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 FOREWORD

" This is the thlrd* in a series of traamng manuals developed by David -
Dichter & Associates, 1n.cooperat|0n w:th the Government of the Fede-
‘ral Republic of Germany, devoted to- lmproved grain storage practlcesi
at the farm and village-fevel in the deve!oplng countrles of Asia, Africa
and Latin America’ ThIS Manual IS largely baseg:l on matgrial developedf}’
for the EAST AFRICAN WORKSHOP/IHAINING COURSE ON IM-
PROVED FARM & VILLAGE-LEVEL’ GRAIN STORAGE METHODS he,ld
“at the East African. Commumty ‘Management Institute in Arusha, Tan-

, zania from 28 February to 12 March 1977. The colrse was sponsored by
the Ministry of Agncuhure of the Government of Tanzania (KIIImO) and®
by the-Gerrhan Foundation forTnternational Development (DSE). David
Dichter & Assoc:ates of Geneva, SwitZzerland served as the Workshop
Secretariat. Y gk, v
Whereas much of the mformation‘s.entarljgahn T.fms Manﬂal was pre—'
~ pared for use in the ‘East Af’nean Regional Worksho,pl, it was also de-
_signed to serve the needs of many o‘ther regions in the developing

¢ -world, pamcularlﬁr as qgenerahtramlng guide for technical and exten-
sion personnel engaged i ln redtffng post harvest’grath*s?'torage Iosses'
Accordingly: every effort has been made to produce a book which can -
be used not only as a practical teachlng device, but also as a com-
prehenswe fiéld training manual. The fact that more than half of the par-
ticipants’ time at the Arusha Workshop was devoted to on-the-job train-
ing in silo/dryer construction, maintehance, and éppropriate utiIiz’a—I
tion, serves to emphasize the ' selfmeip".approach of this ‘Mandal.

Many of the drye%nd storage units featln this Manua} have been

successfully used for a number of years invarious parts of West Africa

and the Sahel, regions-which have comparable temperature and huml—:j

-

“"WEST AFRICAN SEMINAR ON THE VOLUNTEER HOLE N FARM & VlLLAGE -LEVEL GRAIN STOR-

* AGE tgmou -‘Dahomay, December 13-21, 1974. Published by the German Agency for Tephn al
Cooperatibn {(GTZ), PostracH 5180, Eschborn 6236, F. R. Germany,"1975.
. "WORKBOQK FOR EAST AFHICAN WOFIKSHOP!TFIAINING COURSE ON IMPHOVED FARM' '& Vil
LAG’E'LEVEL GRAIN STORA 'EME G)DS Arusha Tanzania, February 28— March12 1977, Garman,*
Foundation forlnternatlo_nal l"- ng: wng F.R.Germany. . - . '




Course felt that it w
tramees attendrng b Arusha cou rse In addition to applytng the suc-
cessful experlences galned in West Afica, an etfort was made durmg

dity eonditions to m;;zparts of East Africa. Thus, the organjzers of the

the WorkshOp to analyse dtscuss —.and insome cdses actually con-

struct — those types of gram storage and drylng systems which have
been found totproducss“me bsst rssults for subsistence farmcrs in East
Africa. w! ,_

reasonablg to introduce _these modeis to the

To make best use of thas tratnlng gurde |t is recommended that the ”
reader first ledrn as much as possible about the area in which he orshe__ :
is workmg TS assist him in this effort a Fleld Questlonnarre is. m—’ :

cluded as the last chapter. BeSIdes prowdlng stmplah_data gatherlng

techniques on local social and economic condltlons the * OUBSTW

naire’ enables theuser to make a systematlc ana!ysts of the tnformatlon
collected about Iocal grain storage praotloes

The Manual itself is divided-into ten chapters If used in COI’]JUI‘ICIIOI‘IH

W|th a trammg course.each r*hap’[er providée§ information for approxi-

rﬁately ahalf- day s study. Two of the. chapters— ‘Storage Systems'' and
"Dryer Systems ~ contain detailed burldlng plans of m‘tproved grain- -

storage/dryer units for use in an.pn-the-job tralmng programme

Although the. manual contains data about various types-of improved
farm and village-level grain storage and dryer systems itisnotmeant to
be a cagnplete reference work in itself. {t does offer, however, informa-
tion on sele@ed models which have proved successful in awide vanety

N

of operational and elimatic cond|t|ons The useris er;couraged to make _
any necessary |mpr0\ren1ents or modlftcatluns based on Iocal COﬂuI-

i‘ .
tions. - o "‘\ i

We reco mend, espec:al!y if the Manual is being used in a tralnlng_"

course, }the reader first look over the book quu:kly in order to see
tow the su

7Y q‘*
fully eaoh chapter befdre Jtis discussed in olass ML

i

As part ofthe systematac approach used in thls ! :
of guestions at the end of each chapter. The user is-addvised to try. and

ject matter has been presented He shoujd then read oare— :

} there is aserles_ _

answer the qﬁesttons@ﬁer becoming familiar wrth th subject matter,

hus flxmg the most E"r“‘hportant features in his mmd Experrence has'-'_'




field. After- the classroom. penod or after he has consulted: hls super—._:'_j_ e

_David Dichter
- Senior Assomate

of ‘the Manual is first to answer the questlons in penc:|l and later Jot ‘ i-,_ -
down comments and questions which he may-have:in‘order tcrdlscuss'“"_"‘f‘"f'“f‘.
them with his colleagues.in the classroom, athis place of work orinthe = ..~ ¢

visors, it is suggested that he recopy the’ answers ‘and additlonat notes;"""'-""."""_'.
in ink as'a permanent record. .

N
o Y -

- 'There isa blbhography of hooks and other works at the end of the Ma- o

nual that may be useful |fmoredeta1ted mformat;on onthesub;ectls re—_'_ T
quired. . R R S RS

May 1978 . .- . . L
Geneva, Sv}fitzerland_ .

DAVID DICHTER & AssociaTES
9 rue de Yermont "
1202 Geneva, Switzerland
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' : INTRODUCTION
. | .
Feeding the world's population has dlways been one of mankind's
greatest problems, and yet it has taken on even greatér importance in -
recent years. Widespread famine IS now a reality. The year 1972 re-
pjesenied a turning point downwards for the first time in over twentyﬁ-?

- ' years worldwide production of cereal grains decreased, while the,
' world's poputation continued to increase at an alarming rate. '
» Reactions to this crisis were many and diverse. International organiza-

ions mobilized their resources, new agencies were created and mas-
sive relief shipments were begun, Egﬂd in-some partioularly hard-hit
areas airlifts were instituted. The affected countries in the West African
and Bahelian regions for example, banded together to wUrk on. botj)
short and long-term solutidns to their food problems. The United Na-
tions. through its Food and Agricultural Organization held a World -
Food Cenference in Rome in 1974

The statistics, however. continue to be disheartening, with deaths re-
portedinunits of 10.000 or even 100.000 a‘ceompanied by predictions of
possibly even greater catastrophes in the future. The Ieng;term damage

to agriculture and herds in the affected regions is virtually incalcuable

to humarn society in terms of brain damage (through mainutiﬁtien) 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 .. ¢

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'mii|idn tons by 1985, yet the report predicted
that production wollld not rise over 853 million tons. The deflCIt of 76
million tfﬁ would be about 100 million tons if the cereal exporting
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
_”much better controlled, then the on-farm and village-level grain storage
__|OSS{§,S/IH developing countries are obwously going to be higher than

L
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- than a year. Théf-__:"

-

1D=°’ in fact perhaps as high as 20-30 % for graln stpred stx months,to )
ayear and most likely substantially hlgherforcarry over stocks of more _
_ O report conctudes that with the recent weighted
export price of US $ 176 per ton, this would represent a loss in foreign
exchange to developing countries of the order of approximately
US $ 7.5 billion per year. . ‘ o B B
[nternational aid programmes and many gxte':nsion services have"trédj- '
tionally concentrated their attention either on increasing the vofume
and means of production or on introducing new systems of marketing
and distribution. Actually, itis in the middle — between harvest and sale.
{or hérvest and consumption) — that the greatest losses occur, esfpe-
cially to the individual farmer's grain. The effects of these losses are |
staggering when applied to overall grain p[’OdUCtlon of the less de-
veloped countries of Asia. Africa, and Latin America. They are tragic
when measured against the circumstances of the individual subsis-
tence farmer. who is stili 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 an the farm or in his wlla@e for seed and con- .
sumption. and the effect of tr%se storage losses becgmes readily appa-
rent. The problem of maintaining adequate food seourity' stocks at the
farm and village-tevel is of vital concern to government officrals in the
developing countries. Becausé of i‘nadéquat'e storage facilit'ies at the
local level. however, there is I|tt|e if any effective carry- Sver stocks of
cereal grains from one year to the next. Under sertous drought ¢ondi-

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

causes severe hardshtps for submstence farmers and their families in
the affected regions: . SR
Because-subsistence farmers in most developmg\u niries are unable
to store their éxcess grain adedyately, for more the_m a few months be-
fore it begins to deteriorate, the praéticé at harvest time in most de-
veloping countries is for farmers to try to sell off their surp‘i[us amount -
immediately. This represents wirtually their only cash income from
cereal production foLthe season. Since thousands of other farmers in
the region are also selling their surplus at the same time, the inevitable

resuit is either ptummeting grain prices (in a free market S|tuat|on) or

e

Where there is a: smgle\ urchasmg authorlty bottlenecks and delays

W
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brought on hy overtéxed centralized storage facilities and inadequate J

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 hardiy sufficient to malntain therrfamllleq on as@s;stence
basis. local farmers invariably find themselves in very dlfflcult crrcums~
tances. It is a common practice for subsistence farmers to go nto seri-
ousdébtbecause they were forced to buy grain stocks — often at inflated
prices — from private dealers in order to replenlsh thejr household sup-
plies. . =

\.’Vhereas efforts to combat the problem through the mtroduchon of
cooperatlves price supports and the like are very useful and do’in some
- cases help subsistence farmers to pull themsélves out of this vicious

economic cycle. there is another'solution that is perhaps often over- .

~looked because ot its inherent simplicity. If the farmer had accessto in-
expensive. efficient farm and village-level storage/dryers
grain {and where necessary some form of agricultural cr@di)
not only hold back his grain until later in the agnculturaf y&ar ﬁ'-\, en he

was most in need oy cash and likely to get a better price fg/t, bu most

uch more secure
od supply during the comlng year K

As urbanization has ddvanced in varying deg,rees in the deve!oplng
countries with the regultant growth of population in cities and towns,
the aggregate demahd by non- producers for food grains' has grown
steadily. Thlb growing demand has been met during the .good crop
years by surplus productlon on farms which could be offered for sale.
The more recent years of- drought and reduced production, have seen
commercial sales from the nations’ farms significantly reduced, 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. - | s

important of all, guakantee himself and his family a
as well as nutritious

It 1s well known by this time that Iocal storage Iossés are W|despr°ad _

among subsistence farmers in developing countries, Many traditional

storage methods, however, are notwholly appropri"éte ortechnically ef- .
ticient and also require modifications or improvements to their basic -
designs or the introduction of new techniques. Consequently, many

- experts agree that much IargFf guantities of grain could be made avail-

11

Iss

.




B

L

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

Qur experience has shown that the technology is now available for con-

structing effective, relatively inexpensive farm and village-level grain
éloragef'dryer facilities using locally available material and employing

labour-intensive methods. Furthermare, we believe thatthe questioﬂ 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 ieeded at this time is to bring this knowledge to the approp-
riate “change agents’ in the developfng‘countries"and to assist these
personnel in devising the most effective procedures for assuring its
rapid and widespread app!ication at the farm and vitlage-level.-

David Dichter. Ph. D. s
Geneva. Switzerland
September 1977 o ’




A

CHAPTER I: WHY STORE GRAIN - -

.

- ¢ s

During the past ten years, technologicalkadvances in agricuiture have
been responsible in large part for a worldwide increase in total food
praduction. Bul the disappointing fact remains that the population
gfé'wth of the globe has canceled out most of these gains. As a resutt,
Iﬁhere 1s actually lower per capita-food production today than there was
in 1970. and global food reserves in'q;lg?d were approximately 25 per
cent of what they were in 1961. ) ) i
Itis now wiaely recognized that the struggle to feed the world is inten-
sifytng. The United Nations Food and Agriculture Organization has re-
cently estimated that nearly 500 million peopte throughout the world
suffer from some form o-f‘malnourishment, But FAQ has also 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 grain is
enough to feed 500 million people.forone year and essentially eliminate
the present food gap. '
These statistics illustrate why-world food shortages must be solved not
only by increased food production, but also by reducing food losses.
This need was recognized at tHe World Food Conference, held in Rome
n November 1374, when its official conference report recognized the
fact that  in many developing countries largequantities 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 ac:;ricultural production and to raise the level of well-being of
rural tamities. Such efforts are everywhere more necessary than ever. in
many parts of the world there is acute hunge.r‘ even to the point of star-
vation. Many of you are aware of the vast 0ss of life due to lack of food
thattook place in the Sahel countries of West Africa. The same drought
sifuation which began in 1972 had serious effects in Ethiopia and in
parts of East Africa. The scars left from the drought are still plainly vigi-

. 13
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ble. and it will take along time before the anlmal herds can be bU|It up
again . ' - : P
: ‘. Although actual starvationis g dramatlc and extreme 5|tuat|on malnu- :

““trition is much more common in developlng countrles and espeolally:
among children. According to the World Health Orgamzahon. 10 million
chitdren in the Third World under the,age o?ﬁve@re chronically and
severely malnourished, and some 90 million more aré-moderately af-
fected. These United Nations flgures show that of all the; deaths in the
poor countries, more than haif occur among childien under five, and
perhaps ac many as 75 per cent of the deaths are due to mainutrition
complicated by infection - that is. the child does not die of malnutgition,
but because malnutrition has<ajready 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
combat diseases. Children who are malnourished have less energy and -
do less well in school. too. Men and Women who are malnourished are
less.productive. more easily tired and less able to do a real day's work. A
wite who is pregnant must eat weil if the new child is to be healthy. For
all these reasons, the farm famity is interested in having more and better

" food. ‘ h
From the point of viewof the nation as a whole food is asvitatto the life
of the country as it is to the ilfe of a, man.

~ Self-relianceis mgreasmgly recognlzed as a fundamentail goal of ali de-
velopmg nations &nd as the precondltlon for proper development. As
iong 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 ba’ok_‘— depending on another nation's -
policies — puts them at a serious disadvantage. Furthermore, when a- = ;
country is nof self sufficient in its basic food needs, then money - often '
involving hard currencies — has to be spent to import food. This money .
™ ¢ hastobe earned by exporting goods, and the world's terms of trade are  +
- usudlly unfavorable to the exports of poor countriés. [t is far better fora -
deve}oplng country to be self-sufficient in its food needs and té use its .
« money to rmport goods and machines so as to be able to increase pron

duction in a variety of 'sectors.

14




Thus. self-sufficiency in food is the policy of most Asian, African, and
Latin American states, but real efforts will Have to be made 1o bring the
policy to reality. S | -

From a national point of view, increased food pro’éuction and better
storage of foodis important 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 peopié tg the cities, where thereis of-

ten n¢ productive work for them.

For a more rewarding life in the rural areas, farmfgilies must getihe

most from their efforts. They must be helped to prodiice more,’ but aiso
to lose less. it 1s 10 help overcome the great losses that occur between
the time grain is harvested and consumed that this Manual Fas been
produced.

‘Con&de;ably more attention is now bemg gwerf to'the problem of re-
ducing post-harvest grain storage losses at the’ farm_ and villagg-level.
Of course. a great amount of work has been done to impro‘\%orage
facilities in €buntries that export much of their grain, and in the same

way. a goog deal of agricultiiral experimentation and extension work.in

a number of Third World countries has gone into work o'p rexport
crops . '
Now. however. the need to improve methods at the farm and village-

levelis being recognized. Effective improved storage atthe farm and vilz

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

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

~until 1t can be sold at the market.

Itis also at the farm and village-level that great losses geeur, Iosses due
to molds and other forms of bacteriological detenoratlon {0 insects
and rats. Mold spores are similar to seeds, for mfolds are really a large
number of very. very sfnalf plants. With moisture, these mold spores
start to grow, as is the case with any plant. and tney 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 mproﬁe
grain storage techniques for the benéfit of farm fam Iles and for the na-
tion as a whole.

15
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By concentrating at the farm and village-level, we do no! mean to over-

look problems at central colle*éﬁon points of larger-gcale Storage -'

faciities. It is simply that the managers of larger storage facilities can

get help from storage specialists more easily than can the local farmer.

The drying and presérvation 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 limited to the storage
of grain. The proper drying of fish. of meat, of vegetables and of fruit can

~all pe 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 viltage-level, for grain is of great 1mportance both
-tocat diets and as a cash crop. »

Most people throughout the world depend on food grains to live. Maize,

millets and sorghums, and rice are the basic foods for most peoplesin
the world. In some areas, root Crops such as yams and manioc also play
ge part, but there seems to be a trend for food gralns toincrease in
rnanceas gram is easter 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
livestock such as cattle, pigs and chlckens Although relatlvel\f tittle
grainis used in developing countries for Iwestock production, itis likely
that more may be used in the future a$ lechmques of animal production
are modified.

v - ot

Thus. more grain.is needed both for the individual farm family and for

the nation as a whole. The quality of the grain mustalso be improved.
There are many efforts being made to increase production — better
seeds, new tools, the use of compost (green manurmg) orchemlcal fer-
$tilizers. But some of these techniques are often costly or/requure 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.

. . .‘\:.J
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This is why improvements in storage methods are a real possibility. We
Rnow that farmers already store a Iar"r:;;e_ part of their grain. The aim of
this Manual is to help the farmer to imprBve what he is already doing and
to have him understand better some of the results he is getting. We will- .
look briefiy at the three major reasons farrners already store-grain: '
— More food for the farmiy '
- More stable prices.
. — Better seeds for better trops.

W

B (X ) . ' . 1

More Food for the Family

s
a

Food for the family has always been the concern of every farmer. Itis his
tirst thought when he is planting or hunting or flshlng When thereisa -

- food shortage, the farmer sewes it reflected directly in-the faces of hrs
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 h:m There
are special feast days throughout the year when many 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 mainutrition. Malnutrltlon can
be of two sorts: chronic and seasonal. Chronic malnutrltlon is the case

. wheria person never gets enough to eat or when his d|et 1S permanently v

unbalanced through a poor choice of feod. Seasonal malnutrltlon isthe ,
type experienced in the Sahel for some five to seven years It usuaily oc-
curs when fgod from one harvest has been Iargely used up and the new
harvest has not yet come in. '
i targer and |mproved storage facilities can be built and losses cut .
down, ‘then ’Mﬁ’e is real hope of elimmat:ng seasonal, hunger and rnaI-

nutrition. ' :
 The farm family should be the first to benefit from more food forthe fam-
ily. . .
' LT 17
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More Stable Prices -

on the local market. Thnrn are very few farmers left iotallv outside 3

-l L] i [ S w) Hy Uuloiuc o

' money economy. Ca§h is needed for household and farm improve-

- ments, for taxes onschool fees, apdfor anincreasing number of thmgs

Thﬂt [".’-'I!"Inﬂf he had without hll\f”‘}g them with muue‘)f f,\g
13

Those of you who read about the Nairobi meetings of the United Nations
Conference on Trade and Development, held in May 1976, will re-

I More and more farmers in the Third World are selling their surplus grain -

member that Thﬂ group .r‘\f r‘[nunlnplnn Aevinted

o]
ing couniries nas been V\fulr\llly hard

r
-to try to stabilize the prices of their agricultural expo_r_t..commodltles in
the past, the price paid fog coffee or tea or jute on the world market
changed from year tc year, sometimes going up, more often going
down. Itis very difficultfor a nationto plan Hsinvestments—the'building
of industry, of schools, etc. — n‘ it does not know how much money W|Il
be coming in during the ¥ear. : _
What is true for the nation is also true for theindividual farmer. It is dif-
ficult for a farm famlly or for a rural cooperatwe to planif prices change
too much. : '
Ih many countries af 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 o store, the price paid the farmer will be at
the icfvest point of the yeeir.-"ln some countries, the farfner has no
choice. Either he must sell shis 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 hls neighbors, most of whom have grain al-
s0.In such cases, before the next harvest, when hiscash funds are likety
to be exhausted and the family’s personal grain stocks are hardly suffi-
| cient to 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, ~

8 are many farmers in developlng countries who become trapped in a
- petpetual debt cycle : C !
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One 'of the benefits ‘of the cooperative systern which 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
f1,X|ng 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 thatis just, so that the farmer will be rewarded for hi$
work. yet low enough'so that the workers in the 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 grgln at
harvest time and the yearly high, as well as the government’s policy with
regard 1o 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 infiuence the acceptance

or rejection of new techniques, the replies to the sdciai 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.

n

Better Seeds for Beiter Crops

o

‘Generally farmers do not buy new seeds to plant, but use $eeds stored
from the past harvest. This, of course, is natural and good, especially if

the seeds selected are the best from the past harvest and have been wﬂl

stored so that the largest number of them will take root.
As we shall see later, the gram must be kept alive during storage
Otherwise it will not take root.

LY
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It has been estimated that in 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
quaiity of.¢he grain will 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 thatis
merely left over from the famity food supply.

Since the quantities needed for seed are much smaller than those
needed for food or for saie. grain for seed can be stored in different
wavs than graln to be used for family focd or for sal *"Graln for seed can
“be placed in glastic bags or closed mud jars — both®*methods that would
be toco expensive or take up too much space if a great deal of grain had
o be stored in this way.

Concliusion

-

We have seen that from the point of view of the local far;j'n family, there
are three basic needs that can be met throughtimproved techniqTJes of
storage & the farm and v-illage‘-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‘velr

Improved health and higher productivity due to improved nutrition and
the reduction of seasonal malnutrition: :
Self-sufficiency by making mare locally-grown food available at the
farm and village-level. and better year-round supplles for urban cen-
ters:

Self-reliance through an increased availability of locally-grown food.
The increased surpply of good localiy-stored grain will help reduce the

importation of food, thus saving badly needed foreign exchange other-

wise required for industral development,

20 ¢ ' . .




Workbook Exercises
1. What are some of the basic consequences of malnutrition?
AT
Notes:
B
2. What are some of the signs of malnutrition?
Notes:
*;‘ .
. .
?‘i ’ 21




3. Why is malnutrition so dangerous for children?

't
. . "
5’ .

R Notes: - ‘

\-4 From the ppint 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:

¥ - \,T K

‘\\' “.Q
Notes
u -1
S A
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5. What are the consequences to the farmer of the loss of stored
grains? ' "

[
Notes: f
e v

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

)
Notes:
23
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Why do fgrmers today not store larger ameunts than they do at the .
farm andfvillage-level? (Give examples that you know.) '

i —

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?

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

the sale of cereal grains?

- Concerning prices?

Notes:

~{2% .

25




"10. Why should grain for planting the new crop be sp}écially _seiécted o
and separately stored? )

! . - e _ e
i "oy
- . ‘
—_ 1]
_ _ e r] s
. "
Notes: ' . )
i
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CHAPTER Il: THE GRAIN YOU STORE

e

- Mitwere necessary to name any one category of food as the most impor-
tant in the world. the answer would go to'cereals. Cereals come closer
than any others to being complete foods.

Actually. no entirely complete food — meaning one which can sustain
adult health with no cofmplement from other sdurces — exists, but cere-
~ als lack little (chlefly vitamin A and calcium). Despite these few -missing
elements, cerea}s constitute today#he indispensable basic food for all
‘the people of the world. providing the energy for physical and mental ef-

fort with a minimum intake in volume — 100 grams of grain will generate

350 calorres. 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 ook rather different, they are quite similar in nature.
On a wortd-wide basis, wheat is the most widely grown cereal — some 31
per cent of all cereals grown; then maize; some 23 per cent; and then
rice. These are the “big three" on a worid basis, followed by barley, oats
and rye. then millet and sorghum, '

Rice. maize..and other food and feed (cereat) grams are aotual\y seeds
being grawn 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 might expect an optimum enviornment isthere-

fore required for the Iivinfj_] org:anism to remain alive and in good condi-

tion. The seed embryo is particularly sensitive te moisture and the sur- -

rounding temperature and humidi’ty‘
" Under the circumstances the original high qUality of harvested cereal
grains must be preserved over a period of months in order to be
reconomically marketable and also "cd‘nsumable as a human food.

Primarily the seeds must be reduced in moisture content to a range of *

1 2 to 13 per cent wet basis. Storage conditions must then be provided to
aintain the grain seeds at the low moisture content in order to keep

them viable but inactive. ) U) _ :
In order for the farmer to get the greatest benefit frofn his production of .

grain, the gra-i,ns must be well stored so as to keep thely nutritive value

t o7




-

untii used. Urfortunately, storage conditions usually result in the de-
terioration of the grain. This deterlqﬁratlop should be minimized by using
proper storage management, techniques and facilities. The deteriora-
tion which occurs resuits 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 graln
made by insects. _ . '
Loss due.to a deterioration in the quality of the grain is less easily seen.
* Thatiswhyit is necessary for the farmer to know sﬁ"ie basic facts about
the physical structure of the grain that he is storing.
Thedarmer, of course, already knows a great deal about cereals from.his
longexperience, butusually his knowledge is of a vgry practical nature
and nagalways systematje. The local farmer is probably notgoing 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. ' -
lt will be your task to present him with basic inform4tion about the na-
ture of grains when necessary for understanding the impfoved 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. if ydu'wish to use them for planting the next season, the grains
must be kept alive through proper storage practices_.' : .
Secondly, Jiving 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 protectve coating: the seed coat.
—~ Gecond the endosperm ‘
— Third, the embryo — the' germ of new life.
The protectlve crbatlng protects the s&d from ‘moisture, 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

28




-

deal of protection (see Figure 1). There is very littfe food content in ther
coat, however, and so improved'varieties of maize Have thinner coats,
with more roorp“'for the nutritional content. But a farmer must be more
careful in using improved varieties of mnaize because the coat breaks
open fairly easily. It is very important that the protective coating not be
broken open. This can happen during harvesting or thrashing. It is one
reason why you should take a fodk at harvesting préc’[ices too. For the
way grain is harvested and thrashed will influence the quality of the =
. grain to be stored. ' : '
You shéuld store only unbroken whole grain. If you have too many_
broken kerneis, insects and malds will surely invade your grain. s
Even with good, whole grain, there is a small “'tip cap'* by which the ker- - |
nel is attached to the growing plant, and through this very small hold,
moid and moisture can reach the heart of the seed. |
The endospefm — 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 sto?a_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 gat grain (see Figure. 2).

The third section, the embryo, is the germ of life, that part of the seed

which will produce the new crop whén planted. One part of the embryo

witl grow above ground and be the shoot of the new crop: the other part

of the embryo will grow undergrounde<and be the roots. . A

The embryo is a highly nutritious part of the seed, containing protems

N'{ats and vitamins. It is also the part of the seed which is most readily de-

stroyed by molds. When the embryo is h,urt it will not grow, and oncé

dead, is even 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 wigen a good seed grows into a real plant, itis essentlally true - .

thatitis bestto use the best seeds for plantlng the new crop. You should

be careful not to overheat seeds that you will use for planting, especnally o )

if you use fire to dry the seeds, for overly great heat will kill the embryo

Since the farmer should select only the best seeds to plant, itisa good_,

idea to store grainsto be used as seed separately from the rest, lest fhey' ’

be confused with the graln to be eaten or sold. =
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Properly stored grain will keep. Tts‘ ritive ci'hm ies for the penod of
normal storage —most offen up to a year at Parm and village-level.
Thus, healthy grain can be kept in .brage !‘omger than grain which is

broken or damaged. Careful hand; ot the rain protects it from dan-
9 g .

gers. .
Because grain is a living thing, lt‘bréathy%ike all other living things.
Each kernel gets a littie bit of oxygen fro

- and carbon dioxide. This pro ;'F' grain is called resplration )
Respiration is slower when gra nt J1s cool and Jdry Then there is only
enough respiration to keep the embryo alive, and growth (germination)
does 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 during respiration. If the grain is cool and dry, very

little heat is produced. If fespirati-on 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 Bvery two
weeks to amonth isto see if the gram is getting too hot. “Hot spots™ are
a sign that the graln has too high of a humldlﬁ( content and must be
dried some more. i

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

The basic principle here is that the lower the temperature, the easieritis
to store grain. I’ |s tasier to store grain in the cooler, higher plateau
areas than in the hot humid plains.

At the farm and wllage-tevel care should be taken to provade some in-
sulation to pMent the stored from getting too hot. ‘

nd®
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he air and burris off a bit of -
food from its storehouse — thec%osperm' This process gives off heat.




Workbook Exercise Ohestions

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

2. Of what botapical farﬁity are all cereal grains?

3. What are the cereals most .comrhonly- grown in the E:lr_ea' in which
you work? ’ ) '

k]
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Notes: A | .

B

5. What are the consequences of overheating cereal grains?




[
.
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6. Why should only clean, unbreken _grain be stored?

- . g - —
. g -
Notes:’ ) :
. .

7. What are the names and usgg of the three sections of an indi_vidual-

seed? .

a.
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CHAPTER Jil: DRY GRAIN = SAFE STORAGE
One of the ftrst con5|derat|ons in COﬂl‘lE‘C’thﬂ with the drying of grain for
" safe storage is to be familiar with the crops, the climatic conditions un-
der wh;ch they are grown and harvested and the cllmatlc oondmons
under WhICh they are. being stored: .' o

Thisinvolves detérmining what pareculﬂr cereal grams are being pro-

duced (maize; sorghum, milket, rice. etc.), and’in what quantities they
are being produced. Practical sélutions to grain- storage problems vary

con5|derab|y from ceuntry to country and even from areato area within’
a sLngle country. Farm and vrllage level 'storage problems are made a
good deal more complex by local eeonornlc socidl and geographlo
considerations. The Questionnaire will hetp yau recognize a numberof

social and economic factorsr)but remember this is often along and de-
licate task. Also.the economic possmllltles available to-one ‘farmer

- might be impossible to mateh in the case:of a less well-8ff neighbor. In . .

some viHages, farmers fear to build stordge facilities outside their habi-
tations because of theft, but they may be reluctant to discuss this fact at
the start of your inquiry. . o

- Geographic :rtformatlon is very important and is eamemto gather be-
cause it is more neutral information. You might perhaps make i rmauiries

“from thedocai meterological official or government department directly

= concerned with collecting geograpmcal data. -

The firststep is to gather information on 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’7 in-which month is 1ttharvested’7 Condltlons of harvest play an i
wnportani rolein determlmng whether the gram will need to be dried be-

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

- or wet 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
ieaso’n will not allowagrains to dry naturaily to a safe storage moisture

- content. Eacad _

One needs to be aware of the climatic conditions under which thecereal

gralns are. o be stored, also. As will be ppinted ogt |ater, the conditions )
of temperature and hum:d:ty underwhlch a graln istobe stored canand

2.\
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will afjeots the. storabri'lty of thergrarnu Not oalyﬂwrﬂ{farttper&ure aad
hgmrd:t9 affect the COI’]GItIOI’l of the grain, ﬂbut ﬁ'ley can also be a oo%ud- ‘
eration” in the' type of+ storage ’faCII:ty and materrats from. anoh the$
faorhtres are oonstructed For mstanf‘e, if there, are wrde day-nlght
temperature.‘fluctuatldns ane would attempt‘to ml’nlmlzethese f\luctua—
tton,s W|th|n the storage facrllty by shad1ng - lnsulatlon qr some
the atmesphere wrthrn*a gram mass \R/lth that of the outsrde mrght pe at-
tempted’ through near’,alr-tlght storage or other rn,etl'tods - _
E“Ievatron (or altitude)’canygrovde more favorable storage andItlono‘
‘through. lower temperaturesfvhich are generally encounteredat higher
elevatlons Asa general rule one can expect approxrmately 2 degrees F
reductron in temperatur 5 evety 1,000 ft of aftltJde (gbout 1 C for”
each 300 meters). Coolemperatures can be an rmportant faotorr in the
storage of grains.: e -8 .’P _ "’1 -
You shoulg also gather |nfurmat|un on the prezvalfmg wmds \ﬁhrch can
play a role in the techmques of. drylng, espeoi“ally wheret erlb stqrage s
copcerned. ! : e o, g:_" L
Informatien on ‘the slope. of the [and and the diréctions-in which’ ram
runs off.is alsq :mportant in otder hot to bur!d stc;rage facllrtles inan "

aref that retains moisture. : : .

A

Thrs type of. mformatlon is vital. m worklng out the most approprlate
measures for dryrhg the grain, the desrred capagrty of the storage
rfacztrtres and whether storage-of gram unthreshed oPthreshed may be

more. desrrabte B T E o . - .

—

Coy

Molsture _— . ,
Moisture is the mosr lmportant factor brlngmg about harmful ohanges
durlng storage In many wa?s m0|sture ls the most, dangerous enemy,
because — uhlike rats or bitds - you cannot sée moisture.” T
Morsture is water of wetness. Bt mous’ture is a better word to use when .
talking about grain storage Whenafarmers use the word water , they. .
are llkely to thrnt? of lakes, rivers, wells They thmk of water as a” ||q_rd .
which is easy to see and to measure. RN
A farmer is not as familiar with the word m0|sture Mmsture isa good
word beoause it can describe somethrng which'is wet or coritains: waten
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wn‘hout Iooklng wat. For example the ear:th can have moasiu re and not _.
look wet. A plant does not look wet but when you crush it, you wilt feel ‘
* . moisture (wetness). -~ T ‘ '
~ Each kernel of gram has'moisture ms:de But the grain kernel does not
. 60k wet when you look at it. The farmer can tell ifiti is wet. by cracking it
| - between hIS teeth. Wetgraln is not hard becad‘sethe water inside |swet-
ting the seed and keeplng it soft: When the moisture leaves the grain ,
during drying, the graln becomes harder. The dryer the grain, the harder !
it becomes, S t S
Grains hold different amounts of watér at dlfferent times: the amounﬁ of'>
" moisture in harvested grain depends mostiy on the time of the harvest.
. For example, grain harvestéd in the rainy season will. have more m0|s— '
ture than grain harvested |n dry sunny weather ;,,

* - ;
"hu... 4 C e

-

1

, “Moisture iri the Air r 3
i Air contains moisture-also. Of course, the farméF Cannot see this klnd of *
“ wetness when he looks-at the"alr because the molsture in.the air [s in ..
- " the form of vapor. 3 : ;o : T w

Just as grains hold dlfferent arnounts of water, air holds dlfferent -
’ amounts of water. Warm air can hold more moisture than cool alr

Ona very hot’day there can b’e aljotof molsture |n the air. When evening
comas and the temperature goes down, the air, now oooler cannotholds - . e
all the moisture it held when it was warmer. So the extra morsture falls s
out of the air and lands on the earth This moisture from the air is the -
~dew seen in the cool early mornlng ’
Asthesun nses higher during the day,,the air temperature goes up BHe

* air, how warmer, can. hold" more maisture. so the. dew on the land is
taken up by the air.. _ : .

Relative Humidity I )

Most farmers will not be familiar with the words “relative humldrty""ﬁor‘

do they really have to be It is net important to, most farmers to under- .
stand that relative humldlty is a percentage measuremeﬁt ofthe amount

- of maisture 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 understand that if the moisture content in the air remains the

same and the air temp_eratu re goes up, the relative humldltmoes down.




ok
i » - - .

Retative humidity is a meaningfut phrase enly to those who can mea-
sure it and apply.the knowledge te drying times. - .
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: '

Warm air can hold more mousture than cold air can.

2 Air at any temperature does not always hold as much moisture as it
possibly can. The amount it actually hglds 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 hum;dlty as it affects.different crops.)

How Air, Moisture and Grain Interact .

. Sciéntists say that grain is hygroscopic because it loses or. gains
moisture from the air afound it. Thus, since all things containing mois-
ture. have pressure. gram and air have pressure. Grain dries in the sun
‘because moisture vapor |s°tm;w|ng from higher pressure inthe wet grain
to lower pressure in the air, unt|| the grain and the aiy reach equilibrium s

_ \,apor pressure. .

The more maoisture therei is the harderthe moisture ca,n push If thereis

: - comparatively morée m0|sture in the grain than there is in the air around

\\W" the grain. the moisture |n the grain will push out into the air. /‘J

o

+ The key 1o the drylng process, then, is placmg grain inthe sun orina ‘f

drylng machine so, that the kernels of grain can be touched by warm

¢ _ ~moving air'which has less moisttire in it than the grain has. The heat in

¢ the moving air will make the moisture in the grain evaporate. The
3 moisture will become water vapor and be absorbed and carried away by S
) thé moving “air. ; ’
Itis useful fer.a 1arrner to know that drying continues only aslong as the
Co,oair areund the grain is able to absorb more moisture f(drn-me\g\caln If -
- the air contains a lot of moisture, the graln is likely to take in that mois-

+

ture from the air. The.farmer should understand thIS fact because it ox-

pla ns the need toKeep dry grain away from m0|sture as much as p033|- s A
ble. Grain-that is not sealed in a closed container will continue to ex-

Ce change moisture with the air. During the rainy season, for exam‘ple \
: grain wull take on moisture if.left in an open contalner n the hot dry -
“season. grain will lost the moisture agarn

-
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s a
Safe Moisture Levels in Grain & ‘ \{
Grain put into storage should not have moré*than a certain amount of -
moisture inside’its kernels. Although the amount of moisture 'grain can
hold in storage safelly can change, depending upon storage conditions,
some general moisture-safety percentages have been establlshed (see
Tables 2 and 3).

The chart which follows shows that maize 'E:an be store& safely at 13.5‘

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

can be maisture), 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
wate,rrhan itis holding). At this point, the kernel of maize and the air are
not going to exchange moisture back and forth. This is an equilibrium
point. This equilibrium is the condition good graiﬁ storage ir’iee‘to set
up. but it is very hard to kee’P graln stored at condltlons which tl‘:eep e-

" MAXIMUM MOJSTURE CONTENT FOR ONE

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

Paddy Rice . . 15.0%

Milled Rice y - 13.0% L
Sorghum ST 135% s
Millet ' . 16.0%

The table below shows grain moisture contents normal’iy recom-
mended for safe storage of grain. The portion of grain with the highest
moisture content in the tot should be used as an index as to whether or
not the grain is safe for storage. w

Grain . Reguired for safe storage

for 1 .Yr. - {or 5 Yrs,
f o (wb) % {w.b.)
. Barley 13 11 .

Gorn 13 10-11
Qats ., 14 11
Rice 1214 10-12
Rye : 13 ol
‘Sorghum, 12-13 . 10-11
Whea_tv 13-14 1_f—12 (Table 3)

\‘\ N . -
. = .




The.table below shows a relationship between corn molstures, terhpe-
ratures and allowable storage time. Safe storage penods fncrease mar-
kedly as grain tempetatures are iowered and moisture contents are de-

creased e
. : {Table 4)

-— . R - L] j;
Storage . o
Temperature Corn moisture content (%, w.b.)

oF 15 L2000 25 f 30

P o (Safe Storage Period In Days)

i+ 116 12 4. 2

r{- N 155 © 18 5 - I
65 ' - 207 27 . 7 - 4

60 1259 27 9 o .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 <49 - Y

Remember. the figures above are maximum recomméqded moisture
ievels -Generally, farmers should.dry their grain as thoroughly as possi-
ble. " '

Itis not easy to know the percentage of moisture wrthout havmg some

testing instruments - mstrumer??s\whlch are not ofren avallabie |n rurai

areas.

Farmers have always had their own methods for as"sessing the amouht

of moisture in grain. These methods include preSsing the grain with the
thumbnail: crushlng grams between the fingers or the teeth; rattllng the
graininatin can: or 'getting a feeLof the grain by smelling ahandfuland
shaking it. But sucﬁ technigques depend on the expenence and the sk;i'.

.of the farmer who uses them In many cases , such technlques can be a

good guide. but in Sther cases, if a farmer is mexpenehced or not feel-
ing well, his senses may betray him: .
‘Commercial m0|sture meters have been deveIOped that should be

available to regional agriculitral extension workers (they are too ex-""

'\

penswe for the individual local farmer). The types of commercial meters

" available will depend-on the persons re prFIbe|e for the purchase of

' materlal for the Mlmstry of Agnculture There are two main types of

meters |n common field services& halr hygrometer probe and an
electric mojsture meter. ~ - S '

f .
i
T
)
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More important than the type of meter is getting the agricultural exten-
sion worker to use it on as many farms as possible in a short time, for
most farmers will be harvesting. drying and storlng grain at the same
time. : a2

" Movement of Mois‘ture in Stored Grain -
Grain which s 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
which can happen to grain while it is in storage. And moisture is a key
part of most of the processes of deterioration that can occur in stored
grain.

To discuss the role of moisture in the storage co nt-ainer,_it IS necessary
to know something about: ,‘“

"~ grain condition

- temperature _
- insects. molds, and\,graln heatlng

%Gratn Conditlon _
. "The farmgr must store onty ctean heatthy grain whrch has beeh driedto,
“safe storage lévels. Broken graing and preces of straw or dirt increase
the chances of storage trouble. And. if the stot‘age contamer does not
keep out moisture or insects. even healthy, clean dry graif can de- "
“terniorate, Trouble s lees ikely to happen if the graln starts in good cen-u .
dition. -, Wt w i

(]

Temperature .
There are two, kmds of temperature temperature in the a|r o'ett,slde the
storage contarner and temperature of the grain msrde“"the storage con-
‘tarne,[ oy o ""f-f'-
There are some tHings to remember about temperature d-a .
—. Low temperature is better than hlgh temperature tor grain storage
Insects and molds do not'grow-as well at low te‘mperaturee
.— Gram’ bretathes NEry s‘.owly at low temperatures
~ Atltow temperatures, littie heat builds up inside the gram from the®-
iing and breathing of teseots and molds — and-the grain .
— Riging temperatures. outside the containers can incréase the temJ:)e-
rature msn:te the container. - partloutarly if the container is -not

shaded. By ;) o .

uor

L
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— Rising temperatures can lead to insect and mold growth. Even in
grain that looks clean. insects are aimost always there to some de-
gree; moid 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 p.ro-
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
camage and loss of the stored grain. -

Therefore. grain placed into storage shouid be as dry and cool as pdssi-

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 bet

the inside and outside of the storage container. When céol air and.war_m

air mix in the stored grain, the warm air cools and may be forced to lose

moisture. This tost moisture becomes water which can be seen at the

top and bottom of the storage container. .

These changes caused by temperature can be seasonal, or they:may'be

daily. This depgnds Lupon where the farmer lives. Obviously, itis best to

keep-stored grain at.a relatively constant temperature.

Insects, Molds, and Grain Heating :

Reme.mber the dew and how it forms be;ause cold air and warm. air

cannot hold the same amount of morstn{re? This same thing is what

happens in stored grain when cold air and warm air meet gach other be-
cause of changing temperatures. The farmer who understands dew will

be able to upderstand how his grain got caked and moldy even,if it was

dry when He put it inside the storage tin or container:*

The pools of water formed by the moisture forced outofthe air make the

stored grain wet. This wet grain begins to respire’, at. a faster andfaster
rate. If there are insect larvae and mold spores preaent they begin to
grow and reprogdyce. Soom the msect& moigs, a‘nd grain al are giving
off heat. Thls produces hot spots. When thetemperature gets too high,
insects will Ieave the heated spot and go out into the grain-mass to find
bettar IIVI'FIg_COFIdltIOHS. Ot_her trouble spots can then develop.

’
!
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Molds also make thg grains bad- -tasting, as well as less nutritious, S0
that you do not like to eat moldy grain. In fact, some moLds create a sart

of poison which can make you very ill.

*You will have to be on the look-out for the 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. inordef to® determlne proper dryingdnd st@rage facmtles wha;sort
of basic mformatlon |s needéd?
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Why is moving air important in the drying process?” =
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7. Why are molds harmful?




9. What are the ways a farmer tests for moisture in your area?
{7 - ] T
§
T D
I-%-.
Notes: - .
F
.
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b
i

. v ‘ e .
10. What types of moisture-testing equipment are available in your
area? ' "
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CHAPTER IV: CHOOSING YOUR STORAGE SYSTEM

Since most farmers are aiready storing part of theirgrain harvest, stor-
age is not so much introducihg 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. prac'tical field work approach. Thus, the initial plan- .
ning for adopting 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 figurei 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
focal traditional methods in order to: : :

1. Undersiand their shortcomings (if any), and therefore the need for
improved techniques, and

Determine possible simple. yet effective needed improvements.
t1s well understood herg that minor and effective changes of existing
methods of grain storage are easier to popularize than the introduction
of complex and costly new alternatives. Fur’rhermore..'in the search for
finding efficient methods for drying and storing grain at the farm and
village-level it1s also important to keep in mind who is going to use the
stores. + e 1sit 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. Miore social and 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 night ones for his particular situation or need.

With grain storage. great cére must be taken in helping farmers to
choose the appropriate improved grain storage system. Nevertheless,

= 1
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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 abie to use this table wherngdis-
cussing possible'storage systems with local farmers. ‘
The Considerations for Choice of Farm and
Village-Level Grain Storage Methods :
1. The Geography of the Area |
Temperature, average rainfalt during the period of harvest and of
storrage, winds, type of soil on which storage faciNties are to be
built {rocky. sandy, clay). '

2. Type of Grain to be Stored and the Use to be Made of It
Grain that s to be used for food by the farm family is often being
opened constantly, and thus the ease of use is of first importance.
‘Grain held for longer periods, till sold on the market, may be stored
differentiy

3..Quantity of Grain Currently being Produced and the Amount to be
Stored ' ‘ . '
it productivity per mdmdual farmer is low, collectwe 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 individually, and thus store larger quantities of
grain. Hogever, storage facilities 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.

4. Length of Time Grain is to be Stored .
This factor depends on the number of harvests per year - usuafly
etther one or two.

N -t

56




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
nct seem to be greater than benefits, especially as some henefits -
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 becat'.'rs'e_ of 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 neéded (cement, plastic sheets, mseutuues

wood, water. screening)? Are spectal tools required?

How much training time and supervision are necessary to_assure
proper conétruction and use? Can- the farmer maintain the -n:a?N_ -
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\ﬂd th’% storage fac:hty with just his help'?
3
.

. Marketing Cmsidefatiqns

Asitis Iikely‘ that 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 gram 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 deone. 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 easier to in-
troduce a mud silo than if people only use wood. If work is already

~ done collectively, it may be easier to store coliectively 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 prd:
duction usually store grain in their dwellings, very often above the cook-
Ing area. Similarly, groups of people who are good at making clay pots

will store grain in targe clay pots, while those who are good at maklng,,_

baskets will store grain in closely woven baskets.
Many of these traditional methods are useful and are a base on which 16
build imp_roved'storage technigues. Many of these technigues can con-
tinue to be used, especialty for the storage of grain that is to be used as
seed for p?antmg Only alimited amount@ram needs to be kept for re-
planting. '
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,
s0 storage techniques also have to change in scale. )
A chart has been made of the afo remenhoned ten points. If you expect
to us‘é itina Workshup/Trammg 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 with local
farmers in trying to find the most appropriate methods.
Even with ’ghis"Tab!e of Considerations to assist you, the choice of ap-
propriate storage methods can be difficult. One problemis whether you
should select comparatively compllcated techmques which can bring
great advantages to a fairly small number of better-off farmers (on the
assumption that the number of these farmers wm 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. : R

#
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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; Y,

— Protect grain from insects;

— Protect grain from rodents. ‘ . -
All storage methods shouldXry to accomplish these three objectives
‘and pa‘rticulaﬂy where “'closedy’ systems are involved.

Bul no slorage container is adechate without good storage teohnlques
and management. The followi'ng even 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 puttlng 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 in outside
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-
ers away from direct sunlight, by applying a coat of white plaster to
the outside of thé containers.

4. Protectlng the grain from insects by following rules for cleanliness
and drying. by applying 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 WI|| be floodﬂd by ground water
‘run-gff during heavy rains.

- 6. Maiking sure containers are rodent-proofediin all possible ways.
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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
part ot aweekly or bi-weekly routine. Put his hand into a sack of grain
to check for heating. He can smell the grain and look for dark ker-
nels: signs of mold. If these signs are found. he should dump out the
grain and. dry it again. _

Atfarmer 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 merc*hants, 15 the storage of grains in sacks.
Putting grain in sacks or bégs 15 a very old method of storing. Storage’
sacks are made of woven jute, hemp, sisal, local grasses, cotton —what-
ever matertal is avaiiable 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 advantages for the small ?(mer, and there arg
things farmers can do to protect their sacked gréin.

Sacks are easy to label. Farmers can labelold 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 villags 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 aré a few measures that the farmer can take, such as to water-
proof the walls and &Qof of the building where the grain is stored.




Thé farmer should also stack the sacks on platforms raised off the
fioor. This keeps sacked grain from taking moisture from the floor. Far-
,mer's can make these platforms out of whatever materials they have. If
no wood or bricks are available to make a ptatform, 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
system is 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 cperational 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
subsistence farmers on an individual as well as gollective basis. These
include: . ’
IMPROVED MAIZE CRIB
adapted by FAQO from a maodel originally developed by the Nigerian
Stored Products Research Institute: combines drying and storage.
_ = ‘Northern Ghana" IMPROVED 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 SILC
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 11o 7 tons;
either as a single unit or joined togetlher in aseries of compartments.

A
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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?

“ o
2 e
Notes;
63




3. What are the advantages that the farmers see in the methods they

are now using? ‘ N

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




5. What are the construction costs in money
of storage in current use?

and time of the methods

» H"“HH
B - .
5 ‘::E::;:‘:-:é_-:‘*f-_)
. < —
Notes:
6. What are the three basic aims of all grain-storage systems?
- E .
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? '

B —— T T -]

8. What are some of the measures currently being taken to make stor-
age facilities as rodeni-proof-as possible?

66




i . N ' _ . . T

L

9. What are some of the advantages of putting grain in sacks?

Notes:

Notes: ~-




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

t IR

12. What plan of action will you follow.in dlscussmg the dlfferent types
of improved storage containers with local vlllage Igaders?
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CHAPTER V. CONSTRUCTION & UTILIZATION
OF VARIOUS IMROVED FARM &VILLAGE-LEVEL GRAIN STORAGE
FACILITIES

INTRODUCTION :

In most developmg countries |t is estimated that upwards of 75% of
foodgrams are stored and consumed on the farm. This is especially true
where farming is carried out predommantly at the subsastence fevel.
Losses in farm storage caused by insects, rodents, birds, and moulds
~occur in nearly all g.ralns 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 imponiance of improved farm and Qillage—Ievel grain
storage methods to developing countries cannot be overestimatécf, and

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

fronic that greater emphasis has not been given in the past to this activi-
ty. o
Traditional methods of storage used by subsistence f‘armers 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 construeted of in-
digenous materials {largely of an organic nature), suffer from the same .
probiem 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 hurnidiiy climatic areas where
microorgamsms and msegts fiounsh par‘ucularly during troplcal rainy .
seasons. o
Modern storage methods are basically irnp;rovements over traditional .
practices. Although these units are essentially based on sound en-
gineering principles invelving the best available appropriate technolo-
gy. the reat 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 ex,pe-rtengmeer put some modern building materials
together in order to make a structurally sound and air tight bin; what is
of prime importance is whether subsistence farmers can afford to own,
operate, and maintain such a unit. ‘
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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 requwements of the subistence farmers who are
going#o use them. Experience has shown that the followmg general
condifibnis have to be met in order to successfully p_romotelany new
storage/dryer technology at the local level:
a} Gheap and simple to construct and opnrate . ~
b) the materials used for construction should be easy to find lgcally,
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 these tuleg in mind Garefully studﬂz 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 all
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-
methmg he is not prepared to do unless he is sufficiently conwnced of
the advantages offered by the new storage methods. , J
' :
i

cons"rnuanG AND USING YOUR
STORAGE SYSTEM {(OPEN)

. MODEL 1 - IMPROVED MAIZE CRIB
" The storage of. husked and unhusked maize is a common practice :
. amopg subsistence farmers in many developing nations. A number of
variations are used but the two essential reqmrements for successiul
open storage age: '
t. that drylng take place while the crop is being stored, ah'c?
2. that your are able to tohtrol insect attar“kzat the same time.
in many parts of Afnca for example one flnds‘[armers hanging:bunches
of undehusked malze (or corn) on poles set in the ground, in fhe "
branches of trees, and in the roofs of cooking or living shelters. Some-.
times farmers remove tfe husks and pile the cobs toosely in open- b
weave basket granaties or in covered crib granarles The fatter cortain-
ers partly protect the grain from rain and also allow air to pass over the
"-graln and heIp dry it better.,
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In humid wetter areas, it is more a\ovieabte to put the crop in';la criB—type
storage container. In many countries of sub-Sahara Africa, the' tradi- '
tional storage crib is either round or gectangular, 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 thehs_ntor-'
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- \5
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 meansthat ﬂry-
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 Ibadan, Nigeria, have designed a crib (based on a model origi-
naily developed by the Nigerian Stored Products Research Institute)
which offers subfsistence farmers a number of.advantages over tradi-
tional open storade systems. The following planis fora 2m long crib
which helds approximately 800 kg of cob maize (or some'540 kg of shel- o
" led maize). Another variation of the same crib, which-is 1 mlohg, 1.50 m ' “
high and 0.60 m W|de will store 400 kg of cob masze or 270 kg of sheiled
corn.

Insect Control in Cribs .

To reduce losses due to ms‘éutS Aa number of- mseotlcndes have heen
tested for open criby storage The rnalze put into the cribs must have. the )
* husks removed so that thE mseotuc:de can. Cover the whole,surfaoe_of-- .

the kernets on thé ‘cob. . L
App'.y the msectiosde to the malze oobs in layers Put down a taye

- layer of cobs, and then rnore msectlmde C’ontmue'unttl the cnb.Is"qu i
When the crib is full, put tnsectlcude on the outside. walls of the crlbitg A
prevent insects from entermg , \ .

The wind, rain, and sun al can affect how long the msectlctde lasts. You
can put more insecticide on the outside of the crtb every three'to four
weeks..Look at the rpaize’in the opi‘b every fevs weeks to see if the insec-
'tsctoe is still WOrktl‘j The mseottmde put ms&de the crib wrll last only




Figure 5 Improved Crib
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four or five months, BUt while it is working, it can reduce the amount of
matze 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
xernels crack sharply between your teeth and are not soft. If the grain is
not dry enough, remove all the maize and putis backinto the crib agafin,
layer by layer, dusting with insecticide as you go.

Faster Drying . . .

Keep the crib no wider than 1 m. Between 60 and 100 cm are good
widths for drye@storageé cribs. The narrow width helps maize to dry
more quickly. Air cannot maove through wider cribs to cool the grain in
the middle The grain ina wuder drib will heat, and be attacked by meld
and insects. _

Ratn which wets the grain through open crib walls is not g‘emally‘a
problem. Oniy the surface of the maize on the sides gets wet, and this
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 lmproved Malze Drylng

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..
, greund. Most rats cannot jump this high. ’

- — Ifbamboo in your area is attackedgy insect borers, use another local
wood for the legs. Make sure the wood 13 termlte-proof These legs
must have rat guards put on thefh.

— Thelong 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 Iarger by, adding more sechons Make it Ionger Dtp not

‘make it wider.” . .
| Following is a detaited description of how to construct the Malze Crib.. _

£




THE MAIZE CRIB , d
W
Tools and Materials " »
This is a guide. You can use what you have avallable The frame is
bamboo. {f bamboo is not available in your area or it 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} 3vertical supports, 3'2 m long, with V-notches and lashing slots in
one end ot each one _ . '
by 3 vertical supporis, 3m long, with V-notches and lashing slots in
one end of each one R : '
{cr 2 horizontal roof.supports, 2’2 m long
idi 2 honzontal plattorm (floor) supports, 2'2 m long
(e B vertical platform supports (with V-notches in one end of each), -
17:miong '

y

ifi & notched horizontal width spacers. 70 cm Iong'

(gt 23 poles. 95 cm long. for the platform sufface

Forthe wall bracing and covering {raffia, small bamboo or other wood):

‘hy 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%a m long

o 8 wall supports 1 m long

tk1 1affia or other strong slats for the wall covering. Tle these iogether
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 honzontal pieces, 3's m long R .

(m) 3 cross pieces, 1 m long N

{n} 2 angle braces, 1 m lonrg

(0) 7 purlins, 34 m-long. Six of thesé will be lashed across the cross
pieces to support the roof coygring: one may be attached to the
front ljoading cover. '

(p) raffiamator gfass for thatch to cover the roof, and also for the front
loading cover. You will need. a hori‘zontai%iece at least 24 m long
"to weave the loading cover h-lateri_ai onto —it need notbe bamboo or
of a targe 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 iashing materlal ’ . -
0 You will need plenty of rattan, rope or tie vine for Iashlng all the
~ wood pieces together. v v a

Select a site. * \

- 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.
- < CBllect alt the materials you will need, _

— Make V-shaped notches in one end of each of the three 312 mver-
tical sLLpports (a) and cut some grooves on each side just beneath _
the notchesto prowde a hold for the lashing there. Do the same on //

“bne end of each of tn@ three 3 m vertical supports (b). R
. (3) & {h) o o
Feom s F AR
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- Make V-shaped notches in one end of each of the six 12 m verti-
cai support posts {e). -

- Make holes all the way through each end of all six 70 ¢m horizontal
spacers if) D

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

&
3 Make holes in the ground for the legs.

~ Marx spots for holes for the vertical supports {legs) (a) and {b)
the ground. Make a mark for the first hole;-measure 1 m and rnake
ancther 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
hne Each mark will be the center of a hole.

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

- g six holes, each centered on one of the marks. Make the holes
20 em deep and wide en0ugh so that two vertical supports will fit

“down 1nto eamme.J

A




Assembhing matenals to make wall bracings Photo Forde Bentzen .




4. Erect the vertical supports. . _ :

— Lay the three 32 m vertical supports ("a} on the ground 1 m apart,

with their.ends lined up. Lash one of the 2> m horizontal roof
supports (c) to the notched ends. -

— Lay the three 3 m vertical supports (b)"@n“the ground in the samé
way and lash the other horizontal roof support.(c) to the notched
ends. o o 5o

— Place the‘two assembli.es into the hol:as.

e
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5. Erect the vertical plattorm supports. . S
- 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 unti
the next step is completed.
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i lnstall the platform support framework and make the structure

rigid. . .
- Place the two horizontal plah‘orm supports (d) zn the V- notohes of ¥
the platform supports. ' . >

- Lash three of the notched horlzontal spacers {f) to the vertical .
supports (a) and (b), across the width of the crib.
- Levet and square the framework
— Fill the holes around the vertlcal supports with small stones and
~soil. Tamp down firmly. /
Lash all joints tightly.
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7 Finish the platform. _
— Lash the twenty-five 95 cm polés (g) next to each other on the
- horizontal platform supports. This forms the platform. 4

[N

3‘3 - T i ‘1__
s | L > N N D 5 -y 20 -.-’
XSO R A6 R

|l

mnu{f

2N
Y
=8\
a\'

-
R
|

f
5! ‘;.— Wi
(8
-
A
B

20\

81




28

Using local materials found in the bush nearby, participants at a West African Workshaop on Improved Farm and Village-Leval
Grain Stprage Methods are shown heré 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 aiso short-term storage of husks and cobs of maize‘-

%




8. Install the cross braces. _ ' e
— If you think the frame is not sturdy enough by itself, 'Iash the cross
braces (h) loosely to the vertical su'pports on the otitside of the
crib. - SR _
— The 2%2 m cross braces are paired on the long sides of the crib,
and the 1.70 m cross bfaces are baifed on the ends of the erib. 4
— Each bracd 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 braces secure-

5
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9. Install the wall supports and wall covering.
- Lash four of the 2'a m wall supports (1} to the verticat supports
aiong the inside of one of the long sides of the crib. Lash the re-
maimng four supports to the inside of the other long side of the

Crify, .

: - Lash four of the 1 m wall supports (j) to the vertical supports along
the inside of one efid of the crib. and four of them along the inside
of the cther end. \_

- bashthe already-prepared wall covering. 6 m x 1':2 m (k). to all the
wdll supports on the inside of the frame.
N
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10. Build the roof. : :
- Call the high side of the crib the front and the lower sinde the ¢
‘hack. _ : - : N

e

— Measure the distance between the centerlines of the front and
the back horlzonta] roof supports (c) which are lashed to the tops
of the vertical sup&aorts (a) and (b). 0
- Layoutthetwo 3 f m horizontal roof pieces (I) 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) on.top of the horizontal roof
pieces, 1mapart. When the roof is placedon top of the frame, the
cross pieces should cross over the ends of the vertical supports
of the frame. ;




. — lLash'thetwo 1 mangle braces (n) to the horizontal roof members
s0 that they extend dlagonaliy across the two spaces in the roof

frame.

4 - Lashsix 3% m purlins (0) on top of the three cross braces so that
they extend longways along the roof frame. Lash the fristand !ast
purling near the ends of the roof cross braces.

— Lash raffia mat in overlapping layers to the roof frame.,
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: | ,13 The cnbﬂls ready for use. . - -
— Load the crrtﬁ Lash down the bottom corners of the Toadlng
,cover o the fr,ame~ during drying and storage S




. WORKBOOK EXERCISES

1. What are the two main requirements for a si.{ccessfu'[ open'storage
system? '

¥
« bl

' A
2. Describe what steps should be taken to limit insect attack in open ‘
crib storage? o .@ % i




3. Describe how

farmers in your area use open storage system
methods? ’ ' V
’. K .
T g ¥
Notes: P -
@
- . “ ‘
fo f
oo TR ’
4. What are tge advantages and disadvantages between “open’’ and
“closed” storage systems? - , ' '
i
S 3
Notes: X co » '
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5. Are locat building materials available in your area fdr constructing
the Maize Crib described in this chapter? -

+

r

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

salisfactory results?

T

Notes:

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 al improving the traditional mud siio
common to the area. Their principal objective was to try and make the
traditional mud silo more airtight and dirable 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 humiditydwas a factor and where rocks were not avail-
able as a building matenal.

MODIFICATIONS

Accordingly. the following changes were made on the silo to render it

more adaptable to other geographical and climatic regions:

1. Constructing the silo on piilars and insulating the siio from ground
masture by putting tar paper between the pillars and the bottom
slab o

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 ‘

v ien 47t b 2heb

. ‘,,li._%?.ﬂ.'!.g.b-lf_.u iAo = o 1 i e T e
Ehminating the sloping floor inside the silo 10 increase capacity.
Topping the silo with an inverted thatch cone to proteg‘!’iit against the
sun and rain, and . o

6. Painting the Silo with a coat of coat tar to inhibit .I:iJOiS'[UI'B 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.

h e

-
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RESULTS OF TESTING (Peoples Republic of Benin, West-Africa)
Several interesting facts were learned about these silos. One important
thing is that after comstruction they 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 a silo, the grain should not be tamped witha 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.

Improved Mud Brick Silos

-
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As there are no b}g rocks in the south of Benin to use as a sifo founda-
tion. it was decided to adapt a system of pillar bricks and a reinforced
bottom slab {such as is used on the cement stave silos developed in Be-
ninl. Between the pillars and the bottom slab, pieces of tar papier were
piaced. When.the ground is really wet, cement tends te transmit humid-
ity from the ground up into whatever structure is above the ground. In

the case of asilo. 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 plastic pipe cap for the emptying holei and the
sealing of the entry hole in thétop slab, the silos have been fouhd to be
nearly alrtlghtr/ﬁ\higrlo is full and has not many insects, carbon dioxide
will build up;’m{u the 3jlo and cont'-i‘r_ol the insects. However, if many insects
are present. the sila Ean be treat}'ed with a fumigant such as Phostoxin to
assure the complete and immediatehcontro_l 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
addrticn of the thatch cone roof,-a cheap and effective method of pro-

tecting the silo was found. The roof is light enough to be lifted into place

by two men.

Questions as tc whether the whitewashing of the SIIOS as is done in
Ghana. would protect the silos against the rain and humidity of the
south weté raised. Thus, one of the two silos tested at Niaouli* was
whitewashed while the other was painted with_coaltar. (The silo in
Cotonou was whitewashed. The idea behind paintingfthe silos with

whitewash is to mimimize the change of temperature inside the silo. This -

change in température is caused by the sun heating the Sllo in the day-
time and the ¢ooler Hight air cooling the silo at night. The heatmg and
- cooling .causes air currents in the silo which may form pockets of
hdmidity. leading to ro"tting of the grain. Whitewashing a silo causes the
sun's rays to be reflected, resdlting in a cooler silo.}) However, it was

- wondered if whit'e,wash would provide enough protection against rain
and humidity. Coaltar is impermeable to water so ont_a_silo was painted

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

* Agrcultsral Aesearch Siation near Cotonou
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partof the silo hit by the sun’s rays was protected with a reed mat: In this
- way. itwas hoped to minimize the effects of heating and cooling of the
silo. Results showed the corn stored in the whitewashed silos had-a

slightly higher level of humidity at the end of testin'g_as_g_mmpgred tothe

corn stored in the coaltarred silo. However, corn in the whitewashed

silos was still in the safe h?ﬂidity range for storage in silos or closed -

containers,

1

5

Construction Summary .

Duetoalackof largerocksin 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 foundation of cement 10 cm deep is poured. On the
foundation three piilars of two bricks each are mounted. Between the
piitars and the bottom slab of the silo. pieces of tar paper must be placed
In order to insulate the slab from moisture comlng up through the pil-
lars Cy

The bottormn siab can be made on the ground ina circular formwork‘
Diameter of the slab is 1.20 m and the thicknggss is 8 cm. The cement in

gt

the slab is reinforced with 6 mm rerod. The slab should bewatered three *
times a day for seven days to insure proper curing of the cement Once _

curad the siab may be tifted by several men and placed in posmon on
" top of the pillars. provided the tar papler 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 1IO' cm high, 10¢cm
wide. and 15 cm long on one side and 18 cm long on the other side. To
mount the wall. acircle one meter in dlameter is traced on the bottem
slab. A layer of mortaris placed between the circle andthe outside of the
slab. The first Jayer of bricks may then be placed on the mortar. Space
Must be jeft for the plastic pipe cap that serves as the emptying hole.
Once the bricks ‘and the pipe cap have been mortared in place, the se-
cond layer, of brlcks may be placed The silo wall ends up 17 bricks high
‘with 19 bricks per layer. .The mortar uséd to mount the watl 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 grovhd in a crrcular form-

» -
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work just as the bo_ttom slab is made. The top slab has a hole 5 cm in
diameter in the center whick('senzéstas the filling hole. Itis large ené’ugh
to permit a man to enter into the silo in order to completely empty and
clean the silo. This slabis 6 cm thick.and 1.20 min 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, a method of sealingthe holeis -

needed. Thus. a small cementcover slab is made. The cover slab is
made 5 ¢m 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 filltng 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 mixiure. If the emptying
hole and filling hole are both well sealed. the silo will be insect and rat-
proof plus airhight. |

-

Options and possible modifications in the sito construction -

if stealing is a problem in the area where the 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 f-i!ling hote. Bars can then either hinge on or
slide through the rerod pieces and be locked with a padlock. 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 wouid be dug to a depth of 30—50 ¢m or more until

1.

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
toundation 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 sheets, coaltar, or tar felt (tar paper) would

be used. The plastic fsh"eetsﬁ:tn be layed direttly on the sand and found-

ation.bricks. If one-is using t

e coaltar or tar felt, a 3 cm layer of mortar

-~ must be placed on top of the hard—'packed sand. One would overlap -

joints of tar felt 20 cm and spread coaltar on the seams. With the coaltar
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only, one would paint the mortar and foundation’ bricks" top fourtlmes o
Qver the piastlc sheets, tarf tt, or coaltar another fayer of mortar 4— 5 L "
cm thick would beaplac : ThlS mortar |ayer would serveas the ficor of-":'“"
the silo and the base forthe walls. - -~ v oy
. The top stab cauld be built usmg only cement $and, and gravél no re-
rod. Fouror mo re boards could be. placed aéross the: top wall-to- ferm Gt A
sqUiare which would serve to support the slab’s welght Thus onecould-
conceivably do away with the need for rerod in both the top:and bottom =
.- slabs. As mentioned in the paragraph above, these ideas are still ex-
penmental Time and money have nop yet been found to prove @r dis-",
- prove them. The ideas are presented?e show a cer‘ta;n demgn shculd
* o hotalwaysbe thoughtofas perfect F{eascnable desugn changes shculcjq
" " be sought after and looked mto C,or e
The lmproved Mud Brick Silo prov:des a reasonably cheap and effectwe —
methocl of storing oneton of grain. The silo works indry regrons ancl has
‘now beeh adapted to work jn’ humid regions. The stlo,cah even be built . -
on alightly larger bottomgab, have the wall bricks turned se 1he1r’short .
» * sidefaces-outside, and havealargertop slabtoincrease capamtyto one"-“_-_ S
and a half tons. The silo;works and is so adaptab!e because it is some- -

.“

thing basically uncomplicated-in an l_ncgeasmgfy complicated age. o o
A : e. _
Contructlon Materlals . T ", __
:Mud brlcks i 325 # ., 0 Ea Y '
Cement | 4% saq.ks ST ey g
Rerod . - 3six meters bars (6 mm d:ameter}
- Tar felt | 1 square meter mz . -, S - o
Plastic pipe cap . _Mqo-12tmidiameter) ...y
“Gravel S 25*'m3 cubic meter LT '
.,Sandw .. .75md cubic meter - C e
Whltewash =y .:.\, ! . S - e o : :
« Thateh and wood for cone roof ' o S - \
CE S TTTee
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Foundation, piliars, o T : *-7;"-}9

:“:CQNSTRUCT!IONEOF THE SILO

Mixture Proporiions .

top and bottom: -7 - . 1part cemeAt - 2 parts sand
slabs. and manhole cover 3 Parts gravel ‘ ,
Mortar joints and plaster Job 1 part cement — 4 parts sand/ora -

L3

- mixture of cement, sand’and mud.
Wallbricks all rnudfcr mud and cement H’ependlng on quallty of mud.
MOLD SIZES _ LXWXH
Pillar bricks - 30 cra x- 30 cm.x.20 ¢m .
Mud Wall bricks - 15em x 10°cm'x 10 cm or Bricks with one long
| side 18 cm tong and the other long S|de 15 ¢
: iong x 10 cm x 10 cm. These bricks confOrm
better to t,he circle apd need less mortar
between their joints. : »

>

R
-

MUD BRICKS R

The numbet of mug wall bncﬁs will depend on the helght and d:ameter
of the silo. A SIlO with a 200 m interior hesghtand*’a 100 minterior diame-
ter will need 325 bricks. . BTN e

Good guality npud should be at least 's sand an 5-30% clay In Benln ae:

., distinct red Q{DIour indicates a good clay content and makes solid
___br:ck‘eAbm%mellowlwmnsmghsmmﬂlayeom—*

be added to make this sqil better for brlck making. E§cu| dark brown or -
black has a high humus content and is not reécommended for bncF( mak-~-

|ng - - - '-. El
To prepare the soil, clean the soil of atl orgaﬁ’lc debns and break up

clods. Adjust the composntlcn it necessary by adding sand or clay-rich -
soil, which is unavailalle, broken-up termite hills may be used. Addjust
. enough water to be workabiel

xceas water causes clay to swell and
then shrink when drying causmg crackmg of the prlck’s

In sc}ne regions plain sun-dried mud bricks are very strong Other reg-
ions have mud that makes strong bricks if mixed with a little (1:15—-20)

g
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t ement Some types of soil become Iess strong when mixed with ce-
- ment. Thus. a few bricks shouid be made to try the.different p055|ble

3 comblnahons When the bricks have dried. break them-and see whlch
mixture Produced the s1ronge51 bricks. '
Once the type of mixturg.has been selected, bncks can be made. Select
a good. flat. sr]elt_er_ed‘;,area___on which to build the _bncks._Ml_x_the_ mud
and water taking care not to add too much water. To be strong. the
bricks stiould be well tampéd and thep well dried. Be sure and’ protec

’ . the bricks from rain or Q\\Jse you rnlghnKQave to s‘tart over again.

PILLAR BRICKS - -, S

Six bricks 30 X-30 x 20 ¢m are needed to forrn three plllars of two bricks

» each. The bricks can either be done with amixture. of concréte with the
proportions 1:2,3 or with a mixture of mor’fa? with-the oroportlon::
V-6 {according to the quality o#"sand and cement ernployed) T
One could also use cement blocks that are used for Kousebujlding |t
‘their size and strength are. swmiar to fhet regular pmliar bricks. .The piliar’
bricks mustbe watered 3 times a day for seven. days&n order to be we{l

" T

-+ cured and strong* . - .

BILUAR CONSTRUCTION Lt e
Trace a circle with a ’gmus\of 60 ¢m on the ground Thls gTves the cir-
cumferen-ce ofthei}o sinferior slab. Next: from thé same-paint. “tracea
circtefwith a radiug vi4s cm and divide the clrcle rnto three'equa)l parts.

To dwude the circle: |Mee part,s pfck a pomt on the circle and wr[h '
of the chosen ooznt From each one of these.lwo pomta mark two rnore

~ néw points, again wuth ‘the 45 ¢m radius. These last two pomts and the
first point chosen divide the cirtce in three equaI parg&The thr‘ge pdints -
oh the cirlce will be the centers of the pitlars. Fromone center to
.another should be approximately 79 cin. Around each point, traceacm-

_ clewith ayradlus of25cm and dig aticle 50 cm deeb In eagh hote poura .
foundation of concrete {1: 2 3) 10 cm deep. Tampihe eoncretewel\ and-
level entirely. After this, construct the pl||§FS L‘Ls_ﬂlg two p|1iars bricks,

~ one on top the other. in each hole. Put the first brigks on their sides SO
their30- Cmiong sides-are perpendicular to theaﬂms runnmg through the

. v o L
. X Far . g




center point in betweeh the three pillars (see dlagram) The 20 cmsides -

are parallel with-the axis. Next place a lay&r of mgtar T—2cm thlck on
- the first bncks and set the second bricks in place The th rée pillars must
" be Ievet 10 Dermrt an equa’t drstrrbutron ofthe slab's weight and to |nsu re
the' slab witl not crack, under load.

. : LI S
Py - f N

1NFERIOH SLAB ' . | S

'I'he diameter of the slab.is, 1 20 m with a thickness of 8 crn 1. rs rern-
forced With 7. Sme6 mmj of relntoscrng rod and poured wrth a mixture
- of concrelg (1:2:3). -, 0 . : R

To facititate cnnstructlen efatpe sito, the buttumrand top stabs ‘can 'ee‘

.

peured on the g‘mrund ahd Iater l[fted into place. A form work should be .

mada. either dug into the grotlnd or SIIIIJ‘Ig Qn the ground Drameter of

"the formwor!a,rs 1.20:m. Line the formwork with paper “tu prevent the

ce'ment from. s’trckmg ahd wet the pager before pourmg the concrete To
make the slala ;spmodtheron the sides, a prece of magonite can be used to

torm the circle of thefermwerk The original Ghana mud silo had atop

slab in the' shape of an. octogon A circle Waa gsed for this chariged
‘model because it is easiet to form’ . L !

S b ‘ . . .t

‘e

- f - F

To fab rrrate the remfp rcmg pattern, two 6 m rode {0 6 mm) are needed .
Trace a circlepnrthe ground with 8455 cm radrusto obtain the modeLOf_
the pattern. Dmde this circie into six equal parts ma.rkmg s%pdlrms on-
itthree

the crccte Bend one bar areundt@ Gir rcle and cot to ftt Next

“—

REINFORCING RODS: . . Ry

srrarghT bars o the cicle. S0 they c;orrespond to the, Sic. pomts on the"___

% - circle and t:fess each other in the cénter of, the C|rcle (see, d”adramﬁ

Yy
Each bar or rod shctutd have at least 5-10 cm emra at ea‘bh end that can :

be beat over the circle in arder to-hold the, bar in placetThese@etat ends
car then be attached with {ittle pieces af wrre losecure them Y‘rrm{ly Be-

foré pou nng the cement for the slab itis mportant 10 plaee the- pattern
in the stabfbrmwork to make sure itis reundand“ﬂ&tand not too big.

Once thormwork and the rerod: pattern ha\fe been complete‘d the '

corat:rete n‘nxture can be prepared The bottem slab willl- uae approxr—
‘mately 17a.5acks of Cement Mx the cencrete thoroughly and adg the

rrght amount 6t. water 20— 25 hterg per 350 kg Sack oféﬁernent Once the

t. 2 . ;{-.'r’

" " co W e i
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_Bottom slab for the Improved Mud Brick Silo is made esaemlailythe same way as e
floor slab for cement stave silo. L ’ o . ;
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water has been added 10 the mixture pourthe concrete wuth as httle de-:--";
tay_,as i5 posmble preferabty in Iess then gne | hour When the mtxture is
ready fo pour wet the' ﬁ)aper or 'sand i m the formwork Pour ang tamp a -
; tayer 34 ¢m thlck before placmg the rerod pattern Be'sufe and mark: :- _
: on the forrawork the posutlon of the thré%strasgh‘rerods in the’ ‘slabx _
Once ‘the et%s to be ptaced on the erars the rerod posrttons wrli be
:mgortaht Cover the Terod pattern with a 4-&5 c:rrr"layer of concrete (to_{
obtam a totdl of 8 cm) and-tampwett if the stab is not wett tamped 1t_".’“
risks cracklng under the malze S werght Smooth and level the-surface
| ot the slab it is very tmpertant ta’ water the slab three times aday fOr:.:_' '.
seven days and to let the“slh“: 'ure m the shade LT e e

- A :
S - 1 Com . . T . T
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PLACING THE 'StAERY
Onoe the stab has begn watere
p!aced on the plllers Etrst onem
slab. MaKe sure thattheeiab hadd ‘arked with the“posmon ofthe -
rerad first, Next,kplace tar paper pH .5»25 X 35 cmon top oﬁhe three -
ptllars Thewtar pa-per SErves as a morsture barrler between the p|ttars :
and thé slab+On the tar paper place alittie moartar(t 6—8)w|th thesame
: shape as the piltar and 1-2'cmrthickness. Now the slab’can bé placed. -
on the pillars. It is umportant that three of the ‘terod strhcbn marks be
placed inthe oenter of eachi plllatJ $O. that the future wetghi ofthe tﬁnatze Lt
K will be eventy distributed among ihe: plllars Levei the slab on theprllars 5
by addmg a ltttte mortar on one or two pll[ars if it |s neceseary e

ST _-'._ : e o .'t' '_ s e i

L., ) .' --'.“ vh _' S n..'.'n' -
d 0ured tor one week, it may’ be
niove the formwork around the

: MOUNT%N.G THE WALLS e e T R
. Afterthe slab isin ptace andthe moﬁar has dned so‘ : _,ihe wé[t‘s can b = .
. a mounted T»raoe a cirote of one ‘meter in dtameter on the slab Ptaoe a
o _ §mat| layer of motar between the olrclue aad the ‘outside of the: slab The- E
- mortar may t:le either cement and sa.pd (1 4)or ogfnent sand, and mud-.
L1283, 14 4, etc! .depending’on, condltions) The exact’ mrxture de-
¢ pends on the mikturein your bricksyand the’ interactign of the cement S
'eand and mud in that parttculartegion - R ;_‘;\.; reil R
AT Commence placqng the.bricks on the- mortar The'ir tnsiﬁe face should
EO fall op the one meter d|ameter4uﬁe tracéd on the slab Le’aue space b

-t_-'. . 4

. 1i o
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ween the bricks fot mprtar to be placed :Inthe firstlaer of 19 bricks, the

plastic emptying hole should be placed in Between two‘bﬂéks BE; su?e?e
and leavé enough space toallow the cap to easuly screw on and off ’The"
brlcks for the second. Iayer should be’ plaoecbon a small‘ “layer of mortar-_
apphed to the top of the first jayer Stagger brlcks sQ the center of"-'-.
the,second layerbricks falls overthejomt between two' flrst Iayer prlcks

This ml@westrenght to.the wall and avol{Lcraclé‘s in the jomts from go-
ing all the'way up the wall. To pla‘ce the bnc’lss of the second layer over i
the plastic emptylng hole demarids puulng three Ilttle pleces of rerod |
over the hole. The rerod acts.as asupport far the bricks and helps keep

them Ievel and gven. After the Secorad Iayer the wall is mounted in the;
prox1matelyone metric ton of storage The wall needs 1? layers of brlcks_-
WhIGh when combmed with the mortar Joants makes 4l proklmately'
two rheters of wall. Hitis deemed necessa(y arerod apparatuscouid b
placed.in the wall when itis constructed 50 tnat the emptymg hote couldr
be locked afterwards to protect. the silo aga,mst theft. There are several__
‘different ways to rmake a locklng devrceaTwo rerod hooks might he*de—'
placed in the mortar- joints on EIther!' s1,de of the dplastic emptylng hole‘
plug. A thrrd bar’ can be attaohed ‘o qQne of the: hooks so it hmges over
‘the; plastic plug and can be locked to the second hookﬁA plate’ that
hinges and covers the entire ptastic plug colild alsd be used. More
*elahbirate -devices -could be-made, dependlng upon lmaglna'tlonband_
,.poss:brfltles of materlals R S~ S

o

v . - . . .\ : T T
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PL STEFllNG 2 RTINS

ra'I‘Ige plastenng of the sulo can be done before or aﬂer placmg the tdp
slab. buttt ig much. easier if it'is done’ before. The 1n31de and.the %dtSlge
walls : are plastered with'a mlxtureuof cernentan-d sand (1:4) or with ce-
meni sand and mud (1: 3:3; 1. 4: 4, etc accordlng to condltions) The
inside wall may be oompletely plastered orjust the ]omts aecordlng to

condltions of humldlty in- the reglon

'Thetop slabcan be mad“ém ato wor
'slab The stab hesahole 50 len % meﬁ thiegs:




The watenng and cunng of the top slab. and’ cov‘er slab are the,,same as =

- for the bottom siab and pillar bricks. One should w?fer the slab 3 tll‘nes o | i

a day for at Ieast 7 days if not fomu days Th:s is beoaus’e the top slab
must%e lited.to the top of tthe snlo=and a!ao muat support the weightofa -
' man when he wants to efr]ter lnto the SJ|0 No o'ne wants the slab to break

an,d hurt some onew R I R J\ - S

When thie s siab i5 cured, Itmaytje putuonthe sHowalI Placeasmall Iayer @ "’

or mortar on the top of the wall and“hft the slab |nto place, Center it well -

on the waII and then fortar imthe remalnlng space lnsrde and outSIde'.--"'*"'ﬁ_':"’"f'},- o
-between the wall and the:slab. One mlgh‘t also bet a Iayer of mortarflve.{

to seven centlmeters wide around thie fitling hole: Thls will put the little -

“gover alab UD off the top Slab &hd help bte\@nt‘anw Chance water from"_'l N
runmng into'the silo.The lifting.of the slabalnto ptace wrli take atleast BiX o e

strong men and some caution.s RN O T

a . El
. .

PAINTING THE‘S[LOH, ST T ST

‘After the silo has dned for gvo,wreeks Tt rnay be pamted Th|5 palntlng .
will render the silo more alr,and water. tught Three systems are poss:ble e
LThe silo may be pdinted with Whltevvash on thetextenor It tHere. |§much
rain in'the area during a%torage period, it rmght be ]barn,ted exiernaily: B
with coal tar. This mlgtﬂ"p?ossably thotigh notfor sure’ causeptoblemi t
of heatlng and opglrng ‘of the 1nsrde 5|Io alr One posspble optloﬁ is: to
paint the. ln5|de of the silo W|th cdal tar,*_and pamt the out51de= w1th s o

whitewash. The coal tar w:II grotect aQamat-the entry of hurrnd’fy whll.e B '
the whltewasn makeswthe sﬂo cbole.r and prettler L ER AN R

“‘a_u

PR - B g o a e o ,,_ﬂ R S A

i

§ILO“B®OF “ _' ; R R

verted “V" and put |t oﬁ the"salo If.the cone hangs over and down a
ways 1tW|I| also helpb?rotect agalnsttne s’un srays Of course abrg roof_‘-_

FlLLlNG AND TREATING THE suLo .
“ Oncethe 5|Io is palnted dry, _and has a roof corn can be p_‘ | )




_ The watenng 'and cunng of the top slab. and co\ter slab are theswne as -
- forthe bottom slab and pillar bricks. One should w?fer the slab 3 tlmes
a day forat least 7 days if not. fora10 clays Thrs is becaus’e the top sLab
mus‘hbe lifed.to the top of ft::e salo and also must support the welght of a.
' man whenhe wants to enter |nto the s,ito No o‘hewantsthe slab to break
.and hurt some one TP r: L e TN
When the s-lab i5-cured, it may-be putaon the 5|lo wall Placé al small Iayer
er mortar on the top of the watl and“ln‘t the slab into. place Center |t well
on the wal! and then mort’ar |mthe remalnlng space inside and out5|de
between the wall and the-slab. One m[ght also beta layer of. mortar five
to seven cent:meters w;de around the filling hole. ThIS will put! the ilttle
“eover slab } up off the top slab 4hd help bx;euent%nyt chance water from
runnmg into'the silo. The !sftlngof the slabamto ptace w;ll take atleast stx
strong men and some cautlon R N T i
*After the silo has drled for gvo weeks Tt may be pal nted Th;s palﬂtll‘lg
will render the silo more amanad water tught Threesystems are possuble
The silo may be pdinted with whlteWash on the.exterior. If there |s_rnuch
rain in‘the area durlng astorage periog, it rmght be baln,ted externaiiy
with coal tar. This ’rmgh"t“p‘ossably, thoogh notfor sure causeptobiemi
of heatmg and cpgl:ng ‘of the 1nsrde sno air.. One possrble OptIOFJ is.to.
pamt the: !rt5|de of the sﬂo w:th coal tar,farrd pamt the outsrde with
whztewash The coal tar Wlll orotect agaunstthe entry of hurmd’t’y whrle
tHe whltewash rnakeswthe silg c'ooler and prettler ey ‘; :

"e.u
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rnethod of proteotlon Is to constmct a thatch cone fn Ihe shape of_' ._
“ verted. ”V“'and put 1t of- the'*salo I, the cone: hangs over. and down a
ways itwill also helpb’rotect agasnst the sun’ srays. Of course ablg roof

to protect the entlre 5|Io courd alwayé be burlt but rs not ‘a'-necessﬂy
a'o .

FILLING AND TREATING THE SILO :
- Oncethe sulo is. palnted dry. and has a roof corn can be pu
way of the frlhng hole ln the top slab FlII the snlo but do -no‘"'




'IMPROVED MUD BRICKSILO .~ ., :.-

REROD PATTERN — BOTTOM SLAB f" ' vl
Pillars: . - Holes — 50 cm o . T
Depth: 50cm - ; o _
Foundation: .10 cm thickness -+~ - - "
2 bricks per pillar - A Ve S
ﬁ Same
B . =1IM30x3=3M9% . . R R
TOTAL . = 7MB50 rerod” | v e

grain as excess. pressure could cause the wall to crack Thesilois tlght:- " _

enough to be treated w1th fumlgahts Putthe fumlgant in, seal the cover .o

slab with mortar or mud and place the roof. If there were insects at Lhe '

time of treatment, control the silo-in one and a half to two months’ stime .

to see if & retreatment is warranted. Make sure the emptying hole is_

locked so no one steals your grain! : _ r . Fe
- 409




-2
. ¥

L

Photo Ertk Bentzen
astered witha mlxture

lns:d;?ﬁﬁ autside wall's of Improved Mud Brick Sito are pl

of cernent and sand. - . . ) o

.J ~




IMPROVED MUD BFIICK SILO

_ REFIOD PATTEFIN TOP SLAB

B . . .' lmzoxs—smso

TOTAL . = 7M20 rerod .

_-Grand Total . 14M70 rero,d _

| . n,eeded for © s
14, 70 m Rerod for both stabs

'HOW 10 USE YOUH IMPHOVED MUD BHICK SILO
~ Put only cglan, dry grain intd: your silo.- T
— Wet grain will rot'in the closed 5|Io 1t w;ll get mo!dy A :
- — Wet graln will make the-silo wel The Stlo walls Wlll crack if they get S
wet’ Your graln will beno good. - B SRS Ve

) " [
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Coal=térreq Modified Ghand,Mudbrick Site with Mat to Protect Against the Sun's Raysi B,
White-washed Modified Ghana Mud Silo with Mat 10 Protect Against the $Sun's Rays.: ' N .
: 3. Expenimental Mud and Screen Wire Silo Resembling Oridisal Ghana Mud Silo. .

. “ . a




Dry your grain in the sun. s \ ' | ‘

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

Test the graln when you thtnk it-is dry. Put one grain between your

‘teeth. Dry gram Is very hard to break with your teeth.

Remember. 1f storing malze - put’ kernels |nrto the silo right after you

- remove thém from the cobs. D% not Iet rnalze stay on the cobs after

you-remgve the cobs from the drymg place . :
When the gratn is dry, take the cover off the manhole Put the gram
into the silo rlght away. Fill thesilo to the top.- " :

Stir the grain in the silo with alarge stick. This helps the grains settle.

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

silo. Insetts are always present intgrain. Insect larvae live'inside the
kernels where they can not be sgen. Talk to your extensron worker
about what poison to use and how to uge it.

' Fternember DOISONG can Kill ammals andpeople: Do not use them be-

fore you talk to an extension worker. > ° R

_F?ul the coveron the rnanhole as soonas possible. Flylhg msects can

enter the grain if the coversis not on the manhole.

Put mud all around the cover so nothing can get |nto any cracks bet~ '

ween the cover and the manhacle.
Make sure the Plastic pIDe cap etoses ttghtty
Make sure there are no cracks around the prast;c plpe cap

N

Keep the are"a around the silo clean. Rats do not hiketo Jive where it |5

1 ar o L
clean 4 . . :

- _Check ¥our sio often. Put n%w ptastet on anyaeracks youfind. Itisim-*,

portant 1o fmd the Cracks and put plaster cm rhern rlght away
Keep the silo white’ The white’ col’or Keeps*the\jsdo cool Put on new

_whltewash when the silo needs i T
- e&YOU rmay have to use the plastic Dlpe to take eut 3 Y ar,nounts of

grain to sell or eat. Make sure yoy ctose the cap carefully‘ Do not
leave it open. If theft is a problem, the cad cdn* be*locked and graln

remgved from the top of the silo. = AN

{‘L

i

s E L
~~+ Do not leave grains seattered on the ground.-These grams wltt attracte :ﬁﬁ
Insects and*rats. S . e L :
— When youempty the silo. make sure all the grainis out Gra!n leftinan’ o
. . s . [
empty silo wnl attract insgcts and rodents. ' I
) : . e F
oo ‘ 1137 .
: : . ' LT o .
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— Clean the silo well before you fifl it again. You can bnurn a small flre
made ot grass inside the sito. This king of fire makeés a lot of smoke
The smoke and heat from the fire kill insects and msect egqgs.

- Sweep out the ashes, and old graua Y
- When your sﬂo is clean and repaired, you are)ready to put the ne’xt
crop of graln into the sflo. . o =

k-l

- A 1
4, M . -

) N * S
R .
>

CLOSED STORAGE - (Contmved)SYSTE.MS

{Nith Suppiementary irformation on COﬂSU’U"tIOﬂ of 25 T, Cement
Stave Silo) , - s e

, -
Jta

MODEL 3 - THE 4,_5‘TON CEMET‘\IT STAVE SILO - -7 .
‘ The construction of farm. and vl'.'.E:ge Ieve! cement silos on pl'llars wvth
capacittes currently rangmg from 2to 4.5 tons prowdes ameans ofstor-
_ Ing maize and other grdins for up 19 twe years wn;h rrIimmal Iosses It
v should be recognized. however. that these ufiits requiré more taresin,
" drymg and insecticide treatmem than tradltlonal meth,ods The 4.5 ton
mode] is considered the optlmum size because units,of emallercapalty
& . are less economical to build. Expenence Hds shown *that the Cement
~ Stave Silo will workjustcas well in drier areas asin humld ones. The only
' Iamitmg factor 1s one of ecanomic feasﬂnthty e S ¥
The silo was devefoped and field tested over the past seven years i Be—
nin. West Africa, by Government Agnculturai Extenslon Agents i
cogperatlo,n with U. S,_Eeage Corps Voiunteers Smce the program fipst
, began over 350 of these silos have been builtand SUCcessfully used

+

3

ADVANTAGES . .~ . 7, e g

" — Stores. large amounts of grain. "~ -f" T
- Qwves good insect control when rnsectlmde |s added to the grainto *
kill insects already in the grain. S
— Offers good protection for the grain from xodents. “,;-. <
— 1 iass expensive than a rgetal sito of snmnar capacny and is more dur—
able.
114 . -
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o DISADVANTAGEB S e L
[ - . .- Has#obe protected from rain or It does not QFDthe good moisture
‘ © control. - : i : : AN
— Uses materlals artd equ;pmentwhlch m_atgeltmore expensweto build
" than the mudblockesno ' v : ._ ‘ .
THE SITE L

—= Build the S|Io on hlgh welt dralned ground Do ot build the silo
_where it wull bé mathe .path qf water from ﬂoodlng or heavy rains.
- -Festthe ground to'see if it WUI support the silo. You shoutd build this
il it hard-pan, rogk, or stable soil.” ‘
- Dig a small fiate, abaut:65 cm deep. If you do not reach hard-packed
-earth orrock. try another Iooation if. possnb[e [fthereis no otherlodas™
tion’ avallabte'and you are in doubt about whether the earth is hard
_ enough epemat preoauttons should be taken.
s "Locate the il0's0 that‘f‘t |e-teve4 Jf a dryerﬁ‘forexample the Pit Oil Bar-
. rel Dryer, is belng built onithe ¢ sa,me snte ‘the location must be chosen
. séthat the frontof the dryet is facmg-the oncoming winds during-the
time ‘o year, you will be drylng

THE SHE.LYER (see’ Flgugen)»
Betore consmfctton Of the silo and dryer s begun a straw or tin roofed
. shelter should be buﬂt This provldes protectlon from rain and sunlight
fornthe silg.and dryer as well a_s ‘better working conditions during con-
.strugtion. Comptetin of the shelteriassures that the units will be ready
- for use as.soon as the.cornis ready and can also give an idea of the in-
‘ : terest of thé. owner try the prolect . : e
F_o‘r a4 ) T SHOw tnesheueemmensrons are 8. 00—10:00 metersby 400 *
meters ‘height to cross pieces, 2, 50 meters. The hetg%t from the cross.
e pigces to- the roof beam is 1.50 m forthe 45Tand 25T hangar“Fora 2.5
T silo. a temgth of g.00 meters ‘with the same w:dth arfd height as the L
o hangar forthe 45T silo is necessary. . = - ' R
SR : Ptacementofsupport posts forthe roof beamlnthe centeroftheshe[ter B
is determinéd by the 1ocation of the silo and dryer hote.
The type of roof for the shelter will depend on the economtc capabllltles
ot of the owner. A thatch roof can always be replaced by a tm one afterthe '
' unlt has had several years to pay for |tse|f . S K
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- MATERIALS: {see table 1)

Cement should be stored on log supports or plastic. since it will harden
if placed directiy on the ground. If tumps. are present and cannot be
broken easilv. they should be discarded and the quantity of cement in-
creased by ° 3, .
Road.sand can be used if it is clean and does not have too much clay
caentent,

Gravelshould be smaller than "3 the thlckness ofthe slab itis used in. it
should be washed if mixed with dirt or other_m.p.l.mbes

e At AT P g mim o e

Water should be free of d|r1 0|I and’ chemu?:}égi“‘v‘vﬁ‘?"c—ﬁ weaken cemant,
If stored in barrels, they shouid be washed thoroughly beforehand.

MIXING: should be done on cerjne:nt_ or-swept, packed edrth. Care

should be taken not 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 mlxture ‘when it is
tamped. and thus weakens it. 2025 liters of water for each 50 kg sac__k
of cement is abou_t'right for all mixes. '

110
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. MIXTURE PROPORTIONS: - - SRR T
' rortar for staves S 1 part cementw 4 parts sand 1 4)
— mortar For plastermg _ | 1 part cement ~6-8 par-ts sand
; pillar bncks and. ]omts . (1:6-8) ) : _
~ concrete for'slabs,’lintels - * 1 part cement — 2 parts sand —_.' -
o U | 9~ . .. 3 parts gravel (1 2 3) o _ e

4 ._ ' ’ W

- . o . . o
LT . . ' ; -
B . E _.,... .. . . ,‘-4-_ _ . ] , . L
CIR “ L ) Lol

TABLE I CONSTRUCTION MATERIALS e
A TOT‘AL M‘ATEF{IALS NECESSABY R AP S

B

Materials e Lt S0 45 lo‘ns'l. - Silo 251tons

' . o . . . o L . '
Cen’!e’nl Yoy AN S 12 sacks (50 kg). ?ﬁ.: F9sacks. L e
~Re- rod (,; 6 immf | ,ﬁ;e L “Bars . 4bars o

055l

8 Galvanrzed \«@lre {C 3 mm) »','-" : "; 1 rolt {4 kgy .7
wire tightendrs #» . €. o

U Coatar . v L% 715y
. Tar. paper B “ AR tme "
s Gravet T L oeme L
PR : R _'-_:"-(3 barretfulsll @ barre1fuls]’
-Sand*- v by 2m3 ' - “15mi
SN Emptymg Hote Plug B

. Wirescreedingr 7
' Bgrrels.{z(}g:__i) | _- ; e

ST 200 I barreis {5 barrelfuls

1 m’}




CONSTRUCTION OF 4 5 T CAPACITY CEME*NT STAVE SiLO
ON PILLARS (sée’ fig. 2)" D

- B .o
,,.I ! + ‘_.- A

The 4.5 T.silo is the basic: un:t used in graln storage in southerngBenln
because umts of smalier c‘apacnty are con5|dered Iess economlcab The“- .

' mtenor drameter is 2 O meters Thé’mterfor helght is2 O meters gwmg a
volume of 6.3 cubic mﬂﬂers Total helght from gruund,level is2. 5 méters
- a‘hd dlameter of the flcmr slabris 2.2 meters " L S T
CEMENT STAVE SILO — PERSPECTIVE “VIEW (Flg 2) R

. _Han .
g L )
Codvercle ¥ . :
(e adom.)
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/Fuaumsa \\\\. N X ._’.. oL
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CPwagd e CF T

Cables/  Wiras' o

. ‘2 . ‘ ..
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ey e TN — i Anti mgn R
" Fléor Siab \ei i . e T/ device- . S s
. e’ R S T o / Dismvsatll anlr yal R
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" .'.-q' ) . . .- . . . N . . . .
yoa Mounting- plaster~ - L iy

’

1
: . . - o el Coa o
Staves- - * -~ - Cement - S 'SSacks LT e 4sacRs
. + - :‘ . . .

‘Pillar Bricks a Cement ' . 1sac_}§'f_ o 075 sack _
" Mounting pillars , 'Cement. 7. . i idsack iO?Ssavck s

Taver s\lrab- . Cement t 2"'sacks ' ¥ ‘.l.:SIII.Sgle

e e . o ': : .":."_.':!
TABLE I CONSTRUC{IQNMatenajs i
B) JSE OF MATERM\LS - ? '_

; Y . .‘.' T . A NP
B @ L B -" ; =

o

Yoo
o c . . - : Lo -
Operation = =~ + Ma_te:ria;l Coa §;Ib 4 5°F -Silo 2*.:5;]’ N,

o - = i a

a

b 50 cm . "'.' 50 cm‘ 7 ..' ...’-;:'_ g

i

‘Re-rod b mm @

Gravels L 01m3 " 0w v a o N
- (0.5'barrelful} . (05 barrelful} *f« HeEy

Fioor siab . Gement . Trsacks 1$sack S ’ Lo T

a

) G{‘aVEI i . . T . 0 2 mﬂ ":\ 0 2 m3
R S L (Foarelfu ) (0 75 barrelful) _
‘Re-rod 6mm @) . ‘4barsém - izbars .

ing, paintirig 'Wire tighteners . 10 - e ROIEY L o
& ., . - - Cement Y- 1sack, Lem 1sack Lo T
[ Coal tar - ' Bt 10 ,
Antithgtt device «  Re-rod 6mAl @ * . 12em ., 130em
’ ", ‘Emplying hole ,‘.-_'_‘ R S
3 W - p]ug s . ._1  2 e ’ L 1:;, . :
PR ""'Bq,(rel énd. | e A I B
(with filling _ - Grave) N 02 mé . . ""-.'D‘.Zrn:‘ T
hale covery S bar?elful_) - barre‘iful) /
o Re-rod 6mm@ . = 4 bars 6 m '.~, ., 2 bars :
Dryer lintels _ . Cement . . _°- USsack 0 '
) s . Gfavel, - e 0 o '_
- ;, . 5. ' . C - "(05 barrelfuT)
~ Y CRerod: - 7T Mbar mm'Q _

smves . R T SR O
Fof the sitos walt 91 Iarge staves and 26 sma!l ones are " j_ sary Fwe
extra iarge staves should be ma;de in case of breéakgage They are made;_‘,_
w1th al:4 mlx,tu re of c\’rnent tb séhch 4; 5 to 5 packages of cemenfwﬂ :fbe:"'
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Cement staves are.made uBihg spe |aLw00den molds; normallya em. thick, W|th
beveiled edges. ' "'f"% Y L, ”\\-..‘I VIR .
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The staves sirould be tampegl weH wﬂh abottle, for examplé, and Gare . " A
should be taken so-that the.cement IS not so wet that Watesr runs out*of" -
the mald or the staves’ slump T L -m. N - ‘

: 'Dne large stavé. should be made wiiRa, hoie (1?_ cm in diameter) in |t for
3
|~5ernon of the emptymg plug cente~redg i0 cm from’ the endoot"t’ne '*;
sfave This hole should he re»lnforcgzc{ with a rmg ot 6 mmre- rod (5{1 Cm ’
lohg) in trfe stave around the hole and Dy tamping well. The staves Wﬂi
require 5 packs of cement Waterthe staves 3 Iirnes pér day for7’ days )
and dry in the shade. o _ . o
. . . R . . 4 HE . "‘ - ) : v
a + ’ ‘1.1 ’ s : ‘..?;* : .
] . ""_ . Y )
N Lo ) N . -
Figure 3 ~ Furms for the Staves , . ®
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Té‘bﬂa 3. lnterlor DI!'I'\EI'IS]OI'IS of the Malgs

Slab * 1,50 meters. ‘ 200 meters
Di{g;'nﬁeter | rarge . - .. Small Large | . Small
Julendn .A | 500cm | 250cm | 500cm | 250cm
| Widths by | 214cm | 214cm .| 24.0 cm 240cm
b2 | 228om C 228cm 252cm = 252cm
Thickness C | 5.0 cm“," ' 50cm 50cm. | . 50 cm

'6

’

 PILLAR BRICKS.
24.bricks are needed to build 4 pillars of &@rlcks each. The bricks can

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

the quahty of the sand and cement; Molds of 14 x 20 x 30 cm.will give
bricks which will provide 30 x 30 cm piliars. Also. regular cement bjogES
used in houses can be used if they are the right size or if they can
to fitand)f they are strong Wand water the pillar bricks the

the staves.

BUILDING THE PILLARS (see fig, 4)
Trace a circle of 110 ¢m radius ongthe ground. This will be the circum-
ference of the bottom siab of the s§o. Next, using the same center, trace

. acircleof 85 cmradius and divide it in 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”
Pour a concrete foundation (1:2:3) 12 ¢cm thick.in each hole. It should
be ta"mped; and levelled. Next the pillars should be buiit using three

layers of two bricks each. The vertical mortar joint between th_é two

bricks forming each layer of the pillars should be ¢riss-crossed perpen-
dicuiar to the preceeding layer. The 4 pillars' should be levelled carefully

to provide even weight distribytion ‘for the slab. One half barreffiut of = =

gravel and 1 sack of cement are required for making the pilldr founda-
tions and mounting the pillars, .
. i'; ) T -
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FLOOR SLAB T, '
Theflor siab has a dlameler of 220 m and is 10 cm thlck Itis, remforced-
with 24 m'of re- -rod (6 mm)}. The 1T:2: 3.concre1é mlxture requares 2
~sacks of cement and about 1 barrelful of gravel. - R
' c-’-uk * 1
A o - . _ « l
ST ¢ 4 . = FIGURE 4. The Pillar - i :
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Table I: CONSTRUCTION Materials I T
'C) LABOR REQUIREMENTS s |
S S)LoT - Staves | =~ ° 3 “.man-days

- — Pillar bricks 1 man-day J
= _Maunting Rillars +. man-day .
- Fl;jor.SIab" 1. man-day .
- Mounting sito wall- 0.5 man-day
" - Plastering 1 man-<day
— cover slab 1

-

= ?

For the form wb_rk. 29 large staves (3 more than for the silo wall) aré
placed temporarily around the gutside of the pillars in a circle of 111 ¢cm
radius. The staves are-held in place with two wires with tighteners %@h
1ater will be used for the walls. The round formwork is filled thh dirtor

sand to the level of the pillars, darnpened and tamped The Iocanon of
“the outside corner of the pillars should be marked on the formwork to

aid in later placement of the re-rod armature. The inner face of the
staves s ined with paper, plastic or- masomte to prevent stlckmg when
the stavés are later removed. The. thlckness of the siab can be marked
on the formwork also. Tar paper or plastic must be placed over the pil-
lars as a permanent mousture barrier. :

RE-ROD ARMATURE (See fig. 5} ;

The re- -rod armature requires fourbars6 m iong 6 mm %. To make the

armature pattern, firstdraw a gtrcle ont rotnd W|th aradiusof 1.05.%

m. Divide the circumference into three equal parts by choosmg.a point
on the circumference and with the radius (1.05 m) mark.off two points
on the circumference, one on each sibgdf the chosen point. Fro*m each
of these two points 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 secfions. From each of the. 3 tri- éec;ti'on
points draw an arc crossing through the circumference with’ a1 rad?us
150 cm. ' : .

The barwhich forms the circumference is 6.60 mlong requiringone 6 m -
barand a one meter plece which will be attached with 10¢:m hoo s bent

-
= - . ll T
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at the ends of each of the two bars The 3 arcs reqmre pi€ces 2. 80 m
Tong The three straight bars which intersect at the center of the slab are _
230 ¢cm Iong Te cut the bars without unnecessary wastage of matenals ‘,
Carefull\; cufthe bars inigjhe following sized pieces. i
~ 1sfibar 6 m not cut (for. outer circle) - . R
—_ndbaf6m930+230+100*40 e
- 3rd bar 6°m 980+2SO . ' L
- dth bar6m 280~ 230 - 40 =.{50 cm for bouchon circle) e
Bend the three 280 pieces to foliow thé Jarcs. Band 10 cm hooks atthe
“ends of each piece. Also. bénd}10 cm hooks at the ends of the three .
230 cm p|ece5 and-place them straight across the dlamet‘e[ of the clrcle vy
each passing through the center and one of the three intersection ©
points of the,three arcs. \}\hth fine wire. attach all hooks and intersecting
points ofthe re-rod armatu're Before pouring the cement far the slab, it
ﬁ&ortant to place the armatureyn the formwork to assure that it f:ts
and IhLdI the arc intersection pfomts eross over the pillars.
The concrete should Qe mixed so that it can be worked easily but does
not flow The ing) the formwork should be wetted thoroughly be-
lfﬁ cegent 4 cm’ of concrete should be poured and
1amped' 'efor *zicl”n ‘?hé*‘”armature malshgg sure to align it with the
n6.cm Iayer of con-

r &

marks md:catmg the ml‘.a/rg Cover the am’ﬂ'
crete for total of 10 cm and tamp well If the Mis IS not‘well tamped it
will not support the weight of the silo-and sc{ored corn. Finally, smooth
the surfacesand level If the surtace 1s.not well levelled it will cause prob-
lems later in mounting the wait. Itis extremely lmportant to water the
“dalle 3 times per day for 7 days and dr}f in the shade.

L3

MOUNTING THE WALL o 3

The bottom siab should berallowed to dry at least a week before rhount-
ing the wall. in addition to the 91 large staves and 26 small ones, 1 roll of
- 3mm 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 an'd 13 smali staves alternately placed around
the circle with the smaller faces inside. A thin layqr of 1:6 mortarmay be
placed under the staves for proper seating. The large stave with the
em ptymg hole must be piaced in the bottom layer with the hole towards
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. 'y : ' Photd — Erik Bentzen
Form fdr flaor slab consists of 29 large staves placed temporarily around outside foundation pillars in 111 ¢m fadius. .
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: 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 plastlct,o prevent
sticking when staves are later removed. L\: .
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the bottom of the silo: This stave should be piaced to facititate emptying
of the silo {1.e+ not next to the dryer chimney). No ar is placed bet-
ween the staves. At each 25 c¢m of height a retaining wire is placed and

trghtened. For the bottom 25 cm. 2 wires should® placed 8 cm from

the top and the bottom 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 ,' 'ﬂd when tightened should be centered on them.
Each successive '.ayé“r 1s made by placing 13 large bricks in the gaps un-
til a height of 2.00 m (4 large staves vertically) is reached. The final Iayer

18 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 thé small staves.

COVER SLAB (see flg 6)

The coverslabis like the flogr slab exceptthatltmusthaveaflllmg hole.
It should be 8 cm thickand 2. 20 min diameter. The 1:2: SConcrﬂte mix-
ture uses 2 sacks of cement. 1 barrelful of gravel 4 bars of re-rod (O
& mm} are necessary.

- The formwork IS made by cu‘vcrlng the top of the wall completely.with

boards and placing an upright coliar of masonite heldiin place-with 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 plasiic should be placed completely
covering the boards inside the masonite circle to prevent the concrete
from sticking_to the boards. I .

Theman holeﬁs}zﬂry 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 slab except that
space must be left for the man hole. Test the re-rod armature forfitin 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. -

A cover 6 cmthick and 10 cm larger than 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
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Y F'hoto - 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 anchef a handle (see diagram). Curing and drying of the top

slab are the same as for the bottom slab except thatextra care should be
taken to assure that the gslab is dry before removing the formwe’@ at

least 10 days}. 1t is 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 cuter wall as this is the weakest point of the slab.
After taking out the boards for the formwork, the space between the
cover slab and the upper walls should be closed with a rich'mortar. Fi-
nally. a-ring of mortar should be placed around the man hote, covered
with paper. andthe cover sealgd onit. This will provide a raised horizon-
tal joint to prevent the entraAce of water aroung the hole.

F

>

. LR
EMPTYING HOLE PLUG AND ANYVI-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 three 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
detween the legs of the "U™ and the clasp with 3 cm. With the 5cm
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 ¢j-
rections. parallei to the "U", 5 cm from the bottom of the “U™. With the
3 cm clasp, bend each of the two legs in opposite directions, parallel to
the "U". 53 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 on one of the 20 cm sides 2pm in from the #de
and 4 om from each end. ®ne hinge will pass tbrough each of these
holes. Next cuta slot 5 cmlongand 1.5 ¢cm mde/centered on the other
20 cm side of the metal plate, 3 cm in from the egige. Slip the endsdfthe
bottom hinge under the first wire on one side oi{he 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 ang tamped before placing re-rod armature: then cov-
ered with another 6 ¢cm iayer of concrete.

133




e

o Photo - Erik Bentzen
To make cover slab (with filling hole) two concentric masonite forms are held in’
place with naiis atop wooden planks and filled with 8 cm concrete including rein#
forcing armature. - )
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~ 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’
piug the piést;‘arin‘g should be done carefully around it.

PLASTERING . w

Canbedone 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 ailowed to dry foratieast
two weeks before storing corn to prevent sticking. The plastering
should be allowed to dry at leas! 2 weeks before painting with coailtar:

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 dlameter of the bottom slab (see
table 2). ~ . 5
The 2. 5T silois of the same hasic constructlon asthe 4.5 T sild with cer-

tain modifications due to its smaltersize. Due to its smaller capacitg, 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-
teriordiameter of 1.50 m and an intericr height of 2 m giving a volume of
3.5 cubic meters. 7
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= - ' , Photo — Erik Bentzen
Outside walls should be ptastered with 2 ¢m thick mortar mixture.
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TABLE Il SILO SIZES AND CAPACITIES y
Diameter Height Volume Capacity Number of s‘taves_

' {Corny )Large Smali-
130 m T 100 m 177 mp 1325 kg 33 22
150 m 125 m 281 me 1650 kg as 22 ”
150m . 150 m 285 m! . 200 kg 55 22
1530 m TTEm 309 m? 2325 kg 66 22 _ o
150 m *200m  .353m° 2650 kg 77 “&2_2 f
200 m 100m . FHm 2350 kg 39 .4 2%
200 m 1.25m 393 m: 2950 kg 52 T 26
200 m 150 m 371 msd 3625k _ - 65 20
200 m 175 m 550 m? 4125 kg B 26 .
200 . 200 m 626 m? 4600 kg " 91 4 26

The total height of the silo from ground level is 2.50 m (same as 4.5 '\:)
and the total diameter of the bottom sfab is 1.70 m, '
The material requirements for this siio are given in Table 1.

.

»

PILLARS . :
The 25T silo requures 3 plllars (18 plllar bricks 14 x 30 x 20) The holes-

for these pillars are centered on the trisettion points of a circle of radtus )

60 cm from the slab center. The piltars are mounted with the outsu:le
corners 81 cm from the slab center. T

The formwork for the floor siab’of the.2.5 T silo is built in the same way
as forthe 4.5 T silo. placing the large staves upright, on a circle of radius

* B6 cm. around the cutside of the pillars. Twenty five large staves arere-.
quired to complets this C|rcle P

- Toa Car . .

w\ -1 . P

RE ROD ARMATURE - B P v-? RO _h

The patterns for the siab reinforcing armatures are ShOWﬂ in ﬂgure 8.
The armature requires 2 bars of re-rod used as fU“OWb trdce acirclgon
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-

8 .
. tionpoints. One bar'of re-rod is bent and cut to fitalong 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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‘ : . * Photp - D. Dighter
Mositure transter through walls of stave s;?gn be prevented by applying outside layer of coaltar. )
Shown nere are two completed 4.5 ton cemetit stave silos: part of a cluster of five such units belongingto a farmer's co-opera-«
tive association in Benin. West Africa. - o
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A Floor slab

B Cover Stab

Figure 8:

Reinforcing Rod Pattern -~ 2,5 ton

silo

Slab

Remforcing

rod &6 mm ©

Pillars
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the cover slab is the same except the inner circle has aradius of 38 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 walf requires 77 large and 22 small staves which are made W|th
smaller width molds whose dimensions are given in 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 harv'e_st, itis
important to understand the proper way to use your sito and dryer. To

use them correctly isn't difficult or complicated. it simply needs care '

and attention at the right hmes
. : ¥
. The Sheiter \ A N '
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 covermg
the silo and dryer to rfiake sure that there are no holes in itwhich will tet—
rain water fall ori the silo or-dryer. Any holes should be repaired im-
- -methately 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, you should wait at least two more weeks, fora to-
tal drying time ot one month, to atlow 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 sito, it should
be carefu_}[y 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 sealed with melted candle waxor. .

banco.

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

getinside 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 compietely closed and insects cannot

enter 1o attack the stored grain, there will always be some insecis 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 property 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 ihsecticides) which are mixed
evenly with the grain and )

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

{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 orbasket of-grain-emptied into the silo. This means that if
powdered insecticides are used, each load of corn removed flomthe ~ = ———-
~dryer must be treated individually. It is impossible to treat the grain

with this type of insecticides®nce the silo has been filled 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
pepﬂm@ or animals to become sick or die if used on theijr-foods like

N‘ﬁmé‘tze or beans. For this.reason, |t is very important to ask your agri-
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cultural agent to help you select and apply insecticides whenever
you use them. ¢
Hisveryimportantto READ AND FOLLOW THE DIRECTIONS forany-
insecticides used. The exact recommended dosage should be ap-
plied. Less than.the recommended dosagewill be ineffective and too
much will not only*he wasteful and expensive, BUT COULD BE
DANGEROQUS. NEVER use an insecticide you-don’t know or that you
haven’t asked your agricultural agent about.
The easiest and recommended mseetlmdes to use in your sifo is 1lhe
migant or gaseous kind. Testing done by agricultural expertsin Benin-
has found PHOSTOXIN to be one of the most convenient and effective
forms of tumigant insecticides to use in your silo. This can be purcha-
sed®nly throeugh your agriculftural extension agent or a approved sales
agent. PHOSTOXIN is a very pmsonous gas which kills the insects n the
silo when they breathe it. [tis |51ra5§mall talt which turns into a poison-
ous gas when'it is taken out of!ts specially sealed can and exposed to.,
the air. However, the gas can kill people or animats too if they breathe
encugh ef it. Therefore! it must be used carefuily.
When the silo is filled and ready to be treated, the tablet is taken 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)
=deys 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 used for .
each ton of grain stored, depending on the level of insect attack. Each
%onth 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 VETY warm. m3|de or if there is the
smelf of votting corn, the silo should be 1'mmediately emiptied and the'_ .
corn should be re-dried. This can happen if the corn is not well drted 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) SILd

The "Tori-Cada™ Square Cement Cilo was also developed in'the West
African State of Benin. Originaily it was built as an alternative to the
more costly metal bins. Althoagh this model has notbeen as extehnsive!y
buili, tested, or used as the other Closed Storage SYSTGH:IS 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 silo requires less building materidls than the square one.
Each bin orsilo can be made with a Storage capamty ranging from 1to 7
ton. Standard helghﬁEQ 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 construction. Besides the founda-
tion there are 2 layers of reinforced concrete in the walls, one in the
/ midd|é 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 ¢n the outside
to make it airtight and moisture proof. The posts that supp"ort the roof of
the hangar are made of reinforced concrete and placed in the corners
between the silos.
The standard hight ins 200 ¢m as mentioned before the other interior
dimensions are as follows: !
— Capacity 1ton: 80 x 80 cm

!

-+ — Capacity 2ton : 115 x 115 cm’
— Capacity 3ton : 135'x 135 cm _ -~
— Capacity 4 ton : 160 x 160 cm . _ .

Capamty 5ton: 180 x 180 ¢m

Capac:ty 6 ton : 195 x 195 ¢m

Capac:ty 7ton: 210 x 210 cm : /

Naturally the constfuction price is'lowest per ton for the largest silo (7
ton)butit is also cheaper per ton to build 4 sjles (bins) together instead

f‘qflonly one.

™
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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
2.70 m, which gives a said capacity of 5 tons. The silo is built prlmanly
out of regular construction bricks 40 x 20 x 10 cm. The design uses
building techniques that nearty any lacal mason already knows. -
Once the materials are at the site, bwldmg can commence. The first >
thing to do is dig a hole for the foundation. Select a spot that is level,”
well-drained. and on sotid 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 m in-
side the first square. Between the two squares will be a space 30 cm
wide. Dig this space cut to.a depth of 40 cm. Once this is done, pour a
layer of concrete (1 part cement: 2 parts sand: 3 parts gravel) inthe hole
to a thickness of 30 cm. Water and cure this layer for a few days or a
week If possible. -
Qnce the foundation has cured put a littfe layer of mortar down. Upon
this bricks will be placed until they mount 2040 c¢cm from ground level.
The bricks are placed 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
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 paper's function is to keep ground moisture from com-

.ing up into the walis 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 outsidesof the floor and the bricks. This will

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




should be mounted with the joints between brick layers s“faggered SO as
10 avoid cracks. At each corner the bricks may be staggered or, if the
root is to be supported at each corner of the silo, a space may be left for
the eventual peuring of a concrete.corner pillar Wthh would alsp hold
the bricks in place. -
The bricks are mounted to a level of one meter or five bricks high. At this
time a layer of concrete 10 cm wide and-20.cm high is pddred. Rerod
reinforcement is used. Four 8 mm rerods go the length of the wall and
are heid in place by bands of 6 mm rerod The four 8 mm refods form a
rectangle 15 ¢m high and 5 cm wide. This layer. of rerod helps to rein-
fqrce the wall against the graln s weight. :
- Once the concrete layer has cured enough, the wall of bﬂcks 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
otherlayer. 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 tha{ cover the silo. The middle cross piece is
1.80 m x 20 cm x 20 cm and is reinforced with rerod. o
" While the concrete layer is drying: the silo may be plastered. The inside |
and outside shouid be entirely plastered. A 10-12 cm blaetie 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 was poured, the two top slabs for the '
silo could have been poured. ThreSe 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
or 50 cm'in diameter. Formwork is made on the gro nd inwhichthe two
_ slabs are pour@ﬁjgrld of rerod is made with the 2 length using 8 mm
bars and the 1 m width using 6 mm bars. Spaces bf 15—20 cm are left
between the bars, - T
As mentjonned, one slab must have an entry hole.\Thus, one grid must
leave space to accommodate the hole. A mixture of dqncrete (1::2:3)is!
poured flrst toa 2-3 ¢m depth. The rerod gnd is placed, then the rest of
the concrete is poured to a depth no greater than 6 cm. The proper
depth‘must be marntalpeq it the slabs are to'be lifted in p[ace by men. A

______ o e e
148 ' ’ -




small cover slab for the entry hole should also be poured at the same
time as.the two top slabs. A rerod handie siould 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 floar might be painted with coal tar. if sun shifing on the silo will be
a problem. the outside might be painted with whitewash and the inside

with coal tar. I'F sun and r:nr'\ are no problem. the nlli‘clda roilld hon
Ry L) t—lluu\‘d‘ll, Ll ArdLadiudie Uil Wi ™

whitewashed. The interior also might be whitewashed to make the silo
interior brighter when the silo 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. OQtherwise, a separate roof could be bunlt in -
order to protect the silo against sun and rain. 3

To protect against people stealing grain out of the silo, rerod or flat
pieces of metal couid be put in the bricks around the emptying hole.
One piece could hinge across the hole and lock to the other piece. The

not t0o serious robber of grain would thus be deterred.
- o e
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Snhown here 1s a large capacity Cement Block (Square)
West Africa

Photo - D. Dichter

Storage Bin used by a farmer's co-operative organization in Benin,
.é 0




WORKBOOK EXERCISES
K
1. Whatare the principal advantages to hsing a closed grain storage
system? '
. &
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.




2. Are there any closed storage containers currently in use in your
area? '

If so. what types are they and how much grai'ri can be stored in
them?

-

e
20"
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3. Whatare the ad\}ant_.ages‘an»d disadvantages in using the 1.5 ton Im-
proved Mudblock Siio? : '

..‘... S . e e e s e e m——— FETT e il L e e e s s e —_— o el
[]
R ) . ;. ..... |
Notes: |
" - b
' . —1

4. List some of the ways the traditional |
upon.

jril
e e —— '—_ . ;
3
.— Ay
-
e 5
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Notes:
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5. Uptill now. why have closed-system mud silos been seldom usedin
humid areas?

.“.’ — - - _ L
Notes:
[

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

3
L
¥

_Notes:
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. 7. What are the pranmpal advantages of airtight storage? How can in-
‘sects.be contra[led with such methods?. |

(j. .....
- - E-
Notes: ' )
&

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

Notes: L
I . -
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9. Will cioséd storage systems work in your area? If so, which of the
two suggested modets offers the best possibilities and why?--
Notes:
10.. While concreteWt steps s_hpujd be taken.to prevent it - -
| from cracking? ' | -




Farmers throughout the world have iong reCognized the need to dry1

CHAPTER VI:
CONSTRUCTING AND USING YOUR DRYER

their cereal grains. Try to put yourself in the farmer’s place and lake a
look at the methods currently used by him.

Do his present drying methods Rroduce satisfactory results? 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 far 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 bettgr, more controlled drying it means he will eveniy-
ally make more money from the sale of his grain? T

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 himseif? d

In this section, four different drying methods are presented Three emp-

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

. Traditional Sun-Drying

The oldest and most widespread 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 brinc_ipal ad-
vantage of this method is that thegrairris subjectto direct attack by
grain-eating insects, birds or rodents.

Another traditional way of sun-drying maize is to jeave 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
conseguently 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, improvemenis-can be made-involving even the simplest

traditiorial methods. Rather than dry grain directly on the greund,
where the grain can pick up moisture from the earth, you can intro-
duce the farmér to using a plastic sheet. You will probably need a
sheetabout 10mx 3 m. It |s recommended that the plastlc be at least
.004 gauge thick.

Buiid a mound of hard-packed earth on v;rhich to place the plastic.
If you use level ground, buitdia-dike of earth around tHe area on
which the plastic will be ptaced to protect the drying grain from
walter. : :

Make sure there are no rocks, wood and sharp things on the
ground where the plastic WI“ go. Plastic tears easily. "
Place the plastic in the prepared place.

Attach the narrow end of the plastic to strarght potes made from
bamboo or other smooth material.

Put clean grain on the plastic. Do not make the grain more than
5cm deep. :

Stir often so the grain WIH dry faster. Tummg Bnd stlrflng make
sure all parts of the grain are touched by afr and sun.

The rake or other too! used- to stir the grain must have smooth,

rounded edges. This too! then will |}0t damage the plast‘c or the

grajn. - e ,

‘As the grdin 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.

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

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

Caver the grain at night. Push all the grain to one end and fold the
plastic over as a cover. '




2. Solar Drylng
lncreasﬁg attent:on |s being given to |mproved methods of solar
- (sun) drying, Altho.ugh,the_re are several distinct advantages in using -
o solar dryers, i.e.. you do not require any fuel (which in many develop- .
;__a : " ing countnes IS becomlng mcreasmgly scarce, especially fire wood),
_ the drying time is reduced and they can be used to dry other crops
such as-cassava, 'fruits and vegetables ‘they also have certain draw-
backs 'che mqst wnportant belng the extremely high temperatures
which bmld up (65-80° C) inside the box.under the plastic sheet.
Suchh|ghtemperaturesdamage;gramI|ker|ce(vw;chtendsto crack
at temﬁ:eratures above 50°C) and also seed grains. i
From—*th‘e information. provlded m Chapter H corrcerning basm princi-
ples ofdrymg yid epossnbieto arrive ata setof requirements for effective

*

sol,ar drying .of graln |mhum|d climates’ These are: he
oo~ Bot the matenaf fﬁ be: drled and the surroundlng air should be
Y/ heated. 1! AN ‘
_ | 2} There shOqu be maxrmum possuble movement of air over the sur-
M\, face: of the rhaterlaL '

v 3) The surface area of mﬁtenal exposed to the air should be as Iarge
as possﬂale v : o
“ 1t is not possﬂ:nle to at‘fam reqmrements 1) and 2) W|th tradmonal
) .methods.in which materrel is, dlrectly exposed to the sun. Some form
of enclosed drylng sys{ern ig) WhiCh t‘pe matertel to be dried and the
> . atr surrounding it can be heated s@mﬂcantly IS needed.

' It is nevertheless Logsible to fulfil these requlrements Ublﬂg slmpie
" equipment which Jraps the heat of the“syn, but which, atthe ’same
~time. encourages air movement by convection.ofsheated air. Equs,p~
ment of this type can be made simpty and cheaply usung materlals

wh|ch are generally readu auallabje in developjng countrles

_,,_,_.,
-

A, General Descnptlon of Partlally enclosed*Dry rs | o
. The partially- enclos dsun-dryeri%a struc’ru re which acts asa heat trap,
"butwhichis also prc&ded with ventilation- openmgs to allow airto. moye-;
through the dryer by convection. | SRR .
Two of the models described in thlsWOF{KBOOK {Nos.s1 and 2) ?;s"im;
- ple, boxtiike strq_ctures,, provided ‘w.lth upper and Ie_wer ventﬂatj{eni?f.
. - é > . .

{ S =

L
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openings. and ciosed with a cover of transparent poiyethyiehe film. The
cover is “"double glazed™, i.e.. it is made of two layers of film with an in-
sulating air space in between, The box itself is constructed of material
which wil provide adequate insulation to prevent the escape of heat. All
interior surfaces are painted matt-black to achieve maximum absorp-
tton and reteniion 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 gapyrus reed. R

Air movement throughthe dryer is aghieved b onvectlon As the ma-
terial to be dried and the air surroundmg it bec&mes heatet, the hot air
rises and €scapes th{@ggh the upper ventnatrcm 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 b'eing
dried. Airttemperature inside the drier in bright tropical suntight wil
usually be twice that of the outside air. 'Drying_‘temperatu re can be con-

trolled by opening or ctosing the upper ventilatign outlets.
. 3 -?‘, . . n - ’

B Advantages of Partially-encldsed Dryers N ,
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 aréas where high humidity is not a serious’

problem. Some of these advantages are:

1) The dryer is rainproof and can be left tin continuous operation with-
out attention, and without the necessity for covering up drying ma-

~“tdrial or removing it into shelter during showers. '

a4

2) The higher temperaturewosmble with this type of dryer greatly
speed up the drying process, not only giving a much grea«ter output
than open methods, but also eliminating the ‘possibility of 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 infestation.
4) The high temperature to which the materiat is subjected wil effec-
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tively kill or drive off any insect infestatlon which may be present in
the material as it comes from the tields. _ R
The partialiy-enclosed dryer will, therefore, produce a weli-dried, clean
and pest-free product which will be.in excellent condltlon for prolonged
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 jocally, it should be noted that such details as {o dimensions
~ which are given are meant for general guidance only, and local adapta-
tign in terms of changes inlength, width or depth will not affect the effi-
ciency of these dryer. The sketches for Models 1 and 2 are based on a
useful practicafl workmg size of 8 ft. in length, 4 ft. in width, and 9 tp 12
inches overall depth While there is a limit to which mte;maf«deptﬁ can

. be reduced, changes in area can be made to suit local c%dmons and’

LR E Tl o

" dimensions of materials available. -

The dimension which is of wnpodance and which ehould be adhered to
as closely as possible, is the thickness of insulation on the Model 1 box-
Wwpe dryer. Where wood shavings, wood wool, dried grass, leaves; or
similar 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 8 inches, : ‘
D. Construction of the Model 1 Dryer

Details of the construction of thig model are gwen in Figutes 1to 5. As

will be seen, it consists of an-outer box and an inner box. The dimen--
sions of the inner box are at east 4 mches less in length and width, and .

atleast Zinches 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 thraligh battens
fitted in'the insulationspace for this purpose), and stots are cut in the
upper edges of the sides of the box to provide upper ventilation open-

ings. The dryer is supported about 6 inches dbove the ground on four

legs (which also form the main corn'er_mejnbers for the box).
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FIGURE 1

MODEL 1 SOLMQH!EH
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FIGURE 2
MODEL 1 DRYER |
PLAN AND E_L__EVATION DRAWINGS- Scale 1 cm = 6 inches
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" FIGURE 3a

e

CONSTRUCTION OF MODEL 1 DRYER ,
DETAIL OF ONE POSSIBLE TYPE OF CORNER Jpqu

UPPER. END 1
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FIGURE 3b

~ CONSTRUCTION OF MODEL 1 DRYER. o |
DETAIL OF WEATHERBOARDING | -
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FIGURE 4

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 '
“CUT-AWAY'" SKETCH SHOWING STAGES IN COMPLETION OF INNER BOX
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3teps in Construction:

Remembperthatitis a very useful practlce to re-check ali measurements

and markings on timber before cutttng Follow the maxim "'measure

twice and cut once”

First build the outer box as follows: )

1. Cut feg pieces. side, and end battens to size, and join together to
make the basic frame. The type of joint itlustrated in Figure 3acanbe **

e “used if basic carpentering skills are avilable. Otherwise the pieces ;
may simply be butted together and jeined by driving long naits or
screwnails. All nails should be driven home so that heads are flush
wnh the  surface of the wood. >

2. Cutside and end pieces (these can each be one single piéce or plank,
or a number of.nﬁr er pieces). If a number of narrow pfénks are
being used to cover §ie outer sides and ends, these should not be
simply butted togeihdr edge .to edge, but should be “weather-
boarded a nin Figure 3b, so as to deflect rain and avoid wet-  »-
ting"of 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 preyent 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 legs and nail in place to

Ldower edges of side and end pieces. :

4. Cut and Nt air inlet battens, nailing through from the ends.and bot-
ton of thg bg&. 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

foliowing manner:

. a)gbee Figure 5. Cut inner panels to size. “The Iength of the inner side
panels will be theinternal length 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
distance-from the upper edge of the side batten to the bottom of the

2%




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. \ )

b} Turnthe box onto one side and packin the insulatién on that side so

d)

e)

f)

E.

that it is slightly above the level of the iegs and side batten. Nail the
nner 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 insulatiori in 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-inlet battens (againavoiding the sites of holes to be drilled
later). ’ L L
Mark thé center lines of air-inlet battens on the bottom panel(s) and
mark off position of holes. Drill through from the inside te the botiom
of the box. . - o
Mark the position of the air-outlet slots on the upper sides, cut th‘e-
sides of each slot with a saw and chisej.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).
Treat the 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 same type of cover is used for both these dryers, it consists of a
simple 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.

-
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FIGURE 6

COVER FRAME FOR MODELS 1 AND 2 DRYERS
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1Toa§s%and Materials

Tools needed:

Saw (preferably tenon saw). screwdriver, sharp knife
or scissors, try square, marking gauge.

Materials: Lengths of timber 2" x %4" or nearest. Transparent
polyethylene film (preferably 0.005 in. or heavier).
Screwnarls (38" x8sC.S ) B!ued tacks (‘ 2"), or large
office’ stapler o
. ; )

TOOLS AND MATERIALS '/

Tooils needed:

Materials:

Hammer, screwdriver, try square, saw, brace and 1

T wood drill, 39" wood chisel.

Wooden planking or plywood for sides, ends and
bottom of boxes.” o
Lenghts of timer 2' x 2'2" for tegs, and 2° x 2" for
side: end and air- inlet battens.

Insulating material, e.g., wood wool dried grass or
leaves. coir fibre, etc.

Nails and screwnaiis of appropriate size.
Matt-black paint or other suitable black staining
materiat. e.g.. charcoal, '

* Wood trom old packing cases 1s very useful for this purpose. -

Steps in Construction

The frame shouid be made so that its overali 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.
1. Cut the frame members to length and assemble as indicated in Fi-
~gures 6and 7.N.B. After construction is completed, the frame should
be allowed to dry out in the hot sun before the cover is apglied. The
cover should be applied while the'wood is still warm and at a time of
day when humidity is low. These precautions are necessary to °prev-
entcondensation occurring between the layers of polyethylene thus
“fogging” the cover. If, de@?&te thls precaution,.some fogging does
occur during use, withdraw tacks or staples from a short length at
edch end of the cover. open up the polgfethylene to allow moisture to

i
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'escape while the dryer is in operation, and then refasten the

polyethylene in place.
€ut a piece of polyethylene sheet for covering the lower side of the
frame so that it is 3 inches wider and 3inches longer than the frame.
Turn the frame upside down and lay the polyethylene sheet in piace.
Fold one side of the polyethylene back on itgelf to form a tfiple fayer
seam 34" as shown in Figure 7b (i). -

Starting at the middie of the frame and working progressively to-
wards both ends. stretching the polyethylene lightly but firmiy
lengthwise. tack or staple through the seam at 3" intervals to fasten
this edge of t yethylene to the frame. N.B. Do not grerstretch

- 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

Repeat this process at the other side of the. frame, stretching the

polyethylene across the frame as tacking or stap!mg 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 faétening
firmly in place. - O
Cudta plece of polyethylene sheet for covering the uppe?‘“ €, so/j.ha,&-
when draped over the frame it is 4 inches wider and 4 inches [onger
thanthe 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 te the lower edge

of the other side member. Make a folded seam and tack or staple.in”*

place as before.

‘Stretch the polyethylene over one end of the frame, fold and tack as

before cutting away any excess material resulting from the ulope
from ndge to side member. Tuck the comers of the sheet in neatly
and tack firmiy in place. Repeat for the other-end gf 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 theretore -
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Completed — Model 1 Solar Dryer
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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

SKETCH SHOWING ONE POSSIBLE TYPE OF DRYING TRAY




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

d_ry.ren Alternatively, lengths of stout ¥wine 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. . i

. F. Construction of Drying Trays

An example of one possible type of d’rymg tray js illustrated in Figure 8.
"?Phs 15 a simple wooden frar _-1th fine wire m\e\s'h stapled to its under-
side. Two support runnerSgigftiiled to the underside (over the edge of

e
&F

~ the wire mesh). If neces a}y 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 suitable size of tray for use with 8 x 4 dryers illustrated in the
sketches is 3" 6" x 3' &7, overall, two trays of this sizé 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 materlal Or open weave grass or flbre matting stretched

on a frame can also be used. - %
v !

G. Construction of Model 2 Dryer ]

This dryer, illustrated in Figures 9 and 10, is not portable like Model 1. It

is meant to be permanently sited and to be Qonstructed of clay bicks,

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, this weuld be arfhdvantage. 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 pesmanent nature, care should be take?ﬁn the choicéof a

site, which ﬁgst be flat and levet, and which should not be shaded by
trees or buildings. The dryer may be built on a floor of solid-hard-beaten

-3
Ll
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earth, or, if itis felt 1o be necessary, a base of concrete may be used. A
" drainage trench about 9 to 12 inches in width and depth should be'dug
all around the dryer to protect it from floods resulting from heavy rain.
The dryer should preferably be sitéd so that it is end-on to the prevailing
- wind. In tropical latitudes, its siting in rélation to the sunis relatively un-
important but there may be a slight advantage in having its length in.an
east- welét direction. but only provided this does not expose the SIdes
rather than the ends to the wifld.
Materials
* Clay or similar bricks as described above, mortar or ctay. Thick bamboo
(2'2 10 3 inches in di'amgter).

Steps in éonstructjon

1} Prepare the'sit{s and lay the first course of bricks.

Z)LF'repare 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 partltlon ateachjoint. Put the two halves together again and bind
together with string, wiPesor other suitable binding material. Cut or
drill holes'in each pipe as indicat.ed’[n the sketch. The holes should
be about 1%z inches in diameter. H o '

3) Lay the second layer of bricks. placmg the bamboo pipes inposiiion
-as shown In the sketches cutting appropriate bricks, short as
needed. Lay the third layer of brfcks packmg the gaps around the
bamboo with mortar or clay. - :

4) Laythe top layer of bricks, cuthrfg aw'a’y as necessary to form air-out-
let.slots. Alternatively, lay the top tayer of bricks leaving one-inch
gaps appropriately s@acnd along the two sides. '

~ < 5) Paint the insidg of the dryer a dark color. Charcoal mixed with clay
may provide a suitable means of doing this.

6)- Construct a cover and drying trays as desribed in 6 an 7 above.

. O R

natwely bamboo inlet pipes of only 12" in length may be used instead of
the fll-width pipeS Length of these pipes is shown by the thn::k lines in Fi-
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Early construction of Model 2 Solar Dryer - "~ Photo - Erik Bentzen
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FIGURE9 = . -
MODEL 2. DRYER CONSTRUCTED OF CLAY BRICKS PLAN AND ELEVATION DRAWINGS
Scale 1 cm = 6 inches ~ _
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FIGURE 10

MODEL 2 DRYER — SKETCH SHOWING VENTILATION AHRANGEMENTS
“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 ventiiation 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 dryers. This can be made in the village

situation, uging 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 i} 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 with a.""panga”,”

cutlass. or machete-type knife, and the nesting sockets for the joining
poles can be carved cut with a smaller knife or burnt out with a hot iron.
Poles are selected for straightness and uniformity of diameter. Perfectly
straight and uniform poles are rare. It is important that the two side
poies 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 achteve 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 ?ccurately

on the top edges of the dryer, this does not matter, since air vents arg in...— -

any case required between the cover frame and the top edg&s of the
dryer. .
Fastening bamboo or thin poles with nails can be a problem because of

the risk of splitting. For this reascn, hotes for the nails should first be.— -

driied 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-out'tin {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 cioth, 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 {aut. 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

COMFLETE DRYER
COVER FRAME

iz ——— BAMBOO OR WATTLE POLES
{Length 712 TO B Feet)
and DIA approx. 1' 2 Inch’

END PIECE

Sketch 2
BAMBOO OR WATTLE ’ :
¥ .

< ~ A5, .. ==
ApprGx
ENDPIECE

iMade from A Piece of 4"'x1" piank.

..............
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Making simple cover frame for Solar Dryer, Photo — Erik Bentzen
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Skefch3

Fit the sleeve over the frame so that
approx 12” of the steeve overlaps at each end

-
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COVERING A SOLAR DRYER DOVER FRAME WHEN TS
POLYTHENE SLEEVES ARE NOT AVAILABLE |

1. Lay covar frame on top of polythene sheet which is 24” longer and 18"
wider than cover frame. o o

| . Lower polythene shest
2. End views

a) lLay second sheet of polythene over'top of frame.

Seduring card

-7 Edges offgglytﬁﬂng sheats rolled up tightly
. L -~ ' £ e . .
b} Roll up edges of sheets tightly against frame and.secure in place
with cord tied around width of frame at‘hoth ends.
N
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gé 3 Frame with edges of polythene sheets rofted up and tlgld (as in mm_
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T4 Completed cover with ends of sheets also rolled
‘up. and tied off a\comers _ x




but fihished 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 te ¥%s 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 was 46" (two inches-used ugin seaming). The size of end piece

-

‘needed for this sheath is-illustrated in Sketeh 2, i.e., 45'2 inches long

and 4 inches high. A cover frame made from two end pieces of this size

fitted neally into the sheath without undue stretching of the polythene. ~

The polythene sheath is fitted to the frame as described m Sketches 5 6
and 7. . -

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 claudy weather. Also,
when the amount of grain to be dried is too Iarge 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 q‘,uite effectively at the farm and village 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 optimally 12% moisture

content, The traditional.method of sun drying is neither assured nor .
- - very efficient, especially for large quantities of grain. lt,greqmres much-- "~

laber to spread-and gather the grain each morning and evening and thls_
is especially difficult in times of inclement: weather =
Artificial drying permits drying large quantities of grain m 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 drylﬁg'
time in the field, thus decreasmg Insect and rodent damage which og-
curs before harvest.. '
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Shélter with Brooks’ Fire Drier
and Cement Stave Silo.

Drawing by — Haral Thorshaug

o

A Tap view
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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 -

The dryer consists of banco walls with a screened false fioor 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 o
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 interor dimensions of
1.80 m long and 1.70 m wide, including the stairway.

LINTELS ’ : )
The end walls will be supported by 2 concrete lintels (1.20 x 0.30 x
0.08 m). requiring '3 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, the-sooner 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 horizon-
tally 4 cm from the bottom edge of the lintel. e

Y

THE DRYER

upwind on 1.side of the drying chamber, stake out the stoking pit, 2 m
long 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+the opposite side of the drying
chamber. Dig all of this staked out area 30 cm deep and pile all of thig:S
removed top soil to one side so that it will not be later mixed with the ™
banco. _ ' 4

Next, dig a trerich centereq 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.). Rermove all of this dirt taklng carg not to mix it with the top
50|I which was earller removed.
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Labour — Digging hole 5 man-days
Regairements — Prepare Banco 6 man-days
— Mount walls*"” 6 man-days

- — Place harrels 1 man-day

— Place floor = 1 man-day

T

PLACING LINTELS L o ; .
* Carefullymeasiire-and mark 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 liR®
tel will rest. These will descend to 70 cm from the trench floor, 30 cm
wide and 30 cm long. Cut similar slots up against the‘ch-imﬁéy end ofthe
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
30 cm deeb centered atthe end of the ttench. A channel 15cmx 15¢cmis
then extended from the center of_the chimney hole to_-' 50 cm from the
bottomthe trench. A5 ¢cm layer of mortar or banco is laid in each of the 4
tintel slots and the lintels are lowered into place taking care thatthey are

level and square with the dryer side walls. If banco has_l_)een preparedin

advance the construction of the walls can now begin.

MOUNTING THE DRYER WALLS
Mount the walls 30 ¢m wide over the lintels and 45.cm on the sides, ex-
tending the stoking pit retaining wall along, its ledge 20 m thick ta a
height 20 cm groundievel around the extremities of thestoking pit (2 m
x 21a'cm). This retaining wall protects against erosion of the p|t walls
and keeps dirt and trash from falling into the-pit.. -

The height of the wall over the lintels which can be mounted inone day :

without danger of collapse depends on the quallty and water content of

the banco. When.the drying chamiber walls reach 90 cm from the lower -
“edge of tHe fintel, the side walls thickness is reduced to 30 cm, leaving a - '

15cm Iedge on the inside of each side wall which will support the 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 drylng
chamber to avoid unnecessary dn‘flculty in removing the dlff From the
- base of interior side walls to a point 40 cm from the bottom of the barrel

.
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trench remove the dirt on both sides of the trench leaving a slope of ab-
out 45", When the retaining wall is mounted to 20 cm above ground
level, it should be level with the drying chamber walls at the point where
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
shalid be embedded 10 cm in the wall all the w'ay around leaving 10 ¢m
extending out into the drying chamber to which wili later be attached
the drying floor screen. This embedded screening shouid be 1.00 m
from the botiom 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. its
height should be extended 20 ¢m higher than the top of the dryer wall.
The opening can be reduced to 10 cmin diameter to preventundue heat
loss. ' . | .
The stoking pit is finished at any convenient time during the dryer con-
struction. The stairs gre 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 ¢m 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 duri‘ng -
use. Cracks'in the dryer wall should be filled with banco to improve both
its solidity and appearance. Extra care should be taken in filling crac[is
in the chimney end wali to avoid smoke entering into the drying
chamber. . .

o

PLACING THE FIRE BOX BARRELS: _
The stoping sides of the pit must be dug away before placing the barrels.
First, cutboth ends from two barrels, and one end from the third. A small
hole 2030 cm wide should be cutin the cther 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 placed 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 1s one of the two concrete lintels which support the end walls.
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Photo — Erik Bentzen
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Mounting the dryer walls. {In the background®is a nearly completed 4.5 ton ce-n;‘

ment stave sito.} . ‘
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The |0|nts shouldbe seaied by placmg astrlp of. screenlng around them
and plastering with atls 8mortar. I the screen Roles are toq bigto hold
the cement. place paperunder the screening. From inside the berrels,
the bottoms can be sealed as Werl asany spaces showinginthe topjomt
seal. ) e :

The trench must now be ctose'd around the barrel ends with banco At .

“the chimney end the seal must go completely around the barrel tq keep-
smoke from coming into the drying, chamber. Thd opposite end is
closed only around the top of the barrel to let cool air enter the dry.ihg
chamber. ) : :

The jont seals can be testedby Hc_:jhting a smoky fire in the barrelsand,

watching to see if sroke escapes into the drying chamber. Do not let it

bura too long or itwilldrythesealing mortar too quickly causing itto-be "

briftie. ' L.

. FLOOR SUPPORTS ’ :

Use 10 logs of solid wood 8-10 ¢cmin diameter and 2. 15 m long to sup-
port the.drying floor. A very straight log should b& ptaced directly
against each endwall to keep the screen from pulling out under pres-

2 . &,

~sure. _ D R

t ' _

WIRE SCREENING . - R : .

can now be stretched across the logs and attaChed totthe anchonng _.
strips. Smaltholedscigeningis often very expensive, sfp,chlckenywre is .
usually used. In. this ¢asé, straw mats must be placed on.tep of-the

- scregning to prevent the grain tallih_g through. : ’ -

» The strips of screening should be longer than the 2.40 m lenght of.the.

drying chamber because the weight of the corn will pull it dowd bet-

ween the floor su. ppouts. Thestrips should be overlapped 5-10cm and_ '
attached Dy weavmg thln wireupanddown through the holes. For all'of _

' the wire screemng used in the dc%r 9 m?are [eqmred _
. Instructlons for the use of the Brooks. Fle?d Dryer. A

. Before using the dryer each ‘time, you-should clean out the stoking

pit- hole to make sure that the- an; vent&underneath the bakrels are
. epen and not blocked by ashes er dn’t This shoutd be, done durlng
C drylng also. -».- i - .
o Check the barrels to make sure there are’no holes rusfed in them or

. cracks in‘the joints which willallow smoRe to enter the gram in the'




N L} . ’ . - ‘ - .\ I :
& I ) ) s o L4 s ¢
. . . R “

Table 3. Inietior Dimensions pf the Molds ‘o

‘Slab . 1,50 meters © 2,00 meters -,
Diameter Large Small - " Large | _Small ) R .
Length A 500cm - 250cm | 50,0 cm 2500m | T
- Widths b | 214em - 21aem | 240cm 4 '245‘5{ HE
b: | 228cm | 228cm 252 cm .° { 262¢m | o
ThicknessC '|  50cm | 50cm | 50cm - B 50 éfn 3
PILLAR BRICKS | e, T, ..

24bnchs are needed to build 4 pillars of six bricks each. The bricks can
be madefroma 1 2 3concretemixoral: 4-6mortar mix, accor'diq,gto’ . _
the quahty of the sand and cement. Molds of 14 x 20 x 30 cm will give _ 2
bnckswhich will provide 30 x 30 cm pillars. Also. regular cement blocks,

used tn houses can be used if they are the right size or if they can be'cut

to fitand  they are strong Dry and water the pillar bricks the same as

the staves. "

BUILDING THE PHLLARS (see f|g 4)
Trace a cucle ot 110 ¢m radius on the ground. This wull be the crrcum-
terence of the bottom slab of the silo. Next, using the same center, trace
acirclg ot 85 cm radius and divide it in thirds, These three points and the
center pont of the circle will be the centers of the pitlars Around each
ol the tout points trace a circleN® 30 cm radius. and dig a hole 50 ¢
degp 1 To kpow howtto tivide the circle in third. see “'re-rod armatu
0 ) : ) .
Paur a caoncrete foundation (1 2 3y 12cm thick in each h‘ole it should
pe tamped ang tevelled Nexr the plllars should be built using three

Liyets of two hocks each The vertical mortar joint befween the two

brrie ks formeng gach fayer of the pillars should be criss-crossed perpen- v
Jicutar o the prececding layer The 4 pitlars should be levelled carefully

to provide even weight distabution for the slab One half barrelful of

gravel and 1 sack of cement are redquired for making the pillér fourida-

Lony and mountng the piliars
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’ 2 [ ¥ ) e . .__ v | . . -
‘T,:abl_e-l CONSTRUCTION Materials
C) LABOR'REQUIREMENTS

SHO - - Staves 3 man-days
" ~ Pillar brnicks’ 1 man-day
: Moumnr;g piltars 1 man-day

- Floor Slab - .1 man-day

> - Mounting silo wall 0.5 man-day

- Plastering y man-day

- cover slab . 1 man-day

For the form work. 29 large staves (3 more than for the silo 'wall) are
placed temporarily around the outside of the pillarsin acircleof 111 ¢cm
radius The staves are heldin place with two wires with tighteners which
later wiil 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
aid 0 later placement of the re-rod armature. The inner face of the
staves s lined with paper. plastic or masonite 1o prevent sticking when
the staves are later removed The thickness of the slab can be marked
on the lormwork also Tar paper or plastic must be placed over the pil-
" lars as a permanent moisture barrner. '

RE-ROD ARMATURE (see fig 5)

The re-rod armature requires four bars 6 mlong -~ 6 mm . To make the
armature pattern, irst draw a circle on the ground with a radius of 1.05
1 Dwvide the circumference (nto 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
0! 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
circumference into three equal sections. From each of the 3 tri-section
_points draw an arc crossing through the circumtference with a radius
150 ¢cm ,

The bar which torms the circumference is 6.60 m long requiring one 6 m
baranda one meter piece which will be attached with 10 cm hooks bent
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"Table:l CONSTRUCTION Matgrials
'C) VABOR'RRQUIREMENTS
8RO - - Staves 3 man-days
"o - Pillar bricks’ 1 man-day
- Moumn;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 torm work. 29 large staves (3 more than for the silo wall) are
placed temparanly around the outside of the pillarsin acircle of 111 cm
tadius The staves are held in place with two wires with tighteners which
later will be used for the walls The round formwork s filled with dimt or
sand tu the leve| of the pillars, dampened and tamped. The location of
the outside corner of the pillars should be marked on the formwork to
ad i later placement of the re-rod armature The inner face of the
staves s ined with paper. plastic or masonite to prevent sticking when
the staves are later removed The thickness of the sltab can be marked
o the furmwork also Tar paper or ptastic must be placed over the pil-

" lars as a permanent moisture barner

RE-ROD ARMATURE (see tig 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 circumference into three equal parts by chdosing a point
on the circumterence and with the radius {(1.05 m) mark off two points
on the circumierence, 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
cicumference into three equal sections. From each of the 3 tri-section
_points draw an arc crossing through the circumference with a radius
150 ¢m _
The bar which torms the circumierence is 6.60 m long requiringone 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 2.60 m
'ong The three straight bars which intersect at the center of the siab are
S emilong Te cul the bars without unnecessary wastage of materials.
carefully cut the bars into the following sized pieces

st bar 6 m not cut (for outer circle)

Sdbarem 230 ¢+ 230 + 100 + 40

drd par 6 m 280 + 280 + #0

Ath bar 6m 80 + 230 + 40 + (50 ¢cm for bouchon circle)
e the Ijnm’ ~B0 preces to follow the Jarcs Band 10 cm hooks at the
code o each prece Also bend 10 cm hooks at the ends of the three
CR oo e es and place them stratght across the digimeter of the circle
tas b passang thiough the center and one of the three intersection
i ts ot the three arcs With tine wire, attach all hooks and inf"ersacting
pvoris CHihe re rod armature Before pouring the cement for the slab, it
~ompertant 1o place the ammature in the formwork to assure that it fits
A THAT the arc intersection points ¢ross over the pitlars
T et should be mixed 30 that it can be worked easily but does

- Tiow The nwide of the formwork should be wetted thoroughly be-
tore pwatimy the cement 4 cm of concrete shoutld be poured and
Lot pedd betore placing the armature. making sure 10 align it with the
Carksnadicating the pidtars Cover the armature with 6 cm layer of con-
et e tetal ot 10 omoand tamp well if the dalie is not well tamped it

will not support the weight of the siio and stored corn. Finaily, smooth
e suttare ang level I the surface is not well Ie-velléd 1t will cause prob-
=M bater i mounting the wall. it is extremaely important to water the
dalie 3 times per day for 7 days and dry in the shade. )

MOUNTING THE WALL

o Lsttom sial should be allowed to dry al ieast 8 week before mount-
ud the wath 16 gaditon to the 91 large slave-s‘and 26 small ones, 1 roll of

2mm o gahvanized wite (4 kg) and 10 wire tighteners are needed.

Prace g orcte of 100 cm o rachus from the center on the siab. The first
tayver conasts of 13 large and 13 small staves alternately placed around
e circle wilh the smaliet faces inside A thin layer of 1 6 mortar may be
blaced utider the staves tor proper seating The large stave with the
eitying hole 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 J arcs require pieces 2.80 m
fenyg The three straight bars which intersect at the center of the slab are
S3 emilong To cut the bars without unnecessary wastage of matevials,
caretully cut the bars into the following sized pieces
st bar 6 m not cut (for outer circle}
Jnd bar tm 230 Ew +# 100 + 40
Mg bat € m 280 + 280 + A0
At bar 6m J80 + 230 + 40 + (50 cm tor bouchon circle)
B thee ‘nnv S80 preces to fotlow the Jarcs Band 10 cm hooks at the
veads o each piece Alsa bend 10 cm haooks at the ends of the three
Cox e e es gnd place them straight across the thameter of the circle
st passng thicugh the center and one of the three intersection
i s ot the three arcs With tine wire, attach alt hooks and ini‘xersacting
i tec e re rod armature Before pouring the cement for the slab. it
~ poedant o piace the ammature in the tormwork to assure that it fits
+.Y thigt the are intersection points cross over the pillars
‘e reorete shoutd be mixed so that it can be warked easily but does
s Theanside ot the formwork should be wetted thoroughty be-
tore puoating the cement 4 cm of concrete should be poured and
Tar e betore placing the armature. making sure to align it with the
Caces oo ating the pidlars Cover the armature with 6 cm layer of con-
cwle tor tetal of 10 cm and tamp well if the dalie s not well tamped it
will not support the weight of the slio and stored corn. Finally. smooth
e surtaoe and level if the surtace js not well levelted it will cause prob-
H-ms Laler 1in mgunting the wall. it s extremetly important to water the
daile 3 times per day for 7 days and dry in the shade. )

MOUNTING THE WALL

Y battom slab should be allowed 10 dry at least a week before mount-
v e wall Inaddition to the 91 large staves and 26 small ones, 1 roll of

m o gatvanged wire (4 kg) and 10 wire tighteners are needed.

"race a cirdde of 100 cm radius trom the center on the siab The first
Liyer conmiaty of 13 iarge and 13 smali staves alternately placed around
the Circte with the smallet taces inside A thinlayer of 1 6 mortar may be
Ptaced under the staves tor proper seating The large stave with the
ity st Fale must De placed in the bottom layer with the hole towards
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Staves held in place with two wires, round formwork illed in with dirt or sand to
level of pittars. dampened and tamped and lined with paper or ptastic 10 prgvent
sHcking when staves aré tater removed.
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FIGURE 5 Reinforcing rod pattern — 45 ton sio. .
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the bottom ofthe silo: ThIS stave should be placed to facultta{te emptylhg
of the silo (i, &; not next to the dryer chrmney) No mortaf is placed. bet-"
‘ween the staves At each 25 cm of height a reta:nlng wire is placed and
ttghtened For the bottom 25 cm, 2 wires should be placed 8cm from
the top and the bottom of the smalF staves; { (ong'above and Sne below’ .
, the emptying hole). The tlghfeners should be,p/laced only on the bottom i
of the large staves, and when tlghtened,should be- cenztered on them
- Each successive layer is made by plagmg 13 Iarge britksin the gaps'u un- -
tila height of 2.00 m (4 large stavee'vertlcally) is reached The final layer o
is completed by placing 13 sma(stavee.m the remaining: gaps heldig .
place by 2'wires 8 cm from the t_op__ar;tdrthe bottem of the small'staves i
COVER SLAB (see fig. e) . o
The coverslabis like the floor slab except that |t must have a fllllng hole
itshouldbe 8 cmthickand2.20 min diameter. The 1:2:3 concrete mlx- 3.
ture uses 2 sacks of cement, 1 barrelful of gravel 4 bars of re- rod
6.mm) are necessary. . . - o »
The formwork is made by coverlng the top. of the wall comp]etely W|th “
_boards and plaging an upright collar of masohiie held in place with halls -
" 3¢m outside of the limits of the walls. If the boards are not strong
enoughto support the weight of a man wuthout sagglng they should be
-braced from the inside. Paper or plastic shoulf4 be placed cumpletely
- covering the-boards inside the masomte oirole to prevent the- ooncrete——-
~ from sticking to the boards. L ' SN
Themanhole (for entry and fllllng) formwork should be 20 cm inside the
" masonite circle. It should: be as50cm dlameter C|rcle made wrth maso- E p
nite held in place with nails or an inverted basket. L S
The reinforcing armature it the same as forthe floor siab exoept that
spacemusibe Ieftforthe man hole Test the re-rod armature forfitin the"“-‘
. formwork before puurmg concrete A 4 ¢m layer: of concrete should be
poured and tamped before placing the armature After completlng the
pouring, the slab should be tamped and smoothed out W|th a sltght '
slope away.-from the entry hole. . 2

Acover 6 cmthickand 10 cm. larger than the man hote can be- made wuth _
the concrete which is Ieft over. Theformwork canbea masonlte stiipor .
a hole lined with paper. A small re-rod armature should be placed in. the
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e F'hoto — Enk Bentzen
Mountlng the wall: In addition to 91 Iarge staves and 26 small ones, one roll of I
.3 mm gaivanlzed wire (4 kg) and 10 w1re tlghteners are nee’ded CEe




:’u

slab are the same as torthebottom slab except thatextra care shcuid [
taken to assure that the slab.is Gry before. removmg the tormwdrk (atu

: !east 10 days) It i5 eas:est to remove,the bcards throcgh th&use of le--
yers. Care mus§ be taken notto exert preesu re on the.stnp between the '
entry hote and. outer wall as this is the weakest. polnt of the. slab _
After taking cut the boards far, the to,rmwork, ,the space between the_
-cover slab and the upper. waJLs should beélcsed wtth a ncp morta-r F|-._-'
_ nally a ring of mortar should be placed ¢ arcund~the rnan hole, cov’éred
™ with paper andthe cover, seated ontt This will prowde a ralsed hortzon~
\;\omt to prevent the entrance of’ water around the hcle “ R

R - - [ [l X

A P L
"EMPTYING HOLE PLUG AND AN‘i‘l-THEFT SYSTEM o _
The plastic plug can’ be mcrtared into: place taklng ¢are that itis nct
- placed=so far into the wall to prevent unscgewlng it. Anti-theft devude;
(see fig. 7): with three 40 cm pleces of re-rod remalnlng from the bct—
tom and top slab armatures twc"hmgek’and one clasp will be made for
"thé anti theft devide. Bend each pigeeinto a "U“ the‘hlnges W|th 5 cm"_'
between the Iegs of the "U" and the ciasp with 3 cm. With the 5 cm
hmgea bend the legs perpendlcufar to tHe.“U"" 5 cm frum the battom of
‘the"U”. With the 3cm. clasp, bend: .each of the two legs n oppcelte di-
s, rectiops, parallel tothe “U”, 5cm. from the»bottom of the U™ With the '_
3com clasp. bend each cf fhe two Iegs 1n oppcsne dlrectlcns parallel to.
"the U™, 5 cm from the bottom of the SV Next w1th the bottom re-
moved from one of the dryer: barrels cut a piece 20 cm wideé afid 25 cm_'- '
Iong Pierce twor holes on one of the 20 cm sides 2 cm infrom: the sude'._.._._.
and 4.cm from each end. One hlnge will pass through- each df these -
. holes.Next cuta siot 5 ¢m lung and 1.6 cm w1de centered on the otherf{;
. 20:0m side of the metal plate, 3 cm iri from the edge. Shp the ends of the
bcttom hinge under the first wire on one s:de of the emptylng hcle and
« the top hinge under the second wire on the same snde Next. hcck the_‘-'_.
_twolegs of the clasp underthe firstand second wire cn the other side of
the emptying hole. AdJUSt the placement of the hlnges and clasp §0 that'"--'_'
the plate will. swing easﬂy and close over the clasp : -
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Photo - EnloBentzen

“4cm of concrete poured and tamped befbr’e placing re-rod armature thén cov-

ered with another 6 cm {ayer of concrete.
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" FIGURE 7. The Anti-theft System

1 9-89 uoTioag *o a0
=207
RAET

sawTd Tae18—
X L mmmmmH

COBFTA QUL Y

o |.|w.l|V,

3e1d TROY; —3 X

L Xy -
Brpremety -

.

T L e




L |
: " Phota — Erik Bentzen
To make cover slab fwith filling hole) two concentrlc masonite forms are held in ‘ P -3
place with nails atop wooden planks and filled with 8 cm concrete |nc¥uc||ng rem- L.
tarcing ‘armature. '
‘,1. I\_r" 2! 2 .
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Tﬁ%o-ﬂar applied to(rhevexter;or of tht %SIIO wall rILse@ure the andt-
th g assemblv rnlplace To assure-tigh “gsahng of the‘ emptymg hole
ey g the pla.stermg s’hotnd 5] gone caref"ﬂE/ a‘round it. .

-

PLASTEFHNG Co SR TR

1]

’ Canbedone before or after the plagement of the coversiab The out51de L

walls should be plastered 2 cm thick wiifs g1:6-8 mortar mlxture The
inside jOIHl‘S sheuld be ciosetrw;th a cement wash or plaster to keep
_gfain from Iodgmg in the joints and to decrease the permeability. One

sack of cement is required for plastering and closing the mt‘erldrjomts. ' .

_ PAINTING.

Before the silo can be used it should be allowed to dry for atieast one
month. The permeability of the silo can be further decreased by the ap-

plication of coalter. The painting should be done sothat 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 dry for at least
two weeks before-sforing corn to prevent sticking. The piastering
shouid be allowed to dry at least 2 weeks before painting, with coaltar.

CONSTF{UCTIOQ; OF THE 25T SILO {see fig. 8) _
Silos can be buift with-the same basic design as the 4.5 T silo by varylng

the helgh} of the walis, by varylng the diameter of the bottom slab (see

table 2.

The 2.5.T silo is of the same basic construction as the 4 5 T sila with cera

tain motlifications due to its smalter size. Dueto its smaller capacity, the
2.5 T silo is primarily u;e,_eful for farmers with smaller production
capabilities especially where a coopéraﬂvé 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 height of Q’magi\'.?'in'g avolume of
3.5 cubic meters. ' A '
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Outside walls should be plastered with 2 cm thick mortar mixture..

i
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' TABLE i SILO SIZES AND CAPACITIES: . _ .+

Qi.ameter * o Height .'Volumg ~ - 'Capdcity Number of staves _
" (Cormy . Large Small .
150m . 100m © 177m? - 1325kg- 33 -
TOo1s0m "t o, 125m CRaime eSO kgr 4 Lo
150m - 150m Too2856m? 0 200kg T o0 55 T, 22
TA50m L L75m 309me. . 2325kg . 66+, . 22
S50 m 200 m . 353m¥Y . 2850kg, .77 - 22
200m - 160-m . 314mP 2350 kg 7 28
c00m _ .. 12m . 393m 2950 kg s2. - 26 .
200w .. 1som % Azt 3625k 65 ¢ % o
J20em L AT, . 5s0m? t d125kg L 78 - 26 -

0

200m . 200m  628m 4600 kg 91 26

The total hejght of the silo from ground Jevel is 2.50 m (same as 4.5 T) -

and the total diarteter of the bottom stab is 1.79 m. ™"
The material requirements far this silo are given in Table 1.

[

PHLLARS

-The 2.5 T silo requires 3 pillars (18 pillar bricks 14 x 30 x 20). The holes
for these piilars are centereddn the trisection pdints of a circle of radius
60 cm fromi the slab center. The pillars are mounted with the outside
corners 81 ¢m from the slab center.. o

The formwork for the floor slab of the 2.5 T silo is built in the saime way
asfor the 4.5 T silo, placing the large staves upright, or];emircle 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 armaiures 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-rad is bent and cut to fit along the 80 cmouter
circle and the other bar is cut into 3 pieces (each 2 m long). These 3

-pieces are bent in smooth curves so that each piece touches two of the

'_";‘hs‘takes. and each end hooks around the cuter circle. The armature for
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A Figar slab

B. Cover Slap

Figure 8; Reinforci'ng Rod Pattern — 2,5 ton silo

Slab

Reinforcing
rod @ 6 mm

Fillars
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the coverslab is the same except the inner mrcle has a radius of 35 cm

arge and 11 small staves a!ternately 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. It 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 buitd a good,
sotid 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 let
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.

il. 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. ;ou should wait at least two more weeks, forato-
tal drying time of one month, to aliow 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
shouid be well sealed. Each time you add grain to the silo, it should
be carefully re-seated. This can be done with cement mortar or ban-
co. Banco is less expensive and easier to use. If the emptying hole

142




does not seal 'nght'.y, |t can be well sealed with melted candie 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 eastly seen because iight will pass through even the smallest -«

cracks. ifany cracks are found, they should be carefullycovered with

a mixture of cement and water.
4. The proper use of insecticide is essential for grain storage in yoar

" 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 insects not only destroy the grain

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

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 smaliscale grain
storage. They are difficult to apply eventy and since they are mixed with
water, this increases the maisture content of the stored grain and can
caust rotting if done improperly.) '

Powdered {contact) insecticides must be mixed very evenly withev- ¥
ery sack or basket of grain emptied into the silo. This means that.if
powdered insecticides are used, each Ioad ofcorn removed‘irom the
dryer must be treated individually. [t is |mp055|ble to tréat the grain-
with this type of |nsect|C|de° once the silo has been fllled without
emptying it completely and treating during the refilling. .
Itis very important to understand that there are msectucndes whrch

“are safe to use on food which will be eaten by mierror animals and
thatthere are others which are to be used ONLY on plants like cot-
ton which are NOT TO BE EATEN. Insectmtdes commonly used on
cotton like 45-12, Endrine and HCH are very 8trong and can cause -
people or animals to become sick or die if used dn their’foods like
maize or beans. For this reason, it is very important fo ask your agri- R
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cultural agent to help you select and apply insecticides whenever
ou use them.

Itis very impottantto 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 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 insecticides to use in your silo is the
fumigantor gaseous kind. Testing done by agricultural experts in Benin:

has found PHOSTOXIN to be one ¢f 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. it is 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.

When thesilo isfilled and ready to be treated, the tablet is taken from ithe

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 wilt become harmiess and only powder will remain wrap-
ped up in the paper or leaves. Three to six {3—6) tablets are used 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 should 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 tirst time before put-
ting it in the silo.

- . T4

144




1

. CLOSED STORAGE SYSTEMS (Continued)
. MODEL 4 = CEMENT BLOCK (Square) SILO

The “Tori-Cada’ Square Cement Cilo was also deveioped in the West
African State of Benin. Originally it was butilt as an alternative to the
maore 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 its easier to build, and the rhethod is aiready well known to Jocal
~ craftsmen from-the construction 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 canstriction. Besides the founda-
~ tion there are 2 Iayers;qpreinforced-éoncrete in the walls, one in the
middie and one onthe 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 support the roof of
the hangar are made of reinforced concrete and placed in the cwrners
between the silos.

The standard hight ins 200 cm as mentioned before, the other inteqrior
dimensions are as follows:;

— Capagity 1ton: 80 x 80'cip

Capacity 2 ton : 115 x 115',cm

Capacity 3 ton-: 135 x 135 cm

— Capacity 4 ton : 160 x 160 cm

Capacity 5 ton ; 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 alss cheaper per ton to build 4 silos (bins) together instead
of only one. ‘

!
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Given belo'w is a detai%ed,description for constructing a single unit Ce-
ment Blogk {(Square) Silo with a 5 ton capacity,

This silo when constructed has interior dimensions of 1.80 x 1.80 x
2,'70'!11. which gives a said capacity of 5 tons. The silo is built primarily
out-of regular construction brficks 40 x 20 x 10 cm. The design Uses:- -
Building techniques that nearly any local mason already knows. .
Once the hwaterials are at the site, building can commence. The first
thing to do. is dig a hole for the foundation. Select a épot that is level,
well-drained. 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'm in-
side the Tirst square. Between the two squares will be a sp_gice 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

~

‘give the desired interior dimensions of 1,80 x 1.80 m. The brick layers

to a thickness of 30 cm. Water and cure this layer for a few days or a
week if possible. __ _ '
Once the foundation’has cuted, 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 placed 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 mo'rtar has; cured some, the space formed by the
square of bricks can be fi!Led\witH digf1o alevel 8 cm iess than the top of
the bricks, The dirt should be.well tambed and leveled. This hole is then
filled wjthB cm of concrete (1 12 3) til it is exactly level with'the top of
the bricks. Be sure and water the concrete three times a day for séven_
days so it will cure well. t A

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 moisture from com- |
ing up into the walls and floorof the silo. Any sdich moistare would rot
the corn. ' '

After the mortar has cured, mounting of the walls may start. The bricks
are now _placéd'és they nofmally are in a wall- with the 20 ¢m side verti-
cal. Leave 5 cm between the outside of the floor and the bricks. This will

]
e
~
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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
roof is to be supported at éach corner of the silo, a space may be left for

* the eventual peuring of a concrete corner p|IIar which would also hold

the bricks in place. < : .

The bricks are mountedtoa levet of one meter or five bricks h\gh At thls-
time a layer of concrete 10 cm wide and 20 cm high 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 forma’

rectangle 15 cm high and's ¢cm wide: w1 his Iayer of rerod helps to rein-
force the wall against the grain's wetght

" . Once the concrete layer has cured enough, the wpli of bricks may be
“continued. Five or six additional layers may be put onthe concrete miid-

die 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
. otherlayer. The ponly difference betweer} the twothyerme-theaddmonef

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’ plece 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 msnde

and cutside should be entirely plastered A 10-12.cm plastlc 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 i or a hole may be dug into a
brick afterwards. Cs,

At the.time the concrete. flooring was poyred, the two tOp slabs for the
5|Io could have been poured. These cg}ns:st of two 2.00 x 1 00 x0.60m

. slabs. One of the slabs must have an entry hole either 50 x 58 cm square

ors50 cmin dlameter Formwork,as made on the ground |ﬁgwhich the two
slabs are poured A grld of rerod is made with the 2 mlength using 8 mm
bars and the 1 m width usmg 6 mm bars. Spaces of 15= 20 cmyare left
between the Bars. o : .

As mentionned, one slab must have an entry hole Thus, one gnd must
Ieave‘space to accommoda'te the hole. A mixture of concrete (1:.2:3)is

Ca

poured firstto a 2—-3 cm dep’tl;: The rerod,gnd is placed, then the rest af

the concrete is poured to a depth no greater than 6 cm. The proper
depth mdist be maintdined if the glabs are to be Iltted lniplace by men. A

-
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small cover slab for the entry hole should also be poured at fhe 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 $labs should be cured by
watering three times a day for seven days. When the slabs have cured,
they may be fifted 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 cutside 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 are no problem, the outside couid be
whitewashed. |he interior also might be whitewashed 1o 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 buiﬁl_lt in
order to pretect the sitc against sun and rain. - S
To protect against people stealing grain o'ut,, 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 te the other piece. The
not too serious robber of grain would thus be deterred.

»
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3. What are the advantages and dlsadvantages |n usmg the 1 5 ton Im-

proved Mudblock Stlo'? R
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9. Will closed storagé systems werk in yourarea? If so, wh|ch of the
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CHAPTER VI; -
CONSTRUCTING AND USING YOUFI DRYER

Farmers throughout the world have Iong recognized the need to dry
their cereal grains. Try to put yourself i in the farmer’ s place and take a :
ook at the methods currently used by him,.~ ..
-\ Do his present drying methods producefsat[sfactory resu[ts‘? If they ’-
do, why change them? If they do not work, why not? f _
— By using improved drying methods can he harvest earlier and get hIS\_\ :
tand ready sooner for a new crop? ,
« — Would he be able to maintain a new drying maf‘hlne'? Could hefixitif
it broke dowr? Dpoes 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 eve.nt'u_- _
ally make more money from the sale of his graln‘> | '
— Would it be more advisable for him to j joinagroup 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 mcthods dre preaenteu Three emp-
" loy the principles of sotar drying and one mvolves the use of oil barrels :

-

‘which are heated with.a fire. . . o N L ¢
" 1. Traditional Sun-Drying
The oldest and most widespread method of drying grain is sun- dry- '
ing. You should look first at the local technlques of sun-drying in
your area. How much work is required of the farm famlly’? What are
* ithe losses and inconveniences? In drying maize, for example, the
S|mplesta_method is often to leave the maize in the field until the' mois-

ture coritent has dropped sufficiently for storage: Theprinciparad- -~ el

. vantage of this method is that the grain is subject to direct 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. Expenen(_:e has

\ . shown that this method also doesn't achieve the best results be-

\ cause there- 1s too littie movement of air close to.the groundk_and_

\ ’ consequently the drying takes longer Besgides, dustor stones may

LN




be taken up with the'crop and contamlnate it It is elways worth re- .
memberlng that clean grain is essential for proper storage!
However, improvements can be made involving even the szmpleet . i
traditional metheds. Rather than dry grain dn‘ectly on the ground, R
where the@raln can pick up rnousture from the earth, you can intro-
‘dute the farmer o using a plastlc sheet- You will probably need a
sheet about 10 m x 3 m. Itis recommended that the plastic be at Ieaet '
004 gauge thlck o : : . L

— Buifd amound 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
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 f the plastic to straight poles made from
bamboo or other smooth material. .

— Put ciean grain on the plastic. Do not make the.grain more than '

"~ 5cm deep. ' o

— Stir often so the grain will dry faster. Turning and stlrnng make -
sure all parts of the grain are touched by air and sun.

— The Yake or other tool used to stir the grdin must have smooth,
rounded edges. This tool then will not damage the pleetlc o:' the
grain. ] ' '

- As the gram dries, moisture from the graln collects on the plastic.
After the grain has been drylng for two hours, push al! the grainto
one half of the plastic. T

—.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
let this half dry for five minutes. o

— The plastic sheet should be airedin this way everytwo hours white- . ! -
drying is going on. . : : '

— Cover the grain at night. Push all the grain to one end and fold the
plastic over as a cover, '
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2. Solar Drying ,
Increasing attention is being given to improved methods of solar
(sun) drying. Although there are several distinct advantages in using
solar dryers. i.e., you do not require any fuel (which in many develop-
ing countries is becoming increasingly scgrce, especially fire wood),
the drying time is reduced, and they can be used to dry other.crops
such as cassava, fruits and vegetables; they.also have certain draw-
backs — the most im portant 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 tocrack - -
at temperatures above 50°C) and aiso seed grains. ’
From the information provided in Chapter Il 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 dried and the surrounding air should be
heated. " -
2) Thereshould be maximum p053|ble movement of air over the sur-
face of the material. . : o
3) The surface area of material expased to the air ,shoulcl beas Iarge
as possible. 7
It is not possible to attain requurements ¥ and 2) with tradltionaI'
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 sirﬁply and. cheaply using materials -
which are generally readily available in deveioping countries.

A. General Description of Partially-enclosed Dryers

The partially-enclosed sun-dryer is a structure which actsasaheattrap, -
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. 1 and 2) are sim-

ple, box-like structures, prowded with upper ‘and lower ventilation
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cover is “dcuble glazed”, i.e., it is made of two Iayers ef film w1th an |n—
sulating air space in between. The box itself is constructed of materlal_ o
which will provide adequate insulation to preventthe escape of heat All
interior surfaces are painted mati-bAack to achieve maximum absorp- -
tion and retention of heat. Material to be dried is supported inside the 3
dryer on perforated trays whlch can be of wire nettlng or woven from-'
local material such as papyrus reed. : .
Air movement through the dryer is achieved by convectlon As the ma-
terial to be dried and the air surroundirig it becomes heatet the hot air.
rises and escapes through the upper ventilation openings, resulting in’
cooler air being drawn in-through the fower openings. There is thusa -
constant movement of heated air over and through the material being’
dried. Air temperature inside the drier in bright troplcal sunlight wifl |
usually be twice that of the outside air. Drying temperature can be con-
trolled by opening or closing the upper ventilation outlets. . '

B. Advantages of Partially -enclosed Dryers 7 _
The major advantage of the partially-enclosed sun dryer is, of course, in-
its ability to generate the high temperature and air movement _esse_ntlal
for effective drying in humid climates. However, as mentioned earlier, it
also possesses a number of distinct advantages over traditienat “c'pen""’
drying methods, even in areas where high. humldlty |s nct a serlous'
problem. Some of these advantages are: : e
1} The dryer is rainproof and can be left in contlnuous O eratlon wnth—' .
out attention, and without the necessity for coverin pup. drylng ma-' '
terial or removing it into shelter during $howers. r"_. _ o
2) The higher temperatures possible with’ this type of dryer greatly
speed up the drying process, not only giving a much greater output .-
than open methods, but also ellrmnatlng the possibility of mold or! )
microbial spoilage which is common with open: drylng metheds =
3) As well as protecting the drying material from re-wettlng by. ratn, the;_,}
covered dryer also gives protection from dust. and dirt, from attack:-' .
by birds and rodents, and from insect mfestatlon : 2
4) The high tem perature to whlch the materlal Jis sub;ected wm effec-___-__.;_;.-_-,
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tively kill or drive off any insect infestation which may be present m;, R

the material as it comes from.the fields.

‘The partially-enclosed dryer will, therefore, produceawell-dned clean :

and pesti-free product which w1II bein excel!ent conditionfor proionged, '-

storage or for immediate use.

2

C. General Remarks on Constructlon of Dryers

dels are given in the following pages. H__owever, since it is intgnded that
these drvers should be made from whatever materials are most readily
available locally, it shoutd benoted that such detdils as to dimensions

which are given are méant for general guidance only, and [ocal adapta— '
tion in terms of ctiangesin Iength wadth or depth will not affect the effi-

%

instructions and sketches showing constructional details of two mo- "

ciency.of these dryer. The sketches for Models 1 and 2 are based ona

“useful practical worki_‘ﬁg 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. ' ‘

The dimension which is of importange, and which shou!d{be adhered to

as closely as possible, is the thickness of insulation on the Model 1 box-

- type dryer. Where wood shavings, wood wool; dried grass, ieaves or ..

similar material is belng used, a minimum thickness of 2inches should

be used. Algo, for practical reasons, the internal depth of Models1and 2

I

should not be less than 6 inches. =~ v

D. Constructlon of the Model 1 Dryer -

Details of the construction of this ‘model are glven in Flgures 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 fess'in length and width, and
atleast 2inches less in depth than the outerbox. The space betweenthe - =

‘boxes is packed with suitable insulating material. Lower ventilation

holes are drilled through the bottom of the boxes {and through battens
fitted in the insulation space for this purp_t_;)se)',- and slots are cut in the ' ;. -

upper edges of the sides of the box to provide up_per ventilation open-

ings: The dryer is_supported about 6 inches abQVe the ground on four

legs (which also f_orm the _rna"in corner members for the box).
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MO




"y

_H—mcwm .ﬁ : B ) | .. : . . ) .. _u N . g .. .«

MODEL 1 mO_me Um&.mﬂ

SKETCH w_..Qi_ ZQ_ UI<_ZQ mox Ai_iIQC._. OO<mI OR. Umfzm ._._"—bz.wv.,.

BRI




|
NN [] ] ]
,8 ﬁ._ —
1 =4 1 1 _
wm:c:_ 9=war] _w_mumm__ - mwz_gqmn_ zo_._.<>m_._m n_z< NVd
L ’ m_m;m_n_ _,._m_mos_
’ /
A mmaw_"_,
t m_ .




s %.. Satawa
ArNE e 3dan

431 Lvd

&

Bas-y3ddn’

e

..ﬂ
a3

INIOF JENYO0D 40 3dAL 3TAISSOd INO 40 Nviaa
vy H3IAHA K 1IAOW 40 NOILONYLSNOD

164

¥

‘B€ IHNDIA -




_u_QC_um w_u |
. oozwamcoon OF MODEL 1 am<m_m L
- DETAIL OF Emﬁzmmmo»:o_zo T R N T E

]




" FIGURE3b S R

CONSTRUCTION OF MODEL 1 DRYER. e,
DETAIL OF WEATHERBOARDING .~~~ 7.

e

R
L

Vo e

o

e end batten,

-

oniﬁeﬁwﬁnw ov clay, °.

T

fr a
.rrrr....




- ﬁr\- . \w
- “ ) .s\
" FIGURE 4 .
fay] g ..”. - .
OOZW._._"—CO._._OZ OF- _SOU__m_. ._ Umw(mm . o T N
- :OC...JPEP<: SKETCH OF OZm OOmwzmw mIDémZD Dm._.b:- O_u _Z._.MIZ.PF _uI_P_S_ZQ
) s . | _ _,G mpﬁo main camer rﬁﬁai __
Mpper’ side batten 50 , | o
7 CJU&._. end battin
. fn!—‘. . v\\\ \.. : ‘. . i : : - B “ ’ . N i " . N
aﬂ P .. . & . . \ o.”\t....
Sede Whnnn > . | 2 o K End ._.-f.mna.
S ” 5 o |
. P =
}__.«. _..S.ﬁmw rﬁ.ﬁ_»hs.u B 2% m..ogq.\\r Oa_u UQX anr... ﬁ_)a.,u o.«o.si

.FaF_hw Gu bottom.’ Q.SN _
© 6ad pitces amd slofted p
1o take _‘sh&@.@_w pancls.

ru& arled wo Lowew mnmnm A%
aswu os& u_,oau s




v

{91

ﬂmcmwm _ _m u»y u_”. R

nozmqmco«_oz OF MODEL 1 DRYER -
“CUT-AWAY” SKETCH SHOWING STAGES IN COMPLETION OF INNER BOX

Cut wpper
air owtlets

T.._..n .w.ﬁmen.ng_
°.@P§ﬁr.

&Y

@

it inside
Sde wn.eear

AT AALAREAR AAREE
g ;

o Fit ?2%...

_uoﬁa_:a mﬁs

‘_?.,x lower °

. aiy c‘Lwlets




Steps in Constructlon :
" Remember that itis a very useful practice to re-check all measurements
and markings on tlrnber before cutting. Follow the maxim measure

tw;ce and c;ﬁ once a o o : L

1.°Cut leg pieces, side, and end battens to size, and jein together to
rnake the basic frame. The type of joint ||Iustrated inFigure 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. i

2. Cutside and end pieces {these caneachbe one single piece orplank, - o
or a number of narrower pieces). If a number of narrow planksare .
being used to cover the outer sides and ends, these should not be |
simply butted together edge to edge, but shédld be ‘‘weather-
boarded' as shown in Figure 3b, so as to deflect rain and avoid wet-
tidg of insulation. When this form of construction is uged, 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 and then naltf'
side pieces in position. Cut battom pieces (to full length and width or

- box).. Cut out corners so as to fit around legs and nail in placerto _

lower edges of side and end pieces. '

- 4. Cut and fit air inlet battens, naillng through from the ends and bot— o
tom of the hox. When nailing, take care to avoid sites of the holes . -

P

=

which will later be drilled through these ‘battens. : ./' -
Next, putinsulating material in place and cornplete the inner tpox in the L
following ‘manner: Ve |

» a} See Figure 5 Cut inner panels to size. )]‘he Ienqth of the inner snde' ’ __
panels will be the internal length of the box between the end battens, ©~ = =
The depth of side panels will be the mtemal depth from bottomn of
box to upper edge of side batten. The length of the. 31de panels will
be the width of the box between the !eg pieces less the combined _
thickness of the two side,panels. The depth of end panels wrli be the .
distance from the upper edge of the side batten to the bottom ofthe -~ - .-~ -




A

. = . \'- - . s . "‘.
3 a ‘ B

slots cutlin the alr |nTetbattens "The length ofthe bottom panels will L
be the ldngth of the box bhetween the end ot the battens less the ST

combined th:ckness ot thetwo end piecés. Its width w:ll be the wudt

_ of the internal end panets - i :

D) Turn the box oo one side and packin thelnsu!atlon on. that sideso -

~-that itis ct\ghtly above the level of the legs and sade batten. Nall the -
inner side panel in: place to the side batten and Iege and through the - )
bottom ofithe box Repeat thts _process for the other side and two.:.;-

~.ends. | ) .. R
c) Mark the center lines on the et battens on to the end p:ebes 50
that the marks_will be vi, ce the internal bottom panel has'

" been fitted. F'ack insulatio1n place on the bottom of the box up to L

the [evel of the air-inlet battens, and nail the bottom panel(s) in place :
’ to the air-lnlet batténs (again avmdmg the sites of holes- Po be drllled
later). - . '

d), Mark the center lines of air- mlet battens on the bottorn panel( )and:_

mark off posmon ofheles Drlllthroughfromtheln3|det0 the bottom
of the box. - : .

e) Mark the position of the anr—outiet stpts cmthe upper sndes cut. the '

sides of each slot Wwith a,saw and chise) out the siots.

t)y Paintorstain the internal surfaces of the box with a dark color, pref-' '_!

erably matt black’ {black- -board paint is useful for thle purposeg).”.
Treat the extertor of the box with wood preservative (if avallable) and
pamt with gioss pamt or mar,tne varmsh (i avallable) ) °.’__-

E Constructlon of Cover for Madels 1 and 2 Dryers o

_The same type of gover is used for both these dryers it conmsts of a

simple rectangular wooden frame with a central ridge piece, which 'Sr "',:' -
covered wnthadoubiefayerof polyethylene film. Detallsofe’pnstructlon t

of the cover are shown in Frgures 6an7. . .
5
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Tools and Maienais

" Tools needed:”

Materials: -

office stapler.

" 'Saw (preferably tenon saw), screwdriver, sharp enite

or scissors, try square, marking gauge

- Lengths of timber 2" x 34" or nearest. Transparent '
polyethytene film (preferably 0.005 in. or heavier).

Screwnails, (%" x 85 C.S.). Blued tacks ('/2"), or large

=

- g

TOOLS AND MATERIALS

Tools needed:

Materiala: '

Hammer, screwdriver, try square saw, brace and 1"
wood drill, 34" wood chisel.

Wooden planking or plywood for srdes ends and
botiom of boxes.” S
Lenghis of timer 2" x 235" for legs, and 2" x 2 for _' _
side, end and air-inlet battens. '
Insulating materiat, e.g., wood wool, dried grass or
jeaves, coir fibre. etc.

Nails and screwnails of appropriate size-
Mati-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
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, o
1. Cut the frame members to Iength and assemble as lndlcated in Fl- )

be atlowed (to dry out_i_n..theﬁot sun before the cover_ls applied. The
cover should beapplied while the wood is still warm and at a time of
day when humidity isdow. These precautions are necessary to prev-
ent condensation occurring between the layers of polyethylene, thus
“fogging" the cover. If, despite this precaution, some fogging. QOes
occur during use, withdraw tacks or staples from a short Iength at
each end of the cover, open up the polyethylene to allpw moisture to

-

/ ;
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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 polyéthylene;s_heet in place.

Fold one side of the polyethylene back on itself to form a triple.layer - -

seam %a" as shown in Figure 7b (i).

Starting at the middle of the frame and working progressively to-
wards both ends, stretchlng the polyethylene Ilghtty 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 wilt “give’ and distort if fingertips

are dug into it, and such distorted areas are likely to perish during

use. it is preferable that poiyethylene should be sllgthly Ioose o

rather than oversiretched.

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 a:n"d fastentng
firmiy in place. .

Cuta piece of polyethylene sheet for covering the upper 51de sothat
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 loweredge .

of the other side member. Make a folded seam and tack or staple in

place as before.

Stretch the polyethylene over ane end of the frame, fold and tack as -

before. cutting away any excess material resuiting frdm the slope

from ndge to side member. Tuck the corners of the sheet in neatly,

and tack firmiy iy place. Repeat for the other end of the frame.

Attachment of Covers to Dryers
The covers, being very light in welght are liable to be blo\{vn off the___
dryers'by even a moderate gust of wind. Arrangements shoulq therefore

~
-
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Completed — Modet 1 Solar Dryer
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~ DB made to keep them firmly in place. Thls can convenlently be done Dy
fastenmg hooks of stift wire to each corner ot the cover ’and swmgm
these hooks into place around nails or. pegs. flxed in the s1des of the.:
dryer Alternatweiy, lengths of stout l;wme orcord fastened to one side.
.of the. dryer rhay.be drawn t:ghtly acress th&co*epand taed te nans of——

»
-
-

F. Constructlon of Drying Trays B . o

‘An examplte-of one possubie type afdrying: traﬁs |Ilustrated in Flgure 8.’
This'is a simple, wooden frame with fmewwwe mesh- stapled toits l,lnder—
s:de Two . SUPROT runners are nﬁrled to the underside @Dver the edge of
the wire mesh}. It necessary %0 laths may be tacked over the edges of

S M

DBQS om the other side: . S . ST o . .': ' - .;

the wire mesh to hold itin place at the eﬂds Howevor foiding the edges_ K

of the. mfesh ouer upongltseu before staplmg maybe all that i is. needed ‘

A suitable size of tray for use- with B x 4" dryers illustrated “in the o

dryer. - ’ S oL
S:mp[er trays made of course be made from Iocai matenals Papyrus_
. reed mattmg or aframe with slats of reed or spl:t bamboo for exarnple

 sketches is 3' I x 36", overall two ttays of this size be:ng used in the '

" makes an excellent suppart on which material ca‘q be dried. Coarse

hessian sacking material or open weave grass orhbr rnattlng stretched_

- I

cm a trame can atso be used C . \

..',',e
-

G. Construction of Model 2 Dryen .
This dryer, illustrated in,Figures 9 and 10, is not portable fike Model 1.1t

is-meant to be permanemiy sited and to be- canstructed of clay bricks, - .

mud and ‘wattle, or 5|milar materials. Compressed bricks made by the .
Cinva- Ram_usmg local earth mixed with cement are ideal for the pur- *
pose, if hollow. bribks are available, thiswould.be an a’dvanlage Holiows
insuch bricks’ should be packed with dried grass coir fiber or otherin-

""“smiatlng matenal before the bricks are laid.

Siting

Because of its permanent nature, care should be taken in the chcnce of a -
site, which must be flat and level, and which should not'be shaded byi_ I

trees or bU[!dIl‘IgS The dryer may be bunlt on afloor of sohd hard beaten

176 | o - A T
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dramage trench about 3 1012 mches n width and depth s_hould be_dug - .
ail around the dryer to protect it from floods resulting from heavy rain. "~ . - ' -
, The dryer shoutd preferably be sned sothat|t|s end- ontothe preValhng' R

[mponant but there rnay be aslight advantage in hawng its length ingn - -
-gast-west direction, but only provided this does not expose the SldeS

rather than the ends to the wind. o L
Materials -
" Clayor similar bricks as described above mortar or ciay Thick bamboo'

(2'2 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 ev_én '
thickness and with as few joints as possible. Cut to the overall width
of the dryer. Split the bamboo into halves lengthwise and cutaway .
the partitton at each joint. Put the two halves together agaln andbind '
together with slrmg wire, or other smtable binding mat8rial. Cut or
drill holes in each pipe as indicated in the sketch. The holes should
be about 12 inches in diameter. N
3) Lay the second layer of bricks, placmg the bamboo-pipesin position
as shown in the sketches cuttmg appropriate bricks, short as .
needed. Lay the third Iaf,'er of bricks, packing the gaps around the
bamboo wigk mortar or é;lay '
4) Lay thetoplayerof bricks-eutting away as necessary to fori air: out '
let slots. Alternatively, lay the top layer of bricks ieavmg one- mch
gaps appropriately spaced along the two sides. T )
5) Paint the inside of the dryer a-dark color. Charcoal mlxed w1th ctayf'____-_ o L
may pravide a suitable means of doing this. S F
6) Construct a cover and drying trays, as desribed in 6 an ??_aboye_;; O e

" Alterniatively, bambeo inlet pipes of only 12 in Iength may be used mstead of ¥ E
the fuil-width pipes. Length Of these plpes is shown by the thick. Itnes inEi- ...
gureg e e e e e :1 s




Early construction of Mode
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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 sketohes illustrate the oonstruotlon of a sumple ”double i
: glazed polyther;e cover for sun dryers. ThIS can be made in the village
.Situation, using only the tools and materials normally available. The
. only external mput needed is polythene sheet in the form of a tubulara
sheath. ' ’ , ’ : '
. Thetrdme (S ketch 1) consists of two “ooat-hanger“ shaped end pieces
' »joined by three pleces of bamboo or other stralght poles such as wattle
or eucalyptus : S
The end pieces {(Sketch 2 } can pe chopped out to shape witha' panga )
» cutlass, or machete-type knife, and the nesting sockets for the joining
poles cah be carved out with a smaller knife or burnt out with a hot iron.
* Poles are selected for strarghtness and uniformity of diameter. Perfectly
straight and uniform poles are rare, It is important that the t_y\}o side .
poles are straight in the horizontal plane, and the frame"should be put |

L e

g e ranged to achleve-a frame which is not warped and which does not twist

. ~ upwards at one or more corriers, Slight irregularities in the potes do not
matte( since, although these may prevent the i‘{.rame seati'ng accurately -
onthe top edges of the dryer, this'does not mat\er, Since airventsarein
any case required between the cover frame and the top edges of the
dryer.
Fastening bamboo or thin poles’ wlth nails canbe a problem because of
the risk of spllttmg For this reason, holes for the nails should first be

. drilled in the ends of the poles. (Sketch 3) Th|s is done usmg a nail -
heated to redness. The nails’ are then mserted in these holes and driven
firmly into the wooden end pleoo
The joint can be strengthened (Sketch 4) by na:lmg a strip of ham-
mered-outtin (cut from an old tin can) overthejomt Thistin strlpwould
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 S|m|lar soft ~
material betore covering the frame with polythene.® .. L
The cover frame must be made to that it fits snugly into the polythene L
sheath and so0 that the sheath is stretched taut, The key d|mensnons 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

k3




A
Maklng A Slmple Cover For A Solar Dryer
o (When Only Plain Pdlythene Sheet Is Avallab!e) .

. Sketch 1
COMPLETE DRYER
COVER FRAME )

s&— BAMBOO OR WATTLE POLES
‘ ~ {Length 7'z TO 8 Feet)
and DIA approx. 1'- Inch

END PIECE- - -
\ . ] ’ . S'ketch 2
' BAMBOO OR WATTLE ) I
/"’—-‘__—“‘_—_-_h_
o N _
: "5’ . v'_{;
< ASYz". —— ﬂ
. approx. - .
' ENDPIECE Com
- " {Made from A Piece of 4"x1” plank. — o




Making simple cover frame for Solar Dryé
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- o Skerchs ol
‘ Fit the sleeve over the frame so that _ . _H.\ ! '
-approx 12" of the steeve overlaps ateachepd. .. . .~

e,
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COVERING ‘A SOLAR DRYER DOVER FRAME WHEN
POLYTHENE SLEEVES ARE NOT AVAILABLE

M

wider than cover frame.

S

Upper polythene s?met

Lower polythans shast

—emw 2. End views
. @) Lay second sheet of polythene over top of frame.

Edges of polyfhane sheets rc;"lfl‘gd'.\;up tightly °
v . T . .

u

b) Roll up edges of sheets tightly against fran;\éha“\nd\secure in p_I_a_l__cg'
with cord tied around width of frame at .both endg: o

*

387 ¢

1. Lay covar frame on top of poly{henesheetwhichis 24”longeré_h_df'18”_ T
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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 3/4 Shorter _
than the width of the sheath. S
The foliowing 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 thls
cheath was 48" (two inches used up in seaming). The size of end, ptece
needed for this sheath is iflustrated in Sketch 2, i.e., 452 1nches Iong
and 4 inches high. A cover frame made from two end pieces of thls size
fitted neatly into the sheath without undue 5tretch|ng of the polythene
The polythene sheathiis fitted to the frame as deacnbed in Sketches 5 6

'and? - AT

\:‘ N \ \ s
3 Drying. with Firg : N .\\ \'- a
There may be times, however, when climatic COﬂdlthﬂS Will 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 method Wtil
have to be found. T S
Here we present a model calied the Pit.Oil Barrel Dryer oF“B'rqe_ks--Field'"_:_'
Dryer that can be used quite effectively'"at the farm and vi'!lagé“‘level '
either by an individual farmer if he has'a falrly large amount of grain. to
dry, or by a group of farmers workﬁ{g together as in a cooperative.
Storage of grain in a closed container requires that the'grain be suffi-
ciently dry to prevent rotting. For maize this is optlrnallyr 12% moisture
content. The traditional method of sun drymg |§ nelther assured nor
very efficient, especially for !arge quantltles ‘'of grain. lt requires much
labor to spread and gather the gram each morning and evemng and thls
is especially difficult in times of inclement weather. . _ o
Artificial drying permits drying large quantities of grain in-a relatwely
short period of time. The higher drying temperature drwes insects from
tne grain and altows the graln to be harvested sconer W|th less drymg
tlme in the fleld thus decreasmg msect and rodent damage WhICh oc— __
eurs before harvest t T '
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| made thcughthesccnertheyare made, thesoonertheycan be placed .

™

- o .
» * BT -

The dryer consists of banco walls with a screened falee fi@Or for éirying
~ the corn with heat from a fire box consisting of thre 20 liter drums
e joined end to end below the drylng floor.” '

-

. -— A

\wsmucnom (_see figures 9 — A~B = C - D), o o -

o drying chamber has interior dimensions of.2.40 X 2.20 m and a U
: height of 40 cm from the screen floor. The walls should be 30 cm thick
giving exterlcr dimensions of 3.00 x 2.80 m. The stoklng pit will be built |

on the upwind end of the ’dryer It should have interior dlmensmns of h
1.80 m long and 1.70, m-widé, including the stairway.

oo
H * : + P
- :

e
@ . - . L

LINTELS a e ' : A .

H

. The end walls W|1I be supported by 2 concrete lintels (1 20 x0.30 x- o
-0.08 m), reqmrlng /s sack of cement and- cne 6m bar of re-r rod {@

. The forrnwork 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 4cm from the bottorn edge e the Lmtel

» ﬁal

! - i .
T i . i
“ . :
f : . & . H . *
RN . : 3 H | :
con ! | | | i
i . )

THE DRYER ' . s o N | !
‘First stake out the drylng chamber 2.80 m wude x 3.0Qm Iong Thls"
should be cerrtered be_tweee thentwe sides-of the hanhgar. Extendmg
upwind cn 1 side of tha drying chamber stake ouf the stoking’ p|t 2m
long x 2.10 m wide. This wilt Jeave an unused area on one side of the =]
stoking pit 2m long x 0.70 m wide on'the oppcsde side Qf the drying
..+ chamber. Dig ali of thIS staked but ared, 30 cm Yeep and pile all of this
removed top. sonl to one side so that it wutl not be later mlxed'wrth the
banco. : - &
Next, dig a trench. centered in the tength of the drymg chamber 70 ém .
~ wide and 140 cm deep. This will extend 480 &m from the chimneyend of - |
. the drying chamber (leaving a 20 ¢cm Iedge tor the retalnmg watl of the

stokmg pit.y. Remove alFof this du;t taklng care nct to ix it W|th the top
soni Wh]Ch was earlier remcved '

it
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Brook’s Fire Drier

R

Chimney
N

_,_
50 cm
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Labour " _ Digging hole - - 5 man-days':_}" TR

Regalrements — Prepare Banco 776 man-days
o - —Mountwalls |~ 6man-days
- Place barrel§ - 1'man-day -

v —Place floor: .~ - 1manday - . ..,

s

PLACING L@H‘ELS - . o
Carefully me&asure and mark po[nts 3 m and 2. 70 m: from the chlmney
end of thie tre- rch and cutslots on both sudes of thetrench ‘where thelin-
- tel will repgt, These will descend fo 70 cm from the trench fioor, 30 cm:
wide and 80%cm iéng. Cut snmlfar slots ugagalnst the chimney end. ofthe
drying chamber-=75 c¢m from the trench floor. The 5 cm diffefence i IS to
give a‘slope to the barrels and tnereoy facilitate smoke’ escape through
the chimney. Next cut the chimney hole 30 cm wide x. 30 cm- Iong X
30 cmideep centered atthe end of thetrench. A channei 15¢mx 15 clm is.
“then extended from the center of the chlmney hole to 50 cm; from the
bottomthetrench. A5 cm layer of mortar or bancois Iald m each of the 4
lintel slots and the lintels are lowered into place taklng care that they are
level and'square with the'dryer side walls. If banoo has been prepared in.
- advance the construction of the walls can now begln _ R

Il

MOUNTING THE DRYER WALLS (o T LT
Maount the walls 30 cm wide ovepthe lintels and 45 cm an the 5|des ex;
tending the stokmg pit retalnmg wall along its Iedge 20m tnlck toa
height 20 cm ground level-around the extremltles of the stoking plt (2m.
x 210 cm). This retaining wall protects agalnst er05|on of the plt walls
and keeps dirt and trash from falling inte- the pit. - o I
The height of the wall over the Ilntels Wthh cen be rnounted in one day
wlthcut danger of collapse depends on the quallty and water content of
the banco. When the drylng chamber walls reach 90 cm from the iower
edge of the lintel, the side walls thickness is reduced to 30 cm Ieavmg a
15cm Iedge ontheinside of each side wall whlch will suppor‘t the drymg
floor logs. Before the walls are: mounted much above the ground Ie\_(_el
the rest of the digging and dirt removal should be done in the drymg"
chamber to avoid unnecessary dlff cultyin removlng ithe dirt: From the:

base of mter:or side walls to a pomt 40 cm from the bottom ofthe[b‘arrel
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- staves 10 cm thick. e b
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trench remove the dirt on botn sides of the trench leavung a siope of ab-
out 45°. Whan the retaining walj"is mounted tp 20 cm aboye ground

level; it should be level with the dtymg chamber walls at the pointwhere -
they are dlmlnlshedTo a'thickness of 30 cm. At a helght of’ 1gg;m hlgher -

than the 15 cm side wall ledge, a strip of chlcken wire

cm wide

should be embedded 10 cm in the wall all the way ¢ around leaving 10 cm__ﬁ. '

extending out intd'the drying chamber to which wull later be attach c

the drying floor screen. This embedded screenmg should be 1 00---_ =
-from the bottom edge of the front Ilntel The walls are mounted to a.

loss,

40 cm W|de Ieawng a 30 cm wide Iedge agamst the drye _ waI|I and the,
lowest step This will lend solidity 10 the dryer wall and lin el. The stok-
ing p|t can be enlarged by cutting away 15 cm on each s:d

The s{oklng plt is flnlshed at any convenient time durlng the dryer con- )
,struction. The stairs are cut out in four equal steps 30 cm hlgh and -

uf\‘the Stuk: . :

ing pit. . | |
Thewvalls can be pollshed as they are bunt Alayer of 1 8 martar on top..

" of the wall all around will keep the walls from belng worn avYay duffing

use. Cracksinthe dryer wall' should be filledmnth banco toimprove both .

its solldlty and appeararice. Extra.care should be taken in ftlh g cracks

in the cl‘umney end wall to av0|d smoke enterlng mto th dryung .

I
@

chamber

:.f"—"
N

PLACING THE FIRE BOX BARRELS O PR U

Theslop:ngmdesofthepltmustbe dug awaybefore placmgtheb rlrels
Flrst cutbothendsfrom‘two barrels and one endfromthethlrd A _|mal|

hole 20—-30 cm wide should be cutin the other endforthe chlmney ole,

One side of the chimney hole is formed by the barrel’ rifn. This hole wril
be on the top side of the barrel when'it |§ placed in the dryer. S

The barrels are joined with four heavy wures Spaced evenly around he

circumference. The barrels shduld be supported with brrcks or brok' n

i
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The jomts should be sealed by placing a strlp of screening around them
and plastering with a 1:8 mortar. If the screen holes are too blg to hold

the cement, place paper under the screening. From inside the barrels,
the bottoms can be sealed as well as any spaces showing in the top joint
seal. '

the chimney end the seal must go completely around.the barre! to keep
smoke from coming into the drying:chamber. The opposite end is
ciosed oniy around the top of the barrel to let cool air ent_e_r__t_he_drylng
chamber. :

The joint seals can be tested by Ilghtlng a smoky fire in the barrels and
watching to see if smoke escapes into the drying chamber. Do not let it

burn too fong or it will dry the sealing mor‘(ar too qUICkly causmg itto be'

brittle.
FLOOR SUPPORTS : _
Use 10 logs of solid wobd 8—10 ¢cm in diameter and 2.15 m long to sup-

port the drying floor. A very straight log should be placed di_reC-lly -

against each end wall to keep the screen from pulling out u_ncler" pres-
sure.
WIRE SCREENING

can now be stretched across the logs and attached to th€ anchoring

strips. Small holed screening is often very expensive, so chicken wire is

-usualty 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 |t down;bet—

ween'the fioor supporls The strips should be overlapped 5— 10«cm and _' : -
attached by weaving thin wire up and down through the holes Forallof

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 steklng

pit-hole to make sure that the air vents underneaththe barrels are’

&pen and not blocked by-ashes or dirt. This should be done durmg'

drying aiso

2. Check the barrels to make sure there are no holes rusted in them or -
cracks in the jOmtS Wthh will allow smoke to enter the graln in the-

198 o F

The trench must now be closed around the barrel ends with banco At C .
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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. o
3. 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.
4. 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 pr‘esent_at all times during the drying to con'trol
the fire.
5. ifthedtyingfireis too targe, the graln onthe bottom iayer of the dryer :
may begin to char. This will change the color and the taste of the
grain. and it will be hard t6 sell afterwards. The best temperature for
drying maize ts 50-55 degrees Centigrade. This means that the grain
‘from the bottom later must not be toe hot to hold in your bare hands.
6. About one day is needed to dry Q.5 7 (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 morning and continue all day = .. .-
iong. Never leave afire in he dryer if there is no one to watch over it. >
- if you dry maize 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 grain is dry enough by cracking :
it between your teeth. When the graintsdry, itishard andbreaks with
a sharp crack\lf you are in doubt, be sure to ask someone who has °
had experience in drying. - " . |
8. 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 menthly for rotti'ng or miidew. -
9. Don't forget that the secret of goed storage is good a_rying. -

-y
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2. What are the advantages and disadvant

ages of these -tecﬁn-iqhes?-

4 H

Notes:
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- 4. Why is it better to dry grain.on a plas_f than directly on the---_ :

ic i_s.heet
ground? T




5, W@t are the

L @
6. When:should

2

an oit,barrel dryer
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be used:
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7. Could such a dryer be used in a cooperative way in your area? _ /

1

Notes: - o S A

8. Dzscuss the advantages as weH -as dlsadvantages of drylng graln
.,wﬂh f;re """

| Notes:




' . CHAPTER Vll _ .
GRA‘N— INSECTS, RODENTS AND INSECTICIDES

If a"f;arrner were told that more than one-third of his g’rain' harv'e'st' wdijid ’
be stolen, he would most hkeiy react with sufficient anger 1o fake the

necessary steps to protect his hard-earned food. Yetevery year farmers

In developlng 'countrles are estimated to lose between 10 -and 30 per

cent of tHeir harvested graln. not to human enethles 1but te the thleves—'

of mold, insects and rodents. : o
A sustained bettle must be waged agams these thie_ves if:.-"'the'farmer-"ie;

to receive greater benefit from his labor. " . o
“It is difficult fo store grain in the troploal (and even the temperate) parts_-; :
q! the world without an insect problem developmg Long periods.- of

storage increase the poteritial spoilage caused by insects. Multiple
handling of the. ommoﬂltles, inadeguate storage facilities both contn{;w

~ bute to the problem. v
. We have already seen the dangers ot molds whén we dlscussed the
need to 9?? grain sufficiently for safe storage. Molds are in some waYs __
the most dangerous of enemies, for you cannot see them as easuy as) the
two other major thieves: insects and rats. ' F

insects are everywhere, but they are pqmcularly dangerous aroundl"‘"

grain. Adultinsects are easy to see in grain. They hve outside the kernel N
A farmer often waits until he sees adult insects before taklng any steps;
to combat them,.but when you see the msects ut is; already too Iate. for'
inside the kernels there-are no doubt many more yeung ones growlng
—rnseercoﬁﬁorshomo‘bemmlrbefofﬁhrgramﬂ—puﬁnteeterager—
- There are several step$ a farmer can take to heip protect hl§ grain| Ton
insects. Sorfe of these steps maymcl,ude msectlmdes butH all d pend""__
on thorough 'cleaning of storage COntamers : T L
A farmer needs to make a regula'r “battle plan agalnst |nsects. for they’h-‘--
breed at an accelerated rate undertroprcal conditions, and are atso very'.j g
adaptable to new surroundlngs . C S
There are four steps in such a battle plan R SRR
“Know your enemy”. Find out wmcn insects are dama,gmgthe gram
how the msects grow (thelr tlfe—cycle) and how they get lnto the
grain. : f i :

-

s




~ grain and'dust from between cracks, ledges or other parts of- the storage

- closely together, insects will quickly spread to the new gratn

2. Take care m*drymg c1ean|ng, storing of“gram
3. Measures that can be taken wnhout msectlt:ldes
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are so small that they are difflClJlt to see, and S0 may already be Iwm' y
what foaks like good, clean grain. g - \
There are many insects that will attack grain. I any gwen area, however
thereis a tendency foronly a few types to be dommant For this reason
it is best to check with an agricultural specsallst as to which types of i |n-
sects are rnost prevalent in the ar,ea = espemally if an msectuc;des \
used. K v S - A
: \ : _ .
2. Care in Drying, Cleanlng and Storing of Grain ° k '
The drying and storage areas. mustbe keptclean. Thisincludes tools fo
harvestmg and threshing, and carts that may be used for carrylng thé-
grain. ' .
Cleaning means’'sweeping out old graln grain dust and dirt frorn stor—
age bins or areas in the home where grain is kept; removmg QIBCBS of| -

area. Repairs must be made in-the floors, walls and ceallngs where in-
sects mightlive, and patchlng any holes in the buriding to make sure rtl
watertight. : : : S
Remember: No holeis so smali that insects can thlde there. Onei |mpor- b
tant precaution is to store new grain away frorn,ihe old grain that may
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 B

b
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... Farmers have.always-tried- to- fi'ght*-o?f-"in"se'CTS"""THfou"gn' t‘éeh‘ﬁ;‘q‘ueé of -
. "~ trial a\nd error, certain effective. methods have been developed aI—-.
though the farmer probably does not know the scuentn‘rc prlnmple be—

hind the techniques he has learned. o

Among the technigues used are the following: .. = T

" Sunning! Farmers have seen thaf*neecte}eavegram Wthh is p!aced in

~ hot sunlight. Insects do not like heat that is much: over 40= 44"0 _Shﬁn- '
" ning, however, does not kill the eggs and Iarvae whlch may be m the

grain.. T L ..‘-"

Mixing certain plants mth the graln In many areas farmers rn[x centaln """
plamts with the grain. As with herbal medicines for humans,itis not al- -
ways easyto know what herbs are used. The informatlon is usually glven

by father to son or mother to daughter. Such natural control methods .

which provide active controf without mseot:f‘rde need to be Iooked at -
more carefully. - - '

Mixing sand or wood-ash with grain. Thi’s’ i's'another traditional c'o‘htrol
method. [t is based on two correct obsewatlons The first is tha‘t sand
and ash fill in the space between the gralns and thus lessen the amount
. of oxygen available for the insects to breathe. Y\lso sand scratches' he
"covermg of the insect’s body, and the msectloaes moisture throug the
scratches. If the grain is dry, insects will not. bé abfleto get enough mois- .-
. ture to replace that lost through the;,s*eratches and the insects will die.-' _
Smoking: Some farmers store unthresheé grain. on ralsed wooden plat- -
forms. They build small smokey tlres underthe gtaﬁonmsﬂ:the farmere

methods use the smoke and heat of tures to kill and\drwe away: msects
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 building upon the . prmcnples of t&tradltional
“Hgthods and'i :mprovmg the tecnmques -

o

One way to kill msects is to deprwe t‘ﬁem of oxygen. As wrth _a' Iwung
things, insects cannot live without oxygen Cuttmg out oxygen can be
done by making storage as air-tight as possible, by using oil drums with
lids, for instance, although relatively little grain ‘can‘be stored‘in this
way; or using polythene bags. Altimproved grain storage methods aim _'
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at belng as air- t:ght as possrble for the \:arbqn dromde gwen off by the )

respiratien of the grain 1tse|f will kill:off marny of the insects. .~ -'-.

'.:'. / _ 3

- 3: Measures- that-Gan be»Taken wrtnout lnsectleldes - ":_’7 e

A tradltronal way of exc[udlng oxygenisto fill up all: the spaces between'_ E

the grarns so that less air istixed with the crop. This* principle. ca.n be -

mairtained, and is especially effective when actrvated clay or oharcoal

is_ mixed with the gram Activated clay or charcdal is made by wasl:rrng..

a'nal[ pieces of charcoal or clay in diluted hydrechlorlc acid, rinsing it -

[l

-with clean water, and heat-drying it. You should use Yz to 1 per cent o_f -

the volume of the crop. . .. .

o >

Grain in storage should always be checked for msects flylng beetles or
moths. It is best to put the grain thro“ugh a sieve.If alarge numberafin--
sects are present; dump all the graln outen eptray or plastic sheet under s
a hot sun, But do not put 'the grarn dlrectly on the ground Then put all-.

. the grain thr@ugh a sieve and Temove and burn the rnsects so that they

" cannot return to the grajn. > ? .
As insecticides are costly and also dangerous to use, it-is recomended
that as much as possrblebe done to fight agarnst insects wrthout the use’
of msectlcrdes We. offer a checkiist, a list-of remrnders in your dlscus-
sions wrth farmers. You canstress those pelnts hat will be most helpfut
in yourarea . R
— Store grain away from wet areas. 3 o - -

Protect the stored grain from failing ram A

f

keep the- grairf cooler. Warm grain will breed mare lnsects -

Place stored gram contémers or bulldmgs where wmds can help cool
~theZontainers. 7 s .l (R _
= ;r(e,ep the slored“gra:p ‘as far aw,a’y from the frelds as possrble Thrs

f

- '—“ﬁerps ka&‘pWﬂ—glnS s pests trom flyrng to, Ihe atUl’Ed gram from the'-_--'

fietds’,” . C,v

v’

= Make Sﬂre the storage area |selean Sweep: the walls, cellmgs, and""_'

floors and get out all dirt + old graln and dust before you put new

grazn in. e o e o .
= Make sure tt're cor;tariners for the grarn are very clean '
_:— Ciean the gr&rn v{v’ell LR o __._,-3 -
8 e E ' -

Keep stored grain or grain containers aut of strong sunlrght Thrs erI -




 Brythe grainwell. _
. — Put only whole, healthy gralns tnto etorage Do not store broken
grains. - . :

= Pldce grain into special contalners whlch you can sealt tlghtly— if pos-
stble. < : :

~ Watch for ﬂylng beetles in the early mornlng or Iate afternoon

—~ Watch for moths any time of day :

~ Shake a sack on the floor. Then let it rest out of direct sunllght fora
while. Then check to see if there are any weewls on the outside of the

sack. o .
- Dump part of the.grain out or take some- out frbm the rﬁig\ale of the
storage container. '
Put the grain through.a sieve, : L
“Ifa large number of insects is present,dump all the grain out on atray
or plastic sheet under.a hot sun. Do rot put the gram dlreotly on the
. ground. S e L
- Or put all the grain through a sueve and remove the lnsects Burn the
‘insects so they cannot return to the grain. :
— Mix grain with sand and ash when you put it into the storage contain- .
| ers. Sand and ash damage the insects’ bodies, and they die. '
= ‘Store- untheshed grain on raised wooden platforms and build small |
smokey fires undemeath The heat and smoke from the fire help drive
the insects away. oo : '
~ F'Fan for storlng the next orop If you continue to hampoublemth-m-
"""" " sects, see if there is a storage method which might be better. Also, -
find someone who knows how to use msectnmde and get advice on
your problem o - '

!

-~

4. Insectlctdes _ T

insectzcrdes are po:sons for kmmg insects. But msect:mdes also can klll :
orinjure humans. and ammals if they are not usegd properly insecticides
must always'be osed with Care and with the advice of !ocal -agricultural’
agents The farmer must a!ways weigh. the -cost of the insecticides
agalnst the potential beneflts Most farmers already know somethmg
about msect:mdes but often they are not aware of exactly which insec-
ticides should be used. Farmers may use msectloldes without knowing




" how to apply the insécticide properly"Or on what materials the insec-
ticides can.be used. Some msectlmdes are safer than others. Some in- '
secticides canbe used on grain for seed but cannot be used on grain for |
~food, but others can be used for. _treatmg both- typesl of___gral_n.__
Types of Insecticides o e
Many different po:sons klll msects but there isa mch:LsmaJ.ler number
of insecticides which are useful in grain storage work. The insecticides
avallable to farmersto use for graln storage are of two majertypes con-
tact chemicals and fumlgant gases. These insecticides can be boughtln )
a number of forms. They are applied dlfferently dependmg upon the
type of grain and the type of storage facility.. - B L
ContactChemlcaIs These are the contact pOlSO!‘lS The msect must get
| these insecticides onto tts body. The contact chemlcals are a'izallabde in
the following forms: _ _ , G e
— Dusts: Thesg contaln alow concentratqon of msechcudes rnlxed W|th
powder. This ‘makes them safer to handle thdan some -of the other,'
forms. Dusts are ready to use but must be kept very dry untii used or
they wili not mix,eveniy nor last as long. Dus')ts can be used on floors _
fiat sdrfaces and around the bottoni of storage contalners Dusts are :
often mixed with grain at the time of storage ; e
- Mallthlon dustis one of the insecticides mostwn:iely used in the stor-
age grams b usmg this particular type. the gram must be well drled
one—g;mf 110° grams sﬁould be mtxehmﬁmr
of shelled, maize. The mleng is dorie by’ sﬁovehng the"gram into a
heap for ten. minutes: or so0, 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. . TR o
. Wettable Powders: These containa hlgh concentratlon of lnsectlmdes
Wattabie powders must be mixed with water before they can beé uséd
and require careful mixing. They-are used to spray. outside surfaces of -
sacked grain, storage containers our buildings. They can be appl;ed-
with simpie sprayers WhICh can be made or purchased Wettabte pow-
-ders must never be used directly on.grain. .. . LT




Emulsion Concentrates These are Ilquud concentrates Wthh must be
|;n|xed with water before they can be used. They contain a high amount-
of lnsect!mde mixed with other mgredlents However,'they need specnal "
equipment to apply. and thus are more expensive Q?\d mare, dlfflcult for..
the farmer'to use. : SRR '
DDT: One.of the rnost common of the contact chemlcal msectloldes |s__'
DDT. In fact, in some places, DDT has become the general name of in-
secticides. DDT must be used with care. DDT can 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 six to
eight weeks. However, DDT must not be used nearfood nor onthe grain -
itself. It should not be used to dust inside grain storage containers _
. With all the contact chemical lnsectloldes great care must be taken for -
~ gven a small dose of insecticide can- make a person sick.-Do not eat, -
drmk or smoke.whijleusing insecticides. Wasﬂthe clothes you are wear- .
ing separately frqmyour_other clothes Keep the msectlcrde containers
away from chiidren and- anlmals Bury orburn aH the empty. conta:ners ¥
Fumigants: The s second major category ofmse__o_licldes isthe fumlgants,- :
Fumigants are gases®and have severar advantages as an msect %‘ntrol' :
method. Gases can-enter all the cracks.in. storege facHities. and kill in~ -
sectg‘hiding there. Fumlgants can get-between the- grams in storage-
‘and, in many cases, can kill the larvae wrthln the kernels Gas does not .
leave rnarks on the gram a5 some. msechmdes do. oo :
However ef, there, are Mﬁﬂ.ﬁngers in usmgfe;mgaais They are
poison gases and some are’ extremely dangerous to man, Fumlgataons-'
must only be carrzed out by properly trained personne! who have re-:’
ceivad training not onlyin the teohmques required but also i inthe safety'
aspects hecessary. Atleast two operators must be employed in fumiga«
tin infésted produce for safety reasons. The: Ooperator tn oharge should_;
have prober trai g or experience in the type of fumlgatlon he is likely -
to undertake R TR SRS SO SR
i any b;pe.of fu
ried out to ensur :
. The safety of the operators and the other persons mvolved
2. The avoidance of damage to produce and hazards to. consumers

4

.ation. w.o'r_'k the ap.pi[ov.'e.d ..p'roced.ures..must be car- . .

3. The effectweness of the treatment.




Fumigants Kill only insects which are alread_y--in-t_re-grain They-do-hot-_- |
protect grain from new.attacks. Fumigants must be used in airtight con- -
tainers. Thus, if the farmer is storing his grain in jute sacks, he wnl have
‘to find some other container which.he can make alrtlght before he can
fumigate his gramﬂHe—mey—else—eeable-to ooueem&grarn sac.ks_wrth__
heavy plastic and fumigate in this way. : b ! . .
However, fumigation may hurt the ability of seeds to-germinateiand'thus :
should not be used on seeds kept for planting. -]
The mostwidely used fumlgants at the farm orwllage ievel come in solid-
form as pellets, tab#ts or packets. The active chem1cal is Alurnlnurn---
Phosphide. The tablets release phosphine gas when molsture touches :
them. One of the most common of these fumlgants is Phostoxun also
sold under the names of. Celphos Phosphine. Thls msectlcnde must be
used only in airtight containers. Fumlgatlon rnust| contlnue for at Ieast‘
72 hours. o [ DR i L
_ Fumugatton must be done wlth very great care by persons with the re-
quired training and experience. Its value is especua!ly great'for Iarger
amounts of stored grain and should be of mterest to cooperatwes and -
other torms of joint storage. I : f S
Informing farmers about the use of msectrcudes is an- tmportantyet dell-
cate task. The world is now becoming conscious of an over-use of |n--‘-'
secticides, and the dangers of their constant or. habrtual use “Itis dif- -
ficultto know where to draw the line in the debates among experts as to

what 1S harmful to the envuronment and what is not

- necessary to know what is the tocal oplmon concernmg them WIH m—"m:_
secticide-treated grain have a changed taste or odor? Is grain o treated
acceptable hy the farmer for nis own consumption? Have there be' o
any bad experiences in the locallty as a result of the mlsuse of m-s

. i

ticides? . e e

Rodents T
Along with insects, rodents are the malor enerny of stored graln Rela-.
tively less effort has been devoted to research onrodentsas agy rlcultu rat-
pests as com pared with reeearch on insécts. Of.course, some work hasf_
been done | in the past but thlS has been coﬁfmed malnly to ernergenc:yr ’
- situations, such as sudden todent DODU{EUOT‘ explosmns There have--




been real rat ‘ mvasmns recently in the Sahel states of Wes\t\Afnca for-
example. : : - SR
Thus, a great dea) remains unknown about the beshnethods of preven-__
tion and control or about the environmeéntal factors favormg rodent in--
___ceease and the amount of damage done.- : :

There is ample ewdence however that rodents do agreat deal of dam- -'
age, and hence it is essential to know someth:ng about rodents and'."

i some of the ways to combat them.

Rats are very numeraous and very 1ntelt|gent In un|ver5|ty laboratorles, K

“rats are used to study how people think, because rats are- among the

most ciever of animals. You must thus-take str“ng measures against 3_
rais, for they ean find ways of getting into the most unexpected places
Rats always tive near people. It is estimated that in Iarge cn‘.les there is at'
least one rat for each human belng NI SR aR
In some areas, rats are eaten for meat, but this is often because they
feed so' well on the farmer's grain. Rats can carry dlseases and they""
should thus be kept as far away as nossﬂ:;le _ e 3
The first thing to know is what rodents are most cominon in a partlcutar
area, forthis can vary Sometimes when anew crop |sgr~own a new type_
of rodent will come to eat it. f . T
There are three rnam tamrhes of rodents that are the pnnmpat enemles
-of stored grasn T . o L
" Ths largest is Hattus Norvegius, so common that he is often calted the-. .
onmmon__l:aL or the sewer rat, or- agam the brown rat. The adult-

we:g’hs about 330 g grams vand he, cats a great rdeal of graln He dlgs |n 'the
ground and can burrow undér a wall. ' . .,,.‘ .
The second rat family is Rattus Rattus, also called "roof rat" because
he likes to cllmb He is also sometimes called-a shlp rat or an Alexan-
drine rat, He is somewhat smaller than Hattus NOrveglus ‘and welghs
about 250 grams when full-grown. He,; too, can eata. great deal of gratn
and is especially dangerous because of his ablllty to 1umprand climb.
Mus Musculus is the scientific name for the’ “weil- known mpuse ‘He
wenghs only some 16 grams, has a logg tai and a ponnted nose. Since:
mice are so small, manyfarmers do not reallze how much grain they can
eat. Moreover since a mouse doee not eat the whote graln he. ru:ns._:_
more, gratn than he eats.:  : ~ v ' -
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“ Rats and mice fjave large families and reproducé often. Fortunately,
manydie young; but those that survive can cause great damage and -
" steps must be taken agalnst thern -

. These steps. must be coordinated into. a regular battie ptan _
1. ThHe first step i5 to keep the farm and the storage area as clean as.
passible. The area around the storage facrlttles must be free from-
long grasses or brush where rats and mice can hide. There should :
not be any trees of poies around whlch arat can climb onto. the stor-
_age tacility. There should not be any spilt grain on the ground Wthh i'
-can serve to tempt the rats. T T
, Food shqutd be stored carefuily, and it any ttash or wasted tood is to
~ be thrown away, it shouid be burted well away t'rorn the house and.-:-_
storage areas. : Lo e '
2 The secand step is more on the order of an offenswe taCttC Rats and__;-_-
. mice can be actively hunted and- trapded Cats and certam dogs WIII. '
~ hunt or frighten away roddats. - - o
There ase atso a varlety of traps mapy of them trad:ttonal such as a '
covered. pit or a petrol tin filled with water Thera are, as well, com- -
mercially-made steel traps which are useful, but can be expenswe
- The humber and type of traps will depend on whelher the farmer i$
seekmg to controt rodents in his grain ftetds m the storage facnltty, in -?
~ his home, orm all of these. . =~ - L.
3. The third step is to make the storage. faC|lttres=as rodentproof as. :
 "possible. P ' I
, - ifthe farmeris ustng an tmproved storage Crlb ‘rat guards Should be_'
. fitted onto eachref the crib's legs. These rat guards Should be placed'=
apout 2‘!2 feet above the ground so that rats cannot;ump over them.”
"This means that ma:ze eribs and gram stores should be ralsed on,_,_
~ platiorms some three feet hlgh ST
~If grain is stored in bags, within a bunldtng, the bags should also be .'.'
. raised so that redents carninot hlde Watchfulness is very- tmportant
. . Keep tookmg for rat. dropp:ngs and for sptlt grain that may have_'_'
~.come from- rodents havmgabroken open abagor plasttc sack ------ ' '_
4 The teurth step™ 15 the use of rat oousons As with 1nsectucudes great‘_
- care. muat be taken thh rat porson All the more so as rat pmsons are
mtxed wrth fdod and. Ieft on the ground where they may be eaten byf'-'




children and animals. Thus, poisons should be osed'oniﬁ'\}hen other’
means,have been. en‘i’ployed and jhen onlyon the advice of someone
who is famiiiar with their use. - : C .
- The poisons easriy ava:rable w:Ll vary from area to area and are sold'
under d;fferent trade names. BaSICaIIy ral pOISODS are of two types
acute po;sons and ant:coagulanl pOISOFIS IR o
Acute poisons, such as zinc phosphtde or arsenious ox1de are snngle-'j
dose- poisons. Rodents need eat only amouthful of poison and can.die -
inva haif an-hour, However suoh possons are extremely dangerous The_
bait food which is mixed wzth the poisons. can be pICked upand eaten by"
‘children or by farm amrnals Such. poisons -can also be- eaten by- wild-
“animals who are good hunters of rodents. In fact, rats have mcreased__
- partly because many of thelr.,naturai e'hemles have been killed off. -
Anticoagulant po:sons are’f used in lower dosages and must be gaten: for :
-a number of days before death gceurs. Oniy a ilttte pouson is mixed:] tn
wlth the bait food each day These’ pOISOnS cause rodents to bleed |n=-"3-

Anhcoagutant potsons are probably the best lo recom mend They must
be used with care. . S
[tisimportantto keep enough baitou for a Iong enoughbpenod oftrmem% ;
 around two weeks. Each pile of. bait hould be about 200 cmand should
be taid in places where signs of ro nts have been found F{odents tend -
to use the same paths or entry places over and over, To) once tl‘-ie path is. .
discovered, 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 new__plaoe to set the bau. .
Poisons are expenswe They should be used aiong wtth other less ex-

pensive methods. They should alwavs be used with care. ™~ =07
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* WORKBOOK EXERCISES
1. Wh§ is an efiort againSt 'insects:so'. 'népessary‘?_ :

e et e e e e s Sl LAL T e A I R oo

v ine
]

e o e o iy T e ey

Ta -,

. . When stand'i"ng in {hefseld‘? S




‘3. What are the traditional methods of protectlon against insects in-
' storage in your area? '
Notes
4 What is the effect of filiing the space between grains with elther
- smalier grains.-ar- mﬁteig?:e =5 = =
Notes:
K
.
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5. What types of insécticides are used in your area? How expe o
are they? . . . C O 5 - K . ...._......1,!:.':. R

-

: "._'.:lf? -

LAt




7

N

L

. What dangers do rodents, present —

topeople?

8. What rodents are most common in your area?

et

Notes:
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9. Arethgylsed for food? _

Notes:
#- .
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1. What types of rat poisons are available j

g

What are the dapgers in the

[

of certain poison
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' thage and marketlng Each step :s nmpartaﬂt lt is usafu! to ha

In order to-help carry out an expanded’ program of gram stmage tech—-
rm%ogy, you s?*ould- consmﬁer the ?oflowyr{g fcur reiatee} st&ps in the x__a

1 Assessment of the p:obdem/&stabhshmg the patantlr&i wsts and

b)

tﬂrestb )
Therelore 1t

Armers or a. few wliages suc:h smprowad grain storage rme'_' ::._-._r oule
not De p!aqu the greaﬁ na!iﬂnai role that th@y Can '

bﬂitarmen! of- the so;l ;rnpmvements m gmwmg care n ha_.i.__-:,_j st

pand mry it they are part of an averan mﬂg}m'ci tmgﬁ &w: g ruedl I

- benefits of me program to_ y :éﬁfarmer mciudmg Qémpanb}hty of re«

--P!ces




T The techniques are the means and they must never be.forcéd upOn-

-

" periences.

Step 1 - Assessment

;'ﬂ:-xﬁe'a}":lig

techmqueSmts an analys{s of the problem from the pomt of \new ef the-:_-:-;'-7--"5":’
farrher in the particular Iocallty to. be served All'the programs must be,--__
- pased on realities as seen by the farmer who iS5 storlng his graln (oo T
- Each village has slightly different problems, even within a small reglon MR
For various reasons one vlilage will be more«dpen to- change than.,l-_--'_::- '

- another. in one, the farmers.will be readyto make a mud 5|Io in another, . -

the farmers may. want to store grain in plastlc sacks or m oil barrels ;
You must rema in flexible, mth a clear wsron of you-r overall almsfand-
1ﬂbe‘CIIVE‘S a better life th rough better preservatl on of wth*e cr.ops :

vitlage. You will have to d&mdewuhthﬁocaifarmersandwliageleaders S
what is poss&bie ;mmeeuateiy YO).{must also have in‘the bagk: of your'.-‘,; :
mind a variety of possm!e techniqes to reach the same end&? .
For assessment of the proble mmWLMS yeu shsme-appreac b
the village-leve! authorities. They shouid be macie ewaee of the impor-.
tance of storage, even ltthey are not gram Qultwators th‘gmse!ves The‘
support of such tocal persans of nmporténce is always of value. Such..._,.\
local leaders will beahleimndmatem_yaummeeuhehta;me:swhn:'”"
have been innovators in the village, who have started to use impmved
~tools or whe are active in the- social. bettermer‘nt of. qhé wrlage You.
should e!so ask!otaliea@ers abomtﬁe hlstenca!baekgrognd of past ef-' IR
forts irf rurai extens:on pre;ects S AR R

~ The Hrstdﬂcaf Background IR R TP
It is Emef,z that there have been other ex‘tensmn programs m the area ;_

The success ar fan[ure of past programs mﬂuences the ways a farmer:__j_-?
“with took at-new programs SRR ORI L




A knowiedge of the past will also help you to |dent|fy the famllles who RS
have played an active role in village }fe in the. past S o

v, How are the Local Farmers 0rgan‘ized‘7 . 3
- lnevery SOCIety developmg a industrialized — there are a W|de varl“ety
of organizations, both tradlttonal and modern.Itis helpfui to Know how _
- the farmers'are organized and who plays a Ieadershtp role. It1s alsol use--- L
ful to know how village Ieaders exermse their responsubmtles T
L Once y@u kno%who are the local leaders; go and'speak with, them even
' if they are not grain farmers themselves: They will give: you adwce on: _
~ how to impiement the next steps in your dévelopment program. In some :-_ |
areas. it is possible to hold a special meeting forall the farmers In other |
~ cases, there wilt already exist a cooperatwe or an agncultural lm- |
provement cemmlttee with whlch you can work

e S

~ Step 2- Formulat:on o SN PR _
. The second step ss to fOrmufatne as. Wlde a range of approved practloe - s B

as: p‘osssble N . - TR
lf you have only one thmg to offer you place thefarmer n an acceptdr

" .
4

ques. ?he farmer w:lf be better able to cﬁoose—tﬁme—modrfy ether—s-and= ____
reject still others o S T
“ft'is during this second stage that the cﬁtferent 1mproved techmques-_.' A
~must be field- tested Field trlals can: help to venfy the adaptability of Lo
iocaa materiats as subsututes for mote cost!y matenals Fre?d tests un-
cover hidden _problems and unanticipated eoC:aI 1mped1ments Thells. -
| - field tests can mdrcate thve Ievel of farmer mterest m the proposed new-'f'-f"-
A techma:que ' ' SR TSR e
The farmers with whom you set up the field test must undérstand that Q" '
there are risks. Even with the best faith in the world, thére are.gxpefi- _
' ments that do not work out The farm famzly mustnot have to suffek frofn
the failures of field tests R ' ‘3' I '
“However, properly executed fueid tests. often produce successful re—-\‘
sults,-and thus ¢an have a posstlve mﬂuence on the op;mons of Ioca}
'-;@'i,' - tarmers about adoptmg 1mpr0ved storage practices oL
: j' Demonetﬁ'atmn of :mproved etorage methods czm be very effectwe




stration models should be highly visiblé and built to"attract attention.- -~
Possible locations for demonstration sites are near the-home of a,well- - - _
respected farmer, at the farmers’ cooperative, at agrlcultural youth e
olubs at agricultyral exposrtlons or on publlcly owned Iand . .

| Step 3- Organlzatlon and Admtmstratlon - U
The third step-; setting up an organlzational and admlmstratlve structure R X
for the adoption of. improved methaods, will dependinlarge measureon
what has been found during steps 1 and 2. It will also depénd on'the ex-
Jisting agricuitural extension structures, the presence ornot of coopera—'_‘"""-"" B
tives, and the possible methods of flnanotng the lntroduct:on ‘of neW'_ .
storage teohmques L

. . .' : .
Integratlon mto the Local [nfrastructure

A grain-starage program can have a more- lasting'and broader tmpact 1f
itis ciosely mtegrated with ag ricultural extension services, farmers or-
ganizations, tocal: craftsmen. and the local “marketing structure Addx— L
tionalfly, such integration canreduce the program ) orgamzatlonal andT_ o
-loglstlcal responsibilities. For examp[e the management oflnsectlmde‘ |
supplies maght be turned over {o merchants or tarmers organlzatrons
Craftsmen, once tra:ned n storage construotlon skills, can take, over’?-_
further training through apprentloesttip of younger crattsmen <Agricul-. o
. turai agents can, supervise drying, treatment ‘and storage Involvement - L
-—at-alt-leveis-of- the—agﬂeattu{at—eoenomte-and—sootat—\eeotor&wmmm——-ﬂ—”-'-'¥--!_-
~_bring about an integration whnoh hopefully results in adaptatlon ofim--
_ proved storage practices, . * s - ST
-~ Coordination W|th other related o;eots can atso extend the Iongrange
_effectof a grain- storage pro;eot or exafnple a broader more effective _
base might be gamed by joining forces with grain comrnerolallzatron
‘programs or improved produotlon projects.which encourage the use of
fertilizers, lmproved seeds and/or.animal trac:t:on This type of ooords— -
~natién can prowde oompiementary beneflts for other sectors of actmty g
as well. For example alocal committee forlmproved grain storage oran '_
organization to provide credit on a cooperative baSlS can be'an-occa-
v slon "#or people who do not always work together to oome and dlscuss_f'_
o :their oommon probtems From spch meetlngs may come oooperatlon-:r




T “:_ ; : ’;‘
. " . .'?'
o R on other issues, such as bettertng the road teadmg to t-he market or a-f--'”'

better water supply - L
Inthose areas where exrstngocal mstrtut:o ns are stro ng, you can see n‘-

_ they can be used as a system of su pport for improved methods of gram____
BT storage Where they are-not strong -a program for better gram storage
o may be: helpfut in setting uptooal oommrttees thatwrlioontmue to wor
v together for better rural Irfe R '

R A,

o 07 Stepd - Evaluatlon
Lt The-fourth and final step — eva&uatron isin. many ways the most drf
ticult. What IS success? Usually precrse quantittabfe goals are not set o
~outin aprogram such as, for example precasely 25 per centofalt graln N
.- farmers-should bk using improved techniques exactly two years after = -
+ thefirstdemonstratioh has been made:ltis I:ke[ythatsuch quamtlflable_
90815 shouid not be set out at all, for the process Of deveIOpment and*'

o bettermg rural life has many dimensions. % . o
Too often, however progra,,ms a’re not adequateiy eva‘luated and as. a:.
resuit are etther continued beyond"thew usetulness or dropped betore )
effective modlfrcat;ons mrght have been rnade Tt . i AN
- There’ must beseta oerte:n number of criterta fo,r evaluatmg an: exten-
sion Drogram | - ' S A Lo
_ . Is the ’prograrrl helping the farrners to meet—thelr b SiC neecls’? T
. 2 s the orogram helping the farmers to be more sefrellant? S
T 3 lIsthe program helping to. meet, basrc natlonal need% such as a suret o

o tood suppty’?

Thus, each of the tour steps is equally wnportant It 1s up to you who_._"f_
- knowyour Eooat sltuatlon well, to help orgamze an. eﬁrcreanlabte farm e
B 53 and vilage- Ievel grram storage program surtabte to the needs of the tar—'f'“'
o mers in your area SRR |

.b.
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the last ten years?
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Notes:

4. How wouldyou-go.about;es_timat-i-n-g;;_he_c:-mzst.ﬁrzﬁ'?se:neé\.‘é’aks*c:?{h&-é’iﬁcail N
farmer of improved grain-storage techniques? -
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8. Itis nossnble for you. to‘take advarntage of the mass media (: e., press
- radio, etc.) in poputarizing improved farm and wllage-hvel storage

rnethods'? it so how? lf not what steps should be taken'to take ad




. improved farm and village-level grain storage intd a natronnwlde:‘”'-;
© strategy. The development of a national strategy IS never easy and re-’

A CHAPTERIX ;_-J - "”**“"_;a?;;TfQQQ
DEVELOPING A NATIONAL STRATEGY FOR FARM AND s g

- VILLAGE LEVEL GRAIN STORAGE R _'_;:f- o T
_ lt is clear from youn own experlence and frorn the mformatron glven 1n _:
-, the WORKBOOK that there can be considerable reduction of post har—
vest losses of graln at the farm and vnllage -level through lmproved
gramsterage technlques Such reductions on a W|de scale are neces- -
‘sary both for the good of the farm family and for the goed of the natlon -
National seif- suffn:!ency in food'grains is a-national prlontythat cansbe
reac‘h&d with a combination of better information, better technology S _
and better organization. There is grow:ng international cencern forthe
feed to reduce post harvest food losses. At the Seventh Spec:1al Ses' v e
sion of the United Nations General Assembly on September 18, 1975, A
there was a resolulson stating that “the further reductlon of post har-3"__
Vest food losses in developing countries should be undertaken as,a "
matter tgf priority with a view to reachmg at Ieast 50% reductlon by '
1985." Sl
‘The aim of this WORKBOOK has been to encourage you to adOpt graln -
storage techmques than can be"effectwely 1mplemented atthe farm and!'_" L
village level. The techniques offered here were chosen in view of thelr.'__ _
Dractrcahty simpligity and also on the basis of the meagre flnancml re*-f. L
sources available tg most subsnstencé farmers in developmg countrles
These improved téchnigues can s:gmflcant!y reduce farm and vlllage-

level post-harvest grain losses. The technology has'been adapted so+ - .
~ thatthe farmer does not have to acquure a wide rarige of new and com-"_-'_'.j. S e
~ plicated technical skills. Thus, imprqved storagefac:lmescan becomea‘
_ redlity for many subsistence farmers. Furthermore, the technology;m-:-
' volved here can no Ionger be consndered experlmental" The ablllty to -

“construct eﬁectwe fow- -cost and sunple on- -farm and vlllage—levelsiios | L
-and drylng units, which are able to conmderably reduce pest harvest_:‘_‘f
. grain storage losses, has been concluswely proven, el
The major question now is how to tr; ate this. mfern;latron ccmcermng

o quwes the reahzataon on the‘bart of many people at all Ievels of smnety




AR e

of the problem and of the teohmcal possrbtlrt:es ava:!able To cope”'.r_"-'-"" R

. .W%owever there are four suggested basic steps’ that can be’ used_-"

o, Yas gurdelmes in’helping to dévelap such a nation-wide. pmgram

.....

A * tions po’ssmie jn pottcy orrented clrsc:ussrons; and workshoos at both the

'tronai' regronai and- local leaders to-adopt a 5*rawgy to mpaemem im-
proved grain storage procedures at the tarim and villaga-tevel. These
. discussions must make specrfuc references to technical nnformahon

Theﬁurst Stepisthe presentatron of the problem and the techmca! solu~ 3

availability of necessary supplies marketing services and credlt availa-.

* bitity: The information.gathered at the Incal ’ew,nl w'tb the ho'p of the .

way and presentecf‘at such national, pohoy ~oriented meetnngs

~ Field"Questionnaire can, be organized in a comprehensive, system r: R

« The Sécond Step is field testing with aview to analyzing the relauvé ad-- B

vantages and disadvantages of alternativé storage systems. Testing of

facilities 'should be viewed in terms of the follownng consnderatlons .
Cost and efficiency,
- Geographic and clrmat:c adaptabtllty
Construction material availability, _
Skills necessary for construction, proper use and mamwnamo
Current fisld experiences and pract:ca! conmderatrons relateo to---
encouragmg changes MR

O A~ Lp A

The Thlfd Step is the chorce of mode! grain- storago Eamlztloo mai wa!ﬁ bo. N
used on a nation-wide basis. Therms raver any pertect storage system,
and there is always a danger of oommumg tofput off the final choice.

Some technicians always want “another experiment”, but this keeps'; R
puttmg off the necessity of adoptmg a-national program. in which -
proven standardized models can be constructed on d massive scale_;__:'
throughout the country. At some point, a tifm choice must be made of ~

those grarn—storage facilities that seem best adapted to the overail
needs and requrremems of the country. Of course, any national mode&._

must be modified and upgraded in light of the gengraphic, Economm_ o

and market conszderatlons of A pamcuiar regsor‘t but this should pooe

234 v




" NG Qreat Qrobiem cnce the domm:tment for certam standardzzed mod-‘;-'

els has been made. - . /

The FOU”" Step is the naﬁlon wnde trammg of ex*tensuon workers and
techmmaﬂs to carry out such a nation-wide grain storage program One'_"""'_ o - .-
of the most effective ways is by “an-the- job trainihg” workshops, such . .. -
% 28 YOU are now experiencing at Artsha — combmmg essential mf@rma_. RO
 tion with practical training skills. This type of “learn-by-doing” training T
can be dane relatively mexpens:vely Ralsa. readlly alldws for improve- s

ments to be built into a trammg program; on an "as-needed" basis. LT
might be added that suc:h tramlng programs are mcreasmgly of mterest”:- DR
to internaticnal aid agencies. ~ - T S A SR
On-the-jcb training programs alsc give greater opportumttas for o

periodic and meanmgful discussions with farmers a\nd thus can if

prove on what the farmeris already domg thereby enhancmg,hts own""'_";_'-:'"3""""'

efforts for a Yetter life. - )

) 2

° ,CHAPTER X: e
FlELD QUESTIONNAIRE I

- -

L

This questroaﬂa:re s organized .in Qutlme form to. hetp yc;u coHect:.)t......-...."..
aconomic aﬂd social mformatlon as well as agrlcufturai data that. wult be_. o

usefut to youwwhen trymg to: determme what it any, improvements ln X
grain-storage methiods should be suggested to tocat tarmers, - '

Thus the questionnairg’is used for the systemanc ca-llect:on of data ab-’__';g____

out the ways a family lives, the way it grows @é"& pemal y tha way it

storesits foad. Experience tras shown that it y6u kn%wsomethmg about
the interests of the tamilies in your area, itis easierto s,uggest lmprove—.-;:...'_......:.-.'..’-_'____'_
ments to them — either in adaptmg new. agrlcuitura! t’echnlques orim- .« ) _

proving their grain-storage practices: You do not haveto know every---'_ﬂ. P
thing about the way pecple live; butyou hav.e to know eneughto be abte- -
to help them with their most pr’éssmg needs. In the pasf, technicians _
were inclined to tell farmers what they thought they needed rather han'_ ) )
talking things, over with them in order to’ learn what theur real reqmre—"“'

ments were.
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- The questions posed here are meant to serve'as a gu:dse to enable you
g ':'---systemancaﬂv to coilect the type of mformation avaltable ta yeu* When----ﬁ-'-‘ie-':-----’

is to look. o try ¢ and see the- way Peﬂﬂiaare domg th:ngs as tf you were -

_ seeing it for the first trme even it itis the region in which you have grawn?'" R
up. We all take many thmgs for granted, as if it were the. only wayofdo- -

ing thmgs T‘ws we do not really look at what peopfe we know are do-

ing. You must try to see with "'new eyes” as though you had just landed :
in the couniry, so that everything, the way people eat of: plant their— - - .

crops. or tive in their houses was be{rfg seen for the first time. !f yogcan

look with “new éyhes you. then' ask yourseif why Peonie are domg N

things in this pamcuiar way. - o . --———=:-=__ o e

At that oomt you are now ready 10 wr:te down yau obsewatlons usmg_.'_.'.

“the guestionnaire approach as a tool for gathering your data, -

The next stepwesuggestyﬁu fonow i to Talkwé’r with the Ieca! farmer_._.__.; e |
and his wite the things you have already observed The may tﬁmk the v
questions strange, espec:ally as’ ‘they may feel you already know the_ e

answers. But ask the question anyway. You may be surprised by their

answers, and they-may lead you into more detailed conversahon You: UL
should also try and note on your qwestron naire the answer of the farmer'-

next to what you have seen.

 The compare your observations and answers : with othemvworkmg on -

the same type of problems. What are the: d:ﬁerences’?

ltis by such badent systematic methods that you ¢an d}scover what is

trulyin the bestinterests of the farmer and not what you suppose. From =~~~

that point on, you are in an excellent position to bring about the neces- - R

* sary chahges. O“f;_t_:t)urée; we all realize that we livein a rapidly changing
.world, and it is necessary to. modify certain modes.of think'ing andways .

o _of doing things. But above all, we must try tobe’ creatwe without lgnor-;' o

R ing past accompllshments

A questionnaire is set out’ in a certain- iogicai order — usuaﬂy a
_chronological order — that is, one: thmg follows another in-time; The-_--?-?-i-

. questrons about planting.a crop come before those about harvestmq
for exam pie and those about harvesting before questlons about selhng'
grain. o e




- priceitis bought it w;i@e onty later that you will be able to get answers'._ "
tQ such othey questions as who plams the grain, what work there »Sto do_.

" in the past, certain agricultural lmprovement prcqects have falled-

&

tions in that precise order. You may arrive in a region at the time when:

when everyone was needed for work'in: the frelds ‘
. Thus, although you are concerned with i lmprovmg the storage of gram

Ll
oo

However. you may not always be able to getthe answe@:"to'yon'qu-es#-;'--'f' S

graia i$ being Soid at the market, so th@j xour flrst observatlons and
questions will be about who buiys the. grain, Fowitis Weighed atwhat'

huring: zhe growmg season how tt ss harvested : A
But' with patlence you- will find answers to evefy queshon fer each{
questionis important in gawng you a picture of the'way the farfer CUHI-"_:
vgles his grain, how he uses it, and the. way's that you may help hirn Lm{ AR -
prove his storage techniques. L e
This questionnaire will allow you to note down.in afaur!y systemat;c way__-
obseryations that you make in the course of your work, answers to_:
questions you ask of farm familids; and ldeas recewed from ?enow ag-""T
ricultural development workers. PR AT _
The questionnaire is dw:ded into four eectsons o Q_

-

L The Gram CYCIe and Seasonai Werk Ca[er‘sdar A .
. The Uses of Gram e e

V. The Currerit Storage Practlces

-

. The Grain Cycie and Seasonal Work Calendar o
natmg wet and dry petiods. Cllmate of ¢ course is' semethlng that rnan_;_--f;_"'f’:ﬁ-*_';’
can do very little to change and through %ong expenence he has -
learned to work within its proscrlbed limits to his maxar‘hum beneflt’ o
' ‘be-
cause seasonal changes were. not as serlouely consrdered asthey m:ght
have been. For example, lmprovements at home were made at tlmes

at the farm and village ievel . you must know something about the
cycte of gram plantlng oarmg forn%arvestmg and-fstorage—-




of the iocal farmer In- spme areas, grain is the main crop.and takes up
most of the farmer's trrae In other areas, Iess $0. ’

.*What i1s the place of grain crops in the locat economy?

What atount of time does the farm tamily spend on grain crgps in

" comparison to time spent on root crops vegetables caring for ani-

2. What grain crops are grown locally? (Names in both Iocal languages' ‘

3
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mals, handlcraﬂs?

and in translation: maize, millet, sorghum etc.)

Does the farmer make a distinction as to their use—thatis, isone type" '_ -
of grain destined for sale, another for food consumptlon yet another

for teeding of animals? T .
How large ar¢ the fields under cultivation? o -

Are they single-crop fields, or are ¢crops mixed - one row of maize. ;

the nex#ot grourdnuts, for instaitce?

What IS the grain production cycle?

a) In which month is the gfain planted and by whom (wife, children,
husband. sollective labor)? ' ’

b) How long does the crop take to mature? .

C} What work s required duripg the growing period? (weeding, pro—"'_

_tection frorh birds, etc. By whom is it done: mfe children, hus-
“band, co!ieotlve labor?) '
d) When is the grain crop harvested?
By'whom?
€) Who does what work at each step — preparing the tields, plantmg.
weeding. hamestmg etc.? (husband husband and sons, wife,

wife and which children, cooperatwe work with'other relatwes '

and neighbors?) .
How is the grain cycle linked to the climate cycle? ., .
a) Which are the rainy months? R o
The average rainfall? .. = - . <

'b) Which are the dry months? M e -
Is there any dangerof rain during the drymg penod foliowlng har-

vest? - : . | .

.¢) Which are the months of maximum temperature"

d) Whrch are-the months of minimum. temperature” e |

DR
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mauy expene,nce? * CRTEI
T 0 1) ovet Syears’ trme s * o
oo, et 10 yours t[me RN PEE RSN S
31 aves 20. vears Lzme o : R . e
. 7 Canshortand tong: ‘term commqul storage needs be syec ;__remzed
. - wWith antrcrpeted d‘rought oerrods’? T e '
8 Are there times when winds are constant crr Frequent’? o ]
19, Are there periods, of the year-when there is less pressing agr:culturai
o work {o do when new. burldmgs qou!d be: bu:il etc 2 :

S

4

tecnnrques and storage fac:httes it they are conwnced that the resul
*will be worth the effort.The. beneht must be werth the cost.”
More and more often benefzt rs measured in cash terms Cpsh benef:ts
dtet s a benefit, tod. Nevertheless cash‘*prays an rmg,ortant role forthe |
farmer Thus, an mnportant factor in. motwatlng the. far‘mer to use ;m" R
proved storage facrlrtues is that he w:ll have more gram to selg o
“Youshould be able to d:scuss. wWith the farmer theoqo “”ornlc benef:ts of -
improved storage and s6 you shotld knew'as much'as possrble about S
“the local- farm economy Whaﬁdoes the farrner seir to whom. E_Jer how’_
much money, what does he:do wrth his earmng;‘? ' BT
1 What percentage of farmers’ sell amf thei gram prod’uce on the, .
‘.3 Jlocal’ rnarket’7 A nunfber of: studles sndlcﬁte/hat onI)fsome 2‘0% of —
“ the farmers.sell to fhe local rnar-Keis and that?onthe rema' '
a!l graln is consumed by the famlly} '

-_ '~gra1n do they seil (one quarter one ha#
What arathe d]fflCth!eS of transpor’tatlon’?




r

cash? in many mstances the farmer selis at harwest tlme because' .

debts usually fatt.due at that nme school fees and taxes must ba.,.

aaid, et} - : R
Are there any local qéw ngs‘facmtles postal savrngs or banks’? DoesQ B
thefarmer use them? The times when farmers need 'cash must he ‘

studied losatly, and possibilities of medtfymg the pattern discussed

4. When does the farmer sell his grain? | R
- Most of it immediately after harvest? R -
—- When gram cr’c::ps have been dr!ed but nGt stored fc;r any Iength of_ )

Cal {;me’? o . | | -
- Larer iﬂ, {HP year'? . o I - -
“HOW S manmmbeugm atthe market’? h Su"‘ﬁE amag Qram s 5@2 o

FJi

, b\, Vol ume ~ numper of bags—ratherthaﬁ by weeght IﬂbUCh t,ases a'_ SR
farmer can Mix . a farger proportion of his damaged corﬂ mage

” _}:gn tor becauss msects have eaten part of the keme{ with good

grain. He can then sell his gram #!he saine prtc:e as wer! stared b
-qram. . e S '

" in this respect, what types of . quallty cantrol are there oa the local_"
. market? Are there ways that a farmer could be rewarded f{)r s&llmg,
| '-'-'bc-eierfq‘Jaiztv g’ram"ﬁ’ L B T

ol The Use of Gram : : o |
" ..;LPeOpIe will make changes in their ways of domg th:ngs on[y n‘ tt is raa[ly_-__. s
fmportant to them t&nake these changes. . ° o0 SR
It grain does not play an trnportantfeatamﬁmwes@imapm asis the
. case for many cattle-herding peoples— tt is m:;t much uae 13 tafk to. them-'__'_ '
“about xmproved grain storage. - S L :
- Itis therefare importdnt to know what piace gram has’ =m the Iwes of - N
‘ -.'peopie If there are some months between harvests, when people feel -

e hungry, then itis easy to point out the need. for better storage so that_.'___._,'___

E they wnl have more food all Year. round S - _
ltis also. lmportant to know who decides hdw grain that has been storedf_ L
- wili be used. lfthe husband decides, then |t:51mp0rtanttotalk with him; .

even xf itis his wife who does most of the work; or it is the wﬁe who de—

cides how much gram isto be used itis |mp0rtant to tafk wﬂ:h her about o

280 .
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the benefits of irf;roved storage. even if it is the husband who QOes IS
most of the work. — - |
Much grain is normaily used by the family as food. Although a detailed
study of nutrition habits is impossibie to make in ashort time, itis useful |
to inquire’into and discuss the use of grains in the regular diet:
1. How onen are food dishes with gtain eaten? (Twice a day, once a
_ day. severa! times a week but not daily?} - .
.. Does the frequency of eating dishes made with grain vary at dlﬂer-
ent times of the’ year?

J

3. It so, what s the yearly food pattern‘? ‘

4 Are there inter- harvest food scarcuhes" -
5. If yes. in which months IS scgrcrty the greatest? 5,

6

. Whataretheotherpnncnpatelementsunaruralfamtly s diet? (Meat R
fish. eggs. yams etc.} ‘
How are grainsg prepared for tood? (Hand-pounqed ina q\ortar.
ground belween stones, smailgrmdmg machine, commercial miils}
s grain prepared daily for immediate qise. or, prepared in larger

Juantities and stored2 .
8 . By whom are gramns prepared? (Wwes younger girls, boys men?) -
9 "Who decides how much grain is to be umddaﬂy’? (Wife, husband?) '. ..

10 A\;a there local programs far improved nutntlon? :;‘ \

~|

V. The Current Storage Practices

11§ important to try to get as complete a picture as possible of current .
___grain-storage practices. Farmers who live in a particular area may have
very good reasons for doing things in the way they are doing them.
There is a long record of “improvements” that turned out nottobeim-*
provements at all. On the*other hangd, just because people have beenf R
doing something for a long period of time is no reason to believe thét
this is the best way. The only way to tell is <
first. to study what is'being done currently; - -
second, 1o test in the field the new methods being proposed; *
third, to compare the two and to make necessary modifications.

It is also useful to gather some quantitative information — that IS, how
many iarmers store how much grain in what ways? ' :

¥

I
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Ouant' tative inform'a'tuic}'n is déé‘fu'i because m an afea 'n'ot"everyone-ddes- c
this wuace'? he wa!! give you one answer, !t will pmbs}b!y be the way h»e e
storgs maize. | you go and see, famtiy by famiiy you are hke[y mfmd a o o

" ~good deal of variety: Such a survey famil —b"-.-«-fam‘ly will help youtosee
which are the better. farmars and sQ to kn@w wn‘h which farmers to start SRR
to work most closely. b : : A o
1, Hﬂw are uereéis dned” How !ong are they Jeft in the f;&idsafler cut»- S
2 How is gram thrashed‘I' (By hand by a hand m:l[ at a commercrali_:_;_:_:_..-.___--

mitt?} . : L i e T

- 3. Is maize ;emoved from the cob, teht to dry thh the coverm pleftto

, . dry on the cob but withdut covenng’? B NP SR

- _.Of what are made local storage centamers of gram’? Banana or susai__ L

S / fiber. bark, reeds, bambao splits, mud, jars, 01{ cﬁrums corrugated N
me*_a? ~sheet qrananeg?) . o T R

5. Whaere are geains stored? (In the habitatzon ina p;t ina butldmg dl~ IR

- rectiy on the ground, on a. ralsad platform’?) RS o

mowmq the types of tradmona! stcrage methods tei%s you some-_’""' B

pe{;pie to use an [mproved rnud s;{o n‘ they already use mud for buﬂd o
ing than if they merely tie maize cobs on the branch of a tree. o
6. Aretherefarmers inthearda already usmg rmproved storage techm—-'----
ques? e LR '
What téchmqu@s are being used'? |
7. How did these farmers learn? . -
Arg !here mdtcattcns that th&se techmaue:s arg soreadmu"

) CONCLUSIONS o o | c |
Qnce you have. gathered the mformatmﬂ asknfi for bythe questm. nasre '
you will be ready to take up some of the me!hﬁﬁs for pﬂpulanzmg ;m»._'
‘proved grain storage methods that are outifped in- Chapter 9.
Pc}puiarlzmg }mproved mMethods m Farm and ‘v&l&agﬁ La'mi Gram Sﬁor» :
age Techna!ogy o S ]
The quastionnaire will help you to d:smvm the waly ;&E&ﬂ;}iﬁ? raat%y-ﬁm] SR
even if they are paople you have known all your life. Itis un%y by undf&r? R

e ; . i Ry R
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stancimg what me:wazes p«eepive that you can gset rh»em te tr)« Qut seme of
Cthe i 1mprcwea methods outlines’ in thiS WORR’B@@K
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