the slab srnodtheron thesides, aPiece of masonite can be used to
form the circle of thetermwork The original Ghana mud silo had atop
stab in the' shape of an octogon A circle Was, dgsed for this chariged
‘model because it is easiet to torm , R 4 o

2 o

‘o

‘relnFoRCING RODS S | Ry

> -
' E)

To tabnca»te the rerntorcrng pattern two 6 m¢ rods (o 6 rnm) are needed .
Trace a crrcle onthe ground with g 55 cm radrusto obtain the modelbf‘
“the pattern. Dlvrde this circle into six equal parts mg.rkrng sr>g paints.of
the clrcle Bend one bar aroundtrL’g_!rcle and cut to l'“lt Next flt’three

StralghT bars to the crrcle so they COrrespond to the src pomts on tl:le

circle and cross each other in tlne cénter of. the crrcle (See dracjram3

- gy y
Ea,ch bar or rod shduld have at least 5—10 cm extra at° ea‘ch end that can ,

be bentover the circle in order to- hold the, bar in placeoThesebe‘lat ends
can then pe attached with ljttle pieces of wrre tosecute them lf-rrmly Be-

fore pounng the cement far the slab itis |mportan¢ to pla»cethe pattern

ir the sla@/f/ormwork to rnake sure ittis roundandﬂat-and not too big.

Once t ormwork and the rerodt pattern ha\fe been completed the '

cora?crete mrxture can be prepared The bottom slab ‘will use approxr—

.mately l 4,.5acks of cernent N X the concrete thorougfhly and ad}:l the ',
o rrght amount of. water 20— 25 Flterg per 50 kg sack oti}ement Once the

1 P )
. e, . R i .
1 o ¥
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Photo—';Erik Bentzen

.Bottom slab for the Improved Mud Brick Silo is wade essentially the same way as

floor slab for cement stave silo.
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water has been added to the mlxture pourthe concrete WIth as llttle de-, .
lay,as i5 possible, preferably in Iess than @ne | hour. Wnen the mlxture is |
ready fo pour, wet the paper orsand i ln the formwork Pour and tamp a
6 layer 34 cm thlck before placmg the rerod pattern Be sure and mark
: on the formwork the posrtlon of the thr& stralghfrerods in the slab:
Once ‘the siah,i |s to be placed on the plllars the rerod posrtlons wrll be
' lmportaht Cover thererod pattern with a 42-5 crn”layer of concrete (to '
obtam a total of 8 cm) andtamp well 1t the slab is not well tamped lt .
rrsk’s cracklng under the malze S werght Smooth and level the surface ,
| ot the, slab.#t i's very |mportant to water the slab three tlmes aday for |

seven days and to let the“sldb;fure in- the shade ‘\ s
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PLAClNG THE® suxe%l} g R e
Once tne slab has been watere_‘ =N d cured for one week lt may be
placed on the plllar,s étrst one, i Dve the formwork around the -
Stab. Make sure that the\slab ha ‘rked wrth the posrtlon of the ‘
rerod first. Next,ﬁplace tar] paper prETES. 25 X 35 cmon top oﬁhe three
plllars Thestar paper serves as a morsture barrler between the plllars ‘
and the slab. .0on the tar paperplace a lrttle mostar (1: 6~ 8) with the same ‘
shape as the plllar and 1—2 cm thickness. Now the slab® can bé placed
on the pillars. ftis lmportant“that three ot the ’rerod posrthn marks be -
placed inthe center of each plllar’ sO. that the future welght of~the malze
|/ will be evenly dlstrlbuted among the plllars Level the slab on theprllars o
by addlng a llttle mortar Qn one or two plllars if itis necessary

<°' . 3 L N . N te : l‘v‘.”»\'.“
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MOUNTll\lG THEWALLS

mounted T»race a’ crrcle ot one meter m dlameter on the slab Place a .

o §mall 18 yer of motar between the crrcle amd the outsude of the slab The ‘

© . mortarmay be éither cement and sa,gtd (1:4) or. ca'nent *sand and mud
‘o (t 373, 1~ 4 4, etc. dependlng on, condltlons) The exact mlxture de-' '
; pends on fhe mlxture ‘in your brlcks?and the lnteractlen of the cement
sand and mud in that partlcular reglon .= R ‘

2]

fall on the one meter dlametenllsr‘le tracéd on the slab Leaye space bet-

A o - : o g PN . . y_}m. )»l




weeén the Bricks fot mortarto be placed :In the firstlayer of 19 bricks, the
Plastic emptyrng hotle should be placed in Between two’ bncks BE sure?
and leavé e»nough space toallow the cap to easily screw on and off. ’l‘he
bncks for the second. layer should be* plaoedgon a small’ -layer of mortarv
apphed to the top of the first Jayek: Stagger brlcks so the center of:
the,second Iayer bricks falls over the Jomt between two flrst layer brlcks :
ThlS wrll@rve strenght LO the watl and avoraq@crackfs ln the ycm ts from go-
ing all the'way up the wall: To place the bnc"ks of the second layer over
the ptastic emptylng hole demarids putt|r19 three Ilttle preces of rerod
over the hole. The rerod acts.as asupport far 1 the bricks and helps keep"
them level and evéen. After the secon,d layer the wall'is mounted in the;
same fashion upte two meters from the botto?n slab. Thrs erl g|ve ap—f
proxrmately onemetric ton of storage The wall needs 17 layers of bricks
WhlGh when combmed with the mortar Jornts makes a proleately‘
two rheters o“l‘ wall. Hitis'deemed necessar;y arerod apparat ) be
placeddn the wall when itis constructed so tnat the enrnptylng hole couldw
be locked afterwards to protect: the silo agalnst theft. There are. several
‘different ways to makea locklng devrceaTwo rerod hooks mlght be: de—'
placed in the mortar- joints on elthenr s;de of the dplastlc emptylng hole
.plug A thlrd bar’ can be attaohed to one of the: hooks so it hmges over
'the ,plastic plug and can be locked to the ‘second hook A, plate that
hrnges and covers the entlre ptastic plug colild alsg be used. More
>elaQorate- devices 'could be -made, dependlng upon lmaglnaﬁlon and
mpOSSlblfltleS of materlals I TR e D : |
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PL STERlNG 2 e =
BThe plastering of the srlo can be done. before or a:fter placmg the to’pf
slab. butlt is much easier if itis done’ before. The msrde and,the outsrde
walls are plastered with'a mlxturecof cement and, sand (1 4) or wn’t ,ce-:
meni sand and mud (1:3:3, 1. 4: 4 etc accordlngto condltlons) The
ln5|de wall' may be Qompletely plastered or just the Jolnts accordlng to
condltrons of humldlty in: the reglon o e ‘ - ,
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TOP SLAB o TR R R R

The top slab can be made inafon orlgon-tie '
'slab The slab hasahole 50, len% :
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. % The watermg and cunng of the top slab. and coVer slab are the same as =
T forthe bottom slab and pillar bricks. One,should wa’aferthe slab 3t|mes Juv .
. a day for at Ieast 7 days if not for;10 days. ThlS is becaus’e the top. slab - L
mus‘hbe lifed,to the top ofthe srlo and also must support the weight of a -
"man whenhe Wan'ts to enter into the 31lo No. ahe’ wants the slab to break -
-+ ._and hurt'some one:’ o EESUIRRINE s l\ o "; -

When the s*lab i5cured, it maybe putaon the silo wall Placé a small Iayer o .
or mortar on the top. of the wall and“ln‘t the slab into place Center itwell - _
on the wall and then mortar injthe remalmng space inside and outS|de~ . *
betwee‘n the wall and the-slab. One mlgﬁt also beta Iayer of mortar five .
to seven centrmeters wide aréund the filling hole. ThIS-Wl“ put the little .
“‘gcover slab up off the top slab Ahd help pr;euant%ny! chance water from _

ruhnlng hto'the silo. The lifting. of the slabﬂlnto place wrll take atleast SIX\

strong men and some cautions *-\’\ o a2 Tk
5 54 oS e e e
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PAINTING THE" ILO . IR e '

1After the silo has drled for §No V\geeks it may be pamted Th|s palntlng
will render the silo more alnancd water tlght Three systems are possrble
-The silo may be pdinted with Whlt@WaSh on the exterlor If there |smuch . :
rain in‘the area during astorage perrod it msght be palrﬂed externally
with coal tar. ThlS mlgbt p?ossably, thO‘Ugh no. for sure; cause pzoblems o
of heatmg and cpgllng ‘of the |ns|de sHo alr One possreble optlon is to : “0
" paint the: rn51de of the sﬂo W|th coal tar,arrd pamt the putsndev w1th '

whttewash The coal tar will: protect agalnst»the entry of hurmd’lt’y whlle

tne whltewash- makes-the srlo cbole.r and prettler L P

E ) ‘v" | . ,1 e :" ‘ v Q:.Q J ;3.~f’;v ~Qru';'~"‘: i
%lLO’RQOF ;M’ . ‘,,r‘ ® ) »0‘ " : , i ,,;v , ‘%" ‘ 01 ,, : . L o .
- The«mud silo needs proteotron agamst rain. A srmple and lnex,pensNe o ';'

° method of protectlon is to constr,uct a thatch conefn, Ihe shape of an in-
verted “V”'and put lt oft the'silo. If. the cong: hangs over and down a
ways, it will also help ”pTrotect agalnst tne sun srays Ofcourse ablg roof

7 to protect the entire: 5|Io could always, be burlt but lS not a neceSSIty

.,ﬂ,
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FILLlNG AND TREATING THE SILO




~

: The waterlng and cunng ‘of the' top slab. ané’ coVer slab are the same as
= for the bottom slab and pillar bricks. One should water the slab 3 tumes
a day for at least 7 days if not for;10 days ThIS is becaus’e the top slab
mus‘t“be lifted.to the top of tl‘te srlo and also must support the weight of a
" man when he wants to eVnter |nto the s;lo No ohe: wants the slab to break
. an,d hurt’ some onev e e T e \ Sl
When the s-Iab i5 cured, lt may=be putnon the silo waII Placé a small Iayer
or mortar on the top of the wall’ and“llft the slab into place. Center itwell,
on the wall and then mortar lnjthe remamlng space inside and outS|de
betwee’n the wall and the-slab. One mlgﬁt also beta |ayer of mortar five
to seven centlmeters wide around the filling hole. ThlS will put the little
“cover slab up off the top slab &hd help p:euent%nyl chance water from‘f
rupnlng intothe silo. The llftlngof the slabalnto place Wl|| take atleast stx,\‘

strong men and some caution.s ’\\ CT v o .
) . 5 \»\ ' » '_,,@ > ;ﬁ"k . ’D. o5 g

PAINTING THESSILO.. ~ %, 7 o« 20 0 o
1After the silo has drled for §NO w,eeks Tt may be palnted Thls palntl;ng
will renderthe silo more amand water tlght Three systems are p0531ble
.Thesilo may be palnted with whltev@ash on the exterlor If tHere |smuch,
rain in‘the area dunng astorage perlod it mlght be palnfted externally
with coal tar. Thls mlgmpossably, thO‘Ugh not for surey cause ptoblems
of heatlng and Cpghng ‘of the lnSlde SI|O alr Ome possrble optlon is:to
paint the. msnde of th-e sﬁo wnth coal tanand pamt the outsnde= with

whitewash. The coal tar will protect ag‘alnstwthe entry of hurrrld’t’y whlLe

K

47 :
th’e whltewasn makeswt’ne s:lo cboler and prettler Lty o
: ‘ ST T e e oa g
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The«mud silo needs proteotlon agalnst rain. A snmple and mexp"ensNe

E method ot protectlon isto constrpct a thvatch conefnithe shape of an |n-
verted V and put lt of the'silo. If, the cone: hangs over’ and down a
ways it will also help ptotect agalnstthe sun'’ srays. Ofcourse a blg roof
to protect the entlre sllo could always be bu1lt but lS not a necessﬁy
FILLING AND TREATING THE SILO . .
- Oncethe SI|O is palnted dry, and hasa roof corn can be put in; the SILo by
way of the fllllng hole 1n the top slab Flll the SIIO but do not tamp the

P
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'IMPROVED MUD BRICK SILO . . -

REROD PATTERN - BOTTOM SLAB o ,\’
Pillars: . - Holes—-30cm o
Depth: B 50 cm ¥ ' . .
Foundation: .10 cm thickness | o
2 bricks per pillar S ‘ I VR
A =3M60 - | |
B  =1IM30x3=3M90 =
TOTAL . = 7M50 rerod” T ‘

% gram as excess. pressure could cause the wall to crack. The silo is tlght_: ‘

enough to be tredted w1th fumigants. Put the fumlgant in, seal the cover

slab with mortar or mud and place the roof. If there wereinsects atthe ~

time of treatment, control the silosinoneand a half to two months’ stime

to see if 3 retreatment is warranted. Make sure the emptymg hole 1s;_v

locked so no one steals your gram| : S 2

2}
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. g Photo - Erik Behtzen
Inside ah outS|de wall's ef tmproved Mud Brlck Siloare plastered witha mlxture

3 . »

. of cement and sand : : . ‘




IMPROVED MUD BRICK SILO
’ ; : REROD PATTERN TOP SLAB
B ': IM20x3 SMSO
TOTAL * . = 7M20 rerod
VGrand Total .~ = 14M7O rerod .

", neededfor s
14, 70 m Rerod for b'oth slabs

W

HOW 1O USE YOUR IMF’ROVED MUD BRICK SILO .
- Put only celan dry gram lnto your srlo

wet, Your gram will be no good o




Coalztérreq Modified Ghané&Mudbrick Silo with Mat lo Protect Against the Sun's Raysf
White-washed Modified Ghana Mud Silo with Mat to Protect Against the Sun’'s Rays.
Experimental Mud and Screen Wire Silo Resembling Oridinal Ghana Mud Si,l,p.',

. » , e ( .
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Dry your grafn in the sun. . " ‘ o, .

Keep the grain in the sun orin the dryer until it is dry

Test the gram when you think it is ‘dry. Put one grain between your
teeth. Dry. gram is very hard to break with your teeth.
Remember. if storlhg malze ~ put kernets mto the silo right after you

L rempve them from the cobs. D® not let malze stay on the cobs after

you.remeve the cobs from the drymg place
When the graln is dry. take the cover off the manhole Put the graln

into the silo rlght away. Fill the -silo to the top.:

Stirthe grain in the silo with alarge stick. This helps the grains seftle.

It is good to add an insect poison to the-grain before you close the

silo. Insetts are always present in-gratn. Insect larvae live'inside the
kernels where they can not be seen. Talk to your extenS|on worker
about what poison to use and how to use it. ’

‘ Remember pPOISONg can kill ammals andpeopte. Do not use them be-

fore you talk to an extension worker, K s I

Put the cover on the mahhole assoon as pOSSIble FIyu;\g msects can

enter the grain if the coverss not on the mahhole

Put mud all around the cover so nothing can get mto any cracks bet— ;

ween the cover and the manhole.

k]

Make sure the Plastic plpe cap otoses t|ghtly
Make sure there are no cracks around the plasttc plpe cap°

Keep the area around the silo clean. Rats do not like: to llve where |t IS

} Ay
clean. A . -

> -

- ;Check your silp often. Put n%w plaster on any eracks youflnd ltisim-"

portant to fmd the Cracks and put plaster on fhem right away

- Keep the silo white’ The white cofor Keepethe)sdo coot Put on new
‘whitewash when the silo needs it Ca ‘

. - mYOU may have to use the plastic plpe to take out srr;all amounts of

grain to sell or eat. Make sure. you, close the cap carefulty Do not

leave it open. If theftis a problem the ,Cap Cah be’locked and graln

removed from the top of the 5|Io S T et 5\

“.\ ¥l J
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Do not leave grains scattered onthe ground.-These gralns ‘wnH at'tract“t.%
insects and'rats. L , " ," :

empty silo WI|| attract insects and rodem’s

s

£

-
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~Wheh you embtythe silo, makesure all the gramlsout Gralnleftlnan ot




“'3.‘

— Clean the silo well before you fill it agaln You can ‘bnurn a small flre
made of grass inside the silo. This kind of fire makes a lot of smoke
The smoke and heat from the firé kill insects and insect eggs. ‘

— Sweep out the ashes, and old gram :
- When your snlo is clean and repaired, you are»ready to put the ne’xt
crop of graln into the silo. . : 5

kl
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CLOSED STORAGE (Continved) SYSTEMS

-

uvuth Supplementary information on COﬂStrUf‘tIOl’) of 25T, Cement )

".:1

Stave Silo) i s 3 )

MODEL 3 — THE 4.5 TON CEME;NT STAVESILO - -

The construction of farm: and wllage |evel cement si{os on pallare wnth
napamt&es turrently: ranglng from 2to 4.5 tons prov:des a means ofstor-
INg maize and other gralns for up to two years wnth mﬁlmmal Iosses It
should be recognized, however, that these ufits require more tares in,
drylng and msectlolde treatment than tradnttona( meth,ods The 4.5 ton
mode] is considered the optlmum size because units: ofsmallercapalty
. are less economical to bunld Experience has shown that the-Cement
. 7 Stave Silo will WOFkJUStGaS well in drier areas as in humld ones. The only
' Iimmng fa.ctor is one of economic fea3|b|hty ’ -
The silo was devefoped and field tested over the past seven years i Be-

nin, West Africa, by Government Agncultural Extenslon Agents jn
cooperahon with U, iﬂeac_e Corps Volunteers. Smce the program figst™

‘ began over 350 of these silos have beert built ‘and successfully used
ADVANTAGES - . N
Stores. large amounts of grain. : R
Gives good insect control when nnsecttcnde IS added to the graln to
‘ kill insects already in the grain. ’ RS
. — Offers good protection for the grain from rodents R “‘7
- Is Iess expensive than a n:;eta| sito of 51m|lar capaCIty and is more dur—
able ' '

,
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" than the mudblockzsﬂo .

DISADVANTAGES o s :
- Hasto be protected from rain or it; does not Qrowde good moisture

o l

© control. - ‘

<

~ Uses matenals artd eqmpment Wthh maKe it more expenswe to build '

a

THESITE .. e |

~ Build thé sjlo’on hrgh welt d‘ralned ground Do not buitd the silo
_wher@ it wsII bé ik the _path qf water from floodlng or heavy rains.

- Festthe ground to’ see i it \MUI support the silo; You should build this

L silu virhard-pan, rock, or stable soil.’ ‘
- ‘Dug a small hole, about 65 cm deep lt you do not reach hard-packed
rearth orrock, try anotherlocatlon n‘possnble Ifthereisno otherloga-

A~

tnon avatlable ané you -are in doubt about whether the earth is hard
Jenough speolal precaut;or‘s should be taken.

L Locate the snlosothat’ﬁts-tevet fadryer’b‘forexample the Pit Oil Bar-

- red Pryer. is belng buult onthe same Slte ‘the location must be chosen
sO that the front of the dryet is facung-the oncoming winds during-the
time ‘of+year.you | will be drylng

, THE SHE.,LTER (see” Flguge& N

Betore constructron Of the silo and dryer is begun, a straw or tin roofed

; shelter shoutd be bth This provrdes protectlon from rain and sunlight

torwthe silo-and dryer as well as ‘better working conditions duxing con-
.strugtion. Compfetion of the shelter'assures that the units will be ready

. foruse as.soon as the.corniis ready and can also give an idea of the in-
: terest of thé. owner in the project. . ,

-

Forads T silo- the: shettee@mensrons are- 8.00—10: %O metersby 400

: meters ‘height to cross pieces, 2. 50 meters. The heig tfrom the cross.»
p:eces to: the roof beam is 1.50 m forthe 45Tand 25T hangar“For az25

Tsilo. a ter;gth of 8.00 meters ‘with the same W|dth artd height as the
hangar tor the 457 silo is necessary. . .
Ptacement of gu pport posts forthe roof beam in the center of the’ shelter
is determinegd by the 1ocation of the silor and dryer hole.

The type of roof for the shelter will depend on the economtc capabllltles

of the owner. A thatch roof can. always be replaced by attn one afterthe '

unlt has.had several years to pay for |tself .

o7
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. MATERIALS: (see table 1)

Cement should be stored on log supports or plastic, since it will harden

if placed directly on the ground. If lumps are present and cannot be
broken easilv. they should be discarded and the quantity of cement in-
creased by "« to la. .

Road sand can be used if it is clean and does not have too much clay
content.

Graverlshould be smaller than "3 the thlckness ofthe slab itis used in. 1t
should be washed if mixed with dirt or othermes

Water should be free of dlrt OI| and chemlals wf%%ﬁ weéken cement )
If stored in barrels, they should be washed thoroughly beforehand. e e

[

MIXING: should be done on cemejnt or-swept, packed edrth. Care
should be taken ndt to scrape dirt into-the mixture. On dirt, all mixtures
should be made on the same spot since the spot will harden after the
first mixing. : , . .
Excess water causes separation of cement from the mixture when it is
tamped. and thus weakens it. 20—-25 liters of water for each 50 kg sack
of cement is about right for all mixes. ‘

F .
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‘ ¢ fvh ) Bg‘i‘r‘rels (200 ])“ 1;'. '/ ~t DR

. watering |t 3 tlmes"‘a'"day for 7 day/s an drylng in the shade If thls |s7

]

not dqne the sﬂo will not support the pressure of the stored corn

i

el

E + 4

El

1 part cement— 4 parts sand (1 4) o
1 part cement - 6 8 parﬂts sand .
; p:llar bncks and JOlntS S (1:6-8) . -

- concrete tor'slabs, lintels- * 1 part cement - 2 parts sand =

i N L
I . s - Lhaly

e ; 3parts gravel (1 2 3) L L.

i R

“ A

TABLE I* CONSTRUCTlON MATERIALS SR | i o
o )TOTAL MATERIALS NECES’SABY . CRIR R

. R e . ’
(f\frate_ria'ts AT '“_‘;’ .
) Cement o S .. 12'sacks (50 kg) é« S .‘-9 sacks -
Gy rod( 6 ,__;, - “gBars . Abars
S L ., (6mlong) e
s Galvamzed wire'( C 3 mm) S 1ol {4 kg) 05 1
- Wire tbghteners " o o 10 BT
Coal tar L o SR .15 I -
Tar. paper - “ R tm2
s Gravel ‘ ‘ Le o 0emrLL oo
o IR f ‘::’(3 barrelfuls) (2 barre1fuls)‘x:"*
= : 2 mg S e 15m3

Sito 45 td‘ns, “ " silo25tons o=

’Sand& co
A Emptymg Hote Piug

Wsre screen’mg

;200 | barrels {5-barrelfuls = 1.m%). | .



CONSTRUCTION OF 4.5 T CAPACITY CEMENT STAVE SILO o
. ON PlLLARS (see fig. 2) L oy

- . AL
3 L 2 ) hE a A Y i

The 4.5 T. srlo is the' basnc unit used m grgln storage in southernaBemn L ‘
because umts of smalter CapaC|ty a:re consrdered Iess economrcat The\ .

mterror drameter is 2 O meters The’mterror helght is 2. O meters glvmg a
volume of 6.3 cubic met\ers Total helghtfrom ground, level is 2.5 meters
i ahd dlameter of the flo@r slab’is 2. 2 meters ’ e :

CEMENT STAVE SILO — PERSPECTIVE “VIEW = (F|g 2) o g
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TABLE P CONSTRUC%'ION Materlals d
B) USE OF MATER|ALS ”‘ 1 ¥
L s A, QS e > ks
Operation .« Matqrigl» 7 §;Ib “ 5°P sno 25nT -
‘Staves. -+ - Cemen; LB sacks . 4sacf‘<s o
‘ »q'RerodSmrg@ ’ 50 cm ',SE)cma_N,-ﬁ ’ ’
i‘Dillar‘BriCks u 7)Cerrruent ‘ | o sac_‘_‘g T 075 sack ' o
Mounting pillars . -Cémebnt”“ . > 11 sack f T 075 sack ’ o
. " ‘Gravel» S0 m 01 ms
C } ‘ BRER (05 barrelful) (05 barrelful)
Fioor slab - . Cement . 2 sacks 1 \ 1 5 sack o
PN Gnavel; 0.2 m? o 02m? ,'
” : R ; (1 barrelful) v (0 75 barrelful) 2}
R i Re-rod6mm@) ¥ 4bars 6 m . 2bas
> Silowall " ‘Galvanized-wire 1.roll : s oll e e
.+, Mdunting- plaster~ 4 TR e i o
ing, paintirig ‘Wire tightenerd |, 10 - N 10 /, St Lamtr
N . o Cement '~ 1sack, Laed 1 sack. 3
' i Coal tar . B L T g0 ,
Aynfﬁth%ﬁt ’de\{ice & ' Re-rod 6 mn’f Q S 120° crnvv ; \ 1“20“cm ;‘  o
', ’Emptying hole PRI e NI ‘
v, 7 plug, pER
¢ . *  Bayrel end T 1 ! 1 e : ; @3" °‘ :
Tover s}lab . . Gement ‘ o 2'ASac>ks A 15 sack , ‘ » gt
* (with filling _ ) Gravel o 0dme ‘ ;-;‘b.z",m? “)
hole covery _ : L barl'elfuI) (tbarreifun. ¥
) I Re-rod 6 mm @ , 4 bars. 6 m ﬂ‘., e ' s
Dryer lintels Cement . 7. 0 3 sack o
. - Gravel, - al . : 0 1 ;
e e L (05 barrelfu?)
© tRe-rdd -1 bar 6 mm. Q)
o . T 0 K ﬁm i
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Cement staves are.made u§ \g spetialwoeden molds; normallys gm. thick with .-

3

. - . s
beveiled edges. AUUR IR BN . - . » R 8
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Tne Steves should be tampegi we wﬂh abottle for examplé, and caare
shduld be taken so that: the‘,cement is not so wet that Water runs out‘of
the mold or the staves’ slump CantLw ey, . e
: *Dne large stavé. should be made Wrthe hole (12 cm in dnameter) in |t for
|'* ‘ertion of the emptylng plug centered; 10 Cm from’ ‘the enduof’ the "»a‘
7
stave This hale should be remforced with a rmg ot 6 mm re- rod (SOftm
Iong )yin m’e stave around the hole and by tamping well. The staves W\ll ,
T
require 5 packs of cement Water the staves 3ilmes pér dayfor? days
and dry in the shade : i R . C
, . ; . . o Oyt .y 1,,‘;:".
o . : , oot
w .; \ ! b} ’
1 By » ; y “ .
Figure 3 — Furms for the Staves ) . )
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Té’g 3. lnterlor Dlmensmns of the Molds

Slab © 150 meters ' 2,00 meters
DL@rﬁeter | . Large -~ Small Large A Small
sength A | 500cm | 250cm. | 500cm | 250cm
Widths b | 2t4cm = 214cmi .| 240cm | 240<m

b2 | 228cm | 228cm 25,2 cm 25,2 cm
Thickness C _‘ 50 ém ) 50 cm 50cm. .+50cm

R

‘¢

,PILLAR BRICKS: _ '
24.bricks are needed to build 4 pillars of &Xigrlcks each. The bricks can

be made froma 1:2:3concrete mixora1:4—6mortar mix, accordingto_

the quahity of the sand and cement: Molds of 14 x 20 x 30 cm.will give
bricks which will provide 30 x 30 cm pillars. Also, reguiar cement b,
used in houses can be used if they are the right size or if they can
to fitand if they are strong and water the pillar bricks the
the staves. W : ‘

BUILDING THE PILLARS (see fig. 4)

Trace a circle of 110 cm radius on&the ground. This will be the circum-
ference of the bottom slab of the sﬁo. Next, using the same center, trace

. acircleof85 cmradiusanddivide itin thirds. These three points and the

center point of the circle will be the centers of the pillars. Around each
of the four points trace a circle oP30 cm radius, and dig a holé 50 cm
deep. (To know how to divide the circle in third,.see “re-rod armature”
P | | AR "

Pour a concrete foundation (1:2:3) 12 cm thick.i in each holn It should
be tamped, and levelled. Next the pillars should be built using three
layers of two bricks each. The vertical mortar joint between the two
bricks forming each layer of the pillars should be criss-crossed perpen-
dicularto the preceeding layer. The 4 plllars should be leve|led carefully
to provide even weight distribution ‘for the slab. One half barrelful of
gravel ana 1 sack of cement are required for making the pilldr founda-
tions and mounting the pillars.

A
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FLOOB SLAB o,
Theflorsiab has a dlameter of 2.20m and is 10 cm thick. ltis, remforced
with 24 m'of.re- rod (> 6 mm). The 1:2:3 concretesmlxture reqUIres 2
»sacks of cement and about 1 barrelful of gravel. ~ o
. ‘ =2 . " |
A & - ) ; < %
A , : FIGURE 4. The Pillar . [
! P T |
- . < : L T " Foundation o 60 cm T
b 0 400 585 950 050 ‘ ]
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Table I: CONSTRUCTION Materials S o

'C) LABOR REQUIREMENTS -
SILO° - Staves T 3 ".man-days
. Pillar bricks . 1 man-day ,
‘ —_T'qunting‘vgillérs ' 1f.vman;day T
~ Floor Slab 1. man-day . ..
- Moun'ting sifo wall- 0.5 man-day
—- Plastering 1 mathay
- cover slab o 1 man-day

N

For the form we_rk. 29 large staves (3 m‘ore than for the silo wall) aré
placed temporarily around the outside of the pillarsinacircle of 111 ¢cm
radius. The staves areheld in place with two wires with tighteners Mh
1ater will be used for the walls. The.round formwork is filled wnth dirtor

sand to the level of the pillars, dampened and tamped The Iocatlon of

the outside corner of the pillars should be marked on the formwurk to
aid in later placement of the re-rod armature. The inner face of the
staves is lined with paper, plastic or- masomte to prevent stlckmg when
the stavés are later removed. The. thlckness of the slab can be marked
on the formwork also. Tar paper or plastic, must be placed over the pil-
lars as a permanent movsture barrier.

RE-ROD ARMATURE (see fig. 5) «
The re-rod armature requires fourbars 6 m iong 6 mm %. To make the

armature pattern, first draw a cnrcle ont round W|th a rau|us of 1.05,%

m. Divide the circumference into three equal parts by choosmg a point
on the circumference and with the radlqs (1.05 m) mark.off two points
on the circumference, one on each értieié} the chosen point. Fro’m each
of these two pomts once again mark off another point with the radius

(1.05 m). These last two points, ‘with the inital chosen point divide the .

circumference into three equal sections. From each ‘of the. 3 tri- sectlon
points draw an arc crossing through the circumference W|’rh’a1 radius -
150 cm. : !

The bar which formsthe circumference is 6.60 m long requiring ne 6 m
barand aone meter plecewhlch will be attached w1th 104.cm hoo s bent

- v 1 REA
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t the ends of each of the two bars. The 3 arés require pieces 2. 8() m
long The three straight bars which intersect at the center of the sfab are
230 cm |ong To cut the bars without unnecessary wastage of mater:als E
carefully cu@e bars mtqg\e followmg 51zed pleceb o
~ 1sfipar 6 m not cut (for.outer circle) ™= .‘ T
%“ndbar6m9oOL230f1OO»4O o B
~ 3rb bar 6'm 280 + 280 + 40 : - ',
~ dth bar 6m 280~ 230 + 40 +.(50 cm for bouchon circle) v
Bend the three 280 pieces to follow thé Jarcs. Band 10 cm hooks atthe
“ends of each piece. Also. bénd'im cm hooks at the ends of the three
230 cm p|eces and-place them stralght across the dlametex of the C|rcle v
each passing through the center and one of the three Amtersectlon o
points of the,three arcs. With fine wire. attach all hooks and intersecting
points of the re-rod armature. Before pouring the cementforthe slab, if

m&ortant to place the armatureyn the formwork to assure that it flts
and thbt the arc mtersewon_pomts eross over the pillars.
The concrete should be mixed so that it can be worked easily but'does .
of the formwork should be wetted thoroughly be-

not flow The ins

i /‘\ A l.
marks mdxcatmg the paHars Cover the armq
¢crete for total of 10 cm and tamp well. If the .S
will not Support the weight of the silo-and s%ored corn. Finally. smooth

il h6 cm layer of con-
is notWeII tamped it

the surfacesand level. If the surface is.not well levelled it will cause prob-
lems later in mounting the wall. ltis extremely lmportant to water the
“dalle 3 times per day for 7 days and dry"m:the shade.

¥
Y.

MOUNTING THE WALL - Y \

The bottom slab should berallowed to dry af feast a week before thount-
ing the wall. In addition to the 91 Iar’ge staves and 26 small ones, 1roll of

" 3 mm galvanized wire (4 kg) and 10 wire tighteners are needed.

Trace a circle of 100 cm radius from the center on the slab. The first
layer consists of 13 large ar'd 13 small staves alternately placed around
the circle with the smaller faces inside. A thin laye‘,r‘,of 1:6 mortar may be
placed under the staves for proper seating. The large stave with the
emptying hole must be placed in the bottom layér with the hole towards
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Form fdr floor slab cansists of 29 large staves placed temporarily around outside foundation pillars
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Photd — Erik Bentzen
in 111 cm fadius. |




Photo — Erik Bentzen
Staves held in place with two wires; round formwork filled. in with dirt or sand to

level of pillars, dampened and tamped and lined with _paper or plasttc»tho prevent

sticking when staves are later removed. N . N -
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the bottom of the silo” This stave should be placed to facilitate emptying
of the silo (1.e»not next to the dryer chimney). No ar is placed bet-
ween the staves. At each 25 cm of height a retaining wire is placed and
tightened. For the bdttom 25 cm. 2 wires should#® placed 8 cm from
the top and the betfom of the small staves, (one above and one below
the emptying hole)._The tighteners should be placed only on the bottom
of the large Staves,g: nd when tightened should be centered on them.
Each successive layer is made by placing 13 large bricks in the gaps un-
tit a height of 2.00 m (4 large staves vertically) is reached. The final Iayer
Is completed by placing 13 small staves in the remaining gaps, held in

place by 2 wires 8 cm from the top and the bottem of the small staves.

COVER SLAB (see fig. 6) . ,

The coverslab is like the flogr slab except that it must have a filling hole.
It should be 8 cmthickand 2.20 min diameter. The 1:2: 3 concrete mix-
ture uses 2 sacks of cement. 1 barrelful of gravel. 4 bars of re-rod (@
6 mm) are necessary. . ‘
The fo\rmwork Is made by covering the top of the wall completely.with
boards and placing an uprightcollar of masonite held'in placewith nails
3 cm outside of the limits of the walls. If the boards are not strong
enough to support the weight of a man without sagging, they should be,
‘braced from the inside. Paper or plastic should be placed completely
covering the boards inside the masonite circle to prevent the concrete
from sticking_to the boards. ‘ =~

The man hole%try and filling) formwork should be 20 cminside the

masonite circle! I€should be a 50 cm diameter circle made with maso-
nite held in place with nails or an inverted basket.

The reinforcing armature it the same as for the-floor stab except that
space mustbe left forthe man hole. Test the re-rod armature for fitin the

formwork before pouring concrete. A 4 cm layer of concrete should be ’

poured and tamped before placing the armature. After completing the
pouring. the slab should be tamped and smoothed out with a slight
slope away from the entry hole.

Acoverb cmthickand 10 cm largerthan the man hole can be made with
the concrete which is left over. The formwork can be a masonite strip.or
a hole lined with paper. A small re<rod armature should be placed in the

4
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; ~ Photo — Erik Bentzen
Mounting the wall’ In addition to 91 large staves and 26 small ones, one roll of
3 mm galvanizgd wire (4 kg) and 10 wire tighteners are needed.
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middle to anct;,of‘f handle (see diagram). Curing and drying of the top
slab are the same as for the bottom slab exceptthatextracareshouldbe

taken to assuie that the slab is dry before removing the formwa{%; (at

least 10'days). 1ts easiest.to remove the boards through the use of le-
vers. Care must be taken not to exert pressure on the strip between the
entry hole and outer wall as this is the weakest point of the slab.
After taking out the boards for the formwork, the space between the
cover slab ar{d the upper walls should be closed with a rich'mortar. Fi-
nally. a'rmg of mortar should be placed around the man hole, covered
with paper. andthe coversegatedonit. This will provide a raised horizon-
tal joint to prevent the entradice of water aroung. the hole.

y

. Y

EMPTYING HOLE PLUG AND ANTI-THEFT SYSTEM:

The plastic plug can be mortared into place, taking care that it is not
placed so far into the wall to prevent unscrewing it. Anti-theft devide
(see fig. 7)_with th;eﬁe 40 cm pieces of re-rod remaining from the bot-

tom and top slab armatures, two hinges and one clasp will be made for®

the anti theft devide. Bend each piece into a "U", the hinges with 5 ¢cm
between the legs of the U™ and the clasp with 3 cm. With the 5 cm
hinges bend the legs perpendicular to the “U’ 5 cm from the bottom of
the "U" . With the 3'cm clasp, bend each of the two legs in opposite gj-
rections. parallel to the "U", 5 cm from the bottom of the "U". With the
3 cm clasp, bend each of the two legs in opposxte dlrectlons parallel to
the "U". S cm from the bottom of the "U". Next, with the bottom re-

© moved from one of the dryer barrels, cut a piece 20 cm wide and 25 cm

long. Pierce two holes en one of the 20 cm S|des 2;:m in from the.q;de
and 4 om from each end. ®ne hinge will pass through each of these
holes. Next cuta slot 5 cm long and 1.5 cm wide, centered on the other
20 cm side of the metal plate, 3 cmin from the edge. Slip the ends ¥f the
bottom hinge under the first wire on one side otthe emptyingj hole and
the top hinge under the second wire on the same side. Next hook the
two legs of the clasp under the first and second wire on the other side of
the emptying hole. Adjust the placement of the hinges and clasp so that
the plate will swing easily and close over the clasp.

.
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" Photo — Erik Bentzen
4 cm of concrete poured and tamped before placing re-rod armature; then cov-
ered with another 6 cm layer of concrete.

133




“ Photo - Erik Bentzen
To make cover slab (with filling hole) two concentric masonite forms are held in’
‘place with nails atop wooden planks and filled with 8 cm concrete includiqg reint
forcing armature., B J

136 .=




~ The mortar apptied to the exterior of the silo walls will secure the anit-
theft assembly in place. To assure tight sealing of the emptying-hole
plug the plést,erin_g should be done carefully around it.

PLASTERING - @

Canbe done beforeor after the placement of the cover slab. The outside
walls should be plastered 2 cm thick with a 1:6—-8 mortar mixture. The
inside joints should be closed with a cement wash or plaster to keep
grain from lodging in the joints and to decrease the permeability. One
sack of cementis required for plastering and closing the interior joints.

PAINTING =

Before the silo can be used it should be allowed to_dry for at least one
month. The permeability of the silo can be further decreased by the ap—‘
plication of coalter. The painting should be done so that it covers the
outside surfaces of the silo wall and the cover slab. The interior floor
should be painted also. If painted; it should be allowed to dryfor at least
two weeks before storing corn to prevent sticking. The plastering
should be allowed to dry at least 2 weeks before painting with coaltar:

CONSTRUCTION OF THE 2.5 T SILO (see fig. 8)

Silos can be built with the same-basic design as the 4.5 T silo by varying
the height of the walls, by varying the diameter of the bottom slab (see
table 2). ‘ : F
The 2.5 T silo is of the same basic construction as the 4.5 T silo with cer-

tain modifications due to its smaltersize. Due to its smaller capacity, the .

2.5 T silo is primarily useful for farmers with smaller production
capabilities espemally where a cooperative dryer is available. Silos,
smaller than 2.5 T become less economical. This 2.5 T silo has an in-
terior diameter of 1.50 m and an interior height of 2 m giving a volume of
3.5 cubic meters. N




-~ - , Photo — Erik Bentzen
Outside walls should be plastered with 2 cm thick mortar mixture.
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TABLE II. SILO SIZES AND CAPACITIES

Diameter Height Volume .Capacity Number>of staves
{Corn) ,Lar,ge . Smalt
150 m T 100 m 177 m? 1325 kg 33 22
150 m 125 m 291 m! 1650 kg 4y 22
150 m 1.50 m 2.65 md . 200 kg 55 22
150 m 1.75m 3.09 m¥ 2325 kg 66 N 22 ,
150 m 200 m .353ms 2650 kg 77 ‘j‘&ze Q
200 m 100 m 314 m? 2350 kg 39 L. Y26
200 m 125 m 393 m 2950 kg 52 T 26
200 m 150 m 471 m 3625kg . - 65 26
200 m 75 m 550 ms 4125 kg 78 26 .
200 m 200 m 628 m: 4600 kg g1 §

The total height of the silo from ground level is 2.50 m (same as 4.5 f)
and the total diameter of the bottom slab is 1.70 m. . ‘
The material requirements for this silo are given in Table 1. 4

PILLARS . '
The 25T silo requnres 3 plllars (18 plllar bhcks 14 x 30 x 20) The hole5v

forthese pillars are centered on the trisetction points of acircle of radtus )

60 cm from the slab center. The piltars are mounted with the oufsude
corners 81 ¢m from the slab center. X .
The formwork for the floor slab’of the2.5 T silo is built in the same way

as for'the 4.5 T silo. placing the large staves upright, on acircle: of radlus .
' 86 cm. around the outside of the pillars. Twenty five large staves arere-.

quired to completé this C|rc|e

RE-ROD ARMATURE R & SRR

The patterns for the sfab reinforcing armatures are shown in flgure 8.
The armature requires 2 bars of re-rod used as follows: trdce acircleon
the ground with radius 80 cm. Concentric with this circle trace a circle *
of radius 45 cm. Tri-spet the 45 cm circle and place stakes at the trisec-

Q
*  tionpoints. One barof re-rod is bent and cut to fit"along the 80 cmouter
circle and the other bar is cut into 3 pieces (each 2 m Iong) These 3
pieces are bent in smooth curves so that each piece touches two of the
stakes, and each end hooks around the cuter circle. The armature for
" 140
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Shown here are twe completed 4.5 ton ceme’n stave silos; partofa cluﬂer of five such units belongmg 1o afarmer’s co- opera«
tive association in Benin. West Africa. -
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A Floor slab

B. Cover Stab

Figure 8:

Reinforcing Rod Pattern — 2,5 ton silo

Slab

Reimforcing
rod @ 6 mm *

Pillars
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the cover slab is the same except the inner circle has aradius of 35 cm
to alfow space for thaman hole. The 2.5 T silo slabis poured in the same
manner as the 4.5 T silo slab with a thickness of 10 cm, requiring 1.5
sack of cement.
The silo wall requires 77 large and 22 small staves which are made Wlth
smaller width molds whose dimensions are givenin table 3. Foursacks
of cement are needed for the stave fabrication. The wall is formed by
placing 11 large and 11 small staves alternately on a circle of diameter
1.50 m centered on the slab.
INSTRUCTIONS FOR THE USE OF YOUR SILO
If you want to be sure to have good quality storage of your harvest, it is
1 important to understalnd the proper way to use your silo and dryer. To
use them correctly isn't difficult or complicated. It simply needs care
and at’tentlon at the right tlmes ST T
: ‘ ¥
|. The Shelter , \ )
The silo and dryer must have a good roof over them to protectthem
from the rain. Before you start construction, you must build a good,
solid shelter. It is very important to frequently check the.roof coverin’b
the sito and dryer to rfiake sure that there are no holesin itwhich wilt tet—
rain water fall on the silo or.dryer. Any holes should be repaired im-
~-mediatety since rainwater will weaken the dryer wally and can seep -
~through the silo causing the grain to rot.
. The Silo ' -
1. After completlon of the silo, it should be allowed to dry for gt least
-one month before beginning storage. If the silo is painted with coal
r tar, this should be done éftervletting the wall mortar dry for two
weeks. In this case, you should wait at least two more weeks, fora to-
taj drying time of one month, to allow the coal tar to dry on the silo
floor to prevent grain from sticking to it. -
2. During the entire time of storage, the silo filling and emptying holes
should be well sealed. Each time you add grain to the silo, it should
be carefu\lly re-sealed. This can be done with cement mortar or ban- ’
co. Banco is less expensive and easier to use. If the emptying hole |
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does not seal tightly, it can be well seated with meﬂedca—ndle waxor

banco.

. Shortly before the beginning of storage each year, someone should

get inside the silo to clean it and check for cracks in the walls. These
can be easily seen because light will pass through even the smallest
cracks. If any cracks are found, they should be carefully covered with
a mixture of cement and water.

. The proper use of insecticide is essential for grain storage in your
/ 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. The imsects not only destroy the grain

by eating it but can cause conditions leading to rotting. This makes it

necessary to properly employ insecticides to assure that all insects

in the silo are dead. .

The two basic kinds of insecticides are

1) those in powder form (contact i'hsecticides) which are mixed
evenly with the grain and

2) the fumigant or gas form which is used only in closed containers
like a well-sealed silo.

{Liquid contact insecticides are not very practical for smallscale grain
storage. They are difficult to apply evenly and since they are mixed with
water, this increases the moisture content of the stored grain and can
cause rotting if done improperly.)

Powdered (contact) insecticides must be mixed very evenly with ev-

‘ery sack orbasketof grain-emptied into the snlo This means that if
powdered insecticides are used, each load of corn removed fromthe"
~dryer must be treated individually. It is impossible to treat the grain

with this type of insecticides®once the silo has been fllled without
emptying it completely and treating during the refilling.

Itis very important to understand that there are insecticides which
are safe to use on food which will'be eaten by men or animais and
that there are others which are to be used ONLY on plants like cot-
ton which are NOT TO BE EATEN. Insecticides commonly used on
cotton like 45— 12, Endrine and HCH-are very strong and can cause
peg,g;g or animals to become sick or die if used on their. foods like

m\ﬁmalzé’or beans. For this.reason, |t is very important to ask your agri-

143




cultural agent to help you select and apply insecticides whenever
you use them. g
tis veryimportantto READ AND FOLLOW THE DIRECTIONS forany-
insecticides used. The exact recommended dosage should be ap-
plied. Less than.the recommended dosage will be ineffective and too
much will not only“be wasteful and expensive, BUT COULD BE
DANGEROUS. NEVER use an insecticide you-don’t know or that you
- haven’t-asked your agricultural agent about.
The easiest and recommended rnsectlmdes to use in your silo is the
fumigant or gaseous kind. Testing done by agricultural expertsin Benin
has found PHOSTOXIN to be one of the most convenient and effective
forms of fumigant insecticides to use in your silo. This can be purcha-

sedﬁnly through your agricultural extension agent or a approved sales

agent. PHOSTOXIN isavery porsonous gas which kills the insects fn the
sito when they breathe it. Itis m:a%mall tal#&t which turnsinto a poison-
ous gas when'it is taken out oflts specially sealed can and exposed to,
the air. However, the gas can kill people or animals too if they breathe
enough of it. Therefore! it must be used carefully.

When the silo is filled and ready to be treated, the tabletistaken fromthe |

.can and wrapped in paper or leaves, dropped into the silo on top of the
grain and the silo coveris IMMEDIATELY sealed with banco. In seven (7)
tdays the gas will become harmless and only powder will remain wrap-

-

¥

ped up in the paptr or leaves. Three to Six (3—-6) tablets are used for .

each ton of grain stored, depending on the levet of insect attack. Each

'&month, the emptying hole should be opened to check to be sure that the

corn is storing well and that no insects are alive inside. Every two

months, a new treatment should be made. When emptying the silo, the

paper or leaf packages of insecticide dust should be taken out and
buried where children or. ammals will not dig them up. ,
When you open your silo, if it seems VErywarm. |n51de or if there is the
smell of rotting corn, the silo should be l'mmednately emp“tredand the‘

corn should be re-dried. This can happen if the corn is not well drled s0
care should be taken to dry the corn correctly the first time before put- -

ting it in the silo.
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CLOSED-STORAGE SYSTEMS (Continued).

MODEL 4 — CEMENT BLOCK (Square) SILJ
The "Tori-Cada' Square Cement Cilo was also developed in the West
African State of Benin. Originally it was built as an alternative to the
more costly metal bins. Althotigh this model has notbeen as exte‘nsively
built, tested, or used as the other Closed Storage Systems discussed in’
this Manual, it is thought to have considerable potential. The Square -

. type Cement Silo has the advantage, in comparison to the round silo,

that it is easier to build, and the method is already well known to local
craftsmen from the construction of houses. On the other hand the
round S|Io requires less building materidls than the square one.
Each bin orsilo can be made with a storage CapaCIty ranging from tto 7
ton. Standard helghﬁ§2 m. To make the silo air-tight each bin is cov-
ered by planks of reinforced concrete. , ﬂ
Figure 9 shows the details of the wall construction. Besides the founda-
tion there are 2 layers of reinforced concrete in the walls, one in the
middlé and one on the top. The concrete floor has a layer of tar paper to
prevent water from penetrating into the silo. The walls are plastered on
both the inside and the outside and painted with coal tar on the outside
to make it airtight and moisture proof. The posts that supdort the roof of
the hangar are made of reinforced concrete and placed in the corners
between the silos.

The standard hight ins 200 cm as mentioned before the other interior
dimensions are as follows: ’
Capacity 1ton: 80 x 80 cm

Capacity 2ton : 115 x 115 cm’

Capacity 3 ton : 135'x 1385 cm ; r
Capacity 4 ton : 160 x 160 cmﬁ

Capacity 5 ton : 180 x 180 cm

Cakpacity 6 ton : 195 x 195 cm

Capacity 7 ton : 210 x 210 cm : /

Naturélly the construction price is lowest per ton for the largest silo (7
ton) butitis also cheaper perton to bu1|d 4 s;les (bins) together instead

FQ only one.
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FIGURE 9 - Gehﬁent Block (square) Silo
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Given below is a detailed description for constructing a single unit Ce-

ment Block (Square) Silo with a 5 ton capacity: ‘
, This silo when constructed has interior dimensions of 1.80 x 1.80 x
270 m, which gives a said capacity of 5 tons. The silo is built primafily

out of regular construction bricks 40 x 20 x 10 cm. The design uses

building techniques that nearly any lacal mason already knows. <

Once the materials are at the site, building can commence. The first *

thing to do is dig a hole for the foundation."Select a spot that is level,

well-drained. and on solid ground. Trace out a square 2.20 x 2.20 mon

the ground, then trace another square with dimensions 1.60 x 1.60 min-

side the first square. Between the: two squares will be a space 30 cm

wide. Dig this space out to.a depth of 40 cm. Once this is done, pour a

layer of concrete (1 part cement: 2 parts sand: 3 parts gravel)in the hole

to a thickness of 30 cm. Water and cure this layer for a few days or a !

week if possible. A : ’

Once the foundation has cured, put a little layer of mortar down. Upon

this bricks will be placed until they mount 20—40 cm from ground level.

The bricks are placéd on their 20 cm wide sides so as to form a wide

base for the wall to come later. Depending on soil and humidity condi-

tions, there will be 3-5 layers of bricks. When the appropriate level has

been reached and the mortar has cured some, the space formed by the

square of bricks can be filled with dirt to a level 8 cm less than the top of

the bricks. The dirt should be well tamped and leveled. This hole is_then P

filled with 8 cm of concrete (1:2:3) til it is exactly level with the top of

the bricks. Be sure and water the concrete three times a day for seven

days so it will cure well.

- When the concrete has cured, cover the entire area of bricks and con-
crete with tar paper. Over the tar paper a smooth and level layer of mor-
tar (1 part cement: 3—4 parts sand) is laid down. This will be the floor of
the silo. The tar baper"s'function is to keep ground moisture from com-

.ing up into the walls and floor of the silo. Any such moisture would rot
the corn. -

’ ~ After the mortar has cured, mounting of the walls may start. The bricks
are now placed as they normally are in a wall- with the 20 cm side verti-

, cal. Leave 5 cm between the outside.of the floor and the bricks. This will

give the desired interior dimensions of 1.80 x 1.80 m. The brick layers




; should be mounted with the joints between brick layers s‘?aggered S0 as
‘%o‘ avoid cracks. At each corner the bricks may be staggered or, if the
roof is to be supported at each corner of the silo, a space may be left for
the eventual peuring of a concrete.corner pillar which would alsp hold
the bricks in place. ~ '
The bricks are mounted to alevel of one meter or five bricks high. At this
time a layer of concrete 10 cm wide and-20.cm high is podred. Rerod
reinforcement is used. Four 8 mm rerods go the Iengtkh of the wall and,
are held in place by bands of 6 mm rerod The four 8 mm rerods form a

~+~ rectangle 15 ¢cm high and 5 cm wide. This layer. of rerod nelps to rein-

force the wall against the gram 's weight. !

Once the concrete layer has cured enough, the wall of b[’leS may be
.continued. Five or six additional layers may be put on the concrete mid-
dle layer. At the desired level another concrete layer 10 x 20 cm is
poured. The rerod pattern and concrete mixture are the same as in the
other layer. The only difference between the two layers is the addition of
a concrete piece'crossing the middle of the silo. This piece will be the
support for the top slabs thaf cover the silo. The middle cross piece is
1.80 m x 20 cm x 20 cm and is reinforced with rerod.

" While the concrete layer is drying; the sito may be plastered. The inside .

and outside should be entirely plastered. A10-12 cm plastié pipe capis
fitted into one of the lower outside walls in order to empty the silo. A
brick may be made with a hole already in it or a hole may be dug into a
brick afterwards.

~ At the time the concrete flooring wa-s‘poured,'the two top slabs for the

silo could have been poured. Th(ese consist of two 2.00 x 1.00 x @60 m
+ slabs. One of the slabs must have an entry hole either 50 x 50 cm square
or50 cmiin dlameter Formwork is made on the gro nd in which the two
4 slabs are poured. A grid of rerod is made with the 2 lcngth using8mm
bars and the 1 m width usmg 6 mm bars. Spaces pf 15—-20 cm are Ieft
between the bars. . '
As mentionned, one slab must have an entry hole\Thus, one grid must
leave space to accommodate the hole. A mixture of dqncrete (1::2:3) |s’
poured fnrst toa2-3 cmdepth. The rerod grld is placed, then the rest of
the com,rete is poured to a depth no greater than 6 cm. The proper
depth‘must be mamtalpeq it the slabs are to'be lifted in place by men_. A

> , ‘ G
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small cover slab for the entry hole should also be poured at the same
time as.the two top stabs. A rerod handle should be placed to facilitate
handling of the co ver slab. All three of these slabs should be cured by
watering three times a day for seven days. When the slabs have cured,
they may be lifted in place and mortared to the wall and each other.

Once the entire silo-has dried for two or three weeks, it may be painted.
This could be dons in a couple ways. The outside of the silo and the in-
side floor might be painted with coal tar. if sun shining on the silo will be
a problem, the outside might be painted with whitewash and the inside
with coal tar. If sun and rain

wa
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whitewashed. The interior also might be whitewashed to make
interior brighter when the siio is opened.

As mentionned earlier, the cornersof the silo might be made out of rein-
forced concrete that projects beyond the top of the silo. These corners
could then support the roof. Otherwise, a separate roof could be builtin
order to protect the silo against sun and rain. 5 '
To protect against people stealing grain out of the silo, rerod or flat
pieces of metal could be put in the bricks around the emptying hole.
One piace could hinge across the hole and lock to the other piece. The

not too serious robber of grain would thus be deterred.
- - Ao’
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Shown here 1s a large’capacity Cement Block (
West Africa

Photo — D. Dichter

Square) Storage Bin used by a farmer's co-operative organization in Benin,

3




WORKBOOK EXERCISES

1. What-are the principal advantages to [Jsing a closed grain storage
system? ‘

‘/; N
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2. Are there any closed storage containers currently in use in your ,
area”? '

T a

If so, what types are they and how much grain gan be stored in )
them?

- @
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3. VVhataretheadVantageSand(ﬁsadvantagesinusingthe1.5tonlnﬁ
proved Mudblock Silo? : ‘

Notes: ‘ R g | o -

4. List some of the ways the traditional thud silo has been improved”

upon. o : - /
»
.
e ] \
4 L8 .
Notes: '
N . , 153
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5. Uptill now, why have cmiosed—system mud sitos been seldom used in
humid areas? :

o

6.. What are the principal advantages in using a cover over the 4.5 ton
Cement Stave Silo?

.Notes:
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. 7. What are the prmcupal advantages of alrtlght storage? How can in-
sects be controlled W|th such methods?. | . .

- Ry L

Notes:

&
8. What are the proper methods to use in storing cement?

et
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9. Will closed storage systems work in your area? If so, which of the
two suggested models offers the best possibilities and why?

rd

10.. While concreteWt steps shQu_ld Be taken.to prevent it -

from cracking?

*
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Farmers throughout the world have long recognized the need to dry ‘

CHAPTER Vi:
CONSTRUCTING AND USING YOUR DRYER

their cereal grains. Try to put yourself in the farmer's place and take a
Iook at the methods currently used by him.

Do his present drying methods Qroduce satisfactory resultg? If they
do. why change them? If they do not work, why not?

By using improved drying methods can he harvest efrlier and get his
land ready sooner for a new crop?

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

Would the initial cost of the dryer be easy for the farmer to recover
because with better, more controlled drying it means he will eventu-

A\

ally make more money from the sale of his grain?

Would it be more advisable for him 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? /

Inthis section, four different drying methods are presented Three emp-

loy the principles of solar drying and one involves the use of oil barrels
which are heated with a fire.

1.

Traditional Sun-Drying

The oldest and most widespréad method of drying grain is sun-dry-

ing. You should look first at the local techniques of sun-drying in
your area. How much work is required of the farm family? What are
the losses and inconveniences? In drying maize, for example, the
simplest method is often to leave the maize.in the field until the.mois-
ture content has dropped sufficiently for storage. The princ,ipal ad-
vantage of this method is that the-grain-is subjectto direct attack by
grain-eating insects, birds or rodents.

Another traditional way of sun-drying maize is to leave the cobs or
shelled corn on a flat piece of ground in the sun. Experience has
shown that this method also doesn’t achieve the best results be-
cause there is too little movement of air close to the ground, and
conseqguently the drying takes longer. Besides, dust or stones may
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be taken up with the crop and contaminate it. It is always worth re-

membering that clean grain is essential for proper storage!

‘However, improvements can be ‘made-involving even thesimplest

traditional methods. Rather than dry grain directly on the gr@und

where the grain can pick up moisture from the earth, you can intro-

duce the farmeér to using a plastic sheet. You will probably need a

sheet about 10 m x 3 m. It is recommended that the plastic be at least

.004 gauge thick. -7 : '

— Build amound of hard-packedearth on vf/hich to place the plastic.
lf you use level ground, buitda-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 wrll go. Plastic tears easily. ;

- — Place the plastic in the prepared place.

— Attach the narrow end of the plastic to strarght poles made from
bamboo or other smooth material. i -

. — Put clean grain on the plastm Do not make the gram more than

~ 5.cm deep. ‘

— Stir often so the grain erI dry faster. Turmng fand stlrrlng make
sure all parts of the grain are touched by air and sun.

~ The rake or other tool used- to stir the gram must have smooth,
rounded edges. This tool then will r_}ot damage the plasfic or the
grain. 5 o

—- As the grain dries, moisture from the gram collectd on the plastic.

* After the grain has been drying for two hours push all the grain to
one half of the plastic. ’

— Let this plastic dry fqr.five minutes or so.

— Pushallthe grain to the other half of the plastic that is now dry and
let this half dry for-five minutes.

- The plastic sheet should be aired in this way every two hours while
drying is going on.

— Coverthe grain at night. Push all the grain to one end and fold the

= plastic over as a cover.




2. Solar Dryihg
Increasrng attentlon is berng given to |mproved methods of solar

. (sun) drying, Although there are several distinct advantages in using
solardryers. i.e.; you do not require any fuel (which in many develop- .

" ing countrres is becoming mcreasmgly scarce, especially fire wood),

" the dfyrng trme IS reduced and they can be used to dry other crops
such as-cassava, 'frujts and vegetables they also have certain draw-
backs - the mqst |mpor’[ant bemg the extrefmely high temperatures
which bqu up (65-80° C) inside the box.under the plastic sheet.
Such h|gh temperatures damage gram like rice (wiich tends to crack
at temperatures above 50°C) and also seed grains.

From—rhe rnformatlon prowded |n Chapter H concerning basnc princi-

ples ofdryrng rtrepos&bleto arrive atasetof requirements for effective

solar drymg of graln in humld climates These are: he

« 1) Bot the materlal to be drled and the surroundlng air should be

/ heated. 'fff A .
: ,\ai} 2) There shOuId be maxrmum p055|ble movement of air over the sur-
‘ éi ’ face of the materlaL ‘ :
CE 3) Thesurface area ofmaterlal exposed. tothealr should be aslarge
as possible’ » ‘

“ 1t is' not possible to at‘faln reqmrements 1) and 2) W|th traditional
‘ _methodsin which materlal is, dlrectly exposed to the sun. Some form
of enclosed drylng system 5] wr}rch t,he materral to be dried and the
o air surroundlng it cam be heated S|gn|frcant|y IS needed.
‘ It is nevertheless Lossible to fulfif these requirements Ublﬂg slmple\
. equipment which .11aps the heat of the™ sun but which, atthe* same
time. encourages air movement by convection.of-heated air. Equgp— oy
-ment of this. type can be made simply and cheaply usmg materlals
WhICh are generally readrly avarlabie in developing countrles
o ' ' S
A General Descrlptlon of Partlally enclosed*Dry rs e
. The partially- enclos dsun-dryeriga struct‘ure which acts asaheattrap
‘butwhichis also prh&ded with ventllatron opemngs to allow alrto move:
,Ihrough the dryer by convection. R oo
Two of the models descrlbed in thrsWORKIOOK (Nosws and 2)ar ksrm-
© ple, box‘luke structures provided wrth upper and Iower ventlfatlon
‘ LI
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openings. and closed with a cover of transparent polyethylehe fiim. The
cover is "double glazed'', i.e.. itis made of two layers of film with an in-
sulating air space in between. The box itself is constructed of material
which will provide adequate insulation to prevent the escape of heat. All
interior surfaces are painted matt-black to achieve maximum absorp-
tion and retention of heat. Material to be'dried is supported inside the
dryer on perforated trays which can be of wire netting or woven from
local material such as papyrus reed. N

Air movement through the dryer is aghieved b ?}%onvecnon As the ma-
terial to be dried and the air surroundmg it bec%mes heatet, the hot air
rises and escapes thr@ugh the up pper ventllatrqg openings, resulting in
cooler air being drawn in through the lower openings. There is thus a
constant movement of heated air over and through the material being
dried. Airstemperature inside the drier in bright tropical sunlight wili
usually be twice that of the outside air. Drying temperature can be con-

trolled by opening or closing the upper-ventilatign outlets.
. , 2 .

B Advantages of Partially-enclosefi Dryers B L
The major advantage of the partially-enclosed sun dryer is, ofcourse, in
its ability to generate the high temperature and air movement essential
for effective drying in humid climates. However, as mentioned earlier, it

also possesses a number of distinct advantages over traditional “open”

drying methods, even in areas where high humidity is not a serious

problem. Some of these advantages are:

1) The dryer is rainp’roof-and can be left in continuous operation with-
out attention, and without the necessity for Covering up drying ma-

“térial or removing it into shelter during showers. ‘

k‘2) The higher temperatureg\possmle with this type of dryer greatly
speed up the drying process, not only giving a much greater output
than open methods, but also eliminating the pOSS|b|I|ty ot mold or
microbial spoilage which is common with open drying methods.

3) Aswell as prbtecting the drying material from re-wetting by rain, the

‘covered dryer also gives protection from dust and dirt, from attack -

by pirds and rodents, and from insect infestatjon.
4) The high temperatufe to which the material is subjected will effec-
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tively kill or drive off any insect infestation which may be presént in
the material as it comes from the fields.. -
The partrally enclosed dryer wrll therefore produce awell drred Clean

storage or for immediate use.

C. General Remarks on Construction of Dryers
Instructions and sketches showing constructional details of two mo-
dels are given in the following pages. However, since it is intended that
these dryers should be made from whatever materials are most readily
available locally, it should be noted that such details as to dimensions
~ which are given are meant for general guidance only, and local adapta-
tign in terms of changes in length, width or depth will not affect the effi-
ciency of these dryer. The sketches for Models 1 and 2 are based on a
useful practical workrng size of 8 ft. in length, 4 ft. in width, and.9 to 12
inches overall depth While there is alimit to which mtefnafadeptﬁ can
. be reduced, changes in area can be made to suit lgcal c‘%dmons and’
" " dimensions of materials available. B
The dimension which is of |rnportance and whrch should be adhered to
as closely as possible, is the thickness of insulation on the Mode! 1 box-
type dryer. Where wood shavings, wood wool, dried grass, leaves, or
simitar material is being used, a minimum thickness of 2 inches should
be used. Also, for practical reasons, the internal depth of Models 1and 2
should not be less than 6 inches. : .
D. Constructlon of the Model 1 Dryer
Details of the construction of thig rnode| are glven in Figutes 110 5 As
will be seen, It consists of an'outer box and an inner box. The dimen--
sions of the inner box are at least 4 inches less in length and width, and .
at least Zrnches lessin depth than the outer box. The space between the
boxes is packed with suitable insulating material. Lower ventilation
holes are drilled through the bottom of the boxes (afd throdgh battens
fitted in'the insulation $pace for this pdrpose), and skots are cut in the
upper edges of the sides of the box to provide upper ventilation opeh-
ings. The dryer is supported about 6 inches dbove the ground on four
legs (which also form the main corner memeers for the box). '
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FIGURE 1

MODEL 1 SOL}RQR\SER
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'FIGURE 2 - ) .

MODEL 1 DRYER
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FIGURE 3a ‘
CONSTRUCTION OF MODEL 1 DRYER , L / | T S
DETAIL OF ONE POSSIBLE TYPE OF CORNER JOINT ' -
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FIGURE 3b

OF MODEL 1 DRYER.
DETAIL OF WEATHERBOARDING
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FIGURE 4

L3

CONSTRUCTION OF MODEL 1 DRYER
“CUT-AWAY" SKETCH OF ONE CORNER SHOWING DETAIL OF INTERNAL FRAMING
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CONSTRUCTION OF MODEL 1 DRYER
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“CUT-AWAY" SKETCH SHOWING STAGES IN COMPLETION OF INNER BOX
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.Steps in Construction: ]

. Remembperthatitis avery useful practice to re-check all measurements
and markmgs on timber before cuttlng Follow the maxim "'measure
twice and cut once’'..

First build the outer box as follows: )
1. Cut leg pieces, side, and end battens to size, and join together to
make the basic frame. The type of jointillustrated in Figure 3acanbe +*

e "used if basic carpentering skills are avilable. Otherwise the pieces

may simpTy be butted together and joﬂined by driving long naits or

screwnalls All nails shouid be driven home so that heads are ﬂush
W|th the  surface of the wood. 2
2. Cutside and end pieces (these can each be one single plece or plank,
or a number of nagr er pteces). If a number of narrow planks are
being used to cover the outer sides and ends, these should not be
simply butted to r edge .to edge, but should be “weather-
wn in Figure 3b, so as to deflect rain and avoid wet-
tingof insulation. When this form of construction is used, the gaps
between planks and frame members should be filled with plaster,
mud, or putty. If tongued and grooved planks are used, these should
be fitted tongue uppermost to prevent rain getting into the joint.

3. See Figure 4. Nail end pieces to legs and end batten ahd then nail
side pieces in position. Cut bottom pieces (to full length and width of
box). Cut out corners so as to fit around legsand nail in place to

_~dower edges of side and end pieces. :

4. Cutand Nt air m).et battens, nailing through from the ends.and bot-
tom of thq box. When nailing, take care to avoid sites of the holes
which will Tater be drilled through these battens.

Next, put insulating material in place and complete the inner box in'the

following manner: '

< a) gbee Figure 5. Cut inner panels to size. _The Iength of the inner side

panels will be the-internal tength of the box between the end battens.
The depth of.side panels will be the internal depth from bottom of
box to upper edge of side batten. The length of the side panels wilk -
be the width of the box betiveen the leg pieces less the combined
thickness of the two side panels. The depth of end panels will be the
distancefrom the upper edge of the side batten to the bottom of the

-
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slots cut in the air-inlet battens. The length of the bottom panels will
be the length of the box between the end of the battens less the
combined thickness of the two end pieces. Its width will be the widt
of the internal end panels. ) ' J
Turn the box on to one side and pack in the insulatidn on that side so
that it is slightly above the level of the legs and side batten. Nail the
inner side panel in place to the side batten and legs and through the
bottom of the box. Repeat this process for the other side and two
ends. ) ,

Mark the center lines on the air-inlet battens on to the end pieces so
that the marks will be visible once the internal bottom panel has
been fitted. Pack insulatior in place on the bottom of the box up to
thelevel of the air-inlet battens, and nail the bottom panel(s) in place
to the air{inletbattens (ag§‘inaavoiding the sites of holes to be Qrilled

later).

“Mark the center lines of air-inlet battens on the bottom panel(s) and

mark off position of holes. Drill through from the inside to the bottom
of the box. . , > 4 .

Mark the position of the air-outlet slots on the upper sides, cut th>e'
sidés of each slot with a saw and chise}-out the slots.

“Paint or stain the internal surfaces of the box with a dark color, pref-

erably matt-black (black-board paint is useful for this purpose).
Treatthe exterior of the box with wood preservative (if available) and
paint with gloss paint or marine varnish (if available).

Construction of Cover for Models 1 and 2 Dryers

The sdme type of cover is used for both these dryers. It consists of a

sirﬁple rectangular wooden frame with a central ridge piece, which is
covered with a double layer of polyethylene film. Details of construction
of the cover are shown in Figures 6 an 7.

R
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FIGURE 6 |

COVER FRAME FOR MODELS 1 AND 2 DRYERS

P

f

fi.
~

\
}

3




-Toois™and Materials

Tooels needed:

Materials:

Saw (preferably tenon saw). screwdrivet, sharp knife
or scissors, try square, marking gauge.

Lengths of timber 2” x 34" or nearest. Transparent
polyethylene film (preferably 0.005 in. or heavier).
Screwnails, (5" x 85 C.S.). Blued tacks ('2"), or large
office stapler, « - ‘

/” / ’

TOOLS AND MATERIALS

Tools needed:

v

Materials:

Hammer. screwdriver, try square, saw, brace and 1”

" wood drill, 34" wood chisel.

Wooden planking or plywood for sides, ends and
bottom of boxes.” '

Lenghts of timer 2' x 2'2" for legs, and 2’ x 2" for
side. end and air- inlet battens.,

Insulating material, eg wood wool dried grass or
leaves. coir fibre, etc.

Nails and screwnails of appropriate size.
Matt-black paint or other suitablé black staining

5

material. e.g., charcoal.

* Wood from old packing cases is very useful for this purpose.

e

Steps in Construction

The frame should be made so that its overall length and width areeach 3
inches greater than the box to be covered, i.e.. so that it canoverlap the

box by 1-"2" in ‘each direction.
1. Cut the frame members to length and assemble as indicated in Fi-
_gures6and7.N.B. After construction is completed, the frame should -
be allowed to dry out in the hot sun before the cover is applied. The
cover should be applied while the'wood is still warm and ata time of
day when humidity is low. These precautions are necessary to'prev—
ent condensatlon occurring between the layers of polyethylene, thus
“fogging’ the cover. If, deé‘&te thls precaution,.some fogging does
occur during use, withdraw tacks or staples from a short length at
edch end of the cover, openup the polgf'ethylene to allow moisture to

{
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lescape while the dryer is in operation, and then refasten the
polyethylene in place. - ) - ‘

2. Cut a piece of polyethylene sheet for covering the lower side of the
frame so that it is 3inches wider and 3 inches longer than the frame.

3. Turn the frame upside down and lay the polyethylene sheetin place.
Fold one side of the polyethylene back on itself to form a t\riple layer
seam 34" as shown in Figure 7b (i).\ .

4. Starting at the middle of the frame and working progressively to-
wards both ends, strefching the polyethylene lightly but ﬂrm}y
lengthwise, tack or staple through the seam at 3" intervals to fasten
this edge of t yethylene to the frame. N.B. Do not gverstretch
the polyethylene. Polyethylene will “give” and distort if fingertips
are dug into it, and such distorted areas are likely to perish during
use. It is preferable that polyethylene should be sligthly loose
rather than overstretched. 4

5. Repeat this process at the other side of thqframe stretching theww_w_

polyethylene across the frame as tacking or stapling proceeds.

6. Fold similar seams at each end, and tack the ends of the sheet to the
frame. tucking the polyethylene neatly at each corner and faétening
firmly in place. - g bem

7. Cuta plece of polyethylene sheet for covering the uppe‘:?”s{zde sothat -
when drapied over the frame it is 4 inches wider and 4 inches longer
thanthe frame. Turnthe 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 is inside that of the lower sheet (Figure 7b (ii).

#8  Stretch the polyethylene over the ridge and around te the lower edge
of the other side member. Make a folded seam and tack or staple.in”™*
place as before. ' , :

9. "Stretch the polyethyJene over one end of the frame, fold and tack as
before, cutting away any excess material resulting from.the slope
from ridge to side member. Tuck the corners of the sheet in néaﬂ’;’,

and tack firmly in place. Repeat for the other end of the frame.. . @

Attachment of Covers to Dryers
The covers, being very light in weight, are liable to be blown off the
dryers by even a moderate gust of wind. Arrangements should therefore
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FIGURE 7

CONSTRUCTION OF COVER FOR MODEL 1 AND MODEL 2 DRYERS.
A. CONSTRUCTION OF FRAME. :
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FIGURE: 8 ! ' 0
SKETCH SHOWING ONE POSSIBLE TYPE OF DRYING TRAY .
< , L N .
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" the wire mesh). If neces

be made to keep them firmly in place. This can conveniently be done by
fastening hooks of stiff wire to each corner of the cover and swingin
these hooks into place around nails or pegs fixed in the sides of the

dr){er‘ Alternatively, lengths of stout twine or cord fastened to one side

of the dryer may be drawn tightly across the cover and tied to nails or
pegs on t@e other side. !

_ F. Construction of Drying Trays

An example of one possible type of d/rylng tray IS illustrated in Figure 8.
%ﬁtls is a simple wooden frargga ith fine wire mes stapled to its under-
side. Two support runner"*‘. prirdiled to the underside (over the edge of
ary two laths 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 maybe all that is needed.
A suiltable size of tray for use with 8" x 4' dryers illustrated in the
sketches is 3' 6".x 3’ 6", averall, two trays of this size being used in the
dryer. ' ‘

Simpler trays made of course be made from local materials. Papyrus

reed matting, or a frame with slats of reed or split bamboo, for example,,

makes an excellent support on which material can be dried. Coarse
hessian sacking materlaloropen weave grass orflbre matting stretched
on a frame can also be used. "

B i

G. Construction of Model 2 Dryer l

This dryer, illustrated in Figures 9 and 10, is not portable like Model 1. It
is meant to be permanently sited and to be gonstructed of clay bNcks,
mud and wattle; or similar materials. Compressed bricks made by the

Cinva-Ram using local earth mixed with cement age ideal for the pur- .

pose. If hollow bricks are available, thiswould be ar}’ﬁdvantage Hollows
in such bricks stiould be packed with dried grass, coir fiber or other in-
sulating material before the bricks are laid. . )

| -
Siting

Because of its permanent nature, care should be take%sn the choice of a’

site, which Iﬁust be flat and level, and which should not be shaded by
trees or buildings. The dryer may be built on a floor of solid hard-beaten

¥
9
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. earth, or, if it is felt to be necessary, a base of concrete may be used. A
drainage trench about 9 to 12inches in width and depth should be dug
all around'the dryer to protect it from floods resulting from heavy fain.
The dryer should preferably be sited so that it is end-on to the prevailing

- wind. In tropical latitudes, its siting in relation to the sun is refatively un-
important, but there may be a slight advantage in having its length iz{n.‘an
east-@%t direction, but only provided this does not expose the sides
rather than the ends to the wifid. o

b g N :

s Materials

" Clay or similar bricks as described above, mortar or clay. Thick bamboo
(2'2 10 3 inches in di‘amgter).
Steps in Construction
1) Prepare the'site and fay the first course of bricks.
2) Prepare the bamboo pipes-as follows*: Choose bamboo of even
tn,icknéss and with as few joints as bossible. Cut to the overall width
£ of the dr'yer:vSplit the bamboo into halves lengthwise and cut away
the partition ateach joint. Put the two halves togetheragain and bind
together with string, wiferor other suitable binding material. Cut or
drill holes'in each pipe as indicatgd‘[n the sketch. The holes should
be about 1'2 inches in diameter. o '

3) Laythe secondlayer of bricks,»plagi:ﬁg the bamboo pipes in-position
«&s shown in the sketches, cutting appropriate bricks, short as
needed. Lay the third layer of bricks, packing the gaps around the
bamboo with mortar or clay. T - ,

o 4) Laythe top layer of bricks, cuttirfg aw'a"y as necessary to form air-out-
. © let.slots. Alternatlvely, lay the top layer of bricks leaving one-inch

L gaps appropriately.;m_;{: o .

’ ~© 5) Paint'the inside of tF\ié'Ejryer a dark color. Charcoal mixed with clay .

ol . 3

aced along the two sides.

may provide a suitable means of doing this.
6)- Construct a cover and drying trays as desribed in 6 an 7 above.

ll-width pipes. Length of these pipes is sHown by the thick lines in Fi-
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FIGURE 9

MODEL 2. DRYER CONSTRUCTED OF CLAY BRICKS PLAN AND ELEVATION DRAWINGS

+

Scale 1 cm = 6 inches
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FIGURE 10

b

08

MODEL 2 DRYER — SKETCH SHOWING VENTILATION ARRANGEMENTS
“A & B - BAMBOO "PIPES”” WITH HOLES FOR AIR INLETS "
'C — SLOTS FOR AIR OUTLET. \
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: ' . Photo — Erik Bentzen
Model 2.Solar Dryer — showing ventilation arrangements.
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A Simple Cover Frame for Sun Dryers

The attached sketches illustrate the construction of a simple “double
glazed' polythene cover for sun dfyers. This can be made in the village
situation, using only the tools and materials normally available: The -
only external input needed is polythene sheet in the form of a tubular
sheath. i

The frame (Sketch 1) consists of two ‘'coat-hanger” shaped end pieces
joined by three pieces of bamboo or other straight poles such as wattle
or eucalyptus.

The end pieces (Sketch 2) can be chopped out to shape witha “panga”,

cutlass. or machete-type knife, and.the nesting sockets for the joining
poles can be carved out with a smaller knife or burnt out with a hotiron.
Poles are selected for straightness and uniformity of diameter. Perfectly
straight and uniform poles are rare. It is important that the two side
poles are straight in the horizontal plane, and the frame should be put
together on a perfectly flat piece of ground and the two side poles ar-
ranged to achieve a frame which isnot warped and which does not twist
upwards at one or more corners. Slightirregularities in the poles do not
matter since, although these may prevent the frame seating jaccurately

on the top edges of the dryer, this does not matter, since air vents are-in.—

any case required between the cover frame and the top edgds of the
dryer. .
Fastening bamboo or thin poles with nails can be a problem because of

the risk of splitting. For this reascn, holes for the nails should @irst be.

drilled in the ends of the poles (Sketch 3). This is done using a nail
heated to redness. The nails are then inserted in these holes and driven
firmly into the woaden end piece.
The joint can be strengthened (Sketch 4) by nailing a strip of ham-
“mered-outtin (cut from an old tin can) over the joint. This tin strip would
be likely to abrade the.polythene so, to avoid this, the joint should be
wrapped in a piece of cloth, banana fiber, soft barkcloth or similar soft
material before covering the frame with polythene. ,
The cover frame must be made to that it fits snugly into the polythene
sheath and so that the sheath is stretched taut. The key dimensions in
this respect are those of the end piece, and it is necessary to make the
first end piece by trial and error. The end piece should be cut to shape
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Making A Simple Cover For A Solar Dryer
(When Only Plain Polythene Sheet Is Available) -

Sketch 1

COMPLETE DRYER
COVER FRAME

e
~Z=—— BAMBOO OR WATTLE POLES

{(Length 712 TO 8 Feet)
and DIA approx. 1'-2 Inch’

END PIECE

Sketch 2

R BAMBOO OR WATTLE

A5' 2 ; =
approx
ENDPIECE

(Made from A Piece of 4"'x1" plank.
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Making simple cover frame for Solar Dryer. i Photo — Erik Bentzen
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Ske?ch 3
;

e i A

Sketch 4

Fit the sleeve over the frame so that
approx 12" of the steeve overlaps at each end

S
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COVERING A SOLAR DRYER DOVER FRAME WHEN .
POLYTHENE SLEEVES ARE NOT AVAILABLE

L

1. Lay covar frame on top of polythene sheet which is 24" longer and 18"
wider than cover frame. _ vy

‘ ) Lower polythens shast

2. End views .
a) Lay second sheet of polythene over'top of frame.

Seéuring cord

- Edges of-polythens sheats rolled up tightly

A
v, Fre

' b) Holl €Gp edges of sheets tightly against frame and.secure in place
with cord tied around width of frame at®both ends.
) .
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" 4. Completed cover with ends of sheets also rolled
‘up,and tied off ak corners. ,




by

but fihisheq off the same width as the sheath. Its width should then be

reduced by paring slivers from.each end until it will just fit into the .

sheath. It will be found that the width of an end piece whichis 4 inches
high at its highest (middle)'point will need to be about '/2 to 34 shorter
than the width of the sheath. "

The following is a practical example:

A polythene sheath was made by folding 8" wide polythene film and
searging along the open edges. The effective internal width of this
cheath wés 46" (two inches:used ug in seaming). The size of end piece
needed for this sheath is-illustrated in Sketch 2, i.e., 45'2 inches long
and 4 |nches high. A cover frame made from two end pieces of this size

LY

T

fitted neatly into the sheath without undue stretching of the polythene T
The polythene sheath is fitted to the frame as described | in Sketches 5 6

and 7. . o~

3. Drying with Fire .
There may be times, however, when climatic conditions will not permit
the effective use of even an improved solar dryer. This may be the case
where there are long periods of rainfall or-very cloudy weather. Also,
when the amount of grain to be dried is too large another method will
have to be found.

Here we present a model called the Pit Oil Barrel Dryer or Brooks Field'

Dryer that can be used qurte effectively at the farm and vrllage level

_either by an individual farmer if he has a fairly large amount of grain to

dry, or by a group of farmers workmg together as in a- Cooperatlve
Storage of grain in a closed container requires that the grain be suffi-
ciently dry to prevent rotting. For maize this is optlmaHy 12% moisture

content. The traditional.method of sun drying is neither assured nor
- very efficient, especially for large quantities of grain. lt,r,requiresl much-®

labor to spread-and gather the grain each morning and eveningand thlS_
is especially difficult in times of inclement weather o
Artificial drymg permits dgying large quantities of graln |n a relatlvely
short period of time. The higher drying temperature drives insects from

~the grain and allows the grain to be hdrvested-sooner.with less drylng'
time in the fleld thus decreasmg insect and rodent damage which og-

curs before harvest..
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The dryer consists of banco walls with a screened false floor for drying
the corn with heat from a fire box consisting of three 220 liter drums.
joined end to end below the drying floar

CONSTRUCTION (see flgures 9-A-B-C-D)

The drying chamber has interior dimensions of 2.40 x 2. 20 m and a
height of 40 cm from the screen floor. The walls should be 30 cm thick
giving exterior dimensions of 3.00 x 2.80 m. The stoking pit will be built
on the upwind end of the dryer. It should have interior dimensions of
1.80 m long and 1.70 m wide, including the stairway.

o

LINTELS

The end walls will be supported by 2 concrete lintels (1.20 x 0.30 x
0.08 m). requiring 'a sack of cement and one. 6 m bar of re-rod (@
6 mm). The lintels can be made any time a 1:2:3 concrete mixture is
made, though the sooner they are made, thesooner they can be placed.
The formwork can be made from boards or bricks lined with paper. '
Three pieces of re-rod 100 cm long should be.evenly spaced horizan-
tally 4 cm from the bottom edge of the lintel.

4,

THE DRYER
First stake out the drying chamber 2.80 m wide x 3.00 m long. This
- should be centered between the two sides of the hangar. Extending -
upwmd on 1-side of the drying chamber, stake out the stoking pit, 2m
Iong x 2.10 m wide. This will leave an unused area on one side of the,"
stoking pit 2 m long x 0.70 m wide on#he opposite side of the drylng

removed top soil to one side so that it will not be later mixed with the ™
banco. _ ",

Next, dig a trench centered in the length of the drying chamber 70 cm
wide and 140 cm deep.‘This will extend 480 cm from the chimney end of
thedrying chamber (leaving a 20 cm ledge for the retaining wall of the
stoking pit.). Remove all of this dirt takmg carg not to mix it with the top
soH which was earller removed. ‘

“
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chamber. Dig all of this staked out area 30 cm deep and pile all of thig& - -
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Labour — Digging hole 5 man-days
Regairements — Prepare Banco 6 man-days
— Mount walls** 6 man-days

- — Place barrels 1 man-day

— Place floor - 1 man-day

T

PLACING LINTELS - , .
- Carefulymeasurg-and marR points 3 m and 2.70 m from the chimney

end of the trench and cut slots on both sides of the trench, ‘where the IToE—
tel will rest. These will descend to 70 cm from the trench floor, 30 cm -
wide and 30 cm long. Cut similar slots up'againsttheﬂchilﬁa-?éy end of the
drying chamber—75 cm from the trench floor. The 5 em difference is to
give a slope to the barrels and thereby facilitate smoke escape through
the chimney. Next cut the chimney hole 30 cm wide x 30 cm long x

X -

30 cmdeep centered at the end of the trench. Achannel 15cm x 15cm s
then extended from the center of.the chimney hale to 50 cm from the
bottomthetrench. A5 cm layer of mortarorbancois Iaid ineach of the 4
lintel slotsand the lintels are lowered into place takmg carethattheyare
level and square with the dryer side walls. If banco has been preparedin
advance the con’structllon of the walls can now begin. '
MOUNTING THE DRYER WALLS o
Mount the.walls 30 cm wide over the lintels and 45 .cm on the sides, ex-
tending the stoking pit retaining wall alongits ledge 20 m thick to a
height 20 cm ground fevel around the extremities of the-stoking pit (2 m
x 21Q°cm). This retaining wall protects against erosion of the plt waJIs
and keeps dirt and trash from falling intothe-pit.- . "
The height of the wall over the lintels which can be mounted in one day '
without danger of collapse depends on the quallty and water content of
the banco. When. the drying chamber walls reach 90 cm from the lower -
.edgc of thHe lintel, the side walls thickness is reducedto 30 ¢m, leaving a - C
15¢cm ledge on the inside of each side wall which will supportthe drylng'
floor logs. Before the walls are mounted much above the ground Ievel
- the rest of the dlggmg and dirt removal should be done in the drylng
chamber to avoid unnecessary dn‘f:culty in removing the dirf. From the
base of interior side walls to a point 40 cm from the bottom of the barrel

4\;'
i
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trench remove the dirt on beth sides of the trench leaving a slope of ab-
out 45°. When the retaining wall is mounted to 20 cm dbove ground
level, it should be level with the drying chamber walls at the point wher"ev
they:are diminished to a thickness of 30 cm. At a height of 10 cm higher
than the 15 cm side wall ledge, a strip of chicken wire- 20 cm wide
sholld be embedded 10 cmin the wall all the w‘ay around leaving 10 cm
extending out into the drying chamber to which will- later be attached
the drying floor screen. This embedded screening should be 1.00 m
from the bottom edge of the front lintel. The walls are mounted to a

height 40 cm above the embedded screening. A the same time thatthe

drying chamber walls are being mounted,the chimney can be done. lts
height should be extended 20 cm higher than the'top of the dryer wall.
Theopening canbe reducedto 10 cm in diameter to prevent undue heat
loss. ' ]
The stoking pit is finished at any convenient timie during the dryer con- *
struction. The stairs are cut out in four equal steps 30 cm high and
40 cm wide, leaving a 30 cm wide ledge against the dryer wall and the
lowest step. This will lend solidity to the dryer'wall and lintel. The stok-
ing pit can be enlarged by cutting away 15 cm on each side of the stok-
ing pit. ‘ >

The walls can be polished as they are built. A layer of 1:8 mortar on top
of the wall all around will keep the walls from being worn away durihg '
use. Cracks'inthe dryer wall should be filled with banco to improve both
its solidity and appearance. Extra care should be taken in filling crac[ks
in the chimney' end wall to avoid smoke entering into the drying
chamber. _— . \

-

PLACING THE FIRE BOX BARRELS: ‘
The sloping sides of the pit must be dug away before placing the barrels.
First, cutbothends fromtwo barrels, and one end from the third. Asmall
hole 20—-30 cm wide should be cutin the other end for the chimney hole.
One side of the chimney hole is formed by"the barrel rim. This hole will
be on the top side of the barrel when it is pléced in the dryer. ”
The barrels are joined with four heavy wires spaced evenly around the
circumference. The barrels should be supported with bricks or broken
staves 10 cm thick. .
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Photo — Erik Bentzen
Shown here is one of the two concrete lintels which support the end walls.
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Photo — Erik Bentzen
Mounting the dryer walls. (In the background®is a nearly completed 4.5 ton ce—;u
ment stave silo.)
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The joints shouldbe sealed by placxng astrlp of, screenlng around them
and plastering with a 1-8 mortar. If the screen holes are too big to hold
the cement, place paperunder the screening.-From inside the bayrels,
the bottoms can be sealed aswell as anySpaces showrng inthe topJornt
seal : ' e :
The trench must now be closed around the barrel ends with banco. At g

“the chimney end the seal must go completely around the barrel tq keep
smoke from coming into the drying, chamber. The opposite end i's

- closed only around the top of the barrel to let cool air enter the dryrng
chamber. o
The joint seals can be tested by lighting a smoky fire in the barrelssand,
watching to see ifsmoke escapes into the drying chamber. Do no_t let it
burntoo longoritwilldrythe sealing mortartoo quickly causing it to-be
brijtle. | .

. FLOOR SUPPORTS '
Use 10 logs of golid wood 8—10 cm in diamejer and 2. 15 m long to sup— .
port the.drying floor. A’ very straight log should b& placed directly
against each endwall to keep the screen from pulling out under pres-
sure. o ? g >

t i 0

WIRE SCREENING ., . C ST
can now be stretched across the logs and attaChed totthe anchorrng
strips. Smalt holedscigeningis often very expensive, so chicken yV|re is
usually used. In- this ¢asé, straw mats must be placed on.top of-the =, °
- screening to preventthe grain talllng through. : ’ .
+ The strips of screening should be longer than the 2.40 m lenght of.the.
drying chamber becausethe weight of the corn will pull it down“:bet-
ween the floor su. pports. Thestrips should be overlapped 5-10 cmand h )
attached by weavmg thln wireupanddown through the holes. FOr all’of N
' the wire screemng used in the dr%r 9m?are requrred
lnstructlons for the use of the Brooks. Flec?d Dryer L
Before using the dryereach ‘time, you- .should clean out the stoklng
plt hole to make sure that the alr vent&underneath the baerels are - '«
- open and not blocked by ashes «or drrt “This should be done durlng o
drymg also. - Sy b o _
o Check the barrels 1o rnake sure there are’no holes rusted in them or
cracks in‘the joints which will allow smoke to enter the graln n the
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Table 3. Inierior Dimensions pf the Molds .

‘Slab . 150 meters c 2,00 meters * >
Diameter Large | ‘Small . ' Large . Small ‘ ‘) .
Length A | 500om  250cm | 500em | 250cm |
- Widths b ,| 214cm © 214cm | 240cm 4 240cm
b | 228cm 22.8 cm 252 cm . D, 25;2 cm
ThicknessC "|  50cm  50cm | 50cm | 50cm 1
PILLAR BRICKS | e, 'j‘ T ey, ,

24bncks are needed to build 4 pillars of six brtcks each The brLcks c‘an
be madefromal 2 3concretemixoral 4- 6mortarrmx accordlqgto .
the quality of the sand and cement Molds of 14 x 20 x 30 cm will give .
brickswhich will provide 30 x 30 cm pillars. Also. regular cement blocks,
used 1n houses can be used If they are the nightsize or if they can be‘cut
to fitand if they are strong Dry and water the pillar bricks the same as ‘
the staves. ° 1 = S
v - N e
BUILDING THE PILLARS (see fig 4)
Trace a circle ot 110 cm radius on the ground. This quI be the crrcum-
terence of the bottom slab of the silo. Next, using the same center, trace
acirclgot 85 cmradius and divide it in thirds. These three points and the
center pont of the circle will be the centers of the pillars. Around each
of the four points trace a circleNf 30 cm radius, and dig a hole 50 ¢
degp (1o know hoveto divide the circle in third, see “"re-rod armatu
S % N o
Pour a concrete foundagion (1 2 3) 12 cm thick in'each h~ole. it should
be tamped and levelled Next the pnllérs should be bullt using three
layers ol two bricks (faCh'The vertical mortar joint between the two
brcks tormingeach fayer of the pillars shodrd be criss-crossed perpen- "
Jicularto the prececding layer The 4 pillars should be levelled caretully
tu provide cven weight distribution for the slab. One half barrelful of 4
gmve and 1 sack of cement are required for making the plllar founda- '
Hons and mounung the pillars.
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FLOOR SLAB , . R ,
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The flor slab has a drarheter of 220 m and 1510 cm IhiCk 1t is remforced Aé
with 24 m of re-rod (.~ 6 mm). The 1:2: 3 copcrete mnxture requires 2 &
sacks of cement and about 1 barrelful oT gravel
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‘Table:l CONSTRUCTION Materials
C) LABOR'REQUIREMENTS

SO - _ Staves 3 man-days
t - Pillar bricks’ 1 man-day
: MoUntur;g pillars 1 man-day

- Floor Slab - .1 man-day

> '~ Mounting silo wall 0.5 man-day

' - Plastering 1 man-day

- cover slab . 1 man-day

For the form work. 29 large staves (3 more thén for the silo ‘wall) are
placed temporarily around the outside of the pillarsin acircleof 111 cm
radius The staves are held in place with two wires with tighteners which
later will be used for the walls The round formwork is filled with dim or
sand to the leve] of the pillars, dampened and tamped. The location of
the outside corner of the pillars should be marked on the formwork to
ard 1in later placement of the re-rod armature. The inner face of the
staves s lined with paper. plastic or masonite to prevent sticking when
the staves are later removed The thickness of the slab can be marked
on the tormwork also Tar paper or plastic must be placed over the pil-
" lars as a permanent moisture barrier '

RE-ROD ARMATURE (see fig 5)

The re-rod armature requires four bars 6 mlong - 6 mm %. To make the
armature patlern, hirstdraw a circle on the ground with a radius of 1.05
m Divide the circumference into three equal parts by chdosing a point
on the circumference and with the radius (1.05 m) mark off two points
on the circumterence, one on each side of the chosen paint. From each
of these two points once again mark off another point with the radius
(105 m) These last two points, with the inital chosen point divide the
circumterence into three equal sections. From each of the 3 tri-section
points draw an arc crossing through the circumference with a radius
150 cm ,

The bar which forms the circumference is 6.60 m long requiringone 6 m
bar and a ong meter piece which will be attached with 10 cm hooks bent
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" "Table:l CONSTRUCTION Materials

4o

C) LABORREQUIREMENTS

‘,S‘I‘LO o ~ Staves 3 man-days
T - Pillar bricks’ 1 man-day
- Moumir;g pillars 1 man-day

\ ~ Floor Slab - 1 man-day

'~ Mounting sito wall 0.5 man-day

- Plastering 1 man-day

- cover slab 1 man-day

For the form work. 29 large staves (3 more than for the silo wall) are
placed temporanly around the outside of the pillarsinacircle of 111 cm
radius The staves are held in place with two wires with tighteners which
later will be used tor the walls The round formwork is filled with dis or
sand to the leve] of the pillars. dampened and tamped. The location of
the outside corner of the pillars should be marked on the formwork to
ard in later placement ot the re-rod armature The inner face of the
staves s hned with paper. plastic or masonite to prevent sticking when
the staves are later removed The thickness of the slab can be marked
on the formwork also Tar paper or plastic must be placed over the pil-

lars as a permanent moisture barrier

RE-ROD ARMATURE (see fig 5)

The re-rod armature requires four bars 6 m long - 6 mm %. To make the
armature pattern first draw a circle on the ground with a radius of 1.05
m Divide the circumterence into three equal parts by chdosing a point
on the circumference and with the radius (1.05 m) mark off two points
on the circumterence, one on each side of the chosen point. From each
of these two points once again mark off another point with the radius
(105 m) These last two points, with the inital chosen point divide the
circumierence into three equal sections. From each of the 3 tri-section
“points draw an arc crossing through the circumference with a radius
150 cm

The bar which forms the circumference is 6.60 m long requiring one 6 m
bar and a one meter piece which will be attached with 10 cm hooks bent
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at the ends of cach of the two bars. The 3 arcs require pieces 2.80 m
fona The three straight bars which intersect at the center of the slab are
S30 cmieng To culthe bars without unnecessary wastage of matetials.
caretully cut the bars into the following sized pieces
15t bar 6 m not cut (for outer circle)
Jnabarom 230 + 230 + 100 + 40
drd bar 6 m 280 + 2’80»5 30
Ath bar 6 m 280 + 230 + 40 + (50 ¢cm tor bouchon circle)
Biend the Yoo ~80 preces to follow the Jarcs Band 10 cm hooks at the
cods ot each piece Also bend 10 cm hgoks at the ends of the three
SR paeces and place them straight across the diameter of the circle
vac b passing through the center and one of the three mger_sectior)
i+t~ of the three arcs With tine wire. attach all hooks and intersecting
v oris ot the re rod armature Before pouring the cement for the slab. it
~ompertant to piace the ammature in the formwork to assure that it fits
et that the arc intersection points cross over the pillars
Tre o norets should be mixed so that it can be worked easily but does
tiow The inside of the formwork should be wetted thoroughly be-
e poaning the cement 4 cm of concrete should be poured and
Tarped before placing the armature. making sure to align it with the
Coacks adioating the piltars Cover the armature with 6 cm layer of con-
cete fortetal of 10 cm and tamp well If the dalle is not well tamped it
will not support the weight of the silo and stored corn. Finally, smooth
the surtacre and level I the surface is not well levelléd it will cause prob-
eMs fater in mounting the wall. it is extremely important to water the
dalle 3 times per day for 7 days and dry in the shade. )

MOUNTING THE WALL

The bottom siab should be allowed to dry at least a week before mount-
g the wall In gddition to the 91 large staves‘and 26 small ones, 1roll of

A o gatvanized wite (4 kg) and 10 wire tighteners are needed.

Prace g rcle of 100 cm radius from the center on the siab. The first
laver consists of 13 large and 13 small staves alternately placed around
the Gircle with the smalier faces Inside A thin layer of 1 6 mortar may be
fraced under the staves 1or proper seating The large stave with the
cihitying riole must be placed in the bottom layer with the hole towards
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at the ends of each of the two bars. The 3 arcs require pieces 2.80 m
long The three straight bars which intersect at the center of the slab are
S emitong To cut the bars without unnecessary wastage of matetials,
carefully cut the bars into the tollowing sized pieces

st bar 6 m not cut (for outer circle)

S barom 230 ¢ 230 + 100 + 40

Argd bar 6 m 280 + 2‘80\4: L]

Ith bar 6m 80 + 230 + 40 + (50 cm tor bouchon circle)
Bend the ree <S80 preces to follow the 3 arcs Band 10 cm hooks at the
vods ot each piece Also bend 10 cm haoks at the ends of the three
%o peeces and place them straight across the dhameter of the circle
ta ! passing through the center and one of the three mtersecnon
P ctthe three arcs With fine wire, attach all hooks and mters:ecnng
it the re rod armature Before pouring the cement for the slab. it

pertant to piace the ammature in the formwork to assure that it fits
AT IhaY the arc intersection points cross over the pillars
T oraorete shoutd be mixed so that it can be worked easily but does

ttow The inside of the formwork should be wetted thoroughly be-
e pounng the cement 4 cm of concrete should be poured and
“arped before placing the armature. making sure to ahgn it with the
Dk o aing the piltars Cover the armature with 6 cm layer of con-
cele fortetat of 10 cm and tamp well If the dalle is not well tamped it
will not support the weight of the silo and stored corn. Finally. smooth
the surtace and level I the surface is not well levelléd it will cause prob-
fems faterin mgunting the wall. It is extremely important to water thc
dallie 3 times per day for 7 days and dry in the oh-do

MOUNTING THE WALL

The bottom siat should be allowed 1o dry at leas! a week belore mount-
 the wall Inaddition to the 91 large staves and 26 small ones, ) roll of

L galvgnized wire (4 kg) and 10 wire tighteners are needed.

Trace a circle of 100 cm radius from the center on the slab. The first
tayer consists of 13 large and 13 small staves alternately placed around
e circle with the smaller taces inside A thin layer of 1 6 mortar may be
Hlaced under the staves tor proper seating The large stave with the
cinplyng hiole must be ptaced in the bottom layer with the hole towards






Staves held in place with two wire

tevel of pitlars, damy
sticking when staves are later remaoved,

v
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“round formwork filled in with dirt or sand to
:ned and tamped and lined with paper or plastic to prevent




FIGURE 5 Reinforcing rod pattern — 45 ton silo

Pillar

Slab

Reinforcing

rod o 6 mm

D




a4

the bottom of the silo: This stave should be pIaced to facili e(te emptylhg
of the silo (i.e; not next to the dryer chlmney) No mortaf is placed bet-—

‘ween the staves At each 25 cm of heighta retalmng Wire is pIaced and

tlghtened For the bottom 25 cm, 2 wires should be placed 8. cm from.
the top and the bottom of the small'staves, (one above and one below‘

, the emptying hole). The tlghfenersshould be/placed onlyonthe bottom

of the large staves, and when trghtenedshould be cenéered on them
Each successive layer is made by placing 13 large britksin the gaps un-
tila height of 2.00 m (4 large staveerertlcally) is reached The flnal layer
is completed by placing 13 smafl staves,in the remaining: gaps, held i g .
place by 2 wires 8 cm from Lhe top and the bottem of the small'staves -
e ‘
COVER SLAB (see f|g 6) ,,
The coverslabis like the floor slab except that it must have a f|l||ng hole :
it should be 8 cmthickand.2.20 min diameter. The 1:2: 3 concrete mix- > -
ture uses 2 sacks of cement, 1 barrelful of gravel 4 bars of.re- rod (%)
6 mm) are necessary. - o p B

The formwork is made by coverlng the top of the wall completely W|th

_boards and plaplng an upright collar of masohite heldi |n place with hails

" 3.cm outside of the limits of the walls. If the boards are not strong

enough to support the weight of a man W|thout sagglng they should be .
braced from the inside. Paper or plastic should be placed cumpletely

-covering the-boards inside the masonlte cnrcle té prevent the concretev'%

from sticking fo the boards.

The man hoIe (forentry and filling).formwork should be 20 cm msnde the

: masonlte circle. It should: be a 50 cm dlameter circle, made with maso—

nite held in place with nails or an inverted basket. ,
The reinforcing armature it the same as for-the floor slab except that
spacemustbe left forthe man hole: Test there- rodarmature forfitinthe

. formwork before pourlng concrete A 4 cm layer of concrete should be |

poured and. tamped before placing the armature After completmg the
pouring, thé slab should be tamped and smoothed out W|th a sllght
__slope away.from the entry hale. L -
A cover 6 cmthickand 10 cm. largerthan the man hole can be made W|th '
the concrete which is Ieft over. The formworkcanbea masonlte strlp or

a hole lined with paper. A small re-rod armature should be placed in the k
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. ; e Photo - Erlk Bentzen
Mounting the wall: In addition to 91 large staves and 26 smgll ones, one roll of- T
3mm galvamzed wire (4 kg) and 10 w1re tlghteners are ‘needed:




' mlddle fo anchor a handle {see dlagram) Curmg and drymg of the top
slab are the same as forthe bottom slab except thatextra care should be
téken be] assure that the slab.is dry before removlng the formwork (atf7
least 10 days) Ita is easnest to remove.the boards through theuse of le-

b\rers Care mu be taken not to exert pressure,on thestnp between the '
entry hote! and outer ‘wall as this is the weakest pomt of the slab
After taklng out the boardstor the formwork the space between the_ .
, cover slab and the upper. walls should: be Closed wnth a rlch morta=r Fi-

: nally, a rlng of mortar should be placed aroun\d\the man hole covéred

A “with paper and the cover, seated on lt This will provide a ra|sed h.orlzon—"‘

l{omt to prevent the entrance of’ water around the hole Wit

‘9
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e 4700, ,
"EMPTYING HOLE PLUG AND ANTl THEFT: SYSTEM
The plastic plug can’ be mortared into: place takmg care that it is not
- placed”so far into the wall to prevent unscgewmg it. Anti-theft dewde;
(see fig. 7): with three 40 cm pleces of re-rod rgmalnlng from the bot-
tom and top slab armatures twothlnges‘and one clasp will be made for
‘the anti theft dev1de Bendeach pigeceinto a “Un thettlnges with 5 cmh
between the legs of the “U” and the clasp with 3 cm. With the 5 cm
hlnges bend the legs perpendlcular to the U 5 cm frum the boJQm_oL_
‘the U, With the 3.cm.clasp, bend: each of the two legs in opposrte di-
« rectlops parallel to the ‘U, 5cm. from thes bottom of’ the U” With the
3cm clasp, bend each of the two Iegs in opposﬁe dlrectlons parallel to
" the “U", 5: cm from the bottom of the U Next wrth the bottom re-
moved from one of the dryer barrels cut a piece 20 cm wxde and 25 cma
long Plerce twor holes on one 'of the 20 cm S|des 2 cm in from the S|de;z
and 4.cm from each end. One hlnge will pass through each df these
- holes:Next cut a slot 5 ¢m long and 1.5cm w1de ‘centered onthe other,,
- 20:6m side of the metal plate 3cm |n“from the edge Sl|p the ends of the'j
: bottom hinge under the first wire on one side of the emptylng hole and
+ the top hinge under the second wire on the same snde Next hook the;
_two legs of the clasp underthe firstand second wire on the other side off‘
“the emptylng hole. AdJUSt the placement of the hlnges and clasp 0 that '
the plate will swing easny and close over the clasp ‘ '
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ered.with another 6 cm layer of concrete. .
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4 cm of concrete poured and tamped befbr% placing re-rod armature thén cov-
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. ) Phote — Erik Bentzen
To make cover slab fwith filling hole) two concentric masonite forms are held in
place with nails atop wooden planks and filled with 8 cm concrete mcludlng rem-
forcing ‘armature. : .
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Tﬂhéwn"lortar applled to(t’ne exterlor of tlﬁ' Sllg wall.swxll secure the amt—
thdte assemblv rn«plaoe To assure‘tlghtlggalm“g of the emptylng hole
r,;l?g the plastermg Shoffld By . done carefu_éy around it,

L

PLASTERlNG

' Can be done before or after the plagement of the cover slab The outsnde e

walls should be plastered 2 cm thick W|th g1: 6-8 mortar mlxture The

. melde Jomts sheuld be closed Wwith a cement wash or plaster to keep

gFam from lodgmg in the joints and to decrease the permeablllty One
sack of cement is requ1red for plastering and closmg the lnferlorjomts

_ PAINTING,

Before the silo can be used it should be allowed to dry tor atleast one
month. The permeability of the silo can be further decreased by the ap-

plication of coalter. The painting should be done so that it covers the -

outside surfaces of the silo wall and the cover slab. The interior floor
should be painted also. If painted: it should be allowed todry for at least

two weeks before:sforing corn to prevent sticking. The plastering

shouid be allowed to dry at least 2 weeks before painting, with coaltar.

CONSTRUCTlON OF THE 25T SlLO (see fig. 8)
Silos can be bwlt with the same basic design as the 4.5 T silo by varymg

the helght of the walls by varylng the diameter of the bottom slab (see

table 2).

The 2.5T silois of the same basic construction as the 4 5Tsrlo with cefs
tain modifications due to its smalter size. Duetoits smaller capacity, the
2.5 T silo is primarily useful for farmers with smaller productlon
capabilities especially where a cooperativé dryer is available. Silos
smaller thah 2.5 T become less economical., This 2. 5 T silo has an in-
terior diameter of 1.50 m and an interior helght of 2m| glvmg avolume ot
3.5 cubic meters. . A

Y
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Outside walls should be plastpfed_with 2 cm thick mortar mixture..
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TABLE

5 SILO SIZES AND CAPACITlES e s

Diameter * Herght vVolume = 'Capdcity Number of staves
‘ ‘ {(Corn) _ Large ~ Small
1.50.m .00 m 1.77 m? 1325kg - 33 22
150 m “4 ., 1.25m S220m' 1650 kg 4422
150 m 150 m 265m* . © 200kg T 0 55 T .22

*.1.50.m 1,75 m 3.09 m?- 2325 kg 66 <, . 22

CeE0m *2.00 m . 353m3 Y L 2650kg, T 77 22’
200 m 1.00-m 3.14 m? 2350 kg 8 T 26
200m . .., 1.26m . 393m' 2350 kg 52 - 26
206m: .. 150m % d71ms ‘3625 kg 65 ¢ 2%
200m ., iinam -5.50 m? 4125Kkg .78 - 26
200 m 200 mr 6.28 m° ' ’

< 4600kg - 91 T 26

The total*height of the silo from ground level is 2.50 m
and the total diamieter of thc bottom slab is 1.70 m. ™
The materlal requwements fqr this silo are given'in Table 1.

o

PH.LARS

-The 2.5 T silo requires 3 pillars (18 pillar bricks 14 x 30 x 20). The holes
for these pillars afe centered®n the trisection pdints of a circle of radius
60 cm from the slab center. The pillars are mounted with the outside
corners 81 cm from the slab center.. -

The formwork for the floor slab of the 2.5 T silo is built in the same way
asforthe 4.5 T silo, placing the large staves upright, ortemlrcle of radius
86 cm. around the outside of the pillars. Twenty five large staves are re-
quired to complete this circle.

.

RE-ROD ARMATURE .
The patterns for the slab reinforcing armatures are shown in figure 8.
- The armature requires 2 bars of re-rod used as follows: trace a circle on

the ground with radius 80 cm. Concentric with this circle trace a circle

of radius 45 cm. Tri-spet the 45 cm circle and place stakes at the trisec-
tion points. One bar of re-rod is bent and cut to fit along the 80 cm outer
CIrcIe and the other bar is cut into 3 pieces (each 2 m long). These 3
pleces are bentin smooth curves so that each piece touches two of the
stakes and each end hooks around the cuter circle. The armature for
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A Floor slab

B Cover Slab

Figure 8: Reinforci‘ng Rod Pattern — 2,5 ton silo

Slab

rod o

Pillars

Reinforcing

6 mm
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the coveryslab is the same except the inner circle has a radius of 35 cm
to allow éace forthe man hole. The 2.5 T silo slabis pouredinthe @ame
mannerfas the 4.5 T silo slab with a thickness of 10 cm, requiring 1.5
sack of cement.

Sarge and 11 small staves alternately on a circle of diameter
1.50 m centered on the slab.

INSTRUCTIONS FOR THE USE OF YOUR SILO

If you want to be sure to have good quality storage of your harvest, it is
important to understand the proper way to use your silo and dryer. To
use them correctly isn't difficult or complicated. ‘Jtt simply needs care.
and attention at the right times. '

| The Shelter

The silo and dryer must have a good roof over them to protect them
from the rain. Before you start construction, you must build a good,
solid shelter. It is very important to frequently check the roof covering
the silo.and dryer to make sure that there are no holes in it which will iet
rain water fall on the silo or dryer. Any holes should be repaired im:
mediately since rainwater will weaken the dryer wall, and can seep
through the silo causing the grain to rot.

II. The Silo

1. After completion of the silo, it should be allowed to dry for at least
one month before beginning storage. If the silo is painted with coal
tar. this should be done after letting the wall mortar dry for two
weeks. In this case, )Tou should wait at least two more weeks, for a to-
tal drying time of one month, to allow the coal tar to dry on the silo
floor to prevent grain from sticking to it. )

2. During the entire time of storage, the silo filling and emptying holes
should be well sealed. Each time you add grain to the silo, it should
be carefully re-sealed. This can be done with cement mortar or ban-
co. Banco is less expensive and easier to use. If the emptying hole
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does not seal hghﬂy, |t can be well sealed with melted oandle wax or
banco. i

3. Shortly before the beginning of storage each year, someone should
get inside the silo to clean it and check for cracks in the walls. These
can be easily seen because light will pass through even the smallest
cracks. If any cracks are found, they should be carefully covered with
a mixture of cement and water. ‘

4. The proper use of insecticide is essential for grain storage in youar

“silo. Even though the silo is completely closed and ir:nsects cannot
enter o attack the stored grain, there will always be some insects in
the grain at the time of filling. The insects not only destroy the grain
by eating it but cah cause conditions leading to rotting. This makes it )
necessary to properly employ insecticides to assure that all insects
in the silo are dead.
The two basic kinds of insecticides are
1) those in powder form (contact insecticides) which are mixed
evenly with the grain and
2) the fumigant or gas form which is used only in closed containers
like a well-sealed silo. ' "

(Liquid contact insecticides are not very practical for smallscale grain

storage. They are difficult to apply evenly and since they are mixed with

water, this increases the moisture content of the stored grain and can

cause rotting if done improperly.)
Powdered (contact) insecticides must be mixed very evenly withev- ¥
ery sack or basket of grain emptied into the silo. This mean"s, j[,hz;t,if '
powdered insecticides are used, each load of corn removedﬁ‘rorﬁ the
dryer must be treated individually. It is mpossnble to tréat the graln”
with this type of msectlcnde° once the silo has been fllled without
emptying it completely and treating during the refllllng -
Itis very important to understand that there are lnsect|c1des whlch

“are safe to use on food which will be eaten by menuor animals and

thatthere are others which are to be used ONLY on plants like cot-.
ton which are NOT TO BE EATEN. Insectlmdes commonly used on ,
cotton like 45—12, Endrine and HCH are very $trong and can cause -
people 6r animals to become sick or die if used dn thejrffoods like
maize or beans. For this reason, it is very important to ask your“ag/ri,-’; .




cultural agent to help you select and apply insecticides whenever
ou use them.

Itisveryimpdktantto READ AND FOLLOW THE DIRECTIONS for any
insecticides used. The exact recommended dosage should be ap-
plied. Less than the recommended dosage will be ineffective and too
much wjll not only be wasteful and expensive, BUT COULD BE

DANGEROUS. NEVER use an insecticide you don't know or that you

haven't asked’your agricultural agent about.

The easiest and recommended insecticides to use in your silo is the.

fumigant or gaseous kind. 'festing done by agricultural experts in Benin
has found PHOSTOXIN to be one of the most convenient and effective
forms of fumigant insecticides to use in your silo. This can be purcha-
sed only through your agricultural extension agent or a approved sales
agent. PHOSTOXIN is a very poisonous gas which kills the insects in the
silo when they breathe it. Itis in a small tablet which turns into a poison-
ous gas when it is taken out of its specially sealed can and exposed to

the air. However, the gas can kill people or animals too if they breathe

enough of it. Therefore, it must be used carefully.

Whenthesilois filled and ready to be treated, the tablet is taken frorn the
can and wrapped in paper or leaves, dropped into the silo on top of the
grain and the silo coveris IMMEDIATELY sealed with banco. In seven (7)
days the gas will become harmless and only powder will remain wrap-
ped up in the paper or leaves. Three to six (3—6) tablets are use‘d for
each ton of grain stored, depending on the level of insect attack. Each
month, the emptying hole should be opened to check to be sure that the
corn is storing well and that no insects are alive inside. Every two
months, a new treatment should be made. When emptying the silo, the
paper or leaf packages of insecticide dust should be taken out and
buried where children or animals will not dig them up.

When you open your silo, if it seems very warm inside or if there is the
smell of rotting corn, the silo shou!d be immediately’'emptied and the
corn should be re-dried. This can happen if the corn is not well dried so

- care should be taken to dry the corn correctly the first time before put-

ting it in the silo.
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. CLOSED STORAGE SYSTEMS (Continued)
MODEL 4 - CEMENT BLOCK (Square) SILO

The “Tori-Cada’ Square Cement Cilo was also developed in the West
African State of Benin. Originally it was built as an alternative to the
more costly metal bins. Although this model has not been as extensively
_ built, tested, or used as the other Closed Storage Systems discussed in’
this Manual, it is thought to have considerable pbtential The Square
type Cement Silo has the advantage, in comparison to the round silo, ,
that 1t'1s easier to build, and the rhethod is already well known to local
" craftsmen from-the constructnon of houses. On the other hand the
round silo reqUires less building materials than the square one.

Each bin or silo can be made with a storage capacity ranging from 1to 7
ton. Standard height is 2 m. To make the silo air-tight each bin.is cov-
ered by planks of reinforced concrete. » '

Figure 9 shows the details of the wall constriiction. Besides the founda-
~ tion there are 2 layersm,ﬁreLnfomedConerete in the walls, ong in the
middle and one on'the top.vThe concrete floor has a layer of tar paper to
prevent water from penetrating into the silo. The walls are plastered on,
both the inside and the outside and painted with coal tar on'the outside
to make it airtight and moisture proof. The posts that support the roof of
the hangar are made of reinforced concrete and placed in the cerners
between the silos.

The standard hight ins 200 cm as mentioned before, the other intenrior
dimensions are as follows:

Capagity 1ton: 80 x 80'cm

Capacity 2ton : 115 x 115 cm

Capacity 3ton: 135 x 135 cm

Capacity 4 ton : 160 x 160 cm

Capacity 5ton : 180 x 180 cm

Capacity 6 ton : 195 x 195 cm

Capacity 7 ton : 210 x 210 cm

Naturally the construction price is lowest per ton for the largest silo (
ton) but it is also cheaper per ton to build 4 silos (bins) together lnslead
of only one.
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) FIGURE 9 — Cement Block (square) Silo
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Given below is adetaifed descnptlon for constructing a single un|t Ce-
ment Blogk (Square) Silo with a 5 ton capamty

ThIS silo when constructed has interior dimensions of 1.80 x 1. 80 x
2. 70 m, which glves a said capacity of 5 tons. The silo is built primarily
out of regular construction bricks 40 x 20 x 10 cm. The design uses
building tecnniques that nearly any local mason already knows. ;
Once the materials are at the site, building can commence. The first
thing to do is dig a hole for the foundation. Select a spot that is level,
well- drguned., and on solid ground. Trace out a square 2.20 x 2.20 m on
the ground. then trace another square with dimensions 1.60 x 1.60' min-
side the Tirst square. Between the two squares will be a space 30 ¢cm
wide. Dig this space out to a depth of 40°'cm. Once this’is done, pour a
layer of concrete (1 part cement: 2 parts sand: 3 parts gravet) inthe hole
to a thickness of 30 cm. Water and cure this layer for a few days or a
week if possible.

Once the foundation’has cured, put a little Iayer of mortar down. Upon ,
this'bricks will be placed until they, mount 20—40 cm from ground level.
The bricks are placed on their 20 cm wide sides so as to form a wide
base.for thewall to come later. Depending on soil and humidity condi-
tions, there will be 3—-5 layers of bricks. When the appropriate level has
been reached and the mo'tar has cured some, the space formed by the
square of bricks can be filled with digfto alevel 8 cm less, than the top of
the bricks. ]’he dirt should be. well tam%ed and Ieveled This holeis then
fitled with 8 cm of concrete (1: 2: 3) til it is exactly level with'the top of
the brlcks Be sure and water the concrete ‘three tlmes a day for seven
days so it will cure well. ‘ .

When the concrete has cured, cover the entire area of bricks and con-
crete with tar paper. Over the tar paper a smooth and level layer of mor-
tar (1\ part cement: 3-4 parts sand) is laid down. This will be the floor of
the silo’ The tar paper’s function is to keep ground m0|sture from com-
ing up into the walls and floorof the silo. Any sich mOIsture would rot
the corn.

After the mortar has cured, mounting of the walls may start. The bricks
are now placed astheynormallyare in a wall- with the 20 cm side verti-
cal. Leave 5 cm between the outside of the floor and the bricks. This will
give the desired interior dimensions of 1.80 x 1.80 m. The brick layers
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should be mounted with the joints between brick layers staggered so as
‘to avoid cracks. At each corner:the bricks may be staggered or, if the
roofis to be supported at each corner of the silo, a space may be left for

* the eventual peuring of a concrete corner prllar which would also hold

the bricks in place. <t " _
The bricks are mountedto a IeveI ofone meter or five bricks h\gh At this

time a layer of concrete 10 cm wide and 20 cm hlgh is poured. Rerod |

reinforcement is used. FOur 8 mm rerods go the length of the wall and

are held in place by bands of 6 mm rerod. The four 8 mm rerods form a

rectangle 15 cm high and 5 cm widewThis Iayer of rerod helps to rein-
force the wall against the gram 's werght

", Once the concrete layer has cured enough the wall of brlcks may be

“continued. Five or six additionai layers may be put on*the concrete miid-
dle layer. At the desired level another concrete Iayer 10 X 20 cm is

~ poured. The rerod pattern and concrete mixture are the same as in the

other layer. The only difference betweer thetwo I’ayerwstheﬁaddﬁronof
a concrete piece crossmg the middle -of the silo. This piece will be the

support for the top slabs that cover the silo. The middle cross'piece is.

1.80 m x 20 cm x 20 cm and is reinforced with rerod.
While the concrete layer is drying, the silo may be plastered The 1n5|de

and outside should be entirely plastered A 10-12.cm plastlc p|pe capis -

fitted into one of the lower outsrde wa]ls in order to empty the silo. A
brick may be made with a hole already in ifor ahole may be dug into a
brick afterwards. 5, ;
At the time the concrete flooring was poyred, the two tOp slabs for the

' SI|O could have been poured These consrst of two 2.00 x 1. OO x0.60 m
: slabs. One of the slabs must have an entry hole either 50 x 5@ cmsquare

or50 cm |n diameter. FormworKﬂs made on the ground |ﬁﬁwhlch the two
slabs are poured A grld of rerod is made with the 2 m length using 8 mm
bars and the 1 m width usmg 6 mm bars. Spaces of 15—”20 cm-are left
between the bars. o :

As mentionned, one slab must have an entry hole. Thus, one grld must
leave,space to accommoda'te the hole. A mixture of concrete (1:,2:3)is

poured firsttoa 2—-3 ¢m deptb The rerodgr|d is placed then therestgf -

the concrete is poured to a- ‘depth no greater than 6 cm. The proper
depth must be malntdlned if the: slabs are to be Iltted anIace by men A

"
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small cover slab for the entry hole should also be poured at the same
time as the two top slabs. A rerod handle should be placed to facilitate
handling of the co ver slab. All three of these slabs should be cured by
watering three times a day for seven days. When the slabs have cured,
they may be lifted in place and mortared to the wall and each other.
Once the entire silo has dried for two or three weeks, it may be painted.
This could be dons in a couple ways. The outside of the silo and the in-
side floor might be painted with coal tar. If sun shining on the silo will be
a broblem, the outside might be painted with whitewash and the inside
with coal tar. If sun and rain are no problem, the outside could be
whitewashed. Ihe interior also might be whitewashed to make the silo
interior brighter when the silo is opened.

As mentionned earlier, the corners of the silo might be made out of rein-
forced concrete that projects beyond the top of the silo. These corners
could then support the roof. Otherwise, a separate roof could be buﬂjt in

~order to protect-the silc against sun and rain.- =~ o ””

To protect against people stealing grain dutq of the silo, rerod or flat
pieces of metal could be put in the bricks around the emptying hole.
One piece could hinge across the hole and lock to the other piece. The
not too serious robber of grain would thus be deterred. '

¥
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WORKBOOK EXERCISES
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1. What are the principat advantages to using a closed

-

- -

grain $torage

‘system?
g




Are there any closed storage containers currently’in use in your
~area? ‘ | ' ‘ - -

If so, what types are tfiey’and how much grain can be stored in |
them? (R e ‘
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3. What are the advantages and dlsadvantages in usmg the 1.5tonIm-

~proved Mudblock Silo? S
Notes: ‘

4. List some of the ways the traditional mud silo has been improved
upan. o Cel LT i
Notes
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5. Up till now, why haye‘closegrég/stem mud silos been seldom used in
humid areas? S | "
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8. Wl‘lgt are the principal advantages in using a cover ovér the 4.5 ton
Cement Stave Silo?
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9. Will closed std’rag,é systems werk in yourarea? If $o, which of the
‘two suggested models offers the best possibilities and why?
4 ]
4 - 3
. - \
‘Notes: c ’
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10. While concrete’is drying, what ‘steps sheuld™be taken to prevent it
~ from cracking? - . T
i . :
“\, -~
- ¢ ~ Notes: ‘
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CHAPTER VI.,
CQNSTRUCTING AND USING YOUR® DRYER

Farmers throughout the world have Iong recognized the need to dry

ook at the methods currently used by him. - .

—\ Do-his present drying methods produce/satlsfactory results’? If they B

do, why Change them? If they do not work whynot? = -\
— By using improved drying methods can he harvest earlier and get his,

r land ready sooner for a new crop? .

- Would he be able to maintain a new drying maf‘hlne’? Could he.fixitif
it broke down? Does he have enough time to Operate |t’?

— ‘Would the initial cost of the dryer be easy for the farmer to recover
because with better, more controlled drying’it means he will eventu-
ally make more money from the sale of his grain? |

— Would it be more advisable for him 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? ' ‘

In this section, four different drying methods dre presented. Three emp- k

~ loy the principles of sotar drying and one mvolves the use of oil barrets

-

“which are heated with.a fire.” . o (

g

J

" 1. Traditional Sun-Drying
The oldest and most widespread method of drying grain is sun- dry-
ing. You should look first at the local techmques of sun-drying in

your area. How much work is required of the farm family? What are -

* ithe losses and inconveniences? In drying maize, for example, thek
S|mplest method is often to leave the maize in the field until the mois-

ture cortent has dropped sufficiently for storage Thepi pr|n0|pa|_ad- S

vantage of this method is that the grain is subject to d’|rect attack by
grain-edting insects, birds or rodents.

Another traditional way of sun- drying maize is to Ieave the cobs or

shelled corn on a flat piece of ground in the sun. Experlence has
shown that this method also doesn't achieve the best resuits be-
cause there- IS too little movement of air close to the ground.. ancL
consequently the drymg takes Ionger Besides, dust or stones may
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their cereal gralns Try to put yourself in the farmer’ s place and take a -




be taken up with the'crop and contaminate it. It i Is always wor’rh re-
memberlné that clean grain is essential for proper storage! -
However, improvements can be made involving even the srmpleet-
traditional methods. Rather than dry grain d|rect|y on the ground
where thegraln can pick up m0|sture from the earth, you can intro-
‘duée the farmer 4o using a plastlc sheet- You will probably need a
sheet about 10 m x 3 m. Itis recommended that the plastic be at Ieast
004 gauge thlck ' - | .

Builda mound of hard-packed earth on which to place the plastic.
If you use level ground, build a dike of earth around the area on

~:which the plastic will be placed to protect the drying graln from
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water. . ;
Make sure there are no rocks, ‘wood and sharp thlngs on the
ground where the plastic will go. 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 cm deep. o .
Stir often so the grain will dry faster. Turning and stirring make
sure all parts of the grain are.touched by air and sun.

The rake or other tool used to stir the grdin must have smooth,

rounded edges. This tool then will not damage the plastlc or the
grain. P | :
As the gram dries, morbture from the graln collects on the plastic,
After the grain has been dryung for two hours, push all the grarn to
one half of the plastic.

-Let this plastic dry for five minutes or so.

Push all the grain to the other half of the plastic that is now dry and
tet this half dry for five minutes. s
The plastic sheetshould be alred in thls way everytwo hours whlre~

drying is going on. ) : ~
Cover the grain at night. Push all the gram tooneendand fold the -
plastic over as a cover.




2. Solar Drying _
increasing attention is being given to improved methods of solar
(sun)drying. AIthough there are several distinct advantages in using
solardryers.i.e., you do not require any fuel (WhICh in many develop-
ing countries is becoming increasingly scarce, especially fire wood),
the drying time is reduced, and they can be used to dry other cro'ps
such as cassava, fruits and vegetables; they.also have certain draw-
backs — the most important being the extremely high temperatures £ )
which build up (65-80°C) inside the box under the plastic sheet. ‘
Such high temperatures damage grain like rice (which‘te\nds to crack‘ : -
at temperatures above 50°C) and also seed grains.
From the information provided in Chapter |l concerning basic princi-
ples of drying, itis possible to arrive at a set of requirements for effective
solar drying of grain in humid climates. These are:
1) Bot the material to be drled and the surrounding air should be
heated.
2) There should be maximum possuble movement of air overthe sur-
face of the material. ‘ '
3) The surface area of material exposed to the alr,s’nould be as large
as possible. -
It is not poss:ble to attain requnrements 1y and 2) with trad|t|onal.- '
methods in which material is directly exposed to the sun. Some form
of enclosed drying system, in which the material to be dried and the
air surrounding it can be heated significantly is needed.
It is nevertheless possible to fulfil these requirements using simple
equipment which traps the heat of the sun, but which, at the same
time, encourages air movement by convection of heated air. Equip-
ment of this type can be made sindply and cheaply using materials -
which are generally readily available in developing countries.

A. General Description of Partially-enclosed Dryers

The partially-enclosed sun-dryer is a structure which actsas a heat trap, |
but which is also provided with ventilation openings to allow air to move
through the dryer by convection.

Two of the models described inthis WORKBOOK (Nos. 1and 2) are sim-
ple, box-like structures, provided with upper ‘and lower ventilation

~
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coveris “double glazed”, i.e., it is made of two layers of film with an |n—

sulating air space in between. The box itself is constructed of materlal S
which will provide adequate insulation to prevent the escape of heat All -

interior surfaces are painted matt-btack to achieve maximum absorp-

tion and retention of heat. Material to be dried is supported inside the, -
dryer on perforated trays whlch can be of wire nettlng or woven from'
local material such as papyrus reed.

Air movement through the dryeris achleved by convectlon Asthe ma-
terial to be dried and the air surrounding it becomes heatet, -the-hot air .

rises and escapes through the upper ventilation openings, resulting in’

cooler air being drawn in-through the lower openings. There:is thusa ;
constant movement of heated air over and through the ’mater:ial being f
dried. Air temperature inside the drier in bright tropical sunlight will
usually be twice that of the outside air. Drying temperature can be con-
trolled by opening or closing the upper ventilation outlets. A ‘

LI

B. Advantages of Partlally -enclosed Dryers s
The major advantage of the partially-enclosed sun dryer is, of course in-
its ability to generate the high temperature and air movement essentlal
for effective drying in humid climates. However, as mentioned earl'ier, it
also possesses a number of distinct advantages overtraditionat “open”
drying methods, even in areas where high humldlty |s not a serlous -
problem. Some of these advantages are: ' g o
1) The dryer is rainproof and can be left in continuous o 'eratlon wrth-f )
out attentlon and without the necessity for coverin ‘ up. drymg ma-’ ‘
terial or removing it into shelter during $howers. ;o 1
2) The higher temperatures possible with this type of dryer greatlyf
speed up the drying process, not only giving a much greater.output';g
than 'open methods, ‘but also eliminating the possibility of‘ mold or,
microbial spoilage which is common with open: drylng methods ;
3) As well as protecting the drying material from re-wettlng by. ral’n, the
covered dryer also gives protection from dust. and dirt, from" attack -
by birds and rodents and from insect mfestatlon

4) The high temperature to wh|ch the materlal Jis subjected WIH effec,__}

»
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tively kill of drive off any insect infestation which may be present in 7

the material as it comes from. the fields.

The partially-enclosed dryer will, therefore produce a well-dried, clean
and pest-free product which wﬂl bein exceHent conditionfor proionged
storage or for immediate use. '

a9
C. General Remarks on Co

ot w7 ns

f__ggtmn of nrv ars

g

Instructions and sketches showing constructronal details of two mo-"

dels are given in the following pages. However, since itis intended that
these drvers should be made from whatever materials are most readily
available locally, it should benoted that such details as to dimensions
which are given are méant for general gwdance only, and local adapta-

tion in terms of chanqes inlength, wrdth or depth wili -not affect the effi-

ciency of these dryer. The sketches for Models 1 and 2 are based ona

“useful practical worki'ng size of 8 ft. in length, 4 ft. in width, and 9 to 12
inches overall depth. While there is a limit to which internal depth can
be reduced, changes in area can be made to suit local’conditions, and

* dimensions of materials available. . DR

The dimension which is of importange, and which should be adhered to

as closely as possible, is the thickness of insulation on the Model 1box-

- type dryer. Where wood sha\‘/mgs wood wool; dried grass, Ieaves or’

similar material is belng used, a minimum thickness of 2 inches should
be used. Also, for practical reasons, the internal depth of Models 1and 2
should not be less than 6 inches. g ®

D. Constructlon of the Model 1 Dryer -

Details of the construchon of this model are glven in Figures 1 to 5 As

will be seen, it consrsts of an outer box and an inner box. The dimen-
sions of the inner box are.at least 4 lnCthS lessin length and width, and

atleast2incheslessin depththanthe outer box.The space betweenthe

‘boxes is packed wrth suitable lnsulatlng material. Lower ventilation

holes are drilled through the bottom of tnke boxes (and through,battens o -
fitted in the insulation space for this purpose), and slotsare cutinthe ;.-

7

upper edges of the sides of the box ta provide upper ventilation open-
ings. The dryer is supported about 6 'inches above the ground on four
legs (which also form the main corner members for the box).

. - . : ‘.g
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Steps in Constructlon

Rememberthatitisavery useful practlce to re-check all measu rements ‘

and markings on timber before cuttlng Follow the maxim measure

twice and cut once” :

First build t| ‘Ute‘r box as follows: E

1. ‘Cut leg pieces, side, and end battens to size, and join together to
make the basic frame. The type of joint |Ilustrated in Figure 3acanbe
used if basic carpentering skills are avilable. Otherwise the pieces
may simply be butted together ‘and joined by driving long nails or
screwnails. All nails should be driven home so that heads are flush
with the surface of the wood. :

2. Cutsideand end pieces (these can each be one single piece or plank,

or a number of narrower pieces). If a number of narrow planks are

being used to cover the outer sides and ends, these should not be -

simply butted together edge to edge, but should be “weather-
boarded' as shown in Figure 3b, so as to deflect rain and avoid wet-
tinc:g of insulation. When this form of construction is uged, the gaps
between planks and frame members should be filled with plast-er,
mud, or putty. If tongued and g(rooved planks are used, these shouid
be fitted tongue uppermost to prevent rain getting into the joint.

3. See Figure 4. Nail end pieces to legs and end batten and-then nall/
side pieces in position. Cut bottom pieces (to full length and width or
box).-Cut out corners so as to fit around legs and nail in placeAto
lower edges of side and end pleces :

4. Cut and fit air inlet battens, nalllhg through from the ends and’ bot—

tom of the box. When nailing, take care to avoid sites of the/holes
which will later be drilled through these battens. »/ et

Next, putinsulating matenal in place and complete the inner hox inthe . =

following- manner: - -/
a) See Figure 5. Cut inner panels to size. ll'he Ienqth of the inner S|de

panels will be the internal length of the hox between the end battens. *

The depth of side panels will be the mternal depth from bottom of
box to upper edge of side batten. The length of the.side panels will

be the width of the box between the leg pieces less the combined

thickness of the two side.panels. The depth of end panels will be the

distance from the upper edge of the side battendto the bottom of the

AL




) of the internal end paneis. ‘ . e
Turnthe DOX 017t one side and packlnthelnsulatlon on. thatsrdeso A

.3 . S . R 0

slots cutlin the air- |nTet battens "The length of the bottom parLeIs will

be the length of the box between the end of the battens less the

combined thlckness of the.two end pieces. Its width wnll be the widt

G

- that itis h%htly above the level of the legs and side batten. Narl the

inner sid panel in'placeto the side batten and legs and through the
bottom ofithe box Repeat thls _process for the other side and two.{;q' :

. ends, ; > ;o . L
Mark tHe center lines on thgs et battens onto the end pie'oes S0
that ‘the marks_ will be vi. ce the internal bottom panel has

" been fitted. Pack insulationin place on the bottom of the box up to :

the level of the air-inlet battens, and nail the bottom panel( s)in place‘

" to the air- mlet battens (again avondlng the sites of holes: -fo be drrlled

E,

later).

a0

5 Markthe center lines of air-inlet battens on the bottom panel( )and k

mark off position of holes Drill through from the inside to the bottom‘
of the box. :

Mark the position of the air- outlet siots oe the upper stdes cut. the
sides of each slot wuth a, saw and chise) out the slots. e
Paint or stain the internal surfaces of the box with a dark color, pref— -
erably. matt black (black-board paint is useful for this’ purpose).
Treat the extenor of the box with wood preservative (|f avallable) and
parnt with gloss parnt or manne varnlsh (if avallable) S

g

Constructlon of Cover for Models 1 and 2 Dryers

The same type of gover is used for both these dryers 1t consists: of a

’SImple rectamgular wooden frame with a central rldge piece, which ns, Lo

Covered with a double'layer of polyethylene film. Details of cpnstructlon
of the cover are shown in Frgures 6 an 7 . ‘. v

2
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Tools and Materiéls

~Tools needed:

Materials: ‘

TOOLS AND MATERIALS
Tools needed:

Materials: '

or scissors, try square, marking gauge.

"“Lengths of timber 2 X 34" or nearest. Transpérent

polyethylene film (prefe"ﬂrably 0.005 in. or heavier).

Screwnails, (55" x 8s C.S.). Blued tacks ('/2"), or large
.office stapler.

a

3

Hammer, screwdriver, try square, saw, brace and 1"
wood drill, 3" wood chisel.

Wooden planking or plywood for sides, ends and

bottom of boxes.”

Lenghts of timer 2" x 22" for legs, and 2 x 2" for -

side, end and air-inlet battens.

Insulating material, e.g., wood wool, dried gfass or
leaves, coir fibre, etc. - '

Nails and screwnails of appropriate size:
Matt-black paint or other suitable black staining
material, e.g., charcoal.

* Wood from old packing cases is very useful for this purpose.

Steps in Construction y ‘
The frame should be made so thatits overall length and width are each 3
inches greater than the box to be covered, i.e., so that it can overlap the
box by 1-'2" in each direction.

. Cut the frame members to length and assemble as indicated in Fi- B
gures6and7. N.B. After constructlon is completed, theframe should
be allowed to dry out in the hot sun before the cover is applied. The:

cover should befapplled while the wood is still warm and at a time of
day when humidity isfow. These precautions are necessary toprev-

ent condensation occurring between the layers of polyethylene, thus

“fogging’’ the cover. If, despite this precaution, some fogging does
occur during use, withdraw tacks or staples from a short Iength at
each end of the cover, open up the polyethylene to allow moisture to

171
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escape while the dryer is in_operation, and then refasten the

polyethylene in place. :
Cut a piece of polyethylene sheet for covering the lower side of the
frame so that it is 3 inches wider and 3 inches longer than the frame.
Turn the frame upside down and lay the polyethylene sheet in place.
Fold one side of the polyethylene back onitself to form atriple-layer :-
seam 34" as shown in Figure 7b (i).

Starting at the middle of the frame and working progressively to-
wards both ends, stretchlng the polyethylene lightly but firmly
iengthwise, tack or staple through the seam at 3" intervals to fasten
this edge of the polyethylene to the frame. N.B. Do not overstretch
the polyethylene. Polyethylene will “‘give”” and distort if fingertips
are dug into it, and such distorted areas are likely to z’gaerish during
use. 1t is preferable that polyethylene should be sllgthly loosek
rather than overstretched.

Repeat this process at the other side of the frame, stretching the
polyethylene across the frame as tacking or-stapling proceeds.
Fold similar seams at each end, and tack the ends of the sheet to the |
frame. tucking the polyethylene neatly at each corner and fastemng
firmly in place. ;

Cut a piece of polyethylene sheet for covering the upper S|de so that
when draped over the frame it is 4 inches wider and 4 inches 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 is inside that of the lower sheet (Figure 7b (ii).

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 overone end of the frame, fold and tack as

before, cutting away any excess material resulting frém 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.

Attachment of Covers to Dryers
The covers, being very light in weight, are liable to be blown off the
dryers'by even a moderate gust of wind. Arrangements should therefore

172 N | - |

»

|




-

pa

11dwo)d

©




M.En SZB %o »%mw LSGB 9

,, _ oi\_.E%S peu&m .Emmj %,w\_.ﬂud\r (n

gd\»% !

PNYS LMoy @.&_uu\r ‘m

\\\\\\\\g

. =

_msxw :
&ms .f,w..

iy
) 4

., FAVEI 0L Wild  INIHLIAI0d 40 ANEWNHOWILY
; . ! ’ N

¢ ;

-@ ’ o

£

; .

by

JAgwIm ouy | | ﬁm

wmw>m0 4 ._mDOS_ adNVv | |_mDO_>__mOu_ mm>00 40 ZO_._.UDE._.mZOO TNy

— 3%‘_ Bzl

Jaquam
Qs

74

~—

nmm:wm




)
; =
: m
; -
;a; o - : I .
oo !
I
@)
-
z
o
. o
L2
m
o
O
n
@
w
r
m
-4
<
T
,m
9
S
=
=
T
-]
)
: P
<

8 3HNOIS




S

- . . Y

. . . 5

: e
L&

. be made to keep them frrmly in place This can convenrently be done by

fastenlng hooks of stiff wire to each corner of the cover and swmgm g

these hooks into place around nails or pegs flxed in the srdes of the.:

S9.0

dryer. Alternatively, lengths of stout twme or cord fastened to one side. -

~ofthe dryer may. bedrawn tlghtly across the~co¥er and tred to narls or
_‘pegs an the other side: :

2
e

F. Constructlon of Drying Trays R S .
‘An example-of one possrble type efdrying. tray“rs |Ilustrated in Frgure 8.:

This'is a simple. wooden frame with fln%ere mesh stapled to its ynder-

Tl

side. Two LSuppott runners are nﬁrled to the underside aover the edge of -

the wire mesh). If necessary, tvo laths may be tacked over the edges of

the wire rnesb to hold rt m placeatthe ends However foldlng the edges‘ S

of the. m‘esh over upon ttself before stapllng maybe all that i is. needed o

A suitable size of tray for use with 8 X 4’ dryers |Ilustrated in the

. sketches rs 3’ 6” X 36" overall two trays of thrs Srze bemg used |n the k

dryer , : ,
Srmpter trays made of course be made from tocal materlals Papyrus
reed mattrng ora frame with Slats of reed or split bambao, forexample,

makes an excelient suppart on whnch material .cdn be dned Coarse '

hessian sacking material or open weave grass or flbr mattlng stretched
on a frame can atso be used. T AN

G. Construction of Model 2 Dryers ‘
This dryer, illustrated in,Figures 9 and 10, is not portable like Model 1. It

PR

is meant to be permanentiy sited.and to be constructed of clay bricks, .

mud and wattle or s:mllar materials. Compressed bricks made by the

Cinva-Ram us:ng local earth mixed with cement are ideal for the pur-

pose. Ifhollow bncks are avallable this would be an advantage Hollows

insuch bricks should be packed with dried grass, coir fiber or other in-

‘\sulatmg matenal before the bricks are faid.

Siting . : — ,
_H,,Because ofits permanent nature, care should be taken in the chonce of a
site, which must be flat and level, and which should not' be shaded by

?

trees or burldrngs The dryer may be built on a floor of sohd hard beaten

176 | ‘ g
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dramage trench about 9 to 12 inches.in width and depth should be dug

all around the dryer to protect it fromﬁ‘loods resulting from heavy rain. fj Satin

The dryer should preferably be SIted SO thatvit is end-on to the prE\'/aiIing/ﬁ'

* Alternatively, bambso inlet pipes of only 12 in Iength may be used msfead of

lmportant but there may be aslightadvantage in havmg its Iength inan -

gast-west direction; but only provided this does not expose the S|des
rather than the ends to the wind. .

!
Materia.ls : :
Clayor similar bricks as described above mortar or clay. Thick bamboo
(272 to 3 inches in diameter).

"~

Steps in Construction ,

1} Prepare the site and lay the first course of brlcks ,

2} Prepare the bamboo pipes as follows*: Choose bamboo of even |
thickness and with as few joints as possible. Cut to the overall width |
of the dryer. Split the bamboo into halves lengthwise and cut away
the partition ateach joint. Put the two halves together agam andbind
together with strmg wire, or other suitable binding matgtial. Cut or
drilt holes in each pipe as indicated in the sketch. The holes should
be about 12 inches in diameter. o

3) Lay the second layer of bricks, placing the bamboo-pipesin position”
as shown in the sketches cuttmg appropriate bricks, short as
needed. Lay the third !ayer of bricks, packing the gaps around the
‘bamboo wigk mortar or clay.

4) Lay the top layerof bricks; eutting away as necessarytotormair-oat. 7]

let slots. Alternatwely fay-the top layer of bricks leavnng one- mch
gaps appropriately spaced along the two sides. ‘

may provide a suitable means of doing this. ; ke
6) Construct a cover and drying traysas desribed in 6 an 7 above:

z
3 SRV
’ Gl b nE
: A e e 2
e IR S 2,

the full-width pspes Length of these plpes is shown by the: thlck hnes in Fl-‘ . |

- : . = R
41 S 3¢
Ly A

5) Paint the inside of the dryer a-dark color. Charcoal mlxed wnth Clayf”,”. Gl
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Photo — Erik Bentzen
Model 2 Solar Dryer — showing ventilation arrangements. - :
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A Simple Cover Frame for Sun Dryers ,
The attached sketches illustrate the constructlon of a simple "double s
» glazed polyther;e cover for sun dryers Thls can be made in the village '
.Situation, using onty the tools and materials normally available. The
. only external lnput needed is polythene sheet in the form of a tubularn ‘
sheath. ' T s
_ Theffdme (Sketch 1) conststs of two ‘coat- hanger shaped end pieces
»joined by three pieces of bamboo or other stralght poles SUCn as wattle
or eucalyptus -
The end pieces (Sketch 2 ) can be chopped outto shape Wlth a' panga
. cutlass, or machete-type knife, and the nesting sockets for the | joining
poles can be carved out with a smaller knife or burnt out with a hotiron.
* Poles are selected for stralghtness and uniformity of diameter. Perfectly
straight and Jnlform poles are rare. It is lmportant that the two side
poles are stralght in the horlzontal plane, and the frame should be put

o

o ranged to achleve-a frame which is not warped and which does not twist

upwards at one or more corners. Slight lrregul.arltles in the poles do not-
matter since, although these may prevent the,'f;ra'me seati'ng' accurately -
onthe top edges of the dryer, this does not matter since airventsarein
any case required between the cover frame and the top edges of the -
dryer. : :
Fastening bamboo or thin poles’ wnth nails can be a problem because of
the risk of spllttlng For this reason, holes for the nails should first be
. drilled in the ends of the poles (Sketch 3) This is done usmg a nail -
heated to redness. The nails are then lnserted in these holes and driven
firmly into the wooden end pieca.
The joint can be strengthened (Sketch 4) by nallmg a strlp of ham~
mered-outtin (cutfrom an old tin can) overthejomt Thistinstripwould
be likely to abrade the polythene 8o, to avond this, the )omt should be : _
wrapped in a-piece of cloth, banana fiber, soft barkcloth or snmllar soft e
material before covering the frame with polythene. ~ o ‘
The cover frame.must be made to that it fits snugly’into the polythene
sheath and so that the sheath is stretched taut. The key dlmenS|ons in .

: thls respect are those of the end piece, and it is necessary o make the
first end piece by trial and error. The end piece should be'cut to shape .

182 : -
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- Making A Simple Cover For A Solar Dryer
R (When Only Plain Pdlythene Sheet Is Available)
B .
| Sketch 1 I
COMPLETE DRYER ~ -
COVER FRAME N N
// , . ZZ— BAMBOO OR WATTLE POLES
=K ' _ (Length 7'z TO 8 Feet)
( Q and DIA approx. 1'-2 Inch
END PIECE- - -
. o ’ . Sketch 2
BAMBOO OR WATTLE ’
e o 'I\ _\‘\ R
1 . » o C,;' . ’
P ~ ' A5z . - > -
approx. . . !
ENDPIECE S
(Made from A Piece of 4"x1" plank. -
; - ~ 183
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i

Making simple cover frame for Solar Dryer

184
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a Fit the sleeve over the frame so that o J .
approx 12" of the steeve overlaps at each end »
185
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COVERING ‘A SOLAR DRYER DOVER FRAME WHEN
POLYTHENE SLEEVES ARE NOT AVAILABLE

q

1. Lay covar frame on top of polythene sheet which is 214”longeréknd"18" '

wider than cover frame.

Upper polythens sf\eet

Lower polythana sheet

2. End views
. @) Lay second sheet of polythene over top of frame.

‘ \~\ ~ : B
€dges of polythene sheets m\L\li\s?di\up tightly *
© . U .

SO

4

' : NN i Lh
b) Roll up edges of sheets tightly against fran%\&nd\secure in p]a_ce‘

with cord tied around width of frame at.both ends:

; *

187

S

ik

7

oy

o




;, ,no__op,. os|[e sjoays 10 Spua

v

o -

'S

ui

(q) g Ui se

)

pan pue .a:bm.:oh”w“mmcm m,_rm:;_oa 10 m/,,mmnm Yym swedq4 g

188




LR T Dy /"'|
I3 N i L . g A i

but finished off the same width as the sheath. its width should then be:
reduced by paring slivers from each end until it will just fit into the
sheath. It will be found that the width of an end piece which is 4 inches
high at its highest (middle) point will need to be about /2 to 3/s shorter
than the width of the sheath. \
The following is a practical example: N :
A polythene sheath was made by folding 8’ wide polythene film-and-—
seaming along the open edges. The effective internal width of .th|s
cheath was 46" '(two inches used up in seaming). The size of end piece '
needed for this sheath is illustrated in Sketch 2, i.e., 45 lnc'heé,‘ long
and 4 inches high. A cover frame made from two end pieces of thi's‘l size
fitted neatly into the sheath without undue stretching of the oolythéne
A The polythene sheath-isfittedto the frame as deecrlbed in Sketches 5, 6
and? T R e A

3 Drying with Fire ‘ \ b \v A\
There may be times, however, when climatic cond\tlons \Mll not permlt
the effective use of even an improved solar dryer This may ‘be the case
where there are long periods of rainfall or very cloudy weather Also,
when the amount of grain to be dried is too large, another metnod will
have to be found. ™ .
Here we present a modet called the Pit Oil %arrel Dryer or quoks Freld
Dryer that can be used quite effectlvely at the farm and wllage\lev\el
either by an individual farmer if he has'a falrly large amount of grain. to -
dry, or by a group of farmers workmg ‘together as in a cooperative. S
Storage of grain in a closed container requires that the grain be suffi-
ciently dry to prevent rotting. For malze this s optlmally 12% moisture.
content. The traditional method of sun drylng ig nelther assured nor
very efficient, especially for large quantltles lof graln It requires much
labor to spread and gather the grain each morning and evenlng and this -
is especially dn‘flcult in times of inclement weather [ :
Artificial drying permits drylng large quantltles of grain ina relatlvely ’
short period of time. The hlgher drying temperature drlves insects from ,
tne grain and allows the grain to be harvested sooner W|th less drying
tlme in the fleld thus decreasmg insect and rodent damage WhICh oc-
. ours before harvest. * | T '
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The dryer consists of banco walls with a screened false fl@Gr for 8rying_
Jomed end to end below the: dryrng floor

\\ccﬁ);smucnw (_see figures 9 = A - B G- D) - . o
B drying chamber has |nter|or dimensions of .2.40 x 2 20 m and a' :

height of 40 cm from the screen floor. The walls should be 30 cm thick
giving exterior dimensions of 3. 00 x2.80 m: The stoklng pit will be built

~ the corn with heat from a fire box consrstlng of thre 20 liter drums.

on the upwind end of the =dryer It should have interior dxmensrons of

1.80 m long and 1.70, m‘w1de lncludlng the stairway.

a

LINTELS . , R T
S The end walls W|lI be- Supported by 2 concrete llntels (1 20 % 0. 30 x-

6 mm) The lintels can be made any t|me al: Q 3 concre,te mlxture is T
, made though the soonerthey are made, the soonerthey canbe. placed

The formwork can be made from'boards or bricks lined W|th paper.
Three pieces of re-rod 100 cm long should be| evenly spaced horizan--

tally 4 cm from the bottom edge of the Lmtel . ; °

e: ; . 3.
. : AU O
€ 3 - . g . H “ it D[
vo- - N i | H
. a “ ' ! e .
P

THE DRYER

s B

‘First stake out the ﬂdrylng chamber 2.80 m wude x 3.0Qm Iong Thlsf.

should be centered be_tween the twb sides-of the hahgar. Extendlng
upwind on on 1 side of thé drying chamber stake out the stoking’ plt 2m
long x 2.10 m wide. This er’ leave an unused area on one ‘side of the
stoklng prt 2mlong x 0.70 m wrde onthe opposrte side of the drying
chamber: Dig all of thls staked out ared, 30 cm Yeep and pile all of this
removed top sorl to one side so that it will not be later muxed"wrth the
banco. ‘ g o '

Next, dlg a trench centered in the length of the drylng chamber 70 cm

- wide and 140 cm deep This will: extend 480 ¢m from the chimniey end of
the drying chamber (leavrng a20cm ledge for the retalmng wall. of the s

o

stoking pit.). Remove aliof this dicf taklng care not to ix it with the top
soil which was earlier removed. =~ ‘

v
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4 a - £ : ‘,//Screening }

Brook's Fire Drier

R . . L

' Chimney k Cio L
« ‘ a

20 e i \',,_-__...\\ ’,T.;
: / Y %9 cm
L i |

e R

Tﬂ 40 cm
50 cm

IR ~ = : ﬁggs —_—

Groung [, s —1.
- ] 45 e .- . Floor.]

Yedge j ‘..:? : i ' ‘ ; 
) A . '% . . |

. ? o
— 2 5 3 ]
Pl ;\/ - ;,\\ e . . »
B . - Section j-j' . v
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, Scale 1, : 25 s e :
: Drawing by’?bHara1d Thorshaug
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~ advance the constructlon of the walls can now begin. {

Labour -Digginghole ~ + 5mandays . -

Regairements — Prepare Banco "= 6 man-days.
‘ ~Mountwalls ©~ 6 man-days
—Placebarrels  1'man- day -

v .—Placefloor’ 1 man-day

PLACING @NELS ' | ¥y S
Carefully mé€asure and mark pomts 3m and 2.70 m-from the chlmney,

end of t etre5c and cutstotson both S|desofthetrench wherethehn-,f

. tel will rept. These w1|l descend to 70 cm from the trench floor 30 cm.

wide and'80cm long Cut51m|larslots up, agalnstthe chlmneyend ofthe’:
drying chamber -~ 75 em from the trench floor. The5¢cm dlfference |s to
give a‘slope to the barrels and thereoy facilitate smoke gscape through,‘
the chimney. Next cut the chlmney hole 30 cm wide x 30 cm Iong X

30 cm deep centered attheend ofthe trench. A channel 15cmx 15 cjm is

_then extended from the center of the chlmney hule to 50 cm from the'

bottom the trench. A5 cm layer of mortar or bancois laid in each of the 4
lintel slots and the lintels are lowered into place taking care that they are
level and'square with the'dryer side walls. If banco has been: prepared |n‘

J
MOUNTING THE DRYER WALLS . : 5 |
Mount the walls 30 cm wide ovef the llntels and 45 om on the s;des eXs
tendlng the stokmg pit retalnlng wall along its Iedge 20 m tnlck to a
height 20 cm ground level around the extremltles ofthe stokmg plt (2 m.

t
x 210 cm). This retamlng wall protects agalnst er05|on of the pit; WaIIs

and keeps dirt and trash from falling into the pit. t ,
The height of the wall over the lintels Wthh can be mounted in one day‘
wuthout danger of coIIapse depends on the quallty and water content of
the banco. When the drying chamber waIIs reach 90 cm from the lower"‘
edge of the lintel, the side walls thlckness is reduced to 30 cm Ieavmg a
15 cm ledge on the inside of each side wall whlch will supportthe drylng ,
floor logs. Before the walls are: mounted much above the ground level .
the rest of the digging and dirt removal should be done in the drymgm
chamber to avoid unnecessary dlff culty in removnng the dxrt From the

base of mter:or side walls to a pomt\ 40 cm from the bottom of the/barrel

194
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trench remove the dirton both sides of the trench Ieavmg a slovpe of ab-
out 45°. Whaen the retaining’ wali is mounted to 20 cm aboye ground
tevels it should be level with the drylng chamber Walls at the pointwhere
they are dlmlnlshed for athrckness of 30 cm. Ata herght of10 m hlgher ‘
than the 15 cm side wall tedge a strlp of chrcken wire 2§ |

‘,L

extending out intd'the drying chamber to which erI later be attachg

cm wide
should be embedded 10 cm in the wall all the way around leavrng 10 ch

the drying ﬂoor screen. This embegdded screenlng should be 1:00%%
from the bottom edge ot the front lintel. The waLs are mounted toa

helght 40 e¢m above the’ embepded screening. A the ame time that the'

drying chamber walls are bemg mounted,thg chimney can be done. Its-

height should be extended 20 cm higher than the top of the dryer wall.
The openlng canbeteducedto 10 cmin dlameterto pr vent undue heat
Jloss. N !
The stoklng plt is finished at any Convenlent time durlng the dryer con- "
Sstruction. The stairs are cut out in four equal steps 30 cm hlgh and :
40 cm w1de leaving a 30 cm wide Iedge agalnst the drye walll and the,
lowest step This will lend solidity to the dryer walI and lin el. The stok-
ing plt can be enlarged by cutting away 15 cm on each srd&

ing pit. ) 5 A ‘ g \
The|walls can be pohshed as they are bullt A layer of 1 8-m

* of the wall all around WIH keep the walls f_rom berng worn a\n(ay dufing
use. Cracksinthe dryer wall should bef|IIed,W|th banco toimprove both’
its solidity and appeararice. Extra care should be taken in filli g cracks
in the chlmney end wall to avoid srnoke enterlng |nto th drylng

\

chamber ce ., : L,

\Uf the Stuk- o

rtar on tob\ :

5 . 0 . . E \ . .
. ; L /
R , |

The sloping sides of the pit must be dug away before placmg the barrels.

Flrst cutbothendefromtwo barrels ‘and- one endfromthethrrd A ‘mall

PLACING THE FIRE BOX BARRELS oo L i. oISt At

hole 20— 30 cm wide should be cutlntheotherendforthechrmney 0le.

One side of the chimney hole is formed by the barrel rim. This hole will
be on the top side of the barrel when’ it |$; placed in the dryer. :

The barrels are joined with four heavy W|rés spaced evenly around the
circumference. The barrels should be supported with bricks or brok'. n.

ETH

staves 10 cm thick. , s
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Shown here is one of the two concr‘a‘tevlin)téls which support the end Wa:lls,,,k




. Photo — Erik Bentzen
Mountm‘g the dryer waHs {In the: background is.a nearly completed 45 ton ce-
ment sta\fe silo.) .
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The joints should be sealed by placing a strip of screening around them _

and plastering with a 1:8 mortar. If the screen holes are too big to hold
the cement, place paper under the screening. From inside the barrels,
the bottoms can be sealed as well as any spaces showingin the top joint
seal. ' ‘

The trench must now be closed around the barrel ends with banco At '
the chimney end the seal must go completely around.the barrel to keep

smoke from comlng into ttre drying*chamber. The opposrte end is
closed oniy around the top of the barrel to let cool alr enter the drying
chamber.

The join{ seals can be tested by Ilghtlng a smoky firein the barrels and .

watchmg to see if smoke escapes into the drying chamber. Do not let it

burn too long or it will dry the sealing mortartoo quickly causingit to be
orittle.

FLOOR SUPPORTS ,

Use 10 logs of solid wood 8 10 cm in diameter and 2.15m long to sup-

port the drying floor. A very straight log should be placed directly o

against each end wall to keep the screen from pulling out under pres-
sure.
WIRE SCREENING

-

can now be stretched across the logs and/,attéched to th€ anchoring

strips. Small holed screening is often v‘ery’expensive, so chicken wire is
-usually used. In this case, straw mats must be placed on top of the
screening to prevent the,gram falllng through. &

- The strips of screening should be longer than the 2.40 m Ienght of the

drying chamber because the weight of the corn will pull it down/bet—
weenthe floor supports The strips should be overlapped 5- 10 Cm and
attached by weaving thin wire up and down through the holes For all of
the wire screening used in the dryer, 9 m? are required.

Instructions for the use of the Brooks Field Dryer.

1. Before using the dryer each time, you should clean out the stoking -

pit-hole to make sure that the air vents underneaththe barrels are
&pen and not blocked by-ashes or dirt. This should be done durlng
drying atso

2. Check the barrels to make sure there are no holes rusted inthemor.
cracks in the joints which will allow smoke to enter the grain in the
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Placing the fire box barrels.




Compteted Brooks Field Dryer
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drying chamber. Do this by building a small smoky fire in the barrels
before putting grain in the dryer. Badly rusted barrels should be re- *
placed and cracked joints can be re-sealed with mortar.
Remember that to dry a large quantity of grain, a lot of firewood will
be necessary so it is a good idea to start gathering wood before you
start drying.

. The quality of your drying depends upon the person who watches
over it. He should be responsible and understand how to use the

dryer. He should be present at all times during the drying to control
the fire. - . ‘ Bt
i the drying fire istoo large, dthe grain onthe bottom layer of the dryer
may begin to char. This will change the color and the taste of the
grain. and it will be hard {6 sell afterwards. The best temperature for
drying maize is 50-55 degrees Centigrade. This means that the grain
frem the bottom later must not be too hot to hold in your bare hands.
About one day is needed to dry &5 T (500 kg) of maize. During all of
the drying time a responsible person should watch over the dryer. It
is best to begin the drying early in the mormng and continue all day
fong. Never leave a fire in he dryer if there is no one to watch over it.

.t you dry malze on the cob, remove the husks and dry a layer not

more than 30 cm deep. If you dry shelled maize, you can dry 500 kgs.
at a time or four large sacks. This will be a layer about 10 cm deep.
Continue drying until the maize has moisture content of 12—13 per-
cent: The first time you dry, be sure to have someone help you who
has had experiencé in drying. When you have dried once or twice,
you will easily be able to tell when the grainis dry enough by cracking :
it between your teeth. When the grain ts dry, itis hard and'breaks with
a sharp crack\lf you are in doubt, be sure to ask someone who has
had experience in drying. "
Grain which is to be planted for the next season should not be dned
in the dryer since the heat will kill many of the seeds and they will not.
grow. Thus, more seeds will be needed for a good stand in the field.
For this reason, grain to be used for seed should be dried thoroughly
in the sun. It should be stored separately in a closed container and '
checked monthly for rotti'ng or mildew. ‘
Don't forget that the secret of goed storage is good drying.
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WORKBOOK EXERCISES . \
; L
‘ o . . ; “'\
1. What drying techniques are currently in use in your area? ‘\
\
" Notes: - , o
2. What are the advantages and disadvantages of these' tecﬁniq’ues? ;
L s
Notes: )
?
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5. that are theradvan‘tagkes of an imprO’V;é‘ai's'cﬂar‘ dryer?‘
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7. Could such a dryer be used in a'cooperative way in your area?

; 1
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8. D;scuss the advantages as weH -as dlsadvanteges of drymg gram
wnth fzre """ o
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‘ . ' CHAPTERVII: t

GRAI'N- INSECTS RODENTS AND INSECTICIDES
Ifa farmer were told that more than one-thrrd of his gram harvest would
be stolen, he would ~most hkely react with suffrcrent anger to take the
necessary steps to protect his hard- earned food. Yet every year farmers
In developmg countrles are estlmated to lose between 10 -and 30 per
cent of their harvested gram not to human enemles rbut to the thlever
of mold, insects and rodents. ' ', ‘
A sustained battle must be waged agains‘ these thieves if;’the"farrner'is“
to receive greater benefit from his labor. " : ° -
“Itis difficult fo store grainin the troplcal (and even the temperate) parts; :
of the world without an insect problem developrng Long periods- of
storage increase the potentual spoilage caused by insects. Multiple __.:‘»f"
handling of the Qmmodrtres, inadequate storage facilities | both contrr-':._:
bute to the problem. R
We have already seen the dangers of molds when we dlscussed the
need to grﬁ grain sufficiently for safe storage. Molds are in some ways' ,
the most dangerous of enemies, for you cannot see themas easrly as/thei
two other major thieves: insects and rats. ‘
Insects are everywhere, but they are partlcularly dangerous around- *
grain. Adult insects are easy to see in grain. They hve outside the kernel
A farmer often waits until he 5ees adult insects before takmg any stepsf
to combat them, but when yol see the msects iti is; already too late, for
inside the kernels there-are no-doubt many more young ones growing

T Insect T com“orshootd—begrrrwetbbeforeﬁhegrarnﬂsﬁwnteaterager—

There are several step$ a farmer can take to help protect hrs grain| from
insects. Sonfe of these steps maymcl_ude rnsectrcrdes but alk, d pend"’f
on thorough 'cleaning of storage contalners : \ .
A farmer needs to make a regular “batt e plan agamst msects forthey‘i:
breed atan accelerated/ vra"t/e under trop cal conditions, and are also very'j :
adaptable to new surroundings. R S P
There are four steps in such a battle plan N r
. “Know your enemy”. Find outwhich insects are damagmgthe grarn
how the msects grow (therr Irfe cyr,le) and how the3< get mto the
grain. R TR -




" grainand'dust from between cracks, ledges or other parts of the storage '

* closely together, insects will quickly spread to the new grain.

2. Take care lp‘drymg “cleaning, storlnfofgrarrl

1. Know your Enemies .
There is a habit of calling any small bug, fIy, moth or moquIto an|"in-
sect”, but for our graln storage interests, we need to be more preqlse -

what Eooks like good, clean grain. : . '
There are manymsectsthatwnlattack grain.In any glven area, however :
|

thereis a fpndpnnv for nnlv afew fvnpq to hp dominant. Fnrthlq reason.

jrlu B AV VTR Y LY, e

it is best to check with an agricultural specnallst as to which types of in-
sects are most prevalent in the ar,ea - espemalry if an msectlcrdes 5

used. K - 0

2. Carein Drying, Cleamng and Stormg of Grain
The drying and storage areas must be kept clean. Thisincludes toolsfor .
harvestmg and threshing, and carts that may be used for carrylng the .
grain. .
Cleaning means'sweeping out old grain;’grain dust and dirt from stor— ,
age bins or areas in the home where grain is kKept; removing pleces of|

area. Repairs must be'made in-the floors, walls and celllngs where in-
sects mightlive, and patching any holesinthe buuding to make sure m |
watertight. | , , o
Remember: No hole is so small that insects can 't hlde there. One| lmpor—

tant precaution is to store new grain away frornfhe old grain that_ma,yg
still be on hand. By the end of a storage period, even with proper care,

there will be insects in old grain. If the old and the new are stored too

! : o ~ .
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__Farmers have. always tried-to-fight- off"-msects lnrough techmques of
“trial and error, certain effective methods have been developed al—w
though the farmer probably does not know the smentmc prlnc:lple be— ,
hind the technigues he has- learned. o \ L
"‘v':Among the technlques used are the follownng iéf- L -. o L . ff

ning; however does: not klll the eggs and Iarvae wh|ch may be ln the
grain. G G

.

Mixing certain plants W|th the grain: In many areas, farmers le cerrtaln ‘
plants with the grain. As with herbal medicines for humans, it is not al-

ways easyto know what herbs are used. The information is usually glven ’
by father to son or mother to daughter. Such natural control methods .

which provide active Control without msectlf‘lde need to be looked at
more carefully. :

Mixing sand or wobd-ash with grain This i‘s another traditional oo\ntrol
method. It is based on two correct observatlons The first is that sand
and ash fill in the space between the grains and thus lessen the amount

" of Oxygen available for the insects to breathe. lf\lso sand scratches‘ he

‘coverlng of the insect’s body, and the msectloses moisture throug, the
scratches. If the grain is dry, insects will not bé alyle to get enough Ois-
. ture to replace that lost through the scratches and the msects ,
Smoking: Some farmers store unthreshed graln on ralsed woo/en plat-
forms. They build small smokey ﬂres under the glaﬁorms,etherfarmers
store grain in the roof of the building used fofc ‘__w,klng Both ofithese
methods use the smoke and heat of fires to kil and d‘nve away lnsects
from the grain. The heat fromthe fires also helps to Reep the graln dry
and thus protects the grain from new insect attacks »

‘ There are ways of burldlng upon the prrncrples of th tradltiona‘"l,

methods and |mprov1ng the techmques w

One way to kill insects is to deprlve t‘ﬁem of oxygen As with a’, Iival‘ng‘ .
things, insects cannot live withoat oxygen Cuttlng out oxygen can be

done by making storage as air-tight as possible, by usmg oil drums with ‘
lids, for instance, although relatively little grain can be stored in thls&

way or using polythene bags All lmprovedgraln storage methods alm' '.
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at belng as air- t|ght as possrble for the T;aern d|0X|de glven off by the ‘

respiratien of the grain Ltself will kill:off many of the insects. .. = ‘{
4 . !

o . g
3: Measures that Can beeTaken wrtnout l{':sectmdes s it
A tradmonal way of excludlng oxygen is to fill up all the spaces between'
the grains so that less air is'mixed with the crop. This® principle. can be
maintained, and is especially effective when actrvated clay or charcoal,
is rnlxed with the gram Activated clay or charcoal is made by wasbmg‘
e'naH pieces of charcoal or clay in diluted hydrochlorlc acid, rinsing it -
with clean water, and heat- drymg it. You should use ‘/: 1 p,er.cent of -
the volume of the crop. . 2. . S
Grainin storage shouldalways be checked for msects fIylng beetles or
moths. It is best to put the grain through asieve.lfalarge numberbf in-
sects are present; dump all the grain, out on aDtray or plastic shest under -
a hotsun, but do not put ihe gram dlrectly on the ground. Then put all

- the grain thraugh a sieve and temove and burn the msects so that they®.

" cannot returnto the graijn. ' : ’ .

As insecticides are costly and alsa dangerous to use, itis recomended

thatas much as possrblebe done to fight agalnst insects wrthout the use’

of msectxcndes We offer a checklist, a list of remmders in your dlscus- ‘

stons with farmers. You cansstress those polnts hat will be most helpful

in your area: . | win” ’

— Store grain away from wet areas.

— Protect the stored grain frOm falling. ram

— Keep stored grain or grain containers out of strong sunnght Thxs wul!
keep thngrairr cooler. Warm grain will breed mare. msects :

- Place stored’ grarn contdiners or burldmgs where wmds can help cool
the Containers. o : ?1 ' |

—"J-(eneb the stored“grar,n 'as far away from the fle(ds as pOSSlble This

-‘4*—1'-'h‘efps Ke;ep r{ymg msact pests frorp flyung Lot.Ihe :,tored grain f{romythe"' '
o flelds’, L DR , n

~ Make so;e the storage area,_ is clean Sweep the walls, cellmgs, and .

floors and get out all dlrt s old graln and dust before you put new

=

» *

R 4»ﬂ& R
[ 4

.grain jn. - e W o »
= Make sutre th‘e cor;tamers for the gram are very clean '
- Ciean the gra’m vé’ell LR iy .
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Dry the grain well.

‘Put only whole, healthy gralns mto storage Dn not store broken

grains.

Place grain into special contalners whloh you can seal tlghtly— if pos-
sible. . , e
Watch for ﬂymg beetles in the early mornlng or Iate afternoon
Watch for moths any time of day .
Shake a sack on the floor. Then et |t rest out.of direct sunllght for a
while. Then check to see if there areany weev1ls on the outside of the
sack. g v
Dump part of the.grain out or take some: out frbm the rhtddle of the
storage container. : : o

Put the grain through a sieve. o o
Ifa large number of insects is present,dump ail the grain outon atray
or plastic sheet under a hot sun. Do'not put the gram dlrectty on the
ground. Do e

- Or put all the grain through a sneve and remove the lnsects Burn the

‘insects so they cannot return to the grain.

S
/,

sz grain with sand and ash when you putitinto thesrorage contaln— ,
‘ers. Sand and ash damage the insects’ bodies, and they die.

]

the insects away.
Plan for stonng the next Crop If you continue to- havat!:ouble_wnh-m-

"Store- untheshed grain on raised wooden platforms and build smal! ,
Asmokey fires undemeath The heat and smokefrom the fire help drive

4.

sects, see if there is a storage method which might be better. Also,

find someone who knows how to use msechcrde and get adv-lce on
' your prob!em ' e '

-~

lnsecticides S . .

lnsectxcrdes are poueons for krllrng insects. But msectrmdes also can kill
or injure humans.and anrmats if they are not used properly Insectucndes
must always'be ased with Care and thh the advice of local: agricultural

agents The farmer rnust always weigh. the cost of the insecticides

agatnst the potential benefrts Most farmers already know somethlng
about tnsechcrdes but often they are not aware of exactly which insec-
ticides shoutd be used. Farmers rnay use lnSGCtlQldeS without knowing

210~




“how to apply the insecticide properly or on what materials the in'secl—hiy‘
ticides can.be used. Some insecticides are safe’rthan others. Some in-
secticides canbe used on grain for seed but cannotbe used on grain for
~“food, but others can be used for treating both types of grain.

Types of Insecticides :
Many different pousons Kill msects but there is a much smaller number
of insecticides which are useful in grain storage work. The |nsect|c1des
avallable to farmersto use for grain storage are of two majortypes con-
tact chemrca%s and fumigant gases. These msecticrdes can be bought in
a number of 1orms. They are applied differently, dependmg upon;the
type of grain and the type of storage facility. ' P
ContactChemlcals These are the contact porsons The lnsect must get

“ these insecticides onto rts body. The contact chemlcals are avallabde ir
the following forms: '

— Dusts: Thesé contaln a Iow concentrat:on of rnsect1cudes mlxed W|th
powder. This makes them safer to handle_ than some of the other,
forms. Dusts are ready to use but must be kept very dry until used or
they will not mngevenly nor. ldst as Iong Dusts can be used on floors;
flat su rfaces and around the bottoni of storage contalners Dusts are
often ‘mixed with grain at the time of storage . :

- Mallthlon dusti isone of the insecticides most W|dely used in the stor-
age grains. in usmg this particular type the grain must be well-dried,

_for malithion dustdoes not work weH with wet or moldy grain. Usually
one pai:ket of 1 10 grams should’ be mlxeaTT'Ih gachsack [or9o Km)—
of SheHed maize. The mlxmg is done by shioveting the“gram into a
heap for ten msnutes or so, until each seed has been covered with the
malithion dust. The cereal which has been so treated may be used in
twelve to thirteen weeks, for the chemical breaks down Completely‘

—-and-does not leave a-harmful residue. ‘ .

- Wettable Powders: These contain a high concentration of |nsect10|des

Wettable powders must be mixed with water before they can be used
and require careful mixing. They are used to spray outside surfaces of -
sacked grain, storage containers our bu&ldlngs They can be applled
with simple sprayers which can be made or purchased Wettable pow-
.ders must never be used dJrectly on grain. .
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Emulsion Concentrates: These are liquid concentrates whrch must be
[;mxed with water before they canbe used. They contain a high amount_
of msectrcrde mixed with other ingredients. However they need specual
equipment to apply and thus are more expensive ahd. more. d|fftcult for ;
the farmer to use. ‘ , f

DDT: One.of the most common of the contact Chemlcal insecticides is
DDT. In fact, in some places, DDT hak become the general name of in-
secticides. DDT must be used with care. DDT an protect storage build-
ings agamst insect attdck. It can be apphed elther by spraying or palnt—'
ing it on with a brush. The treatment should be repeated every srx to
eight weeks. However, DDT must not be used near food nor onthe grain
itself. It should not be used to dust inside grain storage Contamers :
- With all the contact chemical insecticides, great care must be taken for
even a small dose of insecticide can make a person sick. Do not eat,
drink or smoke while using insecticides. Wasgthe clothes you are wear-
ing separately frqm your-other clothes. Keep the insecticide containers
away from children and animals. Bury or burn all the empty. contamers
Fumdgants The second’ major category of msect:crdes isthe fumrgants .
Fumigants are gases®and have several advantages as an insect-ce J?rtrol *
method: Gases can enter all the cracks in storage facilities and kill in-
sects’hiding there. Fumlgants can-get between the grams in storage
and, in many cases, cap er the larvae wrthm the kernels ‘Gas does not -
teave marks on the gram as some msectnmdes do. '
However therea are also very real dangers in usmgtucmgaets They are -

poison gases and some are‘extremely dangerous to man. Fumigations
must only be carrred out by properly trained personnel who have re- '
ceived training not only inthe techmques required but also inthe safety,',
aspects hecessary. AtJeast two operators must be employed in fumlgac |
tin enfested proo uce for safety reasons. The operator in charge should,j,
have proper trai \ng or experrence in the type of fumigation he is Ilkely -
to undertake. -
I any- typeot fu
ried out to ensur : : ‘ M
. The safety of the operators and the other persons mvolved
2. The avoidance of damage to produce and hazards to consumers;
3 The ettectrveness of the treatment. '

atior\ work the approved prOcedures muet be car-

4
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Fumigants kill only insects which are already in the grain. Thejy do not f

_protect grain from new attacks. Fumigants must be used in,‘airtijghtcon— .

tainers. Thus, if the farmer is storing his grain in jute sacks, he will have

10 find some other container which he can make alrtlght before he can

fumigate his grain~He-may-also-be-able-to- cos;epM&granmsacksmxtL
heavy plastlc and fumigate in this way. L e t ; .
However, fumigation may hurt the ability of seeds to germlnate‘and thus
shouid not be used on seeds kept for planting. | |

The mostwidely used fumigants atthe farm orwllage level come insolid
form as pellets, tablts or packets. The active chemlcal is AIumlnum‘
Phosphide. The tablets release phosphine gas when m0|sture touches'
them. One of the most common of these fumlgants is Phostoxnn also
sold under the names of Celphos Phosphine: Thls lnsectlc:lde must be
used only in airtight containers. Fumlgatron musttcontlnue fcr at Ieast'

72 hours. T J

. Fumigation must be done wnth very great care by persons with the re-

quired training and experience. Its value is espemally greatJfor Iarger

amounts of stored grain and should be of mterest to cooperatlves and -
other forms of joint storage. ' ‘ ‘f . j ‘
Informing farmers about the use of insecticides |s an rmportant yet dell—

cate task. The world is now becoming conscious of an over use pf in- "'
secticides, and the dangers of their constant or habttual use. Itis dif-
ficult to know where to draw the line in the debates among experts asto

what is harmtui to the environment and what is not:

|

-————Since-th-mostareas somernsectrordes with atreadyhavebeen inmuse, it |s'

- necessary to know what is the local opinion concernmg them Will in-
secticide-treated grain have a changed taste or odor? Is. graln so treated?f
acceptable @y the farmer for his own consumpt:on? Have there bee
any bad experiences in the locality as a result of the mlsuse of |ns
ticides? . o o

Rodents B ,
Along with insects, rodents are the major enemy of stored graln Rela-
tively lass effort has been devoted to research on rodents as agrlcultural ’
pests as comp.ared with research on lnsects ot course some work has
been done in the past but thxs has been com‘med mainly to emergency”
situations, such as sudderi rodent popgdftlon explosnons There have
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N\
been redl rat mvasrons recently in the Sahel states of West Afrlca for

example. l : : , ;
Thus, a great deal remains unknown about the bes'f‘rnethods of preven—
tion and control or about the environmental factors favorlng rodent in-
ceease and the amount of damage done. ‘

There is ample evidence, however, that rodents do agreat deal of dam- ‘,
age, and hence it is essential to know somethlng about rodents and .
i some of the ways to combat them. .

Rats are very numeraus and. very rntelllgent In unrversny laboratorles .
“rats are used to study how people think, because rats are- among the

most clever of animals. You must thus- take strong measures agalnst
rats, for they ean find ways of getting into the most unexpected places.

Rats always live near people. It is estimated that in large C|t1es there is at ;

least one rat for each human being. L o

In some areas, rats are eaten for meat, but this is often because they

feed so well’ on.the farmer’s grarn Rats can carry dlseases and they '

should thus be kept as far away as nOSS|bIe ‘

The first thing to know is what rodents are most common ina partlcular
area, for this canvary. Sometlmes when a nevl/ cropis gmwn a new type
of rodent will come to eat it. ; ‘

b
There are three maln tamllres of rodents that are the pnncrpal enemles

-of stored graln o g

The largest is Rattus Norveglus s0 Common that he is often called t‘he
common raL or the sewer rat, or. agam the brown rat. The adult’

ground and can burrow under a wall. o

The second rat family is Rattus Rattus also called “roof rat" because
he likes to cllmb He is also sometimes called.a ship rat or an Alexan-.
drine rat. He is somewhat smaller than Rattus Norvegrus and welghs

about 250 grams when full-grown. He, too, can eata great deal of gram ;

and is especially dangerous because of his abrluty to jump’and climb.
Mus Musculus is the screntn‘lc name for the “well- known mpuse He

welghs only some 16 grams has a long tai and a pomted nose. Slnce{"

mice are so small, many farmers do not realize how much gram they can

 weighs about 330 grams and he eats agreat deal of grain. He digsinthe

|
J

eat. Moreover since a mouse does not eat the whole graln he rurns v

more, graln than he eats. BN .
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¢ Rats and mice frave large famtlses and reproduee often. Fortunately, A
manyldre young; but those-that surwve gan cause great damage and: ,
" steps must be taken agamst them. ‘ e =
These steps. rnust be coordinated into. a regular battle plan

;

hunt or frtohten awav rodénts.

. The first step is to keep the farm and ‘the storage area as clean as
possible. The area around the storage facmtles must be free frorn.
long grasses or brush where rats and msce can hide. There should '
not be any trees or poles around WhICh arat canclimb onto the stor-

~age fac:lsty There should not be any spllt graln on the ground whlch("

‘can serve to tempt. the rats. - El e 3
Food shqutd be stored carefully, and if any trash or wasted food is to :
* be thrown.away, it. should be buned well away from the house and: .
storage areas. SR | .

2 The secand stepis mare on the order of an offenswe tactrc Rats and d

‘mice can be actively hunted ahd trapded Cats and certaln dogs w1II "

A

There ase also a vanety of traps, many of thern traditional, suchasa
covered, pit or a petrol tin filled with water There are, as well, com- |
mercially-made steel traps which are useful, but can be expenswe
- The number and type of traps will depend on whether the farmer is
seekingto control rodentsin his grain freids m the storage facullty, in’
his home, -ar xn all of these. . =~~~ S "
. The third step is to make the storage facrlmeSaas rodentproof as
"possible. O : S S ‘ :

If the farmer is using an tmproved storage crlb rat guards should be :

~ fitted onto each\ef the crib's legs. These rat guards should be placed‘

apout 9‘/—' feet above tbe ground sothat rats cannotjump overthem '
"This means that marze eribs and grain stores should be ralsed dn“
platfprms some three. feet hlgh : .
" if grain is stored in bags wrthan a bundmg, the. bags should also be.

. raisedso that roden_ts cayinot htde Watchfulness is very rmportant f

Keep lookmg for rat dropplngs and for spllt grain that may have
come from rodents havmg broken open abagor plastrc sack ‘

" 4. The feurth step” tS the use of rat pousons As with msechcndes great s

- care must be taken wnh rat poxson All the more SO as rat ponsons are’

. maxed with tdod and left on the ground where they may be eaten by'-'

g
CEEA
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children and amma,ls Thus po:sons should be used onIYWhen other'

means,have been ern’ployed andjhen onlyon the advrce of someone
who is familiar with their use. . A o
The poisons easily available. wrllv’ary from area to area, and are sbrd
under dlfferent trade names. Basically, rat p0|sons are of two types |
acute porsons and antlcoagulant p0|sons F o
Acute poisons, such as zinc phosphide or arsenious oxrde are snngle- j
dose- poisons. Rodents need eat only a mouthful of poison and candie
in'a haifan hour, However such porsons are extremely dangerous The,
‘bait food which is mixed with the poisons can be plcked up and eaten by ,
‘children or by farm ammals Such porsons can also be eaten by wild
~animals who are good hunters of rodents In fact, rats have lncreased
partly because many of their, natural e‘hemles have been kllled off.
Anticoagulant porsons aré used in lower dosages and must be eaten for
-a number of days before death.occurs. Only a llttle porson is mixed !n
wzth the bait food each day These’ pousons cause rodents to bleed m- .
srde%herebvdfesand dte e T -
Aﬂtrcoagulam porsons are probably the best to recornmend They must
be used with care. L . B o
[tisimportantto keep enough baitou for a Iong enoughbperlod oftlme-—;;”
" around two weeks. Each pile of. bait hould be about 200 cm and should
be taid in places where signs of ro nts have been found. Rodents tend
to use the same paths or entry places overand over, so once the path is
dlscovered place the bait there. If the bait is not being eaten ‘however,
.this probably means that the path is no Ionger being used and the"
- farmer should look for a hew place to set the bait. ,
) Persons are expensive. They should be used along with other less ex-
pensive methods. They should always be used with care. .




WORKBOOK EXERCISES

1. Why is an effort againét insyectaa'so‘ népessary? ~

- - Sk
o
B o
o - :
" 4 i
2 a ° 7 :
3 v
o r a :

k]

L When standingin the field?

. When‘storeAd".‘?

. . s : : ¥

) ‘ . o 3 K Yy b ; ; 1

Notes:
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3. What are the traditional methods of protection against insects in
storage in your area? ’ ' '
T
- = @
. Notes:
4. What is the effect of filling the space between grains with either
e smaller grains or witholayorsang 2 —to
. 5 g
Notes: ;
n
A A
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5. What types of insecticides are used in your area? How exbe\nsive” .
are they? e

Notes:

»
6. Are any fumigants used to protect stored grain in your area?

-
)

By whom arethey used?
o2
Notes:
-




[a]

&. What rodents are most common in your area?

i




o
-

. 9. AretheylUss dforfood’?
A;em ey left a!cme oraretheyactnve(y foughtagamst’?

X,

Notes:

10. Why shou d garbage and tmsh be buried away from the house’?

Notes:
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pes of rat poisons are ava

* What are the danger
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methods be am@med as wvde%y as pos ible at the arm
for the cost of cereals plays avital par’t in the cost of iv
ing standards of the majority of the population.

lake m«;«a@ures so that the producer rec: ives a f
‘auus, that m y are made available to the consum: a
price, @and that the processmg and distribution r‘osts are not ex
Efficient storage at the farm and vil lage level and good ma ke
Key amume:; in ;ai@guardmg both the con. e 1,,]

1"(3{;:;5 b 2 Gl Rl Gl

Therefgre it is @ssentaaf Ehai umprovgd gram storage metr

improvements, h@gmnmg wuth bettﬁrsaie{mon of seeds prot cti
betterment of the soil, ;mpr@vemems m growm ) care,

storage and mafketmg Each step is fmportanti WA e o
@wraﬁwzsmn even if you are concentratmg only .
Qi the pma em. ‘




@

o ab;ectwes a better life erugh better preservahon ot the CrOpS qr wr‘v

r

~ools or: who are active in the social betterment of. qhe wflage You

" periences. IR .
K ’ . N

Step 1 — Assessment: K . L B 0
~Fhe-tnitial phase in the planmng and expandmg of. rmproved storage J
technigues+is an analysis of the problem from the point of vnew ofthe
farmer in the particular locality to be served. All the programs mustbe
based on realities as seen by the farmer who is storing his grain. « ; . o
. Each village has slightly different problems, even wnthm a small reglon

For various rpncnnq one unllngn will hn more: ﬁ’nnn to change than

o Can s NN U'J KBNS Vllullsv \llun K"

another.Inone, the farmers will be readyto makeamudsrlo ln anothgr

the farmers may. want to store grain in plastic sacks or in oil barrels
You must rema in flexible, with a clear vision of you.r overau a:ms”and -

‘The techniques are the m 'ans and they: must never b@ ,forced u'po a
vitlage. You will have to deci Verwuh th@ocal farmersa vd vrllageleaders .
what is possrb?e rmmedaéte ly. Yo/\«{ must also have in the bagk of your
mind a varrery of possrbfe techmqbes to reach the same end's* :

'ne wHaae tpvez author txes They shoufd be made awape of the imporm :
tance of storage, even rtthey are nOt gram c;u(twators th‘gmselves éh .
support of such ioc:ai persons of rmportance is aIWays of*value. Such
local leaders will baamﬁmumdicate. 0. YOU- mégilh&faﬁmersmhn'
have b»eer innovators in the village, who have started to pse |mproved'_' -

should 2 d 50 askfoc‘a leargers about the hrstancal baekground of past af= .
forts iy’ rurai exterwsxon prmects SRR Ry _r

The Hlstoncaf Background SN s .
It is likely that there have been other extensnon programs in the area .

The SUCTESS of faxiure of past programs mﬂuences the waYS a farmer_:‘;’j'ff.’ .
wilt look at. new programs. . . e |

5 o
» a

Wﬁat were the past expenences in your area" A;sk the cﬂder members of
the commum‘ty They usually have' memorres reachtrfg far mto the pas
, They are often: able to tell you what has been tned and has fa;led Y
wri haw 1& learn from past expenences ' ’

s
&
o
7
i
£y
i
2]
y
4
#
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e efield tests can indicate the level of farmer mtefﬁ:st in the Dfoposed new;r .

% .

A knowledge of the past will also help you to 1dent|fy the famllles th
have played an active role in village life in the past ..

How are the Local Farmers Organtlzed‘7 . . ”
“ln every socnety developmg a industrialized — there are a Wlde vanetyf ‘
of organizations, both traditional and.modern. It is helpful to know how =
the farmersiare organlzed and who playsa leadershrp role. Itis also use- .
ful to know how village leaders exerCIse their respon5|b|l|t|es ‘T' l;,;'
Once yau knomwho are the local leaders, go and speak Wlth them, even .
if they are not grain farmers themselves. They wrll give. you adv:ce on_ff
howto impilement the next steps in your development program In some
B areas, itis possible to hold a special meeting for all thefarmers In other‘
~cases, there wjll. already exist a cooperatlve or an agrlcultural rrn-,i‘;_'
provement oemmlttee with Wthh you can work ‘ -

Step 2 -~ Formulatlon, .- ,l
. The second step s»s to fOrmu ate as wnde a range of approved praCthes', o
as, EDSSlb B e i . . - o

If you have only one thlng to c}ffer you place thefarmerm an acceptdr .

' reject” l

rg!ggl still Qtners B s . 3 @ . fp,,.‘?, .
| tt Is during this: second stage that the dll‘ferent lmproved techmques
-must be neld tested Freld trials can help to verlty thevevcﬁl_e;p_t_g*b_lllty of
loca» materials as substltutes tor more costly materials. Freld tests un—
cover hidden problems and unantrcapated eot:lal lmpedlments The

)

tii%chmeue Y . L .
The farmers with whom you set up the fleld test must underst

o
o

 ments thardo not worl( out Thefarm famlly m%st noth‘
the failures of fleld tests E




~ stration models should be hrghly V|S|ble and buxlt to attraot attentlon -
Possible locations for. demonstratlon sttes are near the home of a,well- ,
respected farmer, at the farmers cooperative, at agncultural youth | ,
clubs at agricultural exposrtlons or on publtcly -owned land.

Step 3 — Organrzatlon and Admmlstratnon ‘
The third step«; settingup an organtzatlonal and admlnlstratlve structure
for the adoption of improved methods, will depend in large measure on
~whathas been found during steps 1and 2. It will also depend ontheex-
lstlng agricultural extension structures, the presenoe or not of coopera— ‘
tives, and the possible methods of flnancmg the mtroductron of new * .
storage techniques. | ; o ... .

, . .
lntegratnon mto the Local lnfrastructure
A-gratn- storage program can have a more lastlng and broader lmpact rf
itis closely integrated w:th agrlcultural extension servuces farmers or- .
ganizations, local: craftsmen. and the local marketlng structure. Addl-
tionally, such integration can, reduce the program S organlzatlonal and
loglstlcal responsibilities. For example the management oflnseo‘tlmde .
suppltes mlght be turned over to merchants or farmers ,_,organlzatlons:i-l’
,Crattsmen once trained in storage construct|on skills, Can take over . -
further training through apprentlceshlp of younger craftsmen Agncul* -
tural agents can, supervrse drylng treatment and storage lnvolvement

e

‘brlng abou’t an tntegratlon whrch hopefully results |n adaptatlon of lm— , ,
. proved storage practices; ', : 7‘ e e ‘ . ;
~ Coordination wrth other related pgojects ‘ca'n also‘extend the longrange .
.etfectofagrarn storage prolect or exaﬁnple abroader more effective
base might be gaired by Jomlng forces W|th graun commercuallzatlon
programs or lmproved productlon projects: which encourage the use of "
fertilizers, lmproved seeds and/or animal tractton This type of COOl‘dI— .
- nation can prowde complementary beneflts for other sectors of actnvuty
aswell. For example alocal committee for lmproved grain storage oran
‘organization to provide credit on a cooperative basis can be an occa{
%-_T‘sron f’or people who do not always work together to come and dlscuss*

;thelr common problems From such meet:ngs may come coope ation:




e

LR ——

better water su ppIy

z

In those areas where existing local institutions are strong you can see lf-

“they can be used as a system of support for |mproved methods of graln

- 'toge’therfor better rural Irte i G o

‘ “ .g T‘Step 4 Evaluatlon = e o S ,
“The fourth and ﬁnat step — evatuatlon —isin many ways the most di

. farmers: shoutd be using 1mproved techntques exactly two years after

v the first demonstratlon has been made. Itis Irkelythat such quamtlflable
goals sheuid not be set out at all, for the process of development and

T bettenng rural life has many dimensions. . - .
. Too otten however programs a’re ot adequately eva'tuated and asa

result are either continued beyond"theur usefulness, or dropped before . |

effective modtf:catrons mtght have been made : .
~There must be set a Certarn number of criteria for evaluattng an exten—f'
ston- program T e
o . " 1. Is the program hetplng the tarmers to meet-thetr b sic needs’?

. 2. Is the program helping the farmers to be more selfrehant? :

‘ food suppty’P o
ConcJusmns | ...
Thus, each ot the four steps is equally lmportant It is up to you who
know.your [0 Eocat sntuatlon well, to help organlze an eftICtent—VIable farm

S and vitlage- !E‘Je! gram storage program surtableto the needs of the far-
| mers in your area . ! .

{ on other issues, such as bettenng the road Ieadlng to t~he market or a"f

storage Where they are not strong, a program for better graln storage =
may be helpfu! in setting up'local Commlttees that wrll Contlnue to work' - .

< ficult. What is success? Usuatty precrse quantlftabfe goals are not set
outina program such as, for example precrsely 25 per centofall gratn N

3. Is the program helping to meet basrc national need% such asa sure

oe




 WORKBOOK ‘EXERCI‘S:E"SC .

the last ten years’?

1. What past extensmn prOJects have been camed ogt |n your area over

,,,,,

|
0 |
|
-
-

&




3What do iocql’" leaders feel about thes,é _prégrams’.éé, '

1
i

3

Notes:

4. Howwould you go about estimating the
farmer of improved grain-storage !

i - o




work at the level Qf the reg:on m Whlghyou WOrkg:« tu

9.

FE‘SDOUS‘UIE“? TO Whom is he respons:ble and so on al;,"“
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7 Have you participated in -an aluatlon of a pro;ect? lf
- .S0..what sorts of thmgs would you',looykr_for? |
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' . CHAPTERIX | | .
DEVELOPING A NATIONAL STRATEGY FOR FARM AND
VILLAGE LEVEL GRAIN STORAGE -

- ltisclear from yourjown experlence and from the lnformatlon glven in
-, the, WORKBOOK that there canbe oonsuderable reduction of post har- -
~ vest losses of grain at the farm and village-level through lmproved
grainstorage techmques Such reductlons ona wnde scale are neces-“ .
‘sary both for the good of the farm family and for the good of the natton .
National self- -sufficiency in food'grains is ‘anational priority that cambe ': |
reachéd ‘with-a combination of better‘information better ‘technc)‘logy?:» .
and better orgamzatlon There is growing international concern forthe . .
need to reduce post harvest food losses. At the Seventh Spectal Ses-i‘j L
fsnon of the United Natlons General Assembly on September 18,:1975, .
there was a resolutlon stating that “the further reduotlon of post- har-‘] ,
"vest food losses in developmg countrles shoutd be undertaken as. a'
matter of priority with a view to reachlng at Ieast 50% reductlon by

1985." , L
The aim of this WORKBOOK has been to encourage you to adopt gram -
storage techmques than can be‘effectlvely rmptemented at the farm andy
village level. The techmques offered here were chosen in v1ew of thelr; .
Dracttcahty S|mpl| ity and also on the basis of the meagre fmanmal re‘? . 0
sources available t most subsistencé farmers in developlng countrles
These improved téchniques can s:gmflcantly reduce farm and v1|lage- .
level post-harvest grain losses The technology has' been adapted so .
that the farmer does not have tg acqunre a wide range of new and eom- - .
" plicated technical skills. Thus, imprqved storagefaculrtles can become a
redlity for many subsistence farmers. Furtherrhore, the technology;m-[; -
- volved here can no longer be constdered experlmental” The ablllty to .

“construct effective low-cost and simple on- farm and village- leveLsilos‘f' . .
-‘and drying units, which are able to consm’erably reduce post harvestf
. grain storage losses, has been poncylusuvety proven .
The major question now is howto tra slate thlsmforrpatlo ] : ing
" improved farm and village-level grain storage into a natlonnwme;

' strategy. The development of a national strategy tS never easy and r
o quures the reahzatnon on thepart of many people at all Ievels of socret‘




- .f',,,-

T : . However there are four suggested basnc steps that can be used;
as duxdelmes in helpmg to develc;p such a nation-wide priegram .
Theﬁurst Step is the presentahon of the problem andthe technical soluw

o Vel tvtonal regzonai and- local leaders to ado
proved grain storage procedures at the ¢
discussions’ must make specific references to te v
availability of necessary su ppttes marketing servuces and credlt avalla-} .
+ ~ “bility. The information gathered at the local leye! wit! e
/f{F'eFd “Questionnaire can. be organized ir o
X way and presenteo"*at such national, policy- onented meet:ngs :
-~ « The Second Stepis field testing with a view to analyzing the relatjvé ad~ '
vantages and dlsadvantages of alternatlve storage systems. Testlng of
facilities 'should be viewed in terms of the followmg consnderatlons
1. Cost and efficiency, :
- Geographic and cllmatxc adaptablllty
Construction material avallabmty . s .
Skills necessary for construction, proper use and
Current field experiences and practncal consndera’a s Vre
encouragmg thanges .

O ke W

The Third Step is the choice of
uysed ona nation—wide basis T'r‘

ety
LEL

putting off the necessity of adopting & national program |
proven standardlzed models can be constructed on a massuve scale

those grain-storage f
needs and requnrem

234 e
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' no great problem once the éommttmant for certam standardxzed mod-t .
els ha< been made. - / i | : . .

techmmans to carry outsuch a nairon wsde gram storage program One

of the most ef sectwe ways isby Qﬂ—%je gob tramrhg workshops such .

as you are now axoenem ing at Arusha — Combmmq essential informa-

" tion with pracma training skills. This type of ‘learn- by—domg tral ng .
can,be done relatively mexpensxvely It also readlly allows for ;mproveﬁ .
ments to be built into a training program, on an "as-needed" basrs "
might be added that such trammg programs are mcreasmgly of mterest .
to international aid agencies. ™ | ..
On-the-job training programs also give greater opportumtles fOr -
periodic and meaningful dxscussnons with farmers a\nd thus can im- .
prove on what the farmer is aiready doi ing. thereby enhanomg;hxs own

florts for a Yetter lite. » i '

ok

& -

.CHAPTER X: .
FIELD QfUESTlQNNAI_;{R‘g -

@

¢ n f e : a4

This ouesuomrarre is orgamzed in outhne form to hefp you coHect o
economic aﬂd social information as well as agrroultural data that will be‘ .
useful to youwhe\n trymg to: determme what if any, rmprovements m' |
grain-storage methods should be suggested to looal farmers
Thus the questionnaireis used for the system : collection of data ab«»’ .
out the ways a famxly lives, the way it grows : 4 t

;every-v .
thmg about the way people live, but you haxe to know enough to! be able .
to help them with their most pressmg needs. In the past, technicians |
were inclined to teH farmers what theythought they needed rat »e': han
talking things over wrth them in order to learn what their real requwe- .
ments were. i e ;

5




' The questions posed here are meant to serve as a guxde to enable you ‘ ,
i ~:3ystmmatica Iyto m%iect the tvpe of mformatron avallable to o When' .

“things in this pamcuiar way: o e .

‘the questionnaire approach as a tool for gathermg your data. -

| - The compare your observations and answers w1th othersvworkmg on’ .

sary changes Ot course, we all realize that we live in a rapsdly changmg .
-world, and itis necessary to modlfy certain modes: of thlnkmg and ways -
- of doing thmgs But above all, we' must try to be creatlve wrthout ignor-.

A questronnazre is set out in a ceﬂam 1ogical ‘order — usually a;

236
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seeing it fomhefxrsth;ﬂe even ifitisthe regton in which you have grown o
up. We all take many thmgs for granted, as if it were the omy wayofdo-
ing thmgq Thus we do not really look at what peopie we know aredo- s

ing. You must try to see with 'new eyes” as though you hadjust landed . ‘
in the Loumry so that everything, the way people eat or, plant thelr,,r,’;,_/, o
crops, or live in thexr houses was bemg seen forthefxrsttlme f yogcan
look with “new- eyes you then a:sk ycurse{f why peop.le are domg :

At that point, you are now ready to wrxte down you observatlons usmg

The next step we suggest you follow is to talk over with the local farmer’ -
and his wife the things you have already observed. The may think the

questions strange, especially as ‘they may feel you already know the o
answers. But ask the question anyway. You may be surp,rlsed by thelr;'

answers, and they-may lead you into more detailed conversahon You .
should also try and note on your questlonnazre the answer of the farmer: ,
next to what you have seen. '

the same type of problems. What are the d:fferenoes'?

It is by such patient systematlc methods that you can dlscover what is ,
truly'in the b@stmterests of the farmer and not what you suppose From .
that point on, you are in an excellent posmon to brmg about the ne, 8.

mg past aocomphshments

chHronological order — that is, one thmg follows another in tlme The,f‘u;’!
questions about planting a crop come before those about harvestm
forexample, and those about harvestmg before questnons about sel, ‘, ng
grain. » ~ ' '



A

md answers to every questlon for ea
ivi g you a pioture of the way the farr’ner Cu

prove hzs Qtorage technlques .

This quﬁstxonnaxre will allow you to note down in afalrl s,yst
ebservauons that you make in the course of your work ~
questions you ask of farm familis: and ;deas recexved fro
ricultural development workers, - - L
The questiennaire is divided into four sectlons

I, The Grain Cycle and Seasonal Wark Calendar :

. The Local Farm Economy. ‘ :

l. The Uses of Grain.

g i

V. The Currerit Stor‘ag‘ey Practices.

|. The Grain Cycle and Seasonal Work Calenddf 0
The work of afarmer is iarge!y determxned by the seas

nating wet and dry periods, Clrrnate of cours_

e

can do very lettle to Change and throu




1.0

of the ioca! farmer In some areas, grain is the main crop.and takes up
most of the farmer’s time. In other areas, |ess so.

What is the place of grain crops in the local economy?

What afount of time does the farm tamily spend on grain crgpé‘i’n '

" comparison to time spent on root crops vegetables caring for ani-

2. What grain crops are grown locally? (Names in both iocal languages_ .

3.

mals, handlcraﬂs’?

and in translation: maize, millet, sorghum etc.)

Does the farmer make a distinction as tothelr use—thatis, isone type_ :
of grain destined for sale, another for food consumptlon yetanother

for teeding of animals? o : .
How large are the fields under cultivation? . -

Are they single-crop fields, or are crops mlxed one row of 'manze S

the nex#ot groundnuts, for instaltce?

What is the grain production cycle?

a) In which month is the grain planted and by whom (#ife, children,
husband, sollective labor)? ‘ ’

b) How long does the crop take to mature? .

c) What workis required during the growmg peruod" (weeding, pro-“‘j‘ ;

_tection frorh birds, etc. By whom is it done wnfe children, hus—
band co!leiectlve labor?)

d) When is the grain crop harvested?
By'whom?

e) Who does what work at each step — preparing the fields, plantmg,
weeding. “harvesting, etc.? (husband husband and sons, wife,

wife and which children, cooperative work with other relatwes |

and neughbors") )
How is the grain cycle linked to the climate cycle? . BN
a) Which are the rainy months? | R S

Va -

The average rainfall? .. = _ o SR

'b) Which are the dry months? T ek -
Is there any dangerof rain during the drylng penod followmg har-

vest? - 3 .

.¢) WhICh are the months of maximum temperature'?

d) Wthh are-the months of mlmmumtemperature'?




ﬂ o‘ver' 5 yeare tsme e
21 over 10 years ttme

',/Are there per aods of the year when there is less pre_ smg agncultural
' ,”work fo do when new burldmgs (;ould be burlt etc 20 '

More and more often benefrt rs measured in cash terms Cgsh ben
are not the oni y F\md to be take : nto Consrderatron however A befct

the local farm economy What»does the farmer selr to whom ‘
muoh money, what does ha do wrth hrs earmngsf? ‘

marhet? o
Are there more Iucratrve m




'zf??’

cash? {In many mstances the farmer sells at hawest time because
debts usually fatt due at that Ume :chom fees and taxes must be;], .
paid. etc. ‘5 R : B ; . :
Are there any local <évnngs‘facu txas - postal savmgs or banks’? Doas
the farmer use them? The times when farmers need Ta 'h must be o
‘studied loeal Iy, and possibilities of moﬁcfyma the patter:ﬁ
. "v’hen does the farmer sell his graun'? :
— Most @u{?i‘ immediately after haweqt? | o
- When grain crops hawe be@n dned but not stored mr any Iength of@ .
T time? : o ~

ey

Later in ihﬁe y‘ear’?,

il

’ Eamw because msects have eaten part Of thakemei with goed‘ .
grain. He can then sell his gram aé/!he satme pnce as W@H Stmr@d .
Sgrain.y o g o ”
In this respect, ‘wha% typéesoif qua lity Contro I are ther@“@h the lécal L .

" market? Are there ways that a farmer could b@ r@ward@ﬁ for sellmg .
i»‘%é«ier/ qua ﬂ:y gram"’ .

The Use of Grain , : ~
Peome will make changes n their ways of e::i@mg th ngs only 1f :t is r'
zmpor’tam to them Ec‘"nake th%SE:B changes. , i 7
It grain does not play an rmponantf&%h@l? ! s
case for many cattle-herding Q@Dpl@ﬁw itis nat much use t@ talk t
“about improved gram} storage. - . .
~ Itis therefore importdnt to know what place gram has in the hves of o

" people. If there are some months between harvests, when people feel
' hungrv then itis easy to point out the need for better storage so hat_. .
 they will have more food all year round. ‘ . .
it is also :mpoﬁant to know who decides hdw grain that has been stored
wrtibe used lfthe husband decides, themtummpor’(antto talk wnh im,

L 240 . 0 /f)




the benefits of umproved storage. even if it is the husband who does
most of the work. —

Much grain is normally used by the family as food. Although a detailed

study of nutrition habits is impossible to make in a short time, itis useful

to :nqu:re "into and discuss the use of grams in the regular diet:

1 How often are food dishes with grain eaten? (Twice a day, once a
_ day. several times a week but not daily?) E o
., Does the frequency of eating dishes made with grain vary at dlffer-
ent times of the year?
If so,.what is the yearly tfood panern‘7
Are there inter- harvest food scarcrtres"
If yes. in which months is scgrcrty the greatest? £

A

.

o v oW

fish. eqgs. yams etc.)

~4

ground between stones. smalil grmdmg machine, commercial mills}
Is grain prepared daily for immediate use or. prepared in larger
qjuantities and storeda
8 . By whom are grains prepared”? (Wwes younger girls, boys men?)
?‘}Who decides how much grain is to be uSecfdaHy" (Wife, husband?)
10 Ara there local programs far improved nutrition? ' ‘;

"IV. The Current Storage Practices ‘
Itisrmportant (o try to get as complete a picture as possible of current .
~_grain-storage practices. Farmers'who live in a particular area may have

What are the other pnnc»pal elements in arural family's diet? (Meat .

How are grains prepared for food? (Hand—pounqed in.a rportar. '

B B

¥

very good reasons for doing things in'the way they are doing them.
There is a long record of :mprovements that turned out notto be im-*

provements at all. On theother hangd, just because people have been/ B

doing something for a tong period of time is no reason to believe thét
this is the best way. The only way to tell is o,
first. to study what is'being done currently; - A

second, to test in the field the new methods being proposed; q

third, to compare the two and to make necessary modifications.
It is also useful to gather some quantitative information — that is, how
many farmers store how much grain in what ways? ’

- N
~ .




" fiber, bark, reeds, bamboe splits, mud jars oil dm,,ﬁs Cog.uga ed

things in the same way i? you ask a farmer “chw d@ y@u stcre maize in .
this vi iaqe’? hew give you one answ@ It will probefbly be the way be

1. Howarec er@é 5 dn@d? How Iong are they left in the ﬂeﬁld ‘ a;ter cut~ ,,

hngn | - .
2. How is grain thrashed? gBy hand; by a haﬂd rml at"a commercnal
mili?) . | o s ,E_
3. s maize remsvea from the cob, left tO dry w:tﬁ the covenng« left to '
dry on the cob but withbut covermg’? .. ’ . .
4. .0t what are made local storage ﬁ;‘@mainers of gram’? Banana or s:sa?‘ -

, metal-sheet qranafues‘?} A ' ! o
5. Where are grains stored? (In the habxtatron ina mt ina bundmg dt~ .
- rfectly on the ground, on a rarsed platform?) ' ‘ o
KRnowing the types of zradmonai storage methcds tells you some»
thing about the type af?echmmgya ready in use It éasaer to teach;
people to use an improved mud silo if they already use mud for bmld
ing than-if they merely tie maize cobs on the branch ofa tree
8. Arethere farmefs in the arda already usmg rmproved storage techm- .
ques? ‘ e e e , o o
What zéf‘hmques are be;nq used?
7. How did these farmers f@‘mﬁ?_
Are there indications that these techni
 CONCLUSIONS -

you will be ready to take
~'proved gram st@rage methods

The quesuenna re will |

Once you have gatheredt 2 i ermatlaﬂ

age Techne logy’.

even it they
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- standing what mmwaies people that y@u can get them io try‘f
V Ahe mpmvea mmzhads outlines in thza WORKI@CK

nigues.
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