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ABSTRACT 

Agricultural productio n i n a  selecte d numbe r o f countrie s i n Su b Sahara n Afric a 
(Tanzania, Kenya , Zambia , Botswana , Ethiopia , Zimbabw e an d Malawi ) ove r th e 
past decad e i s reviewed . Wit h th e exceptio n o f Zimbabwe , agricultura l 
production ha s i n mos t o f thes e countrie s relie d o n han d too l technolog y an d i s 
mostly rainfe d agriculture . Th e adoptio n o f a  mor e settle d typ e o f agricultur e 
in plac e o f th e shiftin g typ e o f agricultur e wil l undoubtedl y necessitat e increase d 
utilisation o f suppor t energ y input s suc h a s fertilisers , pesticide s an d machiner y 
which ma y b e beyon d th e capacitie s o f thes e countrie s an d th e internationa l ai d 
programmes. I t i s argue d tha t th e curren t polic y i n agricultura l researc h an d 
extension i n mos t Africa n countrie s o f emulatin g th e gree n revolutio n typ e o f 
technology i s unlikel y t o solv e Africa' s foo d problems . Irrigatio n woul d see m t o 
be a n appropriat e solution , bu t i s expensiv e an d demand s technica l expertis e 
lacking i n mos t Africa n countries . Variou s othe r option s ar e discusse d an d 
reviewed. 

INTRODUCTION 

Within les s tha n fiftee n year s Su b Sahara n Afric a i s agai n featurin g prominentl y 
in th e worl d pres s du e t o th e sever e foo d crisi s an d famine . Virtuall y al l th e 
countries i n Su b Sahara n Afric a hav e bee n affecte d b y th e curren t crisi s unlik e 
the 1973-7 5 crisi s whic h wa s mor e seriou s i n th e Sahe l Region . Th e poo r cro p 
can agai n b e explaine d partiall y b y th e drought . Howeve r th e continent' s 
vulnerability t o famin e woul d see m t o b e increasin g an d a  recurrin g event . 

The annua l rate s o f increas e o f th e majo r stapl e foo d crop s i n th e regio n wa s 
about 1.3 % durin g th e 1960' s an d earl y 1970' s compare d t o 3 % i n Asi a an d Lati n 
America. Populatio n growt h i n Su b Sahara n Afric a howeve r ha s bee n quit e hig h 
averaging aroun d 2.7 % i n th e 1970' s an d i s projecte d t o b e 3 % pe r yea r ove r 
1980-85 wit h som e countrie s havin g a  growt h rat e o f a s hig h a s 3.5 % (IBR D 
1982). Th e increase s i n productio n o f majo r crop s hav e com e abou t throug h 
increases i n are a unde r cultivatio n rathe r tha n throug h gain s i n productivit y pe r 
unit o f input . Pe r hectar e yield s o f man y subsistenc e foo d crop s hav e stagnate d 
and i n som e case s hav e decline d an d ar e quit e lo w compare d t o thos e o f othe r 
continents. 

The majorit y (60-90% ) o f th e populatio n i n Sub-Sahara n Africa n countrie s liv e i n 
rural area s an d engag e i n subsistenc e farming . Thes e farmer s practis e lo w 
input/output agriculture . Fertilise r applicatio n rate s ar e th e lowes t i n th e world . 
Hand too l technolog y predominates . Anima l powere d technolog y i s use d i n onl y 
about 10-15 % o f th e cultivate d lan d an d mechanicall y powere d technologie s i n 
less tha n 5% . 

Increased productivit y wil l onl y b e possibl e i f th e vas t majorit y o f th e farmer s 
switch fro m traditiona l an d subsistenc e agricultur e t o moder n agricultur e 
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involving th e us e o f hig h yieldin g varieties , irrigation , fertilisers , an d bette r 
implements includin g anima l an d mechanicall y powere d tool s fo r fiel d 
operations. Al l thes e input s ar e energ y intensiv e an d thei r increase d utilisatio n 
in particula r o n th e Asia n Subcontinen t ha s significantl y increase d foo d 
production. Thi s gree n revolutio n technolog y howeve r seem s t o hav e elude d Su b 
Saharan Africa . 

It i s unlikel y howeve r tha t an y o f th e countrie s i n Su b Sahara n Afric a ca n affor d 
such a n energ y intensiv e agriculture . I n thi s pape r energ y relate d constraint s 
affecting foo d productio n i n Su b Sahara n Afric a wil l b e reviewed . Mediu m an d 
long ter m implication s o f th e curren t lo w inpu t agricultur e wil l b e presente d an d 
policy option s discussed . 

FACTORS AFFECTIN G FOO D PRODUCTIO N 

Production o f foo d i s influence d by : 

i. 
ii. 
iii. 
iv. 
V. 
vi. 
vii. 

solar energy ; 
land availability ; 
moisture i n th e soil ; 
labour; 
soils an d soi l fertility ; 
machinery an d implements ; 
plant protectio n measures . 

Although ther e ar e som e intervenin g economi c factors , e g agricultura l 
marketing, pricing , lan d tenure , I  believ e thes e ar e o f secondar y importanc e t o 
the lac k o f farmin g technology . O f th e factor s liste d above , sola r energ y i s mor e 
than adequat e an d onl y i n a  fe w countrie s suc h a s Zimbabw e an d Keny a i s lan d 
tenure a  problem . 

Moisture i n the soi l 

Most o f Su b Sahara n Afric a practise s rainfe d agricultur e an d les s tha n 5 % of th e 
cultivated lan d i s irrigate d (IBR D 1982) . Rainfal l exceed s evaporatio n fo r onl y a 
very shor t season . Th e timin g o f fiel d operation s (lan d preparation , planting , an d 
weeding) i s therefor e critica l fo r cro p production . T o mos t farmer s therefore , 
the mos t critica l scarc e resourc e i s labou r a t th e star t o f th e rain y season . T o 
overcome thi s constrain t farmer s hav e tw o options : 

i. Develo p irrigatio n farmin g 
ii. Gro w drough t resistan t plan t varietie s 

Irrigated agricultur e ha s no t traditionall y playe d a  significan t rol e i n Su b Sahara n 
Africa, bu t th e potentia l fo r irrigatio n i s quit e hig h (Mrem a 1984 ; Tokso z 1981) . 
The mai n constraint s t o increasin g th e rol e o f irrigate d agricultur e i n Afric a ar e 
the capita l cost s involve d an d th e lac k o f traine d manpowe r t o profitabl y manag e 
such schemes . I t i s estimated , tha t i n 198 0 th e capita l cost s involve d i n bringin g 
one hectar e o f lan d unde r irrigatio n i n Afric a wa s i n th e regio n o f U S $10,00 0 
(IBRD 1982) . I n addition , man y o f th e existin g irrigatio n project s ar e no t wel l 
managed an d henc e no t profitabl e du e t o lac k o f adequatel y traine d manpowe r 
(Chambers an d Morri s 1973 ; Mrem a 1984 ; Palme r Jone s 1981) . Irrigatio n ma y 
however b e th e answe r fo r th e futur e i f properl y an d graduall y developed . 
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The secon d optio n o f growin g drough t resistan t varietie s seem s t o b e mor e 
feasible. However , drough t resistan t varietie s ar e generall y lo w yieldin g (e g 
drought resistan t Katuman i maiz e variet y i n Keny a yield s les s tha n 100 0 kg/h a 
while hybri d maiz e grow n 100k m awa y ca n yiel d u p t o 600 0 kg/h a (Alcobe r e t a l 
1983). 

Labour 

Since quit e a  hig h percentag e o f th e populatio n i n Afric a i s engage d i n 
agriculture (60-90% ) i t woul d see m tha t ther e i s n o shortag e o f labou r fo r 
agricultural production . Thi s i s howeve r quit e misleading . Whe n accoun t i s 
taken o f th e age/se x distributio n o f populations , les s tha n 40 % o f th e 
economically activ e populatio n o f mos t countrie s i s engage d i n agriculture . I f 
the rol e o f wome n i s considered (sinc e the y perfor m mos t o f th e lif e suppor t job s 
- e g fetchin g water , firewood , chil d carin g etc ) the n th e percentag e o f th e 
population full y engage d i n agricultura l productio n i s greatly reduced . 

Therefore, i n essenc e abou t 20 % o f th e populatio n ar e require d t o produc e 
enough foo d no t onl y t o fee d themselve s bu t t o fee d th e remainin g 80 % (children , 
old people , lactatin g mothers , urban dwellers) . 

This woul d b e quit e possibl e i f th e productivit y pe r uni t o f labou r inpu t i n 
agriculture wer e high . But , farmin g carrie d ou t usin g handtoo l technologie s ca n 
rarely excee d subsistenc e level . Brand t (1979 ) ha s argue d tha t a n annua l labou r 
input o f 1100-120 0 h r pe r yea r represent s a n uppe r limi t fo r man y farmer s unles s 
new productio n technique s ar e introduced . Give n tha t th e labou r i n handtoo l 
agriculture i s i n th e regio n o f 12 0 ma n days/h a i t i s unlikel y tha t a  famil y ca n 
handle mor e tha n 2  ha o f land . I f draugh t resistan t varietie s o f maiz e ar e grow n 
this wil l yiel d les s tha n 2  tonnes whic h i s barely sufficien t fo r subsistence . 

Labour therefor e represent s a  majo r constrain t i n foo d production . Give n tha t 
land i s no t a  majo r constrain t i n Africa , effort s shoul d b e directe d mor e a t 
increasing th e productivit y o f labou r input s rathe r tha n productivit y o f uni t are a 
of lan d a s wa s done i n Asi a i n th e gree n revolutio n system . 

Soils an d soil fertilit y 

The applicatio n rat e o f fertilise r i s quit e lo w i n mos t o f Su b Sahara n Afric a a t 
less tha n 5kg/h a (Mudaha r 1980) . Th e increas e i n population an d th e chang e fro m 
shifting cultivatio n t o a  mor e settle d typ e o f agricultur e ha s resulte d i n a  seriou s 
decline o f soi l fertilit y i n man y countrie s i n Afric a (Eiche r an d Bake r 1982 ) du e 
to continuou s tillin g o f th e sam e land . Method s o f restorin g soi l fertilit y suc h a s 
use o f anima l manure s ar e difficul t t o practis e becaus e o f labou r shortage s an d 
the larg e amount s whic h nee d t o b e applie d (30-5 0 /ha ) (Mrem a 1985 ) t o b e 
effective. 

The solutio n suggeste d b y mos t agricultura l researc h scientist s i s t o rel y 
increasingly o n inorgani c fertilisers . Wha t i s ofte n forgotte n i s tha t inorgani c 
fertilisers ar e quit e energ y expensive . Fo r exampl e a  tonn e o f nitrogenou s 
fertiliser i s equivalen t t o tw o tonne s o f crud e petroleu m (Leac h an d Slesse r 1973 ; 
Pimentel 1973 ; Smi l e t a l 1983) . T o thi s mus t b e adde d energ y use d i n th e 
distribution an d freight . Thi s i s estimate d a t abou t 10 % o f th e manufacturin g 
energy cost s i n th e mor e advance d countrie s (Fluc k an d Bair d 1979) . Give n th e 
poor infrastructur e an d inefficien t transpor t syste m thi s i s likel y t o consum e 
about thre e time s tha t figur e i n mos t o f Africa . 



- 3 6 -

If th e agronomicall y recommende d rate s o f fertilise r applicatio n wer e t o b e 
applied fo r onl y nitrogen , th e tota l nitrogenou s fertilise r requirement s fo r Su b 
Saharan Afric a woul d b e abou t 1 5 millio n tonne s fo r 1980 , instea d o f th e abou t 
600,000 tonne s used . Thi s wil l b e equivalen t t o 3 0 millio n tonne s o f crud e 
petroleum i n energ y terms , an d i f th e distributio n energ y cost s ar e t o b e adde d 
this represent s a n equivalen t o f tota l energ y expenditur e o f abou t 4 0 millio n 
tonnes o f crud e petroleum . Al l th e nin e countrie s i n SADC C consume d onl y 
about 3.4 2 millio n tonne s o f crud e petroleu m an d 3.7 8 millio n tonne s o f refine d 
petroleum product s i n 198 0 (Simoe s 1984) . I n additio n th e logistic s an d 
managerial capabilitie s o f distributin g suc h a  hug e amoun t o f fertilise r woul d 
seem t o b e beyon d th e capacit y o f mos t countrie s i n Sub Saharan Africa . 

Fertilisers ca n onl y increas e yield s whe n th e othe r input s (rainfall , cro p 
husbandry) ar e presen t i n optimu m amounts . Give n th e uncertai n natur e o f th e 
rains th e feasibilit y o f fertilise r us e a t th e rate s recommende d b y researc h 
agronomists i s doubtful . I t ma y b e mor e economica l t o ai m a t lowe r yields , an d 
hence lowe r level s o f fertilise r applicatio n an d othe r soi l fertilit y restoratio n 
techniques (cro p rotation , growin g o f N  fixin g varieties) , an d cultivat e mor e 
extensive areas . Thi s typ e o f syste m ha s bee n quit e successfu l i n Australi a an d 
New Zealan d (McChesne y e t a l 1981) . Thi s howeve r require s greate r 
mechanisation o f farming . 

Agricultural machiner y an d implement s 

Population trend s indicat e tha t les s an d les s peopl e wil l b e engage d i n agricultur e 
especially handtoo l typ e o f agricultur e (populatio n growt h rate s o f mos t citie s i n 
Africa ar e th e highes t i n th e World , 6-15 % pe r annum) . Th e logica l technologica l 
step t o overcom e labou r shortage s woul d b e anima l powere d systems . Howeve r 
about tw o third s o f Su b Sahara n Afric a i s tsets e infested . Th e cos t o f makin g 
these area s tsets e fre e i s hig h an d ther e ar e associate d environmenta l hazards . 
In additio n i t i s generall y accepte d tha t i t require s a t leas t a  generatio n befor e 
people wh o ar e traditionall y no t livestoc k keeper s adop t th e traditio n o f keepin g 
livestock an d us e the m fo r draugh t powe r purposes . Further , anima l tractio n 
may no t b e tha t timel y compare d t o handtoo l technolog y (Gemill , 1971 ) an d 
creates subsequen t labou r bottlenecks , e g i n weedin g an d feedin g o f animal s etc . 
As Eiche r an d Bake r (1982)  hav e note d ther e i s a  rang e o f technical , economi c 
and logistica l constraint s o n th e sprea d o f tota l package s o f anima l tractio n i n 
Africa. 

Mechanically powere d technolog y i s stil l no t ver y widel y use d i n Afric a (les s tha n 
5% o f cultivate d land) . However , a  significan t proportio n o f th e markete d foo d 
surplus i n man y Africa n countrie s i s produce d fro m larg e scal e farm s whic h rely , 
on mechanicall y powere d technologie s (e g Zambia , Zimbabwe , Kenya , ) . Th e 
number o f tractor s i n us e i n th e whol e o f Afric a i n 198 0 wa s onl y 443,00 0 
(compared t o 418,00 0 i n India ) wit h onl y abou t 27 % o f the m bein g i n Su b Sahara n 
Africa (FA O 1982) . 

The histor y o f mechanisatio n i n Afric a howeve r i s littere d wit h faile d 
tractorisation schemes . Th e mai n reaso n fo r thei r failur e i s lac k o f qualifie d an d 
competent manpowe r bot h a t operato r an d a t manageria l level , (Gemil l an d 
Eicher, 1973 ; Hall , 1968 ; ILO , 1976 ; Kolawole , 1974 ; Mrema , 1981 ; Winc h 1976 ; 
Wuyts, 1981) . 

The othe r mai n constrain t o f mechanicall y powere d technologie s i s thei r fue l 
requirements especiall y afte r th e oi l pric e increase s o f th e 1970's . Howeve r a s 
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shown i n Tabl e 1  the energ y expende d o n machiner y an d implements " is muc h les s 
than tha t expende d i n othe r input s lik e fertiliser s an d pesticides . Studie s i n Indi a 
show tha t energ y i n machiner y an d implement s a s wel l a s i n anima l feed s i n 
bullock powere d irrigate d farm s i s 38. 7 GJ/h a wherea s o n tracto r operated , 
irrigated farm s i t i s 14.6GJ/h a whe n growin g wheat , (Gupt a e t a l 1983 ; Mali k 
et a l 1981) . 

Plant protectio n chemical s 

The othe r energ y intensiv e inpu t i n agricultura l productio n i s plan t protectio n 
chemicals agains t weeds , diseases , insects , an d othe r pests . Thi s howeve r i s no t 
extensively use d i n Africa n smal l holde r agricultur e an d throug h plan t breedin g 
efforts, diseas e an d pes t resistan t plan t varietie s ma y b e developed . 

FUTURE STRATEGIES AND ENERG Y IMPLICATION S 

The advance d countrie s hav e increase d yield s an d tota l foo d productio n quit e 
significantly ove r th e pas t thre e decade s (whea t yield s o f abou t 1 0 tonnes/h a ar e 
quite commo n i n Europ e an d USA ) by increasin g energ y expenditur e pe r uni t are a 
as wel l a s pe r uni t o f labour . O n th e Asia n subcontinen t th e gree n revolutio n ha s 
enabled thes e countrie s t o increas e yield s a s wel l a s tota l foo d productio n quit e 
significantly b y us e o f mor e energ y pe r hectar e an d pe r inpu t o f labou r a s wel l a s 
more adde d labou r pe r hectare . 

In Afric a however , i n th e absenc e o f irrigatio n an d wit h entir e relianc e o n 
rainfed agriculture , an d ver y littl e suppor t energ y input s i n th e for m o f 
machinery an d fertiliser s i t i s unlikel y tha t foo d sel f sufficienc y ca n b e achieve d 
if th e tren d o f th e pas t decad e i s maintained . N o precis e figure s o f energ y 
consumed i n agricultur e i n particula r th e peasan t agriculture , ar e available . 
However th e figure s give n i n Tabl e 2 , ca n b e regarde d a s indicative . Energ y 
consumed i s les s tha n 100 0 MJ/h a fo r maiz e productio n mos t o f i t bein g animat e 
energy derive d fro m huma n muscles . Thi s compare s favourabl y wit h figure s 
from othe r countries , e g US A betwee n 19,60 0 an d 32,16 0 MJ/h a (Smi l e t a l 1983 ) 
and Chin a wit h nationa l averag e 12,00 0 MJ/h a (Ji n e t al , 1983) . I n both case s th e 
bulk o f th e energ y i s i n th e for m o f chemica l fertilisers . 

China, wit h a  hug e populatio n ( 1 billion ) mos t o f who m liv e i n rura l area s an d a 
much smalle r cultivate d lan d tha n Su b Sahara n Africa , ha s manage d i n th e pas t 
three decade s t o mechanis e th e mos t difficul t fiel d operation s (lik e ploughing , 
harrowing an d plantin g (ARSSI D 1977) ) an d th e averag e powe r inpu t i n th e for m 
of machiner y i s 0. 4 hp/h a wit h a  furthe r 0.2 3 hp/h a applie d i n irrigatio n 
equipment. Thi s compare s wit h a  tota l o f les s tha n 0. 1 hp/h a i n mos t o f Su b 
Saharan Afric a (Giles , 1975 ; Mrema , 1981) . 

In orde r t o overcom e thei r foo d crisi s Su b Sahara n Africa n countrie s mus t b e 
ready t o spen d mor e energ y i n thei r agriculture . A t th e momen t les s tha n 10 % 
of commercia l energ y import s i s use d directl y i n agricultura l fiel d operation s 
(Simoes 1984) . Energ y i s expensiv e bu t ther e ar e n o alternative s i f th e 
increasing populatio n ha s t o b e fed . Mos t Africa n countrie s hav e use d 
agriculture a s a  sourc e o f foreig n currency . I n mos t Africa n countrie s ther e ar e 
less tha n 10 % a s man y tractor s a s saloo n cars . Ye t ther e i s mor e concer n o n th e 
fuel use d i n thes e tractor s tha n th e hug e amount s use d t o ru n thes e limousines . 
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RESEARCH IMPLICATION S 

Energy researc h i s quit e a  recen t development , bu t eve n i n th e US A energ y 
research i n agricultur e ha s receive d muc h les s attentio n compare d t o th e othe r 
sectors. I n th e developin g countrie s th e situatio n i s eve n worse . 

The nee d t o us e mor e energ y pe r uni t lan d are a a s wel l a s pe r uni t labou r inpu t i s 
not i n dispute . Th e mai n questio n i s whic h energ y ric h inpu t shoul d Africa n 
governments encourag e thei r farmer s t o use : fertilisers , pesticide s an d 
irrigation, o r les s fertilisers , n o irrigatio n an d exten d th e are a unde r rainfe d 
agriculture. 

Research wil l assist , a t leas t i n th e shor t term , i n identifyin g whic h energ y 
related constraint s wil l hav e th e mos t pronounce d effec t i n increasin g foo d 
production. Answer s wil l b e neede d t o question s suc h as : Whic h i s th e mos t 
efficient wa y o f increasin g energ y expenditur e in  agriculture ? Wha t mi x o f 
handtool, anima l powered , mechanicall y powere d machiner y an d implements , 
fertilizers, pesticide s an d irrigatio n i s th e mos t efficien t energ y wise . Thi s are a 
requires urgen t an d detaile d stud y i n Afric a t o assis t polic y maker s i n 
formulating bot h shor t an d mediu m ter m policies . 

CONCLUSION 

An attemp t ha s bee n mad e t o identif y th e energ y relate d constraint s t o 
increased foo d productivit y an d productio n i n Su b Sahara n Africa . I t i s show n 
that energ y input s int o Africa n agricultur e ar e quit e lo w compare d t o othe r 
countries whethe r develope d o r developing . T o overcom e thei r foo d problem s 
African countrie s ough t t o b e prepare d t o increas e th e us e o f energ y ric h inpu t i n 
agriculture lik e fertilisers , pesticides , machiner y an d implement s a s wel l a s 
irrigation wher e thi s i s feasible , bot h pe r uni t o f lan d are a a s wel l a s pe r uni t o f 
labour input . 

Energy studie s hav e grossl y unde r estimate d th e energ y relate d constraint s o f 
agricultural productio n i n Afric a an d hav e concentrate d mostl y a t commercia l 
energy resource s lik e petroleu m product s whic h ar e use d mor e b y th e industrial , 
domestic an d transportatio n sector s o f th e economie s o f mos t Su b Sahara n 
African countries . Suc h studie s an d reports , whic h ar e ofte n use d b y Africa n 
policy maker s a s a  basi s fo r futur e polic y formulatio n ca n provid e a  misleadin g 
picture whic h ma y lea d t o Africa n countrie s bein g continuousl y i n famin e crisis . 
With a  rapidl y increasin g population , Su b Sahara n Africa n countrie s hav e n o 
option bu t t o increas e utilisatio n o f energ y ric h input s i n thei r agricultur e i f the y 
are t o mee t foo d requirement s o f thei r population s whic h wil l doubl e i n th e nex t 
two decades . 
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Table 1  Energ y consumption pe r hectare, mechanically-powered-technolog y 
Morogoro, Tanzania -  maiz e 

Tractor MF26 5 -  62hp ; disc plough , harrow, planter . Fue l consumptio n tota l 
150 cc/h p hr . (Bullar d e t a l 1976) : 1  litre =  47.3 MJ/litre . 

MJ/hr 

Machinery cost s 

- Tracto r 
- Dis c ploug h 
- Dis c harro w 
- Spraye r 
- Plante r 

Total Machiner y Cos t 337-5 

MJ/ha 

91.5 
24.0 
28.0 
16.0 
18.0 

183 
24 
28 
16 
18 

429 

Fuel Cost s 

- Diese l 9. 3 1/h r 47. 3 MJ/ 1 x 6  hr s 
(for ploughin g (2) , harrow (1) , spray ( 2 x  ) , 
plant (1) , harvest (1 ) 

- Repair s 11 8 MJ/ h x  6  hr s 

- Lubricant s -  4 % of fue l cost s 

Total Fue l Cost s 

2639 

708 

106 

3848 

Other Input s 

- Fertilise r 10 0 k g N 

100 k g P20 5 

Total Fertilise r 

- Pesticide s 5  kg 

Grand Total 

4560 
1400 

5960 

3679 

13906 MJ/h a 

Machinery: Fuel : Fertiliser : Pesticide s =  3%: 28%: 43%: 26%. 

Human energ y contribution s insignifican t 

Yields: 250 0 kg/h a poo r rains , 450 0 kg/h a goo d rains . 

1. 

2. 

3. 

4. 
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Table 2  Energ y requirements pe r hectare -  usin g handtoo l 
technology: maiz e plo t -  Mget a Village , Morogor o Regio n 
(Province), Tanzania (Mrema , 1983 ) 

Activity/Input Man days/ha Energ y MJ/h a 

LABOUR 
Land Preparatio n 
Weeding 
Harvesting 
Post harves t operations : 
shelling, baggin g 

44.5 
37.1 
24.7 

280.4 
233.7 
156.6 

12.4 78.1 

SUB TOTAL LABOUR 118.7 748.8 

OTHER INPUT S 
(i) Fertiliser * 

100 k g Ammoniu m Sulphat e 
50 k g P2°5 

MJ/kg 

45.0 
14.0 

4560.0 
700.0 

SUB TOTAL FERTILIZE R 5260.0 

(ii) Pesticide s 
3 k g 

(iii) Implement s 
6 kg o f hoes , axes , matche t 

459.9 

9.96 

1379.7 

59.8 

SUB TOTAL OTHER INPUT S 6698.8 

GRAND TOTAL 

Yields 100 0 kg/h a 

7447.6 

Sample siz e 5 9 households observe d ove r a  year . Yield s 10 0 kg/ha . 

* Fertilise r applicatio n rat e i s a s recommende d b y researc h station s an d 
what extensio n agent s recommen d t o farmers . Actua l applicatio n rate s 
are howeve r quit e lo w aroun d 5kg/h a givin g a  tota l energ y inpu t o f 748. 8 + 
(5 x  45.6)+ 60 = 104 0 MJ/h a 

1. 

2. 
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