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Summary
In the late 1970s and early 1980s the InternatIOnal Livestock Centre for Afnca (ILCA) and

its national research partners were mstrumental m developmg and promotmg the concept
of plantmg forage legumes m an attempt to help agropastoralists m West Africa alleViate the
feed stress expenenced by their rummant ammals dunng the dry season The 'fodder bank'
was one (but by no means the only) method developed, whereby an area of the farmer's land
was fenced and planted to Stylosanthes or other legumes, which could be used for strategic
feedmg durmg the early dry season Some croppmg systems were also developed m whiCh a

cereal was subsequently planted m the fodder bank to make use of the mtrogen fiXed by the
legume Research funds were spent on thiS aCtiVity until 1993, and vanous studies have

shown adoptIOn of thiS technology m a number of countries of West Africa, although no
comprehensive study of the adoptIOn of thiS technology had yet been done

In 1995, ILCA and ILRAD (the International Laboratory for Research on Ammal
Diseases) combmed to form a new mstltute, the International Livestock Research Institute
(ILRI) An ex post assessment of the fodder bank technology m West AfriCa was carned out

to document the impact that ILRI, its national partners and other orgamsations have had
and contmue to have at the farm level, which could be used to demonstrate the value of

mvestment m agncultural research programmes Accordmgly, a study was deSigned With

two mam activities a literature survey to quantify production impacts of the fodder bank

technology, and the commisslOnmg of a consultant to travel extensively m the regIOn to

collect up to-date mformation on the number of adopters of the technology from national
agncultural research and extensIOn programmes m the regIOn

To date, about 27,000 adopters have been identified growmg forage legumes on some
19,000 ha m the 15 countries for which we currently have mformation Usmg modest

estimates of production impact of forage legumes on meat and milk production from a herd
simulatIOn model and on maize, millet and sorghum gram and residue from the literature,
commodity pnce data, elasticltles of supply and demand, and estimates of research costs

were combmed m an economiC surplus model With the number of adopted hectares of

forage legumes that could reasonably be attributed to the aCtiVlties of ILRI and its national
partners The baselme analySiS mdiCates that on an expenditure of research resources of

Just over US$ 7 million, the total net benefits to SOCiety that had accrued up to 1997
amounted to US$ 16 5 million, With an mternal rate of return of some 38% These figures
may be conservative, for the adoption data are likely to be conservative and the estimated
production impacts are modest Vanous sensitiVity analyses are carried out to test the
robustness of these estimates of impact Partly because research resource expenditure by
ILRI on thiS technology is now zero, proJectmg adoptIOn trends to the year 2014 results m
at least a doublmg of the estimated total benefits reahsed to date

In many places, the problems facmg farmers wlshmg to adopt forage legumes are senous
Planted forage legumes Will undoubtedly occupy mches m the farmmg systems of West
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Africa, but for the future farmers wIll mcreasmgly make more use of crop resIdue material
m their quest for feed resources DespIte thIS, the Impact of adopted fodder banks has paId
for the research that went mto then development at least three tImes over, and thIS wIll
mcrease substantIally m the next few years, gIVen current adoptlon trends A further lesson
from thIS work IS that the lag assocIated wIth the diffusIOn of thIS technology IS
consIderable-at least 15 years-and may be much longer than IS generally antICIpated

Vlll



1 Introduction
The Importance of livestock as a means of sustenance, traction power and transport, as a

substantial source of nutrients as manure for agnculture, and as a means of hedgmg agamst

nsk and uncertamty 10 the lives of the people of sub-Saharan Africa, has been appreciated

for centunes However, livestock development 10 Afnca faces many constramts, among

which the most widespread IS shortage of feed supply (Wmrock International 1992) A

sustamable solution to feed deficiencies IS essential for the huge livestock potential of the

contment to be realised With thiS understandmg, the Subhumld Programme of the

InternatiOnal Livestock Centre for Africa (ILCA) at Kaduna, Nlgena, 10 the late 1970s

developed the concept of a fodder bank as one solutiOn to the problem of madequate

nutrltlon, espeCially dunng the dry season, 10 West Africa (Mohamed Saleem 1986)

A fodder bank IS a small area of forage legumes established and managed by an

agropastoralist near the homestead as a feed supplement for livestock durmg the dry season

Inadequate nutntiOn dunng thiS season (ansmg from mgested forage With a crude protem

content of less than 7%) causes ammals to produce less milk and lose weight, and mcreases

calf mortality and reduces conception rates For a large part of the dry season, fodder banks

can mamtam a crude protem content of more than 9% (Mohamed Saleem and de Leeuw

1994) As a result, ammals With access to a fodder bank perform better than those kept on

natural pasture In addltlon, the legume (commonly Stylosanthes spp) accumulates soil

mtrogen through biOloglCal fomtion 10 the root nodules The legume can also have

beneflClallmpacts on the phYSical properties of the soil such as bulk denSity, mfiltration

rates and field mOisture capaCity As a result, crops grown 10 plots preViOusly planted as a

fodder bank commonly produce higher Yields than those cultivated outSide such areas The

major benefits of fodder banks can be summansed as follows mcreases 10 crop and crop

reSidue Yields (for thiS analySIS, we conSider maize, millet and sorghum), mcreases 10 milk

yield and weight gam (or reduced body weight loss), mcreased calvmg rates, decreased age at

flTSt calvmg, and mcreased calf and cow survival rates Estimates of most of these benefits

can be obtamed from the substantial literature on fodder banks

This study assesses, 10 an mdlcatIve way, the Impact of fodder banks and forage legume
technology 10 countries of West Afnca The economic surplus method IS used to estimate
the SOCial rate of return to public mvestment 10 research on fodder banks and the
dlstnbutlOn of that return amongst producers and consumers Subsequent sections of thiS
report descnbe the technology of fodder banks, the economic surplus method, sources of
data and the results of the analyses

1



2

2 Description of the technology
A fodder bank IS supposed to be establtshed, managed and utlltsed as follows (Tarawall and
Mohamed-Saleem 1994) a farmer (I) selects and fences an area ofland (the
recommendatIOn IS 4 ha, but thiS area could be more or less depending on needs and herd
SIZe) USing either metal posts or live poles, (11) prepares land for planting by confining
animals overnight In the fenced area, by graZing down for 1 or 2 weeks follOWing seed
broadcast, by burning, and by USing 150 kg/ha of superphosphate fertilisers, (Ill) broadcasts
scarifIed seeds at a seeding rate of 10-15 kg/ha, and (IV) at the beginning of the dry season

durmg the labour slack period, constructs peripheral fire traces to protect the bank from

burnmg

Good management of a fodder bank consIsts of (I) allOWing ammals to graze the fodder

bank early m the wet season to control fast growmg grasses until the legume IS well

established, and wlthdrawmg ammals when Stylosanthes starts flowermg to promote high

seed production, (11) allowmg forage to bulk up by deferrmg grazmg until the dry season,

and (lll) ensuring suffiCient seed drop and stubble for regeneration m the followmg season

To utilise the fodder bank according to extensIOn recommendatIOns, a farmer allows
pregnant and lactating ammals (up to a maximum of 5 per hectare) to graze the fodder bank

for 2 5 hiday durmg the dry season
Only three cultlvars are recommended for use m a fodder bank Stylosanthes gUlanensls cv

SchofIeld, S gUlanensls cv Cook and S hamata cv Verano Of these, SchofIeld and Cook are
susceptible to anthracnose disease while Verano IS less susceptible Other promlsmg species

have been IdentifIed m evaluatIOn trials over the years such as Centrosema pascuorum,
Chamaecnsta rotundlfoha and Aeschynomene hlstnx

Attractiveness of the technology
Local tropical grasses are the only available alternative herbaceous cover to compare With
Stylosanthes Various features make Stylosanthes legumes superior to grasses (Bayer 1986)
they grow on relatively infertile soils With the low mtrogen and low phosphorus contents

that are common In West Africa, they secure SOlI mtrogen through biological fIXation m the
root nodules, and they have higher dry matter digestibility and voluntary Intake by ammals

Yield

Several fodder banks consistently produced 4-6 t dry matter (DM)/ha over several years
With a 50-70% legume content Mohamed Saleem and Sulelman (986) reported an
average DM yield of 6-8 t/ha In some places In Nigeria durmg the first year of
establishment ManI (1992) reported that after 1, 2 , 3, 4 and 5 years of establishment the



respective average DM YIeld was 5 2, 4 6, 5 5, 5 2 and 5 3 t/ha and average Stylosanthes

content was 59, 66, 64, 61 and 62% Tarawalt and Mohamed Saleem (1994) found the

average DM YIeld and Stylosanthes composltlon of fodder banks m ILCA's case study areas to

be 6 3 t/ha and 60%, respectively

Affordablhty

Compared wIth other supplementary feeds such as oIlseed cake and other agro mdustrlal
products, Stylosanthes IS less costly, more abundant and more readily available

Benefits

The benefIts of Stylosanthes are achieved through three mam channels mcrease m total
herbage, extensIOn of the penod of productIon of the pasture and mcrease m mtrogen (N)
content (Mam et al1993) Mohamed Saleem and von Kaufmann (1995) estImated the
mternal rate of return of establtshmg a fodder bank m the subhumld zone of Nlgena to be
22% usmg 1989 market pnces and mcorporatmg the benefIts of Improved herd
productivIty alone When the benefits of reduced forced sales and mcreased crop yIelds are

mcluded, theIr estImate of the mternal rate of return reached 36% In the mId 1980s m the
subhumld zone ofNlgena, about 75% of the costs of establtshment of a typIcal 4 ha fodder

bank were estImated to be aSSOCIated WIth the costs of fencmg (Otsyma et al 1987)
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3 Methods for estimating social returns
A widely accepted procedure for economic evaluation of benefits and costs of a

technological change IS the economic surplus method (e g see Alston et al 1995) The basIc

Idea behmd the economic surplus method IS that technology adoptIOn reduces the per Unit

cost of productIOn, and hence shifts the supply functIOn of the commodity down and to the

nght If the market for the commodity IS perfectly competitive, this will lead to an mcrease

in the quantity exchanged in the market and a fall in pnce As a result, consumers beneftt

from the pnce reductIOn and producers may benefit from selling a greater quantity

When computmg the economIC surplus of a successful research activity in a closed

economy, economists usually refer to a diagram of the type shown m Figure 1 The demand

for the commodity IS denoted by D, the pre research supply curve IS S, while the post

research supply curve IS 5' The mltial eqUlllbnum IS denoted as (Po, Qo) while the post

research eqUlltbnum IS (PI, Ql)

P

s s

Po \---------~

PI t---~~~~~_7""::--__I--"K

F I----~

G!-----
o

a
Q
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Figure 1 Effects of technological change on the supply ruTIle

The change in the Marshalltan consumer surplus (ilCS) IS the area PIPoBC This IS given by

ilCS =JPa
D(P)dP

P,

where D(P) denotes the demand function The initial producer surplus IS given by the

difference between total revenue (area OPoBQo) and vanable cost (the area below the supply

curve between a and Qo) The new producer surplus IS the difference between the new



total revenue (area OPlCQl) and the new vanable cost (the area below the new supply curve

between 0 and Ql) The change m the producer surplus (APS) IS the difference between

the new and the mltlal producer surpluses Formally, the change m the producer surplus IS
given by

where S(Q) denotes the pre research mverse supply functIOn and S'(Q) IS the post research

mverse supply functIOn The change m total economic surplus (ATS) IS the sum of the

changes m producer and consumer surplus (the shaded area GFBC) Thus

/).TS = fPo
D(P)dP+ ~QI - rQ1

S'(Q)dQ- PoQo + rQo S(Q)dQ
~ Jo Jo

To apply this method empmcally, the forms of the supply and demand functIOns have to be

speCIfied A fairly flexible functional form that IS Widely used for estimatIOn of supply and

demand IS the constant elasticity (CE) speCIfication An mverse supply functIOn of the CE

type IS wntten as

P=aQI/E

where P and Q are pnce and quantity, respectively, E measures the elasticity of supply, and a
IS a constant supply shifter The flexibility of thIs functIOnal form stems from the fact that It

IS generated by any productIOn functIOn that IS homogenous of any degree It IS also

attractive for estimatIOn because a 10ganthmIC transformation makes It lmear and hence

amenable to estimatIOn by ordmary least squares

The establishment of a fodder bank enhances productiVIty and hence reduces the per umt

cost of production The after-establishment supply curve can be wntten as

P =a(l- k)Q"E

where k measures the pivotal shift m supply and IS related to the productiVity change, h,
accordmg to the formula

k =1- (1 + h)-(I+E)/E

The way m which we estimate changes m productiVIty as a result of fodder bank
establishment IS descnbed below Similarly, a CE demand function IS assumed

where YIS the pnce elasticity of demand

5



6

Pluggmg these functional forms In the above formulae, the changes m consumer surplus,
producer surplus, and economIc surplus are obtamed

J1.CS = _1_ poQo [l- (-P. /~)I-"(]
1-"(

MS =~QI - PoQo +_t- PoQo [1- (l-k)(QI / Qo)(I+£)/£]
l+t

J1.TS = J1.CS +APS

The new equtltbnum pnce and quantity are related to the mltlal equtltbnum accordmg to

p. - P (1- k)£ I(£+y)
1- 0

Ql = Qo(1- k)~/(£+y)



4 Data and sources
To calculate the socIal benefIts of fodder bank adoptIon usmg the economIC surplus method,

It IS necessary to estImate the parameters of the supply and demand curves for the vanous

products benefltmg from the establIshment and use of a fodder bank ThIS mcludes estimatIng
elastICItieS of supply and demand and the rates of shIfts In the supply functions of mIlk, meat,
maIze gram and residue, millet gram and resIdue and sorghum gram and residue In the
absence of specIfic data we have to rely on the lIterature to obtam such estimates In addltton,

we reqUIre data on the number of fodder banks establIshed In each year, the pnces of all these
products and the research costs mvolved

The follOWIng data were obtamed from a survey m the countries m West Afnca where

fodder banks were mtroduced and adopted

1 The number of fodder banks establIshed each year m each country m each agro

ecologICal zone

2 Data on pnces of maIze, sorghum, mIllet, milk and meat In each year In the areas where

fodder banks were adopted and data on the pnces of maIze, sorghum and mIllet

resIdues

To calculate the rates of shift m the supply functIons, the change In the level of

productIOn per hectare IS estimated ThiS number IS then multIplIed by the total number of

hectares of each product InSIde the fodder bank In each year The result IS then compared

With the total productIOn of the country m each year to obtam the percentage change m the

level of production attrIbuted to the establIshment of fodder banks

Estimating benefits

Milk yIeld

TarawalI and von Kaufmann (1987) reported that lactation yIelds m NIgerIa were 300 kg WIthout

supplement and 312 kg With supplement (an mcrease of 12 kg or 4%) Otchere (1986) estimated

the total amount of mIlk taken from dams supplemented WIth a fodder bank m Nlgena to be 9 6

IItres (9 3%) more than that from the control group (113 2 and 103 6 lItres, respectIvely)

Because the recommended management of a fodder bank consIsts of graZIng 5 lactatmg

cows per hectare, the total mcrease m mIlk Yield as a result of fodder bank supplementation

IS 5 x 9 6 = 48 lItres/ha per year This excludes the mIlk consumed by calves, whIch IS

about 24 lItres more WIth fodder bank supplementatIOn If thIS IS mcluded, total mIlk yIeld
mcreases to 169 IItres/ha per year In thiS study we use Otchere's (1986) estImates because

those of Tarawalt and von Kaufmann (1987) are less conservatIve and less comprehenSive m
the sense that they dId not mclude mIlk consumed by calves
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Weight gam or reduced body weight loss

Tarawah and von Kaufmann (1987) reported weIght gams of animals at one year as 98 kg

wIthout supplement and 103 kg wIth supplement (an Increase of 5%) Bayer (1986) compared

weIght losses of a control group to a herd grazing a fodder bank He found that by the end of

the dry season, the two groups dIffered by 20 kg/head and thIs dIfference was statIstically

SIgnificant at the 5% level If we use Bayer's estimates, we arnve at an Increase of live weIght

of 100 kg/ha as a result of fodder bank estabhshment and use Fodder banks are also used

for feedmg tractIOn animals and supplementmg small ruminants For example, Ikwuegbu et

al (1994) showed that West Afncan Dwarf goats on Stylosanthes based pastures gamed 1 kg

more weIght dunng the wet season than those on fallows (at 4 does per ha) Because of lack

of data on number of tractIon animals and goats and other key productIOn parameters, we

restrict our analYSIS to benefits outlmed In thIS section only We recogmse, however, that

there IS strong eVIdence that the use of 'mlm' fodder banks for feed supplementatIOn has

substantial potentIal for Improvmg the growth performance of goats In the subhumld zone

(e g see Ikwuegbu et al 1995)

Calvmg rate and calf surVIVal

Tarawalt and von Kaufmann (1987) reported calVIng percentages of 54% WIthout supplement

and 58% WIth a fodder bank supplement (an Increase of 8%) They also reported an Increase of
20% In calf SUrVIval for animals on fodder bank supplement (72% WIthout supplement vs 86%

WIth supplement)

Cow surVival

Tarawah and von Kaufmann (1987) reported 92% cow survIval WIthout and 96% WIth

supplement (an mcrease of 4%) To convert the benefits from mcreased calvmg rate and

reduced mortaltty rates mto mIlk and meat, we used the ILeA Herd Model (von

Kaufmann et al 1990) The model uses data on herd structure and offtake rates and

SImulates the dynamICs of a herd over a penod of 10 years usmg two scenarIOs one WIth

the calvmg and mortaltty rates WIthout a supplement and the other WIth a supplement A

summary of mput data IS shown In Table 1, taken from survey data from 1984 m Kaduna,

Nlgena (R von Kaufmann, ILRI, personal communication) The results of the model

run showed that the mcrease m calvmg rate and reductIon m mortality rates as a result of

supplementation translate mto 4 kg of ltve weIght per hectare and 12 6 kg of mIlk per

hectare



Table 1 ILCA herd model mput and output data

Herd Live weights
Age class structure (kg)

Slaughter offtake
(%)

Breedmg offtake
(%)

A Base herd structure, hve weights and offtake rates
Females 1 year 4 0 51 0
Females 2 years 3 7 750
Females 3 years 33 1120
Females 4 years 30 2120
Females 5 years 4 0 260 0
Females >5 years 166 2600
Males 1 year 3 9 53 0
Males 2 years 3 5 79 0
Males 3 years 3 2 140 0
Males 4 years 2 1 220 0
Males 5 years 2 2 240 0
Males >5 years 02 2600
Total 497

10
10
10
10
50
50
20
30
60

260
510
750

00
00
00
00
00
00
00
00
00
00
00
00

results of 100year non steady state Simulations
Impact of fodder bank supplement

('With' minus 'Without')

B Female production data and mortahty rates
Without fodder bank With fodder bank
supplement supplement

5380% 5810%
60 months 60 months

244 htres 244 htres
270 days 270 days

50 ha 50 ha
2920% 13 70%

780% 400%
780% 400%

C Live weight and milk offtakes

CalVing rate
Age at 1st calVing
lactation offtake
lactation length
Grazing area
Cattle 0-1 years mortahty
Cattle 1-2 years mortahty
Cattle 2 years of mortahty

Mean annual carcass offtake rate (kg/ha)
Mean annual milk offtake rate (htres/ha)

41
126

Crop Yields

Tarawah (1991) estimated that 45 kg of nitrogen per hectare IS transferred from the

Srylosanthes legume to the maize crop Srylosanthes also Improves the phYSical properties of
the SOlI through increasing the orgamc matter content, resulting In lower bulk denSity and
higher Inflltratton rates and fteld mOisture capacity As a result, crops grown on fodder
banks or expenment stattons commonly produce higher Yields than those cultivated outSide
fodder banks Tarawalt and Mohamed Saleem (1994) have shown that once a productive
Srylosanthes pasture IS estabhshed, It can subsequently be cropped for at least two years and
revert to a Similar Srylosanthes pasture Without requmng re seeding We Will assume that all

countries under study adhere to thiS system of rotation ThiS means that for each hectare of

fodder bank In the analYSIS that follows, 0 75 ha IS used for Srylosanthes legumes and 0 25 ha

IS used for crop productIOn We further assume that the 1 ha IS allocated to the production

of each of the three crops accordIng to the share of land that each occupies nationally

9



Estimates of Increases In crop yield as a result of fodder bank establtshment vaned
considerably from one study to another However, benefits to crops were confirmed at
vanous sites and across agro ecological zones, With effects on Yields lastIng up to two
years (Mohamed Saleem 1994) Fodder bank management practices had a strong
Influence on yields of subsequent crops

The Increase m Yields of maize gram as a result of fodder banks located m northern

Nlgena (Hassane 1995) are shown In Table 2 In thIS study, no sIgmfIcant effects were

found on sorghum yIelds Tarawali and von Kaufmann (1987) also found posItIve effects of

fodder banks on maIze gram yield The average maize gram yield mSIde and outsIde a

fodder bank was 4659 and 2545 kg/ha, respectively, Implymg a productIVIty effect of 2114

kg/ha (83%) Tarawalt (1991) found average maize gram yIelds of 820 kg/ha outsIde fodder
banks and 1720 kg/ha mSIde fodder banks, an mcrease of 900 kg/ha (109 8%) m yield
Table 3 shows pos1t1ve effects on gram and reSidue Yields for three cereals m subhumid
Nlgena (data from Ikwuegbu et al 1994)

Table 2 Matze gram YleldJ (kg/ha) under different management In two zones of Nlgena

(C) (CHA)
Fodder bank With fertlltser

Adjacent natural
fallow with
femlt~er

(A)
Zone

Subhuffild 633
Seffiland 327

Source Hassane (1995)

Fodder
bank
(B)

739
413

(BHA)
- - kg/ha--

106
86

2700
611

2067
284

Table 3 Gram and residue yleldJ In subhumld Nlgena

Product
Gram

PrevIOus Stylosanthes
pasture

Old fallow
Difference

ReSidue
PrevIous Stylosanthes
pasture

Old fallow
DIfference

Source lkwuegbu et al (1994)

Maize
(kg/ha)
2245

1654
591 (+36%)
3330

3100
230 (+7%)

S~hUffi
(k hal
1533

1476
57 (+4%)
4780

4550
230 (+5%)

Mtllet
(kg/ha)
724

475
249 (+52%)
3660

3340
320 (+lO%)
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The estimates of Ikwuegbu et al (1994) of the productiVity effects of fodder banks on
sorghum gram yield are consistent With those of Mohamed Saleem et al (1986) We use
these m our analyses, as well as those for millet However, the estimates of the productiVity
effects on maize gram Yields are on the low SIde when compared With those of Tarawah and
von Kaufmann (1987), Tarawalt (1991) and Hassane (1995) For thiS study we use the mean
of the productiVity effects on maize gram yield of the four studIes (1418 kg/ha) We
calculate the productiVity effects on reSidue yield m the same way



Residue yield

Fodder banks can have significant effects on malze stover ytelds Tarawah and Kaufmann

(1987) reported average maize residue Yields of 7 4 t DM/ha mSlde the fodder bank

compared Wlth 4 3 t DM/ha outsIde, a dIfference of 3 1 t DM/ha (75%) However,
Mohamed Saleem et al (1986) showed the effects on fodder yield of sorghum to be less than
those on sorghum gram yteld For sorghum and mIllet reSidue we use the results of
Ikwuegbu et al (1994) and we take the average of the difference reported m Tarawah and
Kaufmann (1987) and Ikwuegbu et al (1994) m order to obtam the productIVity effect on
maize reSidue yteld

Improved SOlI structure makes tillage easler, and could be expected to have an impact m
terms of reducmg farm work Such benefits are not mcluded m thiS analYSIS because we do
not have ready estimates of the reduced number of hours from eaSier tillage The

productiVity effects used m the analYSiS are summansed m Table 4

Table 4 Productll!1ty effects used In the analySIS

Product Producnvlty effect
Milk (htres/ha)l 182
Live weight (kg/ha)l 104
MaIZe gram (kg/ha) 1,418
Sorghum gram (kg/ha) 57
Millet gram (kg/ha) 249
Maize residue and herbage (kg/ha) 1,679
Sorghum reSidue and herbage (kg/ha) 230
Millet reSidue and herbage (kg/ha) 320

1 MIlk and hvewelght estnnates mclude the values obtamed from the herd modelcalculations oudmed mthe text (and seeTable I)

Because there are no pubhshed data on crop reSidues, we need to estimate their basehne
productiOn levels m the absence of fodder banks From the studies Cited above, reSidue and
herbage Yields of maize, sorghum and millet, when sown on fallow land, are 3685, 4550 and
3340 kg/ha, respecttvely Multiplymg these by the areas under crop production gIves us the
baselme levels of productiOn that are used m thiS analysiS

Fertlhser saved

Tarawah (1991) estimated that maize planted outside the fodder bank reqUlred 45 kg/ha of
nitrogen to produce the same yIeld as that of maIze on unfertihsed plots withm the legumes
pastures ThiS effect IS mcluded m the hIgher crop yields used m the analySiS below
However, usmg less fertihser, apart from Its pOSSIble posltlve enVironmental effects, saves
foreign exchange (smce It is imported) which IS m short supply m most ofWest African
countries The total amount of fertthser saved, and hence the foreign exchange saved m
each year as a result of fodder banks, are hkely to be substantIal
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Elasticities of supply and demand
Estimates of elasticities of supply and demand for Nlgena were obtamed from Smgh and
Subramaman (1986) The elasticitIes of demand for mIllet and sorghum are 0 08 and 0 05,
respectlvely The respective estimates for the elastlcltles of supply for these two

commodities are 0 25 and 0 3
An ACIAR (Australtan Centre for InternatIOnal Agncultural Research) database (G

Lubulwa, ACIAR, personal commumcatlOn) reports the same elastlcltles of supply and
demand for sheep and goat meat for several countries of West Afnca These are 1 76

(supply) and -1 0 (demand), respectively In the absence of a better alternative we use the
estimate of the pnce elasticity of supply of meat 10 this study Tambl (1996) estimated the
elasticIty of demand for meat 10 Cameroon at 1 8 This estlmate was used 10 our study The

ERS/USDA (Economic Research Servlce/Umted States Department of Agnculture)

database (G Lubulwa, ACIAR, personal commumcatlOn) gives elast1CltleS of supply and

demand for milk 10 sub-Saharan Afnca as 0 7 and -0 5, respectively
Delgado and Reardon (1991) estimated demand elastiCities for gram (sorghum, millet

and maize) from aggregate data 10 Malt, Senegal and Burkma Faso at -0 07, -0 II, -0 50,
respectively We take the estimates for Senegal to represent the elasticity of demand for
maIze for all West Afnca Jaeger (1986) estimated a Cobb-Douglas farm productIOn
functIOn for West Africa and arnved at an average rate of return to scale of 1 02, Implymg
an elastiCity of supply of 098 We assume that thiS IS an approximate measure of the
elastiCity of supply of maize The elastlcltles used 10 thiS study are summansed 10 Table 5
ElastiCities of supply and demand for crop reSidue are assumed to be the same as those for
grams

Table 5 ElastiCIties used In the analYSIS

ElastiCity

Supply

Demand

Milk

07

-05

Meat

176

-18

Maize

o 98

-011

Millet

025

-008

Sorghum

03

-005

Research costs

Research costs assOCiated With developmg and testmg of fodder banks were estimated from
annual summary expenditure budgets gomg back to 1975, when ILCA started operations
(G O'Donoghue, ILRI, personal commumcatlon) The total costs, With an overhead of

18%, of the West Afncan programmes from 1977 to 1997 are shown 10 Table 6, note that
total ILRI expenditures for Niger and Nlgena (1995-97) have been spltt arbltranly between
the two programmes for these years
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Table 6 Researchrosts (US$ 0005) ofILC'As (1975-94) and ILRls (1995-97) West Afnean research programmes

Costs
Semi-and Subhumld Subhumld HumId Overhead Total attnbuted

to fodderYear NIger Malt Nlgena Nlgena (18%) costs bank research l

1978 0 300 0 0 54 354 18
1979 0 345 0 0 62 407 20
1980 0 345 0 0 62 407 20
1981 0 345 9 0 64 418 22
1982 0 349 169 249 138 905 195
1983 79 838 795 1062 499 3273 863
1984 106 781 1,066 857 506 3,316 1 103
1985 102 728 749 812 430 2,821 798
1986 125 941 735 693 449 2,943 790
1987 125 997 498 451 373 2444 556
1988 183 973 611 497 408 2672 664
1989 405 924 606 696 474 3,105 668
1990 529 1016 776 579 522 3422 827
1991 565 819 686 528 468 3,066 241
1992 683 668 768 554 481 3,154 253
1993 707 411 571 498 394 2581 188
1994 622 0 498 368 268 1,756 0
1995 700 0 700 0 252 1,652 0
1996 700 0 744 0 260 1704 0
1997 600 0 552 0 207 1,359 0
Total 6,231 10,780 10,533 7,844 6,370 41,758 7,226
1 See text for derails of calculation

The proportIon of these research costs that had been expended on fodder bank research

were esnmated as follows (obtaIned from a consensus of personal commumcatIOns from G
TarawalI, J Smith, M A Mohamed Saleem and R von Kaufmann, ILRI)
• 80% of the budget for subhumld Nlgena was spent on fodder bank research for the years

1982 to 1990, whIle 20% was spent In 1981, 1991 and 1992, we assumed that 10% of
the research costs for the years 1978 to 1980 were related to fodder bank actIVItIes

• none of the work In NIger dunng these years was assocIated dIrectly wIth fodder banks

• a small proportion of the budget (5%) In MalI and humid Nlgena was spent on fodder
bank research dunng these years

• 1993 was the last year of any direct expenditures on fodder bank research
These propornons are applIed to the expenditures In Table 6 to give, In the last column,

the research costs used In the analYSIS that are directly attnbutable to fodder bank actlvltles,
totallIng some US$ 7 2 ffillhon In the analyses presented In Chapter 6, research costs of
ILRI's partners and other Institutions are not taken into account

Costs of estabhshmg fodder banks

Fodder banks can reqmre substannal capItal Investlnent to establIsh, dependIng on how thlS 18

done, and the analyslS needs to take account of these costs For thIS analyslS, all cost changes are
embedded In the supply functIon It IS assumed that the techmcal change of fodder banks

13



IS neutral, 10 the sense that It does not affect the way that mputs are mIXed 10 production
and that techmcal change does not affect mput prices The costs of the techmcal change,
however, mclude the research costs, to which we add the costs of establishmg fodder banks

From the work done on adoptIOn rates and patterns (Chapter 5), It IS clear that
establishment costs vary WIdely throughout the regIOn, depend109 on the materials used for
fencmg off the fodder bank and the source of labour used Otsyma et al (1987) estimated
the capital costs of establishment of a 4 ha fodder bank With metal posts and stramers 10

NIgeria to be In the regIOn of US$ 145/ha, WIth an annual recurrent maintenance cost of

about US$ 21/ha, In 1987 prices G Tarawah (ILRI, personal communIcation) reported

some establIshment costs much hIgher than these levels, SItuatIOns where fodder banks have

been established WIth mmImal mput costs usmg local fencmg materials and household

labour, and other sItuatIOns where the legume IS SImply undersown With no fencmg at all

In the absence of detaIled country and system level data, a smgle establIshment cost of US$

150/ha IS used, whIch IS taken to represent a weIghted average of establIshment costs 10 the

regIOn, With a small amount of mamtenance be109 charged (US$ 20/ha) 10 subsequent
years

Commodity prices, exchange rates, and national production
figures
Some costs and prices for the commodities of mterest (maIze, sorghum, mIllet gram and

reSIdue, mIlk and meat) were collected by country for the years 1977 to 1997 In some

countrIes these were broken down by agro-ecologIcal zone These commodIty pnces were

converted to US dollar eqUIvalents us10g exchange rates extracted from appropnate Issues of
the Umted NatIons StatIStics Department's Monthly Bulletm of Statistics Many countrIes
10 West Afnca have gone through substantial economIc upheaval over the last 20 years,
WIth occasIOnal wIld fluctuatIons 10 product prices 10 both local currency and, once

converted us10g local exchange rates, dollar eqUIvalents To complement the prices

obtamed so far, we are stIll search10g for prices for some countrIes for some commodIties
for the years 10 questIon Where we have adequate price mformatlon for a c;ountry, we use

thIS In the analyses, where price informatIOn IS Incomplete, we use prtces collected for

Ghana for 1977 to 1997 for all commodItIes (including crop reSIdues), expressed In US

dollars (see AppendIX 2)

As noted above, pnces for commodities were collected for countrIes where thIs
1Oformatlon IS available EstImated costs of cereal reSIdues are rare because, until recently,
these feed resources were free 10 most countnes UnlIke cereal reSidues, gram legume
reSidues fetch higher prices than their grams 10 semi and areas, espeCIally 10 the peak dry
season For mstance, 10 Kano, farmers are adoptmg cowpea for dry season cultIvatIOn 10

IrrIgated areas Fodder IS sold after gram harvest 10 Situ, I e ammals enter the fIeld upon

14



payment of about N 500 (about US$ 6 In late 1997) per OSha Uptake of thls practice has
Increased from 1 farmer In 1993 to 1500 In 1997

TIme serIes data of national production of malze, sorghum, mIllet and cattle meat and

mIlk were downloaded from the FAOSTAT database and supplemented wIth the
appropnate Issues of the FAO Production Yearbook All these data are shown In Appendlx
3 In terms of total production, hectares planted, ammal numbers and average productlOn
per hectare or per ammal for the 17 countnes of West Afnca for the years 1977 to 1997
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5 Adoption rates and patterns
Adoption of fodder bank and legume technology has been addressed for various regions 10

particular countries by a vartety of authors such as Tarawalt and von Kaufmann (1987) and
AJlleye et al (1994) Accordmg to Mohamed Saleem and von Kaufmann (1995), the total
number of fodder banks 10 the regIOn 10 1990 was 530 Between 1987 and 1991, a total of
637 fodder banks were establtshed under farmer managed supervised loans of the World

Bank Second Livestock Development Project (A]lleye et al 1994) What was miss109 was a
comprehensive effort to gather data from extension and government sources for all the
countrtes of West Africa m which slgntftcant plantmgs oflegume forages have taken place
This work was carned out by G Tarawalt from March to August 1997, and thiS chapter
summarises fmdmgs by country A map showmg the countries of the regIOn appears as
Figure 2

FIgure 2 Countrles and ellmane zones of West Afnea

Benin
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In Benm farmers are adoptmg Srylosanthes spp, Centrosema, PueraTla and Mucuna for sOil
Improvement, fodder and as cover crops Other species such as Aeschynomene hlStTlX have
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been tested on station and are now ready to be taken to farmers for adoption through the

extensIOn service In the north of Benin, fodder banks varying between 0 5 and 2 0 ha are

used mainly for feeding traction animals and those that are too weak or sick to graze In the
2south, farmers are gl\,en Stylosanthes seed to plant at lOO-200/m They are expected to

multiply these seeds and expand their fodder banks with time ThiS scheme, v.hlCh started

In 1988, has attracted about 10,000 farmers and covers 1500 ha ofland With thiS type of

system, no credit faCllltles were required to promote the technology SInce the capital
requirement IS very low FenCIng IS done USIng local matenals and famIly labour IS proVided

for thiS operation Mucuna, one of the herbaceous legumes promoted by the non

governmental organisatIOn (NGO) Sasakawa Global 2000 In the West Afncan region for

sOlllmprmement and controllIng noxIOus weeds such as Imperata cylmdrIca, raised the

Interest of 10,000 farmers (l000 ha) between 1988 and 1996 The legume IS usually

planted as a short fallow crop In exhausted farmlands and In areas Infested by Imperata

After a season s growth, the Mucuna suppresses the weed and ennches the soIl With nitrogen

and organic matter, thereby making the land SUitable for crop production The foliage and

pods are JudiCiously used as ll\,estock feed These 1000 ha of Mucuna are excluded from the

analYSIS, as there was no direct ILRI Involvement In thiS activity

Burkma Faso

In the subhumld zone 30 to 900 fodder banks (45-1350 ha) were established between 1985
1nd 1989 D1ta on the evolution of fodder banks from 1985 to 1989 v.ere not available,

nor W1S there information from 1989 onwards The number of adopters should be greater

than 1000 by 1997, because ORSTOM (Office de la recherche sClentIfIque et technique

Outre Mer) and other institutIOns such as CIRDES/EMVf (Centre international de

recherche-de\eloppement sur l'ek\age en zone subhumlde/Elevage et medecIne veterlnalre

des pays troplcaux) are currently promotIng the use of herbaceous legumes as Improved

hllows 1nd lI\estock feed The forages used are mostly Stylosanthes, DesmodlUm, Centrosema

Pamcum and Brachwna They are usually Incorporated In the farming system either as sole

crops or as Intercrops for fodder and reactivating degraded land, some ha\e also been tested

In upland and lowland nce based systems

Cameroon

In Cameroon the highest adoption of Improved forages In the farmIng system IS In the humid
zone where HPI (Helfer Project InternatIOnal) IS promotIng thiS technology to farmers for
dairyIng, sOIl Improvement and seed production There was an Increase In adoption from 10
farmers on 5 ha In 1986 to over 2000 farmers coverIng 420 ha of land In 1997 Forage

adoption has not been as successful In the northern subhumld and semi and zones of
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Cameroon, where fodder bank adopters mcreased from 1 m 1979 to about 12 m 1989
The huge difference m adoptIOn between the ecoreglOnal zones IS attnbutable to an NGO
that IS promotmg the adoptlon of forages m the humid zone, m the subhumld and semi
and zones thiS role IS played by natIOnal agncultural research systems (NARS) which have
ltmlted resources In the humId zone of Cameroon, herbaceous legumes such as Desmodlum,
Lablab and Stylosanthes can take 2 to 3 years before re-estabhshment

Chad
In Chad, pasture development programmes WIth farmers started m the 1980s WIth fundmg

from the World Bank and the French government On farm/on statIon tests of grasses and

legumes consisting mamly of Panzcum maXImum, Cenchrus czlzans, Chlons gayana, Macroptllum

atropurpureum, M lathyrOldes, Clztona ternata, CaJanus caJan, Leucaena leucocephala, Lablab

purpureus, Stylosanthes hamata etc were conducted between 1987 and 1990 by the

Laboratotre de recherches vetennalre et zootechmque (LRVZ) The results obtained m 1987

prompted the establtshment of an extensIOn programme m 1988 ThIS aCtlVIty promoted

mamly Lablab purpureus, which proved to be the most adaptable amongst the candIdates

tested Eleven plots varying m size from 0 5 to 1 ha were established and thIS number

Increased to 54 m 1990 The herbage was used for dry season supplementation of cattle

especIally In the months of March, Apnl and May

Promotion of Lablab slowed down In 1991 because of poor follow up by a weak

extensIOn servIce ThIS resulted m the whole extenSIon system m Chad bemg restructured

between 1992 and 1993, leadmg to the emergence of a new body called DirectIOn de

l'orgamzation pastorale (DOP) WIth thIS new Image, promotIOn of forages such as Lablab,

Mucuna, cowpea etc was reactivated m 1994 About 900 active aSSOCIatIons and groups have

been formed WIth the assIstance of DOP, whose pnmary role IS to proVIde facllttles

(mcludmg forage productIOn) to ltvestock keepers

In addition to mtroducmg Improved matenals, DOP IS also encouragmg agropastoraltsts

to establtsh and protect natural pastures espeCIally m dner areas m a programme called

'Penmetre pastoral pIlote' (PPP) The concept here IS that huge areas of rangelands are

demarcated With local trees such as AcaCia and the vegetatIOn withm thiS penmeter IS
dIVided mto paddocks to facIlttate controlled rotatIOnal grazmg These communal paddocks
are explOIted by both sedentary and transhumant cattle thereby helpmg to solve the
problem of competitIOn for feed resources that used to eXIst between the two groups In the

late dry season, when the pasture IS nearly exhausted, the transhumants move theIr ammals

to wetter areas whIle the remammg herbage IS adequate to see the nelghbounng sedentary

herds through to the ramy season Four sites have been developed In the Massaguet, Darql,

N'gora and Doball regIOns With 5600, 6500, 6200 and 6000 ha, respectlvely ThIS strategy

could be Improved by including adaptable exotIC legumes In the mIXtures
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ILCA/ILRI contrIbuted some of the matenals tested m Chad There were also many

ILCA/ILRI publIcatIOns m the LRYZ lIbrary, mcludmg a copy of the 1993 research

protocols, slgmfymg that there was some posItive mteractlOn between ILCA/ILRI and the

NARS m Chad One of the consultants (Dr Lassme Dtarra) employed by the World Bank
to assIst m orgamsmg the pasture development programme m Chad IS an ex ILCA/MalI
staff member The establIshment of fodder banks recommended to the GTZ (Deutsche
Gessellschaft fur Techmsche Zusammenarbelt) project In Abeche by another World Bank
consultant, Dr Boubakarr Hassane (former ILCA research student), IS yet to start
Collaborators from LRYZ and DOP m Chad made a request for more germplasm and
support for the forage seed multiplicatIOn unit whlCh IS currently addressmg the seed
demands of farmers and NGOs (mamly Lablab, Ca}anus ca}an, Stylosanthes, Andropogon etc)
TraInmg In all aspects of pasture development IS also one of their needs

Cote d'ivoire

Fodder banks consistIng of Stylosanthes grown m associatIOn With other cover crops such as
Andropogon gayanus, MacroptlllUm atropurpureum and Pamcum maXlmum were Introduced to
agropastorallsts at several sItes In north and central Cote d'IvOlre startIng m 1985, when an
estimated 42 adopters participated m the programme The active penod of thiS work m the
north was from 1985 to 1989 but adoptIOn came to a standstill from 1990 followmg the
closure of SODEPRA (Societe de developpement des productIOns ammales), Cote
d'IvOlre's national extensIOn agency A GTZ-sponsored ecofarm project which operated
maInly In central Cote d'IvOlre Increased the number of adopters by 8 m 1989 Fodder

banks m Cote d'IvOlre were reactivated after the formatIOn of ANADER (Agence natlonale

d'appUl au developpement rural) m 1995, the extensIOn agency which replaced SODEPRA
ANADER IS now workmg closely With GTZ to establish 56 Stylosanthes based fodder banks
00 ha each) by 1998 Observations made durmg field VISIts showed that a good stand of
Stylosanthes In the ecofarm fodder banks succeeded m suppressmg the persistent weed
Imperata m the same way Mucuna does m Benm

The total cost of an ecofarm that mcludes 10 ha of Stylosanthes based pasture, 10
crossbred cows (plus a shed), fenCIng made up of Gmehna and barbed WIre, and a house for

the farmer, IS about 10 mIllIon CFA (about US$ 18,000 m late 1997) In thIS system, the

farmer proVides the land and all the faCilIties are proVided on a loan recovery baSIS There IS
no direct mtegratlon of croppmg mto the fodder bank system amongst most of the farmers
but the concept IS bemg developed m a feaSIbIlity study whIch recommends the
IntroductIOn of a cereal such as maize Into a well managed Stylosanthes guzanenslS fallow after

only one year of establIshment of the legume
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The Gambia

The VISit was targetted at the InternatIOnal Trypanotolerance Centre (ITC), Development
Livestock Services (DLS) and the National Agncultural Research Institute (NARI) DLS

and ITC have been establishmg feed gardens conslstmg of Penmsetum purpureum, Leucaena

and G1IrICldza at both on station and Village levels smce 1993 These matenals are tnmmed,
dned and fed m the form of hay mamly to small rummants

Currently, The Gambia IS beneflttmg from a grant offered by the IslamiC Development
Bank of Saudi ArabIa to establtsh 1000 ha of Improved pastures m 15 Villages Hopefully,
about 1000 farmers will benefit from thiS generosity The fodder banks m thiS scheme
consist of Andropogon, Cenchrus ctlzans, Stylosanthes hamata, Centrosema pascuorum,

Chaemacnsta rotundzfolza etc sown m StriPS NARI IS also evaluatmg herbaceous legumes on

station for adaptation With the hope of mtroducmg promlsmg candidates to farmers m nce

based systems
ITC IS keen on pasture development and has even recrUIted a forage agronomist Plans

for the Immediate future mclude the development of year round feedmg strategIes for

crossbred cows and small rummants The centre IS solicltlng mter mstltutlOnal collaboration

With ILRI/IITA on feed resources The DIrector General ofITC suggested developmg a

Jomt proposal for fundmg

Ghana

Forages were mtroduced m the humid and subhumld zones of Ghana as early as 1977,
largely on mstltutlonal farms In 1977, 10 organIsations (250 ha) were practlsmg the

concept m the humid zone and 22 (660 ha) m the subhumld zone (these early adopters
were omitted from subsequent analYSIS as ILCA's work had barely started then) There was a

general mcrease m the adoption rate m all zones by 1997 In order to promote their
actiVities, the AnImal ProductIOn Department m collaboration With the World Bank

Imported about 2000 kg of Stylosanthes seeds from Australia m 1993, and thiS germplasm

has been progressively distributed and multiplied, mamly to pen urban dairy farmers In
view of the usual recommendation to sow 10 kglha (the general recommendatIon for good

qualtty seed), thiS quantity of seed could cover 200 ha of land Assummg that the World
Bank IS adoptmg the 4-ha size fodder banks as m Nlgena, thiS could lead to another 50

potentIal adopters m Ghana One of the actlvltles of the AnImal ProductIOn Department IS
to Improve the natural range by mtroducmg Stylosanthes, m Tamale (northern Ghana) such

a system has succeeded m mtroducmg the legume on a 5 km radIUS The cost of

establishmg a fodder bank m Ghana, excludmg fencmg, IS m the range of US$ 200 to 300
In the humid zone, the forages are undersown m tree-crop plantatIOns On arable farms,

the legumes (mamly Centrosema, Lablab and Stylosanthes) are grown m rotatIon WIth maize

and need to be resown every 2 years The forages are fed to dairy cattle, traction anImals and
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small rummants Some seed productIon actIvIties are also practIsed In the slIghtly dner

subhumld zone, all three cereals (maize, sorghum and mIllet) are grown m rotation With a
wIde range of legumes (Stylosanthes, Lablab, Ca}anus ca}an, Centrosema and Macroptllzum

atropurpureum) Annual and bIennial legumes are replanted every 2 years whIle the

perennial legumes are renewed after 3 years The fodder banks and crop reSIdues are grazed
by cattle and small rummants

Guinea

Fodder banks were promoted m the Boke regIon m the subhumld zone of Gumea through
RABAOC (Reseau de recherche sur l'alImentatIOn du beta11 en AfrIque OCCIdentale et
centrale) m 1992, although m the mId 1980s some forage screenmg had been done on
station usmg seeds from Bouake (Cote d'ivOlre) and CSIRO (Commonwealth SCIentifIc and

IndustrIal Research Organisation. AustralIa) AdoptIOn of fodder banks has been
progressmg well m the subhumld zone of Gumea smce theIr mtroductIOn m 1992 from 1

(5 ha) m the fIrSt year to 82 m 1997 WIth a total area of 559 ha (the average SIze of each
fodder bank IS about 7 ha) These Improved pastures conSIst mamly of Pamcum maxmmum

Cl and Stylosanthes guranenm CIAT 184 The P maximum IS usually planted as a sole crop
(12 kglha) whIle the legume (4-7 kglha) IS mtroduced mto natural pastures WIthout

applying fertIlIser The strategy whICh was developed on station and recommended to all
smallholder farmers IS to Improve the natural range by mcorporatmg Stylosanthes or other

legummous speCIes, and to set aSide other areas of Improved pasture (fodder banks) for the

strategIC feedmg of SICk animals, sucklmg calves etc

The work at the Boke Centre IS also supported by a large seed multIplIcatIOn exercise

mvolvmg a WIde range of forages (Pamcum, Brachlana, Stylosanthes and Centrosema) A total

of 3 ha IS under seed productIOn WIth an output of 850 kg per year The average cost of

establIshmg fodder banks m Gumea usmg local fencmg matenals IS between US$ 300 and
400jha, most of which are labour costs IntroductlOn of a crop phase m rotation With the
Stylosanthes based pasture has not been fully developed, probably because of a lack of
awareness of the hIgh yield mcreases that could be denved from such a system

GUinea Bissau

In GUinea Bissau. three different bodies were found to promote the use of forages In
agropastoral systems The Holland-Bissau JOint prOject 'ProJet agro Silva-pastoral' (PASP)
has been Introducmg plots of Leucaena to Villagers smce 1996 In addItIon to testing speCIes
such as Stylosanthes, Ca)anus ca}an, Lablab etc for adaptabilIty and relative performance The

prOject started With 10 farmers m 1996, each acqumng a 50 m X 50 m plot. thiS number
Increased to 30 In 1997 Before these activItIes started, some accessions and gUIdance were
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received from sCientists m a Dutch sponsored prOject m Sikasso (MalI) which had mteracted
extensively with ILCA/ILRI over the years PASP plans to mtroduce Andropogon/Stylosanthes
mIXtures m forest areas m order to Improve the quahty of the natural pasture In mtenslvely
cultivated areas, PASP hopes to enhance the adoption of Lablab/malze Intercrop SCientists
m the prOject are lookmg for a small number of best bet forage material (with background
mformatlon) that could be transferred directly to farmers' fields

Fa Madmga, a Belgian sponsored prOject situated near Bafata, was boostmg small
rummant productIOn by encouragmg small scale farmers to establIsh fodder banks of

Andropogon, Hyparrhema, Leucaena and Stylosanthes These activities started m 1992 and by

1995 a total of 30 plots, each about 0 25 ha, was recorded

The Instltut natIOnal de recherche agncole (INRA) also Introduced fodder banks

of Andropogon for small ruminant productIOn amongst farmers In 1994 and the

number rose to 12 by 1996 but these activities ceased because of Withdrawal of funds
However, farmers continued to keep their fodder banks and even supplIed materials

to others
INRA also multiplIes seeds of Stylosanthes, Ca)anus ca)an, Sesbama etc A total of about 1

ha IS set aSide for seed production and thiS germplasm IS usually distributed to NGOs and
farmers Colleagues In GUinea Bissau requested more germplasm for diverSIfication and m

country training on pasture development and crop-lIvestock interactIOns

Mali
AdoptIOn of herbaceous legumes In the cropping systems In MalI started In 1977 With 10
(2 ha) farmers through an FAO/CMDT (Food and Agriculture OrgamzatlOn of the
Umted NatlOns/ Compagme malIenne pour Ie developpement des textiles) proJect, the
species promoted then were cowpea (VIgna ungUIculata), Dohchos and Slratro The
number of participating farmers rose to 951 (381 ha) In 1987, then to 1317 (648 ha) by
1991 and to 1421 (700 ha) In 1996 DUring 1989 and 1991, CMDTpromoted the use of

leguminOus crops such as Stylosanthes, Lablab and Pamcum amongst 280 farmers The cost
of estabhshlng a fodder bank In MalI depends on the species Stylosanthes-based pastures
cost about CFA 50,000 (about US$ 100)/ha while Lablab pastures cost about CFA 25,000
(about US$ 50)/ha Local matenals are commonly used for fenCing Farmers In MalI also

try to aVOid the need to fence fodder banks by growing Stylosanthes between crop fields
ThiS may have encouraged an Increase In uptake since fenCing has been a serious
deterrent to adoptIOn because of the high cost and labour demand After 2 or 3 years of
a leguminOus phase, the area IS cropped With a cereal such as maize, sorghum or millet
The forage IS commonly used to feed tractIOn and dairy ammals
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Mauritania
In Mauritania, the concept of explOItmg culttvated pastures for livestock production started

m 1989 accordmg to records and responses from key collaborators dunng mtensive

mterviews TraditiOnally, the local herds of cattle are fed from ramfall-dependent natural
pastures consIstmg mamly of Cenchrus However, over the years, the dimmIshmg amount
of ramfall (200 mm per annum) m thIS Sahelian country has caused cattle owners to
cultIvate ungated pastures along the RIver Senegal m the southern part of the country ThIS
effort is bemg promoted by both small and large-scale farmers through the formatiOn of co
operatIves To date, there are 39 livestock co-operatives m MauntanIa and each conSiSts of

about 100 partiCipants, meanmg that currently 3900 people are benefitmg from pasture

development programmes Each benefiCiary is expected to explOIt about 0 25 ha for hiS or

her herd Thus a total of 975 ha is bemg explOIted by co-operatives The government of

Sweden proVIded a grant of US$ 5 billion to support 108 co-operatives by 1998, but thIS

target IS far from bemg reached because of some implementatiOn problems

It IS the mverse relatiOnshIp between the growmg animal numbers and the diminIshmg

natural pasture that has forced co-operatives and research and development agenCIes to

explOIt cultivated pastures usually grown along the River Senegal For mstance, the National

Research Centre of Agronomy and Agricultural Development (CNRADA) based m Kalde

(south of MauntanIa, near the Senegal nver) has been testmg forages such as Panzcum
maXImum, Pennzsetum purpureum, Stylosanthes guranensls, Macroptylum lathyroides, cowpea,

sorghum, Lablab purpureus, Clitona ternata, CaJanus caJan etc on statiOn smce 1990

ExtenSiOn of the technology to farmers started m 1994 With about 5 partICIpants and thIS

number grew to about 30 m 1997 Each farmer was encouraged to grow about a25 ha of

forages consIstmg mamly of a cowpea/sorghum mtercrop and Lablab purpureus for feedmg

theIr animals

Because of a low animal population m MauntanIa, most of the livestock needs m the

country are bemg supplemented by larger herds from Mali Siml1arly, some of the research

staff m animal SCIence and other areas were tramed m Mali, where ILCNILRI had a

country programme Such mteractlons WIth ILCNILRI may have had a posIttve effect on
the feed resources programme m MauntanIa Even some of the germplasm was supplied by

ILCNILRI

TradItiOnally, cowpea IS the mam fodder crop m NIger, the world's thIrd hIghest producer

of thIS crop Cowpea is grown pnmanly for gram (human consumptIon) and the haulms

(animal feed) However, m areas south of Niamey where there is a hIgher denSIty of

livestock because of the RIver NIger, the legume IS grown mamly for fodder and It is

sometimes mtercropped WIth mIllet Smce 1990, INRAN (Instttut national de recherche

23



agronomlque du Niger), the natIOnal research mstltute, has developed an efficient structure
for dlstnbutmg cowpea germplasm directly to farmers and development orgamsatlons A

total of 5600 kg of cowpea seed IS bemg distributed each year It IS expected that every end

user beneftts from 1-3 kg (average 2 kg) of the gram This means that a total of 2800

farmers benefit each year and smce the recommended seed rate IS 15 kg/ha, an area of 373
ha IS cultivated annually Cowpea hay IS usually used as supplementary feed to range

grazmg, an area that IS excluded from the analYSIS as ILRI had no or very hmlted direct
mput to this activity

Other local species such as Commelma, Cenchrus, Alyslcarpus and Zorma are commonly
harvested from the range and stored or sold for feedmg, especially traction ammals and

donkeys
A reasonable number of prOjects m Niger are workmg With farmers to mtroduce pastures

and trees m degraded sods One such group IS DED (Deutsche Entwlcklung Dienst) a

German sponsored prOject which has been adoptmg participatory approaches smce 1990

Basically, the group encourages farmers to plant traditional and adaptable trees such as

Acacia and Ansnda and local grasses such as Penmsetum pedlcellatum and Cenchrus blflorus for
feedmg ammals, and for SOlI conservation and fuel The grasses are either grazed directly or
cut and carned as hay Farmers weed and protect more valuable species such as Alyslcarpus
m the same way Stylosanthes IS nurtured m fodder banks No fencmg IS reqUired by the
farmers and labour to mamtam trees or pastures IS provided free of charge by the farmers
themselves The farmers frequently collect seeds to expand to new areas and resow In

patches wlthm the eXlstmg ftelds Smce 1990, a total of 62 sites covenng an area of over
15,000 ha has been developed m Niger (thiS area IS omitted from the analYSIS, as these sites

mvolve mamly managed natural pasture)

Other prOjects workmg m slmtlar areas are Project Kelta (an FAO prOject sponsored by

Italy), the GTZ sponsored project 'ProJet protectIOn mtegree des ressources
agrosllvopastorales' (PASP), and the World Bank-Niger sponsored PRSM (Programme de

renforcement des services d'appUi a l'agnculture), but these development agencies have only
recently mtroduced hvestock components mto their activities

Nigeria

In NIgena fodder banks were bemg explOited for hvestock and crop productIOn m all the

agro-ecologlcal zones smce around 1982 By 1993 adoption was higher m the subhumld

zone (589 smallholder farmers on 2467 ha) and semi and zone (3539 farmers on 1220 ha)

than m the humid zone (38 adopters on 228 ha) Nationally, by 1997 a total of 4166
adopters and an area of 3915 ha were covered m Nigeria Until 1992, the promotion of
forages (fodder banks) m Nlgena was mamly under the superviSIOn and sponsorship of the

NatIOnal Livestock Projects DIVISIOn (NLPD) and the World Bank Under Nlgena's umfted
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extenSIon system, thIS responsIbIlity was transferred to the Agncultural Development
Project (ADP), whIch was basIcally an extensIon mechamsm for crops but currently

mcorporatmg a livestock component ThIS change-over of actIVitIes probably accounted for

the sharp declme m the rate of adoptIon between 1992 and 1997, but It IS anticIpated that

after thIS slack penod, adoptlOn rates wIll escalate agam The semI-and zone has the hIghest
number of adopters, whIle the subhumld zone has the larger area ThIS IS attnbuted to the
fact that the promotIon of the 4 ha fodder banks usmg mamly Stylosanthes m the subhumld
zone IS for cattle productlOn, while m the semI and zone, Lablab (one of the most adaptable
speCIes m the zone) IS estabhshed m smaller plots of less than 1 ha Withm the farm for both

SOlI Improvement and livestock feed
The speCies used m Nlgena m the fodder bank system mclude Stylosanthes, Lablab,

Centrosema and Pamcum The method of establishment ranges from sole croppmg m the
natural range to mtercroppmg and undersowmg The cost of fodder bank establishment m

selected states m Nlgena usmg wooden posts was aboutN 14,000 (some US$ 600) m 1994
In a typIcal 4 ha fodder bank m Nlgena, re-estabhshment of the legume is done usmg a 2- to
3 year crop-forage rotatlOn to aVOld mvaSlOn of Stylosanthes by fast groWing mtrophllous
grasses Integratmg croppmg mto the fodder bank system usually leads to a legume
dommant pasture and serves as a cheap way of renovatmg legummous pastures for both
labour and mputs Land preparatIon and weedmg usually meant for groWing crops could

benefit the legume, likeWise the phosphorus commonly applied to crops Bemg self seedmg,
no addltlonallabour IS reqUired for reSOWing nor IS any further purchase of Stylosanthes seed

necessary

Senegal
To alleViate the dry season feed constramt on hvestock, CIRAD (Centre de cooperatiOn

mternatlOnale en recherche agronomlque pour Ie developpement), ORSTOM and vanous
NGOs have been adVismg agropastorahsts to grow mamly Andropogon and Pamcum (0 25 ha

plots) and a hmlted quantIty of Stylosanthes for late dry season supplementation In

addltlon, the pastoralists are also encouraged to sow large areas of the forest WIth

Andropogon/Pamcum to Improve the natural range ThIS concept IS SImIlar to that used m
Gumea The number of fodder banks has mcreased to 31 (14 8 ha), and the effort to
promote the concept 1S contmumg Legummous crops such as Stylosanthes are not Widely
used m these agropastoral systems s1mply because seeds are not avaIlable The rate of
adoptIon IS also lImIted by lack of Pamcum seeds and Andropogon cuttmgs Seeds or cuttmgs
are supplIed free and no femlIser 1S applIed Fencmg IS done entIrely usmg local matenals
(bamboo) and almost all the costs of establishment are taken up by labour
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Sierra Leone

Basehne surveys are currently bemg conducted m Sierra Leone to understand the hvestock
productiOn systems with a view to promotmg research, whIch has remamed dormant for
several decades In the government's new agenda, forage research and development are a
pnonty, but testmg and extendmg forage mterventlons to farmers he mamly m plans for the
future m thIS country

Togo
ExplOltation oflegume based technologles started m the humid zone of Togo m 1983 wlth
23 adopters (40 ha), and the concept dlffused to the subhumld zone from 1984 onwards At
the last count m 1992, a total of 80 farmers (10 6 ha) had mcorporated forage legumes mto
thelt croppmg systems m the subhumld zone, whlle adoptlon m the humid zone had
stagnated at 28 The species explOIted m the humid zone are mamly Leucaena, GhTlCldla and
CaJanus caJan These shrubs are grown m assoclatiOn With maIze and part of the fohage IS
mcorporated mto the sOlI to lmprove sOli fertlhty, the other portlon IS used to feed small
rummants The stems provide firewood for the farmers ThiS technology could be related to
alley farmmg In the northern subhumld zone, Stylosanthes has been successfully mtroduced
amongst the smallholder farmers to alleViate nutrltlonal stress m traction ammals, especlally
m the dry season, and to Improve soll fertlhty The legume IS re-estabhshed every 2 years m

Togo Records on the further adoptlOn of forages beyond 1992 could not be accessed, but
the adoptlOn trend IS hkely to contmue or mcrease m Vlew of the growmg awareness of the
explOltatiOn of thIS concept m the region

Summary of the adoption data

In summary, the forage legume technology promoted ongmally by ILCA IS dlffusmg slowly
m the whole of West Afnca, mcludmg m countrles such as Senegal and Gumea, where
ILCA has had no dIrect mfluence (country adoption data are shown m cumulative form m
AppendIX 4) The natiOnal and mternatlonal orgamsatiOns mentioned m thiS chapter,
other than ILeA, ILRI and national agncultural research and extension systems, as bemg
mvolved wlth the development and dlssemmatlon of forage legume technology m the
reglon (the hst IS clearly not exhaustlve, but only mdlcatlve) are hsted m Table 7 The data
suggest that the fodder bank concept IS mcreasmgly bemg accepted as one optiOn for solVlng
the problems of hvestock nutrition and SOIl conservation The highest number of forages
were m Nlgena (4166), Cameroon (2200) and Mah (1421), whereas the largest areas were
recorded for Nlgena (3915 ha) and Burkma Faso (1380 ha) The large number of adopters

but small area m Cameroon reflects that only small areas of land were planted WIth the
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legume partly due to land shortage and intensive cultIvation, typICal of the humid zone

environment In Nigena, adopters explOIt larger areas of land mainly for forage production,

especIally In the subhumid and semi and zones where land avallablhty does not seem to be a

senous problem Adoption was lowest In The GambIa, Senegal and GUinea, largely because

forage production and adoption have only been recently Introduced In these countnes For
the whole of West Afnca, a total of about 27,000 smallholder farmers covenng an area of

about 19,000 ha were recorded (Figure 3) Most of the adoption IS concentrated In the
subhumld zone and uptake of forage technology In all three agro-ecological zones was only
readily apparent In Nigena and, to a lesser extent, In Cameroon In the Impact analYSIS a

number of hectares were omItted (descnbed above), notably In Benin, Ghana and NIger,

where ILRI was clearly not Involved In the uptake of these forages These hectares were also

omitted from the analySIS because the research costs and benefits assocIated With work

carned out by ILRI's partners and other institutIOns are not taken Into account The area

used In the Impact analySIS presented was thus Just under 16,500 ha
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Figure 3 Adoption patterns for fodder bank and legume forage technology In countnes of West Afnca
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Table 7 National and international orgamsatlons and prOjects mentioned In the text excepting national agncultural research
and extensIOn systems that have been Involved In development and delwery of forage legume technology In West Afnca

Organlsatlon or prOject

Centre de cooperatlon mternatlonale en recherche agronomlque pour Ie
developpement (CIRAD)

Centre mternatlOnal de recherche-developpement sur I'elevage en zone
subhumlde (CIRDES)

Commonwealth SClentlflC and Industrial Research Organlsatlon (CSIRO)

Deutsche Entwlcklung Dienst (DED)

Deutsche Gessellschaft fur Technlsche Zusammenarbelt (GTZ)

Development Livestock Services (DLS)

Dlrectlon de l'OrganizatlOn Pastorale (DOP)

Elevage et medecme vetermalre des pays troplcaux (EMVf)

Fa Madmga

Food and Agriculture Organlzatlon of the United Nations (FAO)

Helfer Project Internatlonal (HPI)

Internatlonal Centre for Tropical Agriculture (CIAD

International Trypanotolerance Centre UTC)

IslamiC Development Bank

Laboratolre de recherches veterlnalre et zootechnlque (LRVZ)

Office de la recherche sClentlflque et techmque Outre Mer (ORSTOM)

Programme de renforcement des servIces d appul aI'agrlculture (PRSAA)

ProJet agro-sl1vo pastoral (PASP)

Project Kelta (FAO Italy)

ProJet protectIOn mtegree des ressources agrosl1vopastorales (PASP)

Reseau de recherche sur I alimentatIOn du betal1 en Afrique OCCidentale et
centrale (RABAOC)

Sasakawa Global 2000

World Bank
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Country

Senegal

Burkma Faso

Gumea

NIger

Chad, Cote d'Ivolre, Niger

The Gambia

Chad

Burkma Faso

Gumea BISsau

Mali

Cameroon

Gumea

The Gambia

The GambIa

Chad

Burkma Faso, Senegal

Niger

Gumea Bissau

NIger

Niger

GUInea

Benm

Chad, Ghana, Niger, Nlgena



6 Application of the economic surplus
model to estimate impact
The prevIOUS chapters have specified a complete set of data with whICh to run an economic

surplus model With this, we can make an estimate of the producer and consumer surplus
ansmg from the adoptIOn of fodder bank technology m West Africa, and we can also estimate
the returns to the precedmg research mvestment There are four steps to the process
Step 1 For each of the eight commodities (milk, meat, maize gram, millet gram, sorghum

gram, maize residue, millet residue and sorghum residue), we calculate the productivity

Impacts on natIOnal production 10 each year of the analYSIS from 1977 to 1997 ansmg from

adoption of the appropnate number of hectares of fodder bank It IS assumed that once a

fodder bank IS established It IS not abandoned and hence does not revert to natural pasture

Step 2 For each commodity, given the percentage productiVity Impact on national

production as a result of fodder bank adoptIOn as calculated 10 step 1, we calculate the

changes 10 producer, consumer and total surplus m each year, usmg the equations m

Chapter 3 and the elastICIties m Table 5

Step 3 We then sum the surpluses for each commodity to give the total annual surpluses

ansmg from adoptIOn of fodder bank technology for the countnes conSidered

Step 4 Fmally, we take the total surplus for each year, subtract from It the appropnate

research costs (as 10 Table 6) and establishment costs, and discount the net benefit stream,

If appropnate, then calculate the net present value of that stream and the mternal rate of

return of the 'mvestment' 10 fodder bank research and development

Baseline analysis
For the standard baselme analYSIS, the productiVity Impacts are rather small, on a regIOnal

baSIS (as might be expected) Thus for the 15 countnes used m the analySIS, for maize gram,

an estimated 1400 t of the transnational maize gram productIOn m 1997 IS attnbutable to

fodder banks, or 0 012% of regIOnal productIOn Similarly for milk, an additional 2250 t IS

attributable to fodder banks, or 0 14% of regIOnal production, as IS an additional 1300 t of

meat, or 0 18% of regIOnal productIOn
Time senes data for producer, consumer and total surpluses for maize, meat and milk

are shown 10 Figure 4 Note that all of the producer surpluses, except for meat, are
negative, i e consumers are reaping most of the benefits that accrue to SOCiety through
cheaper commodities Meat is the exceptiOn, where both consumer and producer surpluses
are posltlve, thiS follows directly from the magnitude of the elastiCity of demand for meat
shown 10 Table 5 (also see AppendIX 1) The net benefit stream from 1977 to 1997 IS shown
In Figure 5 For this stream of benefits, the mternal rate of return was calculated to be
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1983 1985 1987 1989 1991 1993 1995 1997

38%, with total net benefits of about US$ 165 millIon arISIng from total research costs of
US$ 7 2 mJilIon Negative producer surpluses at the societal level contrast somewhat with
the fact that fodder banks are profitable at the Individual farm level, even after the small
commodity prIce reductIOns modelled In the analysIs (see Figure 1) The negative producer

surpluses are a direct consequence of the form of the supply and demand functIOns used
(the constant elasticity specIfIcatIOn, see Chapter 3) Other than USIng a different

specIfIcatIOn of the essentially unknown functIOnal form, It may be noted that the economic

surplus IS a static model, and that In the adoption process, early adopters may reap more

benefIts than later adopters before the new supply and demand eqUilIbrIum IS actually

reached
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Figure 4 Baselme fodder bank Impact analym Consumer surplus (CS) producer surplus (PS) and total surplus (TS) for three
commodities m countTle5 of West AfTlca
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FIgure 5 Baselme fodder bank Impact analysIs results

Sensitivity analysis
A number of senSitiVity analyses to mvestlgate the robustness of this estimate of Impact and

mvestment returns were carned out In particular, we looked at what effect different

numbers of adopters would have on the analYSIS We assumed that the number of hectares

reported as bemg under fodder banks was (1) overestimated by 20% and then (n)

underestimated by 20% (Table 8) A 20% mcrease m the number of adopted hectares

mcreases the mternal rate of return (IRR) by 15% and the total net benefits by 29%,

reducmg the number of adopters by 20% decreases the IRR by 12% and the total net

benefits by 29% While the results of the analySIS are clearly sensitive to the extent of

adoption, a WIde range of adoption leads to the conclUSIOn that mvestment m fodder bank

research has been profitable to date and In VIew of future adoption, WIll become even more so

The 20% changes made above were also applted to the productiVity estimates, and

resulted m very SImilar fIgures and the same conclUSions (because of the small percentage

changes m regIOnal productiVity, the calculated Impacts are close to lmear, whether applied

to the number of hectares of adoption or to the productiVity changes ansmg as a result of

adoption) Of course, It IS the case that all the data used m the analYSIS have uncertamty

attached to them, but adoption numbers and productiVity Impacts are particularly uncertam
A sensitivity analySIS was also carned out With respect to the elasticities of demand, for

which mformation IS certamly lackmg Increasmg the elasticities of demand for milk,

maize, millet and sorghum to 2 0 resulted m negligible changes m net present value, from

which we concluded that the results of the analYSIS are relatively msensltive to the values

used for the elasticities of demand
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Table 8 Summary of basetme analysIs and sens/tlllity analyses

20% Increase In 20% decrease In

Baseline analysIS
number of adopters number of adopters

(ha) (ha)
Internal rate of return (%) 38 53 26
Total net beneftts by 1997 1651 2128 11 76(US$ x 106

)

Consumer surplus, 1997 534 641 427(US$ x 106
)

Producer surplus 1997
-071 -086 -057(US$ x 106

)

Total economLC surplus, 1977 462 555 37(US$ x 106
)

Net gresent value In 1997 dollars 11 82 147 895(U $ x 106
)

Beneftt cost ratlo 33 36 293

Future adoption

The aggregate adoptIon CUIVes shown In FIgure 3 mask a great deal ofcounny by-counny

vanatlon (see AppendIX 4) However, the adoptIon lag IS consIderable ILRI had httle to do WIth

dIffuSIon In GUInea, Cameroon and Malt, but adoption started In 1992 In GUInea and In the

late 1970s In Malt (FIgure 6) A queStion ofsome Importance IS, what IS the ltkelyeqUlltbrIum

number of adopters of forage legumes In the regIon? There are no more research costs assocIated

WIth the technology, so for future years the net benefIt stream IS equal to the gross benefIt stream

(FIgure 5), dIscounted at an approprIate rate
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Figure 6 Adoptlon of fodder banks m Mah Cameroon and GUInea

There are at least two ways to approach thIS questIon, both somewhat crude but

proVIdIng InformatIOn on possIble future adoptIOn levels One way IS to consIder the
potentIal area of forage legumes In West AfrIca, and then take a 'reasonable' percentage
(perhaps 10%) as adopters, In vIew of the dIffIcultIes faced In adoptIng forage legumes In

many places (see Chapter 7), and then another 'reasonable' percentage (perhaps another
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10%) of land actually planted to legumes, gwen the fact that they are a component of a

croppmg system etc Thus an upper limit might be 1% or less ofVIable land that 15 planted to

forage legumes Land areas highly sUltable to Stylosanthes can be extracted and broken down by

agro-ecologtcal zone and by counny (van VelthUlzen and Fischer 1995) For West Afnca as a

whole, these authors define 5 3 million ha as bemg highly sUltable for Verano Stylosanthes under

low mput condmons One per cent of thiS 15 53,000 ha, indicating that the 19,000 ha of

adopted legumes reported to date amounts to a ltttle over a third of what could be expected,

assummg that 1% of highly sUltable land 15 planted

A second approach IS to study mdlVIdual counny adoptIon curves, to see If extrapolatIons can

be made mto the future to the POint where all counny adoptIon curves are flattemng off,

assummg that a standard '5' shaped adoptIon curve 15 appropnate for every counny From the

aggregate adoptIon curve of Figure 3, It IS difficult to extrapolate If 1997 IS Ignored, the number

of adopters appears to be m the middle of the S-shaped curve (the more-or less lmear part),

mdlCatIng that If 1997 IS near the pomt of mflexlOn, then about 40,000 adopters could be

expected by 2010 or so Assummg that the number of hectares planted per adopter remalflS

cOflStant, then thlS Implies about 32,000 ha or so This 15 probably not unreasonable, from the

figures from Nlgena and Cote d'IvOlre, for example (AppendIX 4), the rate of mcrease m the

number of hectares adopted has slowed down substantIally, while for countnes such as Gumea,

substantial further adoptIon could be expected, given that the lag tIme by counny (tIme from

first adoptIon to maxImum number) can be 15 years or so

The Impact ofboth these adoptIon scenanos (the resultIng adoptIon curves are shown m Figure 7)

was quantIfied For SimpliCity, the rate of mcrease In producnon of all commoditIes was fixed at 1 5%

per year for the penod 1998 to 2014, and for these years 1997 commodity pnces were used The

future pomon ofthe net benefit stream was dlScounted at 10% to gIVe a net present value In 1997

dollars The analyslS results from the high and low adoptIon proJecnoflS (Figure 7) are summansed In

Table 9 Even taking the low proJeCt1on, the total retufflS to fodder bank research are greatly Increased

compared With Table 8, and result In substantIal Increases In the total net present value

AdoptIOn (000 hal

6lJ.,--------------------,
HIgh projectIOn

Low projectIon

1997 level

O+---,....----"'..----,...------.---r-~-____.----j

197, 1985 1995 2005 2015
Year

Figure 7 Two adoptIon scenaTlOS for forage legumes m West Afnca to 2014
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Table 9 Summary of baselme analySlS and adoption projectIOns to 2014 I

BaselIne analysIs
Total net benefIts 165

(US$ X 106
)

Net present value of past and 11 8
future benefIts In 1997 dollars
(US$ X 106 dIscount rate 10%)

BenefIt cost ratio 3 3

Low adoption
proJection to 2014

138

653

7 1

HIgh adoption
proJection to 2014

188

81

72
1 Low adoptIon projectIOn (Figure 7)fInlshes at 32000 ha In 2014

Analysis by agro-ecological zone

High adoption prOjectIon fInIshes at 53000 ha In 2014

Rather more refmed Impact analyses could be earned out on the baSIS of agro-ecologlcal
zones, m addition to the regIOnal analyses performed above The adoptIOn data have been
collected on thiS baSIS (AppendIX 4), but conSiderably more effort would be needed on
adJustmg the productivity Impacts to use m each zone (humid, subhumid and semI and)
Local vanatlons m commodIty pnces would also need to be taken mto account, and these
data are also hard to come by These analyses could then be run by agro-ecologlcal zone m

the future, and the results mapped
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7 Discussion
The analyses descnbed Indicate that the fodder bank technology, even though not taken up

In great numbers by the agropastoralists of West Africa, has more than paid for the research
resources expended on its development through Increased meat, milk and cereal
productIOn

These analyses should certainly be viewed as being Indicative rather than defInItlve, m a
number of respects In Chapter 4, it was noted that there are still substantial data

shortages, particularly WIth respect to commodIty pnces and elaStiCItIes of supply and
demand Lack of country level and production system level mformation on costs of fodder

bank establishment and methods of utIlisation (and their relatiVe preponderance), meant

that broad brush assumptIOns had to be made concernmg regIOnal level establishment and

utilisation methods In addItlon, there is a sense m which the analySIS performed is likely to

result m faIrly conservative estimates of the true (but unknown) benefIts of fodder bank

technology We certainly have not identified all the adopters, and we have taken account of

only some (although probably the most important) of the benefIts that anse from fodder

bank UtilisatIOn by large ruminants, the benefits of fodder bank utilisation by small

rummants have not been dealt With at all m thiS study

Many mstitutions and organisatIOns have been Involved With forage legumes m West

Afnca for many years, for a Wide vanety of purposes The total expenditure of research and

development resources on forage legumes, gomg back to the 1930s, may be large, and ILRl's

mvestment is clearly only a part of thiS total However, m contrast to some other forage

legume InItlatives, the ILCNILRI forage legume 'reCIpe' was always clearly aImed at

strategiC supplementatIOn of livestock dunng times of stress, With the SOlI and crop benefits

being regarded as demable bonuses for the farmer (M A Mohamed Saleem, ILRI, personal

communicatiOn) The adoptIOn data collected durmg thiS study were screened to omit

those data that could reasonably clearly be traced to the actiVities of other organisations

and/or that mvolved obViously different methods of UtilisatiOn, but meVItably there Will still

be overlap It IS true, however, that the attrlbution problem (what proportion of fodder

bank adoption can be directly atrnbuted to the actiVItleS of ILRI) IS extremely diffiCult to

deal With adequately, and highlights both the importance of usmg conservative estimates of

productiVity impacts and the importance of performing senSitiVity analyses on the results

Given the apparent benefits of planted forage legumes, even allOWing for the weaknesses
of the analyses conducted dunng thiS study, it may well be asked why adoptIOn has not been
even more Widespread than it has Vanous authors have identIfied a number of constramts
to adoption In West Afnca

• Lack of extensIOn mformauon The fact that farmers are unaware of the fodder bank tech

nology and programmes has been identifIed as an important factor hmdenng adoption

of the technology (Mohamed Saleem and von Kaufmann 1995)
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• Inappropnate land tenure ThIs IS another Important factor h10denng the adoption of the

technology (Mohamed Saleem and von Kaufmann 1995) Land facIlItates access to credIt

because It can be used as collateral for a loan In addltlon, secure land nghts are a pre

reqUIsIte for any long term 1Ovestment, and theIr absence WIll mIlItate agamst adoption of

relatively capItal 10tensive technologIes such as fodder banks

• Fencmg materzals Fenc10g can represent nearly 80% of total mput costs for establIsh10g a fod

der bank (Otsyma et a11987) In some countrIes fenc10g matenals are expenSIve and the pro

curement and delIvery of mputs for estabhshmg a fodder bank are dIfficult The use oflocal

matenals reqUIres additional labour, whIch some farmers Will have dIffIculty fltt10g mto al

ready busy schedules

• Shortage of labour Dur10g the early ramy season labour IS reqUIred for crop production,

and there IS a shortage of agncultural mechanIsation (1Oclud1Og anImal tractiOn) 10 many

West AfrIcan countrIes Addltlonallabour IS reqUIred for 1Oclud1Og fodder banks 10 the

farm10g system and thIS IS often not avarlable, especIally for farmers WIth young famihes

In fact, Thomas and Sumberg (1995) follow Berry (1993) 10 Identlfy10g lImIted labour

avallablhty, 10 terms of total quantIty and seasonal avallablhty, as probably the s10gle
most Important factor affect10g the course of agranan change (1Oclud1Og agncultural 10
tenslflcatlOn) m sub Saharan Afnca 10 general Analyses of the adoptIOn of legume tech
nology 10 terms of changes m labour reqUIrements are not well developed to date

• DIsease constramts Kraal10g anImals overnIght for several nIghts IS sometimes rejected by

farmers for fear of nematodes 10 the dung mfectmg cattle (Mohamed Saleem 1994) In

some zones, Stylosanthes IS not partIcularly resIstant to dIseases and pests An Important

dIsease IS anthracnose and Important pests are termItes, leaf-eatmg beetles, leaf hoppers

(eatmg flowers) and blIster beetles (Adeotl et al 1994)

• CredIt and seed avallablltty UnlIke m Nlgena and Cote d'IvOlre, where credIt facliltles

have aIded the dIffUSIOn of legume based technologIes, m countrIes such as Cameroon,
Senegal, Gumea and MalI, such 10centlves have not been found In additIOn, hIgh 10ter

est rates With the many restrictIve conditions often Imposed by credIt programmes pre

vent farmers from explOltmg loan schemes Lack of suffiCIent seed 10 some countnes IS

also regarded as an ImpedIment to adoptIOn, and efforts to encourage local seed produc

tIOn are needed (TarawalI et al 1998)

• Land scarcity In mtenslvely cultivated areas farmers cannot leave land fallow for even one

year, farmers thus fmd It dIfficult to mclude planted legumes 10 their croppmg systems

unless they adopt other practices such as mtercroppmg or sequentIal croppmg

• InvaSIOn by grasses and weeds When establIshed 10 aSSOCiation WIth grasses such as Pam
cum maXImum, the legume 10 the fodder bank, unless well managed, WIll be suppressed

lead109 to a grass dommant pasture of lower nutritIOnal value In addltlon, aggressive

and noxIous weeds, notably Imperata cylmdnca and Sida acuta, sometimes mvade fodder
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banks leadmg to a complete displacement of the demed legummous species Such prob

lems have m the past led to many fodder banks bemg abandoned

• Fires Burnmg, espeCIally dunng the dry season, IS a very common practice m West Afn

can rangelands There are concerns that fodder banks reserved for supplementation of

cattle m the late dry season face the nsk of bemg WIped out by fIre at the tIme they are
needed most, thiS can contnbute substantially to the perceived nskmess of mvestmg m a
fodder bank
Given thiS array of problems, It IS perhaps not surpnsmg that the diffusIOn of fodder

banks m the region has been slow and modest, what IS surpTlSmg IS the mdlcatIOn that the

lag m the adoption of fodder bank technology m mdIVIdual countnes seems to be of the

order of 15 to 20 years ThiS IS a conSiderable length of time, and probably much longer

than may have been expected

ILRI IS no longer mvestmg research resources directly mto fodder bank technology

research and development In the absence of dIrect research effort, the questIOn of whether

there IS a role for ILRI and other mstltutlons and organisatIOns to promote thiS technology

m the commg years IS certamly relevant, but It IS not partIcularly easy to answer duectly
As Thomas and Sumberg (1995) note, conSiderable resources have been devoted to

screening and testmg forage legumes throughout sub-Saharan AfrIca over the last 40 years,

given the large picture of rather limited use of legumes by smallholders, they wonder about

the JUStifICatiOn for thiS expenditure There may certamly be a role m mformatIOn

dlssemmation and trammg of national research partners and those workmg m extenSIOn

services There IS also likely to be an Important role m helpmg NARS to secure and

multiply germplasm ILRI still has substantial commItments to research on legumes m

mIXed farmmg systems through research programmes m the semi and and subhumld zones

of West Afnca, however The role of legumes may also change dramatICally m West Afncan

farmmg systems over the next 40 years The agropastoral systems of West AfrICa Will come

under enormous pressure pnmanly from population growth, and the question of adequate

forage resources for a rapidly expandmg cattle populatIOn IS very complex SolutIOns are

unlikely to come from anyone source, but are more likely to mvolve greater mtegration of

crop and livestock enterpnses, particularly through mcreased use of crop reSidues Wlthm

thiS milieu, planted forage legumes may occupy an expandmg niche Even If thiS niche

never becomes very large, the research that ILeA camed out on fodder banks m the 1980s
and early 1990s has already more than paid for Itself, particularly m terms of benefits for
consumers m West Africa
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Appendix 1 Changes in producer surplus
and elasticity of demand
Under the assumptiOns of the economlC surplus model used m the analysIs, whether
producers gam or lose from fodder bank technology depends on the magnttude of the
elastlclty of demand for the vanous commodltles affected by the technology

If the elastlclty of demand (y) IS greater (less) than one, the change m producer surplus IS
posltlve (negatlve) ThlS can be shown by substitutmg equtltbnum quantity and pnce mto

the equatiOn for the change m producer surplus and rearrangmg Thus

APS = Po Qo [(I-kP "()rJ(e+y) - 1]

Smce O<k< 1, APS IS greater (less) than zero If, and only If, y IS greater (less) than one
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Appendix 2 Sample commodity prices,
Ghana (US$)

Gram (per kg) Residue (per kg) Meat Milk
MZ SG ML MZ SG ML (per kg) (per htre)

1977 055 082 06 006 01 007 55 165
1978 056 09 093 007 011 011 56 168
1979 08 1 1 112 o1 013 013 8 24
1980 192 3 17 249 023 038 03 119 58
1981 36 444 441 043 053 053 36 108
1982 371 61 63 044 073 075 37 1 111
1983 073 076 069 009 009 008 73 219
1984 047 081 095 006 01 011 47 141
1985 041 049 07 005 006 008 4 1 123
1986 033 036 043 004 004 005 33 099
1987 053 054 058 006 006 007 53 159
1988 045 051 063 005 006 008 45 135
1989 015 024 032 002 003 004 15 045
1990 021 024 029 003 003 003 2 1 063
1991 018 025 031 002 003 004 18 054
1992 o1 013 016 001 002 002 1 03
1993 011 o17 019 001 002 002 1 1 033
1994 013 016 02 002 002 002 13 039
1995 016 018 021 002 002 003 16 048
1996 019 019 027 002 002 003 19 057
1997 021 024 028 003 003 003 2 1 063

MZ - maIze SG = sorghum ML = mJllet
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Appendix 3 FAD production data for West Africa, 1977-1995

..;.
IoN

MZ MZ MZ ML ML ML SG SG SG MEAT MILK
AREA YLD PROD AREA YLD PROD AREA YLD PROD MEAT YL PROD MILK YL PROD
(ha) (kg/ha) (t} (ha) (kg/ha) (t} (ha) (kg/ha) (t} (hd) (kg/ammal) (t) (hd) (kg/ammal) (t}

1977

Benm 308000 730 225000 12000 416 5000 98000 775 76000 94000 106 10000 91000 109 10000

Burkma Faso 90000 822 74000 900000 394 355000 1064000 596 635000 210000 100 21000 434000 175 76000

Cameroon 532000 896 477 000 109000 752 82000 314000 777 244000 310000 138 43000 117000 495 58000

Chad 10000 1000 10000 527000 483 255000 606000 526 319000 230000 108 25000 407000 270 110000

COte d IVOlre 538000 479 258000 75000 560 42000 48000 645 31000 230000 139 32000 88000 113 10000

The GambIa 3000 666 2000 25000 640 16000 5000 600 3000 35000 114 4000 29000 172 5000

Ghana 256000 1070 274000 208000 600 125000 175000 748 131000 116000 112 13 000 114000 131 15000

Gumea 65000 1076 70000 35000 1371 48000 20000 1250 25000 120000 100 12 000 200000 185 37000

Gumea BISsau 12000 666 8000 13000 615 8000 14000 714 10000 20000 100 2000 47000 170 8000

lIbena 0 0 0 0 0 0 0 0 0 18000 III 2000 5000 200 1000

Mall 89000 876 78000 846000 510 432000 571000 558 319000 350000 120 42000 408000 245 100000

Mauntama 8000 500 4000 8000 250 2000 52000 365 19000 110000 118 13 000 220000 350 77 000

NIger 8000 750 6000 2729000 414 1 130000 733000 466 342000 260000 119 31000 450000 184 83000

Nlgena 610000 1273 777000 3089000 834 2579000 3480000 955 3326000 1007000 216 218000 I 122000 239 269000

Senegal 54000 1037 56000 828000 413 342000 115000 678 78000 260000 123 32000 244000 348 85000

SIerra Leone 13 000 1076 14000 9000 1000 9000 7000 1571 11000 58000 86 5000 69000 246 17000

Togo 124000 1000 124000 154000 733 113000 0 0 0 32000 125 4000 30000 233 7000

1978

Benm 441000 777 343000 13000 230 3000 95000 652 62000 96000 114 11000 93000 118 11000

Burkma Faso 116000 931 108000 768000 492 378000 1098000 578 635000 215000 102 22000 445000 175 78000
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Appendix 3 (cont'd)

MZ MZ MZ ML ML ML SG SG SG MEAT MILK
AREA YLD PROD AREA YLD PROD AREA YLD PROD MEAT YL PROD MILK YL PROD
(hal (kg/hal (tl (hal (kg/hal (tl (hal (kr/hal (tl (hdl (kg/ammal) (tl (hdl (kg/ammal) (t)

Cameroon 537000 746 401000 126000 809 102000 364000 843 307000 320000 140 45000 120000 500 60000

Chad 20000 750 15000 530000 486 258000 610000 527 322000 240000 120 29000 416000 269 112000

Cote d IVOIre 564000 468 264000 78000 576 45000 49000 653 32000 250000 136 34000 96000 104 10000

The Gambia 8000 1625 13000 29000 862 25000 6000 833 5000 35000 lI4 4000 29000 172 5000

Ghana 205000 1063 218000 157000 592 93000 160000 756 121000 113000 lIS 13 000 112000 133 15000

Gumea 70000 1000 70000 35000 1285 45000 20000 1100 22000 120000 100 12000 206000 184 38000

Gumea BISsau 10000 600 6000 12000 500 6000 20000 650 13000 20000 100 2000 48000 166 8000

Llbena 0 0 0 0 0 0 0 0 0 18000 III 2000 6000 166 1000

Malt 43000 2395 103000 546000 957 523000 369000 1048 387000 335000 128 43000 440000 245 108000

Mauntama 9000 555 5000 14000 142 2000 95000 305 29000 130000 123 16000 230000 347 80000

Niger 11000 818 9000 2727000 4lI 1 123000 796000 466 371000 290000 120 35000 460000 200 92000

Nlgena 519000 921 478000 2273000 1069 2431000 3433000 697 2396000 1130000 216 245000 1 158000 239 277 000

Senegal 56000 964 54000 926000 707 655000 129000 1155 149000 279000 125 35000 251000 370 93000

Sierra Leone 13 000 1076 14000 9000 1000 9000 7000 1571 11 000 58000 86 5000 70000 257 18000

Togo 118000 1 177 139000 102000 372 38000 lIOOOO 645 71000 30000 133 4000 29000 241 7000
1979

Bemn 424000 724 307000 13000 461 6000 88000 715 63000 98000 112 II 000 94000 lI7 11000

Butkma Fase 110000 900 Q9000 768000 492 378000 1 106000 590 653000 210 000 119 25000 455000 175 80000

Cameroon 545000 748 408000 128000 812 104000 369000 840 310000 323000 142 46000 155000 496 77000

Chad 25000 800 20000 465000 496 231000 535000 442 237000 230,000 126 29000 426000 269 115,000

Cote d IVOIre 584000 470 275000 80000 575 46000 51000 647 33000 280000 135 38000 100000 110 11000

The Gambia 6000 1666 10000 29000 586 17000 6,000 500 3000 35000 lI4 4000 29000 172 5000
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AppendIx 3 (cant'd)

MZ MZ MZ ML ML ML SG SG SG MEAT MILK
AREA YLD PROD AREA YLD PROD AREA YLD PROD MEAT YL PROD MILK YL PROD
(ha) (kg/hal (tl (hal (kg/ha) (t) (ha) (kg/ha) (t) (hd) (kg/ammal) (t) (hd) (kg/annual) (t)

Ghana 358000 1061 380000 250000 596 149000 2II 000 748 158000 120000 II6 14000 117 000 128 15000
--

GUinea 80000 1000 80000 35000 1428 50000 20000 1250 25000 115000 104 12 000 212 000 183 39000

GUinea BISsau 12 000 666 8000 15000 666 10000 25000 600 15000 20000 100 2 000 49000 163 8000

Llbena a a 0 0 0 0 0 0 0 18000 111 2 000 6000 166 1000

Mah 46000 1652 76000 570000 752 429000 384000 825 317000 298000 127 38000 477 000 245 117000

Mauntam 9000 555 5000 14000 142 2000 96000 218 21000 133000 120 16000 240000 350 84000

Niger 12 000 750 9000 2922000 429 1255000 717000 489 351000 332000 102 34000 467 000 199 93000

Nlgena 425 000 1 155 491000 2565000 918 2357000 2686000 1041 2797000 1253000 219 275000 1 188 000 239 284000

Senegal 68000 676 46000 812000 522 424000 113000 849 96000 290000 124 36000 253000 359 91000

Sierra Leone 13 000 923 12 000 9000 1000 9000 7000 1571 11000 59000 84 5000 71000 253 18000

Togo 137 000 1160 159000 104000 471 49000 116000 750 87000 32000 125 4000 30000 233 7000
1980

Benin 365000 742 271000 13000 538 7000 89000 629 56000 108 000 111 12000 104000 115 12000

Burkina Faso 116 000 905 105000 720000 487 351000 957000 571 547000 215 000 102 22000 463000 174 81000

Cameroon 497 000 832 414000 132000 757 100000 381000 868 331000 330000 142 47000 184000 500 92000

Chad 30 000 833 25000 428000 467 200000 492000 508 250000 230000 126 29 000 436000 270 118 000

Cote d IVOlre 468000 811 380000 54000 629 34000 36000 583 21000 310 000 135 42000 106000 113 12000

The Gambia 6000 1000 6000 26000 961 25000 6000 833 5000 35000 114 4000 29000 172 5000

Ghana 440 000 868 382000 139000 589 82000 261000 505 132000 125000 112 14000 120000 133 16000

GUinea 90000 1000 90000 35000 1428 50000 20000 1250 25000 II5000 104 12 000 220000 186 41000

GUinea BISsau 12 000 1000 12 000 18000 722 13000 28000 642 18000 20000 100 2 000 50000 180 9000

Llbena a 0 0 0 0 0 0 0 0 13 000 153 2 000 6000 166 1000
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MZ MZ MZ ML ML ML SG SG SG MEAT MILK
AREA YLD PROD AREA YLD PROD AREA YLD PROD MEAT YL PROD MILK YL PROD
(ha) (kg/ha) (1) (ha) (kg/ha) (t) (ha) (kg/ha) (t) (hd) (kg/ammal) (t} (hd) (kg/ammal) (t)

Mali 41000 1097 45000 660000 616 407000 446000 674 301000 306000 120 37000 585000 244 143000

Mauntama 8000 625 5000 13000 230 3000 87000 321 28000 132000 128 17000 240000 350 84000

Niger 15000 666 10000 3072 000 444 1364 000 768000 479 368000 368000 100 37000 481000 199 96000

Nlgena 465000 1404 653000 2824000 867 2450000 3286000 1 122 3690000 1644000 225 370000 1211 000 239 290000

Senegal 78000 730 57000 951000 474 451000 132000 772 102000 246000 126 31000 250000 348 87000

Sierra Leone 13000 923 12000 9000 1555 14000 7000 1571 11 000 60000 83 5000 73000 246 18000

Togo 150000 920 138000 163000 263 43000 126000 753 95000 31000 129 4000 29000 206 6000
1981

Benm 433000 662 287000 12000 583 7000 94000 606 57000 110000 109 12000 106000 122 13000

Burkma Faso 143000 832 119000 922000 480 443000 1089000 605 659000 220000 95 21000 470000 174 82000

Cameroon 442000 975 431000 129000 689 89000 371000 706 262000 320000 131 42000 189000 497 94000

Chad 40000 875 35000 187000 609 114000 216000 662 143000 250000 124 31000 446000 269 120000

C6te d IvOire 490000 816 400000 58000 551 32000 34000 558 19000 312000 137 43000 111000 108 12 000

The Gambia 8000 1625 13000 29000 1206 35000 6000 1166 7000 35000 114 4000 30000 166 5000

Ghana 372 000 1016 378000 157000 757 119000 198000 661 131000 125000 112 14000 124000 129 16000

Gumea 90000 1000 90000 35000 1 371 48000 20000 1250 25000 113 000 97 11000 225000 186 42000

Gumea BISsau 16000 812 13000 20000 700 14000 30000 666 20000 21000 95 2000 51000 176 9000

Libena 0 0 0 0 0 0 0 0 0 15000 133 2000 6000 166 1000

Mali 69000 884 61000 700000 780 546000 472 000 855 404000 313 000 140 44000 640000 245 157000

Mauntama 8000 500 4000 8000 500 4,000 122,000 295 36000 154000 129 20,000 245000 351 86000

Niger 16000 687 11000 3038000 432 1314000 982000 327 322000 370000 108 40000 513 000 200 103000

Nlgena 438000 1490 653000 1708000 1.570 2682000 2077 000 1619 3364000 1510 000 217 329000 1221000 239 292000
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Appendix 3 (cant'd)

MZ MZ MZ ML ML ML SG SG SG MEAT MILK
AREA YLD PROD AREA YLD PROD AREA YLD PROD MEAT YL PROD MILK YL PROD
(ha) (kg/ha) (r) (ha) (kg/ha) (t) (ha) (kg/ha) (t) (hd) (kg/ammal) (r) (hd) (kg/ammal) (t)

Senegal 78000 1217 95000 1033000 764 790000 144000 1 361 196000 294000 125 37000 225000 360 81000
-~ I----

Sierra Leone 13000 1076 14000 10000 1600 16000 7000 1571 11 000 61000 81 5000 76000 250 19000

Togo 153000 986 151000 97000 412 40000 125000 640 80000 36000 138 5000 31000 225 7000
1982

Bemn 421000 648 273000 14000 571 8000 94000 638 60000 112 000 107 12000 108000 120 13000

Burkma Faso 135000 822 111000 909000 485 441000 1048000 581 609000 265000 94 25000 479000 175 84000

Cameroon 460000 1093 503000 150000 633 95000 441000 646 285000 340 000 135 46000 176000 500 88000

Chad 41000 731 30000 200000 620 124000 231000 675 156000 250000 124 31000 456000 269 123 000

Cote d IVOIre 520000 826 430000 56000 535 30000 35000 542 19000 255000 137 35000 122000 106 13000

The Gambia 9000 1888 17000 38000 1 105 42000 8000 1000 8000 36000 III 4000 30000 166 5000

Ghana 373000 927 346000 172000 441 76000 216000 398 86000 140000 114 16000 139000 129 18000

Gumea 90000 1000 90000 35000 1285 45000 20000 1100 22000 115000 104 12000 231000 186 43000

Gumea BISsau 15000 666 10000 25000 640 16000 40000 650 26000 22000 90 2000 53000 169 9000

Libena 0 0 0 0 0 0 0 0 0 18000 111 2000 6000 166 1000

Mali 47000 1893 89000 813 000 747 608000 549000 817 449000 321000 143 46000 666000 244 163000

Mauntama 7000 571 4000 3000 666 2000 122000 286 35000 143000 132 19000 245000 351 86000

Niger 11 000 636 7000 3084000 419 1 293000 1 135000 316 359000 320000 109 35000 523 000 200 105000

Nlgena 556000 1 125 626000 1698000 1570 2666000 2290000 1620 3710000 1688000 215 364000 1239000 239 297000

Senegal 78000 974 76000 870000 548 477 000 121000 892 108000 300 000 123 37000 226000 371 84000

Sierra Leone 14000 1071 15000 10000 1600 16000 8000 1500 12000 63000 95 6000 78000 256 20000

Togo 175000 862 151000 50000 1040 52000 94000 893 84000 40000 125 5000 32000 218 7000
- -

1983

Benm 453000 622 282000 15000 400 6000 106000 537 57000 114000 114 13 000 110000 118 13000



ct Appendix 3 (cont'd)

MZ MZ MZ ML ML ML SG SG SG MEAT MILK
AREA YlD PROD AREA YlD PROD AREA YlD PROD MEAT Yl PROD MILK Yl PROD
(ha) (kg/ha) (t) (ha) (kg/ha) (r) (ha) (kg/ha) (t) (hd) (kg/ammal) (r) (hd) (kg/ammal) (r)

Burkma Faso 125000 568 71000 928000 421 391000 1083000 564 611000 260000 107 28000 488000 174 85000

Cameroon 475000 1029 489000 100000 610 61000 400000 625 250000 340000 144 49000 172 000 500 86000

Chad 37000 783 29000 320000 462 148000 371000 533 198000 258000 120 31000 467000 269 126000

Core d IVOIre 550000 745 410000 54000 481 26000 33000 515 17000 308000 136 42000 125000 112 14000

The GambIa 7000 1285 9000 25000 1040 26000 7000 1000 7000 36000 III 4000 30000 166 5000

Ghana 400000 430 172 000 175000 228 40000 220000 254 56000 150000 113 17000 150000 133 20000

Gumea 90000 1000 90000 38000 1315 50000 21000 1190 25000 120000 100 12000 238000 184 44000

Gumea BISsau 16000 625 10000 27000 666 18000 35000 657 23000 22000 90 2000 54000 166 9000

Llbena 0 0 0 0 0 0 0 0 0 22000 136 3000 6000 166 1000

Mah 126000 1 142 144000 815000 728 594000 580000 868 504000 343000 131 45000 568000 244 139000

Maunrama 6000 500 3000 2000 500 1000 90000 233 21000 132000 128 17000 250000 348 87000

NIger 11 000 636 7000 3136000 418 1311 000 1 107000 320 355000 321000 109 35000 528000 250 132000

Nlgena 1058000 970 1027000 1773000 1569 2783000 2280000 1620 3694000 1862000 221 412000 1258000 239 301000

Senegal 71000 859 61000 709000 404 287000 75000 866 65000 310000 125 39000 233000 360 84000

SIerra Leone 14000 1071 15000 16000 1375 22000 12000 1333 16000 64000 93 6000 74000 256 19000

Togo 216000 671 145000 55000 927 51000 89000 898 80000 32000 125 4000 29000 241 7000
1984

Benm 469000 808 379000 14000 785 11000 111000 747 83000 116000 112 13000 112000 133 15000

Burktna Faso 121000 636 77000 723000 514 372 000 965000 615 594000 255000 105 27000 498000 174 87000

Cameroon 207000 1,811 375000 28000 642 18,000 357,000 568 203,000 400,000 150 60,000 178,000 500 89,000

Chad 22000 818 18000 268000 414 111000 437000 469 205000 230000 113 26000 370000 270 100000

Core d IVOIre 595000 873 520000 63000 650 41000 37000 621 23000 315000 136 43000 130000 115 15000
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AppendIx 3 (cont'd)

MZ MZ MZ ML ML ML SG SG SG MEAT MILK
AREA YLD PROD AREA YLD PROD AREA YLD PROD MEAT YL PROD MILK YL PROD
(ha) (kg/ha) (tl (ha) (kg/ha) (tl (ha) (kg/ha) (t) (hd) (kg/ammal) (t) (hd) (kg/ammal) (t)

The Gambia 9000 1444 13 000 33 000 I 181 39000 7000 1 142 8000 34000 117 4000 28000 178 5000

Ghana 724 000 961 696 000 231000 575 133 000 252 000 682 172 000 162 000 117 19000 162 000 129 21000

Gumea 90000 1111 100000 38000 1500 57 000 22000 1363 30000 125000 104 13000 231000 186 43000

Gumea BIS~au 16000 625 10000 20000 800 16000 33 000 636 21000 23 000 130 3 000 55000 163 9000

Llbena a a a a a a a a a 18000 111 2000 6000 166 1000

Mah 89000 1\46 102000 910000 557 507000 387 000 956 370 000 470 000 121 57 000 490000 244 120000

Mauntama 6000 SOD 3000 5000 600 3 000 87 000 287 25 000 121000 132 16000 190 000 347 66000

Niger 9000 333 3 000 3 026 000 254 771000 1098 000 214 236 000 200 000 120 24000 320 000 300 96000

Nlgena 1050 000 1139 1196000 2133000 1570 3349000 2827 000 1629 4608000 1945 000 219 426 000 1270 000 239 304000

Senegal 83000 1180 98000 903 000 421 381000 100 000 900 90000 300 000 123 37 000 220 000 350 77 000

Sierra Leone 13 000 1076 \4000 17000 1352 23000 15000 1266 19000 58000 86 5000 69000 246 17000

Togo 239000 928 222 000 59 000 1288 76000 167 000 712 119 000 38000 131 5000 32000 218 7000

1985

Benm 489 000 889 435000 16000 562 9000 111000 738 82000 120 000 108 13 000 116000 120 14000

Burkma Faso 143000 993 142 000 974000 602 587 000 1077 000 740 798000 308000 107 33 000 503000 170 86000

Cameroon 186 000 1666 310 000 61000 967 59000 437 000 775 339 000 415 000 134 56 000 208000 500 104000

Chad 42000 833 35000 491000 513 252000 460000 671 309000 250000 116 29 000 380000 271 103 000

Cote d IVOlre 533 000 900 480 000 66000 606 40000 36000 611 22 000 320 000 137 44000 135 000 118 16000

The Gambia 17000 1529 26000 50000 1100 55000 13000 923 12000 36000 111 4000 30000 166 5000

Ghana 579 000 1008 584000 185 000 605 112 000 202000 717 145 000 170 000 117 20 000 170 000 129 22000

Gumea 90000 1111 100000 39000 1487 58000 23000 1391 32000 130000 100 13000 225000 186 42000

Gumea BISsau 15 000 666 10000 20000 900 18000 25000 800 20000 23 000 130 3 000 56000 178 10 000



~ Appendix 3 (conrd)

MZ MZ MZ ML ML ML SG SG SG MEAT MILK
AREA YLD PROD AREA YLD PROD AREA YLD PROD MEAT YL PROD MILK YL PROD
(ha) (kg/ha) (t) (ha) (kg/ha) (r) (ha) (kg/ha) (t) (hd) (kg/amrnal) (t) (hd) (kg/ammal) (t)

Llbena 0 0 0 0 0 0 0 0 0 13000 153 2000 6000 166 1000

Mah 109000 1284 140000 841000 1035 871 000 425000 1108 471000 457000 118 54000 434000 244 106000

Maunrama 3000 333 1000 10000 800 8000 150000 486 73000 132000 128 17 000 210 000 347 73000

NIger 8000 375 3000 3 169000 457 1450000 1 142000 288 329000 170000 100 17000 275000 298 82000

Nlgena 1556000 1 173 1826000 2346 000 1570 3684000 3062000 1603 4911000 2019000 216 438000 1291000 239 309000

Senegal 101000 1455 147000 1 146000 670 768000 190000 957 182000 300000 123 37000 220000 359 79000

SIerra Leone 13 000 1076 14000 17000 1352 23000 18000 1111 20000 58000 86 5000 69000 246 17 000

Togo 200000 910 182000 66000 1 121 74000 146000 650 95000 39000 128 5000 30000 233 7000
1986

Benm 443000 853 378000 28000 642 18000 111000 801 89000 119000 109 13 000 114000 131 15000

Burkma Faso 165000 939 155000 1171000 580 680000 1 330000 760 1011000 325000 104 34000 508000 171 87000

Cameroon 202000 1925 389000 59000 1237 73000 511 000 1058 541000 468000 113 53000 213 000 497 106000

Chad 45000 777 35000 508000 543 276000 470000 636 299000 350000 148 52000 390000 269 105000

COte d IVOlre 600000 700 420000 66000 606 40000 36000 611 22000 300000 136 41000 142000 119 17000

The Gambia 11000 1545 17000 45000 1 133 51000 9000 1000 9000 38000 131 5000 32000 187 6000

Ghana 472000 1 184 559000 156000 705 110 000 176000 727 128000 170000 117 20000 170000 129 22000

Gumea 90000 1 111 100000 39000 1512 59000 23000 1391 32000 130000 100 13 000 225000 186 42000

Gumea BISsau 13 000 769 10000 20000 900 18000 25000 800 20000 24000 125 3000 58000 172 10000

Ltbena 0 0 0 0 0 0 0 0 0 12000 83 1000 6000 166 1000

Mah 129000 1651 213000 822000 980 806000 418,000 1112 465000 468000 132 62000 448000 245 110000

Maunrama 4000 750 3000 10000 600 6000 160000 525 84000 108000 138 15000 250000 348 87000

Ntger 9000 666 6000 3239000 426 1,383000 1094000 329 360000 150,000 160 24000 272000 349 95000
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Appendix 3 (cont'd)

MZ MZ MZ ML ML ML SG SG SG MEAT MILK
AREA YLD PROD AREA YLD PROD AREA YLD PROD MEAT YL PROD MILK YL PROD
(ha) (kg/ha) (t) (ha) (kg/ha) (r) (ha) (kg/ha) (t) (hd) (kg/animal) (t) (hd) (kg/animal) (t)

Nlgena 1723000 1006 1735000 2618000 1570 4 111000 3347000 1620 5425000 1981000 142 283000 1316000 239 315000

Senegal 95000 1 136 108000 856000 586 502000 137000 963 132000 320000 125 40000 248000 358 89000

Sierra Leone 14000 571 8000 17000 1352 23000 18000 1 111 20000 53000 94 5000 69000 246 17000

Togo 197000 644 127000 116000 706 82000 127000 1031 131000 37000 135 5000 30000 233 7000
1987

Benm 392000 706 277000 31000 677 21000 118000 771 91000 118000 110 13 000 114000 131 15000

Burkma Faso 176000 744 131000 1 168000 541 632000 1 176000 721 848000 339000 106 36000 570000 156 89000

Cameroon 202000 1915 387000 30000 866 26000 335000 704 236000 480000 129 62000 218000 500 109000

Chad 38000 763 29000 464000 461 214000 375000 634 238000 335000 152 51000 400000 270 108000

Cote d IvOire 643000 676 435000 68000 602 41000 37000 621 23000 270000 137 37000 147000 122 18000

The Gambia 13000 1 153 15000 44000 1 136 50000 9000 777 7000 42000 119 5000 35000 171 6000

Ghana 548000 1091 598000 235000 736 173000 272 000 757 206000 175000 114 20000 175000 131 23000

Gumea 90000 1000 90000 35000 1514 53000 20000 1400 28000 130000 100 13000 225000 186 42000

Gumea BISsau 11000 909 10000 20000 1000 20000 15000 1000 15000 25000 120 3000 61000 163 10000

Llbena 0 0 0 0 0 0 0 0 0 12000 83 1000 6000 166 1000

Mali 118000 1516 179000 782000 887 694000 491000 1044 513000 470000 129 61000 459000 244 112000

Mauntanla 2000 500 1000 20000 350 7000 116000 775 90000 110000 136 15000 253000 351 89000

Niger 14000 571 8000 3017000 330 997000 1342000 272 366000 150000 200 30000 292 000 369 108000

Nlgena 1 134000 1 261 1430000 3829000 1019 3905000 3179000 1 715 5455000 1920000 139 267000 1342000 239 321000

Senegal 99000 1 151 114000 946000 729 690000 128000 867 III 000 315000 123 39000 254000 358 91000

Sierra Leone 11 000 1000 11 000 15000 1333 20000 18000 1055 19000 53000 94 5000 69000 246 17000

Togo 225000 764 172 000 128000 554 71 000 136000 720 98000 40000 125 5000 31000 225 7000



~ Appendix 3 (cont'd)

MZ MZ MZ ML ML ML SG SG SG MEAT MILK
AREA YLD PROD AREA YLD PROD AREA YLD PROD MEAT YL PROD MILK YL PROD
(ha) (kg/ha) (t) (ha) (kg/ha) (t) (ha) (kg/ha) (d (hd) (kg/ammal) (d (hd) (kg/ammal) (t)

1988

Bemn 486000 870 423000 35000 657 23000 133000 729 97000 121000 107 13 000 116000 129 15000

Burkma Faso 277 000 819 227000 1277 000 639 817000 1295000 779 1009000 345000 107 37000 600000 151 91000

Cameroon 187000 1962 367000 60000 1000 60000 512000 816 418000 492000 138 68000 224000 500 112000

Chad 50000 860 43000 580000 544 316000 347000 743 258000 405000 153 62000 410000 270 111000

Cote d IVOIre 659000 698 460000 70000 614 43000 38000 631 24000 270000 137 37000 159000 119 19000

The Gambia 13000 1230 16000 44000 1090 48000 8000 875 7000 46000 130 6000 39000 179 7000

Ghana 540000 1390 751000 228000 609 139000 226000 712 161000 172000 116 20000 172000 127 22000

Gumea 90000 788 71000 32000 1500 48000 18000 1388 25000 130000 100 13000 225000 186 42000

Gumea BISsau 6000 1333 8000 17000 1529 26000 10000 1600 16000 27000 111 3000 64000 171 11 000

Llbena 0 0 0 0 0 0 0 0 9000 111 1000 6000 166 1000

Mali 143000 1503 215000 1 196000 836 1000000 679000 989 672000 500000 130 65000 474000 244 116000

Mauntama 11 000 636 7000 13000 538 7000 164000 658 108000 113000 141 16000 260000 350 91000

NIger 10000 500 5000 3518000 501 1766000 1475000 379 560000 160000 181 29000 329000 370 122000

Nlgena 1556000 1336 2080000 4349000 1 180 5136000 4247000 1220 5 182000 2008000 117 236000 1376000 239 329000

Senegal 110000 1118 123000 893000 543 485000 130000 846 110000 317 000 126 40000 260000 361 94000

Sierra Leone 10000 1 100 11000 24000 875 21000 24000 833 20000 53000 94 5000 69000 246 17000

Togo 267000 1,108 296000 119000 470 56000 181000 657 119000 38000 131 5000 33000 212 7000
1989

Benm 479000 885 424000 34000 676 23000 138000 768 106000 124000 112 14000 118000 127 15000

Burkma Fasa 221000 1162 257000 1278000 507 649,000 1362000 727 991000 335000 110 37000 630,000 147 93000

Cameroon 208000 1860 387000 60000 1083 65000 487000 704 343000 504,000 140 71000 229000 502 115000

Chad 20000 950 19,000 525000 340 179000 433000 547 237,000 370000 154 57000 420000 269 113000
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AppendIx 3 (cant'd)

MZ MZ MZ ML ML ML SG SG SG MEAT MILK
AREA YLD PROD AREA YLD PROD AREA YLD PROD MEAT YL PROD MILK YL PROD
(ha) (kg/ha) (t} (ha) (kglha) (t) (ha) (kglha) (r) (hd) (kg/animal) (r) (hd) (kg/animal) (t)

Cote d IVOIre 675000 711 480000 74000 608 45000 44000 568 25000 250000 136 34000 165000 121 20000

The Gambta 11 000 1272 14000 53000 962 51000 10000 1100 11 000 47000 127 6000 39000 179 7000

Ghana 567000 1261 715000 244000 737 180000 286000 751 215000 170000 117 20000 171000 128 22000

GUinea 94000 755 71000 34000 1529 52000 19000 1421 27000 125000 104 13000 225000 186 42000

GUinea BISsau 10000 1000 10000 18000 944 17000 12000 750 9000 28000 107 3000 68000 176 12000

Llbena 0 0 0 0 0 0 0 0 0 8000 125 1000 6000 166 1000

Malt 175000 1285 225000 1083000 777 842000 774000 944 731000 530000 130 69000 483000 244 118000

Mauntanla 4000 750 3000 28000 500 14000 147000 755 111 000 117000 136 16000 273000 351 96000

NIger 4000 750 3000 3566000 373 1333000 1617000 260 422 000 170000 176 30000 344 000 380 131000

Nlgena 1600000 1332 2132000 4000000 1 192 4770000 4954000 975 4831000 2396 000 90 218000 1417000 239 339000

Senegal 93000 1408 131000 953000 670 639000 131000 969 127000 330 000 124 41000 267000 359 96000

SIerra Leone 10000 1 100 11 000 24000 958 23000 25000 840 21000 58000 86 5000 69000 246 17000

Togo 268000 1070 287000 126000 769 97000 195000 784 153000 43000 116 5000 35000 228 8000
1990

Benin 458000 895 410000 37000 594 22000 136000 727 99000 140 000 107 15000 120000 133 16000

Burkina Faso 177 000 1457 258 000 1022000 439 449000 1288000 583 751000 330000 112 37000 650000 146 95000

Cameroon 199000 1854 369000 60000 1050 63000 387000 850 329000 517000 139 72000 235000 497 117000

Chad 30000 966 29000 488000 344 168000 439000 637 280000 410000 153 63000 430000 269 116000

Cote d IVOIre 691000 719 497000 76000 618 47000 45000 577 26000 227000 136 31000 178000 101 18000

The Gambta 11 000 1272 14000 51000 921 47000 13000 615 8000 48000 125 6000 40000 175 7000

Ghana 465000 1189 553 000 124000 604 75000 215000 632 136000 172000 116 20000 172000 127 22000

GUinea 90000 866 78 000 20000 2000 40000 24000 1000 24000 127000 102 13 000 228000 184 42000



':C. AppendIx 3 (cont'd)

MZ MZ MZ ML ML ML SG SG SG MEAT MILK
AREA YLD PROD AREA YLD PROD AREA YLD PROD MEAT YL PROD MILK YL PROD
(ha) (kg/ha) (t) (ha) (kg/ha) (t) (ha) (kg/ha) (t) (hd) (kg/ammal) (t) (hd) (kg/ammal) (t)

Gumea BISSau 13000 1076 14000 20000 850 17000 13000 846 11 000 30000 100 3000 71000 169 12000

Ltbena 0 0 0 0 0 0 0 0 0 8000 125 1000 6000 166 1000

Mail 170000 1158 197000 1213 000 607 737000 809000 656 531000 550000 129 71000 500000 244 122000

Mauntama 4000 750 3000 12000 250 3000 91000 505 46000 122000 139 17000 278000 348 97000

NIger 6000 333 2000 4606000 241 1111000 2238000 125 281000 212 000 150 32000 350000 400 140000

Nlgena 1500 000 1221 1832000 4350000 1 180 5136000 4000000 1046 4185000 2444000 83 204000 1464000 239 351000

Senegal 117000 1136 133000 865000 583 505000 173000 907 157000 341000 126 43000 274000 361 99000

SIerra Leone 11000 1 181 13 000 26000 923 24000 37000 567 21000 58000 86 5000 69000 246 17000

Togo 296000 962 285000 143000 405 58000 184000 625 115000 42000 119 5000 37000 216 8000
1991

Benm 464000 928 431000 44000 613 27000 147000 782 115000 142000 112 16000 123000 130 16000

Burktna Faso 187000 1684 315000 1209 000 702 849000 1362000 908 1238000 340000 111 38000 660000 175 116000

Cameroon 250000 1800 450000 60000 1050 63000 520000 769 400 000 518000 140 73000 235000 497 117000

Chad 47000 936 44000 617000 489 302000 496,000 735 365000 420000 154 65000 440000 270 119000

COte d IVOlre 684000 752 515000 80000 612 49000 45000 600 27000 239000 138 33000 188000 95 18000

The GambIa 17000 1176 20000 56000 1035 58000 13000 923 12000 47000 127 6000 39000 179 7000

Ghana 610000 1527 932000 209000 535 112 000 263000 916 241000 179000 117 21000 179000 128 23000

Gumea 90000 944 85000 10000 2000 20000 19000 1000 19000 133000 97 13 000 236000 186 44000

Gumea BISSau 11000 1 181 13000 23000 1217 28000 13000 1000 13 000 31000 96 3000 71000 169 12000

Llbena 0 0 0 0 0 0 0 0 0 8000 125 1000 6000 166 1000

Mail 186000 1381 257000 1262000 705 890000 741000 1039 770000 570000 129 74000 520000 244 127000

Mauntama 4.000 500 2000 8000 250 2000 121000 479 58000 140000 142 20000 279000 351 98000
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Appendix 3 (cont'd)

MZ MZ MZ ML ML ML SG SG SG MEAT MILK
AREA YLD PROD AREA YLD PROD AREA YLD PROD MEAT YL PROD MILK YL PROD
(ha) (kg/ha) (t) (ha) (kg/ha) (t) (ha) (kg/ha) (t) (hd) (kg/ammal) (t) (hd) (kg/ammal) (t)

Niget 2000 500 1000 4390000 417 1833 000 2176000 212 463 000 215 000 158 34000 370 000 400 148000

Nigena 1550 000 1225 1900 000 3 000 000 1 165 3497 000 4 000000 1086 4346000 2506 000 81 205 000 1514 000 237 360000

Senegal 91000 1 131 103 000 879 000 674 593000 100 000 780 78 000 349 000 126 44000 277 000 361 100 000

Sierra Leone 12 000 916 11 000 28 000 785 22000 39 000 564 22 000 58 000 86 5000 69000 246 17000

Togo 255000 905 231000 133000 375 50000 192000 734 141000 42 000 119 5000 39000 230 9000
1992

Benm 470000 978 460000 40000 650 26000 143 000 769 110 000 143 000 111 16000 125 000 128 16 000

Butkma Faso 252 000 1353 341000 1204000 651 784 000 1414000 913 1292 000 350000 114 40000 675 000 174 118000

CametOon 210 000 1809 380000 55000 1000 55000 500000 760 380 000 520 000 140 73 000 236000 500 118000

Chad 69000 1289 89000 567000 516 293000 523 000 739 387 000 430 000 155 67000 450 000 268 121000

C6te d Ivolte 650000 827 538 000 85000 600 51000 48000 583 28 000 249 000 136 34000 200000 100 20000

The Gambia 12 000 1500 18000 41000 1 121 46000 13 000 923 12000 48000 125 6000 40000 175 7000

Ghana 607000 1204 731000 210 000 633 133000 307000 843 259 000 174 000 114 20000 174 000 132 23000

Gumea 90000 1044 94000 5000 2000 10000 14000 928 13000 140 000 100 14000 250 000 184 46000

Gumea BISsau 11 000 909 10000 27 000 851 23000 12 000 916 11000 33 000 121 4000 7I 000 169 12000

Llbena a a a a a a 0 a a 8000 125 1000 6000 166 1000

Malt 192 000 1005 193000 1027000 566 582000 820 000 734 602 000 600000 130 78000 537 000 245 132000

Mauntama 3000 666 2000 6000 500 3 000 90000 555 50000 100 000 200 20000 275 000 349 96000

Niget 2 000 500 1000 4989000 358 1 788 000 2531000 152 387 000 215 000 162 35 000 380 000 400 152000

Nigena 1500 000 I 133 1 700 000 3300 000 969 3200 000 4000 000 1025 4 100 000 2570 000 81 210000 1570 000 235 370 000

Senegal 105 000 1095 115 000 774000 576 446000 131000 893 117 000 352000 125 44000 280 000 360 101000

Sierra Leone 13 000 846 11000 28000 857 24000 40000 550 22000 58000 86 5000 69000 246 17000



~ AppendIx 3 (cont'd)

MZ MZ MZ ML ML ML SG SG SG MEAT MILK
AREA YLD PROD AREA YLD PROD AREA YLD PROD MEAT YL PROD MILK YL PROD
(ha) (kg/ha) (t) (ha) (kg/ha) (t) (ha) (kg/ha) (t) (hd) (kg(animal) (t) (hd) (kg(animal) (t)

Togo 260000 1 115 290000 150000 500 75000 170000 641 109000 42000 119 5000 42000 214 9000
1993

Benm 500000 1 100 550000 50000 600 30000 140000 885 124000 143000 111 16000 125000 128 16000

Burkma Faso 280000 1492 418000 1200000 635 763000 1300000 944 1228000 360000 113 41000 690000 175 121000

Cameroon 230000 1869 430000 56000 1071 60000 500000 780 390000 538000 137 74000 240000 500 120000

Chad 82000 1219 100000 558000 419 234000 512000 597 306000 440000 154 68000 455000 270 123000

COte d IvOlre 650000 830 540000 85000 611 52000 50000 600 30000 250000 136 34000 208000 100 21000

The Gambta 16000 1250 20000 52000 1019 53000 15000 800 12000 48000 125 6000 40000 175 7000

Ghana 637000 1508 961000 204000 970 198000 310000 1058 328000 180000 116 21000 180000 127 23000

GUinea 90000 1055 95000 5000 2000 10000 10000 1000 10000 145000 103 15000 256000 183 47000

Gumea BISSau 13000 1000 13000 31000 838 26000 15000 933 14000 35000 114 4000 73000 164 12000

Llberta 0 0 0 0 0 0 0 0 0 8000 125 1000 6000 166 1000

Malt 200000 1375 275000 900000 767 691000 750000 925 694000 620000 130 81000 555000 245 136000

Mauntama 4000 1250 5000 20,000 550 11000 150000 713 107000 100000 200 20000 250000 348 87000

NIger 2000 500 1000 4,000000 357 1430000 2000000 152 305000 215000 167 36000 383000 420 161000

Nlgena 1600000 1437 2300000 3700000 1027 3800000 4500000 1066 4800000 2670000 82 219000 1630000 233 380000

Senegal 110000 1 136 125000 978000 671 657000 128000 765 98000 358000 125 45000 287000 358 103000

SIerra Leone 14000 857 12000 30000 866 26000 42000 571 24000 58000 86 5000 69000 246 17 000

Togo 340000 1 155 393000 140000 535 75000 190000 663 126000 42000 119 5000 43000 232 10000

1994

Benm 481000 1023 492000 37000 680 25000 145000 778 113 000 143000 110 16000 125000 130 16000

Burktna Faso 218000 1604 350,000 1,312 000 634 831000 1549000 796 1232000 360,000 110 40,000 690000 175 121000

Cameroon 223 000 2018 450000 50000 1000 50000 480000 729 350000 550,000 136 75000 245000 500 123000
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Appendix 3 (cant d)

MZ MZ MZ ML ML ML SG SG SG MEAT MILK
AREA YLD PROD AREA YLD PROD AREA YLD PROD MEAT YL PROD MILK YL PROD
(ha) (kg/ha) (t) (ha) (kg/ha) (t) (ha) (kg/ha) (t) (hd) (kg/ammal) (t) (hd) (kg/anImal) (t)

Chad 112 000 843 94000 621000 493 307000 576000 657 379000 440000 155 68000 455000 270 123000

Cote d IVOIre 685000 755 517000 120000 679 81000 52000 599 31000 290000 137 40000 131 000 165 22000

The Gambia 11000 1262 13000 50000 1061 53000 8000 1056 9000 48000 120 6000 40000 175 7000

Ghana 629000 1493 940000 191000 878 168000 299000 1082 324000 252000 115 29000 180000 130 23000

Gumea 88000 999 88000 7000 727 5000 6000 636 4000 115000 100 12000 250000 185 46000

Gumea BISsau 15000 933 14000 37000 770 29000 15000 921 14000 35000 110 4000 73000 170 12000

Ltbena 0 0 0 0 0 0 0 0 0 8000 125 1000 6000 130 1000

Malt 284000 1135 322000 1404000 611 858000 977 000 764 746000 640000 130 83000 555000 245 136000

Mauntama 13000 499 6000 25000 293 7000 255000 577 147000 78000 120 9000 297000 350 104000

Niger 1000 800 1000 4900000 352 1725000 2300000 183 420000 286000 115 33000 400000 400 160000

Nlgena 5426000 1272 6902000 4898000 971 4757000 5738000 1080 6197000 2670000 82 219000 1630000 233 380000

Senegal 107000 1013 108000 936000 585 548000 142000 931 132000 365000 125 46000 287000 360 103000

Sierra Leone 10000 896 9000 31000 849 26000 29000 843 24000 58000 90 5000 69000 250 17000

Togo 324000 833 270000 120000 375 45000 155,000 549 85000 42000 125 5000 43000 225 10000

1995

Benm 481000 1023 492000 37000 680 25000 145000 778 113000 143000 110 16000 125000 130 16000

Burkma Faso 218000 1604 350000 1312000 634 831000 1549000 796 1232000 360000 110 40000 690000 175 121000

Cameroon 300000 2180 654000 90000 1 111 100000 530000 804 426000 560000 134 75000 250000 500 125000

Chad 112 000 843 94000 621000 493 307000 576000 657 379000 440000 155 68000 455000 270 123000

Cote d IVOIre 685000 755 517000 120000 679 81000 52000 599 31000 280000 137 38000 134000 166 22000

The Gambia 17000 1300 22000 49000 1 101 53000 12000 1096 13000 48000 120 6000 40000 175 7000

Ghana 670000 1555 1042000 225000 892 201000 360000 1085 390000 252000 115 29000 180 000 130 23000



2f: Appendix 3 (cant'd)

MZ MZ MZ I ML ML ML SG
SG I SG MEAT MILK

AREA YLD PROD j AREA YLD PROD AREA YLD PROD MEAT YL PROD MILK YL PROD
(ha) (kg/ha) (t) (ha) (kg/ha) (t) (ha) (kg/ha) (t) (hd) (kg/ammal) (t) (hd) (kg/ammal) (t)

Gumea 91000 974 89000 7000 727 5000 14000 1000 14000 115000 100 12 000 I 250000 185 46000
--

Gumea BISsau 15000 1003 15000 38000 911 35000 17000 927 16000 35000 110 4000 73000 170 12000

Llbena 0 0 0 0 0 0 0 0 0 8000 125 1000 6000 130 1000

Malt 284000 1 135 322000 1404000 611 858000 977 000 764 746000 640000 130 83000 555000 245 136000

Mauntama 1000 1000 1000 22000 364 8000 246000 635 157000 80000 120 10000 303000 350 106000

NIger 1000 800 1000 4900000 352 1725000 2300000 183 420000 293000 116 34000 410 000 400 164000

Nlgena 5497000 1 317 7240000 5107000 959 4900000 6095000 1015 6184000 3 100000 86 267000 1630000 233 380000

Senegal 98000 1088 107000 891000 748 667000 148000 858 127000 368000 125 46000 287000 360 103000

SIerra Leone 8000 939 8000 30000 793 24000 26000 848 22000 58000 90 5000 69000 250 17000

Togo 350000 846 296000 120000 375 45000 155000 549 85000 42000 125 5000 43000 225 10000

MZ AREA = area planted to maIZe ha
ML AREA = area planted to mIllet ha
SG AREA = area planted to sorghum ha
MEAT hd =cartIe head
MILK hd - daIry herd

Source FAO 1990-1998

MZ YLD = average maIZe yIeld kg/ha
ML YLD - average mtllet yIeld kg/ha
SG YLD = average sorghum yIeld kg/ha
YL = average meat per ammal kg/an
YL average mIlk YIeld kg/an

MZ PROD - maIZe production t
ML PROD = mIllet production t
SG PROD = sorghum productIOn t
MEAT PROD = meat production t
MILK PROD - mIlk production t



Appendix 4 Adoption of fodder bank
technology by country and agro-ecological
zone
(A) Humid zone

Burkina I Cote The
Benm Faso Chad Cameroon d 1vOIre Gambia Ghana Gumea

Year No ha No ha No ha No ha No ha No ha No ha No ha
1977
1978
1979
1980 I

1981
1982
1983
1984
1985 17 480
1986 70 10
1987 145 24
1988 225 40
1989 313 59
1990 403 84 20 685
1991 578 111
1992 729 156
1993 979 232
1994 1280 313
1995 1670 373 I

1996 2120 423
1997 2120 423 25 935

Gumea BUlSSau Mauntanta Malt Niger Nlgena Senegal Togo
Year No ha No ha No ha No ha No ha No ha No ha
1977
1978
1979
1980-
1981
1982 5 18
1983 23 40
1984 4 32 23 40
1985 7 56
1986 10 74 23 40
1987 12 94
1988 15 124 I

1989 16 128
1990 20 150
1991 25 194
1992 38 228 23 40
1993 38 228
1994 38 228
1995 I 38 228
1996 38 228
1997 38 228

Note Some of these adoption data were omitted from the Impact analySIS (see Chapter 5)
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(8) Subhumid zone
Benm Burkma Chad Cameroon COte The Gambia Ghana GumeaFaso d IVOlre

Year No ha No ha No ha No ha No ha No ha No ha No ha
1977 22 660
1978
1979 1 10
1980 1 13
1981 1 13
1982 6 15
1983 6 15
1984 6 15
1985 30 45 7 16 42 210 21 1310
1986 7 16
1987 7 16
1988 20 10 7 16
1989 200 100 900 1350 9 19 50 290
1990 9 19 36 1890
1991 500 250 9 19
1992 9 19 1 5
1993 3000 1500 9 19 25 1 8 50
1994 9 19 75 1 21 145
1995 9 19 50 290 125 1 37 225
1996 10000 5000 9 19 106 850 325 1 57 345
1997 9 19 106 850 1525 1000 56 2540 82 495

Gumea MauntaOla Malt Niger Nigeria Senegal TogoBUlssau
Year No ha No ha No ha No ha No ha No ha No ha
1977 10 2
1978
1979
1980 19 7
1981 39 12
1982 42 14
1983 75 39 3 30
1984 199 86 32 276 10 6
1985 382 137 52 430
1986 500 208 70 591 43 27
1987 951 381 96 749
1988 144 883
1989 229 1 183
1990 318 1475
1991 1317 648 397 1763 -+1992 30 8 478 2051 80 50
1993 30 8 521 2217
1994 38 10 534 2283 23 9
1995 45 10 1421 700 548 2302 28 11

11996 61 11 576 2439 35 14
1997 73 12 589 2467 37 15

Note Some of these adoption data "ere omitted from the Impact analysIs (see Chapter 5)
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(C) Semi-arid zone
Benin BurkJna Faso Chad Cameroon COte d' {volre Gambia Ghana Gumea

Year No ha No ha No ha No ha No ha No ha No ha No ha
1977
1978
1979
1980
1981
1982
1983
1984 1 1
1985 1 1
1986 1 1
1987 4 2
1988 11 8 4 2
1989 23 17 4 2
1990 54 41 4 2
1991 4 2
1992 4 2
1993 4 2
1994 4 2
1995 4 2
1996 4 2
1997 4 2

Gumea BUlssau Mauntanla Mall Niger Nlgena Senegal Togo
Year No ha No ha No ha No Ha No ha No ha No ha
1977
1978
1979
1980
1981
1982
1983 12 10
1984 152 41
1985 355 73
1986 535 149
1987 798 195
1988 600 150 995 346
1989 1200 300 1273 593
1990 1400 350 1969 891
1991 2800 700 350 47 2806 960
1992 3800 950 3125 1019
1993 3900 975 3135 1065
1994 3905 976 2800 373 3193 1113
1995 3915 979 3358 1160
1996 3935 984 3450 1196
1997 3955 992 3539 1220

Note Some of these adoptIOn data were omItted from the Impact analYSIs (see Chapter 5)
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