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Arab ~ublic o f Yemen 

On the farm level, farmers store corn, which is one of the most 

il.lportant cereal crops produced, in pits under ground. Pits 

excavated in the ground for this purpose are locally called 

"madfans". The total c apaci t y of oadfans exi stin'} now in the YAR 

reaches about 200,000 tons. A madfan is dug either in heav y clay 

sailor in rocks. It has a f unnel shape, 4 meters deep and ranging 

between 4 and 8 meters top diameter. The bo ttom is flat, of ~ meter 

diameter. The depth and diameter depend on t he quantity o f gra i n s 

supposed to be kept in the madfan. The inner surface has a ve r y 

gentle s lope to prevent the structure from collapsing. The soil 

must be compact and har d to avoid, as far as possible, the 

infilt r a tion of water. Be f ore the madfans are filled with grains, 

their inner surfaces are l i ned with a thick layer of c drn stalk s 

or any other dry pla~ts or herbs. After fil l i ng to t he top, the 

grains are covered wi th a thick l a yer of dried plants as mentioned 

before and then with a th i ck layer of soil hav i ng a dome s hape. 

Grains are kept in s uch madfa~s relatively safely for as long as 

4 years. When the mad f ans are opened and the grains have to be 

sold, their prices are 10 % lower than the fr e sh crop. The percent ­

age in the reduction in p rices corresponds positively with the 

s t orage period in madfa ns. 

The efficiency of madfans as a grain storage method in the YAR 

is correla ted mostly with t he quan ti ty of rainfall in the area. In 

Hodeida, in the South West of t he YAR where the r a infall is at i t s 

lowest level, the loss in stored grains in madfans is ver y l imited, 

c ompared wi t h gr ains sto r e d in madla ns in other governorates 

having high rainfall. High rainfa l l re sult s in ca king , especially 

n e ar the walls, and the level of damage might reach in s ome r a re 

cases a bout 30 %, besides tainting of the grains a nd loss of t heir 

bright colour. In such sev ere cases , the grains a re most probab ly 

unfit for either human o r animal consump tion. Spo iled gra i n s which 

are seemi ng l y good, when c onsumed result i n symptoms of stomac h 

aches and intestinal trou b les. 

On the other hand, whe n t he soil is dry , the g ra i n is dry a nd 

t h e r e is no rainfall, t he mad fans keep grai ns in a ver y goo d 

c ondition for a s long as 10 years. 
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Bas ket of date palm leaves buried under 


ground existing in P. D. Yemen R. 
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The total loss of grains kept in madfa~s is, i n some rare cases, 

considerable, but when t here is no water seepage or infilt ra tion 

and there is no i n fection or infestation at all the l o ss is 

neglig ib l e. This may lead us to st.ate that "mad f ans" as a method of 

s t orage are fit for the purpose and t heir success depe nds on : 

a. 	 the locality where t he madfans are d ug 

b. 	 the type of soil 

c. 	 the period of storage 

d. 	 the moisture of grains should not exceed 1 2% 

e. 	 the walls should be dry; otherwise, bur ning d r y p lants ins i de 

before storing the grains will help in drying up the i nner 

surfaces. 

Th e madfans are use d pe r ma ne n tly f or gra in storage in the ar i d 

zones wi t h very limited protection . Protection i nvolv es g ett ing 

rid of the inner surfac e of t he madfan which may carry variou s 

spores from the old c rop and which may bad l y affect the new c rop . 

This type of storage is conside red airt i gh t s tor age a nd depends 

ma inly on the CO~ build-up to the level which is l ethal to all.. 
organisms. Therefore, i f implemented properly , i nsect i n f es t a·t i on 

does not increase and mould damage cou l d be kep t at its min i mum 

level. 

To avoid spoilage of grains due to soil wa ter infiltrat ion it i s 

suggested that cracks i n the walls s hould be pla s t ered a nd walls 

shou~d be lined with t hic k po l ye t hy lene welded s heets. Thi s 

suggestion as well as o t he r s sho uld be tested on s ome madfan s 

ma i n ly located in the ra i ny r egions . 

It is a l so advisable that storage in mad fans s hou ld be s hor tened 

t o t he least possi b l e number of years . 

On the ot her hand, the f arm e rs ' hou ses gene r a l l y cons i s t of t hree 

f l ats, the baseme nt is used for gra in storage either in s ack s or in 

buld. Mos t of the farmers dig s ome u nd erground p it s of limi t ed 

si ze to store gra i ns for t heir o wn consumpt ion . 
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Underground pits in t he YA~ are in some cases c onica l and very 

limited in size, especially when dug in t he rocks or ins ide houses. 

To overcome the problem of storage in madfans by small producers, 

the use of barrels for grain storage is now be i ng us ed on a l imited 

scale. The number of barrel s used now for thi s pu r pose r eache s 

about 50, 00 0. The barrel h as a 40 gallon capac ity a nd has a s c r ew 

cover. T0 make the se barrels always a va ilable in the market , a 

specia l plant of the barrel industry is to be construc ted. 

Democratic Repub lic of Somalia 

A - Underground Fi t s 

About 50% of the total p roduc tion of g rains in Somalia is k e pt 

on the farm. In the South, mo st of t he quant ity is stored in 

underground pits excavated d irectly in the soil. The size of t he 

pit varies from as low as 5 t on s (mainly pits owned by t he farme rs) 

to 250 tons (pits o,yned by merchants). Due to s horta g e of t hre s hing 

machines, farmers in sor.le cases store t heir own corn on c obs i n 

pits. Storing maize on cobs in underground pit s does no t meet t h e 

requirements of hermetic sto rage due t o the suf f i cien t amoun t of 

air still present and consequent ly insect infestatio n migh t s how 

and build up considerably. 

The shape of the underground pi t s in Soma l i a is variab l e; t hey 

are either rectangular or boat-like, or conical wi t h a small upper 

hole. 

In all cases, before the p its are f i lled, they a re lined care­

fully with d~y stalks of cor n or sorghum p l a nts, dry plants or 

seaweeds and then covered I,o,ith the same lining a nd then with a thick 

layer of soi.L. 

Grains are kept in such pi ts for sever al year s , r each i ng in some 

cases 10 years. 

The main problem of pi t storage in Somalia is t he h i gh mois t ure 

content of grains when placed in the p its. In many c a ses a th i ck 

layer of caked grains shows up near t he walls and on the top, a s 

well as taintinq a nd discolouration of ke rne ls. The other dra w­
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Funnel-shape Con ical- shape 

Under ground pits existing in A.R.Yemen &Somalia 

Boat I ike shape under g round pi t 

existing in So malia 
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back i s the infiltration of soil wa te r into the p it, espec ia l l y 

after heavy rainfall r e aching the aforeme n t ioned b ad c ond i tions. 

Lining the lnside of the pits with a t hick l ayer of over l app i ng 

polyethylene sheets could be considered a remedy in the case of 

water infiltration , but in g eneral th i s t ype of storage i n Somal i a 

needs a research p rogram based on studying the soi l profil e s i n 

the diffe rent areas and their compatibil i ty with t h is t ype of storage. 

B - Underground Bins 

In Somalia, underground b i n s occur wide ly and these bins are 

owned by the Agricultural Development Corporation (ADC). 

The bins are constructed underground. The dimens i on s and.capacit ies 

are variable and in many cases reach more than a thousand t ons. 

They are rectangular in s ha pe , the heigh t is abou t 5 me ters, 4 of 

which are below ground level. They are built ei the r from conc r e t e 

or local stones, t he roof be i ng of concrete . Each bi n has sev eral 

manho l es at the top and o ne side d oor with stairs going d own for 

unloading. The manhole covers are either c on ical or flat. Whe n 

filli ng, a space of less than one foot is left f ree from grai n s 

over the top surface of the g rains. 

This type of storage cou ld be conside red the bes t exist i ng i n 

Somalia. However, to up-grade this method the fo l lowi ng po int s 

should be applied: 

1. 	 Gr a in s s hould be at a maximum of 12.5% m.e., otherwi se high 

moisture c ontent might resul t in mould ing and de t eriorat ion. 

2. 	 To overco~e the p rob l em of tran s loc a t i o n of moi sture in t he bin 

it is suggesced that each bin be suppl i ed wi th a cer ta in amount 

of slick lime (raw ca l cium oxide) to be pu t in s hallow con­

ta iners on the surface of the grain unde r neath every manho le. 

This slick l ime should be repla ced pe r iod ical ly, a s s oon a s it 

change s to the powder form wh i c h indi cates its inab i l ity t o 

reac t with more wat er (ca l cium hydroxid e) . 

3. 	 Re9 airing a nd c l e an ing and dis inf e c ting t he inner s urfaces 

befor e the e ntr y of the new crop. 
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4. 	 Period ical inspection is ve ry essen tial in orde r to refurnigate 


as soon as any n umber o f l i ve ins ect s shows up. 


The Democratic Republic of t he Sudan 

The underground pit s in the Sudan, l ocally c a ll ed "ma tmura" a re 

a traditional storage met hod and are ma inly con cen trated i n Cen tral 

Sudan where local cult ivators depend on t h is me t hod o f storage 

entirely to keep t he ir produce. 

Matmuras belonging to small producers are dug u nder g r ound in 

dry land and vary in size and capacity, very rarely exce ed ing 25 

tons. They are cylindrical in s~ape, having a depth equal t o that 

of the diameter. Be f o re being fil l ed, t he y are plastered on the 

inside surface with c ow d u ng mi x ed wi t h clay and then a fi: e is 

lit inside the pit until t he wal ls become dry. Dura (Sorghum ) is 

kept in such pits very successfully for at lea s t t hree years and 

probably up to ten years. It was also no ted that the suc c ess o f 

matmuras for grain storag e d e pe nd s posit i v e ly on t hei r s i ze s . In 

small matmuras, loss in g e r minat i on of seeds is expected . 

A matmura belong i ng to traders or as a governmental storage is 

large enough to hold up to 7 00 t ons of grains. Places where such 

matmuras are dug have to be c hosen carefully, taking i nto consid­

eration that the area mus t be h igh enough and v er y far from wa ter 

infiltration. The s o i l mus t be hea vy clay so as to be c ompac t. 

Such matmuras are dug in a s ha l low fu nn e l shape wi t h a fla t bo ttom, 

boat-like shape or as a t renc h ranging between 50 a nd 150 me ters 

in lengt h , 11 mete rs wide and 2.5 meters deep. Gr a i ns i f kep t d r y 

in t hese ma t muras ( 9% m. c . ) and stored duri ng the dry s e a s on ma y 

last very safely up to 18 mon t hs inspi t e of rainfal l. 

When pits get old, after several yea r s of c on t inuo us us e , the 

in t ernal surfaces be come so hard that they bec ome s us c eptible to 

cracki ng and cons e q uently i nf iltratio n wate r may seep i n a nd severe 

deterioration may occ ur. In such condit i ons, t he l ocali t y o f t he 

pits haS to be chang ed. 

Lo s ses du e to stora g e i n ma t muras do not exc eed 2% wi t h in 18 

month s , and are due to c aking o f t he periphery with i n 3 cm. 
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Shallow funnel-shape 

Shallow-rec tangu lar 

( 50 - f SO ) x 11 x 2. 5 m 

Under ground pits existing in D.R.of Sudan 
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Undergro und stora g e has been used i n Egyp t sinc e a nci e n t d ays 

(3000 - 4000 years ago). At that t ime grai n s were stored u nderground 

in deep ditches, either be tween two layers of straw o r i n bas ke ts 

made of st ems of bamboo (Aru ndo donax) . The si ze of e ac h ditch 

depended on the quanti ty of grains stored, but in g e neral nev er 

exceeded two or thr ee t o ns. 

Nowadays, th is method exists in rainless regions f a r f rom 

infiltration water and regions free fronl termi tes as we ll as in 

the desert areas and in the oases. It is very essential t hat grains, 

before being stored, be dry. Covering wi th s a nd keeps the grains 

in a very good condition a nd free from i nsect i nfestat ion. I n its 

simplest f o rm, the undergrou nd store, in s uch places, i s n~thing 

bu t a deep ditch sufficient to keep a q ua nt ity of gra i n s used f or 

the owners' own consumption. 

South of tte Nile De l t a, in lor_ler Eg y pt, Barheem vi llag e 

(Mounoufia Governorate) is the only vi llage in wh i c h faba beans 

(Vicia fabae) are stored on a co~~ercial basis in und e rgrou nd 

pits. This method of storage started in this v il l age during t he 

First World War in 1919. 

This village has a storag e capacity o f a bo ut 45, 0 0 0 t o n s in 5000 

pits scattered over an area of about 3 0 feddans (a feddan equals 
2420 0 m). 

When first excavated, t he p i t is of about three me ter s bott om 

diame t er a nd t wo meters d e e p wi th a fl a t bo ttom and a n ent r ance 

ho le o f one me ter diameter and two meters deep. I'li t h these 

dimensions, it holds abo u t 6 ton s of beans . After being dug , the 

walls are well pressed a nd smoothed. Before the second and thi rd 

storage seasons, the pit is enlarged year ly and gradua lly unti l 

it reaches i t s f u l l capacity of about 11 tons (3 . 25 m diameter 

and 3 m deep) . 
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1.Under ground ditch 

exist ing in Egypt. 

2.Under ground pit (Matmura) 

existing in Sudan. 

3.Rectangular undeLground 

pit existing in Somalia. 
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3 m 


Pitcher like under ground pit 


ex i sti ng in Egy pt 
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Through the only hole at the top, grain can be either introduced 

or removed. As the pits are filled, the bottom and walls are lined 

wi th faDa bean straw or helba (Trigonella foenun-graecum) s : ca'.·/ 

and final ly cov ered and sealed with mUd. 

Beans are either i nt roduced or removed from the pit by labo urers. 

Because carbon dioxide is produced by the beans a nd thu s accumulates 

in the p it, i t is carefully aerated for safe ty befo re a nyone can 

get in. Safety for labourers to get inside is decected by a candle 

flame. If it continues to burn, ent rance for labourers is allowed 

and safe. 

The perc entage of i nfes t ation in stored bean s never i nc rease s, a nd 

the tes ta remains wh ite i nstead of turning brown as i n the case of 

beans stored in the open air, where they are e xposed tb t he 

different wea the r and light conditions. This method of bean stor a g e 

also r e -ults in bette r cooking ~roperties f or beans . Co nse q uently 

beans stored in such a wa y are sold for prices 25% abov e those of 

beans stored by ot her me ans. 

The storage season starts ea r ly in May, directly a=ter harvest 

of the beans, and might las t for two months to one year, according 

to the Darket demand. Losses under such cond i tions never exceed 

1%, these being due to direct con tact of some beans with the wa l l s. 


